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EXECUTIVE SUMMARY
This report describes a study conducted by Colorado State University, on behalf of the
City of Fort Collins Stormwater Division, to help prioritize future stream management and
rehabilitation work within the City. The following ten streams within the city limits of Fort
Collins were included in the study: (1) Boxelder Creek (downstream of Vine Drive), (2) Burns
Tributary, (3) Clearview Channel, (4) Foothills Creek, (5) Fossil Creek, (6) Langs Gulch, (7)
Mail Creek, (8) McClellands Creek, (9) Spring Creek, and (10) Stanton Creek. The objectives of
the work were to:






Perform a geomorphic assessment on a segment-by-segment basis of the ten streams
listed above to determine channel evolution stage, channel susceptibility to vertical
and lateral erosion, and stream habitat condition.
Use the resulting data to identify geomorphic thresholds that sustain meandering
channels and other heterogeneous physical habitats and use this information to assess
candidate restoration sites by determining if the local geomorphic controls are
compatible with sustaining sinuosity and habitat diversity.
Identify and prioritize future stream management and rehabilitation work through the
development of a Multi-Criterion Decision Analysis (MCDA) matrix that can be used
to select projects that simultaneously improve habitat, reduce susceptibility, and
provide the geomorphic conditions that sustain diverse and stable channels.

Assessments were carried out between June and October 2011. Results, conclusions, and
recommendations are provided in the sections below.
ES.1 Channel Susceptibility




By far, the most pervasive source of channel instability in the surveyed streams is
bank failure induced by amplified durations of moderate flows. Urbanization,
irrigation flows, and stormwater best management practices (BMPs) that do not
control the full spectrum of erosive flows contribute to this response. The cumulative
effects of increased durations of erosive flows on the toes of banks result in
widespread undercutting and cantilever failures.
Stream reaches were assessed for both lateral and vertical susceptibility to erosion
and assigned to Low, Medium, and High risk categories. Results show that the
majority of the streams in Fort Collins have incised down to erosion-resistant
materials including bedrock, hardpan, claypan, or a coarse armor layer. Due to the
more erodible bank material and presence of upland grasses, which provide less rootreinforcement for bank stabilization than riparian plant species, the majority of
streams are at a higher risk of lateral erosion and future widening. This is evidenced
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by the undercutting and resulting cantilever failures that are occurring throughout the
City.
ES.2 Stream Habitat








In several locations, physical habitat has improved since the Zuellig (2001) surveys;
however, there remain widespread opportunities for habitat improvement. In most
instances, habitat has improved due to land-use change and the reestablishment of
riparian vegetation. In other cases, the timing of when the habitat assessments were
conducted have shown that seasonality can greatly affect habitat parameters such as
embeddedness, frequency of riffles, and epifaunal substrate / available cover. In
addition to performing a comparison of past and present physical habitat conditions
using the Zuellig (2001) methods, this study developed and applied a novel protocol
for assessing physical habitat in the study streams. The novel protocol places greater
emphasis on aquatic habitat diversity, the riparian area, and larger-scale parameters
such as connectivity and the effects of grade control and flow regime on aquatic
habitat, thereby reducing the sensitivity of the habitat assessment to seasonal
variability.
Resulting reach grades from the habitat assessments are as follows: 21% were rated
B, 42% were rated C, 26% were rated D, and 11% were rated E. The most limiting
factors were aquatic habitat diversity, riparian vegetation and width, and connectivity.
Grade control structures are widespread throughout Fort Collins and have for the
most part successfully stopped erosion and further stream degradation. However,
grade control in most instances has also negatively influenced aquatic ecosystems by
decreasing habitat diversity through the creation of glide habitat. Furthermore, some
grade control structures are impassable by fish and have disrupted longitudinal
connectivity within the streams. Opportunities for modifying existing grade controls
to simultaneously correct connectivity issues, while supporting the geomorphic
characteristics associated with sinuosity and habitat diversity exist in some locations,
especially where structures are vulnerable to flanking and instability.
The greatest benefits to stream habitat in Fort Collins would come from modifying
selected grade control structures to transform straight glides to more sinuous and
diverse habitats, while also allowing fish passage. Smaller-scale habitat
improvements such as restricting mowing and planting riparian/wetland species such
as willows, rushes, and sedges, can be both cost effective through the use of
volunteers, and greatly benefit stream habitat by improving water quality and bank
stability. There are areas in Fort Collins that currently have functional and diverse
habitat and the importance of protecting these areas from future land-use changes
should be a critical element of future stream management. If surrounding land cannot
be protected through purchase or easement, ensuring that the streams have sufficient
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riparian buffers and that stormwater infrastructure for new developments addresses
the full-spectrum of flows would help maintain existing habitats of higher quality.
ES.3 Geomorphology




Stream survey data collected for this study were analyzed for patterns in physical
parameters that sustain channel stability and habitat diversity. Meandering planforms
were most common in streams with main channel width-to-depth ratios of 3.2 to 5.3,
main channel unit stream powers of 25 to 62 W·m-2 based on existing estimates of Q2,
and bed slopes of 0.0022 to 0.0036 m·m-1. The majority of small streams dominated
by glide habitat had channel unit stream powers of less than 35 W·m-2 based on
existing estimates of Q2. Lastly, there was a preferred range of slope and sinuosity
pairings for functional channels; slopes in this range were between 0.0022 and 0.0045
m·m-1 and sinuosity was between 1.2 and 1.7. Sinuous channels beyond this range
tended to be unstable. To corroborate these findings, several paired reaches—two
subsequent channel reaches with significantly different geomorphic and habitat
qualities whose disparities can be attributed to a control imposed on the channel—
were identified and discussed.
The incised channel evolution model (CEM) by Schumm et al. (1984) was applied to
the streams of Fort Collins. However, given the ubiquitous nature of bank failure
through bank toe erosion, undercutting, and cantilever failure; the standard incised
CEM is of limited applicability in these streams. This study identifies a modified
CEM focused on toe erosion and mass wasting triggered by cantilever failure as the
dominant mode of channel response. The response of many streams in the City has
been halted by grade control in the early stages of the CEM; therefore, there are
numerous segments that are entrenched with near vertical banks and diminished instream and riparian habitat quality.

ES.4 Prioritization




A MCDA framework for prioritizing stream-rehabilitation projects is presented to
target areas where the greatest opportunities exist for simultaneously improving
habitat and connectivity, while stabilizing high-risk, erosion-susceptible reaches. The
MCDA approach is more structured and defensible than best professional judgment,
yet it is much easier to develop and interpret than more sophisticated optimization
schemes. The four major criteria for MCDA scoring are: ecology, cost, erosion, and
aesthetic value.
Although the MCDA matrix is yet to be populated by City staff with weights and
values for the various decision criteria, there are certain key activities that clearly
deserve top prioritization should funding become available for large-scale projects.
The benefits of these projects would affect multiple reaches, and their synergistic
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benefits in terms of improving ecological integrity and restoring stream processes
somewhat transcends matrix analysis. Several examples of such projects are
presented, and their system-scale benefits are discussed.
This study identifies and prioritizes stream reaches for restoration where habitat
degradation and erosional susceptibility may be simultaneously addressed. In this
preliminary analysis, the prioritization is based solely on baseline data (current state
of channel stability and habitat improvement potential) independent of criteria
focused on cost, practicality, and social benefits. Ultimately, these criteria need to be
considered by using the proposed MCDA matrix with input from stakeholders on
cost, practicality, and social benefits before arriving at a final decision.

ES.5 Conclusions
The current states of streams within Fort Collins reflect a wide variety of historical landuse changes that continue to affect responses to a new urban landscape. As a result, many of the
streams are unstable and have become arrested in a state of limited habitat potential. Attempts to
control the instabilities have worked for the most part in terms of preventing further incision, but
they have also contributed to the current disconnected and degraded habitat. As the City of Fort
Collins continues to grow, urbanization will continue to challenge efforts to improve habitat.
However, opportunities for habitat protection and improvement are abundant throughout the City
and taking advantage of these opportunities will help build a more connected and healthy stream
system in Fort Collins. The recommendations and baseline information on geomorphic, habitat,
and susceptibility resulting from this study provide a framework for the City to systematically
target stream management and rehabilitation activities that will address both channel stability
and habitat from a synergistic perspective based on sound geomorphic and physical principles.
As future stream-rehabilitation work begins, it is important to develop a dynamic guiding image
of these streams such that they are managed not only as ―things in space,‖ but as ―processes
through time.‖
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CHAPTER 1. INTRODUCTION

This report presents the findings of a study performed for the City of Fort Collins
Utilities Stormwater Department to quantify the geomorphic, erosional susceptibility, and
physical habitat state of ten streams located throughout Fort Collins. The study was completed
to provide up-to-date data analyses reflecting the most current knowledge in stream-restoration
science in order to prioritize candidate restoration projects. Ultimately, the data—along with
input from the City on ecological and social benefits, aesthetic values, project costs, and
practicality—will be incorporated into a multi-criterion decision analysis (MCDA) matrix to
provide a flexible, rational, and transparent means of selecting stream-restoration projects.
This study was conceived following recommendations made in a report to the City of
Fort Collins (Bledsoe and Beeby, 2011) to fill gaps in geomorphic descriptors, so linkages
between flow regime, habitat quality, and geomorphic context may be better understood and
used to identify appropriate management activities. Past studies have focused on isolated factors
affecting overall stream health including hydrology and sediment transport (Simons, Li, and
Associates, 1982; Lidstone and Anderson, 1992), water-quality best management practices
(BMPs) and aquatic insect abundance (Roesner et al., 2010), and erosion buffers and bank
stability (Lidstone and Anderson, 1996). However, integrating hydrology, stream ecology,
geomorphology, and stakeholder input into a single, holistic stream assessment has not been
attempted.
In addition to urban stream corridors being managed to adequately convey runoff, the
City of Fort Collins recognizes their worth in terms of biodiversity and recreation.
Understanding the current state of physical and ecological parameters and their complex
interactions helps to identify locations where restoration activities would most benefit stream
function. However, the reality is the decision-making process is more complex due to
involvement of stakeholders with diverse preferences, institutional mandates, areas of expertise,
and preconceived notions regarding outcome. Accordingly, these criteria need to be
systematically examined through an organizing framework for rational analysis and alternative
comparison.
This report presents the development of such a framework. First, the degree of erosional
susceptibility is identified for each study site by defining geomorphic controls, and the trajectory
of channel evolution. Second, current habitat features, their relation to channel morphology, and
potential for improvement are identified. Next, the analysis of geodetic data collected
specifically for this study is presented to define a range of conditions within which a meandering
planform with diverse habitat is a feasible, equilibrium channel form. Finally, all data are
compiled into a proposed MCDA matrix to assess which project locations will yield synergistic
benefits to systems by fulfilling goals of habitat enhancement, channel stabilization, and
improving social value, while keeping project cost and practicality in mind.
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In addition to the seven streams identified in the project scope (Spring Creek, Fossil
Creek, Mail Creek, Boxelder Creek (downstream of Vine Drive), Clearview Channel,
McClellands Creek, and Foothills Creek), three additional streams were included in the study
(Burns Tributary, Stanton Creek, and Langs Gulch). Portions of Burns Tributary, Stanton Creek,
and Langs Gulch were added because (1) they are perennial channels within the City limits, and
(2) they have geomorphic and physical habitat attributes that aided in identifying thresholds and
controls on habitat quality. Lastly, although it was included in the project scope, Soldier Canyon
Creek was excluded from the study because upon several site visits it was concluded that its
spatial intermittency, obscure location, short length, and flow control by the upstream trout farm
made it an unlikely candidate for restoration.
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CHAPTER 2. METHODS

The following sections detail field methods used to collect data to support this study. In
general, the types and locations of measurements followed guidelines outlined by Thorne (1998)
and Harrelson et al. (1994). Development of data sheets specific to this study is also outlined.
The level of data-collection detail varied depending on a number of factors. Geodetic
surveys were limited to perennial reaches of streams that are either natural or minimally altered
from their natural state. Portions of streams that are interlaced with canal flows were excluded.
In some cases, habitat assessments but not geodetic surveys, were performed. For example, Mail
Creek (downstream of the Palmer Drive dam) is a stable natural channel in a steep ravine that
would be an extremely challenging total station survey, but the habitat was documented.

2.1 Longitudinal Profile and Planform
Continuous longitudinal profile and planform surveys were performed with a total station
and data collector loaded with Trimble® Survey Pro software. The purpose of collecting these
data was to estimate bed slope, detect major grade breaks, and estimate sinuosity. Points were
recorded from the thalweg at intervals sufficient to represent the channel’s planform shape.
Typically, this distance did not exceed ten channel widths. Where significant breaks in channel
gradient were detected (near grade control structures, riprap, suspected head cuts, and rootwads)
additional points were taken. These points were also given unique descriptions in the data
collector to later assess the structure’s effect on controlling channel form.

2.2 Cross-section Surveys
Cross sections were taken within every reach to define the channel shape. In most cases,
multiple cross sections were taken in a reach with their frequency dictated by the degree of
morphological variability within the reach. The purpose of collecting cross-section data was for
hydraulic calculations, channel evolution stage identification, and future monitoring of channel
erosion.
Points were recorded with the total station at all significant grade breaks within each
cross section. Top of bank, toe of bank, and water surface elevation were noted. Bankfull
elevation was also estimated following guidance from Stream Channel Reference Sites: An
Illustrated Guide to Field Technique (Harrelson et al., 1994).
Two-foot long, #4 rebar, with orange plastic caps and the words ―control point‖ were
permanently set flush in the ground at either end of most cross sections. This was not done at
certain cross sections because they lie on private property. The geographic information system
(GPS) coordinates of the left and right ends of each cross-section were recorded (for cross
sections with rebar, these points correspond to the rebar locations). Additionally, georeferenced
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photographs were taken at all cross sections. With this information, cross sections will be able to
be reproduced, and erosion rates can be documented for use in future studies.

2.3 Bank Angle
Bank angles were measured at each cross section. Guidance on bank angle measurement
is sparse, and what does exist tends to be ubiquitous. The following sections synthesize
standards for measuring bank angle and bank height for all potential scenarios found in the field
by compiling what was found on a literature review of bank angle measurement. Bank angle
measurements, along with soils data, are used to calculate critical bank height. The ratio of
actual bank height to critical bank height (Ng) is central to determining the Channel Evolution
Model (CEM) stage of a channel reach. Materials used to measure bank angle include:
inclinometer, stadia rod (or other long, sturdy instrument that can be laid against banks), and a
measuring stick.
Case 1: Simple Non-undercut Banks
Banks are simple (Figure 2.1) if they can be generalized as a straight line from the base to
the top of the bank. To measure bank angle (α), lay the stadia rod on the bank with the bottom
end touching the base of the bank (where the streambed and bank meet). Place the inclinometer
on the stadia rod and read the bank angle. Bank height (h) is the vertical distance from the base
of the bank to the flat depositional surface at the top of the bank.

h

h
α

α

Figure 2.1 – Schematic of simple non-undercut bank.
Case 2: Concave and Convex Non-undercut Banks
Measure bank angles of concave and convex non-undercut banks as outlined by Hawley
(2009; Figure 2.2). Bank height (h) for a concave or convex bank is the vertical distance from
the base of the bank to the break in slope at the top of the bank aspect used in measuring slope.
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h

h
h

h

Figure 2.2 – Schematic of concave or convex non-undercut bank (source: Hawley (2009)).
Case 3: Complex Non-undercut Banks
Banks are complex (Figure 2.3) if they consist of two or more angles greater than 10 cm
in vertical height, and cannot readily be identified as concave or convex. The bank angle is
measured as the lower portion of the bank if it is taller than the upper portion. Conversely, the
bank angle is measured as the upper portion of the bank if it is taller than the lower portion.
Bank height (h) is the vertical distance from the streambed to the top of the bank aspect used in
measuring slope.

h
h

Figure Note: BF and B.F. = bankfull

Figure 2.3 – Schematic of complex non-undercut banks.
Case 4: Stair-step Banks
Banks are ―stair-steps‖ if they consist of three or more aspects each greater than 10 cm in
vertical height (Figure 2.4). Measure the bank angle by laying the stadia rod across the bank to
represent an average bank angle. Alternately, survey the cross section and perform a linear
regression on the survey point defining the bank. The angle of the regression line relative to the
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horizontal is the bank angle. Bank height (h) is the vertical distance from the bank toe to the first
flat depositional surface.

h

Figure Note: B.F. = bankfull

Figure 2.4 – Schematic of stair-step banks.
Case 5: Slump Blocks
If a slump block (Figure 2.5) has detached from the bank via mass wasting, it is treated as
a depositional feature, and is not considered part of the bank. If a slump block is attached to the
bank (even if tension cracks are present), it shall be accounted for in bank measurement. Locate
the scour line (S.L.) as the ceiling of undercut banks, limit of sod vegetation, limit of perennial
vegetation, or an obvious indent in the bank. If the slump block is entirely below the scour line,
do not treat it as part of the bank, and begin bank angle measurements immediately above the
block. If part, or all, of the slump block is above the scour line, its primary aspect is measured as
the bank angle.

h

h

Figure 2.5 – Schematic of slump blocks.
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Case 6: Undercut Banks
For concave undercut banks (Figure 2.6), place the base of the stadia rod in the deepest
point in the bank and rotate the rod to rest on the lip of the overhang to measure bank angle. The
bank height (h) is the vertical distance from the streambed to the top of the lip of the overhanging
portion of the bank. If the concave shape is poorly defined, place the base of the rod at the
highest point possible, while still resting the rod on the overhang lip to measure the largest angle
(B). If the non-undercut, upper portion of the bank is thought to be part of the active channel,
measure its bank angle as well, following the appropriate case procedures.

B

h

Figure Note: BF = bankfull

Figure 2.6 – Schematic of undercut banks.
In addition to measuring the bank angle(s) for undercut banks, record the depth of
undercut, height of undercut (measured from the bank toe to undercut roof), and the height of the
upper portion of the bank (measured from the undercut roof to the top of the active channel
bank).
Case 7: Multiple Separated Banks
Measuring multiple bank angles (Figure 2.7) is practical only if both banks are thought to
be part of the active channel. While this scenario is rare in urban streams that see little flow, it
has been accounted for on the CEM data sheets with the ―upper bank height‖ and ―upper bank
angle‖ fields. If multiple banks are thought to be part of the active channel, and if the horizontal
separation between the banks is greater than the average size of failure blocks observed in the
area, measure bank angle according to Hawley (2009). If there are multiple banks in the active
channel but the horizontal separation between the banks is less than the average size of failure
blocks observed in the area, project the steepest angle as in Case 2.
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Figure Note: h = bank height; h1 = lower bank height; and h2 = upper bank height

Figure 2.7 – Schematic of multiple separated banks (source: Hawley (2009)).

2.4 Benchmarks
Within each reach, several points on permanent structures were recorded (for example,
bridge abutments, manhole rims, sidewalks, etc.), so survey data may be tied into the State Plane
Coordinate System (SPCS). Due to time constraints, this has not been done as part of this study.
However, all points are well-documented with photographs and field sketches, so this can be
done in the future. Survey points were loaded into ArcGIS and roughly translated and rotated
based on the April 1999 aerial photography obtained from the City of Fort Collins GIS website.

2.5 Bed Material
Bed-material samples were collected following the cross-section approach as described
by Copeland et al. (2001). Based on the assumption that the coarsest materials in the bed exert
the predominant effect on channel behavior and flow resistance, and since the purpose of our
analysis is to estimate bed mobility at the 2-year flow, sampling was done in riffles (Copeland et
al., 2001). The coarsest material is located here because well-developed bars are scarce in the
ten study sites.
Depending on whether the bed material was predominately sand or gravel, a bulk sample
or a pebble count was done, respectively. For bulk samples, Diplas and Fripp (1992) recommend
the minimum depth of a sample be at least twice the diameter of the maximum particle size, and
the minimum weight be 200 times the weight of the largest particle of interest. This quantity was
equated to roughly one, 1-in. deep scoop with the folding Army-style shovel used in sample
collection. Samples were stored in plastic bags, dried, and sieved according to the American
Society for Testing and Materials (ASTM) D422-63 (2007). For gravel and larger-sized
samples, a pebble count of no less than 100 samples was done according to Wolman (1954).
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2.6 Hydrology
Stream discharge data used in this study were obtained from preexisting MODSWMM
models obtained from the City of Fort Collins. The largest amount of sediment carried by
discharges closely coincides with the bankfull condition, which usually has a recurrence interval
of 1.5 to 2 years (Leopold, 1997). The smallest recurrence interval available from the
MODSWMM models was the 2-year discharge (Q2), so these flows were used for all analyses
described herein.

2.7 Bed Slope
Data points from the longitudinal profile were plotted in Microsoft Excel® as distance
versus elevation. Cross-section locations along the profile were identified. A linear regression
was performed on points within 100 ft upstream and downstream of the cross-section location. If
any grade control structures, significant grade breaks, or head cuts were present within that 200ft span (100 ft upstream and 100 ft downstream of the cross section), points on the opposite side
of the feature from the cross section were eliminated from the linear regression analysis. Bed
slopes were recorded in units of feet/feet.

2.8 Manning’s n
Values of Manning’s n for each cross section were estimated using values from Chow
(1959; in Table 5-6) during field visits and from site photographs. Where there was significant
heterogeneity between the channel and floodplain roughness, different Manning’s n values were
assigned. Manning’s n values used in this study ranged from 0.030 to 0.050 to represent flow
depths and areas consistent with field observations of active channel morphology. These n
values likely yield an upper-end estimate of velocity conditions in the main channel at predicted
values of Q2. The estimates of unit stream power described below were based on Q2 discharge
along with field estimates of width and slope and were, therefore, not dependent on estimated
values of Manning’s n.

2.9 Sinuosity
Sinuosity was estimated as the ratio of meander length to straight-distance length using
ArcGIS. Where geomorphic characteristics were similar throughout a reach, a single estimate of
sinuosity was done for the entire reach and assigned to all cross sections within that reach.
Meander length was measured using the surveyed thalweg points from the reach, and straightdistance length was measured as a straight line from the beginning to the end of the reach.
Where geomorphic characteristics were highly variable within a reach, the reach was broken into
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sub-reaches. Sinuosity was estimated using the same method described above, but with thalweg
points from the sub-reach and straight-distance length of the sub-reach.

2.10 Categories
To help answer the questions: ―Why do some stream reaches maintain a sinuous
planform and diverse habitat?‖ and ―Why are some stream reaches dominated by glide habitat
despite lateral adjustability?‖ – reaches were sorted into these three categories:
1. Glide: Channel is stable, but is low-quality habitat due to a lack of heterogeneity in
channel forms. Excessive grade control has made the channel ―canal-like.‖
2. Functional: Channel appears stable or has reached quasi-equilibrium. Sufficient
heterogeneity is present to support aquatic life.
3. Unstable: Channel exhibits obvious signs of evolution (mass wasting, severe bank
undercutting, structure flanking, etc.).
These categories are purely qualitative, and do not incorporate data from habitat and
susceptibility assessments. They are significant in the geomorphology portion of this study to
help determine sets of conditions that elicit various degrees of stability.

2.11 Bankfull Width and Depth
At each cross section, a point was recorded with the total station to estimate the bankfull
condition. The elevation of the lowest point in the cross section was subtracted from the
elevation of the bankfull point to estimate bankfull depth. The distance between the bankfull
point and top of bank point from the opposite side of the channel was used to estimate bankfull
top width.

2.12 Hydraulic Calculations
Hydrologic Engineering Centers River Analysis System (HEC-RAS) was used to
calculate hydraulic parameters including flow depth, flow area, wetted perimeter, hydraulic
radius, shear stress, and stream power. A uniform flow assumption (setting friction slope equal
to bed slope) was necessary for the following reasons:


Though HEC-RAS models used to map floodways throughout Fort Collins were
made available for this study, they were for the 100-year return period, and their cross
sections did not correspond with locations of cross sections surveyed for this study.
Reentering flow values for the 2-year return period at every node would require indepth analysis of the HEC-RAS and MODSWMM models to determine which nodes
10





correspond to one another across models. This study’s budget and schedule did not
allow for such an analysis.
Most streams in this study are too small to be represented in sufficient resolution by
the 2-ft contours available from the City of Fort Collins GIS Department, rendering a
HEC-GeoRAS analysis impractical for calculating friction slope.
Cross sections surveyed for this study are not spaced sufficiently close to be input to
HEC-RAS on their own to yield a reasonably close estimate of friction slope.
Surveying additional cross sections is beyond the scope of the project.

We recognize using bed slope as a surrogate for friction slope is a shortcoming of our
analysis. A concerted effort was made to locate cross sections away from features that would
cause significant drawdown or backwater effects in the water surface profile. By doing so,
discrepancies between the surveyed bed slope and actual friction slope are minimized.
A HEC-RAS model was created for each cross section. Each model consisted of two
identical cross sections spaced 100 ft apart at a slope equal to the bed slope estimated at the cross
section. The normal depth downstream boundary condition was set at that same bed slope. A
steady flow simulation was run using the 2-year return period discharge determined from the
MODSWMM model.
In most instances, the 2-year flow depth calculated by HEC-RAS was far above fieldidentified bankfull elevation. This is to be expected in urban environments as increase in
impervious area associated with roofs and pavement leads to higher peak flows (Leopold, 1968).
Furthermore, in Fort Collins natural drainage channels are intertwined with canal systems which
can surcharge and spill into natural channels, even during low-return period events (S. Boyle,
personal communication, 2011). It is worth noting that field determination of bankfull stage in
unstable channels is impractical (Copeland et al., 2001); however, it was done as part of the
study to determine the extents of the active channel, and not to back-calculate a channel-forming
discharge. With the channel extents, HEC-RAS was used to subdivide the discharge into that
occurring in the main channel and overbank. Since overbank areas are generally stable across
study sites, and because this study concerns the susceptibility for bed mobilization, the main
channel discharge was used for all analyses presented herein.

2.13 Channel Evolution Model and the Dimensionless Stability Diagram
Developed by Schumm et al. (1984), the Channel Evolution Model (CEM) is designed to
determine the stage of stream evolution in incising channels. There are many reasons why
incision may occur within a stream, but it is generally due to a disparity between sediment
transport capacity and sediment supply (Watson et al., 2002). This is especially true of areas with
cohesive bank material where there is relatively greater vertical erosional susceptibility. Incision
sometimes manifests as a head cut that will progress upstream as long as the sediment transport
capacity is higher than the supply and no resistive strata are encountered. Eventually the channel

11

will incise deep enough to where bank failures occur due to geotechnical instability. Failures are
generally caused by bank heights greater than the critical bank height, which results in mass
failures and widening in the channel. With the addition of new sediment to the channel from the
failed banks, the ratio of sediment transport capacity to supply may switch, resulting in
aggradation and a decrease in bed slope. The decreased bed slope reduces the sediment transport
capacity of the stream, eventually resulting in a new dynamic quasi-equilibrium slope and a
newly stable channel. This evolution takes place in five stages and can generally be seen in order
from upstream to downstream (Figures 2.8 and 2.9).

Figure 2.8 – Cross-section view of the five stages of channels in the CEM (Natural
Resources Conservation Service (NRCS), 2007).
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Figure 2.9. – Longitudinal profile of where the five stages of channels in the CEM are
found along a stream (NRCS, 2007).
A CEM Stage 1 reach is located upstream of a head cut and is still stable, meaning
incision has not yet affected the section. A CEM Stage 2 reach is defined as actively incising,
however, bank heights are still below critical bank height, so bank failures are not present. In
CEM Stage 3, bank heights are now above critical bank height, which results in mass bank
failures and channel widening. In CEM Stage 4, the channel begins to tend toward a stable state
due to aggradation from an influx of sediment from the eroded banks. Bank failures may still be
present in this stage of evolution. Finally, CEM Stage 5 is when the channel has recovered
because a new balance between sediment transport capacity and supply has been reached.

2.13.1 Dimensionless Stability Diagram
The Dimensionless Stability Diagram (DSD) is a companion tool to the CEM that
identifies the evolution stage based on two parameters, from which a rehabilitation strategy can
be adopted based on evolution stage. The DSD dimensionless parameters are:
Bank stability:

Hydraulic stability:

Ng 

bank height
critical bank height at same angle

Eq. (2.1)

actual slope
equilibriu m slope

Eq. (2.2)

Nh 

The parameter Ng is a measure for bank stability in the channel. If Ng > 1, the bank height is
above critical height, so geotechnical failure is occurring or highly probable. If Ng < 1, the bank
height is below critical height, so the banks are assumed to be stable. The parameter Nh is a
metric of hydraulic stability is defined as the ratio of sediment transport capacity to supply.
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However, for the purposes of this study, the ratio of slope to equilibrium slope was used as a
surrogate. If Nh > 1, the actual slope is greater than equilibrium slope, so incision is occurring. If
Nh < 1, the actual slope is below equilibrium slope, so the channel is aggrading. When Nh ≈ 1, the
channel is approximately at the equilibrium slope and is considered stable. Reaches are plotted
on the DSD and their CEM stage can be verified by where they fall on the diagram (Figure 2.10).
The best rehabilitation methods for each reach can then be determined by which DSD quadrant
they fall into.

Figure 2.10. – Dimensionless Stability Diagram summarizing CEM stages relative to
hydraulic and bank stability thresholds (after Watson et al. (2002)).
DSD 1 is defined as CEM Stage 1 (eventually incising) and CEM Stage 2 (incising), but
banks are still stable as Ng < 1. For CEM Stage 1 reaches, the channel is vertically stable, but
may eventually degrade to CEM Stage 2. If the stream evolves to CEM Stage 2, then grade
control is necessary to bring the Nh ≈ 1 to stop any further incision. Bank stabilization may also
be necessary, but unless further channel incision is addressed with grade control, bank
stabilization should not be performed.
DSD 2 is where CEM Stage 3 streams fall on the diagram. With both Ng > 1 and Nh > 1,
the channel is incising and the banks are failing due to geotechnical instability. CEM Stage 3
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reaches need grade control to bring the slope back towards the equilibrium slope. Bank
stabilization can be used; however, designers may want to allow the banks to continue to fail
until the reach evolves to CEM Stage 4 (Watson et al., 2002).
As reaches progress toward CEM Stage 4, they enter the DSD 3 quadrant. Here, CEM
Stages 3 and 4 are beginning to stabilize, but bank failures may still be present. Grade control
with bank stabilization is necessary to stabilize the reach to ensure no future incision or bank
failures occur.
DSD 4 represents CEM Stage 5 reaches, where the channel has now reached a new
equilibrium state where Nh is approaching 1 and Ng < 1. For this quadrant, bank stabilization may
be necessary, but grade control should not be necessary as long as the slope is near the
equilibrium slope. Ideally, a channel will be stable if Ng < 1 and Nh ≈ 1.

2.13.2 Methods
All streams within Fort Collins were assessed to determine their CEM stage. Bank angles
and heights were measured in the field at each cross-section site. A critical bank height for a
given bank angle must be determined to calculate Ng for the DSD. The Culmann Method to
calculate critical bank height was initially attempted, which requires values for effective
cohesion, specific weight, and angle of repose of soils. However, laboratory geotechnical
analysis is beyond this project’s scope, and reliable values from scientific literature are difficult
to pinpoint from a qualitative assessment of bank soils. Furthermore, the Culmann method to
determine critical bank height does not account for the effect of undercutting on bank stability.
Therefore, an analog method based on field data was developed. Bank angle versus bank height
was plotted by CEM stage (Figure 2.11) to define a threshold bank height that discerns stable
from unstable cross sections. To better distinguish a break in bank height between the stable and
unstable cross sections, a second plot was made that only used CEM Stages 1.5 and 4.5 for
stable, and CEM Stages 3 and 3.5 to represent unstable (Figure 2.12). A clear break between the
stable and unstable cross sections occurs at a bank height of 1.75 ft, and this was used as the
critical bank height for all bank angles.
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Figure 2.11 – Bank angle versus bank height at every cross section for streams within Fort
Collins. The cross sections were grouped by CEM stage.
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Figure 2.12 – Bank angle versus bank height for cross sections grouped into CEM Stages
1.5, 3, 3.5, and 4.5. Stable cross sections were CEM Stages 1.5 and 4.5, and unstable were 3
and 3.5. The red line indicates the break in bank height for stable and unstable reaches at
1.75 ft.
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An equilibrium slope must be determined to calculate the Nh variable for the DSD. This
was done on an individual stream basis. The slopes from cross sections that were determined to
be of CEM Stage 1.5 or 4.5 were averaged and used as the equilibrium slope for the entire
stream. Slight adjustment of the equilibrium slope value was conducted in instances where the
resulting average equilibrium slope did not fully correlate with what was seen in the field. The
resulting Ng and Nh for each cross section was plotted for the DSD. For the majority of the cross
sections, they plotted on the diagram where they were expected to be judged by their CEM stage.
However, certain cross sections did not and this was attributed to the altered nature of urban
streams and the influence of grade control on bed slope.
The utility of the CEM and DSD in helping to determine channel-rehabilitation strategies
is best used for incising streams that have the ability to continue through the channel evolution
stages. The applicability of this to the streams of Fort Collins is confounded on two parts. First,
the majority of streams are more at risk to lateral erosion than incision due to the proximity of
channel beds to bedrock, hardpan, claypan, or a coarse-armored layer. Secondly, the use of grade
control structures to stop further stream erosion also stop the channel from being able to progress
through the channel evolution stages to reach a new dynamic equilibrium. Therefore, a new
CEM for the urban streams of Fort Collins has been proposed.

2.14 Fort Collins Urban Stream Channel Evolution Model
Urbanization within Fort Collins has caused many of the streams to incise historically.
The progress of incising channels tending toward a new quasi-equilibrium was explained by
Schumm et al. (1984) in their CEM. However, it appears as though the majority of the streams
within Fort Collins are more susceptible to lateral erosion than continuing vertical incision,
which limits the applicability of the original incised CEM. Field surveys indicated that most
channel beds were proximate to either bedrock, hard claypan layers, or coarse-armored layers,
which reduce susceptibility to incision. Due to the longer durations of low to moderate flows
caused by an altered hydrologic regime, the channels still have power to erode, but it is now
focused on the more erodible toes of the banks. Upland grasses are common throughout Fort
Collins and do little for bank erosion because their shallow root systems do poorly in reinforcing
banks compared to roots of riparian plant species. For these reasons, a novel CEM tailored
specifically to streams of Fort Collins was developed to help explain the processes governing
changes in channel form (Figures 2.13 through 2.18; and summarized in Table 2.1).
The Fort Collins CEM has two alternate final stages. In the first (Stage 5a, Figure 2.17),
the channel is allowed to reach a new quasi-equilibrium without intervention. The alternative
final stage (Stage 5b, Figure 2.18) accounts for areas where grade control has been effectively
used to stop erosion; however, this also stops the channel from evolving back to a new
equilibrium channel. Instead the channel is essentially ―frozen in time‖ as there is no longer
enough stream power to continue through the channel evolution stages. In turn, backwater
upstream of the grade control leads to deposition of fine material, and commonly, glide habitat.
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Figure 2.13 – Stage 1 of the Fort Collins Urban Stream Channel Evolution Model. The
channel is stable with no sign of incision or widening occurring.

Figure 2.14 – Stage 2 of the Fort Collins Urban Stream Channel Evolution Model. The
channel has begun to incise due to urbanization, changing the flow regime and sediment
supply to the rivers.
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Figure 2.15 – Stage 3 of the Fort Collins Urban Streams Channel Evolution Model.
Urbanization increases the duration of low to moderate flows. Increases in erosive flows
over time result in channel incision down to a more resistant layer (such as bed rock,
hardpan or claypan, or coarse material). The stream still has excess power to erode, and
shear stresses on the toe are amplified due to incision. The result is the more erodible toe
of the banks are scoured away leaving severely undercut banks.

