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Executive Summary

The purpose of thifirst State of the Poudre River (SORRD provide a description of the current

health of the Cache la Poudre River (Poudre) from approximately Gateway Natural Afa The

Poudre is a complex natural system that has been altered by nearly tworinaihuman influence

This has resulted in dramatic changeshe physical structure of the rivewater quantityand quality,
floodplain, faests, and wildlife communitie§ he human footprint continues to expand, placing

additional pressure (or stress) on the river ecosystem and the natural processes that sustain it. This
river health assessment provides the City of Fort Collins with a new tool to track trends and benchmark
progress towards its vision of sustaining a healthy and resilient CacbedasPRiver.

While the Poudre flows 126 miles from its headwaters to its confluence with the South Platte near
Greeley this study focuses on a@dle reach from the lower canyon through Fort Collins. The study
area was divided into four zones (CanyBayal, Urban, and Plains) and further into 18 study reaches
based on natural changes on the landscape and human influences.

Overall Gradelor the 24mile study area the Poudre River received an overall grade of C. This grade
indicates the even though thPoudre has been altered and degraded by a suite of local and system wide
stresses that impair its health, it continues to support basic elements of a functioning river ecosystem.

The framework for this baseline assessment includes nine indicatorgeofealth which are informed

by 25 indicatotspecific metrics. Collectively these provide a thorough evaluation of how well the

system is functioning. Metrics grades are developed by collecting and incorporating many types of data,
which were then traslated into an A= grading system. Indicator and metric numerical scores and their
corresponding letter grades were calibrated to categorical definitions relating to degreadaifdnality

or impairment.

Recommended rangedeveloped for each metri@sestablished in the River Health Assessment
Framework, City of Fort Collins, 2015 R 4 SNX RS @St 21LJSR o6l aSR 2y GKS
towards a functioningiver ecosystem The recommended rangesnsider the contemporary real

world context and reamnable expectations for future change atik potential for improvementThey

should howeverbe usedas a gide and aspiratiorrather than a directive Also, when interpreting

results for acomprehensive scientific assessmentis@as this, it is important to consider that

uncertainty and variabilitgxists across scientifdisciplines, data sourceand river reachesThe

methods and grading guidelines provide an explicit description of the analytical approaches used and
can hep the reader understand this variability.

This report is structured to allow the reader to understand the project approach (Sections 1 and 2)
followed by identification of potential influences, or stressors, on river health in Section 3. The health
assesmsent scores (Section 4) reveal the ramifications these anthropogenic stressors are having on
ecosystem condition. Results indicate there is considerable variability across aspects of river health as
scores vary widely (from A to F) at smallest unit of measient (metrics scores by reach). In Section 5,
the focus shifts to an overview of river health, describing the link between stressors and degree and
type of impairment for each of the four zones. Poudre River health indicator grades for each zone are

/A



@YLINBR (2 GKS NIy3sa NBO2YYSYRSR FrgmeddtkS / AdeQa t
(2015X to highlightareas where there is the greatest gap betwegba/ A 18 Q& 3JI2F t & F2NJ G(KS
G2RIF2Qa O2yRAGAZ2Yyad ¢KAA &acSudds af impainnentzadd expifrésieizR S&a | y
problems are tractable to practical solutiansSection 6 looks toward thpotential future applications

and improvements for the project.

Key findings by topic

1 The Poudre is characterized by major changes in¥lmwmes and timing. Reductions have
significantly altered peak and base flows, the effects which are exacerbated the further one
travels downstream. Diversions also cause unnatural fluctuations in flow volume, which likely
affects critical habitat and repductive needs of fish and insects in the river.

9 The river channel has seen drastic changes over the past two centuries causing widespread
fundamental alterations to the ecosystem. The river used to meander across the floodplain.
Forcing it into a singl@ermanent path has disrupted various processes dependent on natural
river movement including the regeneration of riparian forests, the movement and balance of
ASRAYSY(i>X (GKS NARAGSNNDa NBaAAtASYyOS (2 I NBHS Ff22
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floodplain. Understanding this new physical dynamic and its relationship withregtfiow
events is central taucceskil managmentfor river health.

1 Water quaity in the Poudre is quite good, despite the presence of some stresses, and is
adzLILR2 NISR o6& GKS /AGeQa O2YYAGYSyd G2 Ylyl3S a
requirements for treated wastewater effluent. The City and others closely track water quality,
implementing quick action if undesirable changes are detected.

 Whilenony I G A @S (GNRdzi I NS GKNAGAY3I Ay t2dzZRNBQa O22f
Avenue) the populations of native fish are in sharp decline. These declines are most likiely due
fragmented habitat and extended periods of extremely low base flows. Other stresses likely
influencing fishery health include rapid fluctuation of flows, sar@tive predatory fish and
altered water temperatures.

1 The riparian corridor has experiencedystemwide disconnect between the river and its
floodplain. In many places riverside forests form only a narrow band thatthegsver banks
providing little support foroverall iver health.However, where the riparian corridor is
connected to the rivethere are pockets of healthy forests including a mosaic of diverse
habitats, which are ideal for supporting wildlife. Restoring the fleydplain connection and
active management of aggressive noative trees is making a positive difference acrags C
owned floodplain properties.
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Zone Highlights
Canyon zoneB- (Munroe tunnel, above Gateway Natural Area, to the canyon mouth)

Through the Canyon zone the river and riparian corridor are confined by canyon walls. Highway 14
fuNoIKSNJ f AYAdlGa GKS NAGSNDa aLlk O0S yR FoAfAGe G2 YA
narrow riparian forest, and floodplain, but this zone marks the beginning of an approximateiit€0

reach of river that is heavily impacted by ftiple diversions which begin to reduce flows and fragment

aquatic habitat. The upstream forested watershed provides the City and surrounding communities with

a reliable and high quality drinking water source, but in the lower Canyon zone warming water

temperatures emerge as a potential concern for aquatic life.

Rural zoneC Canyon mouth tgust below Overland Road)

As the Poudre leavdhe canyon the river has its first opportunity to connect to a wider floodplain, but
impacts fromberms armored banks, and channelization disconnect the river from its floodplain. Native
cottonwoods dominate many riverside forests; however, encroachment from agricultural lands affects
the health of the vegetation. Cooler waters released from HorsetooteReir lower water

temperature in this zone. The impact of multiple large water diversions severely alters peak and base
(low) flows.

Urban zoneC just below Overland road to Timberline Road)

Gravel pits and associated berinsF F S O (i K Sto addesd $r&ldaédpldinai theiupsieam end

of the Urban zone, while encroachment from roads and development through the City have impacted

the diversity and extent of the riverside forests and habitats. Nevertheless, pockets of excellent riverside
foreds exist (near Shields Street) where high spring flows have access to the floodplain. The river once
F2NX¥SR YdzZ GALX S 0N} ARSR OKIyySta AyONBFraiAy3a GKS a
single, confined channel it has reduced resilietfacooding. Diversion dams and the lack of large wood

in the channel negatively impact habitat for aquatic insects and fish. While introducedative trout

appear to be doing well, a major concern is the local loss of native fish.

Plains zoneC Timberline Road to-25)

As the river flows through large areas of land managed as conserved open lands river health improves
slightly in the Plains zone. Yet the legacy of land use and water diversions continues to have a significant
influence on river helth. Diminished peak flows and significantly impacted base flows have created a
smallerthan-natural river channel that is frequently disconnected from its floodplain. Low humbers and
diversity of native fish are a major concern, but fish passage strigallew for better aquatic habitat
connectivity.

iii
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So what?

I d.¢ 3ANIRS F2NI NAGSNI KSIFIfdK Aad RSAANBR (2 Fdzf FAL
holistic and sciencbased river assessment can help the City evaluate operationalagemment, and

L2t AOCe 2LIJiA2ya FT2NJ LINBASNBAY3 2N SYyKFEyOAy3a GKS N
benchmark for monitoring river health and changes in the future. Broader communication and

engagement of diverse Poudre River stakeholdemssteengthen oumbility to manage for a healthy

river now and in the future.

This report presents and discusses the comprehensive set of projects findings. Other project
components (a summary report card and online mapping tool) are available at:
www.fcgov.com/poudrereportcard.
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Glossary

Alluvial channelk a stream or river channel with soft bed and banks that maintains form through
dynamic equilibrium beveen the forces of erosion and depositio(Seethreshold channel)

Armoring (bed)q the formation of amore scourresistant layer of large particles on the surface of a
river bed.

Armoring (channé® ¢ the application of resistant materials on a riverdber banks for to reduce scour
and erosion.

Augmentation (of flow)g addition of water to a system(Seedepletion.)
Avulsion¢ the sudden change of river location. (Seigration.)

Benthic macroinvertebrateg2 FG Sy NBFSNNBR (2 Ay (KA& NBLEZ2NI aivyl
macroinvertebrates refers to insects and other small invertebrate (without backbone) organisms that
live in or on the river bed.

Channel maintenance flowdslows large enough to timte scour and deposition processes, including
associated channel migration, which in turn maintain river conveyance capacity by scouring encroaching
vegetation within the bankfull channel.

Channelization; mechanical alteration of a river or stream thainfines flow within a single course
Often times these actions can be combined with planform straightening.

Depletion (of flow)¢ removal of water from a system (Saagmentation)

Embeddedness the degree to which interstitial spaces between river sudist particles are filled with
fine sediment. (Seeinterstitial space)

Encroachment; the intrusion of artificial structure, development, or land use on the floodplain or
riparian zone.A second use of this word is when vegetation encroaches or moves into the existing
active river channel.

Entrenchmentg the degree to which river floware vertically contained within a channel.

Flushingg the mobilization of sediment particles from the river bed substrate matrix by the physical
force (referred to as shear stress) of moving water.

Flushing flowsthe mobilizationof median bed size mat&l to support habitat and life cycle needs of
aqguatic insects and fish that rely on clean interstitial space.

Geomorphic (geomorphologicad) relating to the form of the land or topography.

Vi
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Interstitial spaceg the open space between particles, hereawing specifically to open spaces in the
river bed between substrate particles.

Mainstem ¢ the principal or dominating stream or river in a drainage, in this case, it refers to the Cache
la Poudre River.

Migration ¢ the gradual change of river locatioSeeavulsion)

Reachg a discrete segment of river between two points this study, 18 discrete reaches are defined
for the purpose of assessment.

