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Executive Summary

Thepurpose of the Rio Grande, Conejos River, and Saguache Creek Stream Management Plans (SMPs)
is to assess stream conditions to enable local stakeholders to develop informed andridata

management actions with the goal of preserving and enhancing wates and community values

Following therelease of the2015 Colorado Water Plan, the Rio Grande Basin Roundtable (Roundtable)
recognized the need for comprehensive assessmant management plasfor locally prioritized

streams in the Rio Grande Basime8ins in the Rio Grande Basin were prioritized by a SMP
Subcommittee of the Roundtable. The SMP Subcommittee prioritized the following stegments

1) The Rio Grande from Stony Pass to the Colorado state line, 2) Conejos River from Platoro Reservoir
to the Rio Grande confluence, and 3) Saguache Creek from the South Fork Saguache Creek confluence
to Braun BridgeTo support the project, a SMP Technical Advisory Team (TAT) was formed and
composed of state and federal agency officials, local water managenprofit organizations, private
landowners, and interested stakeholdeighe TAT was instrumental in guiding data collection and the
overall direction of the SMPs.

The SMPs are built on and guided by stakeholder input and values. Stakeholder engagleroagh
public meetingslandowner outreachsurveys, and emaéindsocial media updates, wasitically
important throughout the planning process. TB&P goals and priorifyrojectswere developed with
significant stakeholder input arate aligned witrstakeholder values

To characterize stream condition and functiorgamditions assessmentas conducted for each

stream. Each stream was divided into reaches basesinitarities in geomorphology and reach breaks
influenced by infrastructure, such assdrsion damsAssessments of recreational and aquatic habitat
streamflow needsdiversion infrastructuregeomorphology, riparian vegetation, water quality, and
aguatic life were completedConditions assessment results are organized by reach and include a list of
impacts, or stressors, affecting each reach as well as a discussion of the likely cause{s3afsdthe
SMPs define management goals well agpriority projectsandactions stakeholdermay take to

further each goalRoughcost estimates are includedvhere appropriate.

TheRio Grande, Conejos River, and Saguache Giedéls are intended to hesed as scienekased
guides for stream management through collaborative and rhémeft projects. They provide an
implementation strategy tsupport healthy streams and protect the ecosystem services they provide
for fish, wildlife, and communities thaely on them
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Glossary

Alluvial aquifer ¢ An aquifer comprisinginconsolidated material deposited by water, typically
occurring adjacent to rivers.

Armoring (ed orchannel)g The application of resistant materials on a river bed or banks to reduce
scour and erosion.

Augmentation (of flow)¢ The addition ofwater to a systemin the case of water rights, this typically
refers to augmentation plans used to replace depletions to streams caused by well pumping.

Avulsiong The sudden change of riv@iacationor path.

Base flow¢ The portion ofstreamflow occurringutside of runofftypicallylasting frommid- to late-
summer through early spring.

Benthic macroinvertebrateg Aquatic insects and other invertebrate (lacking a backbone) organisms

living on the stream channel bed, often withinanstitial spaces of channel substrate anywhere from
alyR (2 tFNBS o062dzZ RSNE® ! f i K2dzZAK &a2YS | ljdzZt 6AO A
their visibility without magnification.

Channelizatiorng Mechanical alteration of a river or stream thainfines flow within a single course.
Often times these actions can be combined with straightening.

Channel nigration ¢ The natural procesby which stream channelmovelaterallyover time.

Compactg Theinterstate Rio Grande Compastgned in 193®etween the states of Colorado, New
Mexico, and Texas

Gvalue¢ A value ranging frori to 10 and representingn estimated probability that a plant is likely
to occur in a landscape relatively unaltered from-aeropearsettiement conditionsAlso knowras a
coefficient of conservatism.

Depletion (of flow)¢ Removal of water from a system.

Flow duration curveg A graph representing the percent of time a specified discharge is equaled or
exceeded.

Geomorphicg Relating to the form of the land or topograpHhp.the context of streams, geomorphic
characteristics includéhe physical shapes streams their waterand sediment transport processes,
and the landforms they create

i
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Hyporheic zone; Delineates a volume of saturated sediment that surrounds a river, where mixing of
surface water and shallow groundwater occurs, and constitutes a transitional area (ecb&inaen

the surface and groundwatdrydrologic systems and between aquatic and terrestrial habitats in the
riparian zone. Referred to in this document in the context of hyporheic exchange.

Peak flowg Highest streamflow of the year, typically during sgrsnowmelt runoff.

Reachg A stream segment along which similar hydrologic conditions exist, such as discharge, depth,
area, and slope

River milesg River miles represent the distance of a stream channel across a landscape. In this report,
river miles were calculated using the Source Water Route Framework dataset, which is extracted from
the National Hydrography Dataset. Note: river miles are synonymous with stream miles.

Roundtable¢ The Rio GrandBasin Roundtable

San Luis Valley Closed BasiA basin in the northern San Luis Valley where surface water outflow is
prevented by a hydrologic divide and therefore surface waters are not tributary to the Rio Grande

Sediment transportg The ability of a stream or river to transport an equal amount of sediment out of
a reach as the amount entering the reach.

Subdistrict¢ A groundwater management subdistrict of the Rio Grande Water Conservation District or
the Trinchera Water Conservanbystrict.

Turbidity ¢ The measure of relative clarity of a liquid

Wet meadowc A typeof wetland characterized bsoils that are saturated for part or all of the
growing season
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Acronyms

303(d) The 303(d) list of impaired waters in Colorado (defined by the Colorado Department of
Public Health and Environment)
AA Targeted Assessment Area (d@parian\VegetationAssessment)
AF Acrefeet
AW American Whitewater
Basin Rio Grande Basin
BLM Bureau of Land Management
BMI Benthic Macroinvertebrates
CDPHE Colorado Department of Public Health and Environment
CFS Cubicfeet per second
CNHP Colorado Natural Heritage Program
CPW Colorado Pdes and Wildlife
CwWCB Colorado Water Conservation Board
DEM Digital Elevation Model
EIA Ecological Integrity Assessment
FQA Floristic Quality Assessment
GIS Geographic Information System
ISF Instream Flow
M&E Monitoring and Evaluation List
MMI Multi-Metric Index ¢ee Aquatic Life Assessmgnt
NRCS Natural Resources Conservation Service
RGDSS Rio Grande Decision Support System
RGHRP Rio Grande Headwaters Restoration Project
SLV San Luis Valley
SMP Stream Management Plan
SWE Snow Water Equalent
SWRF Source Water Route Framework
TAT Technical Advisory Team
TMDL Totalmaximumdaily load
USFS United States Forest Service
USGS United States Geological Survey
\"
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1. Introduction

1.1 Purpose andscope

The 2015 Colorado Water Plan set a gbat 80 percent of locally prioritized rivers be covered by

stream management plans (SMPs) by 2@3fllowingpublication of theWater Plan, the Rio Grande

Basin Roundtable (Roundtable) recognized the need for comprehensive assesantentanagement
plansfor locally prioritized streams in the Rio Grande Babmhelp meet this need, a subcommittee of
the Roundtable selected three priority stream segments for an initial round of SMiRSSMP
subcommittee prioritized the following streasegments1) TheRio Grande from Stony Pass to the
Colorado state line (193 river miles), 2) Conejos River from Platoro Reservoir to the Rio Grande
confluence (844 river miles), and 3) Saguache Creek from the South Fork Saguache Creek confluence

to Braun Bridge (65.fiver miles).A map of theprioritized streamss shown in Figure 1.1.
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Figure 1.1: SMP prioritized streams with land ownership overlaid and delineatioRiof Grande Basin

boundary.
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To support the project, a SMP Technical Advisory Team (TAT) was formed and composed of state and
federal agency officialépcal water managers, nonprofit organizatiopsivate landowners, and
interestedstakeholdersThe TAT was instrumental in guiding data collection and the overall direction

of the SMPsThe purpose of the Rio Grande, Conejos River, and Saguache Creek SMPs is to assess
stream conditions to enable local stakeholders to develop informed anddiatan management

actions with the goal of preserving and enhancing water uses and community veheSMPs are
intendedto be used as guides for effective and ltbenefit restoration and stream management

projects.

Althoughmultiple studies have been calucted on the Rio Grande Colorado, the Roundtabknd
TATrecognizedaneed to better understand the condition and function of streams in the Rio Grande
Basin. Previous studies documargthe condition of the Rio Grande inclethe 2001 Rio Grande

Healwater Restoration Project, the 2016 Rio Grande Natural Area River Condition Assessment, and the
2018 Upper Rio Grande Watershed Assessnidh¥id, 2001; Riverbend Engineering, 208&M &

Lotic Hydrological, 2018). Howevarstudycovering the entire R G-andein Mloradowith consistent
methodology hd not been completedand datafor the Conejos River and Saguache Creek was
particularly limited. The Roundtable recognized th@omprehensive study of tise three prioritized

streams was needed. The Rio Grande, Conejos River, and Saguache Creek SMPs address that need

1.2 Project Objetives
The objectives of the Rio Grande, Conejos River, and Saguache Creek SMPs were to:

Maintain and build on the coalition of community partners engaged in stream management
planning through frequent and robust stakeholder engagement throughout thgepto
Summarize and obtain information regarding the biological, hydrological, and
geomorphological condition of identified stream reaches in the Rio Grande watershed.
Define and prioritize environmental, recreational, and community values.

Develop goalto improve flows and physical conditions needed to support values.

Outline actions to achieve measurable progress toward maintaining or improving goals.
Identify opportunities and constraints for implementation of projects, and additional data
needed toinform project development.

To Do To o To I

1.3 Why Are Stream Management Plans Important?

SMPs offer aaluableopportunity for communities taddress issues related to stream functions in an
effort to better support diverse groups of water useftey provide thepportunity to assess stream
conditionsand function identify likely stressorsadverselyaffecting these conditions, andevelop
multi-objective solutions to mitigatstressorsand improve conditiondBecauseSMPs are stakeholder
driven, diverse community values are representedecision making and the development of goals
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and priority actionsStrong stakeholder interestind support provided the impetus for the Rio Grande,
Conejos River, and Saguache Creek SMPs and contributed significantly to the success of each SMP.

1.4 Stakeholder Engagement

A diverse group of stakeholders utilize and are intimately connected t&®ibé&rande, Conejos River,
and Saguache Credkrigated agriculture has a rich history on the basin, having utilized surface water
from the Rio Grande for over 150 years. Agricultural producers depend on surface water to irrigate
crops during the growingeason, and many farms and ranches are now operated by the fourth and
fifth generation producers. Anglers have access to exceptional Rio Grande, Conejos River, and
Saguache Creek sport fisheries. Recreational boating opportunities are also plentifupmitiercial

and private boaters floating the Rio Grande and Conejos River. Not least, San Luis Valley residents
enjoy and take pride in the aesthetic value of the streams and rivers flowing through the region.

To engage stakeholders and gather inmignficant outreachwas conducted throughout the SMP
processRegular email updates were sent to a SMP stakeholder lisiselividual and groupneetings
were held, and the SMP Project Coordinator presemtgllarlyto the Roundtableand several other
stakelolder groups. A summary of stakeholder engagement activities is detailed below

A Provided regular project updates via the SMP email listserv.
A HeldsixTATmeetings to discuss stream conditions assessment methodology, assessment

results, and projecgoals/priority projectsResources frofATand public meetings including

minutes, handouts, and presentations were published on the Rio Grande Headwaters

Restoration Project website.
A Held five public community meetings in summer 2019. Each meeting \ea#isfo one of the

three SMPs. Public meetings were advertised in the Valley Courier, Saguache Crescent, Conejos

County Citizen, Del Norte Prospector, Monte Vista Jouamal through theSMP listserand

several Facebook groups. Meetingsre also advetised on KSLV and KRZA radio stations.
A Provided regular updates for the following groups: Rio Grande Basin Roundtable, Rio Grande
Water Users Association, Conejos Water Users Association, Saguache Creek Water Users
Association, San Luis Valley Wetlandusosrea Committee, and the boards of the Rio Grande
Headwaters Restoration Project, San Luis Valley Water Conservancy District, Rio Grande Water
Conservation District, and the Conejos Water Conservancy District.
Presented to several other interested graimcluding the Colorado Agricultural Water Alliance
FYR GKS {ly [dzAa +=FftftSe /I 0GftSYSyQa ! aaz20Al i
tdzof AAKSR 'y 2yftAyS | NODL{ a&a{G2NB al L¥ 2dzif A
Distributed three public SMP stakeholder surveys, one for each SMP.
Coordnatedg A U K ! YSNAOIY 2 KAGSSI GSNI 02 RA&AGNRAOAzGS
the recreational use assessmestudy on the Rio Grande and Conejos River.
Completed gnificant outreachto and held meetings witimnanyindividual landowners
Heldmeetings with water commissioners for each SMP.

ToTo  ToTo e Do
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A

Held special meetings with state and federal agencies including Colorado Parks and Wildlife
(CPW), U.S. Fish and Wildlife Service (USFWS), Bureau of Land Management (BLM), and U.S.
Forest Service (USFS).

Individual responses and themes resulting from the surveys, as waedbdck and input from formal
andinformal meeting, were incorporated into the planning procesBhe community valueand
general objectivegdentified during this process include:

A

A
A

oo o Do Do To Do P>

Diversion infrastructure improvements to increase efficiency, reduce maintenance, and
promote stream health.

Maintainingandenhancing riparian areas

Maintaining adequate streamflows for aquatic habitat, overall stream health, agriculture, and
recreation This includes coordinated reservoir releases and consistent flows for fishing and on
the Conejos River to support recreation and the local economy.

