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Purpose and scope

This study is a holistic riverscape health assessment of a 1.9 km reactSafutheArkansas River from
County Road 107 to the confluence with the Arkansas River east of Salida.ripbgseps threefold:

(1) to demonstrate the use of a holistic riverscape health assessment in sineaxr@gement planning,
(2) to identify potential opportunities to restore or conserve stream healtd function, and

(3) to provide a rational basis for restoration and/or conservation plans.

This study is a holistic stream health assessment of the South Arkansast Riviéds upon prior work by the South Arkansas
Watershed Coalition to identify conservation and restoration potertiathe 1.9 km reach through Salida from County Road
107 downstream to the confluence with the Arkansas. This reach is highljiedddr past and current land and water uses.
Flow regime is significantly diminished due to upstream water dimessiThe stream is channelized and often deeply
entrenched. Most of stream corridor was converted for ranching and aguireuibh the 1800s which is also when the major
roads, and rail lines were built across it. Nowadays, the 150-year-aobymittom ranching uses are giving way to urbanization.
Most of the riverscape has become incrementally constrained by infrasteieind development, leaving less room for
ecosystem function. In its static and greatly simplified stateh) wishrunken corridor, narrowed floodplain, and diminished
flows, riverscape health and resilience are waning. Composite stream Isealidss on the reach range from C (significantly
impaired) to D+ (severely impaired).

Opportunities to improve stream health and resilience depend upon the ahilitg\sterse or mitigate these impacts, the casise
of impairment, to restore natural ecosystem processes and give back some space hdssr@tocesses can operate. The best
prospect for meaningful improvement is on the segment of the old VandeveehRamted by the City of Salida plus the
adjacent private properties up- and downstream. Land use on this section ofrd@rscorridor has moved on from historical
industrial-scale ranching, the stream is much less entrenched andrbegito recover naturally, and most of the direct causes
of impairment can be practically and feasibly mitigated. Past leveesrasd-valley road fills can be removed to reverse the
impacts of channelization, entrenchment, and floodplain disconnect; andimginoved hydrology native riparian vegetation
and wetland can be reestablished. Simple treatments can be applied togveamatural fluvial processes such as sediment
capture, scour, structural complexity, and riparian forest regeneratioshort, this segment provides a rare opportunity where
natural stream ecosystem processes may occur over a broader portion of tbadakriverscape without threatening

JV(E «3Epu SpE }E ]v(E]vP need3.\CoasationErxiPrdokss-aged restoration of the riverscape aligns we
with landowner values of increased natural habitat, floodplain fiam; open space, recreation, and environmental education.
On other segments where stream functions are constrained by land use, devahbpor infrastructure, marginal stream health
gains or limited enhancement benefits might be possible using costlyesrgng-based or artificial approaches.
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Colorado FLUVIAL HAZARD ZONE Detineation Protocol

Introduction and background . .
Stream health assessment and fluvial hazard mapping arg

complimentary studies that provide useful information to decision
The South Arkansas River, or Little River, is a tremendous resource for residerdffed Cbunty. From its origins high in makers in stream management planning efforts. Many of the stresso
the Sawatch Range, the South Arkansas flows along and through publicrearaigands, residential, and commercial that impair streams are caused by actions taken to engineer riverscap
neighborhoods. Along the way it provides drinking water to the Cifatifia, irrigation water to local ranches, critical to protect people ar.]d. prqperty from natural and predlctgble fluvial
habitat for fish and wildlife, and recreational opportunities for desits and visitors. Streams and wetlands comprise only deveIzr;)r;eeﬁe:(.)r'?\sneflrﬁ/lgﬁct;:%;zerseestg ?;:;isigvgegr:)g;la\r;vr;;?cﬁr;gtg
2% of our land cover in Chaffee County, they benefit more than 75%rafildlife species. Healthy riverscapes, the green stream health,and valuable ecosystem services while simultaneous
ribbons that fill stream corridors, are living filters that attenedioods, enhance water quality, recharge groundwater, reducing risk. This is the path to building healthy resilient conitias
provide open space, aesthetic values, and a chance for all generationsgivesxqe and learn about nature.

For more information about FHZ mapping in Colorado, se

Central Colorado Conservancy and the Collegiate Peaks Chapter of Tiimitddrhave teamed up to study opportunities https://www.coloradofhz.com

along the South Arkansas River to improve stream health while suppatidgwners along the river with their
management goals. In 2014 we completed the first ever river health assessirtéiet South Arkansas, which gave us a
great foundation for understanding of this river system and its mangtians. While many of the findings of that study
remain true today, a lot has also changed in our watershed. We have seamatdr shift in forest health, increasing risk
of wildfire, and growing development pressure along the stream corridor. Tres@lso been a paradigm shift in river
science and understanding of stream processes that illuminated the tanpoe of biotic elements such as vegetation,
wood, and beavers as critical drivers of stream change. Healthy streame bmeger viewed as a static channels that
optimize water conveyance, but as complex and dynamic ecosystems thatepser broad riverscapes. When they are
able to function naturally and to adapt and adjust over time, streakesthe South Arkansas create their own habitat
while providing resilience to flood, drought, and the runoff from wiites.

In 2020 we began to explore conservation and restoration opportunit@sgethe reach from County Road 107
downstream to the confluence with the Arkansas River Wep & P& vSe (E}u }o}E } ts & }ve H
Watershed Restoration Program and Trduv o ] u ] &mprace a Stream program to develop conservation and
restoration concepts aimed at preserving or improving health and res#éi®f the Little River. This report is the
culmination of a holistic riverscape health assessment that identifies @les@nservation and restoration prospects which
appear to be quickly vanishing along this increasingly urbanizedrstrwWe look forward to working with the City of Salida
and other interested landowners along this reach to explore strategigsdtect and restore riverscape health and
resilience so that the many services the South Arkansas River provides our coyncanrite enjoyed for generations.
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s dutn ST A holistic, evidence-based, empirical approach to stream health assessment
: Holistic stream health assessment requires a multidisciplinary approaeh.cafiefully delineating the
P— One Watershed, TwoRivers |/ g7 7ji8 A}psz @EIl ve « Z]A E t § E+Z riverscapeyhydrological, geomorphological, chemical, and biological evaluatmsgnthesized into a
FRRRERT | | e asossmentof he South Aansas iver Watershd was 0130 i o syten ety o ey he degre 10 causes of mpet Factors e e o dees
X A made for the South Arkansas Watershed Coalition (SAWC), deI a?tulre fromur?;tgral re distulrbé:tjnceI rgf('asrenceS con)dition Like;;d;lessrlnents (ecological or%therwise)
- Ponalihbico = a combined effort of the Central Colorado Conservancy P b ' 9

(then known as the land Trust of the Upper Arkansas) and the ratings are informed opinions based on the best available empirical egd&rades may be challenged
Collegiate Peaks Chapter of Trout Unlimited by Bill or refined at any time as more evidence or better interpretation becomeslable.

ey

PO iy 0 Goosmann. A report from this study, submitted in May Direct evidence of impairment may come from existing studies, monitoritey lald and remote
W ) 2014, provides a wealth of useful information and a observations, and/or detailed surveys. Judgments must be corroborateoebgdcumentation of stressors
o foundation for our assessment of stream and riverscape the anthropogenic impacts that cause impairment. Knowing the causes of riverisealtke impairment, as
“"%%ﬁiz heath. We refer to this report frequently in this document well as the degree of impairment, is important in deciding if, where, andéfawts to improve stream
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https://www.coloradofhz.com/

Glossary

Geography and process

Stream t a course through which water naturally flows through a landscape. Gebigadly, the stream
ecosystem is synonymous with riverscape which is mapped as a corred@dtive stream corridor)
and measured in with length and width

Riverscapet the corridor through which water naturally flows, including ah@wcnels, swales, backwater,
ponds, floodplain, riparian, wetland, and hyporheic zones. It is the arehichva stream ecosystem
occupies, recently occupied, or could reasonably occupy in the contemporaryiclmegitne, and is
therefore aligned geographically with the active stream corridor, ripaz@are, and valley-bottom.

Channelt one component of the riverscape where surface water flows between welhe@fanks

Riparian zonet the area within which riparian vegetation would naturally pdrsggographically
synonymous with the ASC, valley-bottom, and extent of the riverscape

Valley-bottom t the relatively flat bottom of an active alluvial valley; geographically symous with the
ASC, riparian zone, and extent of the riverscape

Wetland t areas that are seasonally or perennially saturated, with characteristiarsihydric vegetation.
Some but not all riparian areas are wetland.

Stream evolutiont the geomorphological and ecological progression of change in a riverscape, déscrib
as stages in predictive models (see Cluer and Thorne, 2014, for example)

Channelizationt consolidation of flows into a channel as a result of anthropogenic impadigreit
intentional or as an indirect result of riverscape changes

Entrenchmenttthe degree to which a channel is hydrologically and ecologically disctethfrom the rest
of the riverscape.

Incision t a cause of entrenchment due to downward erosion of a stream; degradation

Aggradation t raised elevation due to the accumulation of sediment in a channel or otuerop the
riverscape

Reference reaclt a relatively unimpaired riverscape in exhibiting natural processesastainable
performance of functions. Reference reaches must be from similar geolbgaalogical, and
ecological context to the reach being assessed

Stream health factors

Flow regimet the pattern of water supply to a stream reach, defined by the ant@ml timing of flows.

Materials supply t the pattern of sediment, wood, and detritus supply to a stream reachinddfby the
amount and timing of inputs

Water Quality t physicochemical properties of water on a stream reach

Landscape support connectivity between the riverscape and surrounding landscape, particulaabgdel
to the exchange of materials, energy, and biota

Riverscape hydrologyt the spatial and temporal pattern of water distribution across a riverscape

Riverscape dynamics spatial and temporal patterns of fluvial geomorphic activity in the sgape

Riparian vegetationt spatial and temporal patterns of vegetation extent, diversity, regetienaand
succession in the riparian zone

Physical heterogeneityt topographical, bathometric, and structural diversity in the riverscape at
vegetation, macro- and micro-spatial scales

Aquatic biota t community and trophic structure of aquatic and semi-aquatic organisepea@ally with
respect to the impact of biota on ecosystem function

Careful and consistent use of language is the key to effective communication.

System health, function, and services

Stream healtht Physical and biological integrity of a stream ecosysieam ijverscape) defined as its
T ability to perform vital functions (natural processes)
T ability to recover from stress (resilience)
T ability to perform valued roles (ecosystem services)
Stream health is an inherent property of the stream ecosystem, inversepopional to the degree of human
disturbance.

Impairment tloss of function in one or more stream health factors or disruption ofirsfunctions due to
anthropogenic impacts; decreased stream health.

Stressort anthropogenic disruption of natural stream ecosystem processes; the causpaiment.

Stream (ecosystem) functionsthe natural hydrological, geomorphological, physicochemical, and biological
processes carried out in a stream ecosystem (riverscape). Functionality is aofastteam health.

