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Executive Summary

The Morgan Bottom section of the Yampa River is an 11 mile section that is highly unstable in

both the horizontal and vertical directions. This section has 12 reaches delineated that

individually produce as much as 30 times compared to the estimated stable or reference
erosion rate expected for this reach. For the entire Morgan Bottom the sediment supply rate
from bank erosion alone is at least 15 times higher than expected which produces an excess of
16,500 Tons/yr of sediment from ban k erosion that is depositing in the reach and being

transported downstream. The erosion that is being observed within Morgan Bottom is
accelerated because of a nthropogenic influences of the past 150 years.

There are multiple actions 0 rtreatments that ¢ an be done to reduce the sediment supply and
land loss and bank erosion. Treatment options have a variety of risk sand cost sfor each
treatment. The individual treatment of reaches have dependencies on the treatment of other
upstream or downstream reache  s. The geomorphological processes that are adjusted through
treatment may have a positive or negative effect on the river processes upstream and
downstream of the reach  in question . In addition, there are risks to not taking action as well.

This report provide s detailed options by reach on how the stakeholders can achieve reliable

irrigation water supply from the existing diversions while improving the physical processes and

the biological function ing of the Yampa River within the Morgan Bottom. A summ ary of the
hydrologic condition of each reach is provided here. Reach 1 contains the Marshall Roberts
point of diversion on a side channel . This reach is confined by the railroad and highway . If
nothing is done, there will be ¢ ontinued downcutting  which will require a push up dam in the
future to maintain ditch flows  as well as ¢ ontinued costly maintenance for railroad

embankment . Reach 2 contains the Gibralter Ditch point of diversion on outside of bend. This
reach is ¢ onfined by railroad and highway , the h ighway and railroad bridges lock  the riverin
place . If nothing is done, there will be ¢ ontinued downcutting  which will require a push up dam
in the future to maintain ditch flows as well as the r ailroad bridge and embankment will require
additional stabilization as well as continued erosion. Reach 3 contains the William ditch point of
diversion which requires a push up dam in most years to maintain adequate flow into the ditch.

This reach is confined by the Gibralter ditch and the county road . The right b ank has eroded
and high shear stress is found against the Gibralter ditch embankment . Further downstream
additional bank erosion and high shear stress is resulting in excessive erosion and land loss on the
northern un -vegetated bank . If nothing is done, an a nnual push up dam will be required in the
future to maintain ditch flows into the Williams ditch, the  Gibralter ditch will continue to be
undermined , and there will be ¢ ontinued excessive loss of agricultural land on the northern

bank . Reach 4 contains the Walker ditch point of diversion which currently requires dredging a
diversion channel through the depositional gravel bars in the main channel of the Yampa River

to maintain adequate flows into the ditch. The mid -channel island is over-wid e and instab le and
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there is bank erosion throughout this reach  , bare banks leading to sedimentation , and i ncreased
flooding on the lower meander . If nothing is done, a nnual dredging of a diversion channel will
be required to maintain Walker ditch flows . There will be ¢ ontinued extreme loss of agricultural

land on the northern bank  and a h igh likelihood of a cutoff forming on the lower meander . In
reach 5, the mid-channel island is over-wide and instab le and there is bank erosion throughout
this reach , bare banks leading to sedimentation , and significant headcuts have developed on

the big mushroom -shaped meander . In nothing is done, there willbe ¢ ontinued extreme loss of
agricultural land , as well as a h igh likelihood of the meander cutoff will result in forming 1,600ft
chute and a northern oxbow. In reach 6, an a nnual push up dam for Shelton ditch is required to
ensure adequate flows. The mid -channel island is over-wide and instab le and there is bank
erosion throughout this reach , as well as b are banks leading to sedimentation . If nothing is
done, there will c ontinue to be the need for an annual push up dam for Shelton ditch  as well as
continued bank erosion . Inreach 7,the mid-channelisland is over-wide and instab le and there
isbank erosion throug hout this reach , bare banks leading to sedimentation , and headcuts on