Increased storage to augment flows and increase flexibility during dry yearsésayvoirs).
Removal omitigation of recreational hazards (fencing, diversions, bridges, etc.).

Improved infrastructure for sustainable recreational access to the river, especially fishing
access.

Riparian and aquatic habitabnnectivity and agricult@rviability through corservation
easementsand other strategies.

Protecting and restoring floodplain connection and wet meadows and other wetlands for
increased alluvial aquifer storage.

Improving overall stream health for imperiled species, including fish and riparian habitat
restoration.

Additional monitoring data on water quality, irrigation infrastructure, and streamflows.
Mitigating effects of flooding and debris flows (j.@ddressing severe bank erosion, particularly
near key infrastructure).

1.5Physiographic and Geofjic Setting

Regional geologic and climatic history play important roles in fluvial geomorphology, ladgely
shapes the streams and rivers we see today. the purposes of the SMPhgtphysiographic context
of a study area is defined by the dominant geologic and climatic conditions that define the modern
landscape, which influendée study stream&form and associated physical processes.

The Upper Rio Grande BagBuasin)n south-central Colorado covers 830square miles and is
bordered to the south by New Mexic@/ithin the Basirlies theSan Luis Valley (SLV), a high elevation
intermountain valleysituatedbetween two major mountain range¥he SL\6 a large rift vallein the
Southern Rocky MountairRrovince(Figure 1.2and is part of the largeRio Grandeift which extends
from north of the SLV near Leadvijli@®loradoto southern MexicoBachman& Mehnert, 1978).
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The geology of the Southern Rocky Mountains Province is dominated by Precambrian igneous and
metamorphic rocks uplifted and exposed during mountain building events. The last major event, the
Laramide orogeny, endesbproximately70 million years ago and wdargely responsible for building
the San Juan Mountains. The Sangre de Cristo Mountains bound the SLV on the east, whitetine
San Juan Mountains form tiveestern edge of the valley. The La GaR&nge, whiclieson the

northwest edge of the vadly and on thenorth end of the San Juan Mountajngasformed from
volcanism and tectonic§ he La Garita Ranfgms the headwaters of Saguache Creaghkich also

drains the Cochetopa Hills to the north. The La Gadtaleastern San Juans contribute toet Upper

Rio Grande Watershed while tiseuth-eastern San Juans make up the headwaters of Conejos River.
Much of this area was influenced during the Paleocapp(oximately60 million years ago) by the La
Garita supercalderaeruption, one of the largest Y2 6y @2t OF YA O SNMzLiA2ya Ay

Generally speaking, the La Gastareless steep than the San Juans and drain lower elevations.
Significant glaciation was not noted to have occurred in the headwaters of Saguache Creek. The valley
in which &guache Creek lies is bound by lava and ash depbkiés the town of Saguache, tli@eek
escapes onto the broad Alamosa Basin, an alluvial basin which makes up the north end of the Rio
Grande Rift Valley (Figufe3). Alternating layers of sand, graveldaclay compromise the Alamosa

alluvial basinThis material was transported and deposited by fluvial processes that fan material out
onto the valley floor as well as by shallow water bodies where clay layers would have formed.
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Figure 1.3: Simplified geologic map of
the lower portion of the Saguache
Creek study area. Qg (yellow) indicates
alluvium; Tpl (light purple) indicates
pre-ash flow andesitic lavas and
breccias (volcanic origin).

Dcr_wer
COLORADO

Conversely, both the Rio Grande
and Conejos River headwaters
were heavily glaciated. Sediment
excavated and deposited by
glacial movement and melt as
recently as 10,000 years ago still
exists throughout the canyons
and within the floodplains of the
Rio Grade and Conejos River.
Sediment and runoff
contributions from glacial
meltwater contributed to large
alluvialfan formations where the
streams break free from the San
Juan foothills and spill onto the
Rio Grande rift valley floor (Figure
1.4).

Figure 14: Map showing the
generalized location of the Rio
Grande Fan which covered over the
ancient lakebed sediments of Lake
Alamosa(Madole et al., 2008
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The Rio Grande, Conejos River, and Saguache Creek drain east out of the mountains and into the SLV.
On the northerrend of the SLV, Saguache Creek and other streams draia mgh altitude subbasin
known as the San Luis Valley CloBegin (Closed Bagjralso referred to as thAlamosa BasiflUpson

1939) The Closed Basin is endorheic, meaning its surface waters do not flow outside its boundaries
and therefore are not tributary to the Rio Grand#ithin the Closed Basin, streams draining the La
Garitaand Sangre de Cristo Ranges on the west and east sides of the valley, respectively, terminate in
low points, orsump areasformingnumerous InterMountain Basin Playa$he lowest elevation playa
complex in theClosed Basin Ban Luis Lakekcated justvest of the Great Sand DuneBhe southern
boundary of tke San Luis Valleglosed Basin is thought to be formed by a low hydrologic divide

resulting from the Rio Grande alluvial fan on the west and alluvial material from the Sangre de Cristo
Mountain on the easfAlstine& Simon 1982).The Closed Basaoversapproximately2,940 m?,

making upabout 39% of the Rio Grande Bassthown in Figure 1.5.
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Figurel.5. Prioritized streams in the Rio Grande Basin wilevation, major mountain rangesand delineation
of the Closed Basin boundary.

The headwaters of the Rio Grande are located on the Continental Divide near Stony Pass. From Stony
Pass, the river flows eaitrough the San Juan Mountains toward thieVSAt the Town of Del Norte,

the river spreads out onto a broad alluvial fan, meandering east throughltkieA$ the City of

Alamosa, the river turns south and eventually crossesGbkrado- New Mexico statdine.
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The Conejos River is situated in the southern San Luis Valley, draining a portion of the eastern San Juan
Mountains. The Conejos is a diverse riv@ginningin once glaciated valleys, running dotimough

narrow canyonsand spilling out onto the broad San Luis Valley where it becomes a low gradient
meandering channellhe prioritized portion of the Conejos River is from the outlet of Platoro

Reservoir (37°21'7.43"N, 106°32'40.07"W) downstream to the confluence withicth@iande

(37°18'12.38"N, 105°44'9.00"W), a stretch of 84.4 miles.

The ConejosRivera KA 3JIK | f LIAYS KSIFRgl G§SNE | atBakefABnOl G SR y !
(approximatelyl1,925 ft).The riverflows northeast, joining several tributaries, includithg North

Fork and Adams Fork, before reaching Platoro Reservapmbximatelyl0,000 ft. From Platoro

Reservoirjt flows southeast through narrow alluvial valleys, boundedh®yolcanic rock of the San

Juan Mountains. It passes through foothdlsl eventually meesthe broad alluvial plain of th&LV

near the Town of Mogote. From Mogote, it becomes a low gradient, meandering river flowing

northeast through the SLV. Just east of Manassa, the soutb@unding San Luis Hills turn the river

north befare its confluence with the Rio Grande near Lasauses, CO. The total watershed area of the
Conejos River at the downstream end of the study area i&7

Saguache Creek begins at a series of small lakes in the La Garita Wilderness. The Creek f&ass north
before reaching a wide alluvial fan upstream of the Town of Saguache, where it turns southeast. The
Creek then flows past Saguache and into the-trdsutary Closed Basin on the northern end of the

SLV, where it terminates imetlands andplaya lakes.
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1.6 Hydrologic Context

Hydrologyplays a fundamental role in channel form, riparian areas, water qualityaquatic life.The

timing and magnitude of streamflow iSRANA GSNJ 2F IS2Y2NLIKA O qmaeN] ¢ AY
water in the system means more work being done to mobilize and transport sediment in the system
affecting stream channel and floodplain morphologihese hydrologic processes also affect the
establishment and maintenance of riparian vegetation, water quality parameters, and the type and
abundance of aquatic lifdzNF | OS KeRNRf 238 Ay [/ 2f 2N} R2Qa wA2 I
flows duringspring runofflasting into early summeagnd significantlylower (base)flows in late

summer, early fall, and winteThe SMP study streams are snowntkltzen, with the vast majority of

water productionoccurring in the form of snowl'hese characteristics are illustrated by the hydrograph

in Figure 1.6showing average daily flows at tReo GranddéNear Del Norte gage from 1890 to 2017.

Rio Grande Near Del Norte, CO - Average Daily Flow (cfs)

18900 2017
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Figure 16: Average dailystreamflow at the Rio Grande Near Del Nort€ O(RIODELCO) gagd 890 to 2017

Monsoon seasotypicallyresults insufficient precipitation to increase flows again in At late-

summer. Hooding from both snowmelt runoff and sma#icale convective rainfall everdsiring the
monsoonare common mechanissifor high water events in th&MPstudy streams (Figurk.7).

Though rare in the period of record, extreme events have been observed to occur on streams draining
into the S Vfrom the San Juan Mountainkocalized flash floods are likely to occur on tributary

streams whichmaycause themainstensto swell, but nore likelyinfluence the streams by bringing

fresh sediment down to the valley bottoandsupplying the channels with material (Figur&).

Saguache Creek does not have considerable upstream water storage facilities (damseavoin® or

flow regulation so flows are more likely to fluctuate depending on available runoff in the watershed.
The Rio Grande and Conejos River both have water storage reservoirs in their heagwiaitdrbave
reduced peak flows and thus the frequency with which geomorphically significant flows pass through

9
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the channels and floodplaink all the study streams,umerous diversion structurasfluence flows

by withdrawing water, but not typicallyenough tosignificantly alter the geomorphic condition or
trajectory of the study reachesioweverthese diversions change the frequency in which floodplains
are inundated and bed sediments are mobilized.

Figurel.7: Left: Snowmelt runoff doing geomorphic er o‘h he Rio rande floodplain, June 2019. Right:
Sediment washed down frona small watershed that feeds a tributaryo Saguache CreglPhoto: Round River
Design, LLC

In the éplaing reaches of the San LuislMg, relatively impermeable clay layers connect the
contributing streams to the relatively shallow aquifer that sits on top of these clay layers. Until as
recent as the 197Qshe Alamosa Basin in the northern part of the San Luis Valley was naturally
endorheic with water only escaping through evapanspiration of which the endpoint was a playa
adjacent to the Great Sand Dunes. Modern water engineering projects have cremedimnsfer of
water out of the basin and into the Rio Grande watershed. In any etteshallow depth to clay

creates a situation where flooding can occur from water percolating up from below when the shallow
aquifer is saturated (as opposed to floodionly occurring from oveilopping of streambanks). The
shallow depth to water in portions of the study area creates naturally abundant wetlands (Ei§ure
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& Colorado Wetland Inventory

Figurel.8: Wetlands map showing that much of the valley floor of Saguache Creek isrsiglated Source:

Colorado Wetland Inventory Mapping To¢CNHP, 2019)

Temporal Trends ifRio Graade Hydrology

Generally speakingverageannual streamflowof the SMP study streantssbeen in declineince the
1930s(Figure 19) andwinter and springseason temperaturelave increaseth the Rio Grande &sin
(Chavarria & Gutzler, 2018 ecent climate modeling suggests this trend of decreasing annual
precipitation and streamflovin the Rio Grande Basin will continuetle future (Lukas et al., 2@).
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Figure 19: Annual flows (acrdeet x 1000) at the Rio Grande Near Del Norte, CO gage, illustrating downward
trend in average annual flowSourceColorado Division of Water Resourges

In addition, ompared to historic hydrologfviewed here as 1950 to 1997), the timing and peak of
spring snowmelt and runoff has shiftédthe last 20 yearsConejos Rivergak runoff hason average,
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decreased 11.8% and shifted five days earlier, from M&t&May 26". To help illustrate ths shift,
Figure 1.1@ompares average daily streamflow at the Conejos River Near Mogote gage from 1950 to
1997 tothe averagedaily flowfrom 1998 to 2017.

Conejos River Near Mogote, CO (CONMOGCO)
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Average Daily Streamflow (cfs)
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Figurel.10 Comparison of average daily flows at the CONMOG stream gage.

Studies suggest these changes in peak runoff can be attributed to a combination of lower Snow Water
Equivalent (SWE), a warming trend in spring temperature, and increased solar absorption caused by
dust-on-snow events (Clow, 2018tewart et al.2004 Lukas et a)2014).Regarch byChavarria and
Gutzler(2018)showedApril 1SWE decreased approximately 2&étoss the Rio Grande Babietween
1958and 2015 Although average peak runoff has decreased, reaaereasa in dust-on-snow events
canresult in significantly earlier artligherpeakrunoff. Figurel.11lillustratesthis phenomenorat the

Rio Grande Near Del Norte gage follonar2009 duston-snow event in the San Juan Mountains.

Rio Grande Near Del Norte (RIODELCO) Daily Streamflow
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Figurel.11 2009average daily flow athe RIODELCO gage following a dostsnow event plotted with 1950
to 1997average daily flow.
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As peak runoftontinues to occuearlier in thespring late summer flows aralsopredicted to
decreaseasseen in theFigurel.11l Futhermore, climate projections indicate that more precipitation
will likely shift from snow to rain. One study showibe extent of snowdominated land area within
the upperRio Grande Basin could decrease frdsf6o 36% by thenid-21st century(Kloset al,,

2017).. SOl dzaS GKS .l aAyQa K adRw® thigshi#from dnovi idldirywillNR &
have significant impactsn natural flow regimesFor example, increased precipitation in the form of
rain paired with higheair temperature willincrease the rate of evapotranspiration, resulting in less
water reaching streams and contributing to streamfl@®tudiesalsosuggest his shift will cause less
LINES R A Cléshiegfst@amflawand areduction in the natural snowpack reservaeiill acelerate the
trends of decreasing annual streamflow, earlier peak flow, and lower late summerAbtbditionally,
wildfires, tree mortality due to insects, and other forest heattipactswill exacerbatehese impacts.
For exampleyegetation losslecreasesnowpack shadingnd increases snowmelt rates, creating a
positive feedback looflukas et aJ.2(20).