Figure 2.16 – Stage 4 of the Fort Collins Urban Streams Channel Evolution Model. The
undercutting has passed the point where the weight of the cantilevered bank exceeds the
cohesive strength of the soil and the bank collapses into the channel. The failed sediment
block continues to be eroded away by the stream. This process can occur multiple times
until the channel cross-sectional area increases enough to decrease the unit stream power
to where fluvial erosion of the toe can no longer happen.
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Figure 2.17 – Stage 5a of the Fort Collins Urban Stream Channel Evolution Model. The
channel has now widened and reached a new equilibrium stage.

Figure 2.18 – Stage 5b of the Fort Collins Urban Stream Channel Evolution Model. The
alternative option seen on many Fort Collins streams is the use of grade control to stop
further channel degradation. In many instances, this turns the channel upstream from the
grade control into a backwater where deposition of fine material now occurs.
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Table 2.1 – Summary of the stages of the Fort Collins Urban Stream Channel Evolution
Model.
Stage
1
2
3

4

5a
5b

Description
The channel is stable with no sign of incision or widening occurring.
The channel has begun to incise due to urbanization within the city, changing the flow regime
and sediment supply to the rivers.
Urbanization increases the duration of low to moderate flows. Increases in erosive flows over
time result in channel incision down to a more resistant layer (such as bed rock, hardpan or
claypan, or coarse material). The stream still has excess power to erode, and shear stresses
on the toe are amplified due to incision. The result is the more erodible toe of the banks are
scoured away leaving severely undercut banks.
The undercutting has passed the point where the weight of the cantilevered bank exceeds the
cohesive strength of the soil and the bank collapses into the channel. The failed sediment
block continues to be eroded away by the stream. This process can occur multiple times until
the channel cross-sectional area increases enough to decrease the unit stream power to
where fluvial erosion of the toe can no longer happen.
The channel has now widened and reached a new equilibrium stage.
The alternative option seen on many Fort Collins streams is the use of grade control to stop
further channel degradation. In many instances, this turns the channel upstream from the
grade control into a backwater where deposition of fine material now occurs.

2.15 Susceptibility Methods
An erosion susceptibility data sheet was developed for this study to assess the relative
risk of lateral (widening) and vertical (incision) erosion at each study site. Criteria for rating
stability were adapted from previous studies (Bledsoe et al., 2010; Johnson et al., 1999; Simon
and Downs, 1994), and tailored to reflect the most important local controls on erosion in the
study area. In addition to the rating criteria, the susceptibility sheets include a number of
questions for the observer to answer on-site that help further define erosion processes and states.
Stream reaches were walked with a 4-ft tile probe to help determine erosional
susceptibility of the bed and bank material. The probe was pushed into the channel banks and
bed approximately every 10 ft. The overall resistance to the tile probe was noted along with the
depth to any significant layer (i.e., claypan, hardpan, armored layer, and/or bed rock). Observed
bank conditions including bank-material consolidation, bank stratification, percent fluvial
erosion, percent mass failure, percent stable, the cause of bank failure, and sediment deposition
problems were also noted to help determine susceptibility. Bed-material condition observations
were made on the percent bed material, presence of bed rock or other less erosive layer, possible
knick points or head cuts, and presence and extent of fine veneer within the reach. The overall
risk of widening versus incision is reflected in the overall scoring of the parameters.
There were three levels of risk that the reaches were placed into depending on their final
scores. For vertical susceptibility, a reach was deemed as ―Low Risk‖ (score 9 to 12) if the bed
material was coarse/armored, bedrock or impenetrable hardpan, and the channel was showing no
signs of incision or mass wasting with or without grade control (Figure 2.19). A reach was
―Medium Risk‖ (score 5 to 8) if the bed material was unarmored gravel and cobbles, a hardpan
or claypan of uncertain erodibility, and the channel was beginning to show signs of instability
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with or without grade control. However, if the reach was CEM Stage 1 or 5, it was deemed ―Low
Risk,‖ or if it was Stage 3, it was ―High Risk.‖ Reaches were determined as ―High Risk‖ (score 1
to 4) if the streambed had little to no coarse material and was readily penetrable by the tile probe.
However, if the reach was CEM Stage 1 or 5 with little to no coarse material and was readily
penetrable by the tile probe, it was deemed ―Medium Risk.‖

VERTICAL
SUSCEPTIBILITY
LOW RISK
(score 9 to 12)

• Bed material coarse/
armored
• Bedrock or impenetrable
hardpan present
throughout
• No sign of incision or mass
wasting, with or without
grade control presence

MEDIUM RISK
(score 5 to 8)

HIGH RISK
(score 1 to 4)

• Unarmored cobbles and
gravels
• Hardpan of uncertain
erodibility
• Channel is beginning to
show signs of instability

• Little to no coarse-bed
material
• Bed was readily
penetrable by tile probe

CEM Stage 2, 3, or 4?

CEM Stage 2, 3, or 4?

Yes

No

High Risk

Low Risk

Yes

High Risk

No

Medium Risk

Figure 2.19 – Flowchart of methods to determine channel risk to vertical erosion.
For lateral susceptibility, a reach was deemed as ―Low Risk‖ (score 9 to 12) based on
dense woody or riparian plant species helping to stabilize the banks, bedrock, or armored
material was present in the banks, the lack of fluvial erosion and mass wasting, and point bars
consisted of coarse-bed material and vegetated with mature plants (Figure 2.20). A reach was
―Medium Risk‖ (score 6 to 8) if woody or riparian plant species were patchy, fluvial erosion was
prominent, mass wasting was occurring consistently in the bends, and point bars consisted of
gravel/sand with sparse vegetation. Reaches were determined as ―High Risk‖ (score 1 to 5) if the
stream had little to no woody or riparian vegetation, mass failures were widespread in bends and
runs, undercutting was severe throughout the reach, and point bars were wide and consisted of
sand/fine material with no vegetation.
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LATERAL
SUSCEPTIBILITY
LOW RISK
(score 9 to 12)
• Bedrock/armored material
in banks
• Dense woody or riparian
vegetation throughout
• Fluvial erosion was not
present or limited to outside
of bends
• None or small amounts of
mass wasting healed over
by vegetation
• Point bars are narrow and
consist of mature vegetation

MEDIUM RISK
(score 6 to 8)
• Sparse or patchy woody or
riparian vegetation
• Fluvial erosion was
prominent in bends
• Consistent mass failures in
bends
• Point bars are wide with
sparse vegetation

HIGH RISK
(score 1 to 5)
• Little to no woody or
riparian vegetation
• Fluvial erosion was severe
throughout the reach
• Widespread failures in
bends and runs
• Point bars are wide with no
vegetation

Figure 2.20 – Flowchart of methods to determine channel risk to lateral erosion.
The following sections provide a summary of each parameter and its relevance in the
erosion susceptibility assessment.

2.15.1 Vertical Susceptibility
2.15.1.1 Bed-material Consolidation and Armoring
This parameter was used to describe the overall resistance of the streambed to the tile
probe (Table 2.1). Coarse- or armored-bed material is more resistant to vertical erosion than finebed material and thus was scored higher indicating a lower susceptibility to erosion.
Table 2.2 – Summary of bed-material consolidation and armoring parameter.
Susceptibility
Indicator
Bed-material
Consolidation and
Armoring

Excellent
(12 to 9)
Mostly gravel and
cobble, <5% fines (2mm diameter) surface
layer. Subsurface
highly resistant to
probe.

Fair
(8 to 5)
Sparse amounts of
gravel/cobble, 5 to
50% fines on surface
layer. Subsurface
moderately resistant
to probe.
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Poor
(4 to 1)
Little or no
gravel/cobble
material, >50% fines
on surface layer.
Subsurface readily
penetrable with
probe.

Relative
Weight Score
3

2.15.1.2 Grade Control Presence or Absence
Since most of the streams in Fort Collins have some sort of grade control, whether a
bridge culvert or riprap structure, it was important to determine if they were effectively stopping
incision (Table 2.3). Therefore, if grade control was present, the type of structure was noted
along with its effectiveness in stopping channel instabilities. If grade control was not present,
channel stability was evaluated by the presence or absence and severity of fluvial erosion and
mass failures.
Table 2.3 – Summary of grade control presence or absence parameter.
Susceptibility
Indicator
Grade Control Present
*Skip if no grade control*
Check type(s):
□ Bedrock/hardpan
□ Tree roots
□ Debris jam:
wood / trash / other
□ Weir
□ Bridge culvert
□ Riprap:
average size
ft
Grade Control Absent
*Skip if previous section
completed*

Excellent
(12 to 9)
No evidence of failure
or ineffectiveness (i.e.,
no active mass
wasting, incision, head
cutting, flanking, and
hanging structures).
Hardpoint will be
effective at decadal
time scale. Less than
50-m spacing.

Fair
(8 to 5)
Structure in fair
condition with
potential evidence
of ensuing failure or
ineffectiveness.
Hardpan of
uncertain
resistance. Spacing
50 to 100 m apart.

Poor
Relative
(4 to 1)
Weight Score
Clear evidence of
2
ineffectiveness
(i.e., recent mass
wasting near
hardpoint, flanking,
and hanging
structure). More
than 100-m
spacing.

Stable channel with no
signs of active incision
or mass wasting.

Channel beginning
to show signs of
approaching
geomorphic
threshold.

Unstable channel
actively incising or
mass wasting.
Channel would
benefit from grade
control.

2

2.15.1.3 Shear Stress Ratio
It has been found that for stream slopes less than 0.02, the bankfull shear stress ratio can
be used to determine overall channel stability (Johnson et al., 1999) (Table 2.4). Shear stress (τo)
was calculated using the following formula:

 o  RS o
where: γ = unit weight of water (assumed as 9810 N·m-3);
R = hydraulic perimeter; and
So = bed slope.
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Eq. (2.3)

Shear stresses (τ*) were made dimensionless:

* 

o

Eq. (2.4)

 (G  1)d s

where: γ = unit weight of water;
G = specific gravity of sediment (assumed as 2.65); and
ds = diameter of sediment.
Critical shear stress (τ*C) was estimated using Brownlie’s (1981) continuous function fit to the
Shields curve, and then halved according to later work done by Parker (2006):

 *C  0.22Y  0.06  107.7Y

Eq. (2.5)

where:

 (G  1) gd S3
Y 



and where:
G =
g =
ds =
ν =






0.6

Eq. (2.6)

specific gravity of sediment;
acceleration due to gravity (assumed as 9.81 m·s-2);
diameter of sediment; and
kinematic viscosity (assumed 1.00·10-6 m2·s-1 for fresh water at 20°C).

Finally, the shear stress ratio was calculated as  * /  *C .
Table 2.4 – Summary of shear stress ratio parameter.
Susceptibility
Indicator

Excellent
(12 to 9)

Fair
(8 to 5)

Poor
(4 to 1)

Relative
Weight

Shear Stress Ratio

τo/ τC < 1.0

1.0 < τo/ τC < 2.5

τo/ τC ≥ 2.5

3

Score

2.15.2 Lateral Susceptibility
2.15.2.1 Bank Vegetation
Woody and riparian plant species have been shown to stabilize banks with their long and
dense root mats (Thorne, 1990). In some cases, the root tensile strength of rushes and sedges
were found to increase the shear strength of soils by eightfold (Micheli and Kirchner, 2002).

25

Upland grasses often do not have long root mats and, therefore, provide less root reinforcement
for bank stabilization than riparian wetland species such as willows, rushes, and sedges.
Therefore, the presence of woody or riparian plant species along the banks was scored as a factor
influencing susceptibility to lateral erosion (Table 2.5).
Table 2.5 – Summary of bank vegetation parameter.
Susceptibility
Indicator
Bank
Vegetation

Excellent
(12 to 9)
Abundant woody
vegetation and/or riparian
plant species consistent
along reach banks. Wide
riparian band.

Fair
(8 to 5)
Sparse or patchy woody
vegetation and/or riparian
plant species mixed with
upland species. Medium
riparian band, some
mowing.

Poor
(4 to 1)
Little to no woody
vegetation and/or
riparian species,
abundant upland
species or bare
banks. Narrow
riparian band with
mowing.

Relative
Weight
3

Score

2.15.2.2 Geotechnical Failures
The occurrence of mass failures within the reach, along with the mode of failure, were
scored as bank failures and are a direct indication of channel stability, and can lead to channel
widening (Pfankuch, 1978; Simon, 1989) (Table 2.6).
Table 2.6 – Summary of geotechnical failures parameter.
Susceptibility
Indicator
Geotechnical
Failures
Check type:
□ Rotational
□ Slab/planar
□ Cantilever
□ Other:_________

Excellent
(12 to 9)
None or small amounts
of localized mass
wasting healed over by
vegetation. Uniform
channel width
throughout reach.

Fair
(8 to 5)
Consistent failures in
bends, but some banks
intact. Limited failures in
runs. Moderate
regularity in channel
width.

Poor
(4 to 1)
Widespread failures
in bends, runs, and
near grade control
structures. Frequent
tension cracks and
inconsistent channel
width.

Relative
Weight
3

Score

2.15.2.3 Fluvial Bank Erosion
Bank erosion, especially undercutting, if severe enough can lead to bank failures and
possible channel widening. Therefore, it was scored on its presence and severity within the reach
(Table 2.7). It should be noted that it is not uncommon to have undercutting in the bend of a
channel as this is where erosive forces are greatest.
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Table 2.7 – Summary of fluvial bank erosion parameter.
Susceptibility
Indicator
Fluvial Bank
Erosion
Check all that
apply:
□ Along banks
□ Along runs
□ Near structures
□ Rilling/gullying

Excellent
(12 to 9)
None or limited to
outsides of tight
meanders. Infrequent
raw banks < 0.5-ft
high. If bank armoring
present, appears
effective and is not
creating new erosion
on opposite banks.

Fair
(8 to 5)
Prominent cutting
along bends and at
constrictions, raw
banks 0.5 to 2-ft high.
Some root mat
overhangs. If bank
armoring present,
appears moderately
effective, but not
sustainable.

Poor
(4 to 1)
Significant
undercutting and raw
banks throughout
reach. Deeply incised
active channel.
Frequent root mat
overhangs. If bank
armoring present,
appears ineffective or
has failed.

Relative
Weight
2

Score

2.15.2.4 Bar Development
This parameter was adapted from Johnson et al. (1999) as the amount of vegetation and
the coarseness of the material that a point bar is made of can help indicate the rate of bar
development, which can reflect on channel stability (Table 2.8).
Table 2.8 – Summary of bar development parameter.
Susceptibility
Indicator
Bar
Development

Excellent
(12 to 9)
Mature, narrow,
vegetated,
gravel/cobble bars.

Fair
(8 to 5)
Wide gravel/sand
bars with sparse
vegetation.

Poor
(4 to 1)
Sand/fine material
bars, no vegetation,
greater than half
channel width.

Relative
Weight
2

Score

2.15.2.5 Bank Angle
This parameter was also taken directly from Johnson et al. (1999) as the greater the bank
slope the less stable it becomes, making it more susceptible to future failure (Table 2.9). Bank
angles were determined at cross sections within each reach and averaged for the entire reach.
Table 2.9 – Summary of bank angle parameter.
Susceptibility
Indicator
Bank Angle

Excellent
(12 to 9)

Fair
(8 to 5)

Poor
(4 to 1)

Relative
Weight

< 33°

33-67°

> 67°

2

Score

2.15.3 CEM Stage
The stability of a channel can also depend on where in the channel evolution it is (Table
2.10). Reaches in Stage 1 or 5 were considered stable and scored the highest, while reaches in
Stage 3 were unstable and thus scored the lowest.
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Table 2.10 – Summary of CEM stage parameter.
Susceptibility
Indicator
CEM Stage

Score:
12 to 10

Score:
6 to 4

Score:
3 to 1

Score:
6 to 4

Score:
12 to 10

Relative
Weight

1

2

3

4

5

3

Score

2.16 Habitat Assessment Methods
Habitat was assessed for the whole stream and riparian area with respect to the benefit of
fish and macro-invertebrates that inhabit the Fort Collins area. The goals of the habitat
assessment were to (1) assess the current state of stream habitat, (2) compare current habitat
scores with Zuellig (2001), to determine if habitat has changed in the past 11 years, (3) to
identify geomorphic parameters that may be influencing habitat quality, and (4) to identify
habitat concerns and the opportunities for their restoration. To accomplish these goals, a
modified version of a habitat assessment performed in 1999 to 2000 by Zuellig (2001) for the
City of Fort Collins was used. Zuellig’s study used a modified version of the Rapid Bioassessment Protocol (RBP) created by the Environmental Protection Agency (EPA). The
assessment scored ten different parameters considered important to determining habitat quality.
This study used the same ten parameters as Zuellig used in order to compare habitat scores to
determine if any changes in habitat have occurred. Some discrepancy in scores was expected due
to a different person conducting the assessment. Therefore, only significant differences in scores
between parameters were discussed. The ten parameters were scored for each reach and then
assigned a letter grade as follows: A (>150), B (126 to 150), C (100 to 125), D (70 to 99), and E
(<70). Grade breaks were taken directly from Zuellig (2001).
Additional parameters, beyond the ten looked at by Zuellig, were also used to further
quantify the existing habitat in more detail. Parameters were broken up into three categories
including (1) riparian area, (2) channel alterations, and (3) aquatic habitat. Riparian area
parameters were used to determine, not just the width and amount of vegetation, but also the
species present and their health. Channel alteration parameters included flow regime,
connectivity issues, and the influence of grade control on habitat. Aquatic habitat consisted
mainly of the parameters used by Zuellig, but also included one to better determine the habitat
diversity. This was also done in part by counting aquatic habitat units (i.e., pool, riffle, run, and
glide) to quantitatively determine if habitat diversity could be linked to other geomorphic
parameters.
Reaches were walked on three separate occasions to assess habitat: (1) once for
surveying, (2) a second time for the susceptibility assessment, and (3) a third time for habitat.
This allowed for multiple visits to the stream and a more thorough assessment in the end. The
assessments were also conducted by the same person to maintain consistency. Total scores for
the three habitat categories were weighted, with aquatic habitat scores accounting for twice as
much towards the overall score as compared to the riparian area and channel alteration scores.
Final weight-adjusted scores were tallied and then divided by the total possible score to make the
final reach grades as follows: A (90 to 100%), B (80 to 90%), C (70 to 80%), D (60 to 70), and E
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(<60%). Individual grades for the categories of riparian area, channel alterations, and aquatic
habitat are also provided along with overall grades. Each parameter used in the assessments and
its importance to the stream ecosystem are discussed below.

2.16.1 Riparian Width
Riparian areas within an urban setting have been shown to increase pollutant removal and
have been suggested to be set at a minimum median width of 100 ft from the edge of each side of
the stream to ensure adequate stream protection (Center for Watershed Protection, 2000).
Riparian buffers that extend more than 50 ft from each top of bank have also shown to be more
successful at the removal of nitrogen and phosphorus from streams which can be the main
stressors on aquatic ecosystems (Mayer et al., 2007). Due to the urban setting of Fort Collins, a
100-ft riparian buffer did not seem realistic in some locations; therefore, to ensure water-quality
benefits, a buffer wider than 50 ft on each side was considered optimal. Each bank was scored
separately based on visual estimates and cross-section measurements (Table 2.11).
Table 2.11 – Summary of riparian width parameter description and scoring.
Habitat
Parameter
Riparian Width

Condition Category
Suboptimal
Marginal

Optimal
> 50 ft

50 to 30 ft

Human activities have
not impacted riparian
buffer.
SCORE:

Left Bank

Poor

30 to 15 ft

Human activities
have minimally
impacted riparian
buffer.

15 to 0 ft

Human activities
have greatly
impacted riparian
buffer.

Human activities
have resulted in
little or no riparian
buffer.

10

9

8

7

6

5

4

3

2

1

0

Right Bank 10

9

8

7

6

5

4

3

2

1

0

2.16.2 Percent Stream Area Shaded by Vegetation
Shade provided by the riparian vegetation helps regulate water temperatures in a stream.
Water temperature plays a key role in aquatic organism’s biological activity, and has great
influence over the water quality such as dissolved oxygen levels (Beschta, 1997). It is important
to have shade, but too much shade has been shown to be detrimental to fish populations (Dawson
and Kern-Hansen, 1979). Stream area shade measurements were visually estimated for an entire
reach (Table 2.12).
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Table 2.12 – Summary of percent stream area shaded by vegetation description and
scoring.
Habitat
Parameter
% of total stream
area shaded by
riparian vegetation
SCORE:

Condition
90 to 70%
20

19

18 17

70 to 50%
16

15

14

13

12

35 to 0% and
90 to 100%

50 to 35%
11

10

9

8

7

6

5

4

3

2

1

0

2.16.3 Percent of Bank Length with Overhanging Vegetation
Overhanging vegetation not only helps with stream temperatures, but more importantly
provides protective cover for fish from predators (Wesche et al., 1987). Measurements of bank
length with overhanging vegetation were based on visual estimates (Table 2.13).
Table 2.13 – Summary of percent of bank length with overhanging vegetation description
and scoring.
Habitat
Parameter
% estimate of bank
length for which
riparian vegetation is
overhanging stream
SCORE:

Condition
100 to 75%

20

19

18

17

75 to 50%

16

15

14

13

12

50 to 25%

11

10

9

8

7

25 to 0%

6

5

4

3

2

1

0

2.16.4 Riparian/Wetland Plant Species Presence and Diversity
This parameter was based on parameters from the Bureau of Land Management’s (BLM)
assessment of riparian areas for Proper Functioning Condition (PFC) (Prichard and National
Applied Resource Sciences Center (U. S.), 1998). The report states that to obtain stability in a
properly functioning riparian area, at least two different species must be present to protect from
famine or disease wiping one species out. It also states that protection against stream-bank
erosion requires at least 80% cover, a more stringent criterion than the mere presence of wetland
species. Many of the streams in Fort Collins are disconnected from their floodplains and
dominated by upland grasses, which can indicate that the riparian area is not properly
functioning. Therefore, a more realistic approach to assessing the wetland plant presence and
diversity was taken to indicate if there were species present, how many types, and were they the
dominant vegetation (Table 2.14).
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Table 2.14 – Summary of riparian/wetland plant species presence and diversity description
and scoring.
Habitat
Parameter
Riparian/Wetland
Plant Species
Presence and
Diversity

SCORE:

Condition
Multiple wetland
Wetland species are
species found
sparse and upland
intermittently along
species are
the banks and
dominant within the
riparian area or one
riparian area and
wetland species
along stream banks.
found to be
dominant vegetation
present within the
riparian area and
stream banks.

Multiple wetland
species are dominant
along the banks and
riparian area showing
the riparian area is in
proper functioning
condition (i.e., woody
vegetation such as
willows mixed with
herbaceous species
such as sedges, or
multiple herbaceous
wetland species
presents).
20

19

18

17

16

15

14

13

12

11

10

9

8

7

No wetland species
present along the
banks and riparian
area, but rather
upland species
dominate riparian
area and streambank vegetation.

6

5

4

3

2

1

0

2.16.5 Riparian Zone Vigor
This parameter was also based on parameters from the BLM’s assessment of riparian
areas for PFC (Prichard and National Applied Resource Sciences Center (U. S.), 1998) (Table
2.15). The report states that not only is it important to have wetland species present, but the
health of the vegetation is a good indicator if the riparian area is properly functioning. Although
most streams in Fort Collins are dominated by upland grasses, it is still important to assess the
health of the vegetation, especially for areas where there are wetland species present to better
plan for successful future plantings.
Table 2.15 – Summary of riparian zone vigor description and scoring.
Habitat
Parameter
Riparian
Zone Vigor

SCORE:

Human or animal
activities have not
impacted riparian
vegetation (i.e.,
trampling, trash, etc.).
Vegetation appears
healthy (i.e., no
yellow leaves during
growing season, few
dead limbs, and
riparian wetland
herbaceous plants
form dense mats
instead of clumps).
20

19

18

17

16

Condition
Human or animal
Human or animal
activities have slightly
activities have
impacted riparian
impacted riparian
vegetation (i.e.,
vegetation (i.e.,
trampling, trash, etc.).
trampling, trash,
Vegetation appears
etc.). Vegetation
mostly healthy (i.e., no
appears unhealthy
yellow leaves during
(i.e., yellow leaves
growing season, few
during growing
dead limbs, and
season, dead limbs,
riparian wetland
and few clumps of
herbaceous plants
riparian wetland
form dense mats
herbaceous
instead of clumps).
vegetation).
15

14

13

12
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11

10

9

8

7

6

Human or animal
activities have greatly
impacted riparian
vegetation (i.e.,
trampling, trash, etc.).
Vegetation appears
unhealthy or bare soil
present (i.e., yellow
leaves during growing
season, dead plants,
and no riparian
wetland herbaceous
plants present).
5

4

3

2

1

0

2.16.6 Grade Control
It has been shown that grade control within Fort Collins is often creating glides upstream
and is considered poor habitat (Zuellig, 2001). If grade control was present, this parameter was
used to indicate whether it was creating good habitat or not. If grade control was not present, the
stream’s stability and the potential benefit from grade control were assessed (Table 2.16).
Table 2.16 – Summary of grade control description and scoring.
Habitat
Parameter
Grade Control /
Prior
Restoration

If not present, the
stream is stable on its
own; if present, the
resulting slope is
creating diverse
aquatic habitat such as
pool-riffle and stopping
further degradation.

SCORE:

20

19

18

17

16

Condition
If not present, the
If not present, the
stream is showing
stream is incising
signs of incision, but
and <50% of banks
no bank failures; if
are failing; if present,
present, the resulting
the resulting slope
slope is creating
has marginal diverse
some diverse aquatic
aquatic habitat
habitat such as pooland/or not stopping
riffle and/or only slight further degradation.
degradation.
15

14

13

12

11

10

9

8

7

6

If not present, the
stream is incising
and >50% of banks
are failing; if present,
the resulting slope is
either too shallow
creating a glide or
too steep and
creating more
degradation.
5

4

3

2

1

0

2.16.7 Fish Barriers
Grade control structures can be impassable by fish creating disconnected sections of
stream. Zuellig (2001) previously found that many of the grade controls within Fort Collins had
fish passage issues and negatively impacted fish populations. This parameter was visually
estimated to indicate structures of concern, and should be followed-up with further investigation
to determine if the structures are indeed impassable (Table 2.17).
Table 2.17 – Summary of fish barriers description and scoring.
Habitat
Parameter
Fish and
Macroinvertebrate
Barriers

SCORE:

There is nothing
directly affecting
the connectivity of
the reach from
surrounding
reaches (i.e., grade
control that does
not allow for fish
passage).

Condition
An object at certain
One object is directly
flows may possibly
affecting the
affect the
connectivity of the
connectivity of the
reach from
reach from
surrounding reaches or
surrounding reaches multiple possible
(i.e., grade control
restrictions at low flows
that does not allow
(i.e., grade control that
for fish passage).
does not allow for fish
passage).

20

15

19

18

17

16

14

13

12
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11

10

9

8

7

6

Multiple objects are
directly affecting the
connectivity of the
reach from
surrounding reaches
or areas of no water
during low flows (i.e.,
grade control that
does not allow for
fish passage).
5

4

3

2

1

0

2.16.8 Hydrologic Regime
Urbanization has altered the flow regimes for most of the streams within Fort Collins.
When flow regime is altered, it can directly affect reach stability, habitat, and aquatic organisms
(Poff et al., 1997). Therefore, this parameter was used to determine how directly the flow regime
in each reach was affected (Table 2.18).
Table 2.18 – Summary of hydrologic regime description and scoring.
Habitat
Parameter
Hydrologic
Regime

SCORE:

There is nothing directly
affecting the reach’s
flow regime (i.e.,
diversions, sediment
detention ponds, gutter
outflow pipes, etc.).
20

19

18

17

16

Condition
The flow regime is
The flow regime is
slightly affected within moderately affected
the reach (gutter
within the reach
outflow pipes).
(diversions or
sediment detention
ponds, etc.).
15

14

13

12

11

10

9

8

7

The flow regime is
directly affected within
the reach (multiple
diversions and/or
multiple sediment
detention ponds, etc.).

6

5

4

3

2

1

0

2.16.9 Aquatic Habitat Diversity
The modified RBP used by Zuellig (2001) incorporated parameters that measured some
aquatic habitat types such as frequency of riffles and pool variability. However, it was
determined that a quantitative analysis of aquatic habitat units would better explain the overall
diversity present within a reach. Total number of riffles, pools, runs, and glides were counted for
each reach. This parameter was used as a way to score the overall diversity, and to determine the
amount of pool-riffle sequencing developed within the reach as this is essential to defining good
fish habitat (Roussel and Bardonnet, 1997) (Table 2.19).
Table 2.19 – Summary of aquatic habitat diversity description and scoring.
Habitat
Parameter
Aquatic
Habitat
Diversity

SCORE:

The reach is classified
as containing
extremely diverse
aquatic habitat with a
high number of habitat
units, especially poolriffle sequencing.

20

19

18

17

16

Condition
The reach is classified
The reach is classified
as containing
as containing more
moderately diverse
homogeneous aquatic
aquatic habitat with a
habitat with a lower
decent number of
number of habitat units,
habitat units, with
with little or no poolsome pool-riffle
riffle sequencing.
sequencing.
15

14

13

12

11

10

9

8

7

6

The reach is
classified as mainly
glide habitat, with a
low number of
habitat units.

5

4

3

2

1

0

2.16.10 Embeddedness
This parameter (Table 2.20) and the following description were taken directly from
Zuellig’s (2001) study. ―Embeddedness measures the extent to which bottom substrate in riffle
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areas are covered by fine sediment. Generally, as riffle substrate becomes embedded interstitial
spaces between individual cobbles and gravel disappear, causing the amount of surface area
available to benthic macroinvertebrates for living space and available cover and spawning
habitat for fish to decrease. Riffle dwelling organisms respond negatively to areas subject to
embeddedness (Minshall, 1984; Waters, 1995). Embeddedness is a result of large-scale
sediment movement and deposition caused by stream bank collapse or new construction taking
place in or around the stream channel.‖
Table 2.20 – Summary of embeddedness description and scoring.
Habitat
Parameter
Embeddedness

SCORE:

Condition
Gravel, cobble, and
Gravel, cobble, and
boulder particles are
boulder particles are
25 to 50% surrounded 50 to 75%
by fine sediment.
surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are
0 to 25% surrounded
by fine sediment.
20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

Gravel, cobble, and
boulder particles are
75 to100%
surrounded by fine
sediment.
5

4

3

2

1

0

2.16.11 Epifaunal Substrate / Available Cover
This parameter (Table 2.21) and the following description were taken directly from
Zuellig’s (20010 study. ―Epifaunal substrate and available cover describes the relative percent
and variety of natural structures in the stream, such as clean cobble or gravel, woody debris,
root wads and undercut banks for over head cover and quality of riffles for fish and benthic
invertebrates.
A wide variety and abundance of these habitat components provides
macroinvertebrates and fish with a large number of niches to occupy. Generally, as the variety
and abundance of cover decreases, diversity can decrease and the potential for recovery after
disturbance decreases. High quality riffles contain a wide variety of particle sizes, which
provide diverse habitat for aquatic organisms.‖
Table 2.21 – Summary of epifaunal substrate / available cover description and scoring.
Habitat
Parameter
Epifaunal
Substrate /
Available
Cover

SCORE:

Greater than 50%
favorable habitat for fish;
most favorable is a mix
of snags, submerged
logs, undercut banks,
refugia, and clean cobble
and gravel within riffles.
20

19

18

17

16

Condition
30 to 50% mix of
10 to 30% mix of
favorable habitat;
favorable habitat;
adequate habitat for
habitat availability
maintenance of
less than desirable.
populations.

Less than 10%
favorable habitat;
lack of habitat is
obvious.

15

5

14

13
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12

11

10

9

8

7

6

4

3

2

1

0

2.16.12 Channel Flow Status
This parameter (Table 2.22) and the following description were taken directly from
Zuellig’s (2001) study. ―Channel flow status evaluates the degree to which the channel is filled
with water. De-watering activities affect aquatic organisms by directly altering the channel,
discharge, water temperature, and chemistry (Hill, 1976). During periods of low flow gravel
and cobble are exposed and pool volume is reduced which affects the amount of suitable habitat
for benthic macroinvertebrates and fish. Periods of low water can also inhibit the success of fish
reproduction if it occurs during critical spawning or egg development periods.‖
Table 2.22 – Summary of channel flow status description and scoring.
Habitat
Parameter
Channel Flow
Status

SCORE:

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.
20

19

18

17

Condition
Water fills >75% of
Water fills 25 to 75%
the available channel; of the available
or <25% of channel is channel, and/or riffle
exposed.
substrates are
mostly exposed.

16 15

14

13

12

11 10

9

8

7

Very little water in
channel and mostly
present as standing
pools.

6 5

4

3

2

1

0

2.16.13 Frequency of Riffles
This parameter (Table 2.23) and the following description were taken directly from
Zuellig’s (2001) study. ―Frequency of riffles evaluates the heterogeneity of a stream by
calculating the distance between riffles divided by stream width. Riffles are often the source of
the most diverse macroinvertebrate fauna within a stream (Resh and Jackson 1993), therefore,
an increased frequency in the occurrence of riffles can greatly enhance the diversity of the
stream community by providing more living space.‖
Table 2.23 – Summary of frequency of riffles description and scoring.
Habitat
Parameter
Frequency of
Riffles

SCORE:

Occurrence of riffles
relatively frequent; ratio
of distance between
riffles divided by width of
the stream <7:1
(generally 5 to 7); variety
of habitat is key. In
streams where riffles are
continuous, placement of
boulders or other large,
natural obstruction is
important.
20

19

18

17

16

Condition
Occurrence of riffles
Occasional riffle or
infrequent; distance
bend; bottom
between riffles
contours provide
divided by the width
some habitat;
of the stream is
distance
between 7 to 15.
between riffles
divided by the width
of the stream is
between 15 to 25.

15

14

13
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12

11

10

9

8

7

6

Generally all flat
water or shallow
riffles; poor
habitat; distance
between riffles
divided by the
width of the stream
is a ratio of >25.

5

4

3

2

1

0

2.16.14 Pool Substrate Characterization
This parameter (Table 2.24) and the following description were taken directly from
Zuellig’s (2001) study. ―Pool substrate characterization evaluates the type and condition of
bottom substrates found in pools. Gravel, sand and rooted plants support a wider variety of
aquatic organisms than a pool substrate dominated by mud, clay, bedrock or silt.‖
Table 2.24 – Summary of pool substrate characterization description and scoring.
Habitat
Parameter
Pool Substrate
Characterization

SCORE:

Mixture of substrate
materials, with
gravel and firm sand
prevalent; root mats
and submerged
vegetation common.
20

19

18

17

16

Condition
Mixture of soft sand,
All mud or clay or
mud, or clay; mud
sand bottom; little or
may be dominant;
no root mat; no
some root mats and
submerged
submerged
vegetation.
vegetation present.
15

14

13

12

11

10

9

8

7

6

Hard-pan clay or
bedrock; no root mat
or vegetation.

5

4

3

2

1

0

2.16.15 Pool Variability
This parameter (Table 2.25) and the following description were taken directly from
Zuellig’s (2001) study. ―Pool variability rates the overall mixture of pool sizes. Streams with
many pool sizes support a wide variety of aquatic species. Streams with low sinuosity and
monotonous pool characteristics do not have sufficient quantities and types of habitat to support
a diverse aquatic community. Large pools are greater in length than half the cross-sectional
distance and deep pools are greater than 1 meter.‖
Table 2.25 – Summary of pool variability description and scoring.
Habitat
Parameter
Pool Variability

SCORE:

Even mix of largeshallow, large-deep
and small-shallow,
small-deep pools
present.
20

19

18

17 16

Condition
Majority of pools
Shallow pools much
large-deep; very few
more prevalent than
shallow.
deep pools.