Stream (ecosystem) servicegiverscape functions that are valued by society; services rendered by stream
ecosystems that benefit people. Some examples are water supply and gefiged attenuation, water quality
maintenance, habitat for valued fish and wildlife, recreational oppatyun

Conservationt actions taken to prevent stream health impairment due to potential futuresgors. It may involve
protective easements, management agreements, and/or stewardship.

Restoration t actions taken for the purpose of improving stream health and function.digtenctions between
restoration and enhancement, stabilization, or river engineering are aftade more explicit with the modifier
"% (E} e restoration. Societal benefits derive from sustainable riverscape iomeand increased
ecosystem services.

Enhancementt actions taken for the purpose of maximizing or increasing one or a few séleam functions.
Societal benefits are defined by discrete functional objectives.

Stabilization/containment t actions taken for the purpose of containing flows or managing natural flproaksses
to reduce risk to people or property. Societal benefits derive fronuced risk to life and/or property.

Fluvial hazard terms
Fluvial Hazard Zone (FHZ)the area a stream has occupied in recent history, may occupy, or may plyysittaence.
It includes ASC and FHB plus auxiliary components including Avulsion AMassrdAHZ), Fans (F), Geotechnical
Flags (GF), and disconnected portions of the stream corridor
Active stream corridor (ASCithe land influenced by fluvial processes in the contemporary flow and sediment regime
Fluvial Hazard Buffer (FHR)erosion-prone land adjacent to the active stream corridor
Avulsion Hazard Zone (AHZ}he area a stream may occupy and impact due to a wholesale shift in chaosigbn
on the valley floor




Fluvial processes and fluvial hazards

Fluvial geomorphic processes are natural phenomena in stream corridors sudsas esediment transport
and deposition, wood recruitment and jamming, and the structural influencedasits and animals. Fluvial
geomorphic processes become hazardous when they encounter public inftasérutouses, businesses, and
other investments within and adjacent to the stream corridor. To help comtimsibetter understand their
existing risks associated with erosion, sediment deposition, and other dynamipmeesses, the Colorado
Water Conservation Board (CWCB) developed a technical protocol to yd@mtifmap the areas where fluvial
hazards may exist.

Flood hazard identification and mitigation must recognize thiagasns are naturally dynamic, prone to move
within a corridor, and apt to modify their margins as they transport degdosit water, sediment, and debris
inputs from their watersheds. Flood insurance claims and property ldssdg@anonstrate that in Colorado,
reliance on traditional flood inundation maps alone does not provideraprehensive characterization of the
hazards imposed by fluvial processes. By taking into account the full suy@aié stream processes,

t [*28 35 }( }olE }[e &ouA] o , | E -}lreprésebisk Jigificahtahe GEcessary step
forward in adaptively managing stream corridors, preparing for and mitigdtood impacts, and making
informed land use decisions based on awareness of fluvial processes, stream heattsibernce.

FHZ maps provide communities, property owners, and emergency response teams with inforomafiiond -
and stream-related hazards beyond those identified by traditiooaldplain mapping. They are a tool to help
stakeholders visualize and understand the inherent risk on landshthat been and will someday again be
shaped by water and sediment moving through the landscape, particularly afger dégsturbance events like
wildfires. As stream corridors are environmentally and economically important deasal Hazard Zone
maps can also aid in prioritizing lands for environmental, wildlife, or agralitonservation.

Example Fluvial Hazard Zone (FHZ) map showing the Active Stream Corridor (ASC), Blavizfftaad FHZY
and auxiliary Disconnected Active Stream Corridor (DASC), Fan (F), and GeoteabniG®d)Flomponents.

The Fluvial Hazard Zone (FHZ the area a stream has occupied in recent history, may occupy, or mayafifzysic
influence as it stores and transports water, sediment, and debris. FHZs are mappeddlygéomorphologists
o] v8]e3e AZ} ¢3u C Z}A (0}A]JVP A 3 G *Z %o
processes. Mapping is completed through the interpretation and synthegisarhorphic, geologic, hydrologic, and
biotic information(i.e.,data that describes the physical location, form, flooding intensity, as@diment and debris
transport, and ecological conditions of a riverine system).

Fluvial
Hazard
Buffer

Geotechnical

Fluvial Flag

Hazard
Buffer

Since 1978, approximately 49% of all National Flood Insurance Program claims in Coloradoedrmaedrom policies written outside the high-risk area depicted on the FEMA FIRMs. The 2013 ColoratBa&rga flood
resulted in 52% of flood insurance claims originating outside of regulatory floodplains clearlyotestrnating that reliance on flood inundation maps alone does not provide a complete pictiifdood hazards

FLUVIAL HAZARD ZONE MAPS (FHZ)
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This may include historical flood data, rainfall data, topographia ¢ia.,
LiDAR and field surveys), along with computer models that calc@sigts
for hydraulic equations.
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throughout the duration of a flood.
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sediment and debris.
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watershed) and hydraulic (stream channel and floodplain) computer
modeling.
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determine where flood insurance is required and what rates apply.
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The Active Stream Corridor
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The Active Stream Corridor (ASC) is land that has been or may be shaped by emsiepagition under a range of conditions in the prevailing
flow and sediment regime@.e.,the contemporary geomorphic floodplain). Dominant processes within this aorimglude channel incision,
widening, avulsion, lateral and downstream migration, aggradation, andibgaiThese processes manifest over a range of time and space.

The geographical extent of the riverscape is defined by the boundartbe &SC.

Y Sl « " m‘hh" i V Conceptual Fluvial Hazards Map of the South
'l Ve B R “: '.‘ { w“‘ Arkansas CorridofThe Fluvial Hazard Zone
| . consists of two primary components: the ASC
1‘.‘ ("R i i ‘ (described above) and the Fluvial Hazard Buffer
e ———— : (FHB). The FHB accounts for erosion prone land
, located beyond the Active Stream Corridor, such
as hillslopes and terraces, that may be
susceptible to slope failure as a result of toe
erosion caused by fluvial scour. It is a buffer
applied to the outer boundary of the ASC.
Avulsion Hazard Zones (AHZs) mark the area a
stream may occupy and impact due to a
wholesale shift in channel position on the valley
floor as defined in the Colorado FHZ Protocol.

These draft maps were developed for planning
purposes only and were delineated with
topographic data from a 2011 LIDAR survey.

4 Alluvial Fan Apex
Active Stream Corridor
— Fluvial Hazard Buffer
|:| Avulsion Hazard Zone b1,

See sheet 26 for a description o ) ‘
the relative elevation map g\



Inundation Risk

Flooding is the most expensive natural disaster in the United Statsting over $1 trillion in inflation adjusted dollars since 1980.Hirg Street Foundation Flood Modek.,Flood Factor) is a nationwide,

probabilistic flood model that shows risk of flooding from rairersy tides, and storm surge. It builds off decades of peer-reviewed researafetast how flood risks will change over time due to changes in the

environment. & | E+S *"SE S[e S U-sowurcé 8a@askts}éan gerve as important complements to existing sourcesafiik data such as FEMA maps. FEMA maps are designed to set insurance rfates and

use by decision-makers, and technical expen®t as communication tools for the general public to understand adtaad risk. This often leaves average Americans navigating the alphabeotéip X, and V

zones and having a difficult time understanding how concerned they dh@uabout flood risk. FEMA maps can also create afalse 37 & (0}} @E]Jel ]« ]Jv EC C (} pe]vP }v AFEZ E %o E } %o
Atusel _ 3 (o}} I}v X pe $Z]e <]Pv S]JENA] Jv VECIY I8 S]}v MXS@pe| udP o] %pE}pEER] X dZ]+ }Yuuuv] $]}v Z oo VP F&}D%Ipv ¢ sZ
mapssignificantly underestimate risiAs discussed in the section on fluvial processes and fluvial hazbeds §, FEMA maps assume stationarity in watershed hydrology, floodplain terrairche@amnel dimensions

and location. They fail to account for a host of dynamic processes inherimtigl systems. They are also often outdated. These shortcomings can leadstargi#h consequences for property owners.

The Flood Factor tool and its associated data may be useful in helpingliadsvand community leaders understand risk and make broad mamageand planning decisions. Potential uses of this data include:
Risk AwarenessThis data gives communities a quick and free picture of their flamhid at both the property and community levels. In order to obtain everesing level data, communities would previously have
had to pay for detailed modeling or a flood risk assessment study. Whhedstailed studies are essential for local planning efforts, theycoahtens of thousands to hundreds of thousands of dollars, a significant
financial hurdle for smaller communities or for those with tight bats.

Planning:This data can help communities understand gaps in FEMA maps, espeaialilar, rural, and inland communities, and prioritize areas in needtafefmapping. It can also help identify potential hazard
mitigation opportunities by providing an overview of flood risk not captilby FEMA maps. Finally, it can help communities conduct proper emergsponse planning and actions, but it does not replace the need
for comprehensive planning exercises such as vulnerability assessments or aterrmaster planning.
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https://firststreet.org/flood-lab/published-research/flood-model-methodology_overview/
https://floodcoalition.org/2020/06/charting-unknown-waters-understanding-federal-flood-maps/
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. Riverscape health C

A framework for assessing and communicating riverscape health

The reach is assessed as four segments identified by current land ownership.lFeegaent, evaluations of 26 variables are expressed as grades (A-F) and bar graprealbaisens are used to calculate a summary grade for each of
the 9 key drivers of riverscape health, and, ultimately, an overall riverduegléh assessment grade for each segment. The variables and drivers shown in purpleeskeadascale (catchment-scale) attributes. Those in green are reach-
scale (segment-scale) attributes. Grades reflect a continuum of health comtdised on the degree of impairment to natural system processes relative tdigiurbance reference: A = negligible impairment, B = mild impairment, C
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Stream Health Report Card:
South Arkansas River, Two Rivers segment
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Riverscape health

significant impairment, D = severe impairment, and F = profound impairmergri€fior evaluating the watershed-scale variables may be fourghert24. Criteria for the reach-scale variable areshreet 25
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Stream Health Report Card:

South Arkansas River, Lowry-Treat segment
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Off-site stressors

Stressors are the anthropogenic impacts that cause impairment via disrupticatucah
processes, leading to declines in system health and function. Improving strelth
depends on our ability to relieve or mitigate stressors or, in the caserfecvation, to
prevent the accumulation of more stress by future actions. It is therefatieal to know
the causes of impairment if we hope to treat them. On-site stressors have fifeite
within the stream corridor on the reach and can generally be treatedach-scale
restoration efforts. Off-site stressors (those that act in the contribgitivatershed or
landscape), on the other hand, must be treated at the watershed or landssegde. Off-
site stressors (and the impairment they are responsible for) are generally treated
constraints when evaluating feasibility of reach-scale restorati@hcamservations actions.