These projected changes in precipitation and hydrology may have a variety of impacts for water
managers, water users, and aquatic lianges in the timing and amount of available water will

affect agriculture, boating, fishing, and aquatic spedi®gh less predictable flows, water managers,
including reservoir operators, will be challenged to store and deliver water effectively asirent
infrastructure and may need to invest in additional or altered infrastructBeemers and ranchers are
likely to havesignificantly lessurfacewater available for agricultural usend groundwater recharge

may declineAquatic species, includingsects and fish, may be stresseditwver and warmer

streamflow as well as lack of adequate flows to maintain aquatic habitat. In turn, anglers and boaters
are likely to have fewer recreational opportunitiedienflows are idealMany aspects of stream

function, and the ecosystem services provided by those functimayalsobe affected For example,

the geomorphic work performed by historic hydrology will be altered, riparian aarddlood

dependent species such as cottonwoaday no longer receiveverbank flows at the same time or
frequency, and water quality will almost certainly be affectAdaptation to these effects and creative
solutions to water management are critical to maintaining adequate surface water for water users and
the environment.
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1.7 GroundwategSurface Water Interactionand Aquifer Storage

Groundwatersurface watelinteractionshave been well documented across theestern U.S.

includingin Colorado Arnold et al., 2016; Hatch et al., 2006; Winteretal., 1998 LYy [/ 2f 2 N} R2 |
Grande Basin, groundwatsurface water dynamics have beertensivelystudied,especiallyas part

of the Rio Grande Decision Support System (RGB®8hdwater Model Althoughaquifer dynamics

and groundwatessurface wateinteractions are not fully understood, RGDSS utilizes the best available
data to model these dynamics, including calculations of streamflow depktioa to groundwater
pumping. This section discusses the history of groundwater development in the Basin, the modeled
impact of groundwater pumping on streamflows, and the conservation efforts underway to reduce
groundwater withdrawad, replace injurioustreamflow depletionsesulting frompumping and

ultimately reach sustainable aquifer conditions.

There are two agudersin the Basinthe confined and unconfined aquiferShe shallow, expansive
unconfined aquifer is made up of sands and gravels and occupies the entire Alamosa Basin. The
relatively deep confined aquifer lies beneath the unconfined and the two aquittesis are
separated by a series bfue clay lagrs.

The Rio Grande, Conejos River, and Saguache Creek are located within the jurisdiction of Colorado
Department of Natural ResourceDivision of Water Resources, Division 3 which manages all water
well permits for the Rio Grande Basin. Well permit appropriations within the Rio Grande Basin
withdraw unconfined and confined aquifer groundwat@vell withdrawals cause depletions to

streams from which surface water right holders obtain their watgpplies; the depletions to surface
water rights result from the consumptive use of water withdrawn from the wilisll development in

the Basin began in the 1920s with scattered development across the Basin. EitRsbowsDivision
3wells in 1930
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Figurel.12 Division 3 wellocationsin 193Q

In the late 1930s, new wallevelopment increased significantly and by 1952 there were 1,300 wells in
the BasinBy 1980, there were more than 2,300 wellfiere are currently over 6,000 irrigation,
commergal, and municipal wells in DivisionFgurel.13 showscurrentDivision 3 wells
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Figurel.13 CurrentDivision 3 well locations
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Groundwater developmenkdto extensive groundwater use ammver appropriation eventually
resulting in the need fogroundwater withdrawalulesand regulationsTo help inform and develop
the rules, the RGDSS Groundwater Model (Model) was developed. The éadcldhtes flows through
the confined and unconfinedquifersystemsandcan be used t@redict stream gaintossesas a result
of pumpingstresses.

Surface WateiDepletions

The Model shows that groundwater withdrawal can cause surface water (stream) depletions. To
guantify depletions for a given stream reathe San Luisalley floorwas dividednto geographic
subdivisiongalled Responsareas (RAsyhich share broad hydrologic commonaliti@he Model was
then used to generat®esponse Functions (& Fvhich describéhe relationships between
groundwaterwithdrawals and stream depletionsvithineach RA. RFs can be used withinMael to
evaluatecurrent and/or hypotheticathangesn groundwater withdrawalsuch as switching offelect
wells.Using these spatial and temporal inpustream depletionsaused by groundwater withdrawals
can be calculatednder varying condition€ach stream with modeled depletions resulting from
groundwater withdrawals in a given RA was divided into administrative reaches, shown iiTable

Tablel.1: Administrative steam reaches RGDSS Groundwater Model Response #éwream reaches
Stream Stream Reaches

Rio Grande Del Norte to Excelsior Ditch
Excelsior Ditch to Chicago Ditch

Chicago Ditch to the State Line

Conejos Abov&eledonia/Garcia Ditches
Conejos Below Seledonia/Garcia Ditches

Rio Grande

Conejos River

I EE A

Saguache Creek Malone Ditch to Braun Bros Ditch

Modeled stream depletios from the groundwater withdrawals extend well into the future. A portion

of the depletions in MoSRASSEG SYR pHn &SI NAR LI &0 GKS OdN®NBYy G ¢
time, gradual refinements have been applied to the Model, typically when omeooe of the modeled

stresses are changed or new data is available and Model calibration refinement is applied.

Division 3 Well Rules

In 2015 the State Engineer submitted new Well Rules through the Division 3 water court system (DWR,
2015)to mitigate steam depletions, which injure senior surface water rights, and to attain sustainable
groundwater levels within each RAhe Well Rules were approved by water court decree on March 15,
2019 and require all neaexempt wells to replace their calculated deptets to Rio Grande Basin

streams through following a formal water augmentation plan or joining a groundwater management
subdistrict (Subdistrict). Under a water augmentation plan, a water district or other entity mitigates a
gStftQa Ay edzNBhtsibgphysiGiyxeplacingideplefoNs inNtime, placel quantity.
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Beginning in 2006, the Rio Grande Water Conservation District (RGWCD) began forming Sybdistricts
whoseboundaries are based on geologic and hydrologic characteristics &agie. Sulistrictsare
responsible forepladng the injuriousstream depletiongaused by groundwater withdrawal by well
owners within a given Subdistrict. Each Subdistpsrates underanannual replacement pla(ARP)

to replace their injurious stream depletis. They also strive teeduce well pumping in an effort to

regain sustainable aquifer levels. Wells not in compliance with the Well Rules after March 15, 2021 will
be curtailed by the State Engineer.

For planning purposes, the Model was run ugimg RFgor Subdistricts located on the Rio Grande,
Conejos River, and Saguache Creek.e{aimple was completed to estimatiee amount of water that
will be replaced on these streams when all Subdistricts are operathmgexample included
streamflow and groudwater withdrawal data from 201@nd results are shown ihablel.2

Tablel.2: Total depletions on each stream system in 2017

Stream Total Deple_tions May
through April (acrefeet)
Rio Grande 10,316
Conejos River 6,923
Saguache Creek 912

The 2017 example illustrates the measurable effect of well pumping on streamflows in the Rio Grande
Basin. Within eacBubdistrict, participating wetlwners are making considerable efforts to reduce

overall well pumping. Through these efforts, Subdis$rate working toward aquifer sustainability and
reductions in surface water depletions resulting from well pumping. As a result of groundwater users
replacing depletions to streams and rivers throughout the Rio Grande Basin, strearaftoespected

to increase and result in healthiemore resiliensystens.

There is also potential to mitigatgreanflow depletionsand the associated water quality impacts
through conservation and restoration activities throughout the watershed. For exasipéams with
active andconnected floodplains support groundwatsurface wateexchange within hyporheic

zones, thereby buffering water temperature. Additionally, alluvial aquifer and wet meadow restoration
efforts have been shown to attenuate flood flsvand enhance late summer streamflow in the arid
West (Hammersmargt al.,2008& Loheideet al.,2009).These restoration techniquesitigate the

risk offloodingand thedamageit may cause by enabling high flows, most commonly experienced
during springunoff, to spread out onto floodplains and soak into alluvial systélrhg water, stored in
wet meadows and alluvial systems, is slowly released throughout the summer irrigation season,
augmentingate summer and fall badéow in streams. Finally,onsewning existingsurface watetuse

and protecting wet meadows, wetlands, and riparian areas also has the potential to mitigate stream
depletions and aide in groundwater recharge and aquifer sustainability
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1.8 Major Reservoirs orthe Rio Grandeand ConejoRiverSystens
Reservoirs providevater storage on both the Rio Grande and Conejos RMajor reservois affecting

the Rio Grandare dpre-Compacté which, under the terms of the Compact, meahsy werebuilt
before 1929 whilethe two reservoirs on the Conejédver aredpostCompacté Operations of post
GCompact reservoirs are limited by Article VIl of the CompdatlerAtrticle V1] postCompacteservoirs
are not permitted to store watewhentotal Rio Grande Proje¢tlownstream Compact reservoiys
storageisless than 400,000 acifeet (Compact, 1938). This significantly limits pGsimpact reservoir

operations in the Basin

Rio GrandeReservois
Fourmajor reservoirs provide storage for the Rio Grande: Rio Grande Reservoir, Santa Maria Reservaoir,

Continental Reservaiend Beaver Creek Reservokigurel.14 shows the locations of thegeservoirs.
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Figurel.14: Major reservoirs in the Ri@Grande watershed upstream of South Fork.

Rio Grande Reservoir is an-cmannel reservoir on the Rio Grande just upstream of the Rio Grande Box
Canyon. It was built ih912to provide water storage for farmers in the San Luis Valley Irrigation
Districtandhas a capacity of15113AF. Itis owned and operated by the San Luis Valley Irrigation
District.Between 2012 and 2028jgnificant improvements were made to the dam and its outlet works
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to addressseepage and dam safety concermprovementsncluded esurfacing the dam to prevent
seepage as well agpdatingthe outlet tunnel and adohg new valves to the outlet works, which will
allow the reservoir to pass high flows and eliminate leakage from the oifet.improvements were
made as part of the Rio @nde Cooperative Project and the Rio Grande Reservoir Rehabilitation
Project, completed in 2020.

Continental Reservoir is an -@mannel reservoir on North Clear Cretkvas built in 1928 and has a
capacity o26,716 AF.Santa Maria Reservoir is aff-channel reservoir built in 1911 with a capacity of
43,826AF. Santa Maria Reservéiows are released into Boulder Creek, a tributarClear Creek
downstream of Continental Reservoir. Clear Criegisthe Rio Grand@pproximately2.1 miles
downstream of the Rio Grande Box Cany8anta Maria Reservoir and Continental Reservoir are
owned and operated by the Santa Maria Reservoir Company.

Beaver Creek Reservagran onchannel reservoir oBeaverCreeklIt was built in 194 and has a

capacity o#4,758 AF.It is owned and managed by CPW. Along with Rio Grande Reservoir,
improvements were also made to Beaver Creek Reservoir as part of the Rio Grande Cooperative

t NE2SOid ¢KS NBASNW2ANRA ALAfEgl & gk & thBneldza G =
was improved to enhance outlet control and downstream flow management. Additionally, seepage
issues on the dam were addressed.

Allfour major Rio Grandeeservoirs are pr&dompact allowing them to store during the neirrigation
season and operatwith more flexibility than pos€Compact reservoirs. Rio Grande, Santa Maria, and
Continental reservoirs store water primarily for irrigation, Rio Grande Compact deliveries,
augmentation plans, and instream replacements fobdstricts Beaver Creek Ras®ir is primarily
managed for wildlife and recreation.

Conejos RiveReservois

Patoro Reservoiand Trujillo Meadows Reservoir, both of which are pGetmpact reservoirgrovide

the only significant storage the Conejos River watershethePlatorodam was completed in 1951 by

the Bureau of Reclamation (BQRjaking it a posCompact reservoirThe damis an earthfill structure
consisting of a main embankment and a dike section, separated by a rock knoll in which the spillway is
excavatedThe reservoir formed by the dam has a capacity of 59 AFF®6,060AFof which are for

flood control and 53,51@Ffor joint use.While BORetains ownership of the dam, operatioase

managed by the Conejos Water Conservancy District (CWCD). The damatésl sitid 0,000 ft

relatively high in the watershed.
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Upper portion ofPlatoro Reservoiduring winter (Photo: Christi Bode).

Trujillo Meadows Reservaglocated on the mainstem Rio De Los Pirosjbutaryto the Rio San
Antonio, andwas completed in 1957t has a capacity dil3AFandis managed by CPY¥r recreation.
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1.9 Inter-State Legal Contexdand Surface Water Rights

History of Surface Water Rights

Development of surface water irrigation in the Rio Grande Basin began in the B35 late 1800s,
surface water rights from the Conejos River (Water District 22) were fully approprigtedhree most
senior water rights served by Conejos River arerded to the Guadalupe Main, Manassa No. 3, and
Romero ditches. All three of these water rights were appropriated in 1Bigfirel.15 shows the
relationship betweercumulative absolute surface water rights versus dry, average, and wet
streamflow hydrographs, as measured at thenejos River Near Mogote, CO (CONMOG€3mM
gage Average daily flow from the year 1920 is also shown on the graph below to illustrate an
exceptionally wet year in which all water rights were in priority.
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Figurel.15: Water District 22 cumulative absolute surface water rights versus dry, average, and wet
streamflow hydrographs measured at the Conejos River Near Mogote, CO (CONMOGC@) gaga.