15

14

13

12

11

10

9

8

7

6

Majority of pools
small shallow or
pools absent.

5

4

3

2

1

0

2.16.16 Vegetative Protection
This parameter (Table 2.26) and the following description were taken directly from
Zuellig’s (2001) study. ―Vegetative protection measures the amount of bank stability generated
by vegetative protection. Stream banks protected by root systems of plants help hold soil in
place and are less likely to erode. Vegetated banks provide erosion resistance, stream shading
and overhead cover for fish, food resources for aquatic organisms, pupation areas, and cover for
adult aquatic insects. Banks that have full, natural plant growth are better for fish and benthic
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invertebrates than banks that are shored up with riprap or concrete. Each stream bank was
evaluated separately and left and right sides were determined facing downstream.‖
Table 2.26 – Summary of vegetative protection description and scoring.
Habitat
Parameter
Vegetative
Protection

SCORE:

More than 90% of the
stream-bank surfaces
and immediate riparian
zone covered by
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident;
almost all plants allowed
to grow naturally.

Condition
70 to 90% of the streambank surfaces covered
by vegetation, but one
class of plants is not well
represented; disruption
evident, but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50 to 70% of the
stream-bank
surfaces covered by
vegetation;
disruption obvious;
patches of bare soil
or closely cropped
vegetation common;
less than one-half of
the potential plant
stubble height
remaining.

Less than 50% of
the stream-bank
surfaces covered
by vegetation;
disruption of
stream-bank
vegetation is very
high; vegetation
has been removed
to 5 cm or less in
average stubble
height.

Left Bank

10

9

8

7

6

5

4

3

2

1

0

Right Bank

10

9

8

7

6

5

4

3

2

1

0

2.16.17 Channel Sinuosity
This parameter (Table 2.27) and the following description were taken directly from
Zuellig’s (2001) study. ―Channel sinuosity evaluates the meandering or sinuosity of a stream
and the degree of channelization. A high degree of sinuosity provides conditions suitable to
create diverse habitat and fauna associated with undercut banks, pools created by outside bends,
and pool riffle sequences (Platts et al., 1983). Meanders can also dissipate energy created
during high water events and reduce bank erosion. Pools, undercut banks, and areas of flow
separation created by a sinuous channel provide refugia for fish and benthic macroinvertebrates
during periods of high water. The process of channelization often destroys pools, riffles,
undercut banks and flow separation by cuttings meanders, shortening stream length, deepening
the channel, and removing riparian vegetation (Karr and Schlosser, 1978). Channelization also
causes long-term loss of habitat in a downstream direction, influencing areas of refugia that
provide potential sources of recolonization after disturbance (Sedell et al., 1990).‖
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Table 2.27 – Summary of channel sinuosity description and scoring.
Habitat
Parameter
Channel
Sinuosity

SCORE:

The bends in the stream
increase the stream
length 3 to 4 times longer
than if it was in a straight
line. (Note – channel
braiding is considered
normal in coastal plains
and other low-lying areas.
This parameter is not
easily rated in these
areas.)
20

19

18

17

16

Condition
The bends in the
The bends in the
stream increase the
stream increase the
stream length 2 to 3
stream length 1 to 2
times longer than if it
times longer than if it
was in a straight line.
was in a straight line.

15

14

13

12

11

10

9

8

7

6

Channel straight;
waterway has been
channelized for a long
distance.

5

4

3

2

1

0

2.16.18 Bank Stability
This parameter (Table 2.28) and the following description were taken directly from
Zuellig’s (2001) study. ―Bank stability measures the relative percentage of raw and exposed
stream bank. Steep, raw exposed stream banks are more likely to collapse and suffer from
erosion than gradually sloping stream banks. Eroded banks indicate a problem of mass
sediment movement and deposition and suggest a scarcity of cover and organic input into a
stream. Each stream bank was evaluated separately and left and right sides were determined
facing downstream.‖
Table 2.28 – Summary of bank stability description and scoring.
Habitat
Parameter
Bank
Stability

SCORE:

Banks stable; evidence
of erosion or bank
failure absent or
minimal; little potential
for future problems.
<5% of bank affected.

Condition
Moderately stable;
Moderately unstable;
infrequent, small
30 to 60% of bank in
areas of erosion
reach has areas of
mostly healed over.
erosion; high erosion
5 to 30% of bank in
potential during
reach has areas of
floods.
erosion.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60 to 100% of bank has
erosional scars.

Left Bank

10

9

8

7

6

5

4

3

2

1

0

Right Bank

10

9

8

7

6

5

4

3

2

1

0

2.16.19 Velocity Depth Regime
This parameter (Table 2.29) was taken from RBP assessment and is meant to be used on
high gradient streams. Fort Collins streams, for the most part, are not high gradient, but since
different velocity depth regimes have been linked to habitat suitability for aquatic organism, it
was deemed important to use this parameter as well (Gore and Judy, 1981).

38

Table 2.29 – Summary of velocity depth regime description and scoring.
Habitat
Parameter
Velocity
Depth Regime

SCORE:

All four velocity/depth
regimes present (slowdeep, slow-shallow,
fast-deep, fast-shallow;
slow is < 0.3 m/s, deep
is >0.5 m).
20

19

18

17

16

Condition
Only three of four
Only two of four
velocity/depth regimes
velocity/depth
present (if fast-shallow regimes present (if
missing score lower
fast-shallow or slowthan if other regime
shallow missing
missing).
score low).
15

14

13

12

11

10

9

8

7

6

Dominated by one
velocity/depth
regime (usually
slow-deep).

5

4

3

2

1

0

2.16.20 Future Habitat Potential
This parameter (Table 2.30) aims to realistically quantify the potential for habitat
improvement of a reach. This parameter was assessed with heavy optimism towards future
potential in that if large-scale improvements were necessary, even with low feasibility, they were
considered as possible and scored high. As example, flow regime throughout Fort Collins is
degrading stream habitat and although it is a large project to retrofit current stormwater
infrastructure, it was looked at as possible, and as a result, the future potential habitat was still
scored high despite the size and cost of the project.
Table 2.30 – Summary of future habitat potential description and scoring.
Habitat
Parameter
Future
Habitat
Potential

SCORE:

The reach has no reason
as to why future habitat
could not be improved to
optimal condition (i.e.,
habitat is already optimal
and stable or with
modifications it can
become optimal).
20

19

18

17

16

Condition
The reach habitat can The reach habitat can
be improved, but
be improved, but
some restrictions will
some restrictions will
keep it suboptimal
keep habitat marginal
(i.e., new
(i.e., poor flow
development
regime, upstream
possible, narrow
reach unstable).
riparian area with no
room to increase).
15

14

13

39

12

11

10

9

8

7

6

The reach cannot
improve on habitat,
(i.e., concrete
channel to protect
nearby
infrastructure).

5

4

3

2

1

0

CHAPTER 3. GEOMORPHOLOGY

Urbanization encompasses a diverse array of watershed alterations that have the potential
to profoundly alter the physical, chemical, and biological characteristics of streams. No single
factor defines urbanization; rather it is the cumulative effect of a variety of human activities
(Booth et al., 2004). Most notably, increase in impervious area and more efficient delivery of
runoff to stream channels change peak flows, total runoff volume, and water quality (Leopold,
1968). These alterations are now widely recognized as commonly degrading the physical
function, the biological integrity, and the aesthetic appeal of urban streams. As a result of
hydrologic changes, channel widths and depths commonly increase throughout urban areas, and
heterogeneous channel morphology becomes more simplified and uniform. Channels expand
gradually in response to progressive increases in the flow regime (e.g., Hammer (1972), Booth
and Jackson (1997), and Bledsoe and Watson (2001)). Although channel dimensions do
commonly increase in response to gradual increases in the flow regime, the changes are usually
sporadic and abrupt; often happening during particular storms when a single large flow can annul
periods of stability that may have spanned many years (Booth and Henshaw, 2001). Channels
within the same drainage system can have a varied and complex response to similar disturbances
(Schumm, 1973). For example, channels with readily erodible beds can experience rapid and
nearly uncontrolled downcutting of the streambed, usually in response to an increase in the flow
rate combined with specific combinations of gradient, substrate, and reduced in-channel
roughness (Booth, 1990). Alternatively, channels with banks that are more erodible than the bed
may predominately widen in response to increases in erosive flows over time.
Once channel adjustments become apparent and of concern, there is commonly a
reactionary response of introducing grade control structures or bank reinforcements to stop the
progress of channel evolution. Such artificial channel controls make identifying patterns in
channel form across a drainage network difficult because they perpetuate characteristics that
would not exist if channels were allowed to adjust without armoring. Further complicating any
attempt to pinpoint causes of channel instability is the fact that urban streams pass through
diverse residential areas. Often local landowners landscape the riparian corridor or the channel
itself without knowledge of how their actions affect larger-scale processes (Booth et al., 2004).
Despite the aforementioned difficulties in discerning patterns in urban channel form,
geomorphic thresholds can be identified, though they are not as readily apparent as those of
natural, undisturbed watersheds. The following section describes relationships in channel form
and hydraulics that were identified in this study, and discusses their relevance to sustaining
channel stability and physical habitat diversity. The intent in identifying these relationships is to
provide preliminary bounds for design parameters in future restoration projects within the City of
Fort Collins. In addition, this section applies the identified thresholds to a number of locations of
varying geomorphic and habitat characteristics throughout the city. This is included to
demonstrate the relevance of the thresholds, and to explain why some streams are highly variable
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on small spatial scales. Lastly, a novel CEM tailored specifically to streams of Fort Collins is
presented to help explain the processes governing changes in channel form.
To conduct a consistent analysis of channel behavior, it was necessary to exclude certain
stream locations from analyses and plots contained within this section. Spring Creek, Reach 5
(Cross Section 1); Fossil Creek, Reach 6 (Cross Section 3); and Fossil Creek, Reach 7 (Cross
Section 2) were excluded because there is significant artificial armoring of the channel with
riprap in the immediate vicinity. These locations have been ―frozen in time‖ by artificial channel
controls which confound the quantification of response thresholds. Spring Creek, Reach 5
(Cross Section 2) was excluded because the HEC-RAS model did not contain the 2-year flow
within the surveyed cross section thereby rendering hydraulic parameters calculated for this
location unreliable. This is due to a retention pond adjacent to the channel which receives
overbank flow, and the level of hydrologic modeling required to yield reliable parameters is
beyond the scope of this report. There is intermittent artificial channel armoring in this location.
Spring Creek, Reach 6 (Cross Sections 1 and 2) were excluded due to potentially significant
backwater effects which would make the friction slope significantly different than the measured
bed slope, thus providing poor estimates of hydraulic parameters. The remaining 76 of 84
survey locations have all been included in this section.

3.1

Meandering Planforms

To test the hypothesis that there is a specific range of conditions within which a
meandering channel is a feasible equilibrium form, we examined relationships across a wide
spectrum of parameters that control sinuosity. Leopold and Wolman (1957) argued that a
continuum of channel forms exists (straight, meandering, and braided) within a system, and each
form corresponds to a range of parameter values. Slope-discharge relationships have been firmly
proven to explain variation in channel form (Knighton, 1998), so unit stream power (ω) was
chosen as a variable since it is a function of both slope and discharge. Unit stream power is
defined as:
ω = γQSo/w
where: γ
Q
So
w

=
=
=
=

Eq. (3.1)

unit weight of water (assumed as 9810 N·m-3);
discharge;
bed slope; and
main channel width.

Unit stream power was chosen over total stream power (Ω = γQSo) because it normalizes
scaling issues by dividing by main channel width. The ratio of channel width-to-depth was
chosen as a second variable to study how flow energy (represented here with the surrogate, ω)
affects channel shape. The channel width-to-depth ratio of a reach, along with bank erodibility,
slope, and discharge, are closely tied to physical processes that control sinuosity (Chitale, 1973).
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Lastly, the distinction between straight and meandering was set at a sinuosity of 1.5 (Figure 3.1).
This classification is arbitrary, but is a classic and widely-accepted threshold value for
meandering (Knighton, 1998).
25
Straight (P < 1.5)
Meandering (P > 1.5)

wchan:dchan

20

15

10

5

0
0

50

100

150
ω (W·m-2)

200

250

300

Figure 3.1 – Channel width-to-depth ratio versus unit stream power.
On average, channels with meandering planforms had a width-to-depth ratio of 4.3, and
50 percent of the data were contained within the quartiles of 3.2 and 5.3. Based on existing
estimates of Q2, the average unit stream power for meandering channels was 45 W·m-2, and 50
percent of the data were contained within the quartiles of 25 and 62 W·m-2 (Figure 3.2).
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200
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ω (W·m-2)
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100

10

5
50

0

0
Straight

Meandering

Straight

Meandering

Figure 3.2 – Unit stream power and channel width-to-depth ratio box-and-whisker plots.
The one outlier at 150 W·m-2 is Fossil Creek, Reach 2 (Cross Section 2), which has a
locally steep slope compared to the reach average slope (0.0042 versus 0.0022 m·m-1). There are
no obvious controls in the vicinity of this cross section that are causing localized steepening as
this reach passes through a broad, undeveloped grassland. Roughly 100 ft downstream of this
cross section, the channel enters a sharp meander, changing its course almost 180 degrees. There
is significant bank erosion on the outside bank of the meander which, perhaps, is a result of
energy being dissipated from the steep upstream section. The channel could be flattening its
slope by increasing sinuosity.
There are a significant number of data points for straight channels within the bounds of
parameter values for meandering channels (2 < w:d < 7 and 2 < ω < 80). The majority of these
points (19 of 26) are for either Clearview Channel or McClellands Creek. Some reaches of these
streams are highly constrained by residential encroachment and are ―locked‖ in place. However,
other reaches (McClellands, Reach 1 and Clearview, Reach 2) flow through natural areas where
lateral adjustment is feasible. This is evidenced that some other factor precludes a meandering
planform despite having parameter values within the possible range. We offer three possible
explanations: (1) These channels have headwaters within the extents of urbanization, and their
flow regimes have been more severely impacted by development compared to other streams of
this study with headwaters in the foothills. The resulting decrease in discharge has caused these
channels to plot within the meandering parameter bounds. (2) The incoming suspended sediment
load is of a magnitude and particle size that inhibits lateral bar formation (Schumm and Khan,
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1972). (3) Sinuosity is closely tied to properties of bank soils and vegetation (Braudrick et al.,
2009).
A similar plot (Figure 3.3) was made to determine if there is a range of bed slopes in
which meandering planforms are more likely to exist. Our data show that for the same range of
channel width-to-depth ratios, slopes for meandering planforms were on average 0.0030 m·m-1,
and 50 percent of the data were contained within the quartiles of 0.0022 and 0.0036 m·m-1
(Figure 3.4).
25
Straight (P < 1.5)
Meandering (P > 1.5)
20

wchan:dchan

15

10

5

0
0.0000

0.0020

0.0040

0.0060
S0 (m·m-1)

0.0080

0.0100

Figure 3.3 – Channel width-to-depth ratio versus slope.
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0.0100
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0.0080

0.0060

0.0040

0.0020

0.0000
Straight

Meandering

Figure 3.4 – Slope box-and-whisker plot.
The precise mechanism causing the ―noise‖ in data within the meandering range remains
unclear at this point. However, based on our findings we predict future restoration projects with
the goal of sustaining a stable, sinuous form will have higher probabilities for success if design
parameters are centered on the bounds presented herein.

3.2 Glide Habitat Thresholds
Grade control structures are widely used in urban streams because they can be an easilydispatched and relatively inexpensive remedy for both vertical and lateral channel instability.
However, there is a tendency for designers to remove too much gradient from the channel
profile, and create extensive low velocity reaches of backwater with homogeneous habitat, i.e.,
glides. The substrate upstream of grade control structures is affected by in-filling with fine
sediment which degrades habitat for stream biota. Arguably, the stagnant, canal-like backwater
reaches also degrade aesthetic value of streams. With some design guidance, it is possible to
take a more tactful approach to grade control, and prevent erosion, while minimizing adverse
impacts to stream habitat.
By sorting cross-section locations into three types of habitat as detailed in the methods
section of this report (glide, functional, and unstable), and evaluating ranges of stream power
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among categories, we identified a stream power threshold below which glide conditions are more
likely. This analysis was performed by further stratifying each of the three habitat types into two
scales of streams (primarily based on Q2), simply termed large and small. Spring Creek, Mail
Creek, and Fossil Creek downstream of its confluence with Mail Creek were identified as large
streams, and the remaining streams were classified as small streams. This stratification was
necessary because glide habitats tend to have significantly higher unit stream powers where there
is more discharge (on average large streams have higher discharges by a factor of four). Using
the large streams to set a unit stream power for a small stream could potentially result in
overestimation and an unstable level of energy (Figure 3.5).
3.0

Glide - Small Stream
Glide - Large Stream
Functional - Small Stream

2.5

Sinuosity

Functional - Large Stream

2.0

1.5

1.0
0

50

100

150
ω

200

250
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Figure 3.5 – Sinuosity versus unit stream power.
Eighty percent of the glide small streams had unit stream powers less than 35 W·m-2,
while 70 percent of the functional small streams had unit stream powers somewhat greater than
this value based on current estimates of Q2. Two-thirds of the large streams dominated by glides
had a unit stream power less than 75 W·m-2, while 75 percent of the functional large streams had
unit stream powers greater than this value. However, the available values of Q2 for the large
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streams may be more biased toward overestimates of discharge than the values available for the
small streams. If grade control is to be installed, glide conditions will likely be avoided in
smaller streams by designing unit stream power in the vicinity of 30 to 35 W·m-2 based on
existing estimates of Q2. It is worth noting that beyond 75 W·m-2 nearly all reaches have straight
planforms. This implies that meandering planforms are most feasible at intermediate unit stream
powers. This finding is consistent with other studies in the scientific literature which indicate
that meandering planforms are relatively rare at unit stream powers exceeding ~50 W·m-2 in
sand-gravel materials and that low energy channels tend toward straight planforms (Knighton,
1998; Nanson and Croke, 1992; Bledsoe and Watson, 2001). Straight, low energy planforms are
inherently more likely to be dominated by glide habitats. In this study, it is difficult to draw
clear conclusions from the unit stream power analysis due uncertainty in estimates of Q2 and the
potential for bias in discharge estimates between small versus large channels. Field observations
suggest that the current modeled values of Q2 may be overestimates that compound in larger
basins. This underscores the potential for additional stream gaging to provide more reliable
estimates of discharges with return periods of 1 to 2 years, so that stream power analysis can be
applied with greater confidence across the full range of channel and watershed scales to identify
the range of conditions most likely to sustain meandering and habitat diversity.

3.3 Preferred Slope-sinuosity Pairings for Functional Channels
In evaluating combinations of slope and sinuosity, there seems to be a preferred range of
conditions in which there is a high occurrence of cross sections in the functional category. For
this portion of analysis, all small and large points were treated equally as shown in Figure 3.6.
The limits of slope for these cross sections roughly correspond with the bounds for slope
identified earlier to sustain a meandering planform. The limits for sinuosity of this range are
roughly between 1.2 and 1.7. This is significant for instances where lateral constraints limit a
true meandering planform (P > 1.5). That is, this is the range in which the probability of
sustaining a sinuous channel that is neither unstable nor glide habitat is greatest. There is a slight
downward trend in the data, with locations of milder slopes having higher sinuosities and steeper
locations having lower sinuosities as expected. Beyond the bounds of this range, the risk of
predominantly glide habitat or instability is higher.
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Figure 3.6 – Sinuosity versus slope.

3.4 Paired Reaches
Paired reaches are defined here as two subsequent channel reaches with significantly
different geomorphic and habitat qualities whose disparities can be attributed to a control
imposed on the channel. The goals of this section are twofold: (1) to demonstrate the relevance
of the geomorphic relationships that have been identified previously in this section, and (2) to
attempt to explain why some adjacent channel reaches exhibit marked differences in form and
behavior across small spatial scales.

3.4.1

Fossil Creek, Reach 5

This is the most sinuous of all the reaches surveyed for this study. In the middle of the
reach, however, there is a 400-ft long stretch of straight, canal-like channel. At the downstream
end of this stretch there is riprap controlling the grade of the straight section. The complete lack
of sinuosity of this section is a stark contrast to the highly sinuous upstream and downstream
neighboring reaches. This leads us to believe that this portion of channel was straightened at
some point in time, likely in conjuction with the installation of an irrigation system, the existence
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of which is evidenced in the 1999 aerial photography. This portion of channel also lacks the
two-stage cross-sectional shape of its upstream and downstream neighbors. Differences between
this stretch of channel and abutting reaches are summarized below (Table 3.1 and Figure 3.7).
Table 3.1 – Fossil Creek, Reach 5, cross-section description.
Location

S0

R5, XS3
0.0039
R5, XS4
0.0014
R5, XS5
0.0034
R = reach, XS = cross section

ω
(W/m2)

wchan/hchan

Q2
(cfs)

Sinuosity

74
20
62

3.8
5.8
3.2

205
205
205

1.7
1.9
2.7

Figure 3.7 – Fossil Creek, Reach 5, cross-section locations.
The bed slope and unit stream power of Cross Section 4 are out of the preferred range of
parameter values described above. The channel width-to-depth ratio is within the recommended
range, but was included in the table to demonstrate the heterogeneity in channel shape across
reaches. The sinuosity is also within the recommended range, however, due to measurement
methodology, is uncharacteristically high and is likely an overestimate.
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3.4.2

McClellands Creek, Reach 2, Downstream

The downstream portion of this reach was adversely affected by channel straightening
associated with the construction of Lady Moon Drive. The difference in channel alignment is
clearly based on differences between the 1999 aerial photography and the surveyed thalweg
location (blue line). The channel seems to respond by increasing sinuosity to flatten its bed slope
as evidenced by severe bank cutting. A potential head cut was noted during data collection for
this report which may be progressing upstream. Differences between this unstable portion of
channel and an upstream unaltered reach are summarized below (Table 3.2 and Figure 3.8).
Table 3.2 – McClellands Creek, Reach 2, downstream cross-section description.
Location

S0

R2, XS1
0.0051
R2, XS2
0.0044
R = reach, XS = cross section

ω
(W/m2)

wchan/hchan

Q2
(cfs)

Sinuosity

66
62

3.8
2.1

165
165

1.3
1.6

Figure 3.8 – McClellands Creek, Reach 2, downstream cross-section locations.
McClellands Creek, Reach 2 (Cross Section 1) has a combination of slope and sinuosity
that falls outside of the range parameters where a functional channel is more likely. The
comparitively low sinuosity and steep bed slope in the vicinity of Cross Section 1 are
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undoubtedly related to the channel straightening. The larger channel width-to-depth ratio of the
downstream reach can be attributed to mass failures of banks leading to channel widening.

3.4.3

McClellands Creek, Reach 2, Upstream

The furthest upstream portion of McClellands Creek, Reach 2, is characterized by glide
habitat. Here, large riparian trees seem to be limiting lateral adjustability. The root wads of trees
act as natural grade control structures, creating drops as high as 2 to 3 ft in multiple locations.
Exacerbating the glide conditions are a number of in-channel concrete artifacts from former
agricultural land use. Differences between the upstream glide reach and immediate downstream
sinuous reach are summarized below (Table 3.3 and Figure 3.9).
Table 3.3 – McClellands Creek, Reach 2, upstream cross-section description.
Location

S0

R2, XS3
0.0027
R2, XS4
0.0016
R = reach, XS = cross section

ω
(W/m2)

wchan/hchan

Q2
(cfs)

Sinuosity

37
23

2.9
4.8

165
165

1.6
1.1

Figure 3.9 – McClellands Creek, Reach 2, upstream cross-section locations.
McClellands Creek, Reach 2 (Cross Section 4) has a combination of slope and sinuosity
that falls outside of the range parameters where a functional channel is more likely. The unit
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stream powers for both the upstream glide and downstream functional reaches are very
proximate to the 35 W·m-2 threshold discussed previously. In this case, the steeper slope and
narrower channel of the downstream reach seem to exert a stronger control on maintaining
heterogeneity (e.g., pool-riffle sequences) than stream power alone.

3.4.4

Spring Creek, Reach 7

Downstream of Shields Street, Spring Creek runs adjacent to the Spring Creek Trail
through a corridor, roughly 120-ft wide. About a quarter mile downstream from Shields Street,
there is a major grade control structure with a vertical rise of approximately 4 ft. This structure
has created a number of sections of low velocity, glide conditions which are reflected in one of
two cross sections surveyed in this reach. Differences between a glide section and a nearby
functional section are summarized below (Table 3.4 and Figure 3.10).
Table 3.4 – Spring Creek, Reach 7, cross-section description.
Location

S0

ω
(W/m2)

R7, XS1
0.0059
136
R7, XS2
0.0026
59
R = reach, XS = cross section

wchan/hchan

Q2
(cfs)

Sinuosity

5.8
9.7

354
354

1.1
1.1

Figure 3.10 – Spring Creek, Reach 7, cross-section locations.
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All of the parameters, with the exception of sinuosity, fall outside of the recommended
ranges from this section. The wider channel shape of Cross Section 2 has a direct effect on its
unit stream power being less than half of what it is just upstream. The resulting lower velocities
have allowed silty material to dominate the substrate.

3.4.5

Paired Reaches Discussion

Parameter values of paired reaches presented in this section are generally consistent with
ranges of values discussed prior, and provide another line of evidence for how specific
combinations of parameters can be attributed to the physical and ecological quality of the
channel. The four examples of this section are not the only instances where paired reaches exist,
rather they were chosen for having some of the most marked differences. Our methods have the
potential to be applied to other reaches in Fort Collins, to test the hypothesis that some
combination of slope, sinuosity, and unit stream power can be linked to geomorphic disparities
across small spatial scales.

3.5 Summary
Geomorphic trends in urban streams of Fort Collins identified in this section are
summarized as follows:












The average width-to-depth ratio for channels with meandering planforms was 4.3,
and 50 percent of the data were contained within the first and third quartiles of 3.2
and 5.3, respectively.
The average unit stream power for meandering channels based on current model
estimates of Q2 was 45 W·m-2, and 50 percent of the data were contained within the
first and third quartiles of 25 and 62 W·m-2, respectively.
The average slope for meandering planforms was 0.0030 m·m-1, and 50 percent of the
data were contained within the first and third quartiles of 0.0022 and 0.0036 m·m-1,
respectively.
For small glide streams, 80 percent had unit stream powers less than 35 W·m-2, while
70 percent of the functional small streams had unit stream powers greater than this
value based on current model estimates of Q2.
Two-thirds of the large streams dominated by glides had a unit stream power less than
75 W·m-2, while 75 percent of the functional large streams had unit stream powers
greater than this value. However, the available values of Q2 for the large streams may
be more biased toward overestimates of discharge than the values available for the
small streams.
Glide conditions will likely be avoided in smaller streams with unit stream power in
the vicinity of 30 to 35 W·m-2 based on existing estimates of Q2.
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Beyond 75 W·m-2, nearly all reaches have straight planforms, indicating that
meandering planforms are most feasible at intermediate levels of unit stream power.

It is extremely important when applying these criteria to a design situation to be aware of the
methodology used to calculate each of the individual parameters.
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CHAPTER 4. SUSCEPTIBILITY RESULTS

Each individual reach was determined to be at either Low, Medium, or High risk for
lateral and vertical erosion. It is important to stress that in determining the overall risk for
incision or widening they can be linked together. When determining at what risk a channel is for
vertical erosion not only is the presence of a non-erodible layer important, but also the depth to
that layer. If the average depth is beyond the critical bank height for the channel then failures are
expected to occur, followed by channel widening. It is also important to note that in order for a
stream to incise the shear stress exerted on the bed must be greater than the critical shear stress it
takes to make the bed particles move. This ratio was supposed to be used in this study to give a
better determination of the erodibility of the channel beds. However, due to questionable
discharge values for the reaches, the shear stress ratios were unrealistically high. Any future
modification conducted on grade control to enhance habitat could increase shear stresses on the
bed. Therefore, it is important to better quantify the shear stress ratio with more realistic flow
values. This could be attained by using the gauging stations already in place in Fort Collins
throughout the year as opposed to seasonally. This would allow for better determination of
different return period discharges along with providing the capability to conduct an effective
discharge analysis to determine which flow transports the most sediment. It would also be
important to ensure stage discharge rating curves are up-to-date.
One other parameter was also not used for determining vertical and lateral susceptibility.
Bank angles were not scored for the reaches as excess fluvial erosion from long duration low to
moderate flows have created undercut banks for most streams in Fort Collins. So although a
channel may have low average bank angles, if the banks are severely undercut, they are
considered unstable. The erosion of the toe of the bank, and resulting undercutting, has led to
>90% of the bank failures occurring via a cantilever failure. As the bank becomes more undercut
it eventually hits a point where it can no longer support the weight of the block of sediment
above. This block then collapses into the channel and is washed away. This process will continue
until a new equilibrium channel area is formed.
Tables are presented for each reach that provide the percent of the reach that had fluvial
erosion, mass wasting, or was stable. The level of risk to vertical and lateral erosion is also
shown. Although the assessments were thorough, before any future stream-rehabilitation work is
performed it is essential that the susceptibility risk be updated and the erodibility of any coarse
layers, hardpan, or claypan be determined, especially if found at a depth below the bed surface to
protect against future instabilities.

4.1 Boxelder Creek
Overall, Boxelder Creek is one of the City’s streams that is least affected by urbanization;
however, its flow regime is highly altered due to numerous canals that divert and augment
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streamflows at various locations. Nevertheless, it may be relatively susceptible to future
degradation due to the potential encroachment of urban land use as described below.

4.1.1

Boxelder Creek, Reach 1-1

The reach is in the Poudre River floodplain and because of this, there is a coarse cobble
layer present 0.5 to 2 ft below the bed surface which extends out underneath the banks. Toe
erosion and undercutting are occurring directly above the cobble layer, and have resulted in
cantilever failures in some bends (Figure 4.1). If the undercutting worsens, more bank failures
and resulting widening could occur. Cattails and smooth Brome grass are dense within this reach,
but do not provide significant root reinforcement, as evidenced by the prominent undercutting
(Figure 4.2). Overall, the channel appears to be more susceptible laterally than vertically.
Table 4.1 – Susceptibility scores for Boxelder Creek, Reach 1-1, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
75%

Stable
24%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.1 – Cantilever failure in a bend caused by toe erosion undercutting the bank.
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Figure 4.2 – Dense cattails and Brome grass lined the stream banks throughout the reach.

4.1.2

Boxelder Creek, Reach 1-2

This reach is also within the Poudre River floodplain and is vertically controlled by a
coarse cobble layer 0 to 1.5 ft below the bed surface. Cantilever failures were present in a couple
of the bends (Figure 4.3). There was little to no woody vegetation within the reach, and areas
with prominent undercutting could be susceptible to future widening. Of concern is an area
downstream of a leaking elevated irrigation pipe that crosses the stream (Figure 4.4). Here bank
failures occur in every bend and are likely exacerbated by the increase in flow from the leaks.
The pipe should be replaced to stop the leaking, as it is also causing severe erosion right at the
pipe which may lead to structural failure. Overall, the channel is more susceptible laterally than
vertically.
Table 4.2 – Susceptibility scores for Boxelder Creek, Reach 1-2, and percent bank stability.
Mass
Wasting
2%

Fluvial
Erosion
78%

Stable
20%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.3 – The resulting bank after a cantilever failure occurred downstream from the
leaking irrigation pipe.

Figure 4.4 – Leaking elevated irrigation pipe crossing the stream. Note the bank eroding
back from the pipe that could lead to structural damage.
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4.1.3

Boxelder Creek, Reach 1-3

A cobble layer was present 0 to 2 ft below the bed surface with exposed claypan in a few
areas. Cantilever failures were present in a couple of bends (Figure 4.5). Undercutting was also
prominent in the bends, but only slight in runs. Woody vegetation was dense, especially along
the right side of the stream and was helping minimize undercutting (Figure 4.6). Overall, the
channel is susceptible to lateral erosion in areas without woody vegetation and incision would
stop at the cobble layer. However, in areas where the cobble layer is deeper, this may result in
banks being higher than critical bank height and would result in failure.
Table 4.3 – Susceptibility scores for Boxelder Creek, Reach 1-3, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
49%

Stable
50%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.5 – Cantilever failures were occurring in a couple of bends without woody
vegetation to stabilize the banks. Some claypan was present in the toe of the bank, but
failure was still occurring.
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Figure 4.6 – Dense willows line the right side of the bank for the majority of the reach.

4.1.4

Boxelder Creek, Reach 1-4

Cantilever failures were limited to a couple of bends, but undercutting was severe in most
other bends and runs. Downstream of the drop structure in the middle of the reach there was a
coarse layer 0.5 to 2 ft below the bed surface. Upstream of the grade control the cobble layer was
buried 2 to 3 ft below deposition material deposited behind the grade control. Cattails and Brome
grass are dense throughout the reach, but will not stop the severe undercutting occurring at the
toe of the banks above the coarse layer (Figure 4.7). Despite the grade control created by the
bridge culvert at the downstream end, and the drop structure in the middle of the reach, fluvial
erosion was present throughout most of the reach. Further widening could occur if toe erosion
persists.
Table 4.4 – Susceptibility scores for Boxelder Creek, Reach 1-4, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
89%

Stable
10%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.7 – Undercutting was prominent in most of the reach, as cattails and Brome grass
provide less root strength to help stabilize banks than other riparian plant species.

4.1.5

Boxelder Creek, Reach 3-1

There was a coarse layer from 1 ft to greater than 4 ft below the bed surface in the
downstream section of the reach. Cantilever failures were present only in some of the bends
(Figure 4.8). The bed is progressively depositional downstream as evidenced by the fine veneer.
Runoff from agricultural fields is directly adding fine sediment into the reach and installing
erosional BMPs would help improve habitat. The bed was readily penetrable by the tile probe
and the stream would be susceptible to incision of at least 4 ft in some areas. The upstream
quarter of the reach had a coarse layer from 0 to 2 ft below the surface. All vegetation is upland
grasses which do provide some bank stability, but not as much as other riparian plant species.
Overall, the reach is at Medium risk both laterally and vertically, which is significant since land
use in the area could change causing future degradation within the reach (Figure 4.9).
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Table 4.5 – Susceptibility scores for Boxelder Creek, Reach 3-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
80%

Stable
15%

Susceptibility Risk
Vertical
Lateral
Medium
Medium

Figure 4.8 – A cantilever failure has occurred already in this bend, but the bank is
beginning to undercut again.