Riparian zone; the area between a stream and adjacent upland that whose vegetation and hydrology
depend on the stream

Threshold channet a stream or river channel with hard bed and banks that maintains form by resisting
erosion. (Seealluvial channel)

Vil
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Metric definitions

The definitions provided below are intended to explain each metric conoegeneral
terms. Definitions specific to this study for each metric are presented in Appendikerics are listed
per the structure of the Poudre River Health Assessment Framework.

Peak flowsoccur when the river is at its highest flow; usually in ldéite spring or early summer.

Base flowsare the low flows that occur during drier times of the yeativersions can cause base flow
like conditions at uncharacteristic times of the year.

Rate of changef flow describes how fast diversions lower orrgase the quantity of water in the river
channel.

Land erosiorconsiders the amount of sediment produced in the watershed by hillslope
processes and land uses resulting in exposed soils.

Channel erosiorincludes sediment production causeg channel erosion along the mainstemnd its
tributaries.

Sediment transportrepresents the ability of the river to export sediment from a reach in balance with
what is coming in.

Water temperaturecompares the monitored temperature of water in thiger with applicable water
quality standards.

Nutrients examines overall load of watguality impairing elements and compounds, most commonly
involving nitrogen and/or phosphorous.

pH of water is a measure of its acidity or alkalinity.
Dissolved oxyge®2 y i Sy i Aa (KS RSyairde 2F¥ 2Ee3Sy Ay GKS
Floodplain extentis the amount of §ear floodplain remaining in the SOPR riparian zone.

Vegetation structure and complexitgonsiders the composition and conditiohfour habitat strata,
canopy, sukcanopy, shrub, and herbaceous, along with patchiness and interspersion, and native forest
regeneration.

Habitat connectivityexamines the amount of natural or sematural habitat in the SOPR riparian zone
and the ease wh which animals can move through the riparian corridor.

viii
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Contributing areaevaluates the ability of the area within 200m of the SOPR riparian zone to support or
degrade river health, as a result of land use and land cover

PlanformNBEFSNE (8388 RSOWEENRBAGKS NADGSNI YR RSEAONAOG

Channel dimensiofrfiocuses on the crossectional shape of the channel which can be altered by the
processes of degradation, enlargement, and widening.

Channel profileis thedownstream gradient or slope of a river, including any abrupt drops caused by
dams or other grade control structures.

Dynamic equilibriumis the longterm (decadal) tendency for a river to maintain its form or character
undera characteristic flow and sediment regime.

Channel recoverylescribes the ability of a river system to rapidly recover from changes arising from
singular extreme events or disturbanad, floods, fires, landslides) in an acceptable length of time.

Caarsescale physical structuracludes the characteristic diversity of different water velocity
conditions (fast versus still water), depth, and physical cover such as structural elemgntalfge
wood jams or rocks), overhanging banks, and vegetdtiothe selected reference condition.

Finescale physical structurevaluates the amount and diversity of microhabitats within the reach,
primarily bed materials and algae.

Aquatic insectconsiders the abundance of indicator taxa against desired amounts

Aquatic habitat connectivityis the degree to which a zone is segmented by eohssnel structures,
usually related to diversions.

State of the Poudre River Assessment
City of Fort Collins, 2017
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Acronyms
303(d)

cfs
CDPHE
CPW
Csu
CSULFL
EP

ELC
ERM
FACStream
HEGRAS
LiDAR

m

MMI
MWAT
RHAF

SOPR

The 303d) list of impaired waters in Colorado as defined by Colorado Department of
Health and Envinoment

cubic feet per second

Colorado Department of Public Health and Environment
Colorado Parks and Wildlife

Colorado State University

Larval Fish Laboratory at CSU

Ephemeroptera and Plecopte(mayfly and stonefly; sensitive taxa)
Environmental Learning Center

Ecological Response Model

Functional Assessment of IlBado Streamsmethod
Hydraulic Engineering CenterRiver Analysis System
Light Detectiorand Ranginga remote sensing method)
meters

Multi-Metric Index (used for aquatic insects)

Maximum weekly average temperature

River Health Assessment Framework

State of the Poudre River
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1 Introduction and overview

1.1 Introduction

This State of the Poudre River (SOfeRYrt is an ecological assessment of currdalyriver health

designed taepresenta wide range of legacy and modeday influencesA healthy Poudre River

corridor offers manyimportant social, environmental and economic benefitshe City of Fort Collins

Maintaining river healttis directly addressell y / A i1 @ Q& 3JdzA RA Plah FatiColingi SIA O R2C
which stateghati KS / A G & ¢ A Xfa dz& 2i NJeslifhygad rdgifeaCaake la Poudre Riger

(City of Fort Collins, 2010)jhe methods used in this river health assessment are detailed iRdtte

Collins River Health Assessment Framework (RHAF) (City of Fort Collins, 2015).

TheSOPR details the retaibf the first heah assessment fathe Poudre RiverTwo related products

provide other avenues for audiences to engage with the results from this project. The River Health
Report Card ia succinct colorful summary of key findings and river healthdes. An onlinenapping

tool allows audiences to explore the assessment results at various spatial scales and on specific topics of
interest. All elements of this project are availabldajov.com/mudrereportcard

The Cache la Poudre River (Poudre) runs approximately 126 miles from its headwaters in Rocky
Mountain National Park to its confluence with the South Platte near Greeleystilithg arezof this
assessmernit limited to tre section of iverthat most directly influacesFort Collinandextends from
GKS / AG@Qa ¢t idaNGatavwds Blalurdl Arkayinithe Joder Poudre Carydo Interstate-
25.

1.2 Why assess river health?

The Poudrand its riparian floodplain habitat are atugally complex system that have been altered by
nearly two centuries of modern human use, resulting in dramatic changes to water quantity and quality,
physical structure of the river and floodplain, riverside forests, and wildlife communifieday, on

human footprint continues to expand, placiagdedpressure on the river ecosystem and the natural
processes that sustain it.

The City, across its many departments and divisions, is involved in a variety of projects and planning
efforts that affectthe river in many ways. This work is often aimed at mitigating spekifmwvn stresses

or enhancing particular benefits, also knowrnveatershed servicedVatershed servicesclude the
provision of consistent and clean water supplies, flood mitigation dighwildlife habitatanddiverse
recreational opportunities (Figure 1.1).

The task ofinderstanding, managing, and communicating the health of this congytebembecomes

increasingly importanas the pressures that threaten its health and functioroasntinue to grow.

However, historically, there has not been a centralized or structured way to measure the collective

AYLI OG 2 &fforts &nShe bverallhe&alih of the rivelo address this need, the City of Fort Collins

Natural Areas and UtiléasWatershed Prograrhave developed this first holistic ecological assessment
1
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of Poudre River health. It will provide tity with a comprehensive reflection of ecosystem health
enabling the City to benchmark progress towards achieving and sustaivéndnealth in the broader
context of sustaining watershed services.

By integrating hydrological, chemical, geomorphic (physical), and biological data into a holistic
assessment of river healtthis project provides a common platform for tracking riveatle in

meaningful and measureable ways. A useful aspect of the SOPR is that it is easy to interpret at all levels
of technical experience. It incorporates a wide range of information into a river health grades and uses
the common A through &cademietypegrading systemro track changes in river health over tintiee

SOPR assessment should be conduptaibdically (every 3 to 5 years).

This accessible communication platform can expand stakeholder involvement and enhanceedialog
around rivermanagement. Bgagement of diverse interdepartmental and regional stakeholder groups
canstrengthen our collectivefforts toward the goal omanaging for a healthy PoudRiverand
illuminate opportunities to improvevatershed services

RELIABLE
- WATER
HIGH — % SUPPLY

MOUNTAIN
RESERVOIR

e

RIVER \--
ECOSYSTEM

=
HORSETOOTH

RESERVOIR

7

WATERSHED SERVICES STORMWATER : Pgll‘lllé:E
Fort Collins CONVEYANCE &
e ATTENUATION

Figure 1.1 The wdershed services provided by the Poudre River include consistent and clean water supplies,
flood mitigation, fish and wildlifehabitat, and recreational opportunities.
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1.3 Community benefits of a healthy and resilient river

~ .= -
. , BRI\
i ) u LI y ",‘:ﬁ

2 ¢ - ol AL e

Figure 1.2:A healthy and resilient river is aver that sustainsbasics functions (such as water qualitgiuring the
yearswith average precipitationand also provids protective benefits such as (floodwater attenuation and
infrastructure protection) duringextreme wet or dry years

Thehealthof the river system is a reflection of its ability to perform its normal suite of functions,
thereby providing the benefits our community values and depends paure 1.2) Resilienceof the
Poudre River imterpreted from two perspectives in this assessment:

0 As acomponent of lonrterm river health, resilience is the ability of the system to maintain or
regain its fundamental characteristics and functions after a major disturbance such as an
extreme flood, drought, or ffe.

From the human point of view, resilience is the ability of communities to keep functioning
during and after major disturbance or natural disasters. In this sense, resilient systems are
those where human safety and infrastructure are not threatenedhgyriver's response to
disturbance.

[@]3

The 2013 flood event provided excellent examples of river and community resilience across the

Colorado Front Range. In general, reaches where rivers had ample natural floodplain capacity and room

to move and adjustecovered quickly after the floods, and damage was minimal. Reaches where

floodplain development and infrastructure relied on artificial stabilization tended to have the greatest

river health impacts and the most infrastructure damage.
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2 Methods

2.1 River health is measured through function

In taking a functional approach to understanding river health, the underlying question li®wathe
ecosystem looksout rather,how well the systenis functioning A functional assessment conveys
information atout the condition of, and intedependencies between, many different components of
the river ecosystem. It affords the advantage of not aelyealingthe current stressorghuman

impacts past or presentthat impair river health)but also how managemémactions and other changes
may affectthe future health and resilience of the river. The methods ulserkinare adapted from the
Functional Assessment of Colorado StredRfs&ream) protocol (Beardsleyet al.2015) and are fully
R2 OdzY Sy i SR dRivér HéditiBAsgedsanhtE@mevidiRity of Fort Collins, 2015

TheRiver Health Assessment FramewdRid@lis structured aroundndicatorsof river healthwhich

are informed by indicatespecificmetrics, to provide a thorougtevaluation of how well the system is
functioning. Indicator and metric scores and their corresponding grades were calibrated to categorical
definitions relating tathe degree of functiomgor impairment(Table2.1). The grade rangs take into
consideration the conditions necessary to support a functioning river ecosystem in the contemporary
context with reasonable expectations for future change and potential improvement. An A grade
represents the highest level of functionality aRdhe lowest.