Rio Grande Compact

The equitable distributiof Rio Grande waters between the United States and Mex&e

established in the 1906 Convention between th@ countries(Convention, 1906). In 1938)d states
of Colorado, New Mexico, and Texas entered into the Rio Grande Co(@uawspact) The Compact
equitably apportions the waters of the Rio Graridéahe USI YR RSTA Yy Sa
requirement to New Mexico along with many other aspects of agggment of the riverTo determine
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baseline watesupply anduse, inflows at upstreargaging stations (index stations) were compared to
outflows at downstream gaging stations during a study period from 1928 to 19&¥er the Compact,
Colorado agreed to deer a predetermined amount of water to New Mexico based on flows at index
streamgagestations (Compact, 1938). On the Rio Grande, index flows are determined by
measurements at the Rio Grande Near Del Norte, CO (RIODELCO) streabnghgeConejos River,
indexsupply is measured as the sumtioé Conejos River Near Mogote, CO (CONMOGCO) stream gage
during the calendar year, plus tmeeasuredlows of Rio San Antonio and Rio de Los P{S&sNORTCO

and LOSORTCO, respectiydlying themonths of April to OctobeiConejos Rive€Compacieliveries

to the Rio Grande are measured as the sum of two gages, the North Channel Conejos River Near La
Sauces (NORLASCO) and South Channel Conejos River Near La Sauces (SOULASCO). Saguache Cree
does not have a delivery requirement under the Rio Grande Compact because it drains into the Closed
Basin and therefore isot consideredatributary to the Rio Grande.

The combined flows of the Rio Grande and Conejos River are measuhedRad GrandéNear

Lobatos, CO (RIOLOBCO) stream gage to determine total deliveries to New Mexico (Compact, 1938).
Figure 116 shows locations of stream gages used to measure Rio Grande Compact index and delivery
flowsin Coloradgwhile figure 1.5 shows thdargerspatial extent of the international Compact.
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v Alamosa.
- @ Rio Grande Compact Gage

City

10 Miles

s & Conejos River Near Lasauses
Sanford° > ol (North and South Channels)

Lasauses

Conejos River Near |Manassa
Mogote, CO

o Rio Grande Near
Antonito Lobatos Bridge
o Q I3 B

San Antonio River

Los Pinos River At Ortiz

" Near Ortiz

o

Figurel.16: Stream gage locations used to measure Rio Grande Compact index and delivery flows
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Figure 118 showsRio Grande and Conej&ver delivery obligations asfunction ofS I OK NA @S NI a
annual measured index flows

Rio Grande Compact Delivery Requirements Versus Annual Index Flows
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Figure 118: Rio Grande and Conejos River delivery obligations as a function of annual index flows under the
Rio Grande Compact.
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Water RightsCurtailment

Becauseavater rightsin Division 3are overappropriated, theDivision 3Engineer is required to curtail
surface vater diversions on the Rio Grande and Conejos Riwveng the irrigation season (typically
April 1 to October 31in order to meet Compact delivery obligations (DWR,30During the irrigation
season, the DivisioBngineetestimates annual flow at thendex gages using snowpack measurements,
weather forecasts, and streamflow models. The Division Engineer uses the flow estimates and models
to calculate total anticipated annual streamflow and flow within the winter months and the irrigation
season. Becausal winter flows are delivered to the state line, the Division Engineer subtracts these
flows from the total anticipated delivery requirement. The remaining obligation must be met with
flows produced in the irrigation season and therefore, is curtailechfirrigators. The curtailment is
applied to surface water rights on a daily basis, which results in some water rightgingtserved.
Annual index flovestimates and curtailment are updated evet days to reflect the mosecent

data.As notedabove Saguache Cre&loes not have a delivery requirement under the Compact.
Saguache Creedater rights are administered based on prior appropriation
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2. Conditions Assessment Methods

The Rio Grande, Conejos River, and Saguadsk EMPs utilizeé reachscaleconditions assessment

to assessurrentstream condition and functioriTheconditions assessment considered seven
indicators of stream health and functiodiversion infrastructure, recreationfbw needsaquatic
habitatflow needs, geomorpHogy, riparian vegetation, aquatide, and water qualityWith the
exception ofrecreational and aquatic habitat flow need=sach indicator was ratelly reachusing an
academic rating scalRecreational and aquatic habitat flow need®re quantified byreach but were

not rated.Each indicator was assessed using two or more metrics, or subvariables, to determine an
overall rating.The conditions assessment focused on identiftigssorsaaffectingstreamconditionas
well as opportunities to improvehose conditionsfor environmental, recreational, agriculturand

other stakeholdemses The assessment provides benchmark data that can be used for management
decisions and can be incorporatado longterm monitoring programs. In addition, assessment
findings provide an opportunity to approach restoration, conservation, and stream management
planning using an interdisciplinary and mdgnefit approach.

Where appropriate, anodified versian of the Functional Assessment of Colorado Streams (FACStream)
1.0framework was utilized to rate stream health indicators by re@@ardsley et al., 2015)

FACStream is an organizational framework that uses an academic grading g€pte é&sess a stam
conditionand its degree of functional impairmeas compared toeference conditionTable 2.1 shows

the FACStream grading systdaach grade represents a condition class defined by the degree of
functional impairmentPristine streaméavingnoA YLJ O a02NB wmnn o! bod | &
the lowestlevel of functioning for a reach that is profoundly impairbdt still recognizable as a

featurethat conveys water.

The water quality and aquatic life assessments utilized modified FACStriedarother stream
condition variables included in the assessment utilized slightly different methodologihoslology for
each variable is described in secti¢h8 through 2.10.

Table 21: FACStrearfunctional condition rating criteria

A |Reference standard
B |Highly functional

C |Functional

D |Functionally impaired
F [Nonfunctional
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2.1 Reach Delineation

Each prioritized stream was divided into relatively homogenous reagtibsstart/end pointsbased on
significant changes in geomorphology, land use, tributary streams, and major diversion struthees.
intention of reach delineation ®® providediscretespatialunits for analysisDue to the large

geographic extent of the study area, some reaches include subtle changes in geomorphology that are
not captured.Conditions assessment results are organized by reach within®&géhfor ease of use.
Reach descriptions, overview maps, photos, associaved miles,and assessment resulése

provided in each SMP.

Rivermiles for each reach were calculated using the Colorado Decision Support System (CDSS) Source
Water RouteFramework SWRFE)TheSWRHs a GIS dataseixtracted from the National Hydrography
Datasetandspecifically developed for Coloradbhe SWRF datasebntainsmeasured route data for
all named streamand riversin Colorado. Measuraentson eachstream begimat its most
downstream locatiorand progressupstreamto the headwaters of the streanRiver mile 0 may be
located at theColoradaostateline (e.g, Rio Grande), at a confluence with a larger river (€gnejos
River), orand (i NB | Y Qua (e.§.Sabjidche Creekjor exampletiver mile 0 onthe Conejos River
isdefined asts confluence with the Rio Gran@dadthe outlet of Platoro Reservoirs located at river
mile 844. Rivermiles represent the distance of a stream channel across a landsthjasmportant
to note becauseriver milesare based on atream or rivef) @enterline,and thereforethe calculated
lengths ovefrepresent the distance geographically of the valleys from start to endpoint.

2.2 Review of Relevant Existing Information

Existingeports, studies,datasets, and other information on stream conditioene compiled for each
SMP. A significammount ofexistinginformation was gathered, particularly related to the Rio Grande
including the Upper Rio Grande Watershed Assessment, the Rio Grande Headwaters Restoration
Project, and the Rio Grande Natural Area River Condition Assesaviiafii, (2001 Riverbend
Engineering, 2016; SGML&tic Hydrological2019. Table 2.2lists existing informatiomised in the
condition assessmeras well as the primary information types.
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Table2.2: Summary of existing information

Summary of Exi

sting Information

Applicable SMP Assessments

CONEJOS RIVER STRAANAGEMENT
2020

PLAN

©
° |3
3 Pz
S |3 S
7 L |x |8
Report or Data Source Description % ('éu % %’, 2 o
c |z |5 |2 |8 |5
S 19 |g |8 |9 |e
5 o E |5 3] ®
2 |2 |8 |2 |B |3
g | |o |2 |2 |<
Rio Grande Headwaters Restoration Project (20Q1) Planning document for mainstem Rio Grande | X X X
Rio Grande Basin Implementation Plan (2015) Planning documgnt supporting C_:olorado Water P X
and Rio Grande Basin needs
Rio Grande Natural Area River Condition Assessi| Assessment of stream conditions within Rio Gran X X X X
(2016) Natural Area
Upper Rio Grande Watershed Assessment (2018)Phy5|ca| and biological stream asse§sment drivet X X X X
stakeholders and technical advisory team
Feasibility Study: River Corridor Improvements R . . .
. Planning document for Rio Grande in Alamosa
Grande in Alamosa, CO (2017) ng Y ! !
Colorado Water Conservation Board Diversion| Inventory and maps of diversion structures, includ
Infrastructure Inventory (2006) condition
Rio Grande Decision Support System (RGDS$) Irrigation statistics for all decreed water rights X
Measurable Results Program and Phase Il Monitg ~ SVAP, macroinvertebrates, water quality, bank X
(2015) stability
Bureau of Land Maqaggment Aquatic Assessme Detailed reach-level assessment of stream conditjon X X
Inventory, and Monitoring (AIM) program (2017
Integrated Water Quality Monitoring and Assessm|  Water quality parameters (e.g. pH, conductivity,
Report, Colorado Department of Public Health ar dissolved oxygen) National Water Quality Assessr| X X
Environment (CDPHE) (2018) Program, United States Geological Survey, and H
Wildfire Impacts on Water Quality, e .
f -wildf I
Macroinvertebrate, and Trout Populations Study of post-wi d;eulzt]iza};;s on water quality an X X
in the Upper Rio Grande (Rust, 2019) q )
Colorado Parks and Vlvélggf)e (Nehring and Anders PHABSIM surveys and IFIM X
CPW Fish Survey and Stocking Data (2006 - 20[18) Fish population surveys and stocking data
CPW Rio Grande Fisheries Management Plan (2016) An overview for collgboratlve efforts in river
restoration efforts
Colorado State Wildlife Action Plan (2015) Planning document
Instream Flows (ISF) Water Rights - Held by th .
, Decreed instream flows X
Colorado Water Conservation Board (CWCB)
Division of Water Resources Division 3 Streamflq
. Stream gage data X
Monitoring Network
Rio Grande Basin LIDAR survey (2012) SLV-wide LIDAR dataset (bare earth) X X
Colorado Natural Heritage Program (CNHP) Veget|
Surveys Vegetation surveys, including wetlands X
Rio Grande National Forest Vegetation Mapping GIS data containing vegetation communities X
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2.3 Diversion Infrastructure Inventory and Assessment

The Rio Grande Headwaters Restoration PropGHRR)ompleted a inventory and functional

assessment of instream diversion infrastructubéversion structures located on the mainstems of
eachprioritized SMPstream were included in the inventoryhe inventoriesnclude assessments of

diversion structure headgatesivérsion damsmeasurement devices, and nearby channel conditions
affecting each structure@  OK & i NHzOG dzZNB Qa A YLI Ol 2y &0GNBIFY Tdzg

, D
Figure 2.1Del Puerticito Ditchdiversion onthe Conejos River

91 OK a i NHzOU0 dzZNB Qa Qe ¥-Rscalalefingd by FAE StrémMvcSaRngsizard Y 3
determined for each structureh yS NI G Ay 3 ¢l a | 2aA 3y ailaseparateKS &0 N
rating was assigned to the cumulatigendition of the structuNJB dvérsion dammeasurement

structure,and nearby channel conditionw I G Ay 3a 6SNB o0l aSR 2effectiielyS & (i NX
divert water as well as its impact on channel conditions, stréamation, fish passage, and recreational
boating.Grades wereaveraged for an overall ratinghe overall rating scale is describedable 23.

Table2.3: Rating scale used fativersion infrastructureassessment.

. The structure functions very wedhd no stream health impacts werdeteded.
A X | Negligible
Improvements aranot currently needed.

The structure functions welhoweverminor repair needs were noted and/or
stream health impacts were detectelflinor improvements are recommended]|
The structure functions, however significampair needs were notednd/or

significant stream impactwere detected Improvements are recommended.
The structurgunctions poorly and/or severely impacts stream health. Extend
repairs or replacement of structural elements is recommended.
The structure is nonfunctionand/or profoundly impacts stream healtRull
structure replacement is recomamded.

N/A N/A The structure does not exist or was not rated.

B x vy Mild

Cx T Significant

D x ¢ Severe

F x p| Profound
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To determinediversion structure condition and function, three kickoff meetings were held with the

water commissioners for Water Districts 20 (Rio Grande), 22 (Conejos River), and 26 (Saguache Creek).
During meetings, concerns, needed improvements, and other fundtmmasiderations were noted.

Following kickoff meetings, each structure was visited and photographed to document its condition
andto highlight repairs and/or improvements needed. Individual landowners and ditch companies

were also consulted and fieldsits were arranged.

Channel Migration Analysis

Channelmargins along the Rio Grande and the Conejos River were delineated using available aerial
photography for the years 1960, 1975, 1998 and 2017. These delineations identify an approximated,
but not exact, location of the channel margin at the time the image was taken (further information
regarding their accuracy and known error is describefippendixB). These delineations (example in
Figure2.2) were used to investigate significant channel migrateince 196t the reach levein order

to identify potential threats to a given structure. For examm@#&houghchannel avulsiois a naturally
occurring processt can cause the river tbypass diversion structures.