Figure 4.9 – Downstream section of the reach was wide and depositional.
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4.1.6

Boxelder Creek, Reach 3-2

There was a coarse gravel layer 1 to 2 ft below a layer of fine depositional material.
Cantilever failures were present in only a few bends, but undercutting was prominent in the rest
(Figure 4.10). Resistance to erosion of this coarse layer is unknown. However, the stream could
be susceptible to incision down to the coarse layer and then switch to lateral erosion as the banks
mostly consist of upland grasses with prominent undercutting throughout. A second field visit
saw an increase in flows from the canal input at the upstream end of the reach, which appeared to
have flushed the deep layer of fine veneer from the coarser layer. Overall, flow regime is directly
affected by canals and future changes in it could cause channel widening and/or incision
depending on the resistance of the bed material.
Table 4.6 – Susceptibility scores for Boxelder Creek, Reach 3-2, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Medium
Medium

Figure 4.10 – Undercutting was prominent throughout the reach and with continued lateral
erosion, bank failures could occur, especially with little to no woody vegetation.
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4.1.7

Boxelder Creek, Reach 4-1

A coarse layer was present 2 to 3 ft below the bed surface in the downstream section,
while the upstream section of the reach had a possible hardpan or coarse layer 1 to 3 ft below the
bed surface. Woody vegetation was present, but with the whole reach experiencing moderate
undercutting, the channel is susceptible to widening in areas without the woody vegetation
(Figure 4.11). In areas where the coarse layer is deeper, incision could cause bank failures.
Overall, the reach is at a Medium risk to widening due to the prominent undercutting.
Table 4.7 – Susceptibility scores for Boxelder Creek, Reach 4-1, and percent bank stability.
Mass
Wasting
0%

Fluvial
Erosion
100%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.11 – Areas without woody vegetation are susceptible to continued undercutting,
which could undermine the banks causing cantilever failures in the future.
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4.1.8

Boxelder Creek, Reach 5-1

A cantilever failure was only in one bend, and the undercutting throughout the reach was
only slight. A coarse layer and resistive layer of unknown erodibility were present in different
areas from 1 to 3 ft below the bed surface. Willows lined the left side of the stream, but the right
was dominated by upland grasses (Figure 4.12). The stream is not susceptible as long as the
undercutting does not worsen on the right side where no woody vegetation is present.
Table 4.8 – Susceptibility scores for Boxelder Creek, Reach 5-1, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.12 – Willows lined the left side of the channel, while upland grasses made the right
side more vulnerable to lateral erosion.
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4.1.9

Boxelder Creek, Reach 5-2

A cantilever failure was only in one bend, but moderate to severe undercutting was
throughout the reach. A coarse or resistive layer was present 2 to 3 ft below the bed surface.
Further incision could occur down to that layer, which would cause more bank failures. Since the
banks are only protected by upland grasses, the moderate to severe undercutting could worsen
and cause future bank failures (Figure 4.13).
Table 4.9 – Susceptibility scores for Boxelder Creek, Reach 5-2, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.13 – Little to woody vegetation was present in the reach making the channel more
susceptible to future lateral erosion.
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4.1.10 Boxelder Creek, Reach 5-3
A coarse or resistive layer was present 1 to 3 ft below the bed surface. The thalweg was
scoured down to a coarse layer, but both sides of the channel consisted of a deep layer of fines.
Willows and cattails were dense throughout most of the reach (Figure 4.14). Areas with the
woody vegetation are less at risk for lateral erosion, while areas with cattails or no woody
vegetation were more susceptible. The channel was at a Low risk for incision, but the erodibility
of the coarse or resistive layer should be better determined if any rehabilitation work is
considered.
Table 4.10 – Susceptibility scores for Boxelder Creek, Reach 5-3, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
50%

Stable
50%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.14 – Pockets of dense willows occurred throughout the reach and these areas were
considered stable.
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4.1.11 Boxelder Creek, Reach 6-1
A hardpan was 0 to 1 ft below the bed surface throughout the reach, but was less
prevalent in the upstream end. The field is used as pasture for horses, and areas of trampled and
bare banks were present throughout the reach (Figure 4.15). The reach would otherwise be a
stable sinuous section if the horses were kept fenced off. Because of the trampling and hardpan,
lateral erosion is more likely, especially in the heavy traffic areas with bare banks.
Table 4.11 – Susceptibility scores for Boxelder Creek, Reach 6-1, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.15 – Severe trampling from horses is creating banks with no vegetation and is
making the reach more susceptible to future failures.
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4.1.12 Boxelder Creek, Reach 6-2
Hardpan and bedrock were 0 to 1 ft below the bed surface throughout the reach, and was
also prominent in banks (Figure 4.16). Despite most bends being over critical height, future
incision and widening is unlikely due to the hardpan presence (Figure 4.17). Seepage was
prominent in many areas on the left side of the channel and is due to the nearby canal, which is
higher in elevation. The seepage is not likely to create more instabilities as the bedrock and
hardpan are keeping banks stable.
Table 4.12 – Susceptibility scores for Boxelder Creek, Reach 6-2, and percent bank
stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.16 – Hardpan in the bed and banks make the reach less susceptible to future
erosion.
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Figure 4.17 – Tree roots above the bedrock bank are keeping the top of the bank from
failing.

4.1.13 Boxelder Creek, Reach 6-3
Cantilever failures were limited to bends, and undercutting was moderate throughout
(Figures 4.18 through 4.21). A hardpan layer was 1 ft below the bed surface in the downstream
part of the reach, and 1 to 2 ft below the bed surface upstream. The banks are dominated by
upland grasses, so there is less protection from erosion than if riparian plant species were
present. With the presence of a hardpan, the stream is only susceptible to incision about another
foot, and then widening would be more likely.
Table 4.13 – Susceptibility scores for Boxelder Creek, Reach 6-3, and percent bank
stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.18 – Cantilever failure in a bend.

Figure 4.19 – Cantilever failure in a bend with the sediment block being slowly eroded
away.
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Figure 4.20 – Severe undercutting in the bend is leading to more bank failures.

Figure 4.21 – Close-up of the tension cracks behind the sloughed banks in Figure 4.20.
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4.2 Burns Tributary
The majority of the bank failures were in the bends, but there were a few in runs
indicating a potential shift towards degradation. Just upstream of Hilldale Drive, a home owner
has cleared vegetation off of a steep bank and replaced it with sparsely planted native vegetation,
which does not have the rooting depth to create stability. Elsewhere in the reach, willow
plantings by the City have slowed the erosion along some of the banks (Figure 4.22).
Downstream of Hilldale Drive, a hardpan was found to be consistently 0 to 2 ft below the
bed surface (Figure 4.23). Some riprap has been placed in some of the bends by home owners.
There was one possible head cut in the reach, but it may be stopped by the hardpan, which was 1
ft below the bed directly upstream of the head cut (Figure 4.24). Lateral erosion is possible in
areas with exposed hardpan along the bed and no woody vegetation protecting the banks.
Incision is less likely, but possible where the hardpan is deeper.
Table 4.14 – Susceptibility scores for the Burns Tributary reach and percent bank stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.22 – Bank erosion appears to be slowed by the willow plantings, but possibly not
stopped as erosion appears to be occurring behind the willows.
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Figure 4.23 – Exposed hardpan within the reach.

Figure 4.24 – Possible head cut may be stopped by hardpan layer directly upstream that is
only 1 ft below the streambed.
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4.3 Clearview Channel
Channel susceptibility was scored only on Reaches 1-1 and 2-1. Due to the absence of
water in upstream reaches of the channel, it was deemed not necessary to score the other reaches
since stream rehabilitation would be unlikely. That said, Reach 4-1 has some structures at risk
and will be discussed below.

4.3.1

Clearview Channel, Reach 1-1

Overall, this reach is controlled by backwater from the detention pond at the downstream
end, and there does not appear to be enough stream power to cause future degradation (Figure
4.25). This was evidenced by the fine veneer covering much of the reach. A coarse layer was
present 2 ft below the bed surface throughout the reach, and there is good woody vegetation to
keep the banks stable. The reach appeared stable.
Table 4.15 – Susceptibility scores for Clearview Channel, Reach 1-1, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
25%

Stable
75%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.25 – Areas of the reach were more like a backwater due to the detention pond at
the downstream end of the reach.
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4.3.2

Clearview Channel, Reach 2-1

Cantilever failures were limited to a couple of bends, but undercutting was moderate
throughout (Figure 4.26). A coarse layer was present throughout the reach 1 to 3 ft below the
bed surface, and incision could still occur down to that layer. Some larger cobbles are present
along the bed upstream, but not enough to stop vertical erosion making it High risk for incision.
Since upland grasses dominate the bank vegetation and undercutting is widespread, the reach is
also at High risk to lateral erosion.
Table 4.16 – Susceptibility scores for Clearview Channel, Reach 2-1, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.26 – A cantilever failure caused by eddy erosion.
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4.3.3

Clearview Channel, Reach 4-1

Reach 4-1 is severely degraded and has multiple compromised structures. A couple of
grade control structures are in danger of being flanked (Figures 4.27 through 4.29), and a
property fence is being undercut and at risk of future collapse. The city is already planning to
rehabilitate this reach.

Figure 4.27 – Riprap grade control structure being flanked.
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Figure 4.28 – Concrete grade control structure in danger of being flanked on the left side of
the photograph.

Figure 4.29 – Close-up of the erosion behind the structure.
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4.4 Foothills Creek
Susceptibility was only measured as far upstream as Rigden Parkway, as the rest of the
stream was deemed ephemeral due to lack of water on two separate visits. Overall, Foothills
Creek is a constructed channel with a flow regime developed to convey stormwater more than a
natural channel. This altered flow regime may make it more susceptible to erosion than other
creeks within Fort Collins.

4.4.1

Foothills Creek, Reach 1-1

Downstream of Chase Drive three large drop structures control the reach. The reach was
characterized by thick woody vegetation in most areas (Figure 4.30), and a claypan of unknown
erodibility was exposed in most of the reach (Figure 4.31). The furthest upstream part had a
coarse bed consisting mostly of cobbles and gravel, which could possibly stop further incision.
Overall, areas without the woody vegetation are more susceptible to lateral erosion. Depending
on the erodibility of the claypan, the channel is at Low risk for incision. Directly upstream of
Ziegler Road, the channel was more degraded with some bank failures that were being caused by
a gutter outflow pipe adding more water to the channel.
Table 4.17 – Susceptibility scores for Foothills Creek, Reach 1-1, and percent bank
stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.30 – Dense woody vegetation is helping stabilize the banks despite undercutting.
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Figure 4.31 – Exposed claypan that was resistant to the tile probe was present throughout
most of the reach.

4.5 Fossil Creek
4.5.1

Fossil Creek, Reach 1-1

Cantilever failures were in both bends and runs (Figures 4.32 and 4.33), as this reach was
clearly unstable. Bedrock and coarse layers were present throughout the reach from 0 to 0.2 ft
below the surface. Bedrock was present in one bank in the downstream section of the reach.
Willows were patchy and not in enough quantity to stabilize banks. Overall, the reach is at High
risk for continued incision and widening.
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Table 4.18 – Susceptibility scores for Fossil Creek, Reach 1-1, and percent bank stability.
Mass
Wasting
75%

Fluvial
Erosion
25%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.32 – Cantilever failures were present in every bend.

Figure 4.33 – Cantilever failure just downstream from Trilby Road.
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4.5.2

Fossil Creek, Reach 2-1

Cantilever failures were in most bends and the occasional run (Figure 4.34). Inconsistent
stretches of hardpan and claypan were found 0.5 to 1.5 ft below the bed surface. Current
instability result from long durations of moderate flows entering from Stone Creek during large
storm events. This is evidenced by the less degraded reach upstream of the confluence of Stone
and Fossil Creeks (Figure 4.35). The Trilby Road bridge was slowing bank failures directly
upstream from it, but its influence had not stopped failures further upstream. With continuing
undercutting, the channel would expect to see more failures and widen as the upland grasses
appear to not be stabilizing the banks.
Table 4.19 – Susceptibility scores for Fossil Creek, Reach 2-1, and percent bank stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
High

Figure 4.34 – Cantilever failures from severe undercutting upstream from Trilby Road.
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Figure 4.35 – A large back eddy has created cantilever failures just opposite from where
Stone Creek enters Fossil Creek.

4.5.3

Fossil Creek, Reach 2-2

Cantilever failures were limited to bends with only a few in runs. The bends that did not
have bank failure had dense woody vegetation helping stabilize the banks (Figure 4.36). There
were intermittent claypans and coarse layers with cobbles 0 to 1.5 ft below the bed surface in
most areas of the reach. Although the channel is at Low risk for incision, it is still possible
depending on the erodibility of the claypan and armoring of the coarse layers. The channel was
at Medium risk to widening in areas void of woody vegetation.
Table 4.20 – Susceptibility scores for Fossil Creek, Reach 2-2, and percent bank stability.
Mass
Wasting
15%

Fluvial
Erosion
85%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.36 – Dense willows are helping to stabilize the banks from lateral erosion.

4.5.4

Fossil Creek, Reach 3-1

The grade control drop structure at the golf course bridge to the facilities building was
stopping much of the degradation in the downstream section (Figure 4.37). Upstream of the
influence of the grade control, some bank failures were occurring in areas without willows. In
the same location, the bed material was fairly coarse and could slow incision. Two small 100-ft
sections of bedrock at or near the bed surface were present within the reach. The upstream
section had riprap consisting of large boulders in the banks and was stopping erosion and failures
(Figure 4.38). Overall, the channel is at Medium risk to lateral erosion in areas without woody
vegetation or riprap in the banks.

84

Table 4.21 – Susceptibility scores for Fossil Creek, Reach 3-1, and percent bank stability.
Mass
Wasting
10%

Fluvial
Erosion
90%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.37 – Bank erosion is occurring in areas where the boulders have fallen from the
bank.
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Figure 4.38 – Boulders placed along the banks are helping to stop erosion in some areas.

4.5.5

Fossil Creek, Reach 4-1

Cantilever failures had occurred in every bend and some runs making the stream highly
unstable (Figures 4.39 through 4.42). The grade control just upstream from the Lemay Avenue
bridge has stopped the bank failures for a short stretch directly upstream (Figure 4.43). There
were areas of densely populated willows helping to stabilize the banks, but overall the stream
was degraded. Point bars were forming, but they were mostly wide and unvegetated, which is
indicative of unstable streams. A hardpan layer was consistently 0.5 to 2 ft below the bed
surface. The channel is at High risk to incision down to the hardpan, which could create more
bank failures and result in widening (Figure 4.44).
Bank failures, just downstream of where Fossil Creek and Mail Creek merge, were
encroaching upon the softball fields in Fossil Creek Park and could put the light poles and fences
in danger (Figure 4.45). Recently some willow toe reinforcements were placed just upstream of
that area (Figure 4.46), but it was too early to tell if they were helping to stabilize the banks.
Table 4.22 – Susceptibility scores for Fossil Creek, Reach 4-1, and percent bank stability.
Mass
Wasting
75%

Fluvial
Erosion
25%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.39 – Banks that have failed by cantilever processes. Note the lines of erosion
indicating long-duration moderate flows.

Figure 4.40 – Cantilever failures occurring in a bend from the severe undercutting. Note
the wide unvegetated point bar.
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Figure 4.41 – Undercutting occurring at multiple heights on the bank, indicating longduration flows.

Figure 4.42 – Severe undercutting will lead to a cantilever failure of this bank.
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Figure 4.43 – Grade control influence is stopping bank failures in the downstream section
of the reach by reducing bank heights and providing toe stability.

Figure 4.44 – Exposed hardpan on the bed and in the toe of the bank.
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Figure 4.45 – Mass failures in this big bend are encroaching upon the softball field
infrastructure.

Figure 4.46 – Recently installed willow pole toe reinforcements.
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4.5.6

Fossil Creek, Reach 5-1

The majority of cantilever failures were in the downstream section of the reach. Willow
toe reinforcements were placed along the downstream section, and they were estimated to be
50% effective at stopping toe erosion. Some of the willow poles were completely buried by
banks still failing behind them, and many of the poles seem to be missing (Figure 4.47). Dense
willows were patchy throughout the reach, but were helping stop the erosion (Figures 4.48 and
4.49).
A coarse layer was present throughout the reach 2 ft below the bed surface, so incision
could still occur, which would make the banks above critical height, resulting in failures.
Overall, the stream is at Medium risk to widening in areas without dense vegetation, and at High
risk to erode vertically throughout the reach at least a couple of feet (Figure 4.50).
Table 4.23 – Susceptibility scores for Fossil Creek, Reach 5-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.47 – Recently installed willow pole toe reinforcements buried by aggradation.
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Figure 4.48 – Bank failure was still occurring in some locations despite the toe
reinforcements.

Figure 4.49 – Bank failure was still occurring in areas despite the willow toe
reinforcements.
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Figure 4.50 – The junction of Fossil Creek and Mail Creek looking upstream a day after
heavy rains in Fort Collins. Fossil Creek on the left was turbid, while Mail Creek was high,
but remained clear.

4.5.7

Fossil Creek, Reach 5-2

Cantilever failures were in most bends and a few runs (Figure 4.51). Hardpan was present
in 90% of the reach usually 0 to 0.5 ft below the bed surface, but occasionally 1 to 2 ft below
(Figure 4.52). One head cut was present, but it appears to be stopped at a section of exposed
hardpan (Figure 4.53). Woody vegetation is patchy within the reach, and the hardpan presence
makes the stream at a higher risk to widen than incise.
Table 4.24 – Susceptibility scores for Fossil Creek, Reach 5-2, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.51 – Mass failures occurring in a bend.

Figure 4.52 – Exposed hardpan on the bed of the stream.
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Figure 4.53 – Mass failure, but of note is the clump of sedge that has revegetated the one
spot of failed bank and has stopped it from eroding.

4.5.8

Fossil Creek, Reach 5-3

This reach had two distinct things happening: (1) The two grade controls have stopped
the bank failures for the most part and have turned the area directly upstream into a wide
depositional backwater. Any further incision or widening seems unlikely in these areas due to the
lack of stream power caused by the grade control (Figure 4.54). (2) Upstream from the influence
of the grade control the channel has appeared to be able to go through the channel evolution
stages and find a new quasi-equilibrium where the channel is narrower and for the most part
stable (Figure 4.55). There was a resistive layer and coarse layer throughout the reach 0.5 to 2 ft
below the bed surface. Depending on the erodibility of the resistive layer, the channel could
incise. Woody vegetation was sparse throughout the reach and the channel is at Medium risk to
widening in areas void of the woody vegetation.
Table 4.25 – Susceptibility scores for Fossil Creek, Reach 5-3, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
45%

Stable
50%

95

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.54 – Section of the channel not influenced by grade control that has seemed to find
a new dynamic equilibrium.

Figure 4.55 – Section of the stream under the influence of grade control that was stopped
from continuing through the channel evolution and has remained wide, incised, and
undercut, but without bank failures.
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4.5.9

Fossil Creek, Reach 6-1

A resistive layer of unknown erodibility was present throughout the reach on average 1 ft
below the bed surface. Bank failures were only in the bends and seemed to be caused by severe
undercutting leading to bank sloughing (Figures 4.56 and 4.57). The channel is at greater risk to
widening as the bank material seems more erodible as evidenced by the severe undercutting.
Table 4.26 – Susceptibility scores for Fossil Creek, Reach 6-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
70%

Stable
25%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.56 – Little to no woody vegetation was present in the reach.
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Figure 4.57 – Cantilever failures caused by severe undercutting.

4.5.10 Fossil Creek, Reach 6-2
This grade control, in the form of riffle drop structures, had stopped most of the
degradation that was occurring previously. There were still a few bends that have failing banks,
but otherwise the reach had dense woody vegetation helping to stabilize the banks (Figure 4.58).
A resistive layer was constant throughout the reach 0.5 to 2 ft below the bed surface. The
channel is Low risk for vertical or lateral erosion due to the grade control.
Table 4.27 – Susceptibility scores for Fossil Creek, Reach 6-2, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
75%

Stable
20%
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Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.58 – Dense woody vegetation is helping to stabilize banks in the reach.

4.5.11 Fossil Creek, Reach 7-1
Bedrock was present throughout the reach 0 to 0.2 ft below the bed and would stop any
future incision (Figures 4.59 and 4.60). It was also present in some of the banks, especially at or
just beneath the toe. Overall, the riffle drop structures appear to have stopped any future
degradation. The reach is considered stable due to the grade control and is at Low risk for
incision or widening.
Table 4.28 – Susceptibility scores for Fossil Creek, Reach 7-1, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
0%

Stable
99%

99

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.59 – Exposed bedrock in the bank.

Figure 4.60 – Exposed bedrock in the bank.

100

4.5.12 Fossil Creek, Reach 8-1
Either bedrock or a coarse layer was 0.2 to 1 ft below the bed surface at the downstream
end of the reach. Farther upstream, the coarse layer was less armored, but 0.5 ft below the bed
surface. The railroad crossing at the downstream end and the riffle drop structures at the
upstream end have stopped bank failures for the most part (Figure 4.61). Most bank failures
seem old, as they have become revegetated (Figure 4.62). Overall, the downstream section could
see some widening due to erosion from a big back eddy forming under higher flows (Figure
4.63). Upstream, the riffle drop structures have stopped incision; however, undercutting is
present throughout the reach and upland grasses are the dominant vegetation, which put the
channel at Medium risk for widening.
Table 4.29 – Susceptibility scores for Fossil Creek, Reach 8-1, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.61 – Runoff from a horse pen is contributing sediment into the reach and creating
an instability in the bend.
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Figure 4.62 – Old bank failures that have been revegetated.

Figure 4.63 – Widening caused by a back eddy eroding the bank can be seen in the left side
of the photograph.
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4.5.13 Fossil Creek, Reach 9-1
Cantilever failures were in every bend and there was severe undercutting in most runs
(Figures 4.64 and 4.65). A coarse layer was 1 to 2 ft below the bed surface in areas without
riprap placed along the bed (Figure 4.66). The channel could still incise in areas down to the
coarse layer, which could cause more bank failures as bank height approaches critical. Otherwise
widening is also plausible as the severe undercutting could continue, eventually causing the
banks to collapse under their own weight. The channel is at High risk for both incision and
widening.
Table 4.30 – Susceptibility scores for Fossil Creek, Reach 9-1, and percent bank stability.
Mass
Wasting
20%

Fluvial
Erosion
80%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.64 – Cantilever failure in a big bend has exposed a hardpan in the bank. Hardpan
is also visible on the stream bottom.
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Figure 4.65 – Cantilever failure in a bend and extending into a run.

Figure 4.66 – Section of riprapped bank and streambed is stopping erosion.
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4.5.14 Fossil Creek, Reach 9-2
Cantilever failures were just in the bends, but moderate undercutting was present in the
runs. A hardpan was consistently 0 to 2 ft below the bed surface throughout the reach. It is still
possible for incision to occur down to the coarse layer in areas which may lead to bank failures
in the runs as bank height would pass the critical height. Widening would be more likely as the
bank material is readily erodible as evidenced by the undercutting, and there is little to no woody
vegetation along the banks. Substantial seepage was along the right bank when the channel
approaches Fossil Creek Drive and is accelerating bank failures (Figures 4.67 and 4.68). One
concrete structure holding an elevated pipe was beginning to be flanked and should be monitored
for possible structural damage (Figure 4.69). The channel is at High risk for incision and
widening.
Table 4.31 – Susceptibility scores for Fossil Creek, Reach 9-2, and percent bank stability.
Mass
Wasting
20%

Fluvial
Erosion
80%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.67 – Cantilever failure being accelerated by seepage in the banks.
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Figure 4.68 – Seepage accelerating bank failure.

Figure 4.69 – A concrete post holding an elevated pipe is in danger of being flanked.
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4.6

Langs Gulch

4.6.1

Langs Gulch, Reach 1-1

The stream consisted of multiple channels in a couple of areas (Figure 4.70). A coarse
layer was present in most places from 0.2 to 2 ft below the bed surface. Cantilever failures were
occurring in the few big bends within the reach (Figure 4.71). Overall, the channel is at High risk
to incise down to the coarser layer and Medium risk to widen as woody vegetation was rare
along the banks. A fine veneer was present thoughout the reach, especially at the upstream end
where the channel was more marsh-like.
Table 4.32 – Susceptibility scores for Langs Gulch, Reach 1-1, and percent bank stability.
Mass
Wasting
2%

Fluvial
Erosion
78%

Stable
20%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.70 – A multiple-thread channel was common place in areas throughout the reach.

107

Figure 4.71 – Overgrown channel with a couple of mass failures present in the bends.

4.7 Mail Creek
We suspect the degradation of Mail Creek is caused by long durations of low to moderate
flows released from the Palmer Drive Dam. These flows are also relatively free of sediment,
which increases the sediment capacity to erode the bed and bank material. Erosion is especially
problematic in the lower reaches where the bank and bed material are less armored by riprap and
woody riparian vegetation. An effective option for stabilizing Mail Creek would be to regulate
outflow from the Palmer Drive Dam in a manner that reduces the cumulative duration of erosive
flows.

4.7.1

Mail Creek, Reach 1-1

The stream was severely degraded with bank failures in the bends and in some runs
(Figures 4.72 through 4.75). The bed consisted of a claypan in most areas and even in some bank
toes (Figure 4.76). Depending on the erodibility of the claypan, the stream could still slowly
incise. There were a couple of elevation drops in the claypan that could possibly be knick points,
but it depends how erodible the claypan is on whether these are active. The bank failures were
common despite some claypan presence in the bank toes, as it appears the long-duration
moderate flows are able to erode away the banks above the toe causing the banks to collapse
(Figure 4.77). Point bars are forming opposite of the bank failures, but they appear wide and
slow to revegetate. Willows have helped to slow the bank failures in some bends, especially at
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the downstream end of the reach, but have not stopped it all together (Figure 4.78). The channel
is at High risk to continue to degrade until a new equilibrium is reached.
Table 4.33 – Susceptibility scores for Mail Creek, Reach 1-1, and percent bank stability.
Mass
Wasting
75%

Fluvial
Erosion
25%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.72 – Cantilever failure occurring in a big bend.
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Figure 4.73 – Debris jam.

Figure 4.74 – Serious aggradation just downstream of a large failed bank.
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Figure 4.75 – Cantilever failure in a bend.

Figure 4.76 – Exposed claypan on the stream bottom.
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Figure 4.77 – The toe of the bank seems to be getting closer to a stable angle, but
undercutting higher up on the bank will continue to create bank failure.

Figure 4.78 – Cantilever failures occurring despite some presence of willows.
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4.7.2

Mail Creek, Reach 1-2

Like Reach 1-1, this reach was severely degraded with bank failures occurring in bends
and some runs where willows were not present (Figures 4.79 and 4.80). Some hardpan, bedrock
layers, and gravel layers were present in some banks (Figures 4.81 through 4.83). Hardpan was
present in most of the reach from 0 to 1 ft below the bed surface. The rest of the reach consisted
of a claypan 0 to 2 ft below the bed surface. One possible head cut was noted, but it was
uncertain if it was moving upstream as it was at a claypan covered by cobbles. One riprap grade
control structure was not effective in stopping the bank failures as they were occurring directly
upstream of the riprap (Figure 4.84). The channel can be expected to continue in this degraded
state until a new equilibrium is found as it is at High risk for susceptibility to erosion.
Table 4.34 – Susceptibility scores for Mail Creek, Reach 1-2, and percent bank stability.
Mass
Wasting
80%

Fluvial
Erosion
20%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.79 – Failed bank material is being eroded away as evidenced by the clump of
sediment on the opposite side of the channel that is still present.
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Figure 4.80 – Multiple lines of erosion are an indication of the long-duration flows the
channel experiences.

Figure 4.81 – Exposed hardpan in the bank and on the stream bottom.
114

Figure 4.82 – Bed rock layer in the middle of hardpan layers in the stream bank.

Figure 4.83 – Hardpan being exposed in the bank after mass wasting has occurred. The
bank may become stable again, depending on the erodibility of the hardpan at the toe of
the bank.
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Figure 4.84 – Bank failure is still occurring despite being directly upstream from the grade
control.

4.7.3

Mail Creek, Reach 2-1

Much of the reach was armored with riprap along the bed and banks, preventing the
stream from degrading (Figures 4.85 and 4.86). A bedrock/hardpan layer was exposed in a
couple of areas (Figure 4.87); otherwise the bed material was armored making incision unlikely
to occur. Widening is more probable, but only in areas without riprapped banks. One riprap
grade control structure should be monitored for flanking, as bank failure was starting to occur
right at the structure (Figure 4.88).
Table 4.35 – Susceptibility scores for Mail Creek, Reach 2-1, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
75%

Stable
24%

116

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.85 – Riprapped banks are stopping erosion.

Figure 4.86 – Cantilever failure in a run.
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Figure 4.87 – Hardpan layer in the bank being exposed from mass wasting.

Figure 4.88 – Severe undercutting along the right side of the photograph.
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4.7.4

Mail Creek, Reach 3-1

Bedrock or hardpan was present throughout the reach 0 to 1.5 ft below the bed surface.
Hardpan was also present in some banks, but they are still eroding (Figures 4.89 through 4.91).
Every bend had mass wasting occurring (Figures 4.92 through 4.94), with only a few runs having
failed banks. Undercutting was present in most runs. The biggest issue for the reach was a debris
jam with a deep pool below it that was acting like grade control just upstream of Meadow
Passway bridge (Figures 4.95 and 4.96). If the debris jam were to fail, it is possible the channel
upstream could incise 1 to 1.5 ft down to the hardpan layer. The incision would likely continue
upstream until hitting the next grade control structure where it would be expected to stop (Figure
4.97). However, more bank failures would be expected to occur from the incision, especially if
the incision were able to continue down into the hardpan. Overall, the channel is at High risk for
incision and Medium risk for widening.
Table 4.36 – Susceptibility scores for Mail Creek, Reach 3-1, and percent bank stability.
Mass
Wasting
50%

Fluvial
Erosion
50%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.89 – Hardpan and a small bedrock layer present in the bank do not appear to be
stopping bank failures.
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Figure 4.90 – Close-up of the hardpan in the bank that is still erodible and not stopping
bank failures.

Figure 4.91 – Again, hardpan is present in the bank, but failure is still occurring.
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Figure 4.92 – A gully is forming at the downstream end of a drainage ditch that ends at the
top of the bank.

Figure 4.93 – Large unvegetated point bar downstream of a cantilever failure.
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Figure 4.94 – Cantilever failure in a large bend.

Figure 4.95 – The debris jam that if it fails could allow the channel upstream to incise
another 1 to 1.5 ft.
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Figure 4.96 – Looking downstream at the same debris jam.

Figure 4.97 – This concrete weir with riprap would stop any incision that may occur if the
debris jam downstream were to fail.
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4.7.5

Mail Creek, Reach 3-2

The stream was higher gradient in this reach (Figure 4.98) and had step-pool type
morphology created by tree roots (Figure 4.99). There was hardpan present throughout the reach
(Figure 4.100), and incision seems unlikely as any knick point or head cut that could form would
be stopped by the next tree root upstream. The banks were stable for the most part with just an
occasional bend having a failure. There was undercutting, but the presence of woody vegetation
and large tree roots were keeping most banks stable. This reach is at Low risk to degrade as it is
armored in place by vegetation.
Table 4.37 – Susceptibility scores for Mail Creek, Reach 3-2, and percent bank stability.
Mass
Wasting
80%

Fluvial
Erosion
10%

Stable
10%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.98 – The dam at the upstream end of Mail Creek.
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Figure 4.99 – Tree roots have created steps and pools, and are keeping the stream stable.

Figure 4.100 – Typical run in the reach with hardpan present on the stream bottom and
banks.
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4.8 McClellands Creek
4.8.1

McClellands Creek, Reach 1-1

Banks failures were in almost every bend with undercutting occurring everywhere else
(Figure 4.101). Occasional pockets of hardpan or bedrock were found 1 ft below the bed surface.
Everywhere else a claypan was present 1 to 2 ft below the bed surface. Ripples were present in
the sand-dominated bed material (Figure 4.102). There was some claypan in the toe of the banks,
but it was not stopping erosion or bank failures. The stream entered a pipe with a sluice gate at
the downstream end of the reach and this was influencing the stream like grade control, but not
enough to stop the bank failures (Figure 4.103). There was substantial deposition just upstream
of the pipe entrance. Overall, the stream is at High risk to incise in most areas down to the
claypan and if the undercutting continues, the channel is at High risk to widening.
Upon every visit, including late summer, the water was always running high, which is
unexpected for the season. This could be explained in part by the irrigation pond and amount of
watering just upstream at the sporting fields at Fossil Ridge High School (Figure 4.104). Return
flow from the field irrigation could be keeping base flows higher than usual. There is also an
outflow pipe in the upstream reach that comes from the direction of the fields that was adding
water on every visit to the stream (Figure 4.105). A large release valve is also present on a pipe
feeding the irrigation pond, which may be opened on occasion and would directly affect the flow
within the reach. The irrigation pond itself has three different head cuts working their way up
from near the stream to the concrete wall framing the pond (Figures 4.106 through 4.108). These
have been created by overland flow spilling from the irrigation pond down into the stream.
Judging by the size of the head cuts, it appears that at times substantial water is entering the
stream directly from the irrigation pond itself by overland flow. In summary the channel is
experiencing a longer duration of moderate flows than would occur in an undeveloped watershed
and this is contributing to degradation within the reach.
Table 4.38 – Susceptibility scores for McClellands Creek, Reach 1-1, and percent bank
stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.101 – Cantilever failure in a bend.

Figure 4.102 – Ripples forming on the sand-dominated bed.
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Figure 4.103 – Sluice gate at the downstream end of the reach is creating a slight
backwater, but not stopping degradation.

Figure 4.104 – Large release valve on the pipe feeding water into the irrigation pond. If
opened it would flow directly into the stream.
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Figure 4.105 – Outflow pipe presumably draining excess water from the sports field at
Fossil Ridge High School.

Figure 4.106 – One of the head cuts working its way up to the irrigation pond.
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Figure 4.107 – Another head cut working its way up to the irrigation pond.

Figure 4.108 – The head cuts are suspending the old erosion control mats.
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4.8.2

McClellands Creek, Reach 1-2

A claypan was present throughout the reach 0 to 0.5 ft below the bed surface. Bank
failures were in a couple of bends with undercutting happening everywhere else. One riprap
grade control structure that spans the channel was not stopping the few bank failures (Figure
4.109). Although the stream is at Medium risk to both lateral and vertical erosion, lateral erosion
seems more likely as the claypan is less erodible than the bank material, and there is little to no
woody vegetation in the reach to help with bank stabilization.
Table 4.39 – Susceptibility scores for McClellands Creek, Reach 1-2, and percent bank
stability.
Mass
Wasting
15%

Fluvial
Erosion
85%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Medium
Medium

Figure 4.109 – Grade control structure spanning the entire channel.
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4.8.3

McClellands Creek, Reach 2-1

Bank failures were in every bend and undercutting was present in all runs (Figures 4.110
and 4.111). A claypan was 1 to 2 ft below the bed surface throughout the reach. The channel
could still incise 1 to 2 ft down to the claypan, causing more bank failures. This reach was
considered degraded, and can be expected to continue with bank failures until a new equilibrium
is reached. Natural grade control in the form of tree roots is stopping possible knick points from
migrating upstream (Figure 4.112). Debris jams have formed at the tree roots, but as long as the
roots are intact they will continue to act as grade control. It seems likely this section of river was
channelized at one point and the stream is trying to become more sinuous to deal with the excess
stream power resulting from urbanization within the watershed.
Table 4.40 – Susceptibility scores for McClellands Creek, Reach 2-1, and percent bank
stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.110 – Cantilever failures occurring in a bend.
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Figure 4.111 – Cantilever failures along a bend.

Figure 4.112 – Debris jam caught by willow tree roots that cross the channel and act as
grade control.
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4.8.4

McClellands Creek, Reach 2-2

Despite the presence of claypan in the toe of some banks, failures were still occurring.
Bank failures were cantilever and present in every bend and a few runs (Figure 4.113). Severe
undercutting was widespread throughout the reach and could lead to more bank failures. A
hardpan was consistently 1 ft below the bed surface throughout the reach, and any future incision
would be expected to stop when hitting the hardpan. Widening would be more likely in the
reach, especially with the hardpan presence and little to no woody vegetation within the reach.
Overall, the reach is significantly more sinuous than other reaches on McClellands Creek, which
seems to be in response to changes in land use upstream in the watershed.
Of concern are a couple of areas where the meander necks are close enough to where
channel cutoffs could occur (Figures 4.114 and 4.115). Both areas have a narrow strip of land
separating the channel, and with severe undercutting occurring on both sides it seems plausible
that the stream will eventually cut through, possibly leading to more erosion within the reach.
Table 4.41 – Susceptibility scores for McClellands Creek, Reach 2-2, and percent bank
stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.113 – Cantilever failures occurring in a bend.
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Figure 4.114 – Old culvert beginning to be bypassed on the right side.