the meander . If nothing is done, the m eander cutoff is likely . Inreach 8, the b ank height is
greater than 50ft. The sediment supply from this bank erosion is very large. The mid -ch annel
island is over-wide and instab le and there is bank erosion throughout this reach . There is also a
historic point of diversion . If nothing is done, there will be ¢ ontinued excessive sedimentation

from the high bank . Inreach 9, the mid-channelisla nd is over-wide and instab le and there is

bank erosion throughout this reach  , and b are banks leading to sedimentation . There is also a
historic point of diversion . If nothing is done, b ank erosion will continue . Inreach 10, ¢ ar bodies
and scrap metal line the left bank , and b are banks lead to sedimentation . No major risks exist in

this reach if nothing is done, since it is fairly stable. In reach 11, the c ity of Hayden water

treatment plant intake  is along the bank of the river.  Headcuts on the meander will lead to a
high likelihood that the water intake for the city of Hayden will be cut off from the river if nothing
is done. Bare banks are also leading to sedimentation . Inreach 12, ther oad bridge leading
north out of Hayden locks the river in place and b are banks are leading to sedimentation . There
are n 0 major risks in this reach as it is fairly stable.

Stantecds preferred treat radignhentamte elimensionind ofid®¥ ef t he r e
the Yampa River, while providing a reconnecti on to a more constant floodplain surface. The

preferred option reduces the uncertainty and risk to infrastructure and property loss by designing

a channel that will more efficiently and consistently route sediment and water through the reach

without initi ating accelerated bank erosion. The preferred option is currently the most complex

construction project with the highest proposed capital cost estimated at $11,415,000. This option

will provide more reliable water supply by having points of diversion at more stable geomorphic

locations on the Yampa River and by raising the base flow water surface elevation and low flow

water surface elevation through reconnection to a higher floodplain surface. This reconnection

of the river will also benefit the long  -term sustainability of the riparian and aquatic species.

This proposed project is costly and will require cooperation to obtain adequate funding sources
to complete the preferred treatment option in a timely manner. The completion of a master

plan based ont his reconnaissance level geomorphic assessment and report will be critical to

outline a path forward and the initial construction phasing.
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The Morgan Bottom Reach is approximately a 15 mile section of the Yampa River that is
geomorphically unstable and located near Hayden Colorado and is . Bank erosion, as
evidenced by lateral channel migration, has led to aggradation in some sections of the r each.
These aggraded sub -reaches lead to additional bank instability and erosion, further increasing
sediment supply in the Yampa River. As a result, multiple properties adjacent to the river are
experiencing high rates of bank erosion putting infrastructu re and property at risk.

This Reconnaissance Level Assessment (RLA) has five primary objectives

1)) To identify sediment sources and channel instability linked to specific processes that have
been influenced by  the historic and current  river management activit  ies

2.) To clarify, identify and refine problems related to geomorphic stability

3.) To locate potential problem areas and delineate reaches that require more detailed
predictive level assessment (PLA)

4.) To propose concept level design  sfor remedies and possible remedial treatment

5.) To assist with the master planning process and predictive level assessment

A reconnaissance level geomorphic assessment was used to identify areas of active erosion and
serves as a first step to prioritize areas for a comprehensive survey, design and restoration. A
stakeholder group represented by Geoff Blakeslee has requested this reconnaissance level
geomorphic assessment and reporting . The assessment used desktop computer techn iques and
field data collection techniques.

The reach of the Yampa River assessed with this project was 11 mile s long extending from 500ft
upstream of Marshall Roberts POD to the CR80/River View Drive in Hayden . The watershed area
of these reaches range f rom 1360 square miles at the upstream beginning of the assessment to
1460 square miles at the downstream end of the assessment.
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1.1 NATURAL CHANNEL DES&N

The RLA uses principles of Natural Channel Design (NCD) as taught by Dr. Dave Rosgen of
Wildland Hydrol ogy. There are currently three philosophies related to natural channel design.