Stressor Explanation

Diversions (withdrawals) Exported water (withdrawals)

Irrigation runoff/return flows [Return flows (including water and any pollutants)

Large inline dams and reservoirs (the South Arkansas
watershed has only a few small reservoirs)

Wildfire burn scars or significant forest health issues in
watershed €.g.beetle kill, clear cuts, etc.)

Urban and commercial development in watershed or
contributing area

Rural and agricultural development in watershed or
contributing area

Highways, roads, railroads, etc. in watershed or contributi
area

River management (stabilization, channelization) or
impairment €.g.incision, riparian loss)

Pollution from active or abandoned mines in watershed
(acidity, metals, turbidity, etc.)

Dams/reservoirs

Forest health/development

Urban/commercial land use

Rural land use

Transportation corridors

Fluvial management or
impairment

Off-site (within watershed/contributing area)

Mining

Identifying trade-offs and feasibility

The purpose of stressor analysis is to clarify the causes of impairment so plann&rsusaan
impacts that can feasibly be addressed in restoration or conservation. In theorstraagor
could be removed or mitigated to improve riverscape health, but restonadctions to mitigate
stressors almost always involve a tradeoff of other values. A cornerstaymodfrestoration
planning is the ability to identify what tradeoffs are necessary to accomgtiskervation and
restoration goals so decision-makers can evaluate them in cost-benefisasaly

Since flow regime on the South Arkansas is impaired by

(theoretically) could be to curtail water diversions, but wat
use can be a very difficult stressor to mitigate. In most cases
in this diversion for the Harrington Ditch, a source of municiy

water for Salida) benefits to riverscape health are outweight

Urban, residential, and commercial developme

t 38 E A]JSZ E A o+ v

depletion, one strategy for restoring riverscape hea

by other usesi(e.,the need for city water. Mitigating the’
impacts of water diversions would involve a com
collaborative effort on a watershed scale
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There are several mines in the watershed, most notably
the Monarch Mine on Monarch Pass. While hard rock
mines are generally a common source of water pollution
in other watersheds, there are no apparent water quality
issues from mining on the South Arkansas. Other
watershed-scale impacts visible in the photo include
surface disturbance related to the mine, forest clearing at
Monarch Ski Area, and Highway 50. Combined, these
stressors probably have little impact on the health of the
reach of the Arkansas below CR 107.

h&@ v v EUE o

are increasing land uses in the watershed. R
development and agriculture are more historic
uses, but urbanization and developme@
pressures are on the rise. Stress fo
surrounding land use may impact flow regimesss
materials supply, water quality, and landscagé
support. These constraints limit the potential fQF
improving riverscape health and resilience \ié
reach-scale conservation and restoration effor



Land use in stream corridor: urban, commercial/industria
residential, infrastructure, transportation corridor
Rural/agricultural landLand use in stream corridor: rural, pasture, agriculture,
use naturalized open space, parks, disturbed open land

Onssite stressors are the causes of impairment that can potentially be addressed in
reach-scale restoration projects.

Channelization and leveesre ubiquitous on this reach of the South Arkansas, as they are on m
low-gradient streams of this size across the U.S. Containing and contraidagstwere
widespread and necessary practices during the settlement era to put river b@ttwhihto
production and to create transportation routes like bridges, trails, roadgiays, and railroads. It
was relatively easy to excavate channels, build berms, and drain feEmodpéven in the 1800s when
the roads and railroads were first built and when this land was ghirtdustrial-scale ranching
operations. Channelization, levees, revetment and other engineering practicestiolcand
contain rivers accelerated in the mid-1900s through federal government programshesel
activities are apparent in historical aerial images of the South ArkansasHadrtihe.

Development

o
(]

Onssite (within stream corridor/ripariah zone)

Road/bridge Roads and bridges in stream corridor

Levees/channelizatiolLevees and channelized river segments

River segments stabilized with engineered structures,

Bankichannel armor |, ored bankse.g. fip-rap)

Channel structures
(dams/weirs)
\Woody material Lack of woody material recruitment (due to stabilization
recruitment/removal [riparian degradation) or removal of woody material
Exotic or invasive

Diversion structuregjams, weirs, vanes

Restoring stream health on highly managed riverscapes like the South Arkandas difficult. It is
not that entrenched rivers cannot be reconnected nor that levees afedlifto remove. It is more
a question of whether current land use and social constraints wollvall. Reversing the impacts of

Exotic or invasive plants

"'SUBAIND 0G AemybiH ayi Jo weansdn uonezijpuuey)d

river engineering to restore the natural processes that maintain stream eald functionv vegetation/weeds : : _ :
allowing them be natural and wildmeans giving up some control. Finding opportunities where Biotic impacts Exotic or species, biotic management, keystone species
these tradeoffs are acceptable is the key to planning successful andnsisaiestoration. impacts, beaver extirpation or removal, culling

i g

X Levees like these (above and below) were constructed during
channelization projects in the 1940s or 50s by excavating the
channel bed to build berms to create an incised channel with
elevated banksy a double-whammy in terms of entrenchmer.

X Channelization below the CR 107 bridge X A levee built to create a dam for an off-channel pond. X A deeply entrenched channel through ranchlan



Land use in the riverscape

Riverscape lands are commonly put to use for valuable purposes. It makes sensdafivedy

flat floodplain valley-bottoms are where rich hydrated soil is foundrid environments. They
also make great building sites. There has been much to gain in converérsgape to other
land uses, but there is also a tradeoff in stream health and fundBoerscape land use is
probably the dominant stressor to stream ecosystems. In addition to the laggasfan and
wetland habitat, putting riverscapes to use almost always means havicanteol the flow of
water and other fluvial processes via channelization, entrenchment, armoring slevee
floodplain fills, and other methods to protected the land from fluviedgesses. Because of
that, riverscape land use usually involves a suite of additional secondary impacts.

Some land uses are more impactful than others. Land cleared for pasture ortageicatain
some habitat and ecological functions, especially when they are kepbyvwetigation. They
also provide some floodplain functions where seasonal inundation or saiarean be
tolerated. Areas of the riverscape that have been filled or developetidusing, roads, or
other important infrastructure are more impactful. These areas provide tittleo aquatic or
riparian habitat, and they cannot function as floodplain. Developmentsimihe stream

corridor introduce liability in that they must be protected againatural fluvial processes and

predictable hazard. To keep them safe, riverine
processes (including inundation, erosion, and
deposition) must be controlled and confined to
a fraction of the historic riverscape extent,
which is especially difficult in watersheds
subject to drought, wildfire, and floods.
Engineering solutions to this dilemma
necessarily involve tradeoffs to stream health
and natural functions.

A basic mapping exercise shows 38% of the
riverscape on this reach of the South Arkansas
has either been filled or developed (or is in the
process of being developed) for residential or
transportation uses. 40% is cleared for
pastureland. 2% is engineered ponds or
constructed wetland. That leaves 20% for
aguatic and riparian habitat.

all

Land use in stream corridor

constructe
pond/WL

cleared/
pasture

X 73% of the riverscape on the TR segment is being developed. Active ripe
habitat occupies 9%.

V The VS segment was a historical cattle ranch, with 59% cleared antbusiedades
as pasture, grazing, and hay. Most of the old pastureland is now cityspzae.



Hard points:Bridges, culverts, dams, weirs, vanes, revetment, and diversions serve importambhgriite protecting infrastructure ithe fluvial hazard zone, facilitating
transportation, and providing water to ditches. These hard points are also aesofistress to riverine systems that may disrupt natural hydrologicamgeehological, and
ecological processes. The 6 bridge/culvert crossings on the reach (white squaneshoap below) force a channelized and entrenched stream form. figstict the natural
spread of flows through a riverscape and constrict floodways, cutting aésado floodplains. Weirs (circles) similarly require a static channelizedrarenched form at most
discharge levels, but they are les restrictive to floodplain functiamig large floods. Banks armored with revetment, vanes, spurs, or other stesctriangles) prevent lateral
migration and stream adjustment, forcing a static channel form anditiabilbig floods. Diversions (blue arrows) are points where water accesthesl must be maintained.

Geographically, the hard points work as a series of constraints. They acepstiais at which hydrological, geomorphological, and ecological processedencshtrolled, to
some degree, to keep the structures maintained and functional. This less@et@ segments in between the structures where natural processes (and @dtiemtprocess-based
restoration) involving woody material transport and accumulation, sediment depasgcour, channel migration, branching, beaver dams, floodplain activdtyporheic flow,
and riparian vegetation regeneration and succession can be tolerated.
Bridges and culverts (along with the roads and trails they connect) candoation barriers to
both aquatic and terrestrial fauna, as are weirs which create hydrautips and segments of
high velocity flow that can be difficult for fish and other organs to navigate W
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Flow regime SWS VS| LT | TR
Total volume C-| C-| C{ C
Peak flow C| C C C
Base flow D+| D+| DH Dt
Rate of change B-| B-| B-| B-
Flow regime | C- | C- | C-| C

Flow regimeis a primary determinant of the structure and function of riverscape eceByst Geomorphological
chemical and biological processes are adapted to the characteristic hydragndphay become impaired with
changes to the natural flow regime. Flows vary greatly through a season @otlk Arkansas, with peak flows
typically occurring during snowmelt runoff in May to June, low flows in summearallyinter, and short-term peaks
during rainstorms. Variation also occurs from season to season with varyingeclirthe 2014 SAWC study concluded
that flow regime impacts are the greatest source of impairment to stream healtthe lower South Arkansas.

The magnitude, duration, and timing of discharge may be impacted by cumukatv@ise impacts in the watershed
(e.g.,forest clearing, impervious surfacedc.). Increasing forest health issues and climate change may increase the
potential for catastrophic wildfire and subsequent large-magnitudedk, but outside of these big events watershed
land impacts to flow regime are probably minor compared to direct managemerdgwfréigime and depletions for
water use. According to records available on the CWCB Colorado DecispamtSystem (CDSS) website, there are
more than 150 water rights in the watershed with a combined dischérgegreatly exceeds average annual flow of
the stream (it even exceeds normal annual peak flow). A complex systamater calls assures that diversions and
releases are timed to reduce effects on stream flow and other water users, anel gortion of the water diverted

from the stream remains in the corridor. Nevertheless, the magnitude témese indicates potential for depletions
and major impacts to flow regime.

Changes to total volume, peak flow, and base flow regimes may be evaluated by comfayeays of actual
discharge data from the SOAKTECO stream gage (on the South Arkansas édemntdssee Ditch) to predicted
flows calculated regression equations (Capesius and Stevens 2009) and watesiaetecistics (obtained from the
latest USGS Colorado StreamStats tool). The results suggest flow magnitude bmpateissolume, peak flows and
base flows. Impacts to the rates of flow change were inferred from an evatuat daily hydrograph records and the
proximity off large diversion points.

volume of water passing the
SOAKTECO gage expressed as
percentage of annual flow
predicted by regression model$
for the watershed for the time of
record. Over 11 years, percent
total volume ranged from 21% tg
98%. The average was 509
median 48% which correspond
to severe impairment (>40%
departure).