Figure 4.115 – Meander neck in danger of being cutoff.
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4.8.5

McClellands Creek, Reach 2-3

A couple of bends had cantilever failures and undercutting was prominent in areas away
from willow trees as the roots stabilized the banks. This reach is locked in place for the most part
by tree roots acting as grade control (Figures 4.116 through 4.118). Any historic head cuts that
have moved up through the downstream reaches have been stopped by the tree roots as
evidenced by dramatic change in bed elevation above and below the natural grade control at the
downstream end of the reach. The reach is more susceptible vertically as there was only a
resistive layer 2 ft below the bed surface. However, the frequency of tree root grade controls is
enough to stop any future incision over long stretches. Lateral erosion is occurring, but there is
substantial woody vegetation helping to stabilize the banks.
Table 4.42 – Susceptibility scores for McClellands Creek, Reach 2-3, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Medium
Medium

Figure 4.116 – Tree roots acting as grade control.
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Figure 4.117 – Tree roots acting as grade control.

Figure 4.118 – Tree roots acting as grade control.
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4.8.6

McClellands Creek, Reach 3-1

The reach consisted of an undefined channel in a wide marsh-like area dominated by
cattails (Figure 4.119). Large riprap grade controls stretched all the way across the entire marsh
area and have created a slope that should not allow for any future instabilities evidenced by the
large amount of fines depositing out (Figure 4.120). There was a resistive layer of unknown
erodibility 2 ft below the bed of the surface. Due to the reach acting more like a marsh, it is not
susceptible to any future erosion.
Table 4.43 – Susceptibility scores for McClellands Creek, Reach 3-1, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
0%

Stable
100%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.119 – View looking upstream from the downstream end of the reach.
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Figure 4.120 – Riprap grade control structure spanning the entire channel.

4.8.7

McClellands Creek, Reach 4-1

A claypan was present 0 to 2 ft below the bed surface throughout the reach. Woody
vegetation and cattails were patchy in the reach (Figure 4.121). Overall, the stream was stable,
but if flow or sediment regimes change, the stream could incise down to the claypan and widen
in areas without dense woody vegetation (Figure 4.122).
Table 4.44 – Susceptibility scores for McClellands Creek, Reach 4-1, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
25%

Stable
75%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.121 – Run with willows and cattails lining the banks.

Figure 4.122 – Run with no woody vegetation.
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4.8.8

McClellands Creek, Reach 5-1

Although there was undercutting, large riprap was present along the bed and banks in
most areas of the reach (Figure 4.123). Being an armored channel, incision is unlikely and
widening may only occur in areas without riprap in the banks.
Table 4.45 – Susceptibility scores for McClellands Creek, Reach 5-1, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
100%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.123 – Riprap along the stream bed and banks.

4.8.9

McClellands Creek, Reach 5-2

A claypan was present 1 to 2 ft below the bed surface throughout the reach. Undercutting
was slight, but because the mowing is right down to the stream bank there is a risk of it
becoming more severe (Figure 4.124). Overall, the reach has stable parts, but if banks are better
protected with vegetation this could change.
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Table 4.46 – Susceptibility scores for McClellands Creek, Reach 5-2, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
75%

Stable
25%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.124 – Looking upstream. Note the grass being mowed right up to the channel.

4.8.10 McClellands Creek, Reach 5-3
The channel was straight and only one bend had bank failure, but undercutting was
prominent everywhere else (Figure 4.125). A claypan was present 2 ft below the bed surface
making the channel susceptible to incision to at least that depth. Widening could also occur with
mowing right up to the bank making the banks susceptible to erosion. This reach, farther
upstream away from the influence of the grade control, was more incised and more vulnerable to
future erosion than the reach downstream closer to the grade control.
Table 4.47 – Susceptibility scores for McClellands Creek, Reach 5-3, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.125 – Cantilever failure in one bend of the reach. Moderate undercutting present
just downstream of the failure.

4.8.11 McClellands Creek, Reach 6-1
There were only a couple of cantilever failures in the bends with moderate undercutting
everywhere else (Figures 4.126 and 4.127). The bed surface was an exposed claypan of unknown
erodibility. The channel is more at risk to widening as the bank material is more erodible than the
claypan, and there was little to no woody vegetation along the banks.
Table 4.48 – Susceptibility scores for McClellands Creek, Reach 6-1, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
High

Figure 4.126 – Looking downstream from Clear Creek Lane.

Figure 4.127 – Some undercutting in bends has led to cantilever failures.
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4.8.12 McClellands Creek, Reach 6-2
A claypan was present 1 to 2 ft below the bed surface in the downstream half, while 0 to
1 ft in the upstream half. This was due to material depositing out upstream of the bridge culvert,
which was acting as grade control. Only a couple of bends had cantilever failures, while
undercutting was prominent throughout (Figures 4.128 and 4.129). The stream is at higher risk to
widening as there is little to no woody vegetation, but incision could still occur down to the
claypan, which may result in bank failures in areas.
Table 4.49 – Susceptibility scores for McClellands Creek, Reach 6-2, and percent bank
stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Medium
High

Figure 4.128 – View looking upstream from Clear Creek lane.
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Figure 4.129 – Some undercutting is occurring as the stream is reacting to being
channelized for housing developments.

4.8.13 McClellands Creek, Reach 7-1
A claypan was present 0 to 1 ft below the bed surface throughout the reach. After a large
rain event, the channel was lined with trash and leaves, which shows the impact of the local
gutter outflows on the channel flow regime (Figure 4.130). Depending on the erodibility of the
claypan, the reach would be more at risk to widening, especially with the lack of woody
vegetation and narrow riparian strip due to mowing.
Table 4.50 – Susceptibility scores for McClellands Creek, Reach 7-1, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
100%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.130 – Little to no woody vegetation is present along the reach. Note the leaves and
trash present showing the influence of gutter outflows emptying into the channel.

4.8.14 McClellands Creek, Reach 7-2
This reach was almost the same as Reach 7-1, except the claypan was exposed
throughout the entire reach (Figure 4.131). Depending on the erodibility of the claypan, the reach
would be more susceptible to widening.
Table 4.51 – Susceptibility scores for McClellands Creek, Reach 7-2, and percent bank
stability.
Mass
Wasting
0%

Fluvial
Erosion
100%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.131 – Exposed claypan was present throughout the reach.

4.9 Spring Creek
4.9.1

Spring Creek, Reach 1-1

Cantilever failures were in a couple of bends with only slight undercutting in other areas
(Figures 4.132 and 4.133). Backwater from the pond at the downstream end may cause some
back eddy erosion in higher flows. Hardpan or possibly a coarse-armored layer was present 0.2
to 2 ft below the bed surface. The bed surface was covered in a fine veneer except in the riffles
where the bed material consisted predominantly of large cobble and gravel. Due to the hard
armored layer or hardpan, the channel would be more susceptible to widening, especially with
woody vegetation being sparse.
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Table 4.52 – Susceptibility scores for Spring Creek, Reach 1-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
45%

Stable
50%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.132 – Cantilever failure exposing the bank stratification of the bank.
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Figure 4.133 – Cantilever failure in a bend.

4.9.2

Spring Creek, Reach 1-2

The bed surface consisted of an armored layer predominantly made up of cobble, gravel,
and sand, and making the channel Low risk to future incision. Willows were abundant in the
reach and will help keep banks stable from lateral erosion (Figure 4.134). There was a large
depositional area just downstream of the Prospect Road bridge with greater than 3 ft of fine
veneer at its deepest. Overall, the reach is considered mostly stable and is at Low risk to either
vertical or lateral erosion, although lateral would be more likely in areas without woody
vegetation.
Table 4.53 – Susceptibility scores for Spring Creek, Reach 1-2, and percent bank stability.
Mass
Wasting
25%

Fluvial
Erosion
0%

Stable
75%
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Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.134 – The reach was moderately stable with willows lining some of the banks.

4.9.3

Spring Creek, Reach 1-3

Cantilever failures were in only a couple of bends farther upstream in the reach as
backwater created by the Prospect Road bridge culvert was stopping any possible bank failures
in the downstream half (Figure 4.135). Woody vegetation was abundant in the reach, but some
willows were dying from possibly being completely submerged in water for too long of a period
(Figure 4.136). Bed material was predominantly an armored gravel and cobble layer, with one
area of exposed claypan (Figure 4.137). Overall, the reach is being kept stable at the downstream
by the backwater from the bridge, and upstream there is large riprap and boulders placed along
the stream bottom and banks to stop erosion. This reach is at Low risk to future lateral or vertical
erosion.
Table 4.54 – Susceptibility scores for Spring Creek, Reach 1-3, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
24%

Stable
75%
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Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.135 – Large boulders placed in the channel downstream of a gutter outflow pipe.

Figure 4.136 – Some willows dying due to being submerged underwater for too long. Note
the debris caught in the limbs.
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Figure 4.137 – Cantilever failure and exposed claypan along the stream bottom.

4.9.4

Spring Creek, Reach 1-4

The bed material was an armored layer predominantly consisting of large cobbles.
Depending on the armoring of the bed, the channel is at Low risk to future incision. Cantilever
failures were in most bends and in some runs (Figures 4.138 through 4.141). Erosion of the toe
material above the coarse bed is resulting in bank failures and causing channel widening,
especially at the downstream end of the reach (Figure 4.142). The severe undercutting and
resulting bank failures could continue until the channel reaches a new equilibrium. Woody
vegetation is sparse for the most part along the reach, except for just downstream of the detention
pond, dense willows line the right side and are helping to stop bank failures. Trampling on some
banks in close proximity to the Frisbee golf course seemed to be accelerating bank failures
(Figure 4.143). This reach is at Medium risk to continue fluvial erosion causing mass failures.
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Table 4.55 – Susceptibility scores for Spring Creek, Reach 1-4, and percent bank stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.138 – Cantilever failure just downstream from the detention pond. Note grass
mowed up to the stream bank.

Figure 4.139 – Cantilever failure due to severe undercutting.
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Figure 4.140 – Bank stratification.

Figure 4.141 – Cantilever failure due to severe undercutting.
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Figure 4.142 – Back eddy erosion causing widening on left side.

Figure 4.143 – Cantilever failures occurring along a bend. Note mowing right up to stream
bank for the Frisbee golf hole.
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4.9.5

Spring Creek, Reach 2-1

Cantilever failures resulting from severe undercutting were in a couple of bends in the
downstream section of the reach (Figures 4.144 through 4.146). Despite a backwater effect from
the detention pond in the downstream end of the reach, lateral erosion was still occurring. The
bed material was coarse and predominantly consisted of gravel and cobbles. The channel is at
Low risk to future vertical erosion, but at Medium risk to lateral erosion as the coarse bed is less
erodible than the bank material. Woody vegetation was sparse, especially downstream where
most of the bank failures were occurring. A side channel has formed down the right side of a
riffle drop structure (Figure 4.147).
Table 4.56 – Susceptibility scores for Spring Creek, Reach 2-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
80%

Stable
15%

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.144 – Severe undercutting is leading to cantilever failures just upstream of the
detention pond.
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Figure 4.145 – Close-up of the undercutting and failing bank.

Figure 4.146 – Cantilever failures occurring in a big bend.
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Figure 4.147 – Side channel forming on a riffle drop structure on the left side of the
photograph.

4.9.6

Spring Creek, Reach 3-1

Undercutting was throughout the majority of the reach, but it was only slight. Cantilever
failures were only happening in a couple of bends (Figure 4.148) and one of those was
accelerated by a debris jam deflecting flow (Figure 4.149). This bank also has an outflow pipe
that was being undercut and was the biggest concern in the reach (Figure 4.150). The bed was an
armored layer consisting predominantly of cobble and gravel and is at Low risk to future
incision. Woody vegetation was abundant in the reach, but areas without are more susceptible to
future lateral erosion.
Table 4.57 – Susceptibility scores for Spring Creek, Reach 3-1, and percent bank stability.
Mass
Wasting
2%

Fluvial
Erosion
73%

Stable
25%

159

Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.148 – Wide unvegetated point bar forming downstream of a cantilever failure.

Figure 4.149 – Debris jam is deflecting flow against a bank and is causing bank failure and
undermining of an outflow pipe in the distance.
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Figure 4.150 – Close-up of the gutter outflow pipe that is being undermined.

4.9.7

Spring Creek, Reach 3-2

The grade control structure directly below the bike path bridge culverts at the upstream
end of the reach was beginning to be flanked. The bed material was coarse, but not as armored as
the downstream reach (Figure 4.151). The downstream section of the reach has some backwater
from grade control and the Lemay Road bridge, but undercutting is still prominent. Cantilever
failures were occurring in a couple of bends and one was being accelerated by seepage (Figures
4.152 and 4.153). Woody debris was abundant, but the channel is at Medium risk to lateral
erosion, especially in areas without it. Due to the coarse bed, the channel is more susceptible to
lateral erosion.
Table 4.58 – Susceptibility scores for Spring Creek, Reach 3-2, and percent bank stability.
Mass
Wasting
10%

Fluvial
Erosion
90%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Medium

Figure 4.151 – Armored coarse bed was present throughout the reach.

Figure 4.152 – Cantilever failure in a bend. Some claypan in the toe of the bank, but not
stopping failure.
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Figure 4.153 – Seepage in one area is accelerating bank failure.

4.9.8

Spring Creek, Reach 4-1

The reach was used as a horse pasture, but trampling was minor. Cantilever failures were
in just a couple of bends, while undercutting was prominent elsewhere (Figure 4.154). The bike
path culverts at the downstream end were acting as grade control for the downstream section and
have created a large depositional area there (Figure 4.155). Farther away from the influence of
the grade control there was either an armored coarse layer or hardpan 0.5 to 1 ft below the bed
surface that should slow further incision. With the prominent undercutting and little to no woody
vegetation along the banks the channel is at High risk to widening. One possible knick point may
be stopped at a claypan or tree root.
Table 4.59 – Susceptibility scores for Spring Creek, Reach 4-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
High

Figure 4.154 – Cantilever failure in a bend

Figure 4.155 – Backwater just upstream from bike path culvert.
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4.9.9

Spring Creek, Reach 4-2

Cantilever failures were in every bend and undercutting was prominent everywhere else
(Figures 4.156 through 4.158). Point bars were developing from the failed bank material, but
they were wide with only sparse vegetation. There was claypan in the toes of some the banks, but
mass wasting was still occurring as the upland grass roots were not stabilizing the banks. The
channel is at High risk to future incision 1 to 2 ft down to the coarse layer, and Medium risk to
lateral erosion as woody vegetation was sparse. If future incision occurred, it could create more
bank failures and widening as banks become greater than critical height.
Table 4.60 – Susceptibility scores for Spring Creek, Reach 4-2, and percent bank stability.
Mass
Wasting
25%

Fluvial
Erosion
75%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.156 – Cantilever failure occurring in a bend.
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Figure 4.157 – Cantilever failure along a bend.

Figure 4.158 – Deeply incised channel with vertical banks along the left side.
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4.9.10 Spring Creek, Reach 4-3
The channel bed material was a very coarse-armored layer consisting mostly of large
cobble, gravel, and sand (Figure 4.159). Cantilever failure was occurring in one bend, but riprap
has been placed in the bank and it is stopping erosion. Point bars were developed in the reach,
but they were wide and sparsely vegetated. Although undercutting was occurring through the
reach, woody vegetation and tree roots were helping to minimize the depth of undercutting.
Besides the one corner with riprap, the channel was showing some fluvial erosion, but is more
stable then the reaches downstream. The channel is at Low risk for future incision due to the
coarse-bed material and also at Low risk to lateral erosion as the woody vegetation will help
keep banks stable.
Table 4.61 – Susceptibility scores for Spring Creek, Reach 4-3, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
99%

Stable
0%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.159 – Typical view of a run in the reach with an armored coarse bed and woody
vegetation.
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4.9.11 Spring Creek, Reach 5-1
The reach has been armored with large boulders that have been grouted together along
the banks (Figure 4.160). Three of the boulders have fallen into the channel just upstream of
Stover Road bridge. There was an armored coarse layer 0 to 1 ft below the bed surface
throughout the reach with some clay beneath in areas. The channel was considered stable due to
the armored banks and bed and multiple grade controls (Figure 4.161) in the reach that have
created a backwater effect throughout most of the reach.
Table 4.62 – Susceptibility scores for Spring Creek, Reach 5-1, and percent bank stability.
Mass
Wasting
0%

Fluvial
Erosion
0%

Stable
100%

Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.160 – Boulder-lined stream banks.
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Figure 4.161 – Typical drop structure in the reach.

4.9.12 Spring Creek, Reach 5-2
The stable section of the reach was 100-ft long and did not have any fluvial erosion or
mass wasting. This section was stable due to the riffle drop structures that are in place (Figure
4.162). The remainder of the reach only had cantilever failures in a couple of bends, but
undercutting was prominent elsewhere. Riprap was placed along some of the banks in bends and
one section upstream had boulder-lined banks. Woody vegetation was abundant and was helping
to minimize the undercutting as areas without the woody vegetation had more severe
undercutting. Willows at the downstream end of the reach were dead possibly from being swept
over and submerged under high flows for too long of a period (Figure 4.163). The bed material
was coarse, but it was not as armored as it was penetrable with the tile probe down another 1 to
2.5 ft in areas. This reach is at Low risk to vertical erosion depending on how armored the bed is,
and also Low risk to lateral erosion due to the bank armoring.
Table 4.63 – Susceptibility scores for Spring Creek, Reach 5-2, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
85%

Stable
10%
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Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.162 – Riffle drop structure helping to keep this stretch moderately stable.

Figure 4.163 – Dead willows possibly caused by being submerged underwater for too long
of a period during the growing season.
170

4.9.13 Spring Creek, Reach 6-1
The downstream end of the reach had widespread cantilever failures despite looking like
a backwater, which would not have the stream power capable of erosion (Figure 4.164). The
banks were lined with upland grasses and the toe erosion underneath the roots is causing the
failures. The middle 50 ft of the reach had some large tree roots stabilizing the banks with no
undercutting or failures occurring. The upstream part had undercutting, but no mass failures.
Overall, there was no woody debris except for the middle of the reach, which was more stable.
The bed material was mostly gravel with a coarse layer 2 to 4 ft below. There was one possible
knick point at the downstream end of the reach, but water levels were too high to investigate
further. The channel is at High risk to future incision, especially at the unstable downstream end.
It is also at High risk to lateral erosion in most areas as there is not much woody vegetation to
help protect against bank failures.
Table 4.64 – Susceptibility scores for Spring Creek, Reach 6-1, and percent bank stability.
Mass
Wasting
50%

Fluvial
Erosion
40%

Stable
10%

Susceptibility Risk
Vertical
Lateral
High
High

Figure 4.164 – Cantilever failures occurring along a run.

4.9.14 Spring Creek, Reach 6-2
Cantilever failures were in only a couple of bends and undercutting was prominent
everywhere except for one section with large willow and cottonwood roots in the banks. Bed
material consisted of gravel and cobble with a coarse layer 2 ft below. Riprap was placed along
the bed downstream of the grade control in the middle. A large debris jam had formed at the
riprap grade control creating a backwater above the banks all the way up to the release from the
171

detention pond (Figures 4.165 and 4.166). The downstream half of the reach was armored with
riprap and tree roots, and is less susceptible to future incision or widening. The upstream half
above the grade control is very depositional, but fluvial erosion is still occurring showing that the
channel is at Medium risk to incision down to the coarse layer and possible widening in areas
without woody vegetation.
Table 4.65 – Susceptibility scores for Spring Creek, Reach 6-2, and percent bank stability.
Mass
Wasting
1%

Fluvial
Erosion
89%

Stable
10%

Susceptibility Risk
Vertical
Lateral
Medium
Low

Figure 4.165 – Debris jam at a riffle drop structure creating backwater upstream.
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Figure 4.166 – Backwater upstream from the debris jam.

4.9.15 Spring Creek, Reach 7-1
Overall, the reach was armored with riprap in some banks and along the bed (Figures
4.167 and 4.168). Riffle drop structures were making most of the reach depositional with a low
stream power. Undercutting was prominent everywhere, but the riprap and woody vegetation
minimized the impact. A resistive layer of unknown erodibility was 2 ft below the bed surface
throughout the reach. Due to the extent of the riprap and grade control this reach is at Low risk to
incision and widening except for in the few areas without riprap.
Table 4.66 – Susceptibility scores for Spring Creek, Reach 7-1, and percent bank stability.
Mass
Wasting
0%

Fluvial
Erosion
100%

Stable
0%
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Susceptibility Risk
Vertical
Lateral
Low
Low

Figure 4.167 – Glide habitat.

Figure 4.168 – Glide habitat with a fine veneer on the bed surface.
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4.10 Stanton Creek
4.10.1 Stanton Creek, Reach 1-1
Bed material consisted of mainly gravel with bedrock present throughout the reach. In
roughly 60% of the reach, the bedrock was 2 to 2.5 ft below the bed surface, while the other 40%
was 0 to 0.5 ft below the bed surface. In areas with exposed bedrock along the bed, the
undercutting was more severe as the excess stream power would be used on the more erodible
bank material. Cantilever failures were limited to a few bends (Figure 4.169), but undercutting
was prominent elsewhere (Figure 4.170). There were some possible knick points in the reach.
Some have been stopped by bed rock, while others may still be able to move until hitting the
next exposed bedrock section (Figure 4.171). Overall, the channel is at High risk to incision in
areas where the bedrock is deeper, and at Medium risk to lateral erosion in areas without woody
vegetation, which was patchy throughout the reach.
Table 4.67 – Susceptibility scores for Stanton Creek, Reach 1-1, and percent bank stability.
Mass
Wasting
5%

Fluvial
Erosion
95%

Stable
0%

Susceptibility Risk
Vertical
Lateral
High
Medium

Figure 4.169 – Cantilever failures.
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Figure 4.170 – Moderate undercutting was prominent throughout the reach.

Figure 4.171 – Cantilever failures exposing bedrock in this bank will be expected to stop
once all the non-erodible bedrock is exposed.
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4.11 Summary Data
Table 4.68 presents a summary of the susceptibility scores and percent bank stability for
all reaches.
Table 4.68 – Summary of susceptibility scores and percent bank stability for all reaches.
Creek
Boxelder Creek

Burns Tributary
Clearview Channel

Foothills Creek
Fossil Creek

Langs Gulch
Mail Creek

McClellands Creek

Reach
1-1
1-2
1-3
1-4
3-1
3-2
3-3
4-1
5-1
5-2
5-3
6-1
6-2
6-3
--1-1
2-1
4-1
1-1
2-1
1-1
2-1
2-2
3-1
3-2
4-1
5-1
5-2
5-3
6-1
6-2
7-1
8-1
9-1
9-2
1-1
1-1
1-2
2-1
3-1
3-2
1-1
1-2
2-1
2-2

Mass
Wasting
1%
2%
1%
1%
5%
5%
--0%
1%
1%
0%
1%
25%
25%
25%
0%
1%
--5%
--75%
25%
15%
10%
--75%
5%
5%
5%
5%
5%
1%
1%
20%
20%
2%
75%
80%
1%
50%
80%
25%
15%
25%
25%

Fluvial
Erosion
75%
78%
49%
89%
80%
95%
--100%
99%
99%
50%
99%
75%
75%
75%
25%
99%
--95%
--25%
75%
85%
90%
--25%
95%
95%
45%
70%
75%
0%
99%
80%
80%
78%
25%
20%
75%
50%
10%
75%
85%
75%
75%
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Stable
24%
20%
50%
10%
15%
0%
--0%
0%
0%
50%
0%
0%
0%
0%
75%
0%
--0%
--0%
0%
0%
0%
--0%
0%
0%
50%
25%
20%
99%
0%
0%
0%
20%
0%
0%
24%
0%
10%
0%
0%
0%
0%

Susceptibility Risk
Vertical
Lateral
Low
Medium
Low
Medium
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
----Low
Medium
Low
Low
Low
Medium
Low
Low
Low
Medium
Low
Low
Low
Medium
Low
Medium
Low
Low
High
High
----Low
Medium
----High
High
Low
High
Low
Medium
Low
Medium
----High
High
High
Medium
Low
Medium
Low
Medium
Low
Medium
Low
Low
Low
Low
Low
Medium
High
High
High
High
High
Medium
High
Medium
High
High
Low
Medium
High
Medium
Low
Low
High
High
Medium
Medium
High
High
High
High

Creek

Spring Creek

Stanton Creek

Reach
2-3
3-1
4-1
5-1
5-2
5-3
6-1
6-2
7-1
7-2
1-1
1-2
1-3
1-4
1-5
1-6
2-1
3-1
3-2
4-1
4-2
4-3
5-1
5-2
6-1
6-2
7-1
1-1

Mass
Wasting
1%
0%
0%
0%
0%
1%
1%
1%
0%
0%
5%
25%
1%
25%
----5%
2%
10%
5%
25%
1%
0%
5%
50%
1%
0%
5%

Fluvial
Erosion
99%
0%
25%
100%
75%
99%
99%
99%
100%
100%
45%
0%
24%
75%
----80%
73%
90%
95%
75%
99%
0%
85%
40%
89%
100%
95%
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Stable
0%
100%
75%
0%
25%
0%
0%
0%
0%
0%
50%
75%
75%
0%
----15%
25%
0%
0%
0%
0%
100%
10%
10%
10%
0%
0%

Susceptibility Risk
Vertical
Lateral
Medium
Medium
Low
Low
Low
Medium
Low
Medium
Low
Medium
High
High
Low
High
Medium
High
Low
Medium
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Medium
--------Low
Medium
Low
Medium
Low
Medium
Low
High
High
Medium
Low
Low
Low
Low
Low
Low
High
High
Medium
Low
Low
Low
High
Medium

CHAPTER 5. HABITAT RESULTS

Final grades for the habitat assessments are provided in a table for each reach. Overall
grades for the reaches are also presented along with grades for the three habitat categories to
better distinguish which area of habitat could use the most improvement. The comparison of
grades for just the parameters assessed by Zuellig (2001) are also presented. Resulting grades for
the Zuellig parameters only were for the majority higher than the grades assigned by Zuellig.
Part of this can be attributed to the fact that two different people conducted the assessment,
which would be expected to create some discrepancies in scores. Of the parameters assessed,
only certain parameters were substantially higher and included frequency of riffles,
embeddedness, epifaunal substrate / available cover, vegetative width, and vegetative protection.
It is reasonable to assume that for many of the streams the vegetative width and protection scores
would be higher now than 11 years ago as land-use change from agriculture into residential
developments has slowed, allowing for the riparian areas to revegetate and recover to a better
condition. This is evident on aerial photographs from 1999 that show many of the streams,
especially in the southern portion of the city, were still surrounded by agricultural use, which
resulted in a narrower riparian area with less vegetation.
As for the other parameters that consistently ranked higher, these can be explained in part
by the susceptibility of the modified RBP assessment to seasonality. Depending on when you
conduct the assessment, stream habitat can look different. Zuellig conducted his assessments
from April to early June in 1999. This is usually a time that has had no flushing flows during the
preceding months due to (1) precipitation falling as snow, which dampens the rise in the
hydrograph when compared to rain events, and (2) no input from irrigation canals which cause
higher base flows and more sediment transport. These low flows can allow for sediment
deposition and create an embedded stream. If substantial rains occur in spring, and once
irrigation is supplying water to the streams again, the fines can be flushed out and the channel
bed becomes less embedded. Assessments conducted for this study were all done from August to
the beginning of October after spring rains and added irrigation flows have been flushing the
system. It is plausible that the streams at the time of Zuellig’s study were more embedded which
could also cover riffles making scores for these two parameters lower. Both riffles and
embeddedness are part of the epifaunal substrate / available cover parameter, so this as well
would score lower. Seasonality can influence the habitat score of a stream and this why a more
indepth habitat assessment was conducted that would dampen these effects.

5.1 Boxelder Creek
Boxelder Creek is the only stream that still runs directly into the Poudre River, and
preserving this connectivity would maintain habitat for fish to move up into Boxelder Creek to
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inhabit and spawn. It is also one of the least urbanized watersheds making it susceptible to future
land-use changes.

5.1.1

Boxelder Creek, Reach 1-1

The most downstream section of Boxelder Creek where it enters the Poudre River was
not graded for habitat due to restricted access by the Boxelder Sanitation District. It would be
important to revisit this stretch to ensure no connectivity issues with the Poudre River exist. The
rest of the reach can be characterized as a relatively straight channel, sinuosity of 1.1, running
through a wide riparian area dominated by Brome grass and cattails. The riparian area was
greater than 50-ft wide on each side of the channel and overhanging vegetation provided shade
and protection for aquatic species. At the downstream end of the reach, Boxelder Creek runs into
the Poudre River. Despite possible fish passage issues at the weir for the gauging station (Figure
5.1), the greatest numbers and variety of fish species were seen in this reach and reaches
upstream. This shows the importance of connectivity, especially to the Poudre River.
Aquatic habitat diversity was diverse with pool-riffle sequencing, and greater than 50%
favorable habitat for fish. Overall, this reach ranked 5th for habitat and it is vital to ensure future
degradation does not occur that could adversely affect the habitat. As the only reach in all of Fort
Collins that is directly connected to the Poudre River, it is an important tributary for species to
use for spawning. It appears that the weir downstream is passable by fish based purely on the
number of fish seen upstream; however, it is important that under all flows fish are able to move
up from the Poudre River to spawn or inhabit Boxelder Creek. As for future habitat potential, the
stream should be protected from future land-use changes within and upstream of the reach.
Urbanization is approaching the Boxelder Creek watershed and could have repercussions to the
stability and habitat of the channel. To protect from land-use change, the stream would benefit
from a wide buffer from new development and any stormwater catchments could be built with
multiple orifice openings to minimize erosion potential and sustain habitat. Other work that
could benefit habitat is to plant wetland/riparian plants such as willows, sedges, and rushes along
the banks to help protect against possible future degradation. The existing Brome grass and
cattails do not stabilize the banks as well as the other plant species would (Figures 5.2 and 5.3).
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Figure 5.1 – Weir for the gauging station at the downstream end of the reach.

Figure 5.2 – Overview of the channel looking upstream. Note channel is in the dense
cattails.
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Figure 5.3 – Typical run with tall cattails and Brome grass.
Zuellig scored the reach a B, while this study scored it an A (Table 5.1). The biggest
differences were Zuellig had lower scores for vegetative width, frequency of riffles, and
embeddedness. No site description was found, so it is hard to draw conclusions, but it is possible
that these parameters have improved since the Zuellig study was conducted from 1999 to 2000.
Table 5.1 – Final grades for the habitat assessments for Boxelder Creek, Reach 1-1.
Overall
Grade
B

5.1.2

Riparian
Area
B

Channel
Alterations
C

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Boxelder Creek, Reach 1-2

This reach was also a relatively straight channel, sinuosity of 1.1, running through a wide
riparian area dominated by Brome grass with no wetland species present (Figure 5.4). The
riparian area was greater than 50-ft wide on each side of the channel and overhanging vegetation
provided shade and protection for aquatic species. Flow regime within the reach was slightly
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affected by a large outflow pipe draining irrigation from agricultural fields nearby. Aquatic
habitat diversity was extremely diverse with pool-riffle sequencing and woody debris creating
greater than 50% favorable habitat for fish. Overall, the reach ranked highest for total and
aquatic habitat diversity, as was evidenced by the large number of fish seen. Future habitat
potential should be focused on protecting the stream from land-use changes by ensuring a wide
buffer and managing new development to reduce the impact of urbanization on the flow regime.
The right side of the reach is a designated natural area, but the left side and farther upstream
above Prospect Road the land is open for development. The only area that hurt the stream’s
scores was that the riparian vegetation was all Brome grass. Placing wetland/riparian plants such
as willows, sedges, and rushes along the banks will help bolster habitat and protect from possible
future instabilities. One other area of concern is a leaking elevated irrigation pipe at the upstream
of the reach that is adding flow and causing bank failures directly downstream (Figure 5.5). The
pipe should be replaced to stop increased sediment from failed banks destroying habitat
downstream (Figure 5.6).

Figure 5.4 – Typical view of channel with Brome grass dominating the riparian vegetation.
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Figure 5.5 – Leaking elevated irrigation pipe is adding flow and causing instabilities
downstream.

Figure 5.6 – Unstable banks in a bend downstream from the leaking irrigation pipe.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.2). The biggest
differences were Zuellig had lower scores for vegetative width, frequency of riffles, and
embeddedness. Again, since no site description was found it is hard to draw conclusions, but it is
possible that these parameters have improved since the Zuellig study was conducted.
Table 5.2 – Final grades for the habitat assessments for Boxelder Creek, Reach 1-2.
Overall
Grade

B

5.1.3

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
A

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Boxelder Creek, Reach 1-3

This reach was also a relatively straight channel, sinuosity of 1.1, running through a wide
riparian area that consisted of upland grasses and willow shrubs and trees. Cattails were
prevalent upstream of the bridge crossing to the Visitors Center, as the channel here is more
altered than downstream (Figures 5.7 through 5.9). The riparian area was greater than 50-ft wide
on each side of the channel and overhanging vegetation provided shade and protection for
aquatic species. The flow regime within the reach was slightly affected by gutter outflow pipes.
There was a large drop structure by the Visitors Center that prevented fish passage, which was
evidenced by the steep drop in fish numbers directly upstream of the grade control (Figure 5.10).
Aquatic habitat diversity was diverse with pool-riffle sequencing and greater than 50% favorable
habitat for fish. Overall, the reach ranked 4th for total habitat and 2nd for aquatic habitat diversity,
as was evidenced by the large number of fish seen. Habitat can be improved by retrofitting the
grade control with fish passable structures and replacing the cattails in the upstream section with
wetland/riparian plants such as willows, sedges, and rushes. Using fish passable structures will
open a large stretch of Boxelder Creek upstream for fish to move up from the Poudre River.
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Figure 5.7 – Dense willows line the right side of the bank downstream from the bridge to
the Visitor Center.

Figure 5.8 – Looking upstream at the section of stream next to the Visitor Center.
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Figure 5.9 – Typical run in the section next to the Visitor Center.

Figure 5.10 – Large drop structure impeding fish passage.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.3). The biggest
differences were Zuellig had lower scores for vegetative width, frequency of riffles, and
embeddedness. Again, since no site description was found it is hard to draw conclusions, but it is
possible that these parameters have improved since the Zuellig study was conducted.
Table 5.3 – Final grades for the habitat assessments for Boxelder Creek, Reach 1-3.
Overall
Grade

B

5.1.4

Riparian
Area
B

Channel
Alterations
D

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Boxelder Creek, Reach 3-1

This reach was also considered a relatively straight channel, sinuosity of 1.3, and ran
through a wide riparian area dominated by upland grasses. There was some pool-riffle
sequencing, but fish habitat was marginal. Overall, the channel was considerably wider and
shallower than the downstream reaches and was consequently not well-shaded by the grasses
(Figure 5.11). Crop fields bordered the stream on the right side of the channel and runoff from
the fields was directly adding sediment to the stream (Figure 5.12). This sediment input directly
degraded the downstream section of the reach where a deep fine veneer was deposited upstream
of an old farm bridge that creates a backwater. Upstream from where the crop field runoff was
entering the stream, the fine veneer was drastically less. Later in the summer, a second visit to
the stream showed no sediment input from the crop fields was occurring; however, aquatic
vegetation was choking the channel and can be seen as a sign that flows within the stream are not
enough to keep the vegetation from completely covering the channel (Figures 5.13 and 5.14).
There was also more fine veneer present than on the previous visit, which can also be a sign of
insignificant flows. Upstream from this reach, two canals are releasing water into the stream at
various times and amounts. Farther upstream the channel itself is drained into a canal except for
a tiny amount of flow, which is diverted into the natural channel (Figure 5.15). It can be assumed
that during times of irrigation more flow is diverted into the upstream canal and less water is
being delivered by the downstream canals, which in turn has lead to flows incapable of flushing
the system and keeping the aquatic vegetation at bay. It is vital that flows within the channel are
sufficient to keep the riffles clean and the aquatic vegetation down during the summer months to
improve the habitat in the reach. If the flow regime cannot be fixed, areas that were wide and
shallow could benefit from a narrower low-flow channel which would help increase velocities.
Wetland/riparian plants such as willows, sedges, and rushes should also be planted along the
banks to help shade the stream and protect the banks.
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Figure 5.11 – Downstream section of the reach was wide and depositional.