One design philosophy is the analytical Channel Restoration Design for Meandering Rivers as
proposed by the United States Army Corps of Engineers (Soar and Thorne, 2001). Th is design
philosophy is well suited to situations where there is limited field data for existing or desired
conditions. Another design philosophy is predictive channel design as proposed by Drs. Wilcock

and Pitlick (Wilcock, 2008). This philosophy deals  with statistical analysis of variance between
stable forms of channels. The predictive method looks at uncertainty in hydraulic parameters

and the sensitivity of a calculated effective discharge. A more commonly used approach is
that of Natural Channel  Design as proposed by Drs. Rosgen and Leopold. This philosophy
analyzes reference reaches to serve as a template. This design philosophy is dependent on the
accurate analysis and representation of reference reaches for a design template.

All of the th ree major stream restoration design philosophies have unknowns and uncertainty
associated with the method and process. Therefore each design philosophy requires an
iterative approach to converge on an optimized design solution. Regardless of choice of de sign
philosophy, the same engineering tools are used to model the design iterations. The issues
associated with a particular project should be considered before a designer selects a
philosophy or design approach. A design firm should not be limited to on e philosophy -- all three
philosophies have their place. With that being said, the majority of the stream restoration
projects completed by the members of Stantec's team have been based on the concept of

natural channel design and tractive channel riffle design. These methods have become the
industry standard in the US which has been actively involved in stream restoration, for more than

15 years.

Stream restoration based on principles of natural channel design is most commonly
accomplished by restoring  the dimension, pattern and profile of a disturbed river system by
emulating a natural stable river or a reference reach. The basis of natural channel design is to
adequately understand the key geomorphic parameters associated with the disturbed and
refere nce reaches. These key parameters include but are not limited to flow regime, sediment
regimes, valley slopes and valley width. Natural channel design recognizes the fact that not all

rivers exhibit similar morphological, sedimentological, hydraulic or b iological characteristics.
Therefore, not all reference reaches can be used for the same disturbed reach. If the key
parameters or boundary conditions are similar, reference reaches from different physiographic
regions can be used for the design of a res  tored channel through a disturbed reach. Proper
utilization of natural channel design requires an intense understanding of both the disturbed and
reference reaches and the appropriate physical constraints associated with each. Each
restoration design sho uld include the survey and evaluation of at least one reference reach. This
reach should be a stream of the appropriate type, same hydrophysiographic region, similar
valley type, watershed type and size, and consist of a similar bed material distribution. A design
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team is required to have a team of trained and experienced scientists and engineers to be able
to effectively interpret and transfer reference reach parameters to a designed channel.

Based on the analysis of empirical data and previous experienc e with natural channel design,
river restoration professionals know that the way to help make a channel stable is by
constructing it in a form that emulates nature. In general, an alluvial river should have the

following characteristics:

A The alluvial river should be sinuous

A The alluvial river should have a riffle/pool complex

A The alluvial river should have access to an effective  and frequently flooded floodplain

If the channel is sinuous, has a riffle/pool complex and has access to a floodplain, the n it will be
more stable and, therefore, capable of delivering better water quality , more reliable water
supply, and transporting sediment without excessive erosion or aggradation . It should be noted
that for conceptual design purposes, the channel will  be defined by a variety of parameters

includ ed during this phase of assessment , the parameters include  but not limited to, the
following:

stream type *

mean riffle depth *

riffle width *

width to depth ratio  (WDR)*

riffle cross-sectional area *

maximum riffle  depth/mean riffle depth  *
maximum pool depth/mean pool depth
linear meander length*

linear meander length to bankfull width ratio*
radius of curvature *

radius of curvature to bankfull width ratio*
meander beltwidth *

meander belt width to bankfull ratio *
individual pool length

pool length to rifle width

pool to pool spacing

ratio of pool to po ol spacing to bankfull width
riffle length

riffle length to riffle width

stream length *

valley length *

average water surface slope *

sinuosity*

Too Joo Too Too T Too Jo To Too To Too T o T To o To o T To o To T

* Denotes geomorphic pa rameters included in this RLA
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If a new channel reaches s constructed using the values for the above parameters from a
stable reach, then the new channel should also be stable. The greater the match between the
new channel and reference channel, the great er the chance of success.
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1.2 PROJECT OBJECTIVEND SCOPEOF REPORT