® SMP Reach Breaks
2017 Conejos_v1
1998 Conejos_v1
1975 Conejos_v1
1960 Conejos_v1

River in the vicinity of the Mogote Bridge utilizing aerial photography from 1960, 1975, 1998 and 2017.
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Using the information described abovegr@portcaNRé O2y i Ay Ay 3 RSEAONA LI A B S
location, and channel migratiomaps,and recommended improvements was created for each

structure. An exampleeport card for the North Eastern Ditch is shownFgures 23 and 24.

91 OK aiN®OdhdzeB QR RBBE &l SR Fa | t5Cawglayamap (2 ¢
AaK26Ay3d RAODGSNBAZ2Y a0GNHZOGAZINE f20FGA2yas NB | g A
G{GNBIY alyl3aSYSyd tfl yahtpa/SalahdehSadwaters.drids8ead 2 f 2 2
managemertplans Thereport cardsare intended tabe used by water commissioners, landowners,

ditch companies, and othevater userdo monitor structure conditios over time.A summary of each
structure, including recommendddprovements, cae found in section 3.2
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Example Report Card

CONEJOS RIVER

DIVERSION INFRASTRUCTURE INVENTORY
Structure Name: NORTH EASTERN D
Reported By: Daniel Boyes

Date: April 14, 2019

Headgate Latitude Longitude
Location: 37.068313 -106.092378

Headgate Type: Manually operated 8' wide radial gate

Headgate A [J Diversionand A [J River Miles From Rio  Structure  Yes [J
Condition: B [J Other Conditions:B [l Grande Confluence Submerged: No
co co (Point Of Diversion):
DX D 37.88 mi
F O F O

Repair(s) or Improvement(s) Completed Since 2006: None

Repair(s) or Improvement(s) Currently Needed: The river headgate at the point of diversion is tilted
and does not function well. It should be repaired or replaced in conjunction with a new structure to
prevent high flows from flooding the carrier channel. The main headgate and diversion dam on the
feeder channel are spalling and do not function well. The banks surrounding the diversion and
headgate on the feeder channel need to be built up and reinforced regularly to prevent flows from
bypassing the structure. Additionally, debris accumulation is an issue at the main headgate. The

main headgate and diversion dam need to be replaced and a sluice gate should be installed.
Headgate automation should be considered when the headgate is replaced. Existing fish and

boat passage should be maintained as part of any future repairs or improvements to the diversion.
Riparian and aquatic habitat restoration should also be considered.

Structure Description: Water is diverted off the Conejos River by a boulder diversion dam to a river
headgate and carrier channel. Adjacent to the river headgate is a repurposed molasses tank that

is intended to prevent high flows from entering the feeder channel. The carrier channel then
transports water ~1.7 miles to the main headgate, which also services Bernardo Romero Ditch. A
checkboard diversion structure on the feeder channel diverts water to the headgate. An unused
water returns to the river via an ~0.75-mile return flow channel, which reaches the river just upstream
of La Del Rio Ditch. In this area, the Conejos River channel has migrated in the past, especially
upstream of the diversion. During a high flow event, the river could migrate to its historic channel,
beginning at the Antonito Ditch point of diversion (see maps below), thereby bypassing the point

of diversion. Additionally, during high flows, the river can breach the river headgate and adjacent
molasses tank, flooding the carrier channel.

Comments: This structure services two ditches — the priority 35 Bernardo Romero Ditch and the
priority 66 North Eastern Ditch.

Notes:

Estimated Range of Cost: High

Headgate and diversion dam

Point of diversion on Conejos looking downstream

CONEJOS RIVER DIVERSION INFRASTRUCTURE INVENTORY

Conejos River Stream

NORTH EASTERN DITCH

Management Plan

PHOTO LOG

Figure2.3: Example report card developed fativersioninfrastructureinventory (pages 12).
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North Eastern Headgate
BERNARDO ROMERO D (incld®s NORTH EASTERN D)
L]

Antonito

v
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North Eastern %

adudi GABRIEL MARTINEZ DN
Diversion 2

Legend

.AN TONITO D Point of Diversion

O Headgate Location
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Prioritized Rivers_Conejos River

North Eastern Ditch point of diversion and headgate locations

North Eastern Ditch
Antonito Point of Diversion
¥
s

ANTONITO D
°

Legend N
Point of Diversion A
© Headgate Location
~——— 2017 Conejos River Channel Margins
1998 Conejos River Channel Margins

North Eastern Ditch point of diversion with 1998 and 2017 channel margins overlaid

North Eastern Ditch
Antonito Point of Diversion

'
g

Historic River Channel

Legend

N
Point of Diversion A
© Headgate Location
—— Prioritized Rivers_Conejos River

200 400
1960 Conejos River Channel Margins

Map of historic river channel (1960), showing potential for river
to migrate and bypass the point of diversion in the future

2 ] : “\ .} i,.,‘}

River channel upstream of diversion (looking upstream).

Figure2.4: Example report card developed faliversioninfrastructureinventory (pages3-4).
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2.4 HydrologyAssessment

Thehydrologyassessmentharacterized flow regimes and assessed flow targetthioRio Grande,
Conejos River, and Saguache CigklPs. Bily point flow model§PFMs)vere developedy
Wilson Water Group, LLr eachstreamusing a combination ajaged streamflow data, divesi
records, stream gains/lossddSGSstream Statsandlocal knowledge from water commissioners
and hydrographerswithin each PFM, dailstreamflows were generatedor both gaged and
ungaged locationsf interest (i.e, hydrology nodes)Locations of hydrologic interestithin each
SMPwere selected with input from theAT. At ungaged locationshe toolsdescribedabovewere
usedto simulate daily historical streamflow conditions.

The ConejoRiverand Rio Grand®FMswere calibrated by comparing simulated streamflow to

recorded values and anecdotal information from the Water Commissioner and water users. The
Saguache Credk~Mwas calibrated assuming no flow after the last diversion onQfeek, pe

discussions with the Water Commissioner. A study period of 1998 to 2017 was used for all point

flow models and reflects current administration over variable hydrology including the critically dry
period during2002 Gains and losses were distributed ajahe river based on irrigated acreage,
tributary inflows, and orthe-ground observations by the Water Commissioners. Flows were

estimated at all ungaged hydrology nodes, using the closest gages, diversions, and gains and losses.
It should be noted thattie level of calibratiorat each node varied depending severalexternal

factors includingrozen streams, irrigation return flowsngaged tributariesspringsand seeps, etc

The results from eacRFMwere summarizedboth graphically and tabularlgnd wsed in the

recreational flow needs assessment as well as the aquatic habitat flow needs assessment. Using the
PFM,wet, dry, and average daily hydrograpios the 1998 to 201period of recordwere calculated

based on average annual streamflow. Wetrs were classified as the 75th percentile and above,
average was the 25th to the 75th percentile, and dry was the 25th percentile and beiguwve 25
illustrates atypical hydrograph resulting from the PFM.
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RIO GRANDE NEAR DEL NORTE, CO (RIQDELCO
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Figure2.5: Typical hydrograph developed as part of the hydrology assessment.

Application ofHydrology Data and Point Flow Models

In addition to characterizingeneral hydrology and flow regimes, the hydrology data described above
wasused in the geomorphology, the recreational use and streamflow needs, and aquatic habitat needs
assessmentsSpecifically, flow duration curves for each hydrology node were utilizée

geomorphology assessment to calculate bed mobility thresholds and frequency of overbanking events.
Additionally, éily PFMs wre utilized to calculate boatable dags part ofthe Recreational Use and
Streamflow Needs assessmartd to determine frequency dfow targetattainmentas part of the

Aquatic Habitat Streamflow Needs assessmegiaich of these assessments is described in detail below.

2.5 RecreationalUse andStreamfow Needs Assessment

With input from the TAT, locatakeholders, and the RGHRP, American Whitew@e/)completed a
recreational use and streamflow needs assessneerthe Rio Grande and Conejos Rivigght Rio
Grande reaches and three Conejos River reaalee identified as priorities forecreationaluse and
were included in the assessment

To determine flow preferences for each reach, an online recreational use swaggjistributed. Four
types of questions were presented sorveyrespondents, three of which quantified flow preferences
by reach, ollectively, while another was directly related to water managemnmemd stream

management planningSMPrelated questions allowed for comments on recreation constraints caused
by infrastructure, navigational hazards, and opportunities to improve streandiasvoverall

recreational opportunitiesResponses t&MRrelated questions were incorporated into Rio Grande

and Conejos River SMRakeholder values.
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Survey results were analyzeddeterminestreamflowpreferencesas well ascceptable and optimal
flow thresholds for eachreach. Ay 3 ARSYUAFASR Fi2¢ LINSTSNByOSa
tool was run using daily streamflow ddiar dry, average, and wet year types (described above) to
capture flow variations over #hperiod of record. The tool applietb¥v preferences as inputs to

calculate the number of boatable dagg flow year type and reach. The Boatable Days tool has been
employed in previous recreational use assessments, including the Colorado and San ivegsiednd

is an accepted methodology for assessing and defining recreational flow needs (Stafford et al., 2016).
Assessment resultdefined the range of flows supporting recreational use and illustréea flows
affectrecreational opportunitiegor eachreach.

This assessment played a critical roléhe SMP process by quantifyibgseline recreational usen

the Rio Grande and Conejos River. Althosgmeinformation existed previosly, this assessment
provided quantitative information needed to delop goals to maintain and enhance streamflows for
recreational use on these two riverBhe TAT and local stakeholders used this information to develop a
variety of action items to maintain and enhance recreational streamflows on the Rio Grande and
ConejoRiver. The assessment will @eailableto inform water management operations in the future.
Additionally, the TAT used the results to identify additiomar accessieedsand infrastructue

hazards currently limiting recreational uderiority projectsand action items resulting from this
assessment are described in Sectidd, Rio Grandeind Conejos River SMP Implementatitvat8gy.

Detailed assessment methodology, results by assessment reach,cpy afthe surveyguestions
are available in the full reporAssessment of Streamflow Nedds Supporting Recreational Water
Uses on the Rio Grande and Conejos Ri\mpendix A.

2.6 Aquatic HabitatStreamfow Needs Assessment

The RGHRP used¢@ambination of data and models tetermine aquatic habitat flow needs feach
SMPassessmenteach. The REross protocol was used to determine minimum fl@angetsfor
aguaticspecieshabitat (CWCB, 1996This protocol includedetailed sitelevel data collection,
including across section, discharge measurement, and pebble couid.fiehddata is run using the
R2Cross model amésults intwo minimumflow recommendations: a winter recommendation and a
summer recommendatiorf-or the purposesf aquatic habitat flowtargets winter isdefinedas
October 1through April ® while summeris defined asMay 1 through September 38ee Figur.6).
This is the time period used for existing decreed instrélams (ISFsSummer and winteflows are
appliedas recommendedninimum flows for each reach
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RIO GRANDE RIVER NEAR DEL NORTE, CO (RIODELCO)
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Figure2.6: Winter versus summer time periods usead aquatic habitatflow needs assessment

Final minimum flow determinations from R2Cross walscompared toexisting aquatic habitat
assessments completed ahe Conejos RiveSpecifically, results from Physical Habitat Simulation
Model (PHABSIM) and Instream Flow Incremental Methodology (H384ssmentpreviously
conductedon the Conejos Rivevere usedo verify the accuracyof R2Cross resultsithin reaches
CRO1 through @R. R2Cross site locations for each reach were selected basedooprimarycriteria,
which are standard for R2Crod9 Located within the lower third of the reach, and [Brated at a
critical, habitatlimiting riffle.

Similar to the recreational needs assessment, results from the aquatic habitat flow needs assessment
were paired with hydrographs created as part of theltology assessment. As described above in
section2.5, hydrographs for low, average, and high flows were applied to each priority rBgch.
overlaying these three hydrographs with aquatic habitat flawgets the frequency of flow target
attainment wasdetermined. This informationwill be availabldgo inform existing and potential

voluntary programs and opportunitieimed atbetter meeting aquatic habitat flomrecommendations

Important Caveats Rgarding Aquatic HabitatFlow Targes
It is important tonote the following caveats regardiragjuatic habitaflow recommendations

1 R2Cross was developed using habitat criteria for lower order streams andvatdd fisheries,
with a focus on supporting salmonid species. Some sites withiSkhie study area occurred
outside these typical parameters, including in reaches classified as-watet fisheries.

1 The time period defined for winter and summer flow recommendations does not align with the
Rio Grande Basirrigation seasonwhich to a large degree dictates reservoir releases and
surface water diversion$pecifically, thsummer periodas defined fomquatic habitat begins
May 1 and endSeptember30 while the irrigation season is two months longer, hagig April
1 and endingctober3l. The seasonal periods used in the aquatic habitat needs assessment
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are intended to best protect critical life stages of salmonid species and were determined using
the best available data.

It is likely that flow target$or some reachewould nothave beemmet even under unaltered
hydrologic conditions. For exampleatural, unalteredinflows to Platoro Reservoir rarefgeet
the calculatedwinter flow targetsbelow Platoro ReservofreaclesCR0land CR@). There may
be external factors contributing to the relatively high flow targetdculated fothose reaches

The effects of climate change on the timing and amount of precipitation and snowmelt runoff
have exacerbated existing challenges with regard &ewstorage and delivery.

The timing and/or amount of legal water delivery requirements, including decreed water rights
as well as those required under the Rio Grande Compact, can result in very limited flaribility
reservoirreleasesIn some cases, often due to bel@average snowpack or other hydrologic
factors,existing legal delivery requirements may prohibit reservoirs from shifting releases in an
effort to meet flow targets.