* For 2010, the percent of predicted

total volume is based on 10 monthgd

(March through December). For 2020,

the percent of predicted total volume is|

based on 10 months (January throug
October).
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Flow regime SWS VS | LT | TR
Total Volume C_ C_ C_ C .......................................................................................................................................................................................................... 10_year peak
Peak flow cC|l c| C C (919 CFS)
Base flow D+| D+| D+ D+ &
Rate Of Change B_ B_ B_ B_ 6 .......................................................................................................................................................................................................... 5_year peak
Flow regime | C-| C-| C-| C ® (723 CFS)
g 2019
?
6 .............................................................. 2_year peak
% (468 CFS)
1=
=
@
E ................................................................ 2_year peak
>
£ 5018 2020 calculated
o (~220 CFS)
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X W | (oManthly maximum discharge at the SOAKTECO gage (blue line) is shown relptedidted peak flow statistics. Results indicate
significantly to severely diminished peaks.

Predicted 2-year peak discharge, @@ 468 CFS, observed is approximately 220 CFS (n=11). Pregljisc@llQ CFS, observed is 620 (n=11)
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Materials supply SWE VS| LT | TR
Sediment supply B | B B B
Organics (wood, detritus) C+| B- | C+| CH

Materials supply

| B-[FB7[ B-] B

X The 2014 SAWC report expressed concern about potential for increased sedlimeiue to land use disturbance on erodible soil in the

Materials supplydescribes the supply of sediment, wood and detritus to the reach from the comindpwatershed. The
upper watershed has little development (1%) or other intense land use and4dd@@sted. Sediment often comes to the
reach in pulses during acute rain events on erodible tributary drainagesiisee 26. The greatest potential impact to
sediment supply is related to the increasing risk of extreme forest firéeei watershed. Many of the depositional streams
that would naturally capture sediment runoff rom burn scars are nonfunctismfire-related sediment loads will pass

more directly to the reach without much potential for attenuationtmrffering in the watershed.

watershed (left), and channel erosion due to local vegetation impactsgcameersion or wetland to upland or bare ground (right).

Any increases to fine sediment
supply may be offset by
artificially high scour energy on
the reach. In its channelized
form with high velocity flows
and high stream power, shear
stress keeps sediment moving.
Fine material and detritus are
flushed through and rifle
embeddedness is extremely
low. High rates of bedload
transport are observed in years
with significant peak flowsW

V The 2014 SAWC report
expressed concern about
excessive sediment deposition on
the reach downstream of CR 107
based on observed silt and
detritus accumulation after
thunderstorms in 2012. Silt and
fine organic material like this does
accumulate temporarily, but it
rapidly flushes when flows reach
moderate discharge. Areas of fine
sediment substrate and detritus
accumulations such as leaf packs
are in fact extraordinarily rare on
this reach of the South Arkansas.

Wood and detritus supplyX

W

Wood jams
(above)and wrack
(below) are
indicators of
recent large
woody material

supply.
wW

W

Systematic wood
removal from the
stream (as evidenced
by wood spoils like
those in the upper
photo) is part of
maintenance plans on
the South Arkansas to
reduce the risk of
clogging crossings (like
the one at Highway 50
in the lower photo)
that were not designed
to pass natural loads of
large woody material.

w



Water quality SWS VS| LT | TR
Temperature B- | B- | B-| B-

Nutrients, organics B B B B
Chemical conditions, inorganics | B+ | B+| B+| B+

Water quality | B | B | B | B

Water Qualitydescribes the physicochemical condition of water
supplied to the reach from its watershed. Because it is important
to human health and so many other designated uses, water
guality is one of the most carefully monitored aspects of stream
health. Colorado Department of Health and Environment
(CDPHE) reports based on these data rate the South Arkansas in
the highest category (level 1) of water quality with all designated
uses assessed and found to be attaining (see legend to right).

oH e sample ——max std ——min std X There are several stressors in
10.0 the watershed that could
potentially impair water quality
(most notably the industrial

T [ J [ [ . .
s 808 * % . * mines and agricultural land uses
° along the valley bottom). But
6.0 given the positive report from

Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 state regulatory agencies and
lack of any other indicators, only
mild impairment is predicted.

Nitrate e sample ——max std

10 V Central Colorado
Conservancy is one of several
S organizations monitoring water
° guality parameters. None of
0oe® ® o ©* o 0 o ° their results suggest anything
Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 more than mild water quality
impairment. Measurements for
Zinc e sample =acute std 3 analytes are shown (left)
400 compared to CDPHE standards
for the sampling location on this
reach. The Conservancy is also
200 = = - - - - = monitoring standard indicators
for nutrient loading, metals
0 o e e o o o 0o o o o contamination, ance. coli.
Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20

mg/I

mg/I

1r | Landscape supportoncerns the influence of the surrounding landscape
on riverscape health including potential impacts from surrounding land

D| use and ability of adjacent land to buffer them. Terrestrial and aquatic

D4 connectivity are landscape-scale factors affecting the flow of energy,

Landscape Support SWSVS | LT
Land use and buffer c|C]| C-
Terrestrial habitat connectivity | C- | C- | D+
Aquatic habitat connectivity B+ | B+ | B

B- | matter, and organisms between the reach and surrounding areas. The

Landscape support

jclclc| b

assessment focuses on a 250-m buffer area (light purple inner area) and
500-m habitat connectivity envelope (darker purple outer area).

Stressors to landscape
support include the high-
intensity land use adjacent
to the reach to the north
(the town of Salida), lower-
intensity land uses to the

south and east, and
barriers to migration and
dispersal throughoutW

The biggest impediment to
fish and wildlife movement
through the South
Arkansas corridor may be
the constriction of the
riverscape and effective
riparian zone to a fraction
of its natural historical
extent (seesheet 13.

V Connectivity to the main stem of the Arkansas River (background in the phc
below) is particularly important. The biggest migration/dispersal barrier betw
these two critical habitat corridors is Highway 50 which bisects théhSou
Arkansas riverscape on the reach. Connectivity is limited to movement throug
the two culverts (left), or over the 3-meter-tall highway embankment, restrict
migration and causing habitat fragmentatioN.

V Weirs and other hydraulic jumps are thought to be potential migration besrie
to fish and other aquatic species.



Riverscape hydrology

SWSVS | LT | TR

Frequently saturated area

D+l C-| D| D

Valley bottom/ASC

D-| B-| D+| D-

Flood-prone area

D |C+| D | F+

Riverscape hydrology

D] C| D] D

Riverscape hydrologis defined by the extent of saturated
or inundated area during low flow periods, seasonal peaks, from 10% on the SWS and TR
and floods. The ability of aquatic habitats to function
depends greatly on the distribution of water at these

regular frequencies.

X On the segments that are not entrenched, and where natural
processes like aggradation and wood accumulation are tolerated,
frequently saturated area is much wider than on more highly impaired

&E <p vS0oGC - SPE S & W segment| % hydric
Frequently saturated area may SWS 10%
be identified by the distribution VS 44%
of aquatic habitat and hydric LT 16%
vegetation (shaded blue), which TR 10%
all 19%

Is currently limited to 19% of
the stream corridor (outline)
over the reach. Values range

segments, 16% on the LT
segment, to 44% on the VS
segment.

Entrenchment severely limits riverscape hydration and flood-prone area onetith even during runoff and peak flows, leaving channel-adjacent lands high a
dry. A relative elevation map (topography data from 2011) illustrates dggeak to which areas of the riverscape and floodplain are perched abové#émnelized
riverbed. The degree of channel entrenchment (low to extreme) and cross-vadidyfils (dashed lines) are also shown. Entrenchment and floodplain disconn
is caused by both channel bed lowering (degradation and floodplain rdigiry levees). Four cross-valley roads act as dikes that constrict ovdibask

through narrow openings at bridges or culverts, preventing both surface \aatkigroundwater from accessing portions of the riverscape downstream. The
combined effect of entrenchment, fill, levees, and dikes is severe impainoeiverscape hydrology at base flow, seasonal peak flows, and fl§¥ods

\ Recently
filled/graded

segments. \

Riverscape hydrology is improving on the VS segment as channel Degree Olf_gvr:/tzinlc ?tmem \

entrenchment heals following aggradation and wood accumulation. The Moderate 21-2 ft \

. , BN High (2-3 ft)

image below shows the extent of saturated area in November 2020. B \ery high (3-5 ft .
Extreme (>5 ft)

Y The geomorphic impacts described above are exacerbated by diminished flow regim@ngeaudreater impairment to riverscape hydrology.
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Riverscape dynamics SWSVS | LT | TR
Geomorphic plasticity D B-| C-| D-
Fluvially active zone D|C+| D | D-

Stream evolution D- | C+| D+| D-
Riverscape dynamics | D | C+ | D | D-

Riverscape dynamids the extent to which geomorphic
riverine processes are operating across the riverscape,
including stability and evolutionary stage. Dynamic
processes are severely limited on most of this reach due to
the channelized, entrenched, and straightened condition.

The static condition is fine for control and containment of the stream
and protection of land and infrastructure (at least during period®of

or normal flows though perhaps not during extreme floods), but it
stagnates important stream health processes such as the maintenan
of riparian vegetation, wetland, habitat quantity and diversityygical
heterogeneity, biodiversity, and floodplain connectivity. The VS segm
is in the best condition due to natural recovery. The stream is bewpmi
less entrenched, better connected, and more dynamic, following rece

sediment aggradation and wood accumulation.

From: Cluer & Thorne (2013) D@0.1002/rra.2631

A A A
[ '} | { \
Delineation of the reach by current stream evolutionary stage.
segment| % hydric
SWS 4%
VS 52%
LT 14%
TR 7%
all 19%

X The extent of dominant hydric vegetation, which varies from 4% to &2%e
reach, is key indicator of entrenchment, connectivity, and evolutionaryestag



Riparian vegetation SWEVS | LT | TR
Riparian extent D| C D | F+
Biodiversity and endemism C| B-| B-| C
Regeneration/succession D-| C | C-| D+
Riparian vegetation | D | C | C+ | D

Riparian vegetatioris on of the most important
indicators of system health since the extent,
distribution, diversity, and regeneration reflects
the full suite of hydrological, geomorphological,
and biological processes. Vegetation along the
margins of the channel is good, but it is highly
altered over most of the rest of the riverscape.

X Constructed herbaceous wetlan _f

Y Dry woodland on levees

Y Wet woodland Y Recent disturbance, dry herbaceous Y Constructed wetland, likely to develop into wet herbaceous

I 4
Y Wet woodland (left), wet herbaceous (righg) Y Developed area with narrow band of wet woodlajd Y Developed area with recent landscaping

Riparian vegetation

segment wet el
Welele|ETale N /oTole|E13[e Bl herbaceoud herbaceou
SWS 14% 34%
VS 15% 44%
LT 0% 66%
TR 0% 13%
all 6% 36%

X Simple remote vegetation mapping shows the relative percentage of basiidoal guilds in the riverscape. 13% is wet or mesic woodland (primatitynevood and
willow with hydric or mesic understory) and 6% is dry woodland (primaritgrewvood with mesic to xeric understory). Wet herbaceous is 6% (a mix wibdgfes,

rushes, and grasses with dominated by hydric and mesic species) and 36 % is @cgdesi{mostly mesic and xeric grasses and rushes, including some areas that ar
irrigated hay meadow). 39% is disturbed/ developed area (mostly bare or devedwpas such as roads, buildings or construction areas under devetdpvite mixed
sparse vegetation or landscaping). Constructed ponds are counted irogededrea. Open channel area with no canopy was not counted.