The project will involve the restoration, enhancement, stabilization and re -establishment of The
Yampa River and adjacent wetland and riparian ecosystems that have been degraded by land
management decisions in the Morgan Bottom region of the Yampa River. Water quantity, water

quality degradation and inadequate and degradation of habitat for fish and wildlife are
considered top resource concern priorities in Routt County. The reliability of water supply to
diversions is the top concern for the private land owners and ra nches within the Morgan Bottom.
Another resource concern  addressed by th is project will be protection of at  -risk wetland and
aquatic species habitat and improvement of plant community diversity in riparian and
agricultural areas. An important, goal of the project is to promote the co -existence of agriculture
and conservation. Some lower priority agro -environmental  topics  of these
restoration /stabilization projects will include but not be limited to f lood protection, buffer
restoration for nutrient reduction, potential cattle exclusion fencing, rotational riparian grazing,
alternatives to push -up dams for water diversions, sediment reduc  tion water quality benefits,
establishment and expansion of riparian and wetlands habitats, and ditch protection.

The project goal as understood by Stantec staff isto provide a measurable improvement in the
reliability , quantity of available water for diversion and quality of water resources in this region by
increasing aquatic habitat availability and diversity, restoring function in riparian and wetland

areas, and increasing the amount of protected land area in riparian vegetation . By improving
function and increasing land area of riparian buffers and wetlands, the project will help reduce

the overall load of non -point source agricultural pollutants entering water bodies in the region.

This outcome will benefit resource  users in the watershed as well as help producers reduce or
avoid the need for regulation of agricultural land use.

An integral part of the  master planning process is to determine if the restoration , stabilization or
rehabilitation can meet the specific pr  oject objectives as formulated by stakeholders , residents,
and local agencies.

Project Goal: Improve the health and irrigation reliability of the Yampa River at Morgan Bottom
by re -establishing its natural process and function.

Objective 1: Create a relia ble source of high quality water for agricultural producers

A Reduce sedi ment disposition

A Reduce erosion and resul ti
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Objective 2: Improve t he natural state and process of the Yampa River for wildlife, native fish,
and people.

A Stabilize st r eamb a nektablishingdtreamsiggerwoodye wi | d i f
plants

A | mpr ove r i v e rdisdowmagingtnent -ndtivefishnati ve fi sh, th
A Facilitate recreational boat passage in t|
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1.3 PROJECT AREA DESCRIFON

The Reach of the Yampa River assessed with this project isan 11 -mile reach from 500ft upstream
of Marshall Roberts POD to the CR80/River View Drive in Hayden. The watershed area of these
reaches range from 1360 square miles at the upstream beginning of the assessment to 1460

square miles at the downstream end of the a ssessment.

1.3.1 Project Location

The Project location is described through the figure below in reference to Hayden US 40 and the
Hayden Airport.

Yampa River - Morgan Bottom Legend

® Brdge

* Hayden

# Morgan Bottom Assessment
&» Thalweg 2014 Morgan Bottom
& Union Pacffic Railroad

& Yampa Valley Airport

Project Location

Figure 1: Project L ocation of Morgan Bottom RLA

1.3.1.1 Land Ownership

The assessed 11-mile section of the Yampa River , traverses through 34 deeded parcels with 17
separate landowners . The average land owners hip has approximately 1.3 milesof Yampa Rive r
frontage alon g the approximate 22 miles of bank in this reach . The large parcels involved in this
reach will allow the stakeholder groups to be more efficient at reaching a management

decision. The two largest landowners are The Nature Conservancy and Pirtlaw Partners LTD. The
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upstream 4 reach esmeasure 4.6 miles in length and have four separate landowners. Detailed
landownership maps are in the Appendix.