Table2.1: General guidelinesised forcalibrating indicator and metric grades in the PoudRiver Health
Assessment Framework.

Grade Score  Descriptor Explanation
Condition of theindicator or metrids selfsustaining and supports
Reference functional characteristics appropriate to sustain river healtlittle or no
A 90¢ 100 ) : .
standard managemenis neededo sustain and protect this level of functipn
giventhe minimalfrom the modern landscape
Condition maintains essential qualities that gapt a high level of
Highly function, but there is some influence of stressors at a detectable, yet
B 80¢ 89 ; ; : - .
functional minor, level. Requires limited management to sustain and protect

against stressors.

Conditin is altered by stressors that substantially impair functionality
C 70-79  Functional basic natural river functionare still sustained Periodic, and at times
intensive, nanagemenisrequired maintaini K S Ndndiénhlidle.

Condition is severely altered by stressors that impair basic natural ri

D 60-69 il?:n;:it;zgally functions and the overall health of the river. Active management is
P required to maintaini K S Nin@iénalile.
Nor Condition is profoundly impaired byassive or overwhelming stressors

F 50-59 . that render it incapable of supporting basic natural river functiong &
functional . Lot . . .,
otherwiseunable to sustain biological river communities
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These reference definitions provide direction and the foundation for developrokmtetric specific
grading guidelinewhich are presented in full iAppendixA.

The final step in developmewf the RHARvas to determine a recommended range for each metric

that, if achievedwould contribute to anoverallhealthy and functionng system. These recommended

ranges argeproducedin Section 5of this reportto provide contexthatg A £ £ O2y @Se& | LA Ol dz
river conditions compared to conditions needed for a healthy riveis important to nae that while

these recommended ranges represent a goal to workards they are not an edict or mandate for the

City. Initiatives aimed at improving any specific metric must be considered within the context of other

City goals, as well as legal andgdittional limitatons. River health goals caat times or in specific

placesbe in conflict with other City goals which may take priority, particularly for the provision of

essential services such as drinking water, public safety, and protection citinfraure.
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2.2 Assessment framework

The framework consists ofne indicators and 25 metriclable 2.2) Someefinements ofthe original

Poudre RHAWere implementedduringthis assessmenin response talata availabilityandfield trials

(thesechanges are outlined iAppendix B ThisSOPRaseline assessmeit the firstapplication of the

Poudre RHAF afdi NBLINBaSyda | ayl LJaK220152r 200@etod NA IS NRA K S

Table 22: Summary of indictors and metrics included in tb State of the Poudre Rivdraseline assessment.

Indicator Metrics

Flow regime Peak flow, base flow, rate of change

Sediment regime Land erosion, channel erosion, continuity

Water quality Temperature, pH, nutrientglissolved oxygen
Floodplainconnectivity Floodplain extent

Riparian condition Vegetation structurehabitat connectivity, contributing area
River form Planform, dimension, profile

Resilience Dynamic equilibrium, recovery potential

Physical structure Coarsescalestructure, finescalestructure

Aquatic life Aquatic insects, guatic habitat connectivitynative fish, trout

TheRHAFRndicators serve as thigameworkto organize information fronmiver-related scientific
disciplinesandto make iteasier to understand the ramifications for river healtfihe metrics ar¢he
backboneof the RHAF and represent aspects of the river ecosystem which can be practically measured.
Theyare definedin the RHAF and the grading guidelines for each metric are provideghbiendix Aan
abbreviatedist of metric definitionswas also includeih the glossary aa quick reference to assist

readers throughouthe rest of thisdocument

Figure 2.1: Team member and geomorphologisilohannes Beehyonducts a rapid assessment
of the river form, resilienceand physical structure metrics.
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2.3 Study area

The SOPR study area encompasses the Poudre River and its associated riparian area from just upstream
of the Munroe Diversion (above Gateway Natural Area inRbadrecanyon) to Interstate 25. The river

varies greatly through # study areavith a range 6 geologic and ecologitsettings and different types

of human influence. To account for this variability amelaningfullyconvey the state of the Poudre

River, the study area was divided into four zones: Canyon, Rural, Urban, and Plains. Thesegour zon
were further subdivided into a total of 18 reaches to define relatively homogenous assesgnitsnt
(Figures2.2. 23, Table 23)

As a natural ecological transition zone, the changes that occur tavéethrough tte SOPR study area
are extensive ad even greater changes are broudsyt anthropogenic impacts (Figure 2.Bhe Canyon
zone is relatively steep (average slag®.65%)andforested, andhe river corridor iggeologically
confined. Itis mostly waiteredexcept for several diversion daraad Colorado Highway 1#hich
parallestheriver. The Ruraone,stretchingfrom the canyon mouth to Overland Trail, is on the upper
piedmontwhich remains relatively stegfaverage slopef 0.55%)Here, the floodplain opens up and
the river is mody unconfined, except for a few points where it flows through water gaps in the
hogbacks.Rural-land uses dominate the landscape, but some higemsity residential developmerig
situatedadjacent to the rivein the Town of Laporteand diversion dams segment the river.

In the Urbarzoneg the river flows through Fort Collins where there is a high level of residential,
commercial, and industrial development, along with many bridges and diversion dams. The river is less
steep in thiszone (ith anaverage slopef 0.40%) ands naturally unconfined.However, foodplain
encroachment, channelization, and artificial stabilization have confined the river through moss of th
zone. Below Fort Collins, the Poudsgtsthe piedmontto flow into the plains. Average river slope in

the Plainszoneis 0.27%, but there is an abrupt change from 0.35% to 0.15% at the toe of the piedmont
near the Environmental Learning CenfELC) The natural geologic channel confinements in this zone

are few; and the historic valley bottom would have been at its widest hdteen though the dominant

land uses on the plains are rural and industrial (mostly gravel miriregloodplain extent is tightly

confined by artificial features such bsrms roads, ad bridges.
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FHgure 22: Map of the State of the Poudre Rivé5OPR3}tudy area depicting the foustudy zones.

The four zones are divided into 18 reaches. Reach breaks mark important changes in riviemiduse

or water use(Figures 2.3-a). Because each suttiscipline in river science evaluates the condition of its
resource at a subjeeippropriate scale and using distinct approaches and data detsssessment

results weretranslated tothe 18 reaches during analysis and reportidgapendix (provides further
explaration of subjectspecific subreaches and study site nomenclature established in other monitoring
or research programs.
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Table 23: A list of the landmarks used to define thepper and lowe end of each of the 18tudyreaches.

Location descriptions for each SOPR study reach

1. Munroe Canal Diversion to North Fork Poudre River

2. North Fork Poudre River to Poudre Valley Canal

3. Poudre Valley Canal to Greeley Diversion

4. Greeley Diversion to County Road 54

5. County Road 54 to Rist Canyon Road

6. Rist Canyon Roadjtst belowOverland Trafl

7. Just belowOverland Trail to Larimer Weld Canal

8. Larimer Weld Canal to Shields Street

9. Shields Street Bollege Avenue

10. College Avenue to Lincoln Street

11. Lincoln Street to Mulberry Street

12. Mulberry Street to Timnath Reservoir Inlet Canal

13. Timnath Reservoir Inlet Canal to Timberline Road

14. Timberline Road to Prospect Road

15. Prospect Road to Fossil Creek Reservoir Inlet Diversion

16. Fossil Creek Reservoir Inlet Diversion to Boxelder Creek

17. Boxelder Creek to Rail Road Bridge

18. Rail Road Bridge to Interste26

*The break point for this reach is at the downstreandesf Butterfly Woods Natural area, which is located just
downstream of Overland Trail.
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Figure 23a andb: Each zone in the SOPR study area and their corresponding reach breaks shown on land
imagery.
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Figure 23candd: Each zone in the SORRudy areaand their correspondingreach breaks shown ofand
imagery.
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Figure 24: Conceptual diagram illustrating the transitioning nature of th river within the study area. Landmarks are presented at the bottomf this
graphic. Thespecific zone and reach break points are listed in Figutg 2.3and Table 2.3.

SOPR ZONES CANYON PLAINS
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SOPR REACHES 1 2 3 4 5 6 7 8| 9 |10 11 12|13 |14 (15| 16 17 18
GATEWAY TED'S OVERLAND COLLEGE MULBERRY ENVIRONMENTAL 1-25
NATURAL AREA PLACE TRAIL AVENUE AVENUE LE ARNING

CENTER

*Stream classificationrefers to the aquatic life use designated by the Colorado Department of Public Health and Environnidsig. transition zone
includes three clasifications (from upstream to downstream) aquatic life cold 1, aquatic life cold 2, and aquatic life wharifiemperature citeria for these
classificationsare cold stream tier Il for both aquatic life cold classifications and warm stream tier Il.

** The distance line in this graph shows the river miles within the study area, where zero miles is at the Munroe tufinel2t miles SOPR study area sits
approximately inthe middle of the entire Cache la Poudre river which runs #ototal of 126 miles.
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2.4 Scoring process

Throughout thigeport, metrics and indicatorare presented asumeric scoresr the corresponding
letter grade for ease of interpretationAt the finest scale, etric scores were assigned to each
assessment unit (a reackubreach, or habitat patch) based on the specific scoring guidelines. Metric
scores were then combingaer the procedures described in Section 2dproduceindicatorsscores
Indicator scores weréhen combined into aiver health grade for each reaemd zoneusing a weighted
average and finally zone grades were combined to provide an overall health gratleef®oudre within
the SOPR study ar¢higure 2.5)

When combining indicators to develop masedhealth grades, thédrameworktakes into accounttte
natural hierarchy in the influenaat different indicatorshaveon river health That iswhile there are
many connections within and among the indicators, hydrological and physical indicators tend to
influence biological indicators more thaiceversa(afurther explanation of tis can be found in the
RHAF:. Theefore, theframeworkweightseach indicatobased orits relative influence on river heath
to providea more accuratg@ortrayal ofriver health.