Figure 5.12 – Sediment input from runoff from crop fields on left side of channel, while
gravel channel on right.
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Figure 5.13 – Channel completely choked by aquatic vegetation.

Figure 5.14 – Channel choked by aquatic vegetation.
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Figure 5.15 – Farther upstream the channel drains directly into a canal. The natural
channel is diverted off to the right from the concrete structure.
Zuellig scored the reach a C, while this study scored it an A (Table 5.4). The main
differences were Zuellig had lower scores for vegetative width, frequency of riffles, and
embeddedness. The site was described as having no riffles and rating low in riparian vegetation
and fish habitat. Riffles were definitely present when this study was conducted, but seeing how
drastically different the channel looked upon the visits, it may be possible that when Zuellig saw
the reach there had been no flushing flows, and the channel could have been completely
embedded with fine veneer. It is obvious that the flow regime is what is keeping the habitat
degraded at certain times, and if addressed the reach could contain some important fish habitat;
especially if the impassable drop structure downstream is removed. As for the riparian
vegetation, an aerial photograph from 1999 shows the area was much more impacted by
agriculture and it appears that the vegetation has had time to grow back and increase its cover.
Table 5.4 – Final grades for the habitat assessments for Boxelder Creek, Reach 3-1.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
B

Aquatic
Habitat
C
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Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.1.5

Boxelder Creek, Reach 3-2

This reach was considered a relatively straight channel, sinuosity of 1.3, and ran through
a wide riparian area consisting of willows, cattails, and upland grasses. There was some poolriffle sequencing in the 200 ft downstream from a large canal outflow, but otherwise less so. As
discussed in the previous section, the canal affects the flow regime in the channel and perhaps at
certain times enough flow is entering from the canal to allow for the stream to form some poolriffle sequencing. Fish habitat was rated as suboptimal for the reach overall, but better just
downstream from the canal input. Upstream from the canal input, the channel is lined with riprap
and vegetation consists mainly of cattails (Figure 5.16). To improve habitat the flow regime
needs to be addressed as discussed for the previous reach, and wetland/riparian plants such as
willows, sedges, and rushes could be planted in place of the cattails upstream of the canal.

Figure 5.16 – Cattails directly upstream from the canal input.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.5). The biggest
differences were Zuellig had lower scores for vegetative width, frequency of riffles, and
embeddedness. The site was described as having no riffles and rated low in riparian vegetation
and fish habitat. Pool-riffle sequencing was occurring downstream of the canal input when this
study was conducted. As mentioned before, it is possible that with such an affected flow regime
Zuellig may have seen the stream at a time when flows were making the stream appear more
marginal. Also, looking at an aerial photograph from 1999 (Figure 5.17), it appears that the canal
input at that time may have actually been diverted into an elevated pipe and crossed the stream
instead of draining into it (in 2002; Figure 5.18). It is hard to tell, but if this were the case than it
appears the flows from the canal have helped the habitat improve, but it could still use a better
flow regime.
Table 5.5 – Final grades for the habitat assessments for Boxelder Creek, Reach 3-2.
Overall
Grade

B

Riparian
Area
A

Channel
Alterations
D

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Figure 5.17 – Aerial photograph from 1999 of canal possibly crossing stream in an elevated
pipe. Dots are the current stream thalweg.
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Figure 5.18 – Aerial photograph from 2002 of the canal no longer crossing the stream in an
elevated pipe.

5.1.6

Boxelder Creek, Reach 3-3

This reach was considered a meandering channel with a sinuosity of 1.7. The surrounding
riparian area was an abandoned agricultural field with old structures for livestock. Vegetation
consisted of upland grasses with the occasional willow or Russian Olive. At the upstream end an
elevated canal crosses the stream and can add flow to the channel at times. It is this canal
crossing that seems to control the flow regime and resulting habitat downstream. On two visits to
the reach, the channel had substantial water in it, but was mainly one long glide. The result was a
fine veneer of 2 ft deposited throughout the channel with aquatic plants covering the channel in
areas (Figures 5.19 and 5.20). The habitat scores thus reflected the glide nature of the channel
with poor habitat diversity and habitat for fish. A brief third visit back to the reach a month later,
showed more water entering from the canal, and the fine veneer and aquatic plants had been
flushed from the channel revealing pool-riffle sequencing in the reach. A second habitat
assessment was not performed, as it was judged more important to show the degraded habitat,
and how it could be improved by simply fixing the flow regime to ensure flushing flows of the
fine sediment buildup. It would be important to plant wetland/riparian plants such as willows,
sedges, and rushes along the banks to help shade the channel and stabilize the banks if future
flows were increased too much causing erosion.
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Figure 5.19 – Aquatic plant covered the channel and a deep fine veneer can be seen covered
the stream bottom.

Figure 5.20 – The channel farther upstream still with barely any flow and aquatic plants
covering the water surface.
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Both Zuellig and this study scored the reach a C (Table 5.6). It appears that Zuellig saw
the stream during the same state as highly embedded with no riffles. This just shows the
importance of visiting sites with impacted flow regimes on multiple occasions to better
determine the stability of the habitat.
Table 5.6 – Final grades for the habitat assessments for Boxelder Creek, Reach 3-3.
Overall
Grade

D

5.1.7

Riparian
Area
C

Channel
Alterations
C

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
C
C

Boxelder Creek, Reach 4-1

This reach was considered relatively straight with a sinuosity of 1.2. The surrounding
riparian area was an old agricultural field with dense willows, cottonwoods, and other woody
vegetation lining the stream. Cattails and upland grasses were also present in areas within the
reach. The aquatic habitat diversity was suboptimal with some pool-riffle sequencing, but the
fish habitat was excellent with lots of woody debris and many fish seen. There was one object
that looked like an old footbridge that may stop fish passage at certain flows, but it could not be
confirmed (Figure 5.21). Overall, the reach had a functioning riparian area and excellent fish
habitat (Figure 5.22). To improve habitat, trash should be taken out of the channel just upstream
of the reach (Figure 5.23). This section is behind a housing area and used heavily by the
residents, causing the channel to become degraded and possibly impassable by fish depending on
the amount of trash in areas (Figure 5.24).

Figure 5.21 – Possible old foot bridge that may be causing fish passage issues.
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Figure 5.22 – Typical section that only had minimal woody vegetation, while the rest of
reach was denser.

Figure 5.23 – Debris just downstream of an old farm bridge culvert.
197

Figure 5.24 – Section upstream of reach that was full of trash.
Zuellig scored the reach a C, while this study scored it an A (Table 5.7). The largest
discrepancies in score were frequency of riffles and vegetative width. Looking at an aerial
photograph from 1999, it appears that the riparian corridor was less vegetated than when this
study was conducted, which can explain some of the difference in scores. As for riffles, the flow
was high in the channel when assessing the habitat, so there was some benefit of the doubt given
to whether it was a riffle or not, but it is presumed that habitat may have increased in the channel
since Zuellig’s study.
Table 5.7 – Final grades for the habitat assessments for Boxelder Creek, Reach 4-1.
Overall
Grade

B

5.1.8

Riparian
Area
A

Channel
Alterations
A

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Boxelder Creek, Reach 5-2

This reach was considered a meandering channel with a sinuosity of 1.6. The surrounding
riparian area was an open field dominated by upland grasses with some dense willows lining the
very downstream left-hand side of the bank (Figure 5.25). The flow regime within the reach was
slightly affected by some gutter outflow pipes. Although high water was making it hard to
discern, there was some pool-riffle sequencing present otherwise it was mostly long runs. Fish
habitat was considered suboptimal despite the riffles only being slightly embedded with fines.
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The reach would benefit from wetland/riparian plants such as willows, sedges, and rushes along
the banks for shade and protection (Figure 5.26). Creating some more riffle-pool habitat would
be beneficial although the channel should be viewed again under lower flows to better discern
between riffles and runs.

Figure 5.25 – Willows lined the left side of the channel at the very downstream end of the
reach.
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Figure 5.26 – Upland grasses dominated the riparian area.
Zuellig scored the reach a B, while this study scored it an A (Table 5.8). The largest
discrepancies in score were frequency of riffles and embeddedness. There was some riffle-pool
sequencing occurring in the reach during the habitat assessment that possibly was not happening
when Zuellig did his study, but with no real description of the reach found, it cannot be
confirmed.
Table 5.8 – Final grades for the habitat assessments for Boxelder Creek, Reach 5-2.
Overall
Grade

C

5.1.9

Riparian
Area
B

Channel
Alterations
B

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Boxelder Creek, Reach 5-3

The reach was a meandering channel, sinuosity 1.6, through wide riparian areas with
sections of dense willows and cattails mixed with an open area dominated by upland grasses
(Figures 5.27 and 5.28). The vegetation was so dense and overhanging the channel that the
shading was considered too much and scored as poor (Figures 5.29 and 5.30). The channel had
little to no pool-riffle sequencing, and consisted of a long run in many instances. The water level
was high when conducting the assessment, so some of the runs may be glides in lower water
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conditions. Fish habitat was marginal due to the lack of riffles and embeddedness of the stream
bottom. To increase future habitat, it would be beneficial to replace the cattails with
wetland/riparian plants such as willows, sedges, and rushes, and look into the grade controls that
may be creating a slope to shallow allowing for deposition to embed the stream bottom. Flushing
the fines out may reveal some more riffles or even create more riffles with a more appropriate
slope. This in turn would provide habitat for macro-invertebrates and areas for fish to spawn.

Figure 5.27 – Willows were dense in many areas of the reach.
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Figure 5.28 – One section of the reach opened up to a field dominated by upland grasses.

Figure 5.29 – Sections of cattails completely took over the channel.
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Figure 5.30 – Dense willows almost completely shaded the stream.
Both Zuellig and this study scored the reach a B (Table 5.9). There were only minor
differences with Zuellig scoring the frequency riffles slightly lower. With no site description it is
hard to confirm, but perhaps the reaches habitat has not changed much since 1999.
Table 5.9 – Final grades for the habitat assessments for Boxelder Creek, Reach 5-3.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

5.1.10 Boxelder Creek, Reach 6-1
The reach was a meandering channel, sinuosity 1.5, through an open field used as a horse
pasture (Figure 5.31). The riparian width was mostly non-existent, as horses have trampled the
riparian area leaving many of the banks completely bare and the channel mostly unshaded
(Figures 5.32 and 5.33). There was some pool-riffle sequencing, but there was only marginal fish
habitat with the stream bottom being moderately embedded. Overall, the reach appeared to be a
good example of a stable stretch of river and was only degraded from the presence of horses. If
the horses were fenced off from most of the stream and wetland/riparian plants such as willows,
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sedges, and rushes were planted, the reach would be expected to recover and possibly become an
ideal reach for fish habitat.

Figure 5.31 – Horses have trampled the banks causing major problems in an otherwise
stable reach.

Figure 5.32 – Banks have been trampled.
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Figure 5.33 – The riparian area is left mostly bare from trampling.
Zuellig scored the reach an A, while this study scored it a B (Table 5.10). This reach
would have been scored an A as well except for the trampling from horses degrading the riparian
area and causing sediment issues within the channel. It is possible at the time Zuellig inspected
the stream there were no horses in the field making the stream excellent habitat. This reach is an
easy fix and discussions with the landowners should hopefully resolve the issue.
Table 5.10 – Final grades for the habitat assessments for Boxelder Creek, Reach 6-1.
Overall
Grade

D

Riparian
Area
E

Channel
Alterations
B

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
A
B

5.1.11 Boxelder Creek, Reach 6-2
The reach was a relatively straight channel, sinuosity 1.3, and was entrenched
downstream, but opened up into an open field at the upstream end. The riparian area was wide
and consisted of large cottonwoods, willows, and upland grasses. There was some pool-riffle
sequencing and fish habitat was optimal with clean riffles and woody debris in areas. The habitat
was optimal and should be protected from future land-use changes.
Both Zuellig and this study scored the reach an A (Table 5.11). It seems like nothing has
changed much within this reach since Zuellig conducted his study. This may be due in part to the
presence of bedrock on the stream bottom and banks that have kept the stream from possibly
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degrading. Some horse activity was present at the very downstream end of the reach and steps
should be taken to fence them out to maintain the habitat (Figure 5.34).
Table 5.11 – Final grades for the habitat assessments for Boxelder Creek, Reach 6-2.
Overall
Grade

B

Riparian
Area
A

Channel
Alterations
A

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
A
A

Figure 5.34 – Slight trampling from horses was present in the very downstream of the
reach.

5.1.12 Boxelder Creek, Reach 6-3
The reach was a meandering channel, sinuosity 1.7, and ran through an open field
consisting mainly of upland grasses with pockets of cottonwoods, willows, and Russian Olives.
There was occasional pool-riffle sequencing and fish habitat was considered suboptimal with
only a few woody snags and slightly embedded riffles. Bank stability was worse downstream and
the failed bank material may be causing the slight embeddedness of the riffles (Figures 5.35 and
5.36). The flow regime may be causing the bank instabilities as base flows seemed elevated from
water seeping through the banks in areas. The seepage is presumed to be coming from the large
canal that is higher in elevation than the stream (Figure 5.37). Sediment input may also be
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contributed from upstream reaches where the channel runs through horse pastures that have
trampled bare banks. The landowners should be contacted to see if they could restrict the horses
from most of the stream. The channel would benefit from the planting of wetland/riparian
species such as willows, sedges, and rushes to helps stabilize the banks.

Figure 5.35 – Downstream end of the reach.
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Figure 5.36 – Middle of the reach with upland grasses being the dominant vegetation.

Figure 5.37 – Seepage from the banks entering the stream. Possibly caused by large canal
nearby.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.12). The largest
differences in scores were Zuellig ranked the frequency of riffles and vegetative width much
lower. The open field was an old agricultural field that looks abandoned, so it is possible that at
the time of Zuellig’s study, the agriculture was negatively impacting the riparian width. There
was an old diversion just downstream of the reach that may have been up and running at the time
of Zuellig’s study causing the channel to be more of a glide and having sediment deposit out
covering the riffles. This has not been confirmed, but could be the reason behind the differences
in scoring.
Table 5.12 – Final grades for the habitat assessments for Boxelder Creek, Reach 6-3.
Overall
Grade

B

Riparian
Area
B

Channel
Alterations
B

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

5.2 Burns Tributary
The reach was a relatively straight channel, sinuosity 1.4, and ran through a residential
area with a riparian width of 30 to 50 ft in most places. A couple of houses did have lawns
mowed closer than these widths (Figure 5.38). Upland grasses were the dominant vegetation, but
some willows were planted by the City along a couple of banks. Grade controls within the reach
resulted in some glides directly upstream and created conditions that allowed cattails to dominate
the channel (Figure 5.39). One of the grade controls may be impassable by fish at certain flows.
At the upstream end of the reach, the bridge culvert underneath Shields Road may also not be
passable by fish due to the distance and velocity the fish would have to overcome to pass through
(Figure 5.40). Overall, there was some pool-riffle sequencing and fish habitat was optimal, as
evidenced by the large amount of fish seen. Bank stability is an issue within the reach, but
appears to be providing sediment allowing for the production of pool-riffle sequencing. To
enhance the habitat it is recommended to recheck the grade control and bridge culvert that may
be impassable by fish, and if confirmed, they should be retrofitted to allow for fish movement
farther up the headwaters. More wetland/riparian plants such as willows, sedges, and rushes
should be planted to increase shade and help stabilize the banks. Homeowners who are mowing
too close to the stream should be advised to allow the stream a greater buffer. This is especially
true for the homeowner who has denuded the bank on their property to grow native plants and
flowers (Figure 5.41).

209

Figure 5.38 – Overview of the downstream section of the reach. Note proximity of mowing
to stream.

Figure 5.39 – Glide created by grade control.
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Figure 5.40 – Shields Street bridge culvert may be impassable by fish.

Figure 5.41 – A steep bank was denuded by the home owner, making the bank more
susceptible to erosion.

211

Zuellig scored the reach a C, while this study scored it an A (Table 5.13). The largest
differences in scores were Zuellig ranked the frequency of riffles and vegetative width much
lower. The open field was an old agricultural field that looks abandoned, so it is possible that at
the time of Zuellig’s study the agriculture was negatively impacting the riparian width. There
was an old diversion just downstream of the reach that may have been up and running at the time
of Zuellig’s study, causing the channel to be more of a glide with embedded riffles. This has not
been confirmed, but could be the reason behind the differences in scoring.
Table 5.13 – Final grades for the habitat assessments for the Burns Tributary reach.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
D

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.3 Clearview Channel
Habitat was scored only on Reaches 1 and 2 because of the lack of water in the channel it
was deemed not necessary to score the other reaches where stream rehabilitation would be
unlikely.

5.3.1

Clearview Channel, Reach 1-1

When the habitat assessment was conducted there was no water in the reach. The
assessment was carried out even though the stream appears ephemeral in hopes that the flow
regime could be fixed (Table 5.14). The reach was a straight channel, sinuosity 1.0, and ran
through a city park with a narrow riparian width of 0 to 15 ft in most places. The riparian
vegetation consisted of cottonwoods, willows, cattails, and upland grasses (Figure 5.42). Cattails
were prominent at the downstream end of the channel where the stream enters a detention pond.
A visit to the reach earlier in the year showed the aquatic habitat diversity to be mostly glide at
the downstream end of the reach (Figures 5.43 and when no water was present in Figure 5.44),
and an occasional riffle and small pool upstream (Figure 5.45). Overall, the reach had substantial
wetland/riparian plant species, but would benefit from not mowing so close to the stream.
Otherwise, correcting the flow regime and ensuring water is present year-round is vital to
keeping aquatic organisms alive.
Table 5.14 – Final grades for the habitat assessments for Clearview Channel, Reach 1-1.
Overall
Grade

E

Riparian
Area
C

Channel
Alterations
D

Aquatic
Habitat
E

212

Zuellig Parameters Only
Zuellig Score
Our Score
?
E

Figure 5.42 – View of the reach with some willows and cottonwoods present, otherwise
mowed close to the stream.

Figure 5.43 – A visit to the reach earlier in the year, while water was present in the reach.
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Figure 5.44 – View looking downstream from the same bridge as in Figure 5.43 on a trip to
the reach when no water was present.

Figure 5.45 – A large pool at the upstream end had minimal water left in it.
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5.3.2

Clearview Channel, Reach 2-1

When the habitat assessment was conducted there was minimal water in the reach with a
few spots having no water (Figures 5.46 through 5.49). The assessment was carried out even
though the stream appears ephemeral in hopes that the flow regime could be fixed. The reach
was a relatively straight channel, sinuosity 1.2, and ran through a city park with a narrow riparian
width of 0 to 15 ft in most places. The riparian vegetation was dominated by upland grasses
downstream with some willow trees present upstream. There is a natural break in the middle of
the reach at a willow tree root which is acting as grade control. Downstream of the willow, the
channel’s aquatic habitat diversity is slightly better with some pool-riffle sequencing when there
is enough water in the channel. Upstream of the willow tree the, channel is dominated by glide
habitat and appeared stagnant on the last visit when water was minimal. Fish habitat was
considered marginal with the coarse-bed material being 50% embedded and only undercut banks
offering protection. A large riprap drop structure at the downstream end may not be passable by
fish. Modifying this structure would allow fish to move downstream to the detention pond in
times of low water; however, it is more important to fix the flow regime first. To increase
habitat, a greater buffer to mowing should be designated and wetland/riparian plants such as
willows, sedges, and rushes should be planted to help stabilize the banks.

Figure 5.46 – View looking upstream of reach taken from the downstream section.
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Figure 5.47 – No water flowing downstream of the large drop structure at the downstream
end of the reach.

Figure 5.48 – Dry bed in the upstream section of the reach.
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Figure 5.49 – Very low water was present throughout the reach at the time of the
assessment.
Zuellig scored the reach a C, while this study scored it a B (Table 5.15). The actual
number scores were very close, it was just that the total scores were near a grade break that made
the grades seem more different then they were. There were no large discrepancies in scores for
any parameter.
Table 5.15 – Final grades for the habitat assessments for Clearview Channel, Reach 2-1.
Overall
Grade

E

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

5.4 Foothills Creek
Habitat was only measured as far upstream as Rigden Parkway, as the rest of the stream
was determined to be ephemeral due to lack of water on two separate visits.
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5.4.1

Foothills Creek, Reach 1-1

Foothills Creek is a constructed channel to better convey stormwater out of this area of
Fort Collins. The channel itself was straight, sinuosity 1.0, and ran through an old agricultural
field with a wide riparian area consisting of dense willows and upland grasses. Some of the
willow bushes were completely dead and others had many dead limbs (Figure 5.50). The aquatic
habitat diversity was considered on the lower end of suboptimal with some pool-riffle
sequencing. Fish habitat was also suboptimal, but there was a large presence of fish throughout
the reach. The main habitat concern is the three large drop structures that do not allow for fish
passage (Figure 5.51). There appears to be fish moving up into Foothills Creek from the canal at
the downstream end, but they cannot move past the structures. Modifying the structures to allow
for fish passage would allow the fish to move upstream to better spawning habitat.

Figure 5.50 – Looking upstream at a typical run. Some of the willows are dead or have
many dead limbs.
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Figure 5.51 – Glide habitat just upstream from one of the large drop structures.
Zuellig scored the reach a B, while this study scored it an A (Table 5.16). There were
small differences between scores for most parameters. Embeddedness was scored much lower by
Zuellig and this could be due to the urbanization that was occurring at the time. Comparing aerial
photographs from 1999 and now, the area just upstream of this reach appeared to be under
transition from old agricultural fields to new housing developments. The construction could have
easily led to higher sediment input into the stream causing the coarse-bed material to become
embedded.
Table 5.16 – Final grades for the habitat assessments for Foothills Creek, Reach 1-1.
Overall
Grade

C

5.4.2

Riparian
Area
B

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Foothills Creek, Reach 2-1

This reach was straight, sinuosity 1.1, and ran through a residential area with a wide
riparian area consisting of upland grasses and patches of willows (Figures 5.52 through 5.54).
Trash was deposited by high flows along the banks throughout most of the reach, supporting the
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claim that Foothills Creek flow regime is more for stormwater conveyance than a natural
channel. Pool-riffle sequencing was present in some areas, although flows were low only filling
on average 50% of the channel. Fish habitat was suboptimal, but deemed adequate for
maintenance of populations as large numbers of fish were seen. The biggest issue for this reach
is to ensure higher base flows to allow for aquatic organisms to survive. If the flow cannot be
fixed then the modification of the drop structures in the downstream reach would at least allow
for fish to move downstream towards the canal during times of low water.

Figure 5.52 – Looking upstream in the middle of the reach.
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Figure 5.53 – Dry bed just upstream of the reach.

Figure 5.54 – Dry bed just upstream of the reach.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.17). Pool variability
and vegetative width were both scored much lower by Zuellig. Due to the land-use change that
was occurring at the time of Zuellig’s study it is no surprise that the creek had less vegetative
width given it used to be an agricultural field. Overall, it appears Foothills Creek has changed for
the better since 1999 now that the stream has adjusted to urban land use.
Table 5.17 – Final grades for the habitat assessments for Foothills Creek, Reach 2-1.
Overall
Grade

D

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.5 Fossil Creek
5.5.1

Fossil Creek, Reach 1-1

This reach was relatively straight, sinuosity 1.2, and ran through an open field with a
wide riparian area consisting of upland grasses and patches of willows (Figure 5.55). The
channel was wide and unstable with bank failures in most areas. The failed banks were mostly
void of vegetation leaving those areas without shade or protection for fish. Fish habitat was
scored as suboptimal with the coarse-bed material being slightly embedded. Two possible fish
passage issues were identified with one at the Trilby Road bridge culvert (Figure 5.56), and the
second at the culvert for the railroad tracks at the downstream end. A third fish passage issue
downstream of this reach below the railroad tracks is a weir creating backwater for a pumping
station. If it is feasible to modify this weir, Fossil Creek could be connected back to Fossil
Reservoir, allowing for more fish to move up into Fossil Creek. Overall, the reach is in a state of
transition and it may be better to allow it to go through its evolution to a new dynamic
equilibrium on its own since it has room to move.
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Figure 5.55 – View looking downstream over the reach.

Figure 5.56 – Culvert under Trilby Road may have fish passage issues.
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Zuellig scored the reach a C, while this study scored it a B (Table 5.18). Pool variability
was the only parameter scored much lower by Zuellig. Despite the instabilities present in the
reach, there seemed adequate habitat for fish populations. Since the stream is in a state of
transition it can be expected that the habitat will also improve as the stream reaches a new stable
state.
Table 5.18 – Final grades for the habitat assessments for Fossil Creek, Reach 1-1.
Overall
Grade

D

5.5.2

Riparian
Area
D

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

Fossil Creek, Reach 2-1

This reach was relatively straight, sinuosity 1.4, and ran through an open field with a
wide riparian area consisting of upland grasses, willows, and Russian Olives. A few tamarisk
were also present within the reach and should be removed before they spread. The aquatic habitat
diversity and fish habitat was considered poor due to grade control creating glide habitat (Figure
5.57). The channel bottom was covered in depositional fines and only a few riffles were present.
The bed topography showed that there was pool-riffle sequencing before the grade control
created too shallow of a slope and turned it into glide-pool habitat (Figure 5.58). To improve
habitat, the grade control should be modified to allow for flows to flush the system and return
back to a riffle-pool system. Before modifying, the grade control flows entering the stream from
Stone Creek are causing some erosion and instability downstream. Fixing the flows entering
from Stone Creek first would help ensure any modification to grade control would not create
future instabilities.
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Figure 5.57 – Grade control is creating glide habitat upstream and may be causing fish
passage issues.

Figure 5.58 – Glide habitat created by Trilby Road bridge. Ripples on water surface were
from the wind.
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Zuellig scored the reach a D, while this study scored it a B (Table 5.19). Scores were
significantly lower for vegetative protection, vegetative width, bank stability, and pool
variability. Not having any site description, it is hard to make any conclusions on the differences
in habitat past and present. It does appear that the riparian area has possibly been able to
revegetate since Zuellig’s study.
Table 5.19 – Final grades for the habitat assessments for Fossil Creek, Reach 2-1.
Overall
Grade

E

5.5.3

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
D
B

Fossil Creek, Reach 2-2

This reach was meandering, sinuosity 1.8, and ran through an open field with a wide
riparian area. Vegetation consisted mainly of upland grasses with some sections of willows. A
few tamarisk were also present within the reach and should be removed before they spread. The
aquatic habitat diversity was considered optimal with pool-riffle sequencing. There was some
glide habitat just upstream of grade control structures, but only for a short distance (Figure 5.59).
Fish habitat was also considered optimal with woody snags, undercut banks, and relatively clean
riffles. The grade control that is creating a slight glide could be modified to allow for continuous
pool-riffle sequencing.
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Figure 5.59 – A stretch of glide habitat within the reach.
Zuellig scored the reach a C, while this study scored it an A (Table 5.20). The largest
differences in scores were Zuellig scored lower for frequency of riffles, embeddedness,
vegetative width, and vegetative protection. There was no site description, so it is hard to
determine if habitat has improved since 1999. It does appear that the channel has become less
embedded and that pool-riffle sequencing has increased.
Table 5.20 – Final grades for the habitat assessments for Fossil Creek, Reach 2-2.
Overall
Grade

C

5.5.4

Riparian
Area
B

Channel
Alterations
D

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Fossil Creek, Reach 3-1

This reach was considered a relatively straight channel, sinuosity of 1.4, and ran through
a golf course. The riparian area was 30- to 50-ft wide and consisted of upland grasses with
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patchy willows (Figure 5.60). The channel was wide and with mostly grasses overhanging the
banks, it was only 50% shaded. The flow regime was slightly affected with a pump diverting
water out of the channel for irrigation of the golf course. At the downstream end of the reach, a
large riprap grade control structure has turned the aquatic habitat diversity from a riffle-pool
system to a glide-pool system (Figure 5.61). The channel bed topography shows that there used
to be better habitat, but the grade control has created a slope too shallow and the reach has
become depositional. Due to only having one riffle within the reach, the fish habitat was
considered marginal. To enhance habitat, the grade control structure could be modified to allow
for more stream power to bring the reach back to a riffle-pool system. Any modification will
have to consider that the grade control was in part placed to create a large bend pool where the
water pump for the golf course irrigation is diverting water away from the channel.

Figure 5.60 – Willows lined the banks in areas.
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Figure 5.61 – Glide habitat caused by the grade control at the facilities building bridge.
Zuellig scored the reach a B, while this study scored it a C (Table 5.21). The largest
differences in scores were this study scored lower for frequency of riffles and embeddedness.
Zuellig described the reach as having pool-riffle sequencing, but also mentioned the large pool
for irrigation, so it can be assumed the grade control was there at the time of his study. Maybe
the structure was modified since 1999, which created a greater backwater influence in the reach.
Either way, the habitat can be improved by modifying the grade control.
Table 5.21 – Final grades for the habitat assessments for Fossil Creek, Reach 3-1.
Overall
Grade

B

5.5.5

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
C

Fossil Creek, Reach 3-2

This reach begins at the end of the influence from the grade control structure from the
downstream reach. It was considered a relatively straight channel, sinuosity of 1.3, and ran
through a golf course. The riparian area was 30- to 50-ft wide and consisted of upland grasses
and some sections of willows. The aquatic habitat diversity was considered optimal with poolriffle sequencing (Figure 5.62). The riffles were clean and there were some woody snags creating
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optimal fish habitat. At the upstream end of the reach, the banks were lined with boulders to stop
bank instabilities (Figure 5.63). The boulders were stopping erosion, but ideally bio-engineering
methods of bank stabilization would increase the functionality of the riparian area.

Figure 5.62 – Pool-riffle sequencing was present within the reach.
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Figure 5.63 – Boulders placed in the banks were creating fish habitat in areas.
Zuellig scored the reach a B, while this study scored it an A (Table 5.22). There were no
large differences in scores for any of the parameters. Zuellig’s total score for the reach was only
5 points from an A as well, which shows that the reach has not seemed to change much since
1999.
Table 5.22 – Final grades for the habitat assessments for Fossil Creek, Reach 3-2.
Overall
Grade

E

5.5.6

Riparian
Area
D

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Fossil Creek, Reach 4-1

The reach was considered a meandering channel, sinuosity of 1.7, and runs through the
Fossil Creek Park. The riparian area was 30- to 50-ft wide and consisted of upland grasses with
more willows present upstream (Figure 5.64). Overall, the reach was unstable with bank failures
present in almost every bend. The downstream end was a long glide caused by grade control
(Figure 5.65). As you move away from the influence of the grade control, pool-riffle sequencing
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developed. There was a lot of sediment in the channel from all the bank failures, but it seemed
that this was what was allowing for the pool-riffle sequencing to develop. The riffles were
embedded, but it is possible as the channel finds a new equilibrium, and the amount of fines
entering the channel decreases, the riffles that have formed will become clean. Some of the
failing banks were encroaching on the softball fields and there is not enough room to allow the
stream to move into a new equilibrium here (Figures 5.66 and 5.67). The focus for improving
habitat should be on fixing the long-duration low to moderate flows coming down Mail Creek,
which are eroding the toes of the banks and leading to cantilever failures.

Figure 5.64 – Looking upstream over the reach.
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Figure 5.65 – Glide habitat upstream from a grade control structure.

Figure 5.66 – Bank failures encroaching on softball fields.
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Figure 5.67 – Bank failures are in almost every bend in the reach.
Zuellig scored the reach a C, while this study scored it a B (Table 5.23). Parameters that
were scored lower by Zuellig were frequency of riffles, epifaunal substrate / available cover, and
vegetative width. Looking at aerial photographs from 1999, it appears that much of the area
surrounding the reach was under construction for a new housing development replacing
agricultural fields. Therefore, it is reasonable that the riparian area has had time to improve. It is
not possible to make any conclusions about the other two parameters due to the uncertainties in
site description.
Table 5.23 – Final grades for the habitat assessments for Fossil Creek, Reach 4-1.
Overall
Grade

D

5.5.7

Riparian
Area
C

Channel
Alterations
D

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

Fossil Creek, Reach 5-1

The reach was considered a meandering channel, sinuosity of 2.2, and ran through Fossil
Creek Park and Two Creeks Natural Area. The riparian area was greater than 50 ft on the left
bank and 30- to 50-ft wide on the right bank. Riparian vegetation consisted mainly of upland
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grasses with a few willows and sedges. The aquatic habitat diversity was considered optimal
with pool-riffle sequencing. The fish habitat was also optimal with clean riffles, woody snags,
and undercut banks. Bank stability was an issue in a couple of bends and should be monitored
(Figures 5.68 and 5.69). More wetland/riparian species such as willows, sedges, and rushes
should be planted to help stabilize the banks from future erosion.

Figure 5.68 – Recently installed willow pole toe reinforcements being buried by
aggradation.
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Figure 5.69 – Bank failure was still occurring in some spots despite the toe reinforcements.
Zuellig scored the reach a D, while this study scored it an A (Table 5.24). Parameters that
were scored lower by Zuellig were frequency of riffles, epifaunal substrate / available cover,
vegetative width, vegetative protection, pool substrate, and pool variability. Aerial photographs
show that much of the surrounding area was under construction changing from agricultural fields
to a residential development. Both the construction and agricultural uses would have impacted
the vegetative width and protection of the channel. Therefore, it is reasonable to assume that the
riparian vegetation has had time to recover since 1999.
Table 5.24 – Final grades for the habitat assessments for Fossil Creek, Reach 5-1.
Overall
Grade

B

5.5.8

Riparian
Area
B

Channel
Alterations
A

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
D
A

Fossil Creek, Reach 5-2

The reach was considered a meandering channel, sinuosity of 2.2, and ran through Fossil
Creek Park. The riparian area was greater than 50 ft on the left bank and 40- to 50-ft wide on the
right bank. Riparian vegetation consisted mainly of upland grasses and willows, with a few
sedges and rushes as well (Figure 5.70). Some of the willows at the downstream end were dead,
which was possibly caused from being submerged too long in higher flows. Willow poles were
placed at the toes of some the failed banks and seemed 50% effective at stopping or slowing toe
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erosion. The aquatic habitat diversity was suboptimal with some pool-riffle sequencing. Gravel
particles were 25 to 50% embedded, making the fish habitat on the low end of optimal. Overall,
the reach should be monitored to ensure instabilities do not worsen. The willow toe
reinforcements should also be monitored to determine their ability to stop erosion, as this would
be valuable information for their possible use in other reaches.

Figure 5.70 – A few spots had willows and sedges present.
Zuellig scored the reach a D, while this study scored it an A (Table 5.25). Parameters that
were scored lower by Zuellig were frequency of riffles, epifaunal substrate / available cover,
vegetative width, and vegetative protection. Like the reach downstream, aerial photographs show
that much of the surrounding area was under construction, changing from agricultural fields to a
residential development. Both the construction and agricultural uses would have impacted the
vegetative width and protection of the channel. It is also possible that the sediment input in the
stream from construction and agriculture was higher than the now urbanized landscape and
covered the riffles.
Table 5.25 – Final grades for the habitat assessments for Fossil Creek, Reach 5-2.
Overall
Grade

B

Riparian
Area
C

Channel
Alterations
B

Aquatic
Habitat
B
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Zuellig Parameters Only
Zuellig Score
Our Score
D
A

5.5.9

Fossil Creek, Reach 5-3

The reach was considered a meandering channel, sinuosity of 2.5, and runs through Two
Creeks Natural Area. The riparian area was wide and vegetation consisted mainly of upland
grasses and willows, with a few sedges and rushes as well. This reach is best characterized by
two distinct habitat types segregated by grade control. Glide habitat was present upstream from
the two grade control structures. The channel was wider and depositional in these areas.
Upstream away from the influence of the grade control, the channel was narrower and consisted
of diverse aquatic habitat diversity with pool-riffle sequencing (Figures 5.71 and 5.72). This
reach is another example of grade control creating a slope that creates essentially a depositional
backwater which degrades the habitat. The grade controls should be modified to create a steeper
slope to improve the habitat and connectivity for a large section of Fossil Creek. It is important
to note that bank heights are close to critical near the grade controls, and modifying the grade
control could possibly create future instabilities. However, since the reach is in a natural area and
has room to move, the stream could possibly reach a new dynamic equilibrium on its own.