Table 1: Land Ownership by Reach

Reach 1 [TNC, Robert H Geason-John W, Taylor
Reach 2dTNC

Reach 24TNC

Reach 34dTNC, Pirtlaw Partners LTD

Reach 34 TNC, Pirtlaw Partners LTD

Reach 494TNC, Pirtlaw Partners LTD

Reach 44 TNC, Pirtlaw Partners LTD, Doug Monger
Reach 5 [Doug Monger, Bruchez Ranch, More, Merrill
Reach 6 [More, Merrill, Williams, Flanders Ranch
Reach 7 |Camilletti, Flander Ranch, State of Colorado DN|R
Reach 8 |State of Colorado DNR
Reach 9 [TNC, State of Colorado DNR
Reach 1gBooco

Reach 11Zehner Trust, Wattle Trust, Town of Hayden,Fulton
Reach 13Zehner Trust, Fulton

NN NI S I N N T TS TN TS SN

=
\I

Number of Landowners

1.3.1.2 TNC and Conservation Easements

In addition to the land ownership of the Carpenter Ra nch , The Nature Conservancy also has
easements on 5 additional parcels within the Riparian Buffer of the Yampa River in this 11 mile
section. TNC has protected over 8,800 acres through ownership and conservation easement
within the Morgan Bottom  reaches.

1.3.2.1 Range and Sectioning of Land

The Land was divided on many of the parcels along Morgan Bottom based on range and

sectioning the land. This process creates property lines and protection of property lines that are
based on an imposed  orthogonal grid and not the river corridor. Other parcels use the center
line of the river as a property boundary. The desire to preserve property lines and limit land loss
has resulted in the anthropogenic hardening of specific river banks. The bank s tabilization in
many of these cases has been temporary and has in fact promoted accelerated bank erosion
downstream of the hardened bank.
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Figure 3: Hardening of River Bank to Limit Land Loss with Downstream Erosion
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1.3.2.2 Railroads and Highways

Morgan Bottom reach of the Yampa River  has geologically been formed with a valley width of
1-1.2 miles though sediment deposition of th e Yampa River across the entire valley. The Union
Pacific Railroad and the embankment of US 40 have confined the floodplain of the upper 1 mile

of Morgan Bottom. The Railroad has also cut off historical floodplain and oxbows from the

Yampa River in the u pper sections of Morgan Bottom. The Railroad has also constrained the

Yampa River near and within the Carpenter Ranch. This constraint ha s eventually limited lateral
migration and created a backwater feature that induced deposition upstream of the Carpent er
Ranch headquarters. The deposition upstream of the headquarters had made the River more
susceptible to a natural re -alignment of the river channel that is referred to as a chute cutoff.
The Union Pacific Railroad and US 40 has significantly affected t he geomorphic response

through this reach.

Yampa River - Upper Morgan Bottom ooenc

«» Abandoned Oxbow

& Lateral Constraint Near Carpenter Ranch
+ Start of Morgan Bottom Assessment

&» Thalweg 2014 Morgan Bottom

& Union Pacific Railroad

& ‘Yampa ValleyAirport

Railroad and Highway Constrains

fl

.