The relative contribution of each indicator to the overall health score in the SOPR asseissment

0 Flow regime; 20%

0 Sediment Regime 5%

0 Water Qualityg 10%

0 Floodplain Connectivity 10%
0 Riparian Conditiolq 20%

0 River Fornt 10%

0 Resilience 10%

0 Physical Structure 10%

0 Agquatic Lifeg 5%

Overall River

Health :
=2 m=) 18 Reaches mmp 4 Zones mmp | OUdreRiver
' (entire study area)
Indicators
Metrics

Figure 2.5 In this assessmenindividual metrics are combinedinto indicator scores andhen into holistic river
health scoredor the reaches, zones, and the entire Poudre River study area.
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2.5 Field application of the River Health Assessment Framework

The specific methods used to grade each metric and indicator in this SOPR basefismastwe
described in this sectionA combination of existing data, remote surngata, and field assessments was
used to score each metric according to the revised Poudre BHid€lines The complete and updated
description of the grading guidelinésr each metrids provided inAppendix B

Flow regime

The flow regime indicatagradeconsists of three metricpeak flows, base flowsandrate of change
Thesemetricswere assessed usingstorical discharge data collected at three gages along the Poudre
located at the canyon mouth, Lincoln Streeind near the confluence with Boxelder Creek. Each gage
represensa section of the riverand the SOPBmploys the assumptiopeak flow condions are

uniform between gagesReaches represented by each gage section were assigmediebased on
conditions measured at the gage. No attempt was made in this study to interpret impactsas
diversionsat a finer scale within these three samts. Canyon zone reaches upstream of the gage at
the canyon mouth wergiven the same gradasthosebelow the canyon mouth, in the Rural zone.

As per the RHAF guidelines, a quantitative approach usingnstitics for peakhree-day magnitude
andfrequercywasused inscoringpeak flows The grading guidelines were expanded upon from the
wl ! C Ay 2NRSNI d@sodiigkkFEoffads Thisibfdrmatioyl B inauded in the grading
guidelines for flowsn AppendixA.

Trends in base flow magnitude, duration, and timing observed on plotted hydrographs for each gage
were considered when scoring tiase flowmetric. To score the base flow metric,ean and minimum
winter daily average discharge values were calculabedhe period of record at each gaged

comparel to numerical standards These calculations were then viewed in light of the othealitative
assessment scoring criteria ppoduce the finagrade. The flow regime indicatgradewas calculated
using a weighted average of the three metric scores with 50% weggigned tahe peak flow metric

and 25%apiece tothe base flow and rate of change metrics.

Sediment regime

The sediment regime indicattyasthree metrics. Theland erogon metric was graded using evidence

for land disturbance that is visible on current aerial imagirgluding road density, devegetated

slopes, cleacuts, and humastaused mass erosion. The greatest land disturbance in the watershed is
the burn scar I& behind by recent wildfires. GIS layers outlining the burn scars by degree of intensity
were used to calculate the percentage of burned area in the contributing watershed for each reach as
part of the scoring for this metric. Land erosion metric scaréise Canyon and Rural zones are
therefore, closely tied to the proportion of burned area in the contributing watershed. In the Urban and
Plains zones, sediment from other land uses and outfalls becomes more important. The combined
influences of thessources were evaluated qualitatively during rapid field assessment.

A grade forchannel erosiorwas applied to each of 99 river subaches using evidence of channel
erosion on current aerial imagergnd knowledge gainetihroughfield-basedobservatiors which
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includedon foot survey ofmost of the river in the project area in Fort Collifr®gemotely assignedgdes
were reevaluatedduringfield surveyqsee theriver form, resilience, angbhysicalstructure sections,
below). Sukreach scores were wdigraveraged by length to calculate grades for the respective
reaches.

In-line dams affect sedimertontinuity, and the proportion of the contributing watershed from which
sediment is retained waa primarybasisfor grading Additional impacts to sedimégontinuity by
smaller inline diversion dams and transport limitations caused by flow regime and river form
impairment were considered secondarily. Evidence of sediroentinuity impairment from these
secondary sources was evaluatdaringfield surveys

The sediment regime indicator score was calculated as straight average of the three metrics.

Water quality

The water quality indicator grade was determined by evaluating dateotormmetrics temperature,

nutrients, pH, anddissolved oxygerat several monitoring sites situated along the Poudre River

(Appendix ¢ Data were collected in 2015 from seven monitoring sites associated with the Upper Cache
la Poudre (CLP) Collaborative Water Quality Monitoring PrograhtrenLower CLP Water Quality
Monitoring Program(Figure 26). Water quality data collected in 2015 were usette because the 2016

were not yet availablat the time of the SOPR assessment

RS e

Figure 26: At left, Jill Oropeza Water QualityServices Manageanalyzesvater quality in the upper Poudre
River. To the right,clear water, clean cobbles and low levetd undesirable algae are signof good water quality.

The Poudre River was divided into eight readioeshe water qualityassessmeinto evaluate impacts of
potential stressor on water quality through the project extent. Reach breaks were established based on
contributions from major tributaries and reservoirs, changes in Colorado Department of Public Health
and Environment (CDPHE)eatm Segment and Classification, known dischargers to the Poudre River,
and the location of water quality monitoring sitesgpendixE). Water quality data collected at

monitoring sites located within a specified reach wased to grade the entire reach. In the one
circumstance where a water quality monitoring site was not located within the reach (WQ3), data
collected from the nearest downstream site (PLNC) were used to grade the upstream reach (WQ3). The
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lowest elevatiorwater quality reach (WQ8) was downstream of #r&l of theSOPRtudy area but this
NBI OK ¢l a AyOfdzRSR Ay GKS 3ANIRAY3 aasSaavySyid F2N
operations extend downstream ofb.

Numeric grades for the eight watquality reaches were determined by evaluating metric data
compared toupdatedRHAF grading guidelints water quality(AppendixE). Theoverallwater quality
indicator grade was calculated using a formula that equadlights the average of the metric scores and
the lowest of the metric scoresviater quality = 50%average of metric grades) + 5@inimum metric
grade]. This method recognizes the cumulative effects of multiple water quality factors and also that
one factor may serve as a limit to water qualityVater quality reach gides were then translated to the

18 SOPReactlesfor consistency with other indicators and to be included in the calculation of the overall
river health grade.

Floodplain connectivity

Thefloodplain connectivity indicator has only a single mefitapdplain extent This is a measure of the
width of theriparian zoneghat isflooded on a regular bas@nd whichsupportsriparian specieand
processegFigure 27). The etent of the fiveyear return interval floodplain was mapped using a

Hydraulic Engineering CenteRiver Analysis SysteidECRA$modelprovided by the City of Fort

Collins. Digital terrain data for the model came from a 2014 LIDAR survey and additional channel cross
sedion data from land survey@ing Surveyors, Spring 2013 and Spring 2014¢ model covered the

river reach from just upstream of Shields Street to just downstrean26f IChannel widths were
manuallymeasured using aerial imagery at each modeled esession and then subtracted from the
modeled water surface width to get the resulting floodplain width. For reaches upstream of where HEC
RAS model results were available, current aerial imagrassyuse to estimate the width of the &ear
floodplain. Thalegreeof floodplain encroachment was estimated by evaluating evidence ofdaad
change and comparison to similar reaches for which modeled results are available.
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Figure 27: Ariparian area withgoodfloodplain connectivityasdemonstrated by theseasonaFlooding that
occurs andhe healthy riparian forestsustained by fbodwaters.

Riparian condition

The lateral extent of th&OPRiparian zone waslefined aghe edge of thenaturalfloodplain a 100
meters from the river bank, whichever was narrowémn.the SOPR riparian zone 3 metrics were
assessed to develop riparian condition indicator grades.the vegetation structuremetric, the

complex mosaic in the riparian zone was mapped by delineating patches (polygons) and classifying them
by land cover using ten categories: native montane mesic, canopy forestasoipy forest, scrub

shrub, herbaceoysmergentwetland, urban, developedyare ground, or lentic open water. Patches
were also classified by lange type, development level, and floodplain position using 28Hrial

imagery. City of Fort Collins Natural Areas mappiNgfional Wetland Inventory maps, and imagery
from other years were also viewed to provide additional perspective. Mapped and classified patches
were then evaluated to score the riparian condition metrics.

A two-level approach was used for evaluating the vegetation structure metieLevel lapproach
wasmainly adesktop exercise that rig/d on remote data such as aerial imageuyd limited ground
truthing. Field observationwereincorporated at level 2. Assessment level was dictated by land cover
and access. For instandevel lis sufficient for evaluatg vegetation structure on urban, developed,
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bare ground, and lentic (neflowing) open water land cover types. Patches of simple herbaceous
vegetation such as turf and lawns are also easily evaluated remotely, but field assessments are needed
to suitably evaluate sites with more complex natural vegetatigks many complex vegetation patches

as pacticable were evaluatedsing leveR methods,including100 ofthe 218 canopy forest patches, 41

of 88 subcanopy patches, 22 of 78 scrshrub patches, and2lof 36 emergent wetland patches. The
remainingpatches in these classes were evaluatetbael 1, using field evaluations to inform grading

by comparing them with similar patches evaluated in the field.

Level 1grading involveassiging grades basedon evidence of vegetation structure visible in aerial
imagery and then downwardly adjusting the grade a little more than half a letter grade (7%) when
patches were artificially isolated from the river.q., when behind bermss Forlevel 2grading nine sub
metricswere evaluated in the fietd

0 Vertical complexity, number of vegetation layers (herbaceous, shrub,-sabopy, canopy)

0 Canopy speciesproportion of native species in the canopy layer

0 Subcanopy specieg proportion of native species ithhe subcanopy layer

0 Shrub layer, abundanceof shrubs

0 Problem herbaceous specieabundance of nomative herbaceous species that alter function
0 Problem woody specigsabundance of nomative woody species that alter function

0 Patchiness and interspersi@ structural diversity by area, ratedone, low, moderate, high

0 Native woody species regeneratigmumber of nativewoody-species age classes

0 Floodplain positior, position on the floodplain, based on hydraulic connectivity to the river

(riverine, depessional, or terrestrial)
Full description of the grading criteria for each of the ripariansgirics can be found iAppendix D

Figure 28: Riparian forestwith moderate structural diversity(left). Recently depositedplains cottonwood
seedson bare moist soilshown in the photograph at right illustrate the ideal conditions feuccessful
cottonwood germination.
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Thehabitat connectivitymetric was evaluated using aerial imagery to determine the amount of
continuous riparian habitat remaining within the SOPR riparian corridor. Transverse breaks in habitat
caused by development and infrastructure, such as roads, were then consideredsitsi@migration

and dispersal barriers. Where barriers are present, grages lowered accordingly to reflect the

degree of habitat isolationThecontributing areametric was also evaluated using aerial imagery to
characterize land use in the 2@@eter buffer area surrounding the delineated riparian zone.

Theripariancondition indicator gradevascalculated using a weighted average of the three metric
scores with 80% weight on the vegetation metric and 10% each on the habitat connectivity and
contributing area metrics.