Physical heterogeneity SWSVS | LT | TR
Riparian heterogeneity D+| C| D+| D
Aquatic heterogeneity D-| D+| D| D
Micro-scale heterogeneity D+ C-| DY D+
Physical heterogeneity | D | C-| D | D

X Aguatic and riparian habitat heterogeneity is severely lacking on

most of the reach due to channelization.

Aquatic habitat is homogenous gravel-cobble-bed riffle with few gool
or other structural features except where wood initiates scour and
deposition. Much of the riparian zone is homogenous pastite.

Vv

Habitat complexity in
the VS segment is
improving where
wood and coarse
sediment has been
accumulating to
create scour pools,
backwater pools,
slack water, wood
cover, detritus packs,
side channels,
emergent wetland,
and both coarse and
fine structural
heterogeneity to add
diversity to the
otherwise
homogenous plane-
bed riffle bedform
that exists over most
of the rest of the
reach.

Vv

Vv

More importantly,
wood accumulation,
log jams, and beaver
activity induces
bedload deposition to
reverse the effects of
channelization and
entrenchment,
promoting the natural
processes that sustain
habitat complexity for
the long term. Fluvial
activation of
floodplain areas and a
raised water table
across the riverscape
are prerequisites to
riparian vegetation
recovery,
regeneration, and
maintenance.

Vv

Aquatic biota SW$ VS| LT | TR

Trophic structure B- | B-| B-| B-
Biodiversity and endemism C+| CH CH C+
Aquatic biota |c+| c4 c4 Ct

Aquatic biota is the most difficult aspect of stream health to ev&lua
empirically. Studies to accurately quantify aquatic biodiversity, comtyuni
structure, and population dynamics are rare and often challenging topreer
due to the complexity of trophic structure (food webs) and intriea®f intra-
and interspecific interactions. Nevertheless, biotic processes are often key
drivers of stream health, especially on broad low-gradient riverscapesiike t
reach of the South Arkansas, so we do our best to account for impairment
caused by impacts to aquatic biota.

Our assessment of trophic structure, biodiversity, and endemism comes largely
from indirect evidence of potential limiting factors. Water quality ahdrical
environment is relatively unimpairedtfeet 17, and routine benthic
macroinvertebrate samples from riffle habitats tend to corroborate thisth&t
same time, the channelized conditioshget 11and19) and diminished flow
regime Eheet 1415) means that there is far less aquatic habitat compared to
reference, and much less habitat diversity. Macroinvertebrate specieshhae

in fast gravel-cobble bed riffles are well-represented, but others tequire

slow water, fine sediment, wood, leaf-pack substrates, or emergent vegetation
are probably severely lacking.

Algae, aquatic macrophytes, and emergent vegetation are rare or absent on thi
reach due to the entrenched channelized condition, potentially ligipnmary
production. From a trophic perspective, however, the supply of energy from
allochthonous organic material is a greater contribution of energy to foellsw

on mountain streams compared to situphotosynthesis. Detritus supply is
depressed given the impairments to riparian vegetation, but there isystdtl

cover of deciduous trees and shrubs on upstream reaches to supply leaf and
wood material §heet 16.

Another important factor to biotic integrity is connectivity to neighboring
habitats, allowing the dispersal and migration of organisms into and otlnteof
reach, as well as the flow of energy and materials. Lateral connectivity across
terrestrial landscapes, as assessed in the landscape support falcemt (17, is
poor due land use and habitat loss in the surrounding area. Longitudinal
connectivity along the stream corridor, tributaries, and the main stem of the
Arkansas River is more important to aquatic organisms and probably less
impaired. However, numerous weirs, poor habitat , and frequent periods of
critically low flow may create seasonal barriers to aquatic migration.

Another very important influence that aquatic biota has on stream healthe
activity of keystone species. Beaver, which one played a keystamérol
hydrological, geomorphological, and biological processes on the South Arkans
are absent on the reach. Historical aerials and anecdotal evidence suggests th
they have been largely inactive on the reach for at least the/@gstears. When
they have colonized the reach in recent past, the animals have baiekly
removed and their dams destroyed. Absence of this keystone ecosystem
engineer species is a key factor in the degree of impairment to riverscape
hydrology, riverscape dynamics, riparian vegetation, and physical heterdgenei



Conservation and restoration opportunities

Framing the question

(E -} dee to constraints from land use, development, or infrastructure. Any oppities to reverse past impacts
should be explored, but many will simply be off the table. The cross-¥élilegonstrictions, channelized and
entrenched stream forms at CR 107 and Highway 50 are probably here talsayse, historical land use,
developments, and infrastructure in the riverscape must be respected and pedtethe South Arkansas was
engineered, channelized, entrenched, leveed, and armored to meet specific reaetije riparian areas were
disconnected, cleared, cultivated, and developed for desired land useseallmes where these needs still exist,
there may be little opportunity to reconnect the riverscape to naturalitliand ecological processes.

The 2014 SAWC study concluded that the causes of stream health impaohiee South Arkansas

River are (1) that flow regime is diminished, (2) that the currently aptivgon of the stream corridor

has been greatly reduced, and (3) that the that the stream withénnarrowed active corridor is
channelized, entrenched, and greatly simplified. Our limited assessment veryagress with these
findings. Similarly, the articulation of the problem and potential &storation on page 95 of the SAWC
report is very much in line with our conclusions and that of a pralcgmcess- %0 %0 (EAS tHAN "
river has reacted to these changgise altered flow and sediment regimes and the greatly narrowed and
channelized active stream corridpiumans have responded in many small ways at isolated locations as

Similarly, many of the on-]§ ¢SE +¢}Ee* VV}S ( ] oC & u poktical}<€hcial] 8rj¢étodomi¢} E "

if the stream and the floodplain are separate, which they ate $occessful restoration requires clear
understanding of the nature and extent of the disturbancevels as the nature of the channel and

floodplain processes where restoration is planned.Z «3}E]vP «3E u Z 038Z E «p]JE « A

approachthatis® « }v §Z v SUE o %o E Jor thataredmidsiiy Irvthe watershed or

stream system. In addition to improving the chances of projecessgthis process-based approach has

the added benefit of increasing the likelihood that watershed and ripayatem will respond to future

changes, such as extended drouittflood or wildfire or other natural or human-caused disturbance),

S

Problems with traditional engineering solutions

The alternative that the SAWC report offers for coping
Qvith diminished flows and channelized entrenched
streams on occupied riverscapeto decrease the

footprint of the existing channatseems like a bad

idea, however. Although it is a common engineering

% E S] U SZ }v %S gén@ler rvg-vivP 7
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If improving stream health and resilience is our goal, and if we want the improventebésdustainable
and long-lasting, we need to account at appropriate scales for thaseal processes and address the
nature and extent of disturbance and underlying causes of impairmenné&@ed to be looking for
opportunities to protect natural processes where they are operating and tmmreshem where they are
disrupted. We need to be thinking on the scale of watersheds and rivegscapt focused singularly on
dressinga channel. Thet & %} ES &E u]\VSucqessBilAvatershed and riparian restoration
projects require an understanding of the natural components andgsses operating in the watershed

« A oo «}(38Z <}]o }vd £33 ]v AZ] Z & o3 %HNE]ishé&paEdpise fsthisE
study and this report.

So, what opportunities for process-based conservation or restoration exigtis reach of the South
Arkansas? The question forces us to be practical because, as the 2014 SAWtafes:t* ~ } u
aspects of past and current impacts can be changed, while othemstcavhether for political, social, or
economic reasons.This is why it is so important to understand the anthropogenic causespaiiment.
Some stressors can be practically alleviated, while others cannot.

The impacts to flow regime, for instance, probably cannot be changed, atrletst a practical and
meaningful way. While it would undoubtedly be beneficial, restoargalthier flow regime would
involve major changes to the allocation and use of water in the basime $@ople would have to be
asked to give up legal rights to divert water for other beneficial usess& boncepts may be feasible on
some level, but they are beyond the scope of reach-scale restoratioonsecvation efforts. Other
watershed- and landscape-scale impacts such as sediment regime, water qualigndadape support
are similarly out of scope and are best thought of as practical limitationsolimg these aspectsf
stream health are worthwhile endeavors, but they require larger-scal®astand collaboration to
change the situation at the appropriate watershed or landscape scale.

constrained stream corridors viastepped floodplain

redesign(as recommended in the 2014 SAWC report,  x piagram from the 2014 SAWC report illustrating the
pages 104-105 and 110-111) is not a viable path 10 stepped floodplain redesigipproach to stabilizing and
restoring stream health or resilience on a significant  enhancing entrenched streams. (The dotted line reflects
scale because it does not address the causes of reconfigured floodplain inside the entrenched channel.)
impairment nor restore natural processes or functions.

If applied, this approach would best be described as an example of argfitiahcementor containment, not
restoration (see the glossary asheet 3for clear definitions of these terms). Treatments proposed under this
approach €.g.,creating narrow floodplain benches within the entrenched channel,istatg banks, installing weirs
and other artificial structurestc.) might meet short-term enhancement, containment, or stabilization objectives on
local scale, but they are no substitute for the natural processes wWtaeh become disrupted. These treatments
cannot confer much benefit in the way of restoring riverscape healtictional lift, or resilience because they
operate at the wrong scale. They cannot improve watershed-scale streanh ffigetbrs and can only make marginal
gains in reach-scale stream health factors such as riverscape hydrolegscape dynamics, riparian vegetation,
physical heterogeneity, and aquatic biota.

Moreover, enhancing the existing channelized river condition to erbabitat on a miniaturized channel in a
narrower corridor with diminished flows is a step in the wrong directigiin respect to resilience. While the
magnitudes of daye-day discharge and ye#am-year peak events are clearly diminished by water use, the potential
for extreme flood events remains relatively unchanged. If anything, the pialdar extreme events is increasing

due to climate change, poor forest health, and increasing developmeheiwatershed. The lessons to be learned
from around the state of Colorado are that the potential for large dl@vents is still very real and that entrenched
streams with shrunken floodplains do not accommodate them. Flood energy Kpesentially when historically
wide active floodplains are confined to narrow entrenched floodways. Mireafloodplain benches, stepped multi-
stage channels, and other enhancements within the artificially confineceatrénched reaches of the South
Arkansas would do little to reduce exposure to fluvial hazard or improvieerese.