Figure 4: Railroad and Highway Valley Constraints

1.3.2.3 Ranching, Irrigation and Water Rights

Ranching and agriculture in the Yampa River Watershed requires irrigation for successful and
sustainable hay production. Agriculture isthe predominant historical and current land use of the
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Morgan Bottom area that is adjacent to the Yampa River. A better understanding of river
dynamics and morphology  is needed to protect both agricultural investment and the natural
resources. An important goal of the project is to demonstrate and promote the co -existence of
agriculture and conservation. Key  priorities of restoration projects will include but not be limited

to flood protection, geomorphic restoration of channel dimension pattern and profile , fiparian
restoration, alternatives to push -up dams for water diversions, sediment reduction water quality

b enefits, and land -loss protection. so that agriculture and conservation can co -exist. The water
right of each ditch is currently established and the project goals are to ensure reliable and
sustainable delivery of the allocated water right while improving conditions in and adjacent to
the river . The design team for this Morgan Bottom RLA had no knowledge of the water rights,
diversion flow schedule, surveyed point of diversion or any other details of the water rights

related to each individual ditch.

1.3.2.4 Bridges and Crossings

Three bridges are along this section of the Yampa River. The US 40 bridge is located f ~ urthest
upstream , the Union Pacific railroad bridge is located ~2,000ft downstream of the US 40 bridge,
and the last bridge is situated at the terminus of the project reach at CR80 River View Drive in
Hayden. Morgan Bottom has a greater than 9.0 mile continuous section of the Yampa River that

is not constricted by bridge sor other permanent crossing s.
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Yampa River - Morgan Bottom Legend

Bridges and Crossing ! Bndge
«» Thalweg 2014 Morgan Bottom

& Union Pacific Rairoad
&b Yampa Valley Airport

Google earth
¢

£y

Figure 5: Bridge Locations with the Morgan Bottom

1.3.2.5 Push-up Diversion Dams

The Yampa River has incised and cut below the historic  floodplain since the establishment of

many of the current water rights and ditch points of diversion (POD). In many cases as the

Yampa River has incised the low flow elevation also decrease  d and the head is not available for
the established water right. ~ The Yampa River has significantly incised, from the pre  -European
settlement active floodplain, by as much 0.5 0 3.5 ft within the Morgan Bottom reaches. When a
change in point of diversion to an upstream location is not possible because of property
constraints, political constraints or physical constraints, the ditch owners create a seasonal dam

in the river to push up the water surface elevation to the d esired head needed to meet the
established water right and flow into the ditch . Push-up dams loosen the bed sediments and

create a high degree of bed mobility and localized channel instability. These localized channel
instabilities can eventually create r  each wide instabilities as see n on the Yampa River throughout
Morgan Bottom.
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Figure 6: Typical Push -up Dam on the Encampment River in WY . similar dams are
common along the Yampa River

1.3.2.6 Flooding Concerns

While some levees and be rms have been constructed within this section of the Yampa River , the
dynamic nature of the Yampa has led most property owners to build infrastructure ata
significant offset from the river . The roadway embankments and railroad embankments are

above the published 100 -year floodplain water surface elevation based on the Routt counties
HEC-RAS flood model.

1.3.2.7 Conservation Easements

The Carpenter Ranch , owned by The Nature Conservancy , has a conse rvation easement held

by Yampa Valley Land Trust. In addition, The Nature Conservancy has conservation easements
protected over 8,800 acres within the Morgan Bottom reaches. The conservation easement has
been a great tool to allow bottom land and riparia n forest sto re -establish and be preserved.

Therefore, n ot all of the a nthropogenic influences to the Yampa River in the Morgan Bottom
reaches have produced negative geomorphic consequences.
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2.1 BASIC REVIEW OF GEOMDRPHOLOGY

Geomorpholo gy is the study of landforms and the earth surface processes that create, reshape,
and destroy them. Fluvial geomorphology is a specialized sub -discipline devoted to the study of
river landforms that originate, evolve and are destroyed by the complex inter actions of water
flowing over deformable boundaries, i.e. sediment. The balance that rivers continually seek to
achieve between sediment and flowing water is at the heart of understanding the form and

function of river systems. Understanding the function o  f natural and stable river systems that are
in a state of balance is an important first step to identifying and understanding systems that are

not in balance .