River form

River formwasrated using the average score of three metticat descrile keyaspects of river shape:
planform, dimension.andprofile. All three of these metrics were graded at the gsabch scale during
field surveysby fluvial geomorphologists with experience on the Poudre and other Front Range rivers.
22.6 miles of the 23:#nile study area was assessed in the field. The remaining 1.3(oril@sivate

land with no accegsvere scored using remote data such as aénegery. Scores reflect the degree of
departure from natural reference river form for the respective reach using evidence of anthropogenic
impacts, or stressors. Reach scores were then calculated as the average of the compomeatHQia
scores, weighed by length.

Planformwas assessed using aerial imagery and site observations for changes to river branching and
braiding patterns, sinuosity, belt width, meander length and width, amplitude, and bend radius of
curvature. Direct evidence of planformpairment was documenteduringfield visitsby noting areas

of floodplain encroachment, channelization, realignment, and bank or channel armoring.

Thedimensionmetric evaluates crossectional shape and size of the river channels, its associated
floodplain, and floogprone area. It is evaluated using three subtrics:

0 Entrenchment Degree to which the river channel is artificially confined or isolated froen th
floodplain. It is scored by evaluating criteria for the width of flgwdne area andhe ratio of
bank height tathe height of water surface at bankfull dischabge 2 NJ ¢ ol y{ KSA3IKI
Entrenchment was not used to evaluate dimension in the Camgnasince the river in that
zone is naturally entrenched.

0 Width-depth ratio- Degree to which the channel top width is has become wider or narrower
relative to mean depth at bankfull discharge.

Profiledescribes:  NJbgugmide,sorongitudinalslope. The metric is evaluated by documenting
changes to overall slope, usually due to altered planform, and to localized changes caused by dams,
grade control structures, or geomorphic responses such as aggradation zones anead
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Resilience

The resikence indicator grade is an average of two metrics: dynamic equilibrium and recovery potential.
Both metrics werdirst remotelyevaluatedusinghistorical aerial photos to document stability trends,
changes to river form, lateral migration, avulsionsg &nosion. Field observations were then made

during site visits to observe stressors and direct signs of instability. Fdytiznic equilibriummetric,
stressors such as altered peak flow and sediment regimes, channel evolution stage, changes to stream
form, and direct impacts such as channel and bank hardemérg all taken into account Sgns of

channel instabilityobservable during field surveyscluded excess deposition, scour, or bank erosion

pool filling, unnatural bar development, and sevigreverwidened or entrenched channel form.

Recovery potentialvas gradecconsideringhe apparentpotential for the reach to recover
characteristidunctioning after disturbance while alscconsideringisks to public safety and
infrastructure damage Two general criteriaguided grading

0 Channel migration zone the wdth of the corridor in which the river can freely migrate,
unconstrained by artificial structures and without causing significant infrastructure danidge.
width of the existingchannel migration zonwascompared to the historical condition, using
evidence of past fluvial features and human impacts that restrict lateral movement of the river.

Reliance o artificial stabilizatiormeasureswas rated ashe degree to which channel stability
depends on artificial stabilizatipsuch as engineered structures or routine maintenance.

O«

Physical structure

The physical structure indicator grade is the average of two metrics that consider different scales of ri
structural diversity(Figure 2). Thecoarsescaleandfine-scalephysical structure metrics were both
gradedbased on field observatiors the 22.6river miles that were visited. Grades for the reaches on
the 1.3 miles that were not observed ingliield were extrapolated from similar reaches, guided by
aerial imagery. Coarsseale physical structure grade®re based on qualitative estimatiaof the

diversity of water depth/velocity combinations, topographic complexity of the bed and banks, and
physical structure of the reach compared to the natural referefitigure 2). Finescale structure

grades relied heavily on field observations of interstitial space availability, bed armoring,
embeddedness, and algae in riffi@sgure 210).
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Figure2.9a-d: Examples of different coarsecalehabitat conditions(clockwise from top left) include a) steeper
plane-bed channel in the Canyon zone with large boulders providing diverse habitat, b)piffté sequencing
with large-wood helping create pool scour, ¢) homogenous run habitat lacking diverse coarse strictur
especially pool habitat, and d) homogenous glide habitat created from backwater conditions at the diversion
dam downstream.

Figure 210: Field observations of interstitial space availability, bed armoring, embeddedness, and algae in
riffles helped inform the fine-scale metric grades.

21
State of the Poudre River Assessment
City of Fort Collins, 2017



Aquatic life
Theaquatic insectsnetric was evaluated using aquatic insects community data from samples taken
from 13 sites in 2015 and 2018gpendix & Results for six subetrics were used to calculate a single
index score using the CDPHE MM#tric Index (MMI) tool, and the index values were converted to
aqguatic insect metric grades for each sampling site using RHAF guidelines. According to the MMI tool, a
single index score (hMMI) was calculated for each sample as the average index from siresuigs.
Aquatic insect metric grades were assigned based on the grading criteria in the Poudre RHAF. All
reaches represented by a station were scored the same. The sivaticsused in calculating the MMI
were selected based on their known sensitivity to a variety of types of human induced stressors in this
region:
0 EP taxa a measure of community richness based on the number of Ephemeroptera and
Plecoptera (mayfly and stongjltaxa present

0 Chironomidae; relative abundance of the family Chironomidae (Huiting midges)

0 dSensitive plairsfamiliesg percentage of certain sensitive taxa identified by CDPHE to be
common on healthy Coloradal) | dversa Q

0 Predator/Shredder taxg relative abundance of taxa in the predator and shredder feeding
groups

0 Clinger taxa relative abundance of taxa classified as clingers

0 Nontinsect taxe; relative abundance of neimsect taxa

Theaquatic habitat connectivitymetric was graded based on the distance between fish passage
barriers, which are primarily diversion dams along the Poudre River. A structure is considered a barrier
if it prevents fish from moving past (up)fdr the majority of the year. All structuseare passablm the
downstream directiorduringthe highest flows but currentander these flow conditionare too swift

for upstream movement

The length of the habitat connectivity segment between successive barriers was measured and scores
were assigned. The aquatic habitat connectivity segment scores were overlaid onrbach8cale

and then weightaveraged to determine final scores foramareach. The score for the most downstream
reach is based on the distance to the Greeley Canal #2 diversion structure, which is the next significant
barrier downstream, even though it is outside the study area.

Five stationsvere sampled in 2015 betweeCollege Avenue anelb by either CPW or theo®rado

Sate Universiy Larval Fish Laboratory (G8BL) to assesstive fishspecies compositiomAppendix Q.

Seine nets and electrofishing methods were used at eaclostédi capture live fish and determine the

presence or absence of multiple life stages of native fish spéeigsre 2.11) Metric grades were

assigned based on two subetrics:

0 Number of native speciesNumber of native fish smées captured in sampldferts

0 Number of species with multiple life stageNumber of species for which fish of multiple life
stages were captured

Only reaches wit2015sample stations were graded.
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ifstaff electrofishingin a plains stream.

Figure 2.1: Colorado Parks ahd |

Trout are expected on the Poudopstream fom approximatelythe mid-point of the Urban zone The

trout metric was evaluated on theseaches by @loradoParks andwildlife (CPW)iologists who used
two-pass electrofishing sample methoilsmonitor trout populations at several stations along the

Poudre River annually. One station is at Gateway Park on Reach 1 (Munroe Diversion to North Fork) in
the Canyon zone. Another is at Lee Martinez Park on Reach 9 (Shields to College) in tzerérban
Results from these two stations, sampled in 2016, were used to grade the trout metric based on six sub
metrics:

0 Age classes Numberof age classes of brown trout

0 Recruitmenig Number of Aged brown trout, assessed as lowedium, or high

0 Recreatio potential¢ Number of qualitysize (> 9 inches) brown troutssessed as low,
medium, or high

0 Relative weight, Average relative weight for stoedized (> 6 inches) brown trout. Relative
weight ¢ the ratio of actual fish weight to the weight of a healtfish of the saméength¢ is a
measure of fish health

0 Biomass Biomass of stockize (> 6 inches) brown trout, in pounds per acre.

0 Population numbe¢ Number of stocksize brown trout per mile of stream, assessed as low,

medium, or high
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The aquaticife indicator grade was calculated using a weighted average with 70% weight on the aquatic
insects metric and 30% on the habitat connectivity metric. Trout and native fish scores are not included
in scoring the indicatoaquatic life scefish data for his assessment year was not available for the

Rural zonexnd broad extrapolationf site specific data tthe zoneas a whole would havecreasel
inconsistencies Trout populations and native fish community structurainlyrepresentecosystem

response @riables rather than drivers of overall river healtTherefore for this yea® assessmeritsh

grades are onlprovidedwhere data was directly available.
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3 Ecological stressors

The Poudre River, like all ecosystems, developed and evolved naturally in step with the geologic,

climatic, and biological processes at play in the environménk S NA S NN & wasoiedzNJ f

which defines ecological healtithe river ecosystem wafunctioning in a dynamic equilibrium with
climate and geologyThe system was ever changing and often profoundly disrupted by shtfie

environment and extreme events. dzii

02y R

0 KS NA @SN a resflient, dadldt viouldyésapel G A 2 Y &
itself based onthe new constraints of the climate and landscaReological health can be influenaed
and functional capacity weakenedy human impacts. Stressors are the human impgagisst or
present that impair river health, resulting in decreased functioninigff unmanagedSame forms of
natural disturbance can be exacerbated by human activity and turned into stressors on the river
ecosystem. One example is wildfire that is either started because of human activity or exacerbated
because of previou®restmanagement that suppressdites. The important ecological stressors
affecting Poudre River health are described in this chapter (Table 3.1)

Table 3.1:Ecological stressors affecting Poudre River health

Stressors Explanation

Watershed anatontributing area

Diversions (withdrawals)

Exported water (withdrawals)

Transbasin diversion (augmentation)

Imported outof-basin water (augmentation)

Large dams/reservoirs

Large inline dams and reservoirs on the Poudrenaajor
tributaries

Wildfire/burn scars

Wildfire burn scars in watershed

Channel erosion (in watershed)

Sediment supply from eroding channels (includes artificially |
supply from stabilized channels)

Impervious surfaces/urban stormwater
runoff

Flows from imperviousurfaces, urban drainage (including any
pollutants)

Irrigation runoff/return flows

Return flows (including any pollutants)