Some reservoirs affecting the Rio Grande and Coneyas Rre privately owned and are
operated at the discretion of the reservoir company.
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2.7 Geomorphology Assessment

The geomorphology assessment, conducted by Round River Design, Inc and Watershed Science and
Design, LL@tilized GIS and field data tcsaesghe reachscalegeomorphic conditiorior each SMP
studystream Geomorphic characterization begins with identifying the fundamental processes of river
change. Eventuallydditional factors, both natural and humaraused, may create circumstancesttha
increase the uncertainty of how a channel will react when energized

LYy 2NRSNJ 02 AYRAQGARdzZEft& yR O2ff SO0 anddtémpt (St f
to decipher its expected future trajectorpoth theexamination of existingataand development of

new remotesensed data layemsere completed. The assessment focuseddmtumentngthe

geomorphic characteristics and constraints of each ragihg GIS data. Additionally, sitvel data

was used, and, ere vehicle access exists, field observations were condudtedverall assessment

of existing geomorphic condition in relation to an assumed natural reference condiisrcompleted

Using assessment results, a qualitative rating was assigned to each TehtdR.4 defineghe rating

scale used for geomorphic condition.

Table2.4: Rating scale used fgeomorphologyassessment

I =

Reachgeomorphology is at or near reference condition with very little or n
A Very Low impact due to stressors. Few stressors may exist, however their impact on
geomorphology is minimal.

Geomorphic condition is mildly impaired, with mild impasulting from a

B Low
few stressors.
C Moderate Geomorphic condition is S|gn|f|cantly impaired, with measurable impacts €|
resulting from several stressors.
D High Geomorphic condition is severely impaired, with impacts resulting from

numerous stressors. The reach is considered geomorphically impaired
Geomorphic condition is profoundly impaired, with extreme impacts result
F Very High from numerous stressors. €lreach is considered nonfunctional in terms o
geomorphic processes.

Several subvariables were included in the geomorphology assessment atelsaréded in Tabk2.5
and 2.6 Among other subvariables, assessments of floodplain connectivity, sediraesport, and
flow regime in terms of bankfull flow were included.
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Table2.5: Geomorphic eachinformation sheetsexplanation.

Reach

Determined by the RGHRP

Confinement

A reach averaged ratio comparing the average channel width ovexvtbiage valley width

D50

Median bed surface grain size (as determined through a pebble count conducted by RGHRP staff)

Bed composition

Descriptive categorization of the D50 grain (e.g., sand, fine gravel, large gravel, cobble)

Stream form

Generalized qualitative categorization of the existing and reference morphology of the stream bed
on categories developed by Montgomery and Buffingtd®97). SeeAppendixD.

SEM stage

A gqualitative assessment of existing and idealized/undistudiszghm evolution stage based on guidan
developed by Cluer and Thor(@2014). e AppendixD.

Sediment regime

A qualitative assessment of current and idealized sediment regime based on guidance developed |
+SNY2yiQa wAOBSNI al BppehDSy i t NPIANI Y 6aS$$

Valley slope

A measurement of the change in elevation between the top of the reach and the botttime ofach
divided by the length of the valley within which the stream has the opportunity to pass through (not
Aa y20 lftgrea | &A3GNFAIKEG fAYS a f1NEHS (SNNI
length measurement

Stream Power

Qualitative assessment of change in stream power based on changes in valley slope and confinem

Mobility Threshold Flows

A calculation of the flow or range of flows as describetbwin Section2.7.1

Frequency of Occurrence]

How often the mobility threshold flow is exceeded as describeldwin Section2.7.1

Overbank Flow Estimate

The flow that is estimated to overtop the channel and initiates floodplain activation based cRANEC
modeling using surveyed cressctions

Overbank Flow
Frequency

How often the overbank flow estimate is exceeded as desciiiedolvin Section2.7.1

Watershed setting

G yR&aOILIS dzyAilaé oNRIFIRf& RSTAYSR o6& GKSAN L
transport processes of net erosion, transfer, or accumulation as described byetrgir&005).

River Style River styles were identified in the 20Upper Rio Grande Watershed Assessment (L 2@it8). In the
interest of continuity this assessment has largely kept those same River Style names and descriptid
while adding a few new ones for the reaches that were not described in that report (Z.&hle

Stressors A qualitative summary of the stressors to the geomorphic condition of the reach. These may includ

anthropomorphiecinduced changes to the watershed or stream corridor including alterations to the
hydrologic, biotic and/or geomorphic contrdlsat determine the quality of the geomorphic condition o
the reach and lend to an evaluation of its departure from an unadulterated assumed reference con
(i.e, degree of geomorphic impairment).

Degree of Geomorphic
Impairment

Overallassessment of existing geomorphic condition in relation to an assumed natural reference
condition.
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Table2.6: River Stylegadapted from the Upper Rio Grande Watershed Assessment, 2018)

Unconfined Reaches)

Alluvial Fans, Plains ar
San Luis Valley Floor|
(Unconfined)

Accumulation

Altered

Altered

Watershed Setting Watershed Modifiers River Style
Setting
Headwaters Source Alpine Headwaters
Canyon Transport Step Cascade
(Confined and Partially
Confined)
Confined Valley
Confined Valley Occasional Floodplain
Pockets
Mountain Valley Response Elongated Discontinuous Floodplain, Bedrd
(Partially Confined and and/or terrace confined
Valley Slope

Floodplain Presence or Absence
Planform (Existing and Potential)
Floodplain Geomorphology
Channel Geomorphology

Bed/Bank Material
Structural Elements

LowModerate Sinuosity Planforr@ontrolled
Discontinuous Floodplain

Meandering Planform Controlled
Discontinuous Floodplain

LowModerate Sinuosity Unconfined

Meandering Coarse Grain Bed

Meandering Fine Grain Bed

Altered
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2.7.1 Geomorphic Conditiorg Floodplain Activation and Bed Mobility
Geomorphic condition was assesgbdough the lens of a traditional bankfull flow. This bankfull flow

has two components to its definition: 1) it is the flow at which water begins to spill out of the channel
and onto the adjacent floodplain and 2) it is the flow that transports the gréate®unt of sediment
over time. Both components of this definition were assessed by calculating the flow at which the
adjacent floodplain is activated and by calculating the flow that can mobilize the channel bed.
CGenerally speaking, the floodplain activat flow and the bed mobility flow should be similar at any
given location in an alluvial stream system.

The bankfull flow in an unimpaired system has a recurrence interval of approximately 1.5 years, on
average. This means that in any given year theaeG3% chance that the river will rise to or overtop

the channel banks and activate the floodplain. There is a small amount of variability in the frequency of
bankfull flows but typically they are always smaller than the 2-y@&r peak flow if there isat a

prevalence of biotic factors in the stream system, which is the case for all three streams in this study.

Floodplain ActivationFlows

A channel is said to be at bankfull stage when it is just about to flood the active floodplain. Thus, the
active floodplain defines the limits of the bankfull channel. The active floodplain is the flat portion of

the valley adjacent to the channel that is constructed by the present river in the present climate. The
LIKNF 8S G LINBaSyd NRGSNI dlyimpbrikast becigd & Be/river d@dradesloni S€ A
incises, what was formerly the floodplain is abandoned and becomes a terrace or abandoned

floodplain. It is therefore important to distinguish the active floodplain from abandoned terraces.

HEGRAS, a toaleveloped by the U.S. Army Corps of Engineers, was used to perforrrsentismal

hydraulic calculations for floodplain activation flow (i.e., the flow that fills the channel and begins to

spill onto the floodplain immediately adjacent to the channel)isTanalysis is only applicable to alluvial
channels; reaches in confined bedrock canyons or whose shape is defined by geologic factors were not
assessed through this method. Additionally, the analysis was limited to the surveyed channel and not
tied to anyfloodplain modeling. To assess hydrologic geomorphic impairment, the calculated

floodplain activation flow for each reach was compared to streamflow data from the hydrology
assessment. For a given reach, the calculated floodplain activation flow shordddidy equal to the
LIS Ff26 FTNRBY (KS KeRNRfz23Ie aaSaayvySyidQa - OSNI
year peak flow. If this standard was not met, the reach was considered impaired. The degree of
impairment is linked to the deviation e frequency of floodplain inundation

Function and Benefitef Floodplain Connectivity
Ct22RLI IFTAYy O2yySOGAGAGE NBFSNER G2 | adNBlIYQa 6
events. The floodplain activation analysis described ab®uaportant becauseuinctional welt
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connectedfloodplainsplay a critical role in overall stream function, providing a multitude of benefits to
stream health as wels water userd-loodplaininundationrecharges alluvial aquifer systems, a
LINPOS&a a2YSGiAYSa NBFSNNBR (G2 Fa aoSidAay3a GKS 3
streamflow during baseflow periods in late sumnaed fall. These sustained flows not only benefit

aguatic species but also sade irrigators, who receive more consistent late season flows. For this

NBI a2y | ffdz@Alf IIjdZAFSNE INBE 2F0Sy NBEFSNNBR (2

Figure 2.7: Floodplain activation and resulting alluvial aquifer recharge, June 2RBh8to: Christi Bode)

Floodplain activation and evbanking eventsre also critical to cottonwood and other riparian
vegetation establishment. In some cases, an elevated groundwater table may be supporting riparian
vegetation. Elevated groundwater tables are naturally comriwaughout the SLV with flood

irrigation contributing. Conversely, poor floodplain connectivity reduces groundvsatdace water
exchange in the hyporheic zone, can negatively impact stream temperature and dissolved oxygen
levels, and reduces alluvial @ifer storage potential.

Figure 2.8: Overbanking event on the Conejos River upstream of Mogote.

Function and Benefits dVet Meadows
Functional floodplainalso existas both natural and managed wetlands. Many wetland types are found
in the Basin andme type of particular importance is wet meadows. Natural wet meadows are
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common at higher elevations and headwaters of the Rio Grande Basin, including tributaries to
YIAYyaadSYy adNBlFYa FyR NAGSNARA® al ylF ISRI 2 ofxhé g2 NJ A
SLV in the form of irrigated lands. Wet meadows provide valuable ecosystem services including
attenuation of flood flows, augmentation of baseflow, mitigation of pagidfire sediment production,
streambank stability, buffering of surface water tperature, nutrient filtering, and wildlife habitat

(Findlay, 1995). Wet meadows are typically seasonally saturBiadhg high flows resulting from
springrunoff or monsoon rains, wet meadows become saturated and act as a sponge in alluvial aquifer
systems. In late summer, water stored in these sponges is slowly releasatting in baseflow
augmentation. Additionally, wet meadows have been showmtoease streambank stability and
resiliency. One study indicated that streambanks colonized bymwestdow vegetation were, on

average, five times stronger than banks with xeric vegetation (Mi€hKlirchner2002). Thisuggests

that instability caused blpss ofriparian vegetation can be mitigated by meadow vegetation

Figure 2.9: Wet meadow nedhe Conejos River.

In the event of high severity wildfires and other disturbance events, wet meadows, particularly those
at high- to mid-elevations, play an important role in mitigating potential downstream fluvial hazards.
Postwildfire precipitation ca lead to significant soil erosion and an increased risk of floodityy;s

flows, and other flowrelated impacts. For example, following the 2013 West Fork Complex Fire, the
upper Rio Grande watershed exhibited resiliency to wildfire impacts. Elevatedlity and total
suspended solids concentrations was observed and a fish kill of brown and rainbow trout on Trout
Creek was attributed to sediment loading resulting from wildfire impacts (Rust et al., 2019). However,
outside of these shorterm impacts, he watershed as a whole was shown to be very resilient to
wildfire. This resiliency is likely due in part to intact wet meadows and other wetland types. In
functional wetlands and wet meadows, flood flows spread out, dissipate their energy, and allow for
sediment deposition. In this way, wet meadows can act as sediment banks, thereby significantly
mitigating downstream flooding and sedimentation caused by wildfire and other impacts. Although the
SMPs focus on the Rio Grande, Conejos River, and Saguacken@nestems, maintaining the

condition and resiliency of wet meadows on tributary streams, in alpine and subalpine basins, and in
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adjacent uplands is crucial to protecting water quality and mitigating the risk of fluvial hazards
downstream and in the maitsms.

In addition to the benefits listed above, working wet meadows maintained by annual flood irrigation
have been shown to be important habitat for migratory bird species. Among other species, iconic
sandhill cranes, which migrate through the $Wi¢e a year, rely upon working wet meadows (Wetland
Dynamics LLC, 2019).

Bed Mobility Flows

Longterm bed load and flow measurements have shown that the banéwll transports the greatest
amount of material over timewhile larger flow events transport greater quantities per event and
smaller flow events occur more frequently, the bankfull flow is effective and sufficiently frequent to
perform the greatest amaout of work in establishing and maintaining channel shape.