Figure 5.71 – Section of the channel not influenced by grade control was narrower with
diverse aquatic habitat diversity.
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Figure 5.72 – Section of the stream under the influence of grade control was wide, incised,
and undercut, but without bank failures.
Zuellig scored the reach a C, while this study scored it an A (Table 5.26). Parameters that
were scored lower by Zuellig were frequency of riffles, epifaunal substrate / available cover,
vegetative width, vegetative protection, pool substrate, and pool variability. The Two Creeks
Natural Area was purchased in 1999 and Zuellig saw the channel just as the transition from
agriculture to urban was occurring. This makes it reasonable to conclude that the habitat has
improved, as the stream and riparian area have had time to adjust to the new land use. However,
some key changes in grade control will allow for the habitat to improve even more.
Table 5.26 – Final grades for the habitat assessments for Fossil Creek, Reach 5-3.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
B
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Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.5.10 Fossil Creek, Reach 6-1
The reach was considered a meandering channel, sinuosity of 3.4, and ran through an
open field. The riparian area was wide and vegetation consisted mainly of upland grasses with a
few Russian Olives. Riffle drop structures were present occasionally throughout the reach, but
the aquatic habitat diversity was still marginal (Figure 5.73). This was because some of the grade
control structures were creating run or glide habitat, which resulted in little to no pool-riffle
sequencing (Figure 5.74). The fish habitat was also suboptimal due to the lack of riffles and the
embeddedness of the channel. Overall, the habitat would be greatly improved by modifying the
riffle drop structures, so they do not create areas of glide habitat. Alternatively, the glide sections
could be modified by decreasing their width to facilitate higher-velocity low flows. Better use of
the structures would break up the homogeneous aquatic habitat diversity present in the reach.
The stream does have room to move and could reach a new equilibrium on its own if the grade
control structures are modified. Wetland/riparian species such as willows, sedges, and rushes
should also be planted to help shade the channel and stabilize the banks from future instability.

Figure 5.73 – Glide habitat upstream from a riffle drop structure.
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Figure 5.74 – Runs were the prominent aquatic habitat diversity present within the reach.
Zuellig scored the reach a C, while this study scored it an A (Table 5.27). The only
parameter that was scored substantially lower by Zuellig was vegetative width. Since the land
was an old agricultural field, the vegetative width would have been lower than it is now after the
vegetation has had time to grow back.
Table 5.27 – Final grades for the habitat assessments for Fossil Creek, Reach 6-1.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
B

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.5.11 Fossil Creek, Reach 6-2
The reach was considered a meandering channel, sinuosity of 1.7, and ran through an
open field. The riparian area was wide except at the upstream end where the stream approached
the road. Riparian vegetation consisted mainly of upland grasses, dense willows, and Russian
Olives, but many of the willows were dead or unhealthy along the banks. Riffle drop structures
were frequent through the reach, but the aquatic habitat diversity was still suboptimal (Figure

241

5.75). Most of the grade control structures were creating glide habitat with only some pool-riffle
sequencing elsewhere (Figure 5.76). The fish habitat was on the low end of optimal due to
embeddedness, but there were woody snags and undercut banks present. A large 3-ft drop
structure at the upstream end of the reach is impassable by fish and should be modified to allow
upstream movement (Figure 5.77). Overall, the habitat would be greatly improved by modifying
the riffle drop structures, so they do not create areas of glide habitat.

Figure 5.75 – Typical riffle drop structure.
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Figure 5.76 – Glide habitat upstream of a riffle drop structure.

Figure 5.77 – Weir at the upstream end that is impassable by fish.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.28). Parameters that
Zuellig scored substantially lower were epifaunal substrate / available cover and vegetative
width. Without a site description, it cannot be said if fish habitat has improved, but it is
reasonable to assume that the riparian width has increased since agriculture has stopped.
Table 5.28 – Final grades for the habitat assessments for Fossil Creek, Reach 6-2.
Overall
Grade

C

Riparian
Area
B

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.5.12 Fossil Creek, Reach 7-1
The reach was considered a relatively straight channel, sinuosity of 1.2, and ran through
the Redtail Grove Natural Area. The riparian area was wide and consisted mainly of upland
grasses downstream, with more willows and a few rushes and sedges upstream. Overall, the
habitat in the reach was controlled by riffle drop structures (Figures 5.78 and 5.79). The channel
was narrow over the riprap riffles and then widened into pool/glide habitat. Most of the grade
control structures were creating glide habitat, but with some modification to the structures or
their spacing the glide habitat can be turned into pool-riffle habitat. The very downstream end
was also one long glide created by the weir just downstream of the College Avenue bridge
(Figure 5.80). As discussed before, modification of the weir to allow for fish passage should also
stop the glide habitat it created. Wetland/riparian plant species such as willows, sedges, and
rushes should be planted to help shade the wide pool areas and stabilize the banks. The channel
is deeply entrenched, but since it is in a natural area, the banks could be graded back allowing the
stream to fully reconnect with its floodplain.
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Figure 5.78 – Glide habitat directly upstream from a riffle drop structure.

Figure 5.79 – Riffle drop structure in the middle of the photograph with glide habitat
upstream and downstream of it.
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Figure 5.80 – Large glide upstream from the College Avenue bridge.
Zuellig scored the reach a C, while this study scored it an A (Table 5.29). Parameters that
Zuellig scored substantially lower were bank stability and vegetative protection. The Redtail
Grove Natural Area was purchased in 1999 and from Zuellig’s site description, it seems that the
riffle drop structures were in place already, but for how long is uncertain. The majority of banks
are mostly stable due to the grade control, but perhaps Zuellig saw the stream at a time shortly
after the grade control was placed in the stream and some banks were still failing. If the field was
used for agricultural before its purchase in 1999, it is reasonable to assume the vegetative width
has increased.
Table 5.29 – Final grades for the habitat assessments for Fossil Creek, Reach 7-1.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
C

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.5.13 Fossil Creek, Reach 8-1
The reach was considered a meandering channel, sinuosity of 1.5, and ran through an
open field with some horse pens closer to the left bank. The riparian area was wide and consisted
mainly of upland grasses and a few sedges (Figure 5.81). At the downstream end of the reach,
the channel was an extremely wide glide with severe deposition just upstream of the railroad

246

tracks (Figures 5.82 and 5.83). Further upstream riffle drop structures were present and the
channel was much narrower with slightly better habitat. However, the grade control structures
were still creating glide habitat in areas. Overall, the aquatic habitat diversity was marginal with
little to no pool-riffle sequencing. The fish habitat was also marginal with few riffles and
embedded coarse-bed material. Both the weir for the detention pond and a riprap grade control
structure are impassable by fish (Figure 5.84). The water in the channel was turbid on every visit,
and seems to be coming out of the detention pond this way, as just upstream from the pond, the
water is relatively clear again (Figure 5.85). Another area contributing sediment is a horse pen
with bare soil that borders the stream in one corner (Figure 5.86). Habitat in this reach could be
improved by modifying the grade controls, so they stop creating glide habitat. The channel
should have a narrower channel at the downstream end and wetland/riparian plants such as
willows, sedges, and rushes should be planted to help shade the stream. Fixing the turbid water
leaving the detention pond would also help the water quality and the deposition occurring at the
railroad bridge.

Figure 5.81 – Looking upstream over the reach.
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Figure 5.82 – Wide glide habitat at the downstream section.

Figure 5.83 – Same section as in Figure 5.82, note the stirred up sediment from the
streambed.
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Figure 5.84 – Fossil Creek Drive bridge culvert is impassable by fish. A large riprap
structure just downstream from the bridge is also impassable at low flows.

Figure 5.85 – Channel flowing into the sediment detention pond. Note the difference in
turbidity between the channel on the left and the pond on the right.
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Figure 5.86 – Runoff from a horse pen is inputting sediment into the reach and creating an
instability in the corner bank.
Zuellig scored the reach a C, while this study scored it a B (Table 5.30). Parameters that
Zuellig scored substantially lower were bank stability, vegetative width, and vegetative
protection. During this assessment, bank instabilities were rare or healed over for the most part
with new vegetation. It is reasonable to assume that the vegetative width and protection could
have increased since 1999.
Table 5.30 – Final grades for the habitat assessments for Fossil Creek, Reach 8-1.
Overall
Grade

D

Riparian
Area
D

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

5.5.14 Fossil Creek, Reach 9-1
The reach was considered a relatively straight channel, sinuosity of 1.4, and ran through a
residential area. The riparian area was on average 15-ft wide in most areas due to mowing or
horse pens that were bordering the channel (Figures 5.87 and 5.88). Riparian vegetation
consisted of upland grasses, with a few sedges also present. Both the aquatic habitat diversity
and fish habitat were optimal with pool-riffle sequencing, relatively clean substrate, undercut
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banks, and woody snags present. This can be evidenced by the large amount of fish that were
present in this reach. There were some bank instabilities that should be monitored to ensure they
do not become worse. The riparian area could be greatly improved by having landowners stop
mowing so close to the stream and by also planting some wetland/riparian species such as
willows, sedges, and rushes to help with the bank instabilities (Figure 5.89).

Figure 5.87 – Glide habitat caused by backwater from the detention pond.
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Figure 5.88 – Section with riprap in the channel and on the banks. Planting
wetland/riparian plants such as willows, sedges, and rushes within the riprap will help with
riparian function. Note the proximity of the horse pens to the channel.

Figure 5.89 – A nice run with pool-riffle sequencing. Note the mowed lawn on the left side
of the photograph.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.31). Parameters that
Zuellig scored substantially lower were frequency of riffles, embeddedness, epifaunal substrate /
available cover, and vegetative protection. There was no site description available for this reach,
so no conclusions can be made if the habitat has improved since 1999. However, riffles were
present throughout the reach, so it is reasonable to assume that the habitat may have improved
slightly.
Table 5.31 – Final grades for the habitat assessments for Fossil Creek, Reach 9-1.
Overall
Grade

C

Riparian
Area
E

Channel
Alterations
B

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.6 Langs Gulch
5.6.1

Langs Gulch, Reach 1-1

The reach was considered a straight channel, sinuosity of 1.2, and ran through Redtail
Grove Natural Area. The riparian area was wide and consisted of upland grasses and a few
sedges (Figures 5.90 and 5.91). The stream was narrow and deep, and had some multiple channel
threads in a couple of areas (Figure 5.92). There were a couple of questionable fish passage areas
at the downstream section. One was a culvert and just upstream of the culvert there was some
large riprap in the channel that may block passage, especially at low flows (Figure 5.93). These
should be investigated further since Langs Gulch is a tributary to Fossil Creek and these
junctions are important for fish. The aquatic habitat diversity was suboptimal with some poolriffle sequencing. Riffles were infrequent and partially embedded, making the fish habitat
suboptimal as well. Overall, opportunities for habitat improvement may not be possible, but the
stream should be monitored to ensure the habitat does not degrade in the future.
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Figure 5.90 – Downstream section of the reach.

Figure 5.91 – Upstream section of the reach.
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Figure 5.92 – Narrow and deep channel overgrown with grass.

Figure 5.93 – Culvert that may have fish passage issues at certain flows.
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Zuellig scored the reach a C, while this study scored it a B (Table 5.32). Individual
parameter scores were not found, so comparison of habitat is not possible.
Table 5.32 – Final grades for the habitat assessments for Langs Gulch, Reach 1-1.
Overall
Grade

C

Riparian
Area
B

Channel
Alterations
C

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

5.7 Mail Creek
5.7.1

Mail Creek, Reach 1-1

The reach was considered a meandering channel, sinuosity of 1.7, and ran through Fossil
Creek Park and Two Creeks Natural Area. The riparian area was wide and vegetation consisted
of upland grasses and a few willow-lined banks, especially at the downstream end. Some of the
willows were dead, which could be due to being submerged for too long under higher flows.
Bank failures were in every bend, but the sediment input was creating pool-riffle sequencing
(Figure 5.94). As a result, the aquatic habitat diversity was considered optimal although some
riffles were slightly embedded. There was glide habitat upstream from the merge with Fossil
Creek and also upstream of the grade control structures (Figures 5.95 and 5.96, respectively).
Fish were abundant and the habitat was optimal with woody snags, undercut banks, and
relatively clean riffles (Figure 5.97). Overall, the main concern with the reach is the bank
instabilities caused from the long-duration low to moderate flows released at the dam upstream.
It does not appear to be degrading the aquatic habitat diversity overall at this point, but this may
change. To enhance the habitat, the dam upstream could be retrofitted to better match a natural
flow regime. The channel would also benefit from wetland/riparian plants such as willows,
sedges, and rushes to help stabilize some of the banks.
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Figure 5.94 – Cantilever failure occurring in a big bend is adding sediment to the channel.

Figure 5.95 – Glide habitat upstream from the merge with Fossil Creek.
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Figure 5.96 – Glide habitat upstream of a grade control structure.

Figure 5.97 – Pool-riffle habitat downstream of a bank failure.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.33). For the most
part, differences in parameters were minimal. Zuellig’s score was only five points away from an
A as well. He also scored the bank stability low and frequency of riffles high, showing that
possibly the bank failures are supplying the sediment that is creating the pool-riffle sequencing.
Table 5.33 – Final grades for the habitat assessments for Mail Creek, Reach 1-1.
Overall
Grade

C

5.7.2

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Mail Creek, Reach 2-1

The reach was considered a straight channel, sinuosity of 1.1, and ran through a
residential area. The riparian area was on average 30-ft wide, but some landowners were mowing
right up to the stream banks. Riparian vegetation consisted of upland grasses with pockets of
willows. There were two possible fish barriers at grade control structures that created a 1- to 2-ft
drop. The aquatic habitat diversity was marginal, as there was little to no pool-riffle sequencing.
Most of the reach consisted of long riffles and runs over a riprap-lined channel (Figure 5.98).
Many of the banks were also riprapped, especially at the downstream end (Figure 5.99). The fish
habitat was suboptimal, as pool habitat was lacking along with any other stream current breaks.
To enhance the habitat, wetland/riparian species such as willows, sedges, and rushes should be
planted in with the riprap banks to enhance the riparian function. Since the channel is already
armored with riprap, a better effort at creating more pool habitat within the long riffles would
provide shelter for fish from the fast water.
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Figure 5.98 – Long run and riffle habitat was common in the reach.

Figure 5.99 – Riprapped banks along the channel.
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Zuellig scored the reach a C, while this study scored it a B (Table 5.34). Large
differences in scores were found for frequency of riffles, embeddedness, and epifaunal substrate.
The site description by Zuellig is very similar to how the site looked at the time of this
assessment, making it hard to draw any conclusions about score differences.
Table 5.34 – Final grades for the habitat assessments for Mail Creek, Reach 2-1.
Overall
Grade

D

5.7.3

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

Mail Creek, Reach 3-1

The reach was considered a relatively straight channel, sinuosity of 1.4, and ran through a
residential area. The riparian area was on average 40-ft wide and the vegetation consisted of
upland grasses, willows, and a few cottonwoods. Aquatic habitat diversity was on the low end of
suboptimal with only some pool-riffle sequencing. A debris jam was possibly impassable by fish,
but it was also acting as grade control and if moved could cause the stream to further incise
upstream (Figure 5.100). Another weir structure was also blocking fish passage and should be
modified to reconnect the stream (Figure 5.101). Overall, the reach habitat could be improved by
fixing the fish passage issues and the flow regime coming from the dam upstream, which would
help to stabilize the reach.
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Figure 5.100 – The debris jam that may be impassable by fish.

Figure 5.101 – A concrete weir that may also be impassable by fish.
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Both Zuellig and this study scored the reach a B (Table 5.35). There were only minor
differences in scores for the parameters and the site descriptions are very similar indicating that
there has not been significant change to the habitat since 1999.
Table 5.35 – Final grades for the habitat assessments for Mail Creek, Reach 3-1.
Overall
Grade

D

5.7.4

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

Mail Creek, Reach 3-2

The reach was considered a straight channel, sinuosity of 1.1, and ran through a heavily
wooded ravine. The riparian area was on average 40-ft wide and the vegetation consisted of large
cottonwoods, willows, and upland grasses. The cottonwood tree roots were crossing the channel
in areas creating deep pools (Figure 5.102). Aquatic habitat diversity was considered suboptimal
with only some pool-riffle sequencing, fish habitat was considered optimal with the presence of
woody snags, undercut banks, and clean riffles (Figure 5.103). Opportunities for habitat
improvement within this reach are lacking except for modifying the flow regime that is being
released from the dam (Figure 5.104).

Figure 5.102 – Tree roots have created a step-pool type channel and are keeping the stream
stable.
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Figure 5.103 – Typical run in the reach with hardpan present on the stream bottom and
banks.

Figure 5.104 – The dam at the upstream end of Mail Creek.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.36). Large
differences in scores were found for frequency of riffles and vegetative width. The site
description by Zuellig is very similar to how the site looked at the time of this assessment and
judging from how armored the channel is by tree roots it is hard to draw any conclusion on the
score differences. Zuellig’s overall score was just 10 points away from an A as well.
Table 5.36 – Final grades for the habitat assessments for Mail Creek, Reach 3-2.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

5.8 McClellands Creek
5.8.1

McClellands Creek, Reach 1-1

The reach was considered a straight channel, sinuosity of 1.1, and ran through both an
open field and Staley Park (Figure 5.105). The riparian area was on average 10-ft wide and the
vegetation was dominated by upland grasses with a few sedges and cattails. There was little to no
pool-riffle sequencing, making the aquatic habitat diversity marginal. Fish habitat was
suboptimal due to the lack of riffles, channel embeddedness, and no woody snags. Bank
instabilities were affecting half the reach and were being caused by an elevated base flow from
irrigation upstream. To improve habitat, bank instabilities should be addressed through changing
the flow regime or grading back the banks and designing a new channel with the long-duration
flows in mind. Mowing should be stopped within 50 ft of the stream and wetland/riparian plants
such as willows, sedges, and rushes would help stabilize the banks.
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Figure 5.105 – Looking upstream over the reach with the channel on the right side of the
photograph.
Zuellig scored the reach a C, while this study scored it a B (Table 5.37). There were no
significant differences in scores for any of the parameters. At the time of Zuellig’s study, the
reach was surrounded by agriculture fields and part of the stream was channelized. Since then,
the channelized section has been moved and made into a meandering channel. The agricultural
fields have been either developed or left as open space. The stream has had time to adjust to the
change in land use, but the habitat still remains suboptimal.
Table 5.37 – Final grades for the habitat assessments for McClellands Creek, Reach 1-1.
Overall
Grade

D

5.8.2

Riparian
Area
D

Channel
Alterations
D

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

McClellands Creek, Reach 2-1

The reach was considered a meandering channel, sinuosity of 1.5, and was surrounded by
an old agricultural field on one side and an open field by Fossil Ridge High School on the other
(Figures 5.106 and 5.107). The riparian width was on average 20 ft and the vegetation consisted
of upland grasses with an occasional willow tree. Bank instabilities were in every bend, but the
sediment provided was creating pool-riffle habitat. However, the riffles were highly embedded
and made the fish habitat suboptimal. The stream does have room to move and may find a new
equilibrium on its own. If the opportunity arose for rehabilitation, the habitat would benefit from
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grading the banks back to reconnect the floodplain. Wetland/riparian plants such as willows,
sedges, and rushes would also help stabilize future bank erosion and help with proper riparian
function.

Figure 5.106 – Looking upstream at typical run in the middle of the reach.

Figure 5.107 – Looking downstream from the middle of the reach.
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Both Zuellig and this study scored the reach a B (Table 5.38). There were no significant
differences in scores for any of the parameters. No site description was available, but since 1999
the agricultural fields have been replaced by new roads and the construction of Fossil Ridge
High School. The land use has changed and the stream is still adjusting.
Table 5.38 – Final grades for the habitat assessments for McClellands Creek, Reach 2-1.
Overall
Grade

D

5.8.3

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

McClellands Creek, Reach 2-2

The reach was considered a straight channel, sinuosity of 1.1, and was surrounded by an
old agricultural field and an open field by Fossil Ridge High School. The riparian width was on
average 30 ft and the vegetation consisted of upland grasses and sections of willow trees. The
roots from the willow trees crossed the channel and acted as grade control (Figure 5.108). They
also created glide habitat and fish passage issues. However, removing the willow roots would
cause more channel degradation. Due to this, there is not much potential for increasing habitat
without serious channel reconstruction.

Figure 5.108 – Typical willow root causing a drop and creating glide habitat upstream of it.
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Both Zuellig and this study scored the reach a B (Table 5.39). The only parameter with a
significant change in score was embeddedness. At the time of Zuellig’s study, the reach upstream
was a feedlot and the substrate was described as ―a mixture of manure, muck, and organic ooze.‖
This fine sediment would have been distributed downstream, causing the bed to become more
embedded at that time then it is now.
Table 5.39 – Final grades for the habitat assessments for McClellands Creek, Reach 2-2.
Overall
Grade

D

5.8.4

Riparian
Area
D

Channel
Alterations
D

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

McClellands Creek, Reach 3-1

The reach was considered a straight channel, sinuosity of 1.1, and had been redesigned
since 1999. Three riprap structures that entirely cross the channel have created a wetland-like
habitat with an ill-defined channel. The riparian area is best described as a wide marsh with
dense cattails (Figure 5.109). The area was better suited for bird habitat than aquatic habitat. If
there were fish in this section they are blocked by the riprap structures from moving upstream or
downstream (Figure 5.110). To improve habitat, the channel could be redesigned back into a
stream setting instead of a wetland. The current wetland morphology is an anomaly in the
context of Fort Collins streams, and does not provide synergistic benefits to adjacent reaches.
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Figure 5.109 – View looking upstream from the downstream end of the reach.

Figure 5.110 – Riprap grade control structure spanning the entire channel not allowing for
fish passage.
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Zuellig’s study scored the reach an E, while this study scored it a B (Table 5.40). At the
time of Zuellig’s study the reach was a feedlot and the substrate was described as ―a mixture of
manure, muck, and organic ooze.‖ Since then, it is hard to say if the habitat has been improved,
as it is no longer a feedlot, but it also is no longer a stream.
Table 5.40 – Final grades for the habitat assessments for McClellands Creek, Reach 3-1.
Overall
Grade

D

5.8.5

Riparian
Area
B

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
E
B

McClellands Creek, Reach 4-1

The reach was considered a straight channel, sinuosity of 1.1, and ran through a
residential area. The riparian area was wide and consisted of sections of just upland grasses, and
other sections with willows, cattails, and cottonwoods (Figures 5.111 and 5.112). Aquatic habitat
diversity was suboptimal and had long stretches of riffles and runs with an occasional pool. Due
to the lack of pools, the fish habitat was considered suboptimal as well. In-stream objects would
help to create scour pools and increase the overall habitat. Wetland/riparian plants such as
willows, sedges, and rushes should be planted in areas dominated by upland grasses, as this
would help keep the banks stable.

Figure 5.111 – Run with willows and cattails lining the banks.
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Figure 5.112 – Run with no woody vegetation.
Zuellig scored the reach an E, while this study scored it an A (Table 5.41). The largest
differences in scores were embeddedness, epifaunal substrate / available cover, bank stability,
and vegetative width and protection. This can all be explained by a change in land use. At the
time of Zuellig’s study, the reach was an agricultural area and described as overgrazed by cattle.
The stream banks were bare and trampled. Riffles were infrequent and embedded. Since then, the
land use has changed and the stream has had time to recover. The habitat has improved since
1999, but could still be better.
Table 5.41 – Final grades for the habitat assessments for McClellands Creek, Reach 4-1.
Overall
Grade

C

5.8.6

Riparian
Area
B

Channel
Alterations
B

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
E
A

McClellands Creek, Reach 5-1

The reach was considered a straight channel, sinuosity of 1.0, and ran through a small but
densely wooded section. The riparian area was wide and consisted of cottonwoods, willows, and
upland grasses. There was riprap present in both the banks and streambed in most areas (Figure
5.113). Aquatic habitat diversity was on the low end of suboptimal with some pool-riffle
sequencing. The channel was high gradient and had some step-pool formations, especially near
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the downstream end (Figure 5.114). Overall, opportunities for habitat improvement are lacking,
but it is a short steep section that fish can pass through to get to better aquatic habitat diversity.

Figure 5.113 – Riprap along the stream bed and banks.

Figure 5.114 – Looking upstream in the reach.
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Zuellig scored the reach a C, while this study scored it A (Table 5.42). The largest
differences in scores were frequency of riffles, embeddedness, and pool variability. Zuellig noted
that this section had recently been altered for stormwater conveyance, and this may be why the
stream was described as a long run with only one pool. The stream has had time to adjust since
then, and with some of the riprap falling in from the banks it has helped create some better
habitat.
Table 5.42 – Final grades for the habitat assessments for McClellands Creek, Reach 5-1.
Overall
Grade

C

5.8.7

Riparian
Area
C

Channel
Alterations
B

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

McClellands Creek, Reach 5-2

The reach was considered a straight channel, sinuosity of 1.0, and ran through a
residential area. The channel had been previously channelized and subsequently rehabilitated.
There was no riparian area, as vegetation was mowed up to the stream banks (Figure 5.115).
Aquatic habitat diversity was suboptimal with some pool-riffle sequencing. Fish habitat was
considered marginal due to less frequent riffles and high levels of embeddedness. A drop
structure at the upstream end of the reach is blocking fish passage and should be modified
(Figure 5.116). Mowing should be stopped and wetland/riparian plants such as willows, sedges,
and rushes should be planted along the stream banks to help stabilize banks, as undercutting is
becoming an issue.

Figure 5.115 – Looking upstream. Note the grass being mowed right up to the channel.
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Figure 5.116 – Grade control drop structure that is impassable by fish.
Zuellig scored the reach a D, while this study scored it a B (Table 5.43). The largest
differences in scores were frequency of riffles and pool variability. Zuellig noted that this section
was mowed to within a meter from the stream, and that silt seemed to be depositing into the
stream from nearby construction. Although the final scores are different, it is believed from the
site description that the habitat has stayed the same since 1999.
Table 5.43 – Final grades for the habitat assessments for McClellands Creek, Reach 5-2.
Overall
Grade

D

5.8.8

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
D
B

McClellands Creek, Reach 6-1

The reach was considered a straight channel, sinuosity of 1.0, and ran through a
residential area. The channel had been previously channelized and the riparian area was mowed
to within 5 ft of the stream (Figures 5.117 and 5.118). Vegetation consisted of upland grasses
with a couple of willow trees. Aquatic habitat diversity was mostly runs with some pool-riffle
sequencing, especially farther upstream away from the influence of grade control. Glide habitat
was present just upstream of grade control structures. The fish habitat was considered marginal,
as the bed material was slightly embedded, there was a lack of riffles and no woody snags
present. Due to previous channelization the stream is straight, but away from the grade control it
is trying to increase its sinuosity. More pool-riffle sequencing has developed in these areas, so
with modifications to the grade controls that would allow for a slope that would create more
sinuosity would also increase habitat. The stream does have room to move to allow for more
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sinuosity. Increasing the riparian buffer by stopping the mowing would increase riparian
function.

Figure 5.117 – Looking downstream from Clear Creek Lane. Fish cannot move upstream
through riprap that crosses.

Figure 5.118 – Looking upstream from Clear Creek Lane. The channel was channelized for
housing developments.
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Zuellig scored the reach a D, while this study scored it a B (Table 5.44). The largest
differences in scores were frequency of riffles, pool variability, and vegetative protection. It is
reasonable to assume that since 1999, the stream away from the grade control has increased its
sinuosity and allowed for some riffle-pool formations to develop. The habitat has improved, but
modifying the grade control would allow for even more aquatic habitat diversity to develop.
Table 5.44 – Final grades for the habitat assessments for McClellands Creek, Reach 6-1.
Overall
Grade

C

5.8.9

Riparian
Area
D

Channel
Alterations
B

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
D
B

McClellands Creek, Reach 7-1

The reach was considered a straight channel, sinuosity of 1.0, and ran through a
residential area. The channel had been previously channelized, and the riparian area was mowed
to within 3 ft of the stream. Vegetation consisted of upland grasses with a few willows and
rushes. The reach was designed more for stormwater conveyance, as evidenced by the trash and
leaf litter deposited along the banks after a heavy rain (Figure 5.119). Aquatic habitat diversity
was considered marginal and consisted of mostly runs with some pool-riffle sequencing in areas.
The lack of woody snags and riffles, along with high embeddedness, made the fish habitat also
marginal. One riprap structure is blocking fish passage in the middle of the reach and should be
modified (Figure 5.120). Like the reach downstream, because the stream had been channelized,
an increase in sinuosity would see an increase in habitat. Therefore, modifying the grade controls
to allow for the stream to become more sinuous would be ideal. Otherwise, in-stream riffle drop
structures to replace the large grade control structure would increase habitat. The stream could
also benefit from a greater buffer from mowing to increase riparian function.
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Figure 5.119 – Little to no woody vegetation is present along the reach. Note the leaves and
trash present showing the influence of gutter outflows emptying into the channel.

Figure 5.120 – Riprap covering the entire channel and blocking fish passage.
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Zuellig scored the reach a D, while this study scored it a B (Table 5.45). The largest
differences in scores were frequency of riffles, pool variability, and vegetative protection. With
no site description available no conclusions on score differences can be made.
Table 5.45 – Final grades for the habitat assessments for McClellands Creek, Reach 7-1.
Overall
Grade

E

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
D
B

5.9 Spring Creek
5.9.1

Spring Creek, Reach 1-1

The reach was considered a straight channel, sinuosity of 1.2, and ran behind an office
complex. The riparian area was greater than 50 ft on the right side and on average 40 ft on the
left side. Vegetation consisted of upland grasses. The downstream end of the reach is where
Spring Creek drains into a pond. Backwater caused by the pond was causing glide habitat at the
downstream end (Figure 5.121). Farther upstream, some pool-riffle habitat was present (Figure
5.122). There were woody snags present, but the backwater did create some embeddedness.
Spring Creek could be reconnected to the Poudre River to substantially improve habitat quality
and quantity. This would increase and improve habitat, and also increase fish populations within
Spring Creek. Other streams in Fort Collins run into canals making reconnection to the Poudre
impractical. But reconnecting Spring Creek to the Poudre is completely feasible and an
opportunity that would create synergistic benefits throughout the watershed.
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Figure 5.121 – Backwater created by the pond just downstream.

Figure 5.122 – Riffle-pool habitat within the reach.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.46). The largest
differences in scores were frequency of riffles and epifaunal substrate / available cover. With no
site description available no conclusions on score differences can be made.
Table 5.46 – Final grades for the habitat assessments for Spring Creek, Reach 1-1.
Overall
Grade

C

5.9.2

Riparian
Area
D

Channel
Alterations
A

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Spring Creek, Reach 1-2

The reach was considered a straight channel, sinuosity of 1.1, and runs behind an office
complex. The riparian area was on average 50 ft on the right side and 25 ft on the left side.
Vegetation consisted of upland grasses with one section of dense willows. The aquatic habitat
diversity was marginal because the reach was one long run with a pool at the upstream and
downstream ends (Figure 5.123). Because the reach is short, there is not much justification for
redesigning the channel to increase habitat, as fish can move through to areas with better habitat.
However wetland/riparian species such as willows, sedges, and rushes should be planted to help
bank stabilization and riparian function.

Figure 5.123 – The reach was dominated by one long run.
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Zuellig scored the reach a C, while this study scored it a B (Table 5.47). The largest
difference in scores was for pool variability. Nothing stated in the site description led to any
conclusions on the score difference.
Table 5.47 – Final grades for the habitat assessments for Spring Creek, Reach 1-2.
Overall
Grade

C

5.9.3

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

Spring Creek, Reach 1-3

The reach was considered a straight channel, sinuosity of 1.1, and ran behind an office
complex. The riparian area was on average 30 ft on the right side and 20 ft on the left side due to
the bike path. Vegetation consisted of a mixture of upland grasses in some areas and dense
willows in others. Some of the willows were dead possibly due to being submerged under higher
flows for too long (Figure 5.124). The Prospect Road and Timberline Road bridge culverts were
creating substantial glide habitat (Figure 5.125). Farther away from their influence there was
some pool-riffle habitat, but the overall aquatic habitat diversity was still marginal. Fish habitat
was suboptimal due to the lack of riffles and embeddedness of the reach. The culvert underneath
the old railroad tracks may prove impassable to fish due to its length and the velocity of the
water coming through it (Figure 5.126). This should be further investigated and the culvert
should be modified if found impassable. Otherwise, improving habitat in the reach seems
unlikely due to the feasibility of adjusting the bridges culverts to stop creating glide habitat.

Figure 5.124 – Some willows dying due to being submerged underwater for too long. Note
the debris caught in the limbs.
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Figure 5.125 – Large boulders placed in the channel downstream of a gutter outflow pipe.

Figure 5.126 – This culvert underneath an old railroad track may be impassable by fish.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.48). There were no
large differences in scores for any parameter.
Table 5.48 – Final grades for the habitat assessments for Spring Creek, Reach 1-3.
Overall
Grade

D

5.9.4

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Spring Creek, Reach 1-4

The reach was considered a straight channel, sinuosity of 1.1, and ran through the Coterie
Natural Area on the left side. The riparian area was greater than 50 ft on the left side and
averaged 30 ft on the right side. The downstream section was dominated by upland grasses with
more willow trees present at the upstream end. A weir at the bottom of the reach is impassable
by fish and it created glide habitat (Figures 5.127 and 5.128, respectively). Upstream of the bike
path bridge the habitat becomes more diverse with pool-riffle sequencing. Fish habitat was
considered optimal with clean riffles and woody snags present. The habitat would be improved
by modifying the weir to allow for fish passage and by planting wetland/riparian plants such as
willows, sedges, and rushes along the downstream end to help stabilize banks. If Spring Creek
does become reattached to the Poudre River, the weir is the first major fish passage issue
upstream and should be fixed at the same time.

Figure 5.127 – This weir is impassable by fish.
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Figure 5.128 – Glide habitat created by the weir.
Zuellig scored the reach a B, while this study scored it an A (Table 5.49). There were no
large differences in scores for any parameter and Zuellig score was just under an A, so it is
reasonable to assume no major changes in habitat have occurred.
Table 5.49 – Final grades for the habitat assessments for Spring Creek, Reach 1-4.
Overall
Grade

C

5.9.5

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Spring Creek, Reach 1-5

The reach was considered a straight channel, sinuosity of 1.0, with a riparian area of only
15 ft on each side. Upland grasses were dominant throughout the reach. The Frisbee golf course
runs through this reach and some banks were trampled. Aquatic habitat diversity was marginal as
the channel was mainly glide habitat due to grade control structures. With little to no pool-riffle
sequencing in the reach, the fish habitat was also considered suboptimal. One concrete slab, a
possible utility encasing, that crosses the channel may be impassable by fish at certain flows and
should be investigated further (Figure 5.129). To improve habitat, the riffle drop structures could
be modified to stop creating glide habitat. This may not be feasible with the glide underneath the
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elevated railroad tracks (Figure 5.130). Moving the Frisbee golf course away from the stream
will reduce the human impact on the riparian area. Wetland/riparian plants such as willows,
sedges, and rushes would also help stabilize banks.