Wastewater effluent

Effluent from treatment plants or facilities

River and riparian zone

Development

Riparian land usecommercial/industrial, infrastructure,
transportation corridor, residential

Rural/agricultural land use

Riparian land use: rural, pasture, light agriculture, intensive
agriculture

Open space and parks

Riparian land use: naturalized open space, patisturbed open
land

Gravel pit/ponds

Riparian land use: gravel pits, ponds

Road/bridge

Roads and bridges in riparian and channel area

Bermgchannelization

Berns and channelized river segments

Bank/channel armor

River segments stabilized wiémgineered structures, armored
banks €.g rip-rap)

Channel structures (damsgirs)

Diversion structures, damsieirs

Woody material recruitment/removal

Lack of woody material recruitment (due to stabilization or
riparian degradation) or removal

Exotic plant species/weeds

Exotic plants in riparian area

State of the Poudre River Assessment
City of Fort Collins, 2017
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3.1 Watershed and contributing area stressors

Sressors occur in the watershed or surroundings, and theydateeriteds by a river reach.Sressors in
the watershed caused by langsechanges opther impacts primarilyaffect flow regime, sediment
regime, water quality, and aquatic life, but river health may also be indirgnpgired in other reaches
For example, diversions in the headwaters that impair flow by truncating peak flows maffelsto
floodplain connectivity by reducing the return interval of overbank events far downstream. Similarly,
the water quality of a reach may be impaired due to chemical impacts that occur far upstream. From
the perspective of the City of Fort Collinsefcritical difference between stressors occurring on
properties under City management and those occurring elsewhere in the watershed is thatrtier fo
may be addressable througthangein management practices, whereas the latter must largely be
acceptedas an inherited conditionr improvements must be pursued by engaging in collaborative
efforts.

Diversions (flow withdrawals)

There are numerous diversion points on the Poudre River upstrearf®Soihere water is drawn out of

the river for agriculturalindustrial, and municipal uses. The major diversions were recently summarized
for the City of Fort Collins Natural Areas Departm@igure 3.1)sing records to quantify capacity and
average annual volumerort Collins Utilities diverts roughly oialf of its water supplies from the

Poudre River. Diversions occur at Gateway Park just upstream from the North Fork confluence. Other
operations, such as exchanges and gravel pit operations, affect flows within the Urban and Plains Zones.

26
State of the Poudre River Assessment
City of Fort Collins, 2017



North Fork

Loy
] o o w6

Poudre Valley Canal

Larimer County Canal
% @ Jackson Ditch o
of s >
8| = Little Cache La Poudre Ditch
s|.2 Canyon Gage ]
=| 3| Chartes Hanson Canal L] -
= |deal Cement
S @ . )
[ =< ) N
S| _ Larimer & Weld Canal - ol ]
L 5| & Josh Ames Ditch _ B
(9 Lake Canal S5
&| €| Claymore Outlet Sig
3|2 SERRG 8!
5|2 2 Timnath Inlet :%;
@ = al @ 2@ AL s----=--"= PR
sl Ele S 8
= olgl £ s !
Y3 gls T e
3 AR R i T 5
& S|g| 7 SerngCreek
v 2|8 FtColinswWwip2 .
[0
E R}
S £
— -2
[
FORT COLLINS S| FossilCreekOutiet__
Legend 2
&
& Gage
— Diversion [ Y
-a--- |nflow [
60.28 River miles from point Ato confluence :
with the South Platte

WWTP Wasterwater treatment plant \

—_—

Figure 3.1 Line diagram of diversions and inputs1 the Poudrejncludingthe distance between each structure
in the SOPR study arearhis diagram illustratetiow fragmentedaquatic habitat is in the SOPR study area
(provided byNorthern ColoradoWater Conservancistrict, 1996.

Diversions directly affect components of flow regime, including peak flow, base flow, and rate of change.
Peak flows can be truncated by diversions made during spring and summer, while base flows are
commonly decreased by diversions dhgrifall and winter or during drought. Rates of flow change can

be impacted when diversions are opened and closed, especially during periods of low flevaverage

rate and annual volume of water diverted during winter months (November through Marate) also
calculated for each diversion poinfnaverage of about 38,000 acfeet per year is diverted from the
Poudre in or above the study area during winter months, and wintertimeugg/sometimes leave the

river with little to no flow(Table3.2).
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Flow withdrawals can also affect water quality and physical structure. Excessively low flows elevate
radiant heating and cooling, making thiger vulnerable to extreme temperatures with increased highs
in summer, decreased lows in winter, and greatemai#l fluctuation. Low flows may also exacerbate
chemicallyrelated water quality issues such as nutrient loading sugpressedlissolved oxygen

content by lessening the effectiveness of dilution, altering biogeochemical processes, and limiting the
effectiveness of turbulence and mixing. The amount, availability, and diversity of physical stifueture
riverbed habitat available to fishjpay be severely limited during low flow periods, which can directly
affect aquatic species survival especidllying critical late summer, fall, and winter flow periotdew

flows are more of a stressor in some reaches during late summer and fall and some reaches are
particularly affected by wintertime diversions (Tabl8)3.

Table3.2: Annualaverage volume, witertime average volume, and wintertime average discharge values for
the indicated period of recordBishopBrogdan Associates, 2015).

Poudre River Wintetime Diversion summary

Wintertime average diversion

Diversion (Nov-Mar)
AF CFS Frequency Period

Worster/Eaton Reservoir 420 1.4 | fairly constant 1997-2013
Halligan Reservoir 3,900 13.0 | fairly constant 1997-2013
North Poudre Canal 3,500 13.0 | each year since 2002 | 19972013
Milton Seaman Reservoir 570 1.9 | sparse (since 2001) 1997-2013
Long DravReservoir 690 2.3 | fairly constant 1997-2013
Peterson Lake Reservoir N/A N/A | sparse 19972013
Joe Wright Reservoir 540 1.8 | fairly constant 19972013
Chambers Lake Reservoir 1,650 5.5 | fairly constant 19972013
Barnes Meadows Reservg 30 0.1 | sparse 19972013
Munroe Canal 210 0.7 | some since 2009 19972013
Fort Collins Pipeline 1,900 13.0 | fairly constant 1997-2013
Poudre Valley Canal 270 0.9 | sparse 1997-2013
Greeley Filters Pipeline 6,225 20.8 | almost always 19972012
Watson Lake Diversion 25 0.1 | constant 19972012
Little Cache Diversion 1,150 3.8 | fairly constant 19972012
Larimer and Weld Canal 3,330 11.0 | fairly constant 19972012
Timnath Reservoir Inlet 5,010 16.7 | constant 19972012
Fossil Creek Reservoir Inl¢ 6,190 20.6 | constant 19972012
Total 37,980 126.6
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Table 33: Base flow statistics for points just downstream from five of the diversion points on the Poudre for the
period 1970 to 2010.(BishopBrogdan Associate2015).

Diversion
Little Cache Diversion
Larimer Weld Canal
Diversion
Timnath Reservoir
Inlet Diversion
Fossil Creek Reservoil
Inlet Diversion

)
£
©
2
o
%)
S
[}
=
T
>
Qo
[}
)
S
(O]

Base Flow Criterion

Average number of days per year
with continuous flow below 35 CF§
Average percent of winter days
with flow below 35 CFS

Average number of days per year
with continuous flow below 10 CF§
Average percent of winter days
with flow below 10 CFS

Average number of days per year
with continuous ndlow

Average percent of winter days
with no flow

Transbasin diversion (flow augmentation)

102 104 | 135 136 | 178

7% | 74% | 75% | 74% | 79%

28 31 75 70 111

38% | 27% | 51% | 52% | 65%

3 9 12 16 24

6% 6% | 19% | 17% | 23%

At the higher elevations ahe Upper Poudre Watershettansbasin diversions impowater to the

Poudre River from other drainages through the Wilson Supply Ditch, LaRouadre Tunnel, Grand

River Ditch, and Michigan Ditch. Colord8ig Thompson water is deliveréalthe Poudrethrough the
Hansen Supply Canal via Horsetooth Reservoir. &ligmentation via transbasin releases can have
opposite effects of diversions. Releases timed with natural runoff or storm flow peaks can increase peak
flow magnitude or duration, and releases during winter or other periods of low flow can supplement
naturally low discharge, thereby offsetting some of the impact of diversions. Transbasin diversion
releases introduce another mechanism by which flow rates can be artificially and rapidly changed and
they can also impact river water quality depending on howewragjuality differs between the Poudre

and the imported water.

Large dams/reservoirs

There are multiple reservoirs within the Upper Poudre Watershed and two large dams on the North Fork
that impact the flow and sediment regime along the Poudre River. Halligan and Seaman Reservoirs are
both created by large ikehannel dams that regulate floregime and cut off sediment supply to the
Poudremainstemdownstream. The effects on base flow vary depending when calls on water rights are
made by downstream users. Howeverservoir managmenthasthe potential for exacerbating low
flow impairment and altering the rate of flow change. Reservoirs also effectivelyheamst majority
of the natural and anthropogenic supply of bedload and suspended sediment, delivering mostly
sedimentfree dischage downstream which can exacerbate channel and bank erosion.
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Other potentialimpacts from large dams and reservoirs include changes in water quality. Because
reservoirs expose large surface areas to the sun, deep reservoirs can become thermallydstiatifig

the summer months, resulting in warmer surface waters and colder bottom temperatures. Depending

on whether reservoir water is released via a surface spillway or a bottom outlet, stream temperatures
may be warmed or cooled accordingly. In thespywdams can impact the natural temperature regime of
downstream receiving waters. Seasonal thermal stratification in reservoirs can also result in oxygen
depletion of the bottom waters. Under these low oxygen conditions, biological processes mobilize
nutrients and metals bound to bottom sedimentshich can resulin seasonal spikes in dissolved

nutrient and metals concentrations in waters released from reservoirs. Dams are also a clear example of
an extreme barrier to passage of fish and other aquatianisms.
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Wildfire (burn scars)

Recent wildfires in the Poudre watershed left burn
scars with decreased forest cover and exposed soi
that are more susceptible to raff and erosiorand
deposted large amounts of aséind fine sediment
into the river(Figure 3.23.3. Until the vegetation
sufficiently recovers, the burn scars will have a
significant impact on sediment regime (land erosioris
and flow regime (peak flows and rate of change).
Wildfire is a natural part of thgeological and
ecologicaketting within whit the Poudre River
evolved Nevertheless, decades of fire suppressio
the watershed have altered the frequency,
magnitude, and distribution of fires, thereby increas fjgyre 3.2 Post fire erosion creating turbid

tributaries. waters.
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Figure3.3: Percentaye of burned area for watershedstalifferent points on the river from Hohner et.al., 2016)
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Channel erosion

The river is in a state of equilibrium when the sediment supply and transport capacity are in balance.
Changes to land use, hydrology, or theeriitself can shift this balance causing the channel to incise,
aggrade, or widen as it adjusts towards a new dynamic equilibrium. Channel erosion is a natural process
that allows the river to achieve this new dynamic equilibrium, resulting in the relebsediment.