Conservation and restoration opportunities

A natural process-based approach

A better approach that is more line with the process-based thingimgioted throughout the SAWC report
would be to restore other aspects of stream health to make the system molerggo diminished flows
while still being able to accommodate floods and other disturbance avé&hich an approach also critically
would provide refugia, habitat diversity and complexity that hasothise been diminished through past
stream corridor interventions. Opportunities where local restoration aadservation efforts can feasibly
improve stream health and resilience on the South Arkansas are limitewpeies where on-site

stressors can be effectively treated. Tovesite stressors responsible for most impairment on this reach are:

(1) channelization and levees, (2) land use and development within thexstesidor, (3) roads, bridges,
and structures and (4) biotic impacts such as wood recruitment, beaver aciindyriparian vegetation
regeneration/succession.

Working closely with landowners towards mutual restoration and consemvaoals is the cornerstone of
Central Colorado Conservancy and Trbut o ] u ] Ssteywardship mission. It is also an absolute prerequisite
to successful process-based restoration. Given the current land ownershipysan and development
pattern, the best opportunity to improve stream health through consgion or restoration on this reach is
on the VS segment (land currently owned by the City of Salida and the Saydlg) extending upstream to
include a portion of the SWS segment (land currently owned by the Soutl@eeservation Corps and the
Wykoff family) because this is where landowner goals and values align with pioassd restoration
strategies. (1) These are the properties where the effects of channelizatiievees might be feasibly
removed without harming current land use or risking damage to infrastructuréagtnrestoring these may
actually better protect these properties and infrastructure in the aestream corridor) ; (2) these are the
properties where current land uses exist or can be planned in a waattammodates fluvial processes
over much of the riverscape; (3) these properties have no important roadges;idr structures that must
be accommodated or and protected (or where they do exist there is poteoti@rmove them); and (4)
these are properties where biotic processes like wood recruitment, beaver actindyiiparian vegetation
regeneration/succession can be tolerated and even promoted.

Land use on this section of the stream corridor has moved on from histordisdtrial-scale ranching, the
stream is much less entrenched and beginning to recover naturally, andahibet direct causes of

Planning concepts for conservation and restoration of the priority segment

A process-based restoration plan for the priority segment would involvéadilmving:

1. Planning future development to allow expansion of the riverscape tduhextent of the stream corridor. Land
uses within the active stream corridor would have to be planned to todesaid accommodate natural processes such as
regular floodplain activation, ground saturation and/or inundatiorguscdeposition, development of riparian vegetation
communities, and wetland.

2. Prescribing treatments that mitigate the dominant stressors of past chaat®in, historical land uses (i.e., cleared
and drained pastureland), wood removal, and beaver extirpation by mingckromoting, and sustaining natural
processes that these stressors disrupted. Active interventions may includeneatd such as temporary structures that
use natural materials to promote aggradation and more frequent activatiaratidral flow paths and floodplains,
structures that mimic wood accumulation and beaver activity, and revéigetefforts such as planting and managing for
native riparian species. Passive treatments would involve management that &iliothe accumulation and transport of
woody material and beaver dams.

3. Identifying potential conflicts with neighboring properties and planningtswis beforehand. If the active stream
corridor is expanded on this segment, there would have to be a plan teaslghotential for expanded hydration and
more frequent overland flows on downstream segments. The natural accumulatiwoody material may make more
wood available for transport, potentially increasing maintenance demanttseatlighway 50 culverts downstream. If
beavers are permitted to colonize, the potential for beaver conflicts on neighg properties should be anticipated
and addressed with appropriate coexistence strategies. The plan musiddsess needs to maintain the two existing
diversion points on the segment as well as meet legal dry-up requirements oopdrties.

4. d} ES Vv JVP E *3}E 3]}V ((}ESe U%*3SE u FEIEIEG] ]¥8B ¥Z A JEC %5 @ p%s> (
at the Southwest Conservation Corps property would involve bregdhim existing levees and removing road/trail and
pedestrian bridge that were recently constructed between these prapsriThe constructed wetland on SCC (currently
separated from the stream by a levee) could be incorporated into tleesoape which, because it was built for
compensatory mitigation, could involve some federal regulatory hurdles. usadn the Wykoff property, south of the
current channel, would also have to be planned appropriately if the levethat side is removed.

The combined effect of these activities could potentially improve all thehresztale stream health factors including improved
riverscape hydrology, riverscape dynamics, riparian vegetation, physicabpetezity, and aquatic biota to improve stream

impairment can be practically and feasibly mitigated. Past levees asd-galley road fills can be removed function, habitat, and resilience via natural processes.

to reverse the impacts of channelization, entrenchment, and floodplain dmssxinand with improved
hydrology native riparian vegetation and wetland can be reegthbll. Simple treatments can be applied to
promote natural fluvial processes such as sediment capture, scour, structuraleootyphnd riparian forest
regeneration. In short, this segment provides a rare opportunity where aafitream ecosystem processes
may occur over a broader portion of the historical riverscape withorgdtening infrastructure or

JV(E]JVP]VP }v % E hetedSEGODseatiofEdnd process-based restoration of the riverscape aligns

well with landowner values of increased natural habitat, floodpfairction, open space, recreation, and
environmental education. It is a perfect fit with the vision of the Ecosystezasning Center (ELC) based on
this site.

On other segments where stream functions are constrained by land use, dewvehbpor infrastructure,
marginal stream health gains or limited enhancement benefits might belgeassing costly engineering-
e JE &ES3](]]1 0 %% E} Z-withip-aZEIASTE "ERFAEE% % (0}} %0 v E
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Evaluation criteria for watershed-scale stream health factors

Watershed-scale variables

A

B

C

D

F

Negligible impairment

No significant impact to processes that support ecosystealth

Mild impairment

Significant impemnent

Severe impairment

Profound impairment

and function.

and function.

Mild or episodic impact to processes that support ecosystealth

Significant or chronic impact to processes that supporisgstem
health and function.

health and function.

Severe and chronic impact to processes that support ecosyst

Profound or irreversible impact to processes that support ecesy:
health and function.

Total volume

Net change from augmentations and depletions less than 109
the total annual volume.

annual volume.

Net change from augmentations and depletions 10-25% of

Net change from augmentations and depletions 25-40% of thal
annual volume.

annual volume.

Net change from augmentations and depletions 40-70% of il

Net change from augmentations and depletions more than 709
the total annual volume.

Peak flow

Magnitude and duration of annual discharge peaks closely
resembles natural hydrograph. Departure from natural peak fl
magnitude less than 10%.

natural peak flow magnitude 10-25%.

Hydrograph has a natural seasonal pattern but peaks are
attenuated, elevated, extended, or shortened. Departure fror|

Hydrograph has a natural seasonal pattern but peaks are
attenuated, elevated, extended, or shortened. Departure fro
natural peak flow magnitude 25-40%.

d natural peak flow magnitude 40-70%.

Disrupted seasonal hydrograph patterns and/or departure fro

Disrupted seasonal hydrograph patterns and/or departure fro
natural peak flow magnitude greater than 70%.

Base flow

Magnitude and duration of base flows closely resembles thieiral
hydrograph. Departure from natural seasonal minimum discha
less than 10%.

minimum discharge diminished 10-25% or increased by 10-5

Hydrograph has a natural seasonal low-flow pattern. Sealso

Periods of biologically critical low flows occur ocoaally. Season

. 50%.

minimum discharge diminished 25-40% or increased by more t|

Periods of biologically critical low flows are frequei®easonal
minimum discharge diminished 40-40%.

Frequent and extended periods of biologically critical faws
and/or periods of no flow occur. Seasonal minimum discharg

Rate of change

Flow rates of change closely resemble natural hydrograph.
Departure in rise and/or fall rates less than 10%

No rapid artificial flow changes. Departure in rise and&il fates
10-25%.

Occasional rapid artificial flow changes. Departure ia aisd/or fal
rates 25-40%.

| Frequent rapid artificial flow changes. Departure in rise/anthll
rates 40-70%.

diminished by more than 70%.

Artificially uniform hydrograph or hydrographs in which cpiaily
fluctuations are common. Departure in rise and/or fall ratesager
than 70%.

Flow regime

Flow regime is natural for the contributing watershed witmimial
anthropogenic impacts. Impairment to hydro, geo, and ecolog
processes are negligible.

ecological processes.

Anthropogenic impacts to flow regime are present, but mild o
episodic, causing mild impairment to natural hydro, geo, and

Anthropogenic impacts to flow regime are significant or cticp
contributing to significant impairment of natural hydiggo, and
ecological processes.

resulting in severe impairment to natural hydro, geo, and ecchd
processes.

Anthropogenic impacts to flow regime are chronic and extrem

Anthropogenic impacts to flow regime are profound, resultimg
complete disruption or irreversible impairment to natural hydrd
geo, and ecological processes.

Sediment supply

Natural rates of sediment supply. Net effect on sediment suppl
the reach are minimal (less than 10%) .

Land uses that affect contributing hillslope erosion pstieam
fluvial erosion are present, but the net effect on sediment syfp
the reach is less than 25%.

Land uses that affect contributing hillslope erosion pstieam
|| fluvial erosion are significant. Net effect on sediment sygplthe
reach is 25-40%.

Land uses that affect contributing hillslope erosion pstieam

reach is 33-50%.

fluvial erosion are severe. Net effect on sediment supply to th

Anthropogenic sediment sources overwhelm natural rates o
sediment supply. Net effect on sediment supply to the reach
greater than 50%.

Organic materials

Natural rates of organic materials supply. Net effect on volum
supplied to the reach are minimal (less than 10%) .

Land uses that affect organic material production or entnaémt
are present, but the net effect on supply to the reach is tess
25%.

Land uses that affect organic material production or entnaemt
are significant. Net effect on supply to the reach is @%4

Land uses that affect organic material production or entnaemt
are severe. Net effect on supply to the reach is than 40-709

Land uses that affect organic material production or entnaémt
are profound and overwhelming. Net effect on supply to the re
is greater than 70%.

Materials supply

The supply of materials to the reach is natural for thetdbmting
watershed with minimal anthropogenic impacts. Impairment t
hydro, geo, and ecological processes are negligible.

Anthropogenic impacts to the supply of materials are presént
mild or episodic, causing minimal impairment to natural hydyeo,
and ecological processes.

Anthropogenic impacts to the supply of materials are digant or
chronic, contributing to significant impairment of natliteydro,
geo, and ecological processes.

Anthropogenic impacts to the supply of materials are cheamd
extreme, resulting in severe impairment to natural hydro, geo,
ecological processes.

Anthropogenic impacts to the supply of materials are profou
resulting in disruption or irreversible impairment to naturaldng,
geo, and ecological processes.

Temperature

Temperature regime is natural and appropriate for a well-
functioning river in its process domain. Negligible anthropage
influence present.

Temperature impacts present, but regime is within the range
natural variability. Natural aquatic biota are minimalypiaired
and regulatory standards not exceeded.