Bankfull flows should mobilize the bed material in alluvial channels, though this assessment can
become more complex in areas where the streams are working through glacial outwash alluvium
rather than contemporary alluvium. Similar to the floodplain activation flows, the bed mobility flows
should occur during the peak flows in theerage yeahydrographsand if peak flow data is available,
the floodplain activating flow should be greater than thgear peak flow. If this standardasnot

met, the reachwasconsidered impairedAgain, he degree of impairment is linked to the deviation in
the frequency of floodplain inundatiorBed mobility flows were calculated usi@gtical Shear Stress
and Shidds Analysiswhich are further described i\ppendix Candwerereported as a range

Function and Benefitef Bed Mobilization

At larger scales, the mobilization and deposition of bed sediments creates and maintains bedform
features that provide irchamel habitat such as riffles and pools to suppagquaticspecies at various
stages of their lifecycle. At smaller scales, flows that flush fine particles such as sand and silt from the
interstitial spaces between more coarse material are important fodfa@b building blocks such as
algae, zooplankton, phytoplankton, and macroinvertebrates. Flows that evacuate fine sediment from
pools and deposit coarse sediment on bars are important to maintain the quality and quantity of
habitat used for many species abld-water fish to spawn and rear their young. Conversely, a lack of
flows that trigger bed mobility will tend to cause either letagm scour or aggradation (site specific) of
the channel bed and tend to simplify the channel, reduce bedform variatahiy,/homogenize aquatic
and riparian habitat. On the floodplain, riparian vegetation establishment and succession is often
dependent upon the mobilization and deposition of sediment (and seed) within the stream corridor.
Mobilizing sediments may also resultthe erosion of banks (and therefore the recruitment of wood)
and the deposition of new bars (and therefore places for early successional species to ¢olonize
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2.8 Riparian Vegetation Assessment
Riparian vegetation was assessed usitglevel surveys as well as larger scale remote sensing

methods. A sitdevel botany surveyconductedby McBride BioTracking, LL&3sesed the current

ecological integrity of selected assessment areas (AAs) along the Rio Grande, Conejos River, and

Sagache Creek riparian area&dditionally, the RGHRP used a GIS tool to characterize riparian

condition at a reach scale. Each assessment yielded a rating and the two ratings were averaged for an

overall reach rating. The overall riparian vegetation ratiogesis outlined in Table 2.7.

Table2.7: Rating scale used faiparian vegetationassessment

A x d Negligible

Riparianarea is unaltered, at or near reference condition, and supports stream héd¥ditive
vegetation diversity is sefustainingand there is no evidence of exotic noxious species.

B X vy Mild

Riparianareais in good condition witlonly minor alterations Native species predominate
and if nonnative species are present, thieipact on diversity and native species cover i
insignificant¢ KS NRA LI NA LYy | NBFQa FoAf Ade reilieda

C x T| Significant

Riparian area exhibitdecreased plant diversity, loss of structural complexénd may be
hydrologically ésconneced from the river Nonnative species may be widespread anthi
populations of noxious species mbg present. iparianarea degradation ia significant
streamhealth stressor

D % ¢ Severe

Riparian area has severalgcreasedspeciediversity, loss of structural complexjty
hydrologic alterationand is dsconneced from the river.Lack of riparian function is a mair|
stream health stressor. &kiousspecies are prealent or dominantleadingto very low native
species coverBare groundnay bea substantialproportion of land cover.

F % p| Profound

Riparianareais dominated by noxious species and/or has been convertdobire groundor
otherimpervious surfaceRiparian habitats essatially norfunctional and poor riparian
condition is a primary stream health stressor.
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2.8.1 SiteLevel Assessment (Ecological Integrity Assessment)
A sitelevel riparian vegetation assessment was completed for most, but ndslslPreaches.The

sampling methodology was based on the Ecological Integrity Assessment (EIA) for Colorado Wetlands
Version 2.1(Lemlyet al,, 2016). This protocol has itself been adapted from the U.S. Environmental

t NEPGSOGA2y ! A3SyOeQa 069t ! éssmeht{NWEA) flexiblgotSngthod (UBa / 2y
EPA, 2011)he EIA framework was designed by the EPA and NatureServe in response to the need to
assess the effectiveness of biological and functional indicators of wetlands nationwitieentirety,

this methodcollects data to evaluate the following range of Major Ecological Factors for each

assessment area (AAJr site 1) Landscape, 2) Buffer, 3) Vegetation, 4) Hydrology, 5) Physiochemistry,
and 6) Size (Tabled. Because the focus ofdhassessmenwasriparian vegetationfield data

collection only included Major Ecological Factors3l

Table 28: Hierarchical structure of the Colorado EIA method (Leratal., 2016).

Rank Factor Major Ecological Factor Metricsi Metric Variants

L1. Contiguous Natural Land Cover

Landscape
L2. Land Use Index

Landscape Context B1. Perimeter with Natural Buffer
B2. Width of Natural Buffer

B3. Condition of Natural Bu ffer

Buffer

V1. Native Plant SpeciesCover

Vegetation

V2. Invasive Nonnative Plant Species Cover

V3. Native Plant Species Composition

V4. Vegetation Structure

V5. Regeneration of Native Woody Species [opt.]
V6. Coarse and Fine Woody Debris[opt.]

V32 and V4 vary by
wetland type.

V5 and V6 are for
woody systerns.

Condition

Hydrology

H1. Water Source
H2. Hydroperiod
H3. Hydrologic Connectivity

H1, H2, and H3vary
by wetland type.

Physiochemistry

S1. Soil Condition
S2. Surface Water Turbidity / Pollutants [opt.]
S3. Algal Growth [opt.]

52 and 53 are for sites
with surface water.

Size

Size

Z1. Comparative Size [opt.]
72. Change in Size [opt.]

71 and 72 are for
assessments of entire
wetlands.

! Optional metrics noted as [opt.] can be used depending on study design and wetand type.

A modified version of th€NHP (2015) Colorado EIA Scorecard was used to determine individual metric
and overall ratings for each AA. The modified scorecard includes the following rating weights:

Modified EIA Scorecard

A Rank Factor: Landscape Context (overall rating weight of 0.3)
1) Landscape metrics (rating sukeight 0.33)
2) Buffer metrics (rating sutyeight 0.67)

A Rank Factor: Condition (overall rating weight of 0.7)
3) Vegetation metrics (rating suleight 1)
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Each metric is rated according to deviatioom its natural statepr the best current understanding of
how the particular ecological system is expected to look and function under reference conditions
(Lemly& Rocchig2009). The further a metric moves away from its natural range of structure and
function, the lower the ating it receivesThe ratings for each category are collectively applied to
produce an overall Ecological Integrity Score (EIS) for eaclesiteralElS scordefinitions areshown
in Table2.9.

Table2.9: Definition of Ecological Integrity Assessment ratingely et al., 2016

Rank Value Description

Reference Condition (No or Minimal Human Impact): Wetland functions within the bounds of
natural disturbance regimes. The surrounding landscape contains natural habitats that are
essentially unfragmented with little to no stressors; vegetation structure and composition are
within the natural range of variation, nonnative species are essentially absent, and a
comprehensive set of key species are present; soil properties and hydrological functions are
intact. Management should focus on preservation and protection.

A

Slight Deviation from Reference: Wetland predominantly functions within the bounds of natural
B disturbance regimes. The surrounding landscape contains largely natural habitats that are
minimally fragmented with few stressors; vegetation structure and composition deviate slightly
from the natural range of variation, nonnative species and noxious weeds are present in minor
amounts, and most key species are present; soils properties and hydrology are only slightly
altered. Management should focus on the prevention of further alteration.

Moderate Deviation from Reference: Wetland has a number of unfavorable characteristics. The
C surrounding landscape is moderately fragmented with several stressors; the vegetation structure
and composition is somewhat outside the natural range of variation, nonnative species and
noxious weeds may have a sizeable presence or moderately negative impacts, and many key
species are absent; soil properties and hydrology are altered. Management would be needed to
maintain or restore certain ecological attributes,

Significant Deviation from Reference: Wetland has severely altered characteristics, The

D surrounding landscape contains little natural habitat and is very fragmented; the vegetation
structure and composition are well beyond their natural range of variation, nonnative species
and noxious weeds exert a strong negative impact, and most key species are absent; soil
properties and hydrology are severely altered. There may be little long term conservation value
without restoration, and such restoration may be difficult or uncertain.

According to LemlgndRocchio (2009), there are two important thresholelsichindicate degradation
to the point where action is needed within the assigned ranks

A The BC threshold (i.e. transition from a rating of B to a rating of C) indicates the level below
which conditions are not considered acceptable for sustaining ecological integrity.

A The @D threshold indicates a level below which system integrity has been dragticall
compromised and is unlikely to be restorable.

EIA metrics and associated ratings are specific to the particular ecological system being sampled. The
Ecological System definitions and descriptions are components of the International Vegetation
Classificaon System and have been developed by NatureServe and the Natural Heritage Network
(Lemlyet al., 2016. The EIA for an assessment area helps clarify the minimum performance standards
for a wetland system, identifies the current ecologicaégrity of a system, and specifies the particular
ecological components that must be repaired in order to restore a wetland to a desired level of
ecological integrity (Lemi& Rocchig2009).
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NatureServe has begun developmentdeiscriptions for specific wetland and riparian ecological
systems found in the Southern Rocky Mountain Ecoregion (L&iRlycchig2009):

SubalpineMontane Riparian Shrublands
SubalpineMontane Riparian Woodlands

Lower Montane Riparian Woodlands and Shamiols
SubalpineMontane Fen

AlpineMontane Wet Meadow

North American Arid Freshwater Marsh
Intermountain Basin Playas

Too T To Too To Do I

As part of the EIA assessmeGiHR) Bloristic Quality Assessment (FQA) twak also used to assess
native ripariarvegetation(Lemly etal., 2016) TheFQA method used O2 STFFAOA Sy (i a -2 F
values), which are assigned to all native speci€Xiorado Gvalues range from 0 to 10 and represent
an estimated probability that apeciess likely to occur in unalteregre-Europea settlement
conditions.Species which ar@ntolerant of habitat degradatiorand areobligateto reference condition
landscapes haveigh Gvalueswhile those more tolerant ofiabitat degradatiorhavelow Gvalues.

Most nonnative species havévalues of OFor the SMP, the basic FQA index called mean C (i.e.
average &alue for a given site) was calculated at each SMP site.

SeeAppendix Hor a detailed description of the silevel EIA survey methods.

2.8.2 GIS Remote Sensing Vegetation Assessment
To assess riparian vegetation condition at a larger staelRGHRP employedsat of GIS tools. The

tools are collectively known as the Rian Condition Assessment Tool (RCAT), which includes the
Valley Bottom Extraction Tool (VBET), Riparian Vegetation Departure (RVD) tool, and the Riparian
Condition Assessment (RCA) tddhtfarlane et al.2018). These GIS tools consist of ArcPython &rip
that use nationally available digital elevation models (DEMs) and&@r LANDFIRE imageryassess
the current condition of riparian vegetatiorBecause the RCAT tools and analysis are based upon
watershed boundaries, the analysis was completed fioperennial streams within the Rio Grande
Basin First, VBEWas used talelineate the maximum possibéxtent ofriparianvegetationalong each
studystream usinga DEMand average slope and valley width thresteNote: the riparian extent

does not intude wetlands that are not associated with the perennial stream netwaikere available,
a 2meter DEM, derived from LIiDAR data, was used. For the remainder of the Basin, the nationally
available 1@meter DEM was used.

The RVD assessmenbl divideseach stream intodiscrete500-meter assessmentinits. Within each
assessment unit, the tools overlay the VBET ougnaLANDFIRE imagery. To compare current and
reference vegetation, two LANDFIRE datasets are @auent riparian vegetation cover is moddl|
using the Existing Vegetation Type (EVT) laykile historic (preEuropean settlement) vegetation is
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modeled using the LANDFIRE-Biysical Setting (BpS) layénagery falling within the VBET boundary

is included in each assessmeRWVD calculatek S RSINBS (2 6KAOK S| OK dzy A
converted frompred dzNR LIS y = 2 NJ & NBrisSNBERd asa p@ceyfage G A 2 y ®
Additionally, the tool analyzes the LANDFIRE imagery to determine what primary type of land
conversion, if any, ds occurred within each unit.

The more comprehensive RCA tool assedpasian areaconditionusingthree inputs: riparian

vegetation departure (modelely the RVD tool), land use intensity, and floodplain connectiégch
assessment unit iattributed with values on continuous scales for each of the three inpitds

determine floodplain connectivity, roads, railroads, development, and other types ofclameersion

were used to assess overall riparian conditions for each spatial unit. The overall RCA score is calculated
using all three inputs and is expressed as a value between 0 and 1. An example of the RCA output is
shown in Figure 20.

Legend

afm |ntact
Good
Moderate

afpre Poor

afpme \ery Poor

Confined -
Unimpacted

anpme Confined - Impacted

Figure 210: Example ofGIS riparian vegetation assessment results.

The RCA rating scale, including RCA score thresholds, is shown in Table 2.10.
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Table 2.10: Rating scale used GIS remote sensing vegetation assessment

Riparian vegetation is considered to be in reference condition. Few, if any
A X d Negligible X nd nonnative species are present, land use intensity is negligible, and floodpla|
connectivity is intact.

Riparian vegetation is in good condition with few nonnative species present. L
use intensity is low and rivdtoodplain connectivity is mostly intact.
Riparian vegetation is in moderate condition and srpafpulations of noxious
Significant | 0.3-0.59 | species may be present. Land use intensity is moderate and there is some Ig

river-floodplain connectivity.

B x y  Mid 0.6-0.89

(@)
X
—'

Riparian vegetation is in poor conditiddoxiousplant species are prevalent. Lan

D % ¢ Severe 0.1-.29 useintensity is high and, in many areas, the river lacks floodplain access.

Riparian vegetation is in very poor conditidfoxiousplant species are dominant

F % p Profound <01 Land use intensity is extreme and the majority of the reach I8okslplain access.