However, channel erosion is not always acceptabke given locationand artificial measures such as

riprap and grade control structures used to stop channel erosion are common on the Poudre and its
tributaries. Artificiallystabilized iver and stream sections deliver less sediment downstream, except
during extreme events.

Irrigation runoff and return flows

Return flows and runoff from irrigated lands recharge flows in the river and often introduc@aiot
source pollutants particularly nutrients which come from decaying organic material and fertilizer.
Return flows offset depletions since they represtrd return of diverted water back to the river, but
less water is returned than was diverted because of consumptive losses, andieatis returned to a
point downstream of the diversion, leaving the upstream reach dewatered.

Treated wastewater effluent

Treatedwastewater effluent enters the Poudre River in three locations within the study area.
Additionally, the outflow from Fod<Creek Reservoir discharges a mix of river water, wastewater from
two water treatment facilitiesand localized stormwater runoff into the Poudre just downstream of the
study aregthissite isdiscussedn Section4). Treated wastewater effluent discharges are permitted by
the State of Colorado and must meet quality standards designed to protect designated uses, such as
aquatic life. However, despite the use of advanced technologies for nutrient removetguidted

guality standards, wastewater effluent water is typically warmer and higher in nutrient concentrations
than the ambient river water, and as such, represents a potential stressor on river health. Its impact,
however, depends on the time of yeatreamflow, and the proportional volume of effluent in the river.

Because nutrients and temperature typically exert strong influences over productivity in local streams,
excessive nutrient and thermal loads have the potential to increase algae growtlriaacchanges in
community composition of both algae and aquatic macroinvertebrates, as well as dissolved oxygen
content. Furthermore, native fish have specific temperature tolerance ranges, beyond which their
ability to survive and reproduce may be ingbed.
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3.2 River and riparian zone stressors

Development

All commercial, industrial, infrastructure, transportation, and residential land uses in the riparian zone
may be considered stressofSigure 34). Commercial/industrial land uses are mainlyaieand

manufacturing facilities that introduce a substantial amount of artificial roof, impervious surface, bare
ground, or operwater cover types to the riparian zone. Infrastructure areas contain the structures,
systems, or facilities that serve thelgic interest. Roads and railways were mapped as transportation
corridors, and paved pathwere considered part of the transportation corridor when thexre

associated with a road. Residential development is typified by suburban moetasity housing
Residences in the riparian zone aetatively few with most being singkéamily units with
manicured/landscaped lots or lawns. Some hilgimsity housing units are present in thigban zone.

These land uses ap®nsidereddirect impacts tahe riparian condition, affecting vegetation structure,
habitat connectivity, and contributing area. They also severely limit active floodplain function since they
need to be protected via channelizatidmerms and fill.

Figure3.4: Developmentin the historical riparian area is a stressor on reaches in rdan andPlains zones.
Rural and agricultural land use

Ten percent of the riparian zone was mappedrasal or agriculturad 6 C ASH GRaNab develdpment
areas are still largely vegetal, but vegetation cover is often dominated by disturbaf@eing or exotic
species. These lands include occasional buildings, structures, and unpaved roadways with pastureland,
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and light to intensive agriculture. Most pastureland was developed byicteaody riparian

vegetation from the riparian area then managing it as grassland. Light agriculture includes hay fields
and open land used for livestock grazing. Row crops, penned livestock, or confined animal feeding
operations are in the intensive ggulture category. These riparian and floodplain land uses vary
greatly in their effect on river health. Light agriculture and pasture is generally compatible with flooding
and they provide some basic floodplain functions where they have not beenedrainphysically cut off

by berms

Figure3.5: Rural development coverten percent of the mapped riparian zone.
Open space and parks

Sixtyfour percent of the riparian zone remains open spéagder various forms of managemernd

park land(Figure 36). These lands include properties holding remnants of preserved native halitat
areas that were settled and altered in the past that have since been mamaigiethe express goal of
maintaining or enhancingative species and natural systefunction. Even with current management

by open space programthese lands continue to exhibit a wide degree of impacts remnant from
previous land uses. The most disturbed open areasch as vacant lots, abandoned roads, and
naturalized roads anderms tend to have less vegetation and are often dominated by vyeadexotic
species. On the other end of the spectrum, some properties have been restored specifically to support
river function by improving rivefloodplain connectivity and creating the idgaiysical conditions for

the nativeflora and fauna to flourish.

These lands are also managed to provide recreation opportunities and so include infrastructure such as
paved multiuse trail, bathroomsand pavilions all of which influences natural systémction. Parks
dominated by turf, recreational infrastructure, parking lots and sidewalks also fall into this stressor
category. Parks impair function to a much greater degree than the naturalized open spaces, because of
their lack of structural diversi and contribution of nutrients and other chemicals to the river.
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Figure 3.6 While open space and parks management of lands in the floodplain prir‘narily has a positive influence
of river health, infrastructure such as the bike bath in this photo isicfy f 2 0F 1SR a2 0Of2a$sS (2
protection disconnects the river from a functional riparian zone .

Gravel pits and ponds

Gravel pits and ponds account for eight percent of #@PRiparian zone land covéFigure 37).

Gravel mining has beea prominent industry along the Poudre floodplain corridor almost since the

town was first settledIn the City of Fort Collins natural areas aldhere are more than 30 former

gravel pits and ponds. Most of these are excavations filled with alliaahdwater that are eparated

from the river by bermsr dams. Gravel ponds represent a conversion of vegetated riparian habitat
into open water, and therefore they are a direct and severe impact on riparian condition. In some
cases where they are notfully surrounded by bermand gravel pits ponds stilloffer some floodplain
function by providing area for overbank flows to spread, but ponds provideondplain roughness
Bermedgravel pits and ponds contribute to instability and poor resiliencentpducing the risk of
catastrophic failure andvulsion(i.e., rapid abandonment o& river channel and the formation of a new
one). Recovery from massive avulsions is slow and unpredictable, and it can be quite expensive if the
issue must be actively adessed. The numerous examples where Front Range rivers cut new channels
through gravel pits and ponds during the 2013 flood provide direct evidence of these potential risks and
the consequences. Gravel pits and ponds also affect groundwater dynanfiitat bannectivity, and
(potentially) water quality.
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Figure 37: Gravel pits and ponds are a commdioodplain land use in the Urban and Plaimsnes.
Roads and bridges

Roads and bridges affect river health in several direct and indirect ways. Highway 14 parallels the river
through the Canyomone (Figure 38). The valleypottom is so confined and narrow in this zone that

road encroaches on the riparian zone, the flotadp, and even on the channel itself where it affects
floodplain connectivity, riparian condition, river form, and resilience. Below the canyon, roads also
contribute to floodplain encroachment, especially where perpendicular dittssonsolidate flows

through bridges openings. Two bridges span the Poudre in the Caogenfour on the Rurabone,

twelve in the Urbarzone, and four in the Plair®ne (Figure 3). Bridge effects vary by design and

span length, but they generally limit floodplain emtgimpact riparian condition, and reduce resilience.

In most cases river form and physical structure are also directly affected.

vk

Figure 38: Highway14 road fill encroachmenin the riparian floodplain is common ithe Canyorzone.
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Figure3.9: Twenty-two bridges span the Poudre in the studyea. At left, arailroad trestle andCollege Avaue
and at right ProspectRoad.

Berms and channelization

Downstream of the Canyatone a majority of the river is channelized and/or boundeddeyms

(Figure 310). These practices are important for protecting floodplain development and infrastructure,
but they also have a significant impact on river ecology and health. In addition to limiting floodplain
extent, which is their intended purpose, chaization andoerms directly impact ripariagondition and

all the geomorphic indicators of river form, resilience, and physical structure. Channelized reaches
decreased sinuosity and length, limited branching or braiding, narrow and often entrecbhedel
dimension, increased slope, and typically homogenous bed and bank structure. Resilience is
compromised by the reliance on engineered structures to maintain river form and to protect human life
and property. Whemerms breach or when channelizedaches avulse, as they occasionally do, there is
little potential for passive recovery.

Figure 310: Channelization andermsare common on the Poudr&iveras shown in the two photographs here

Bank and channel armor

37
State of the Poudre River Assessment
City of Fort Collins, 2017



Armort such as engineered streambanks, riprapgconcreta is used to strengthen the riverbed and
banks to maintain channel resistance and to prevent its migration or move(féqire 3.1). These
treatments work by increasing channel hardness or resistansedar, usually with the intent of

protecting development, infrastructure, and property from channel migration or erosion. Combined
with channelization antberms, bank and channel armor limits the width of the channel migration zone,
which is the area witin which the river can safely and effectively migrate. By arresting the natural
processes by which the river moves, adjusts, and maintains habitat diversity, channel and bank armor
directly impacts river form, resilience and physical structure. Revetspeavide resistance to these
processes so that the river maintains its form despite changes that may be occurring in the channel
dimension and profile upstreanilhe physical structurendicator isimpairedby armoringsince armored
banks preventhe inadeased channel sinuosity atateral scour that would normally maintain lateral

scour pools and bank undercuts.

Figure 3.1: Bankand channel armoring is employed to increase channel resistaquetect aboveand below
ground infrastructure orprevent river migration.

Channel structures (such asdams, weirs)

There are 19 dams and several other weirs and grade control structures on the Poudre in the study area
Four of the damsarein the Canyon, five in the Rural, six in the Urban, and fourdrPlainszone (Figure

3.12). Dams, weirs, and grade control structures are additional channel armoring features that resist
erosion and lock the channel in place. Most of the dams serve as control structures for the major water
diversionswhile other structures provide grade control and channel stability functions. Regardless of
their intended function, most of these structures have severe local impact on river form, resilience, and
physical structure. Like armoring, rigid structures prevéwinnel movement and adjustment, and they
impose an artificial channelized dimension and planform. With heights that reach eight or more feet,
diversion dams are a major impact to river profile, creating longsfiathkvater sections upstream where
deposiion leads to homogenous plaseed structure at the coarse scale, while at the fine scale

substrate becomes embedded or armored. Most of the structures are engineered to resist scour and
failure due to erosion even in extreme floods, but when they ddlffaite is little to no recovery

potential, and expensive emergency repairs are often necessary.
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Figure 3.2: There are nineteen major striares or dams on the study aregme pose major barriers for fish
(left), while others are much lower and may bgassable at some times of the yeérght).