Temperature regime impacts significant enoughptientially affect
natural aquatic biotaRegulatory standards are occasionally
exceeded, Category 3 M&E reaches.

Temperature regime is altered to a degree thaknownto affect
natural aquatic biota and/or regulatory standards are reglyl
exceeded. Category 5 303(d) listed reaches.

Temperature regime is fundamentally altered. Natural biota al
known/observed to be severely impaired and regulatory standg
are chronically exceeded.

Nutrients, organics

Nutrient levels are natural and appropriate for a well-funciiom
river in its process domain.

Nutrient levels are within the range of natural variability, el
aquatic biota are minimally impaired and regulatory standaate
not exceeded.

Nutrient levels are altered to a degree that they significaaffect
natural aquatic biota and/or regulatory standards are atoaally
exceeded. Category 3 M&E reaches.

Nutrient levels are altered to a degree that is known to affect
natural aquatic biota and/or regulatory standards are freqtly
exceeded. Category 5 303(d) listed reaches.

Nutrient levels have fundamentally altered the physicochemic|
environment. Natural biota are severely impaired and/or regulaf

Chemical conditions,
inorganics

Physico-chemical conditions are natural and appropriateafovell-
functioning river in its process domain.

Physico-chemcial conditions are within the range of ndtura
variability, natural aquatic biota are minimally impaireddan
regulatory standards not exceeded.

Physico-chemical conditions are altered to a degree thatdo
potentially limit natural aquatic biota and/or regulatosyandards
are occasionally exceeded. Category 3 M&E list

Physico-chemical conditions are altered to a degree th&hmwn to
be limiting to natural aquatic biota and/or regulatory st#ards are
regularly exceeded. Category 5 303d listed waters.

standards are chronically exceeded.

The physico-chemical environment is fundamentally altered. N&|
biota are severly impaired and/or regulatory standards are

chronically exceeded.

Water quality

Water quality is natural for the contributing watershedtfwi
minimal anthropogenic impacts. Impairment to hydro, geo, ar|
ecological processes are negligible.

Anthropogenic impacts to water quality are present, but nold
episodic, causing minimal impairment to natural hydro, geo, a
ecological processes.

Anthropogenic impacts to water quality are significantchronic,
contributing to significant impairment of natural hydiggo, and
ecological processes.

Anthropogenic impacts to water quality are chronic andrente,
resulting in severe impairment to natural hydro, geo, and ecchd
processes.

Anthropogenic impacts to water quality are profound, reguitin
disruption or irreversible impairment to natural hydro, geo, an
ecological processes.

Land use and buffer

Terrestrial habitat

High-intensity land uses or development with impervious surfa
bare soil, and structures covers less than 10% of the baffea.

Less than 10% habitat loss within the habitat connetgtienvelope

High-intensity land uses or development with impervious surfa
bare soil, and structures covers 10-25% of the buffer area.

High-intensity land uses or development with impervious surfa
bare soil, and structures covers 25-40% of the buffer area.

High-intensity land uses or development with impervious surfas
bare soil, and structures covers 40-70% of the buffer area.

High-intensity land uses or development with impervious surfas
bare soil, and structures covers more than 70% of the buffea.a

connectivity

(HCE) and no significant barriers to migration or disperfal
terrestrial organisms.

10-25% of habitat in the HCE is lost or isolated fromrdach by
impermeable barriers and/or permeable barriers affect a great|
portion of surrounding habitat.

25-40% of habitat in the HCE is lost or isolated fromrérach by
impermeable barriers and/or permeable barriers affect a great]
portion of surrounding habitat.

40-70% of habitat in the HCE is lost or isolated fromrérach by
impermeable barriers and/or permeable barriers affect a great
portion of surrounding habitat.

More than 70% of habitat in the HCE is lost or isoldtech the
reach by impermeable barriers and/or permeable barriers affed
greater portion of surrounding habitat.

Aquatic habitat connectivity

There are no significant barriers that prevent migration opdisal
of aquatic organisms within the entire ecoregion and upatneto
headwaters.

Impermeable migration/dispersal barriers are within 10 miles
and/or there are minor migration/dispersal impediments on th
reach or adjacent reaches.

Impermeable migration/dispersal barriers exist within 5 mileg
and/or there are multiple migration/dispersal impediments on t
reach or adjacent reaches.

Impermeable migration/dispersal barriers exist within 2 mileg
and/or migration/dispersal is severely impeded on the reach
adjacent reaches.

The reach is effectively isolated. migration/dispersal is detaly
impeded on the reach or adjacent reaches.

Landscape support

The surrounding land and buffer area is in natural caoditwith
minimal anthropogenic impacts. Impairment to hydro, geo, ar

ecological processes are negligible.

Anthropogenic impacts to the surrounding land and buffexeaare

present, but mild or episodic, causing minimal impairment tg

Anthropogenic impacts to the surrounding land and buffexeaare
significant or chronic, contributing to significant iaipnent of

natural hydro, geo, and ecological processes.

natural hydro, geo, and ecological processes.

Anthropogenic impacts to the surrounding land and buffexeaare

chronic and extreme, resulting in severe impairment to naturg
hydro, geo, and ecological processes.

Anthropogenic impacts to the surrounding land and buffexeaare
profound, resulting in disruption or irreversible impairment to

natural hydro, geo, and ecological processes.




Evaluation criteria for reach-scale stream health factors

Reach-scale variables

A

B

C

D

F

Negligible impairment

Mild impairment

Significant impainent

Severe impairment

Profound impairment

No significant impact to processes that support ecosystesith
and function.

Mild or episodic impact to processes that support ecosystealth
and function.

Significant or chronic impact to processes that supporisgstem
health and function.

Severe and chronic impact to processes that support ecosyst
health and function.

Profound or irreversible impact to processes that support ecesy:
health and function.

Frequently saturated area

Natural pattern of hydration during average annual flow negi
Area of land saturated during growing seasons is decreassd |
than 10%. (> 90% intact).

Area of land normally saturated during growing seasons is
decreased 10-25%. (75-90% intact).

Area of land normally saturated during growing seasons is
decreased 25-40%. (60-75% intact).

Area of land normally saturated during growing seasons is
decreased 40-70%. (30-60% intact).

Area of land normally saturated during growing seasons is
decreased more than 70%. (<30% intact).

Valley-bottom (ASC)

Natural pattern of hydration during average annual flow negi
Area of land saturated during normal runoff is decreased tlean
10%. (> 90% intact).

Area of land normally saturated or inundated during normalaffir
and frequent high flow events is decreased 10-25%. (75-968t)n

Area of land normally saturated or inundated during normalaffir]
and frequent high flow events is decreased 25-40%. (60-7&2¢t)n

Area of land normally saturated or inundated during normalaff
and frequent high flow events is decreased 40-70%. (30-668t)n

Area of land normally saturated or inundated during normalatfii]
and frequent high flow events is decreased more than 70%. (<
intact).

Flood-prone area

Less than 10% decrease in natural flood-prone area where
inundation can be tolerated. (> 90% intact).

10-25% decrease in natural flood-prone area where inundatizm
be tolerated. (75- 90% intact).

25-40% decrease in natural flood-prone area where inundatizm
be tolerated. (60-75% intact).

40-70% decrease in natural flood-prone area where inundatim
be tolerated. (30-60% intact).

More than 70% decrease in natural flood-prone area where
inundation can be tolerated. (<30% intact).

Riverscape hydrology

Riverscape hydrology is natural for the reach context withimah
anthropogenic impacts. Impairment to hydro, geo, and ecolog
processes are negligible.

Anthropogenic impacts to riverscape hydrology are present, b
mild or episodic, causing minimal impairment to natural hyadyeo,
and ecological processes.

Anthropogenic impacts to riverscape hydrology are significant
chronic, contributing to significant impairment of natutsydro,
geo, and ecological processes.

Anthropogenic impacts to riverscape hydrology are chronic af
extreme, resulting in severe impairment to natural hydro, geo,
ecological processes.

Anthropogenic impacts to riverscape hydrology are profound
resulting in disruption or irreversible impairment to naturaldng,
geo, and ecological processes.

Geomorphic plasticity

Less than 10% corridor length impacted by channelization,
revetment, or other activities that prevent normal erosion an
deposition processes. (> 90% fluvially active).

10-25% corridor length impacted by channelization, revetment,
other activities that prevent normal erosion and deposition
processes. (75-90% fluvially active).

25-40% corridor length impacted by channelization, revetment,
other activities that prevent normal erosion and deposition
processes. (60-75% fluvially active).

40-70% corridor length impacted by channelization, revetment,
other activities that prevent normal erosion and deposition
processes. (30-60% fluvially active).

More than 70% corridor length impacted by channelization,
revetment, or other activities that prevent normal erosion an
deposition processes. (<30% fluvially active).

Fluvially active zone

Less than 10% decrease in fluvially active area where natur
geomorphic processes and disturbance is tolerable. (> 90% )nt

10-25% decrease in fluvially active area where natural geomor,
processes and disturbance is tolerable. (75- 90% intact).

25-40% decrease in fluvially active area where natural geomor
processes and disturbance is tolerable. (60-75% intact).

40-70% decrease in fluvially active area where natural geomor
processes and disturbance is tolerable. (30-60% intact).

More than 70% decrease in fluvially active area where natura
geomorphic processes and disturbance is tolerable. (<30% int

Stream evolution

The stream is in a natural geomorphic state of evolution
appropriate to its geological and ecological setting.

Some anthropogenic shift in evolutionary stage but with antfe
towards the native state.

Significant anthropogenic shift in evolutionary stage atabilized
or slightly altered with a trend away from the native state.

Severe anthropogenic shift in evolutionary stage and stabilare
significantly altered with a trend away from the nativetsta

Artificially entrenched and channelized reaches with noepoial
for natural recovery.

Riverscape dynamics

Anthropogenic limitations or impacts to riverscape dynamics g
minimal or nonexistent. Impairment to hydro, geo, and ecologi
processes are negligible.

Anthropogenic limitations or impacts to riverscape dynamics g
present, but mild or episodic, causing minimal impairment to
natural hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to riverscape dynamics g
significant or chronic, contributing to significant iaipnent of
natural hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to riverscape dynamics g
chronic and extreme, resulting in severe impairment to naturg
hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to riverscape dynamics g
profound, resulting in disruption or irreversible impairment to
natural hydro, geo, and ecological processes.

Riparian vegetation extent

More than 90% of potential riparian area is occupied ypjidal
native riparian vegetation.

75-90% of potential riparian area is occupied by typicive
riparian vegetation.

60-75% of potential riparian area is occupied by typicive
riparian vegetation.

40-60% of potential riparian area is occupied by typicive
riparian vegetation.

Less than 40% of potential riparian area is occupiedypical nativ
riparian vegetation.

Vegetation biodiversity and
endemism

Preponderance of native flora and fauna, without spread of
aggressive or noxious species.