The RCAT tools were developed by a team of researchers at Utah State University. Additional
information and documentation of these tools is available at thishitp://rcat.riverscapes.xyz/As

noted above, both the sitéevel and GIS assessments weredus assessing overall riparian vegetation
condition. The EIA rating and RCA ratings were averaged to calculate a final grade for each SMP reach

2.9 Water Quality Assessment

A modified version of the FACStream framework wsedfor the water quality asessment. The
assessment primarily utilized existing data collected by the Colorado Water Quality Control Division
60/2v/502 /t2Qa WAGSNI 2 GOK LINPINIYZ YR GKS | of
Assessment (NAWQA) program. Recent data (i.e-2@¥) wasprioritizedto best capturecurrent

water quality conditions. Existing data was supplemented with targeted water quality data collection
during summer 2018nd spring 2019Three water quality parameters (subvariables) were assessed: 1)
temperaure, 2) nutrients, and 3) chemical conditions (including pH and metal concentrations). Each of
these parameters is an important indicator of water quality and, collectively, provide a detailed
assessment of overall water qualithere available, sedimemfata was also analyzed but was not
included in the overall water quality reach ratin@aibvariables were rated according to the rating

scales in Tables 2110 2.13.
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Table 2.11: Ratingcale used for water temperature subvariable

A X o

Negligible

The temperature regime is natural and appropriate fqrestine, high-
functioning river in reference condition.

B X

Mild

The temperature regime is within the range of natural variabdityl standards
arenot exceededHowever natural aquatic biotanay beminimally impaired

Cx 7

Significant

The temperature regime is altered to a degree that could potentially limit nat
aquatic biota and/or regulatory standards are occasionadgeeded. This rating
applies t0303(d) Monitoring and Evaluation (M&E}paches.

Severe

The temperature regime is altered to a degree that is known to be lethal ¢
limiting to natural aquatic biota and/or regulatory standards &exjuently
exceeded. This rating applies203(d) listedreaches.

Profound

The temperature regime ieserely altered. Natural biotenay beseverely
impaired and/or regulatory standards achronicallyexceeded. This rating alsqg
applies t0303(d) listedreaches.

Table 2.12: Rating scale used for nutrients subvariable

A X o

Negligible

Nutrient levels are natural and appropriate fopéstine, high-functioning river
in reference condition.

Mild

Nutrient levels are within the range of natural variabiktyd standardsre not
exceededHowever natural aquatic biotanay beminimally impaired

Cx T

Significant

Nutrient levels are altered to a degree that could potentially limit natural aqu
biota and/or regulatory standards are occasionally exceeded. This rating ap
to 303(d) Monitoring and Evaluation (M&HEgaches.

Severe

Nutrient levels are altered to a degree that is known to be lethal or limiting
natural aquatic biota and/or regulatory standards drequentlyexceeded. This
rating applies t@03(d) listedreaches.

Profound

Nutrient levels are severely altered. Natural biotay beseverely impaired
and/or regulatory standards arehronicallyexceeded. This rating also applies
303(d) listedreaches.

Table 2.B: Rating scale used for chemical conditions subvariable

=

A X o

Negligible

Chemical conditions are natural and appropriate faritine, high-functioning
river in reference condition.

Mild

Chemical conditionare within the range of natural variabilitgnd standardsre
not exceededHowever,natural aquatic biotanay beminimally impaired

Cx T

Significant

Chemical conditions are altered to a degree that could potentially limit natu
aquatic biota and/oregulatory standards are occasionally exceeded. This rg
applies t0303(d) Monitoring and Evaluation (M&HE}paches.

Severe

Chemical conditions are altered to a degree that is known to be lethal or lim
to natural aquatic biota and/or regulatory standards &requentlyexceeded.
This rating applies t803(d) listedreaches.

Profound

Chemical conditions are sewy altered. Natural biota may be severely impair
and/or regulatory standards arehronicallyexceeded. This rating also applies
303(d) listedreaches.
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Theoverall water quality scorewascalculated as the meaof the subvariable scoresn some reaches,

there was insufficient data to assess one or more subvariables. Any subvariables lacking sufficient data
F2NJ I FAPBSY NBIFIOK ¢gSNB y2i AyOfdzZRSR Ay (KS OF fC
exception to the chemical cahitions subvariable (Table 2.13) was made for reaches having only a

chronic total arsenic impairment. Many SMP reaches as well as pristine headwater streams exceed the
chronic water supply standardor total arsenicof 0.02. The impairments do not appear affect

aqguatic life. Because the impact is negligible and because it is likely that these exceedances are likely
attributable to naturally occurringrsenic any such reaches were assigned a chemical condition rating

of B. A summary of water quality daaad impairments is included #ppendixF.

2.10 Aquatic Life Assessment

The aquatic life assessment inotutan assessment of benthic macroinvertebrates &nNER dzi & LIS OA
abundance and healtiThese two subvariables were rated using a modified versidgheoFACStream
framework, described in Tables 2.14 through 2Téeoverall aquatic life ratingvascalculated as the

meanof the subvariable score$n some reaches, there was insufficient data to assess one or more
subvariables. Any subvariables lagksufficient data for a given reach were not included in the

Ot OdzAE FiA2y 2F (KIFG NS TaD&DadestrideS thdadudtic litedatingsshidlelj dzi £ A
The two subvariables are described below.

Table2.14: Rating scale used faquatic life assessment

A % ] Negligible Aquatic biota indicate aigh-functioning rea(_:h that is representative aifi unaltered
reference conditiorreach
Aquatic biota aramildly impaired, indicating a functioning reach near reference
B X Yy Mild condition.Macroinvertebrate and/or fish species presence or abundaneg be
slightly altered.
Aquatic biota are altered. Exotic species may be common, diversity dackid/or
C x T J Significant species distributions skewed. Important functional groups are appropriately
represented even when nonnative species are present.

Aquatic biota are severely altered and may incluberadantexotic species, major
D x ¢ Severe loss of diversity, or lacking keystone species. One or more important function
groups is unfilled or poorly represented.

Aquatic biota are fundamentally altered. Examples include communities doming
F x pJ Profound | by exoticspecies and communities with multiple important functional groups that

vacant or severely diminished.

BenthicMacroinvertebrates

BenthicmacroinvertebrategBMI) are excellent indicators of water quality, aquatic habitat, and overall
river health. BMassemblages are sensitivertany stressors includirgtered habitat, changes in
sediment inputhydrologic regimes, andgater quality Different macroinvertebrates groups respond
differently to these stressors. For example, specieSpifemeroptergmayflies) Plecoptera
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(stoneflies) and Trichoptergcaddisflies), often referred to &P Tare intolerant of pollutiorand poor
water qudity while other aquatic invertebrate groups are relatively tolerdiacroinvertebrates are
also asignificantfood sourcefor fishandplay acritical rolein the transfer of energy to higher trophic
levels.Changes irBMIcommunitiescanresult in changsto fish communities

BMI data was obtained from previously collected samples and was supplemented with targeted
sampling during the summer of 201BMI samples were assessed using rukitric index (MMI)
scores.The MMIuses multipleequally weighted metrigto score the macroinvertebrate population
diversity and density on a scale frorl00 (CDPHE, 2020). The MMI is calibrated to one of three
GoRRIBASE o KS NEfingdas réegiohd3hat woukilBave similar macroinvertebrate
assemblages based on the elevation, slope, and ecoregion. The biotypes group macroinvertebrate
assemblages into mountain streams, plains streams, and the transiticemséren between the

mountains and plains. The sampling locations within the SMP study area include Biotype 1 (transition)
and Biotype 2 (mountain) sites. The state of Colorado sets different MMI attainment and impairment
thresholds for each Biotype, whiclheadescribed in Table 251

Table 2.5: Thresholds for Biotype 1 and Biotype 2

MMI Biotype 1 Biotype 2
Attainment 45.2 47.5
Impairment 33.7 39.8

If asiteQa acare is between the impairment and attainment threshdidther investigation is
warrantedand other metrics are considere@o determine impairment, twodditional indicesthe
ShannorWiener Diversity Index (S2ind Hilsenhoff Biotic Index (HB8re considered. The SDlas
measureof relative species abundancen a scalérom zero to fivewith higher values indicatg
higher species diversity (MacArthi965). HBIs a measure ahe relative abundance of pollutien
tolerant specieandrangesfrom zeroto ten, where a higher value indicates more pollution tolerant
species are present (Hilsenhafb87).
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The rating scale for the benthic macroinvertebrates subvariable is described in Table 2.16.

Table 2.5: Rating scale used for MMI aquatic liibvariable

A

Negligible

The reach sustains and supports reference conditiongii@eroinvertebrate
communities and aquatic life use. No management is needed other than proteq
of existing conditions. MMI score is @DO0.

Mild

Some detectable stressors are likely with minor alterationsxroinvertebrate

communities. The ecological system retains essential qualities and supports a|

level of function. Some management may be required to sustain or improve t
condition. MMlIscore is 6%, <80.

Significant

The reach supports and maintains essential componentsaafroinvertebrate
communities, but exhibits measurable signs of degradation and less than opti
community parameters. The reach meets the attainment thresholth am MMI

score >45.2 (Biotype 1) or >47.5 (Biotype 2) and <65.

Severe

There are detectable alterations or degradation of aquatic life use, but the sys

still supports a fundamental community structure and function. Active managen

isrecommended to maintain and improve characteristic functional suppdMl|
score is >33.8 45.2 (Biotype 1) or 39.847.5 (Biotype 2).

Profound

There is clear impairment to macroinvertebrate communities and aquatic life. T
level of alteration genelly results in an inability to support characteristic benth
organisms, or makes the stream segment biologically unsuitable. The reach R

GoSt26 AYLI ANNSY(lé GKNBAK2fR® aal a

Trout

Trout biomass was also included as a subvariable in the aquatic life assesBawntsdrout species

depend on abundant food sources and higinality habitat, their presence is an indicator of good

water quality and aquatic habitatVithin the SMP studgrea, several native fishes are present,
however due to limited data on native fish habitat requirements and abundance, native species were
not assessed in this subavariable. The subvariable was measured as total pounds of trout species per

acre, as showm Table 2.7.

Table 2.17: Rating scale used for trout aquatic life metric

HA 3K G201 f 0 A 2-90ld tnedal standard); dvérall avier@plative

A % 1) Negligble weight is average or higher thaverage; viable recreational fishery.
B X v Mild Medium total bior_nass (469 Ibslgcre); overall average relative ngght is averag
mediocre fishery with moderate numbers of adult fish.
N Low total biomass (29 Ibs/acre); overall average relative weight is below

C x T 7 Significant . . . . . !
average; inconsistent recreational fishery witlwl numbers of adult fish.
Very low total biomass (A9 Ibs/acre); overall average relative weight is

D x ¢ Severe substantially below average; minimal recreational fishery potential with very |

numbers of adult fish.
F % pn Profound Notrout present; no natural reproduction; no biomass; no recreational fisher:

A summary of macroinvertebrate and trout data is includedppendixF.
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2.11 Stream Condition Stressors

For the purposes of the SMP, stream condition stressors are considered to be past or present
anthropogenic impacts affecting stream conditiof®. understand the likely causes of impairment for
eachconditionassessment, stream condition stressors weregtigatedfor eachSMPstudyreach
Stressors are often manifested and can be observed through their impact on stream condition. For
example, degraded water quality may be the measurable result of a historic mining stréisisor.
section lists the most comon stressors affectinthe SMPstudystreams, many of whichre

interrelated andaffect multiple stream health variables.

Crossings and Diversions
Structures such as bridges, culverts, diverglams, and weirsnay exacerbate channel migration or

erosion. Thee structuresan direct and concentrate flows into a streambank or embankment resulting
in damage to infrastructure. Structures that are undersized, located near tight bends, or located where
slopes changare more likely to have trouble passing sediment and debris being transported by a
stream(Figure2.12). This can result in upstream deposition of this material and subsequent channel
movement while on the downstream side the sedimelgprived water becomg erosive. It is

important to understand that this is often a structure problem, not a sediment or debris problem. As
such, negative impacts can often be ameliorated through improved design or structure retrofits.
Sediment and debris transport disruptionéommon at diversion structures within the SMP study area.

Prediction of geomorphic instability as a result of crossing structures or the most likely location of new
channels should a crossing become blocked or fail is beyond the scops $MR It is recommended,
however, that road crossing designs allow for appropriate sediment transport at low, medium, and

high flows (including the overflow areas), as well as the capability to pass debris. Crossings or crossing
approaches might even be designed#d (e.g., brealaway designs) should they become plugged

during a flood so as to encourage flood waters to stay in the chaBirallarly, diversiodamsmay

create instability in a system partially due to their attempt to lock a laterally dynamic chamnoea

fixed location.

Disruption of natural sediment and/or debris transport reginaso degrades aquatic habitat.
Sediment accumulation upstream of structures decreases fish as well as aquatic insect habitat
complexity by eliminating interstitial siges. Sediment and/or woody debris deprivation downstream
of structures also decreases habitat complexity and limits nutrient inputs. Additionatiipaimnel
structures such as diversion dams can create barriers to fish passage, thereby fragmenting aquati
habitats. Habitat fragmentationcannegativdy affect fish populations and communitiés a variety of
ways includingrevening fish from reaching spawning areasplating breeding populationgnd
decreasing genetic diversity, and increasing the riskisease.
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Figure2.12 (Left) Bridge over Saguache Creek with a pier inedle of the bridgethat may collect debris
during a flood. (Right) Undersized culverts failing to transport sediment in a dry wash in Saguache County.

Roads and Railways
Roads oriented so they constrict the active river corridor can increase flow depths, shear sesses,

sediment transport capacities of streams. These constrictions can affect reaches upstream and
downstream. Road and railroad bed encroachment does not appear to be significantly affecting the
geomorphic stability of any of the streams in the SMP saea (Figure.13).

Figure2.13:Railroad lines and bridges crossing the Rio Grande near flood sthges 2019.
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