Woody material recruitment and removal

Woody material was historically a very important driver of river form and function on the Poudre-but in
stream wood has become scarce in its modday stabilized and chaelized form(Figure 3.3).

Riparian development and deforestation led to a decreased supply of woobtebus, channelization,

and armoring are also important factors that linmitcumulation ofvoody material. Unconfined rivers
normallyaccumulatevood as they migrate through forested riparian zones, entraining trees via active
bank erosion or when dead wood on the floodplain is rafted in during floods. Both of these mechanisms
are now severely limited in the study area. Moreover, when large woodgnmahdoes become

entrained in the river, it is often physically removed as part of maintenance programasiatoral state,

large woody material and log jams in the river create overhead cover, hydraulic diversity, and structural
diversity by impoundig water and/or inducing localized scour that forms pools. Even today, some of

the deepest pools and most complex habitat are in locations where wood has been allowed to collect
and become integrated into the channel.

!

Figure 3.B: Large woody mateial in the river createsimportant structural complexity and habitat diversityor
fish and other aquatic lif€left). Beavers play aimportant role in the cycling of large wood in river systems

(right).
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Exotic vegetation

The list of exotic vegetatioim the riparian corridor includes a suite of species from regulated noxious
species to species thateless noxious but extremely aggressive and prolific in nature. Noxious species
are not a great concern in most of the study area because there hasgveaative management in City

of Fort Collins Natural Areas to eradicate them over the past decade. Properties managed by other
entities may have greater problems with noxious weeds, and those properties can act as a nuisance
seed source to surrounding maged lands.

Norrnative species impair ecosystem functions where they dominate habitat niches formerly occupied
by native species. Three species that are known to heavily impact Poudre River riparian forest function
are: crack willow, reed canary grasmnd smooth bromeWhile these are nomative, noneare

regulatedas noxiouspecies, yet all are extremely successful at establisidgpreading, and

eventually dominating habitats. As they take over, these exotic species are resistant to scour and
infiltration by other species, leading to a static vegetative community tivadersthe natural processes

of forest renewal by decreasing the number of sunny bare sites needed for native woody species
regeneration.
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4 Assessment results for the indicat ors and metrics

4.1 Overview of river health grades

GCompiledindicator scoreproducedriver health grades of Bto G for the 18 reaches of the Poudre
River(Tabk 4.1). Theoverallgrade for the Canyon zomeas aB-, while the Rural, Urban, and Plains
zoneswereall in the midC range.The causes of impairment to the Poudre vary by reach and zaee (
Chapter 3). This chapter describes the effects of those stressors on each indicator and metric of river
health.

Table 41: Summary of river health indicator scoreand letter gradesorganized by zoneand reaches

Numerical scores are provided to illustrate the often subtle differences in the condition of health indicatditse
assessment framework for the PoudiRiver uses a straight academicading scale, where 90 and greater is an A
grade, 80 and greater a B grade and so batter grades arendicatedthrough color coding.A key is presented
below the table.

Zone Canyon Rural Urban Plains
Reach 1| E 4 | 5 | s 7 [ 8] o 10] 11| 12]13] 14 ]15] 16 | 17 [18
Flow Regime 7 75 75 74 74 73 73 7|77
Sediment Regime H 84 84 83 82 81 83 (82 81 |79 79 (80| 79| 79 |79 79 79 |79
Water Quality 88 7 7 77 87 87
Floodplain Connectivity 78 82 85 74 85
Riparian Condition 85 87 85 77 74

River Form 82 74 79 78
Resilience 82 79 79 76
Physical Structure 76 74 82 79
Aquatic Life 80 81 8| 6 76 g5|8s| 78 | 78 |78
Fver Health 82 8;9 [7s] 77 78 F74| 78 74. 74 [ 74] 75] 76 [70] 7$5| 76 |73

Grading Scale
A 100-90
B+ 89-87
B 86-83
B- 82-80
C+ 79-77
C 76-73
C- 72-70
D/F |69 or low er

Before diving further into the metric levetsults it is helpful and important tocknowledge uncertainty
and variabilitywithin this vast project. The SOPR assessment team recognizes there are leapbud
uncertaintyin the results across reaches because of distinctions between scieligiiplinesriver
reachesand local contextdata sourcesjatayears available and combinations of qualitative and
guantitativeassessment approaches.
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4.2 River health grades by indicator

Flow regime

The flow regime indicator grades range from ©tguggesting substantialiynpaired functionality
throughout the study area (Table 4.2). Impairment mainly arises from the effects of water
management. Most of the fundamental phgai and lifesupport functions ee still sustained, but
higherlevel furctioning requires active management to accommodate or mitigate the altered flow
regime.

When considering the results for all three flow metrics, note that there are various degrees of

uncertainty in the results across the zones corresponding to datéaidy or lack thereof. Most

notably, the Canyon zone was evaluated using the general qualitative grading guideline descriptions and

a general high level evaluation of changes to flows, in contrast to the lower three zones that were

assessed quantitatig. Furthermore, the quantitative assessment for the lower three zones was
O2yRdzOGSR dzaAy3d 3I13IS RFEGEF FYyR 3INY¥RAY3I FdZARSEAYS a
the river. Therefore the further one moves from these locations, the gréhtetncertainty.

Table 4.2 Summary of flow regime indicator scores and grades organizeddryesandreaches

Zone Canyon Rural Urban Plains
Reach 1] 2 [s3 | 5 [ s 7 | 8] o [10] 11[12][13]14]15] 16 [ 17 [18

Peak Flow 81 78 78 78 78 | 78 [78] 78 |78
Base Flow

Rate of Change 73 73
7
3

78

7| 7w [n] 1 | ] 1 |n

Flow Regime
76 73

7!

Peak flows

¢KS NBRdAzOGAZ2Yy 2F LISIH| TFt2¢a NBadz Ga sl fuhcyonst RGOS NE S
TheC+ to €zone levefbradesfor this metricindicate that flows sufficient to mobilize and flush bed
material do occur, but less frequently and with less certainty than needed tosglport a functionally
healthy and resilientiver. From theupper reaches of thetudy area &+ gradeis reported for each
reachuntil halfway through the Urban zone where at reach 10 ¢henulative impact of multiple
diversiors drivesthe score down to a C In the lowest two reaches in the Plains zone, peak flow metric
grades junp from Gto B+. This gradenprovementrepresents an increased ability for the peak flows
to move sedimentrather than larger or more characteristic peak flows. The improvement in
functioning isdue to the smallesediment sizéound here, whichrequire lower flow magnitudes to
accomplish the same bemobilization functions.In other words he magnitude and frequency of peak
flows downstream from the Boxelder gage is sufficient to support natural channel maintenance
functions, such as ear and bed flghing, at a higheiunctioning leve(B+).

The grading guidelines for the peak flows metric are based on the thresholds for river bed mobilization
modeled in the ERM. Beamobilization is critical for maintaining habitat atkeb life cycle needs of
aquatic insects and fish that rely on clean interstitial spaces betvoeansebed materials. Another
important role of bed mobilization is to prevent armoring, or conversely, sedimentation. These

42
State of the Poudre River Assessment
City of Fort Collins, 2017



processes can have a cascading effect spextrumof other important functions associated with a
healthy river. The peak flow thresholds needed fgerform other functions such as algae scour, channel
maintenance andaertain riparian processanay correlate to (but are unlikely to be the same as) the
bed mobilizatio thresholds But these other important functions were not exqgily analyzed for this
metric.

Flows that mobilize the mediasized bed material for a given reach do not occur every year, nor must
they to maintain river health. Peak flows must be gmatl ovewvarioustime scales to determine

whether flushing thresholds are exceeded often enough (referred to as the return interval), and for
enough duration, to maintain river health. For this analysis of peak flows, the period of record from
1976-2016for each of the three gages was analyzed for peak flow magnitude, duration, and frequency
thresholds(Figure 4.1)A longerterm record is needed to compute a return interval and to characterize
ecological processes and cycles that occur over long pefiedades to centuriesh.ooking at this 40

year periodis needed to compute a return interval and is appropriate since many ecological processes
and cycls occur over much longer periods (decades to centuridgve\er, longterm patterns do not
provide nformation on the occurrence a&cent bed mobilization this SOPR study peridde(, 2015

2016).

A second line of evidence helps convey therent condition of the critical ecological functions driven
by the peak flows.The embeddedness of riffleas measurd in the fine scale metrigpage 70)provides
field-based evidence indicating the degree of bed flushing that has mtwecently. Using the fine-
scale structure metric alone, without analysis of the longer flow record, duilthisleading,iace rivers
naturally experience climate driven wdty cycles that spayears to decades. For instancaridg a dry
period, when flushing henot occurred for several years, the rifflsmay appeamore embedded with
fines. Therefore, the SOPR assembiediltiple lines of evidence covering multiple time scales to
produce a better understanding of the single most driving factor in Poudre River health.
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Figure 4.1 Daily average discharge at the canyon mouth gage (120&6) was analyzed for peak flow
magnitude, duration, and frequency thresholdsThe horizontal orangéne indicatesflow of 3300 cfs which was
calculated in the ERM ase threshold required tomobilize the median grain size in the Rural and Urban zones.
Long, medium, and short time scales are considered in the comprehensive interpretation of flushing flow
functions. The finescale physical structure metric provides anahline of evidence to determinewhether

flushing ha occured in thepast few years

Base flows

Base flow grades ranged fromtG F+. There is a slight downward trend in grades from the Canyon

through the Plaingonesdue to the cumulative depletion of water during low flow periods from the 16

major diversion points located throughout the study area. Depletions duringltawperiods cause

lower base flow and/or prolonged periods of low flgiigure 4.2) Some segnmés of the Poudre run

dry below diversions during winteRPoint flow models indicate that at least three days with no flow

200dzNJ LISNJ @8SIFNE 2y | @SNI 3S3 0 Stca dggaiba@hedivBraod 6 I G S N.
structures downstreamincreasing the numbeto 24 days of no flow per year at the Fossil Creek Inlet

Diversion (se&igure 3.1 and ables3.2 and 33).
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