Native species predominate with only minor invasion by exot|
species. Noxious species rare. Diversity decreased 10-259

Small populations of noxious species may occur, and/agrafiant|
proportion of the species are exotic or aggressive natives. Diye
decreased 25-40%

Noxious weeds, aggressive species, or exotics may be prevale
dominant. Diversity decreased 40-70%

Riparian area has little to no characteristic vegetatioive3ity
decreased >70%

Regeneration/succession

Riparian community is in a natural seral state appropriatés
geological and ecological setting and characteristic vegetas
regenerating sustainably.

Some anthropogenic shift in riparian community compositien b
with a trend towards the native state and sustainable regetien.

Significant anthropogenic shift in riparian community carsiion
and stabilized or slightly altered with a trend awaynfrthe native
state. Poor regeneration.

Severe anthropogenic shift in riparian community compositiod
stabilized or significantly altered with a trend awayrfréhe native
state. Poor to no regeneration.

Characteristic riparian vegetation not present or no longer
regenerating.

Riparian vegetation

Riparian vegetation is natural for the reach context with imial
anthropogenic impacts. Impairment to hydro, geo, and ecolog
processes are negligible.

Anthropogenic impacts to riparian vegetation are present, butn
or episodic, causing minimal impairment to natural hydro, gewml
ecological processes.

Anthropogenic impacts to riparian vegetation are significant
chronic, contributing to significant impairment of natuteydro,
geo, and ecological processes.

Anthropogenic impacts to riparian vegetation are chronic an
extreme, resulting in severe impairment to natural hydro, geo,
ecological processes.

Anthropogenic impacts to riparian vegetation are profound,
resulting in disruption or irreversible impairment to naturaldng,
geo, and ecological processes.

Riparian heterogeneity

Structural guilds present with distribution, patchiness,
interspersion, canopy cover and vertical distribution of plan
material in ASC differ less than 10% from native reference.

Structural guilds present with distribution, patchiness,
interspersion, canopy cover and vertical distribution of plan
material in ASC differ 10-25% from native reference.

Structural guilds present with distribution, patchiness,
interspersion, canopy cover and vertical distribution of plan
material in ASC differ 25-40% from native reference.

Structural guilds present with distribution, patchiness,
interspersion, canopy cover and vertical distribution of plan
material in ASC differ 40-70% from native reference.

Structural guilds present with distribution, patchiness,
interspersion, canopy cover and vertical distribution of plan
material in ASC differ more than 70% from native reference

Aquatic heterogeneity

Diversity, distribution, and richness of geomorphic structurd a|
micro-scale velocity/depth combinations differ less than #@8m
native reference.

Diversity, distribution, and richness of geomorphic structurd al
micro-scale velocity/depth combinations differ 10-25% frontivea
reference.

Diversity, distribution, and richness of geomorphic structurd a|
micro-scale velocity/depth combinations differ 25-40% frontivea
reference.

Diversity, distribution, and richness of geomorphic structurd a
micro-scale velocity/depth combinations differ 40-70% froative
reference.

Diversity, distribution, and richness of geomorphic structurd al
micro-scale velocity/depth combinations differ more than 708sm
native reference.

Micro-scale heterogeneity

Diversity, distribution, and richness of substrate and miciadesc
micro-scale velocity/depth combinations differ less than If68m
native reference.

Diversity, distribution, and richness of substrate and micilesc
velocity/depth combinations differ 10-25% from native refereng

Diversity, distribution, and richness of substrate and micilesc
velocity/depth combinations differ 25-40% from native refereng

Diversity, distribution, and richness of substrate and micidesc
velocity/depth combinations differ 40-70% from native referen

Diversity, distribution, and richness of substrate and micadesc
velocity/depth combinations differ more than 70% from nativg
reference.

Physical Heterogeneity

Anthropogenic limitations or impacts to physical heterogéyeire
minimal or nonexistent. Impairment to hydro, geo, and ecologi
processes are negligible.

Anthropogenic limitations or impacts to physical heterogéneire
present, but mild or episodic, causing minimal impairment to
natural hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to physical heterogéneire
significant or chronic, contributing to significant iaipnent of
natural hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to physical heterogéneire
chronic and extreme, resulting in severe impairment to naturg
hydro, geo, and ecological processes.

Anthropogenic limitations or impacts to physical heterogépeire
profound, resulting in disruption or irreversible impairment to
natural hydro, geo, and ecological processes.

Trophic structure

No significant stressors exist. Community structure is
representative of the native, undisturbed condition.

Some significant stressors are present, but all functiguilds are
appropriately represented and filled by native species.

Food web complexity and depth lacking, but most important
functional guilds are appropriately represented even when
composed of nonnative species.

Food web complexity and depth lacking. Some important fonet
guilds are impacted or poorly represented.

Food web profoundly simplified or altered. Important functabn
guilds are absent or severely diminished.

Aquatic biodiversity and
endemism

No significant stressors exist. Reference community structutfe
predominantly native species, characteristic distribution, age
structure, and biomass.

Community structure consists of mostly native species. Digion,
age structure, or overall biomass of species may be slightyealt

Community structure is altered. Exotic species may be comm)|
diversity lacking, and/or species distributions skewed, butiexo
species generally fill natural niches.

Community structure is severely altered and may include a
preponderance of exotic species, major loss of diversity or sevq
limited keystone species.

Community structure is fundamentally altered. Examples ireld
communities dominated by exotic species, monocultures, seve
depauperate biodiversity.

Aquatic biota

Aquatic biota diversity and trophic structure is naturaba
characteristic with minimal anthropogenic impacts. Impairment

hydro, geo, and ecological processes are negligible.

Anthropogenic impacts to aquatic biota diversity and traph
structure are present, but mild or episodic, causing minimal

impairment to natural hydro, geo, and ecological processes

Anthropogenic impacts to aquatic biota diversity and traph
structure are significant or chronic, contributing to sfgzant

impairment of natural hydro, geo, and ecological processes

Anthropogenic impacts to aquatic biota diversity and traph
structure are chronic and extreme, resulting in severe impairme!

natural hydro, geo, and ecological processes.

Anthropogenic impacts to aquatic biota diversity and traph
structure are profound, resulting in disruption or irreversible
impairment to natural hydro, geo, and ecological processes




Watershed characteristics

Summary watershed characteristics obtained from USGS
Colorado StreamStats



2018 CNHP wetland map with potential historic wetland

Map produced using the Colorado Natural Heritage Area watershed pigutonlbox:
https://cnhp.colostate.edu/cwic/tools/toolbox/



Relative elevation map

A relative elevation map shows terrain elevations relative to the elevatidhe channel bed
at corresponding longitudinal position, by color, according to the legéagographic data
are from a 2011 LiDAR survey and do not reflect land changes that ocsiurced

A
X
B Y 3
C E
Z
D F K
G L
H

Examp|es: Point A is 6-7 feet h|gher than the channel bed at point X. Point E is 2-3 feet hlgher than the channel bed at pOint Y.Point J is 7-8 feet hlgher than the channel bed at pOint Z. Cross-va"ey fill for H|ghway 50 sits
Point B is 2-3 feet higher than the channel bed at point X. Point F is 1-2 feet higher than the channel bed at point Y. Point K is 9-10 feet higher than the channel bed at point Z.  10-14 feet above the riverscape
Point C is 5-6 feet higher than the channel bed at point X. Point G is 3-4 feet higher than the channel bed at point Y.Point L is 6-7 feet higher than the channel bed at point Z.  syrface elevation. Areas

Point D is 5-6 feet higher than the channel bed at point X. Point H is 5-6 feet higher than the channel bed at point Y. downstream have been filled and
Point | is 1-2 feet higher than the channel bed at point Y. This segment is severely entrenched. graded for development since the
This segment is deeply entrenched below the natural pre- 2011 LIDAR survey.

disturbance riverscape surface elevation (or geomorphic This segment is only slightly entrenched. The ridge at
floodplain) marked by Points A, C, and D. Point H is either a natural geomorphic feature or possibly
fill.



1954

By 1954, the reach was already highly channelized. Most of the riverscapgeebadonverted for rural
and agricultural uses, especially irrigated hay meadow and pastureland. Ripatt@mood forest and
shrubland had been cleared, with less than 3% remaining. There were 5rossthgs (bridges or
culverts) and 3 major roads with significant fill spanning the strearridor. Levees were present on

several segments, and apparently recently constructed.

Existing riparian
forest/shrubland

1954

Existing riparian
forest/shrubland

Levees

Levees

Construction in
stream corridor

Margins of stream corridor (natural riparian extent)



1961

Between 1954 and 1961, two of the road-stream crossings were removed. gkadlti
development occurred in the stream corridor at the upper end of theleaad a section

of riparian forest/shrubland was cleared.

New development
in stream corridor

Riparian
forest/shrubland
cleared

1961

Crossing removed

Crossing removed

Margins of stream corridor (natural riparian extent)



1976

Between 1961 and 1976, there were no new major land use changes in theapersc
corridor.

Margins of stream corridor (natural riparian extent)



1999

Between 1976 and 1999, Highway 50 was enlarged, creating a larger phypsidaidrological barrier
the stream corridor. There was extensive urban development in town northeofiverscape corridor.
Riparian forest/shrubland expanded on segments in the middle of the reegment, but the total rip
forest/shrubland area was still less than 5% in 1999. Two ponds were cdestrcriverscape marg

across

arian

ins.

New development north
of stream corridor

Riparian
forest/shrubland
expanding

Highway 50
enlarged

Ponds
constructed

Margins of stream corridor (natural riparian extent)



2005

Between 1999 and 2005, riparian forest/shrubland continued expandetdurn
segments in the middle of the reach. Two more new ponds were constructbd stream
corridor. New construction disturbance was evident upstream of Highway 50.

Pond
constructed

Riparian
forest/shrubland
expanding

Construction in
stream corridor

Pond
constructed

Margins of stream corridor (natural riparian extent)



2011

Between 2005 and 2011, urban development encroached on the riverscapéheith
construction of a hotel and parking lot in the stream corridor on thpargortion of the reach.

New development
in stream corridor

Margins of stream corridor (natural riparian extent)



2013

Between 2011 and 2013, there appeared to be little significant lanathiaege in the
stream corridor.

Margins of stream corridor (natural riparian extent)



2018

Between 2013 and 2018, construction disturbance was evident above and bighway 50.
Floodplain fill, drainage, and new roads for the Two Rivers housing devefdphat will occupy most
of the stream corridor below Highway 50 were in progress in 2018 A newtrahdhd bridge were
built, creating a new corridor-spanning physical and hydrological bamigiconstriction point.

New road and
bridge crossing

Construction in
stream corridor

Construction in
stream corridor

Margins of stream corridor (natural riparian extent)



2019

In 2019, construction of the Two Rivers housing development within and adjectre
stream corridor was well underway. New roads and trails were constructadd adjacent to

the corridor upstream.

New development north
of stream corridor

Development in
stream corridor

New roads/trails

Margins of stream corridor (natural riparian extent)