At present, the morphology of the Yampa River is indicative of a system out of balance. This

imba lance is manifested in a number of morphological indicators, such as a highly variable

sinuosity, which ranges from 1.05to 2.47. The channel banks are actively migrating at rates that
greatly exceed bank erosion rates in equilibrium systems. The bank ero sion and land los sin the
Morgan Bottom reaches have been predicted greater than 15 times that of a stable reference

reach. Moreover, where the bank erosion is occurring is a further indication of problems, being
prevalent along straight sections of chann el or downstream of armoring on  bends, which is
common in natural systems that are not stable . Other sections of channel are  wider than
expected and unable to convey the sediment load, resulting in excessive deposition on the

channel bed, leading to channe | widening and land loss  and the potential for chute cut -offs,
that are major naturally forming re  -alignments of the river . The riffles or shallow turn over areas
are very short and steep in these reaches of the Yampa River and low flow is skew from the

centerline of channel alignment by up to 60 degrees. These short riffles that are skew from the
centerline of the river are referred to as transverse riffles and direct forces toward the river banks
that increases the rate of erosion

It is equally as imp ortant to understand why sections of the Yampa River are stable as it is to

know wh y some unstable, and to apply this information toward the design of a functioning

channel that avoids the problems that presently threaten stability, or which are likely to further
threaten stability, such as the proposed increase in flows from changes in water management,
high water years or changes in climatic regimes

To this end, a geomorphic assessment was completed for the Morgan Bottom at  Yampa River,
which consisted of four principle components. First, regional relationships were developed

between bankfull discharge and drainage area, as well as bankfull channel dimensions and

drainage area in order to estimate channel bankfull dimensions in ungauged areas. Second,
channel morphology data were collected from representative sections of channel, in unstable

reaches as well as stable reference reaches, to quantify channel form and identify operative

and active processes. The active processes a re the dominate physical processes that form and
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maintain the river, while the operative processes are the processes that could be a catalyst for
large reach wide adjustments.  This task was supported by the analysis of aerial photographs to
measure planfor m characteristics or the pattern of the river in an aerial plan view . Avisual
assessment was undertaken to identify sediment sources and quantify sediment loadings
throughout the Yampa River Morgan Bottom Reach.

The proposed channel design will need to ¢ onvey the supplied sedimentin a manner that
minimizes the potential for excessive erosion and/or excessive deposition. This is particularly true

for the design of an unlined alluvial channel whose boundary will consist of natural sediments
found on the va lley floor. This goal is achievable but only if the geomorphology of the fluvial
environment is understood. As such, geomorphological information critical to the design of an

effective channel includes:

1. Using discharge records to develop a regional curve that relates bankfull
discharge/bankfull dimension to drainage area. This curve was used to estimate bankfull
discharge and bankfull dimension throughout the watershed, including ungauged sites.

2. Identi fying the source of sediment and how it moves through the fluvial system.

3. Quantifying the sediment contribution from the river banks . This information will be used
to develop a sediment model for the watershed to evaluate the design options and to help
develop restorative measures to curb sediment production.

4, Calibrating the sediment model by measuring quantitatively the amount of sediment
being transported by the river, and

5. Collecting morphological data from stable and unstable sections of the Ya mpa River,
which will provide valuable insight into the operative fluvial processes.

It is equally as important to understand why sections of the Yampa River are stable as it is to

know why some are unstable, and to apply this information toward the desig n of a functioning
channel that avoids the problems that presently threaten stability, or which are likely to further
threaten stability, such as increase in flows  during extreme water years like 2011.
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2.2 REACH DELINEATION

The 11 mile section of the Yampa R iver was delineated based on bank erosion potential, degree

of incision, existing riparian vegetation, valley constraints and constrictions, potential
remedial/restoration techniques, stream slope, sinuosity, location of property lines,

anthropogenic activ  ities and width to depth ratio. This section of river was delineated into 12
reaches 1,500ft 9 9,200ft with an average reach length of 4,900ft. The reaches are displayed as
delineated in the figure below with the pin at the beginning of each reach

Figure 7: Reach Delineation and Locations
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