Figure 5.129 – The concrete drop structure upstream of the riprap structure may be
impassable by fish at certain flows.
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Figure 5.130 – Glide habitat was prominent in the reach.
Both Zuellig and this study scored the reach a B (Table 5.50). There were no large
differences in scores and the habitat is presumed to have been relatively unchanged since 1999.
Table 5.50 – Final grades for the habitat assessments for Spring Creek, Reach 1-5.
Overall
Grade

E

5.9.6

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
D

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

Spring Creek, Reach 1-6

The reach was considered a straight channel, sinuosity of 1.1, and ran through Edora
Park. The riparian area was on average 15 ft and consisted of upland grasses with areas of
willows and cottonwoods. The Frisbee golf course runs through the reach and some of the
riparian area and stream banks were trampled (Figure 5.131). Aquatic habitat diversity was
suboptimal with some pool-riffle sequencing. Fish habitat was considered optimal with clean
riffles and some woody snags. The weir for the detention pond at the upstream end is impassable
by fish. Removing the detention pond would reconnect two long stretches of Spring Creek,
which would greatly benefit aquatic populations. This should be seriously considered if the
original purpose of the pond has become obsolete. Moving the Frisbee golf course away from the
stream would help with riparian area trampling.
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Figure 5.131 – Mowing and trampling near a Frisbee golf course hole are accelerating bank
instabilities.
Zuellig scored the reach a B, while this study scored it an A (Table 5.51). There were no
major differences in parameter scores and Zuellig’s total score was just under an A. Therefore, it
is reasonable to assume the habitat has not changed much since 1999.
Table 5.51 – Final grades for the habitat assessments for Spring Creek, Reach 1-6.
Overall
Grade

C

5.9.7

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

Spring Creek, Reach 2-1

The reach was considered a straight channel, sinuosity of 1.2, and ran through Edora
Park. The riparian area was on average 20 ft and consisted of upland grasses downstream, and
dense willows and cottonwoods upstream. The downstream end of the stream was influenced by
backwater from the detention pond and was one long glide habitat (Figure 5.132). Upstream the
channel was wide and shallow with little to no pool-riffle sequencing (Figure 5.133). One riffle
drop structure in the middle of the reach is also creating glide habitat upstream of it. Overall, the
aquatic habitat diversity was considered suboptimal, but the fish habitat was considered optimal
with some long clean riffle areas and woody snags. Again removing the detention pond would
increase habitat and connectivity. The channel upstream could benefit from a narrower low-flow
channel as many areas were too wide and shallow. Wetland/riparian plants such as willows,
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sedges, and rushes should be planted downstream to help with bank instabilities and riparian
function.

Figure 5.132 – Backwater from the detention pond was creating glide habitat.

Figure 5.133 – The channel was wide and shallow upstream.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.52). The largest
differences in scores were epifaunal substrate / available cover, bank stability, and vegetative
protection. With no site description available no conclusions on score differences can be made.
Table 5.52 – Final grades for the habitat assessments for Spring Creek, Reach 2-1.
Overall
Grade

C

5.9.8

Riparian
Area
D

Channel
Alterations
C

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Spring Creek, Reach 3-1

The reach was considered a straight channel, sinuosity of 1.2, and ran behind a residential
complex. The riparian width was on average 25 ft and consisted of upland grasses with some
willows and cottonwoods. Aquatic habitat diversity was considered optimal with pool-riffle
sequencing (Figure 5.134). Some of the channel was embedded making the fish habitat
suboptimal. Overall, the reach could benefit by increasing the riparian buffer and planting some
more wetland/riparian plants such as willows, sedges, and rushes along the banks.

Figure 5.134 – Pool-riffle sequencing was present within the reach.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.53). The largest
differences in scores were embeddedness, bank stability, and vegetative protection. No site
description was available, but at the time of this assessment the reach was considered relatively
stable with clean riffles and abundant vegetative cover. So possibly the habitat has improved
since 1999.
Table 5.53 – Final grades for the habitat assessments for Spring Creek, Reach 3-1.
Overall
Grade

B

5.9.9

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

Spring Creek, Reach 3-2

The reach was considered a straight channel, sinuosity of 1.3, and ran behind a residential
complex. The riparian width was on average 35 ft and consisted of areas of upland grasses and
other sections with dense willow trees. Aquatic habitat diversity was suboptimal with some poolriffle sequencing (Figure 5.135), but some grade controls in the reach were creating glide habitat
(Figure 5.136). Overall, the fish habitat was diverse and considered optimal. At the upstream end
a weir and a culvert for the bike path is impassable by fish and should be replaced (Figure
5.137). To improve habitat, the grade controls that are causing glide habitat should be modified
to create more pool-riffle habitat. Wetland/riparian plants such as willows, sedges, and rushes
should be planted in sections dominated by upland grasses to help with bank stability issues
within the reach.

Figure 5.135 – Some pool-riffle habitat was present in the reach.
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Figure 5.136 – Glide habitat created by grade control.

Figure 5.137 – Weir and culvert both impassable by fish.
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Zuellig scored the reach a C, while this study scored it an A (Table 5.54). The largest
differences in scores were vegetative protection and width. The site description for the reach
stated that banks were unstable with little vegetative cover and that the riffles were embedded. At
the time of this study, there were some bank instabilities, but banks for the most part were wellvegetated. Possibly new riprap grade control structures were added to help better stabilize the
reach allowing for bank revegetation.
Table 5.54 – Final grades for the habitat assessments for Spring Creek, Reach 3-2.
Overall
Grade

C

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
C
A

5.9.10 Spring Creek, Reach 4-1
The reach was considered a meandering channel, sinuosity of 1.7, and ran through a
horse pasture and Mallard’s Nest Natural Area. The riparian width was on average 30 ft and
consisted of upland grasses with a few willow trees. The horse pasture section had some minor
trampling along the banks and riparian area, and should be monitored to ensure it does not get
worse (Figure 5.138). Ideally, the horses should be fenced off from the stream if possible.
Aquatic habitat diversity was considered optimal with pool-riffle sequencing (Figure 5.139). Fish
habitat was also optimal with lots of clean riffles and some woody snags. The bike path culvert at
the downstream end created a long depositional glide that gives another reason as to why it
should be replaced (Figure 5.140). Willow plantings would help with bank stabilities issues and
increase riparian function.
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Figure 5.138 – Pool-riffle habitat in the horse pasture.

Figure 5.139 – Pool-riffle habitat in the upstream section of the reach.
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Figure 5.140 – Glide habitat created by the bike path culvert at the downstream end.
Both Zuellig and this study scored the reach an A (Table 5.55). There were no large
differences in scores, so it is reasonable to assume the habitat has been relatively unchanged
since 1999.
Table 5.55 – Final grades for the habitat assessments for Spring Creek, Reach 4-1.
Overall
Grade

C

Riparian
Area
D

Channel
Alterations
B

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
A
A

5.9.11 Spring Creek, Reach 4-2
The reach was considered a straight channel, sinuosity of 1.15, and ran through a wooded
section behind a residential area. The riparian width was on average 30 ft and consisted of
upland grasses, willows, and cottonwoods. Aquatic habitat diversity was suboptimal with three
large glide sections in between some pool-riffle habitat (Figures 5.141 and 5.142). The amount
of glides made the fish habitat suboptimal. The channel was wider than other reaches and could
benefit from a narrower low-flow channel in a couple of areas.
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Figure 5.141 – Pool-riffle habitat was present within the reach.

Figure 5.142 – Glide habitat within the reach.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.56). There were no
major differences in scores for any parameters and Zuellig’s final score was only 2.5 points from
an A. Therefore, it is assumed the habitat has not changed much since 1999.
Table 5.56 – Final grades for the habitat assessments for Spring Creek, Reach 4-2.
Overall
Grade

B

Riparian
Area
C

Channel
Alterations
A

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

5.9.12 Spring Creek, Reach 5-1
The reach was considered a straight channel, sinuosity of 1.1, and ran through a wooded
section behind a residential area and through Mallard’s Nest Natural Area. The channel was
lined with large boulders, completely disconnecting the stream from the riparian area (Figure
5.143). Beyond the boulders, the riparian width averaged 20 ft and consisted of mainly upland
grasses with a few willows. Grade control is present throughout the reach and created substantial
glide habitat. One of the structures is definitely impassable by fish and two others may be at
certain flows as well (Figure 5.144). Overall, the aquatic habitat diversity was marginal due to
the glides and this also made the fish habitat marginal. To improve habitat, the boulders lining
the channel should be replaced with a bioengineering alternative that still allows for some
riparian connection and benefit. The grade control structures should be modified to replace the
glide habitat with pool-riffle and to eliminate the fish passage issues.

Figure 5.143 – Boulder-lined channel with glide habitat.
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Figure 5.144 – Grade control that is impassable by fish.
Zuellig scored the reach a C, while this study scored it a B (Table 5.57). The largest
differences in scores were for vegetative protection and width. This was due to a difference in
judgment by the person conducting the assessment, as the channel was boulder-lined for both
assessments. Either way, the reaches habitat is impaired and should be improved.
Table 5.57 – Final grades for the habitat assessments for Spring Creek, Reach 5-1.
Overall
Grade

E

Riparian
Area
E

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
C
B

5.9.13 Spring Creek, Reach 5-2
The reach was considered a straight channel, sinuosity of 1.1, and ran through Spring
Park for much of the way. The riparian width averaged 20 ft and consisted of upland grasses,
with sections of willows and cottonwoods. Aquatic habitat diversity was considered suboptimal,
as there was some pool-riffle sequencing, but the riffle sections were long. The bed material was
slightly embedded and there was little woody snags, so the fish habitat was also considered
suboptimal. Some of the banks were riprapped or boulder-lined. There was a nice stable section
in the middle of the reach that could be used for a reference site. To improve habitat, it is
recommended that the riprap and boulder-lined sections are replaced with bio-engineering
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methods for bank stabilization. At the least willows could be planted within the riprap to allow
for some connection to the riparian area.
Zuellig scored the reach an E, while this study scored it an A (Table 5.58). There were
large differences in almost every parameter. This is due to the fact that at the time of Zuellig’s
study, this reach had recently been reconstructed for storm flow conveyance. The site description
noted construction had just ended and all the banks were bare and raw. Since 1999, the banks
and channel have had time to recover and habitat has improved, but it might not be that fair to
compare a site just after construction and then 10 years later.
Table 5.58 – Final grades for the habitat assessments for Spring Creek, Reach 5-2.
Overall
Grade

C

Riparian
Area
D

Channel
Alterations
C

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
E
A

5.9.14 Spring Creek, Reach 6-1
The reach was considered a straight channel, sinuosity of 1.1, and ran behind a dirt
parking lot and an open field. The riparian width averaged 15 ft and consisted mainly of upland
grasses with some willows farther upstream. Aquatic habitat consisted of substantial glides
(Figure 5.145) and was considered marginal (Figure 5.146). The reach was highly embedded and
with a lack of riffles, the fish habitat was also considered on the low end of suboptimal. There is
not much opportunity to improve habitat at the downstream end unless the banks are graded
back; which seems not plausible due to the well monitoring network setup along the channel.
Overall, the reach is short and the plausibility of fixing habitat is low, so focusing elsewhere may
be better.
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Figure 5.145 – Deep glide section at downstream end of reach.

Figure 5.146 – Cantilever failures occurring in a run.
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Both Zuellig and this study scored the reach a C (Table 5.59). There were not any large
differences in scores for any of the parameters, but it reasonable to assume the habitat has not
changed significantly since 1999.
Table 5.59 – Final grades for the habitat assessments for Spring Creek, Reach 6-1.
Overall
Grade

D

Riparian
Area
D

Channel
Alterations
D

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
C
C

5.9.15 Spring Creek, Reach 6-2
The reach was considered a straight channel, sinuosity of 1.1, and ran through an open
field. The riparian width averaged 15 ft on the right side due to mowing and greater than 50 ft on
the left side. Riparian vegetation consisted of upland grasses with sections of dense willows and
cottonwoods. The downstream section of the reach consisted of diverse aquatic habitat with
pool-riffle sequencing (Figure 5.147). But upstream of the weir in the middle of the reach, it was
glide habitat that was made worse by a debris jam at the weir itself (Figure 5.148). Fish habitat
was considered optimal downstream of the weir and poor upstream. Two fish passage issues
were present in the reach (1) one at the weir in the middle of the reach, and (2) a second at the
weir for the detention pond at the upstream end. The habitat would be greatly improved upstream
by modifying the weir to create more pool-riffle habitat. Mowing should be stopped to create a
greater riparian buffer as well.

301

Figure 5.147 – Riffle-pool sequencing at the downstream end of the reach.

Figure 5.148 – Glide section created by a riffle-drop structure just downstream.
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Zuellig scored the reach a B, while this study scored it an A (Table 5.60). The largest
differences in scores were frequency of riffles, embeddedness, and epifaunal substrate / available
cover. With no site description available no conclusions on score differences can be made. But
aerial photographs showed that Centre Avenue was being constructed during 1999 and this could
have affected the stream habitat.
Table 5.60 – Final grades for the habitat assessments for Spring Creek, Reach 6-2.
Overall
Grade

C

Riparian
Area
B

Channel
Alterations
E

Aquatic
Habitat
B

Zuellig Parameters Only
Zuellig Score
Our Score
B
A

5.9.16 Spring Creek, Reach 7-1
The reach was considered a straight channel, sinuosity of 1.1, and ran through a
residential area. The riparian width averaged 50 ft on the right side, but only 15 ft on the left side
due to the bike path. Riparian vegetation consisted of upland grasses with sections of dense
willows and cottonwoods. The channel was heavily armored with riprap both in the channel and
along the banks. Grade control structures were creating glide habitat throughout the reach, but
especially at the downstream end (Figures 5.149 and 5.150). Overall, aquatic habitat diversity
was considered marginal upstream and poor downstream. The channel was heavily embedded
and with the lack of riffles, the fish habitat was also marginal. To improve habitat, bioengineering tactics should be used instead of riprap along the banks. Otherwise, modifying the
grade control to eliminate glides would be of greatest benefit to the habitat.
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Figure 5.149 – Glide habitat.

Figure 5.150 – Glide habitat with a fine veneer along the streambed.
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Both Zuellig and this study scored the reach a B (Table 5.61). There were no large
differences in scores for any parameter. It is assumed with how armored the channel is within
this reach that the habitat has remained relatively unchanged since 1999.
Table 5.61 – Final grades for the habitat assessments for Spring Creek, Reach 7-1.
Overall
Grade
D

Riparian
Area
C

Channel
Alterations
E

Aquatic
Habitat
E

Zuellig Parameters Only
Zuellig Score
Our Score
B
B

5.10 Stanton Creek, Reach 1-1
The reach was considered a straight channel, sinuosity of 1.2, and ran through an open
field. The riparian area was wide and consisted of upland grasses with some sedges and rushes
(Figure 5.151). Aquatic habitat diversity was optimal with pool-riffle sequencing. The channel
was embedded, which made the fish habitat suboptimal. However, upon every visit huge
numbers of fish were always seen, especially just upstream from where it enters Fossil Creek.
Stanton Creek may be a vital spawning tributary for fish in Fossil Creek and should be protected
from future developments encroaching on the channel. There is one small waterfall created by
bedrock that is impassable by fish, but this is towards the upstream allowing enough good habitat
downstream. The level of sediment at the downstream end shows that the stream is adjusting to a
new flow regime caused by land-use change upstream (Figure 5.152). There is enough room for
the stream to move and find a new equilibrium, so the habitat should improve on its own. The
most important thing is to keep the watershed from developing further.
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Figure 5.151 – Looking downstream over the reach.

Figure 5.152 – Looking upstream. Bank failures are present, indicating that the channel is
still adjusting to the change in land use.
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Zuellig scored the reach a D, while this study scored it an A (Table 5.62). Parameters that
were significantly different were frequency of riffles, epifaunal substrate / available cover,
vegetative protection, and vegetative width. There was no site description for Stanton Creek, but
looking at aerial photographs from 1999, the watershed was very different. Much of the
surrounding area of Stanton Creek was changing from agriculture to housing developments. It is
reasonable to assume that the vegetation has had time to recover since the agriculture has
stopped. It is hard to say if the fish habitat has improved, but there were definitely riffles present
during this study, showing that the stream has begun to recover from the land-use change, but is
still in a period of adjustment.
Table 5.62 – Final grades for the habitat assessments for Stanton Creek, Reach 1-1.
Overall
Grade
C

Riparian
Area
B

Channel
Alterations
D

Aquatic
Habitat
C

Zuellig Parameters Only
Zuellig Score
Our Score
D
A

5.11 Summary Data
Table 5.63 presents a summary of the final grades for the habitat assessments for all
reaches.
Table 5.63 – Summary of final grades for the habitat assessments for all reaches.
Creek
Boxelder Creek

Burns Tributary
Clearview Channel

Foothills Creek
Fossil Creek

Reach
1-1
1-2
1-3
1-4
3-1
3-2
3-3
4-1
5-1
5-2
5-3
6-1
6-2
6-3
--1-1
2-1
4-1
1-1
2-1
1-1
2-1
2-2
3-1

Overall
Grade
B
B
B
--C
B
D
B
--C
C
D
B
B
C
E
E
--C
D
D
E
C
B

Riparian Channel
Area
Alterations
B
C
C
A
B
D
----C
B
A
D
C
C
A
A
----B
B
C
A
E
B
A
A
B
B
C
D
C
D
E
E
----B
E
C
E
D
E
C
E
B
D
C
A
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Aquatic Zuellig Parameters Only
Habitat Zuellig Score Our Score
B
B
A
A
B
A
B
B
A
------C
C
A
C
C
A
E
C
C
B
C
A
------C
B
A
D
B
B
D
A
B
C
A
A
C
B
A
C
C
A
E
?
E
D
C
B
------C
B
A
D
C
A
D
C
B
E
D
B
C
C
A
B
B
C

Creek

Langs Gulch
Mail Creek

McClellands Creek

Spring Creek

Stanton Creek

Reach
3-2
4-1
5-1
5-2
5-3
6-1
6-2
7-1
8-1
9-1
9-2
1-1
1-1
1-2
2-1
3-1
3-2
1-1
1-2
2-1
2-2
2-3
3-1
4-1
5-1
5-2
5-3
6-1
6-2
7-1
7-2
1-1
1-2
1-3
1-4
1-5
1-6
2-1
3-1
3-2
4-1
4-2
4-3
5-1
5-2
6-1
6-2
7-1
1-1

Overall
Grade
E
D
B
B
C
C
C
C
D
C
--C
C
--D
D
C
D
--D
D
--D
C
C
D
--C
--E
--C
C
D
C
E
C
C
B
C
C
B
--E
C
D
C
D
C

Riparian Channel
Area
Alterations
D
E
C
D
B
A
C
B
C
E
C
B
B
E
C
C
D
E
E
B
----B
C
C
E
----C
E
C
E
C
E
D
D
----E
E
D
D
----B
E
B
B
C
B
E
E
----D
B
----E
E
----D
A
C
A
C
E
C
E
E
E
E
E
D
C
C
A
C
E
D
B
C
A
----E
E
D
C
D
D
B
E
C
E
B
D
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Aquatic Zuellig Parameters Only
Habitat Zuellig Score Our Score
E
B
A
D
C
B
B
D
A
B
D
A
B
C
A
D
C
A
C
C
A
C
C
A
E
C
B
B
C
A
------D
C
B
C
B
A
------D
C
B
D
B
B
C
B
A
D
C
B
------C
B
B
D
B
B
------E
E
B
C
E
A
C
C
A
D
D
B
------C
D
B
------D
D
B
------C
C
A
D
C
B
C
B
A
B
B
A
D
B
B
B
B
A
B
C
A
C
C
A
C
C
A
B
A
A
C
B
A
------E
C
B
C
E
A
E
C
C
B
B
A
E
B
B
C
D
A

CHAPTER 6. MULTI-CRITERION DECISION ANALYSIS

The multi-criterion decision analysis (MCDA) approach (Pomerol and Romero, 2000;
Bledsoe et al., 2005) provides a flexible, rational, and transparent means to establish decisionmaking criteria and prioritize alternatives. The MCDA approach is more structured and
defensible than best professional judgment, yet it is much easier to develop and interpret than
more sophisticated optimization schemes. An alternative is chosen by assigning a score and
weight for each criterion based on relative importance. The weighted scores of all criteria are
summed to yield a score for each alternative, and the highest score corresponds to the preferred
alternative.
This chapter presents the MCDA developed to support decision making on potential
stream-restoration projects in Fort Collins. The criteria and relative weights were developed in
collaboration with key individuals at the City. The MCDA is structured in such a way that if
priorities and/or resources of decision makers change, the relative weights of criteria can be
adjusted to reevaluate projects.
The scale of MCDA scores is intended to correspond with sub-reaches of the channels.

6.1 Criteria
Four major criteria have been identified that serve as a framework for the Fort Collins
stream-restoration project MCDA: (1) ecology, (2) cost, (3) erosion, and (4) aesthetic value.
Within each, there are sub-criteria that dictate the score of the major criteria. This section is
meant to serve as a companion to the decision matrix by providing detailed definitions for all
sub-criteria to minimize ambiguities in scoring.

6.1.1

Ecology

The ecology score aims to quantify the benefit of restoring a reach by assessing the
potential for improvement within the reach along with whether restoration provides larger-scale,
synergistic benefits to adjacent reaches. Three sub-criteria include: (1) habitat improvement
potential, (2), fish passage benefit, (3) habitat connectivity benefit, and (4) watershed-scale
benefit:
1. Habitat Improvement Potential: This criterion takes into account the current habitat
score and habitat scores of nearby analog reaches. The difference between the two is
the habitat improvement potential. It is not reasonable to have a pristine stream as an
analog because inputs that drive ecological processes are much different in an urban
environment. However, most urban streams can be rehabilitated to some degree
(Booth et al., 2004). By looking within Fort Collins, a reasonable analog can be
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sought that when compared with the current habitat score of a reach, can yield a
reliable metric that reflects a realistic improvement potential.
2. Fish Passage Benefit: A high score shall be assigned to projects associated with
removing impediments to sediment continuity and/or migration of aquatic fauna
between adjacent reaches. We felt connectivity was not sufficiently emphasized in
the habitat assessments, so it was made to be its own criterion in the MCDA.
Connectivity is vital because if suitable habitat is not available within a reach it is
important that species can migrate in search of better habitat. It is not practical to
improve habitat within a reach if it is not accessible to abutting reaches.
3. Habitat Connectivity Benefit: A high score shall be assigned to impaired subreaches that are bordered by sub-reaches with good habitat. Improvements to the
impaired sub-reach would reconnect longer reaches of good habitat than work
conducted on isolated reaches.
4. Watershed-scale Benefit: A high score shall be assigned to a project that provides
synergistic benefits across large segments of the system by reconnecting relatively
high-quality sections. Consideration should be given to where the project is located
in the system; that is, does it follow the restoration strategy of beginning upstream
and executing subsequent projects in the downstream direction, or is it an ―island‖ in
a larger piecemeal restoration plan (Roesner and Roznowski, 2010). Projects that
alter fluxes of runoff, sediment, and nutrients to the channel have the potential to
benefit not only the project site, but also downstream reaches. For example, full
spectrum flow control at the Palmer Drive Dam would benefit all of Mail Creek and
Reaches 1 through 4 of Fossil Creek, and should receive a high score for this
criterion.

6.1.2

Cost

In this analysis, cost is not quantified as a dollar amount since itemized estimations of
projects would require design-level plans. Rather, cost of restoration work among reaches is
expressed in relative terms according to four sub-criteria: (1) engineering analysis, (2) land
acquisition, (3) construction, and (4) practicality. During the scoring process, a higher score for
cost is assigned to higher-cost projects and vice versa. However, within the MCDA, the cost
score is inverted to assign the highest cost score to the most inexpensive projects in order to
favor projects that are cost-effective. The following formula summarizes this transformation:

 n (Weight i )( Scorei ) 
MCDAScore  5  5  i 1 n

 i 1 5 (Weight i ) 
wherein Weighti and Scorei are weights and scores of cost sub-criteria i, respectively.

310

Eq. (6.1)

1. Engineering Analysis: Restoration projects require varying levels of analysis
depending on project goals. For instance, projects to restore sediment continuity
through a reach may require complex hydrologic, hydraulic, and sediment transport
analysis. On the other end of the spectrum, projects to prevent minor toe erosion may
only require some professional knowledge and willow stakes. Projects that involve
extensive engineering analysis shall be assigned high scores, and those that involve
little planning shall be assigned low scores.
2. Land Acquisition: Projects that involve purchasing land in order to provide a
riparian buffer or to allow for a new watercourse shall be assigned a high score.
Projects on existing city-owned land shall be assigned a low score.
3. Construction: A high score for construction shall be assigned if labor costs and the
level of land disturbance are expected to be high. Labor costs are assumed to be high
if professional contractors are essential for project completion. The scale of the
project should be taken into account to estimate time for completion and scope of
construction activities. The need for heavy machinery and construction materials
should also be considered. Projects that have the potential to employ volunteer labor,
are minimally invasive, and use materials native to the site shall receive a low score.
4. Practicality: The practicality score aims to quantify the suitability of a potential
project given the context of the surrounding landscape. This criterion was included to
account for instances where the benefits of rehabilitating a reach are far outweighed
by easily foreseeable economic, spatial, or social constraints. Projects that are
impractical shall receive low scores.

6.1.3

Erosion

The erosion score incorporates the lateral and vertical susceptibility scores presented in
Chapter 4 of this report, along with an assessment of whether erosion problems threaten public
safety and infrastructure:


Vertical and Lateral Susceptibility: The two scores are weighted based on what the
dominant mode of erosion is expected to be in the future, which should be based on
findings presented in the susceptibility section. In most cases, we anticipate that
lateral susceptibility will be weighted higher than vertical because most streams have
incised to a resistive layer and are beginning to widen.
To directly integrate the susceptibility scores into the MCDA, it was necessary
to transform scores in two ways. (1) First, since susceptibility is scored on a scale of
1 to 12 and the MCDA operates on a scale of 1 to 5, the susceptibility scores were
downscaled by multiplying them by a factor of 5/12. (2) Second, susceptibility scores
had to be inverted. A high susceptibility score is indicative of a healthy reach, not
prone to erosion. However, in the MCDA, a high score reflects a reach that is prone
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to erosion and warrants stabilization. The following formula is embedded in the
MCDA, and summarizes these two operations:

5
5

 12 (Weight lat )( Scorelat )  12 (Weight vert )( Scorevert ) 
M CDAScore  5  5 

5 (Weight lat )  5 (Weight vert )









6.1.4

Eq. (6.2)

wherein Scorelat and Scorevert are the lateral and vertical susceptibility scores from
Chapter 4 of this report, respectively.
Threats to Public Safety and Infrastructure: A high score for this criterion shall be
assigned under one of two conditions: (1) existing infrastructure is endangered, and
restoration activities in a reach would avert damages, or (2) the restoration work
would have no adverse impacts on public safety or infrastructure. The latter
condition aims to balance risk involved with the restoration design with proximity to
safety concerns. For example, do restoration activities along Spring Creek change
channel hydraulics, and in turn alter flood stage elevations or culvert performance? It
is expected that most reaches will receive a low score in this category. However, it
was included to acknowledge inherent uncertainties in restoration design that arise
from the complex nature of fluvial systems.
Irrigation Management: Management of the irrigation canals in a way which would
reduce the negative impact they have on the streams of Fort Collins is not an easy or
cheap task. If in the future opportunities arise that would allow for irrigation to be
disconnected from sub-reaches, these would then be given a high score, as both the
habitat and susceptibility of the stream would benefit.

Aesthetic Value

Though there is no scientific basis for scoring aesthetic value, it is arguably the most
important criteria for non-scientists and local residents. The public can either support or impede
restoration efforts, so projects that improve the aesthetics of a reach (but also improve key
processes of the system) are essential to the perception and volition of future projects. The
aesthetic value score is defined by three sub-criteria: (1) aesthetic improvement potential, (2)
social benefit, and (3) education/community outreach opportunities:
1. Aesthetic Improvement Potential: This criterion aims to quantify the relative
potential to improve the overall appearance of a reach. Some restoration activities
restore processes to the channel, but their effects are not apparent to the untrained
eye. Such projects shall receive a low score. Projects that involve increasing
heterogeneity in the channel (removing glide habitat and promoting pool-riffle
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sequences), riparian planting, improving water quality (namely, turbidity in this
section), or stabilizing mass wasting reaches shall receive a high score.
2. Social Benefit: A high score shall be given to reaches where a large portion of the
public is able to appreciate improvements made to the channel. Projects located in
natural areas or parks in close proximity to trails (for example, along Spring Creek
Trail) shall be scored highest. Projects that few people will come into contact with
(for example, certain portions of Boxelder Creek) shall receive a low score. Projects
that pass through backyards of residential neighborhoods shall receive a moderate
score since their aesthetic value is limited to only some of the public.
3. Education/Community Outreach Opportunities: A high score shall be given to
projects where there are opportunities to use the restored reach as an education tool,
or where there are opportunities for interpretive signage to increase public awareness.

6.2 MCDA Matrix
The first step in using the MCDA matrix is to pre-screen reaches for inclusion in the
analysis. This study has collected data from ten different channels throughout Fort Collins,
divided each channel into reaches, and divided each reach into sub-reaches (76 total sub-reaches
citywide). Pre-screening allows decision makers to answer questions such as, ―Where along
Fossil Creek would benefit most from restoration?‖ or ―Of the top 10 most erosion susceptible
reaches, which would be the most inexpensive to restore?‖
After assigning weights to all criteria and sub-criteria, the MCDA automatically
calculates scores for the four major criteria and total scores. Cells shaded in gray contain
formulas, and their contents are updated based on scores of sub-criteria. Figure 6.1 is an
example of how the MCDA can be applied. Reaches with the highest total scores are the best
candidates for restoration projects.
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Weight
5 = High

Criteria

Channel:

Sub-Criteria

1 = Low
5

Boxelder

Fossil

McClelland

Spring

Reach:

1

5

1

7

Sub-reach:

1

4

1

2

2.1

3.0

1.9

2.4

Ecology

5

Habitat Improvement Potential

1

3

1

3

2

Habitat Connectivity Benefit

5

0

4

0

3

Watershed-scale Benefit

2

5

2

3

3

3.7

2.1

1.7

2.9

5

Engineering Analysis

2

4

3

2

1

Land Acquisition

0

0

0

0

3

Construction

1

2

2

3

5

Practicality

1

3

5

2

4

Cost

3.1

2.7

3.7

1.5

5

Lateral Susceptibility

8

8

3.5

9

1

Vertical Susceptibility

10.5

9.5

5

10.5

5

Threats to Safety and Infrastructure

0

1

1

3

1.5

2.2

3.6

4.1

2

Erosion

Aesthetic Value

5

Aesthetic Improvement Potential

3

2

1

3

4

Social Benefit

1

3

5

5

2

Education/Community Outreach Opportunities

1

1

5

5

2.8

2.7

2.6

2.5

REACH TOTAL SCORE

Figure 6.1 – Application example of the MCDA.

314

CHAPTER 7. SYNTHESIS AND RECOMMENDATIONS

Undercut banks resulting from fluvial erosion of the toe were consistently observed
throughout the course of field visits for this study. As discussed in the geomorphology chapter,
the degree of undercutting reaches a point where the weight of the cantilevered block of soil
above the undercut exceeds the cohesive strength of the soil, and the bank fails. Failed banks are
then washed away, and this cycle will repeat itself until the channel widens to a point where the
cross-sectional area is large enough to distribute the forces of fluvial erosion without toe scour.
This cycle is not consistent with the dynamics of the CEM presented by Schumm et al. (1984)
because the majority of channels in this study were at Low risk to vertical erosion (incision) due
to their proximity to either bedrock, hardpan layers, or coarse-armored layers. However, the Fort
Collins Urban Streams Channel Evolution Model is consistent with findings from other studies
conducted on bank erosion in hydrologically altered systems.
It is believed that the mechanism driving the ubiquitous bank failures in Fort Collins
streams is the long durations of low to moderate flows that result from urbanization. The ideal
restoration activity to rectify this problem is full-spectrum flow control that alters the magnitude,
duration, and rates of change of channel discharges to approximate a pre-development, natural
flow regime. We acknowledge this recommendation as an epic and unlikely undertaking to be
implemented citywide since it would involve an overhaul of all existing stormwater
infrastructure, canals, and land-use practices. However, Fort Collins is not devoid of
opportunities to simulate the natural flow regime. Furthermore, we feel these opportunities are
not limited to new developments where stricter regulations on hydrologic alteration should be
imposed. Retrofitting existing outlet control structures (Guo, 2009) has the potential to
incorporate more variability into the flow regime. Additionally, working with canal operators to
more tactfully manage discharge into natural channels could greatly reduce (or at least truncate)
the durations of elevated flows.
Another means of understanding how long durations of low to moderate flows affect
natural channels is to use the existing flood warning system to develop a database of year-round
discharge measurements. Currently these gages are only used seasonally to alert utilities
personnel and the public on flooding hazards. A consistent record of stream discharge could be
used in the following ways: (1) Determine the magnitude of departure from the current flow
regime to a natural flow regime. This would be the first step in assessing whether redirecting
conveyance to reservoirs through existing canal systems (as discussed below) is a feasible
alternative. (2) Calibrate MODSWMM hydrologic models. One of the more challenging
aspects of the geomorphology portion of this study was manipulating the 2-year return period
discharge data to reflect only the influence on the active channel. Consistently, 2-year flows as
simulated by MODSWMM extended far beyond channel banks. Having flow data for lower
return periods would be valuable to any geomorphic analysis because it would provide a more
accurate representation of the dominant hydraulic forces acting on channel boundaries.
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In locations where full-spectrum flow control is impractical or impossible, restoration
activities that heal the symptoms without affecting the causes of channel instability and degraded
habitat have the potential to improve aesthetic value, and to a lesser degree, restore processes. It
is up to decision makers at the City of Fort Collins to utilize the MCDA framework presented
herein to determine where restoration would provide the greatest benefit. The next-best strategy
to flow regime manipulation is to seek synergistic projects that connect reaches and provide
large-scale benefits throughout the system. Win-win projects should be sought that both stabilize
channel form and improve habitat. This study has provided the baseline data to identify the
current state of channel stability and habitat improvement potential, but these criteria need to be
supplemented with input from all stakeholders on cost, practicality, and social benefit before
arriving at a decision. Moreover, this study’s baseline data should be used to identify healthy
and stable stream reaches. By proactively adopting management strategies to preserve the
integrity of reaches that already have positive qualities, the need for future restoration activities
on those reaches is avoided.
Irrespective of the output from the MCDA, there are certain key activities that deserve
top prioritization should funding become available for a large-scale project. The benefits of
these projects would affect multiple reaches, and their worth in terms of improving ecological
integrity and restoring stream processes precludes matrix analysis. Our recommendations for
large-scale projects with watershed-scale benefits are summarized below:




Reconnect Spring Creek to the Poudre River: Restoring connectivity between
Spring Creek and the Poudre River was a proposed long-term enhancement in the
City of Fort Collins Selected Plan by Anderson Consulting Engineers, Inc. (year?).
We agree with Anderson’s notion that connectivity could be restored, while
maintaining the flood detention capabilities of the Seven Lakes Ponds. However, this
project alone would only restore connectivity to roughly 0.5 miles of Spring Creek.
There are significant impediments to fish passage at the Great Western and Union
Pacific Railroad crossings, just upstream from Timberline Road. We recommend that
any effort to connect Spring Creek with the Poudre River be carried out in
conjunction with resolving these passage issues. Doing so would allow access to an
additional 0.5 miles of habitat along Spring Creek (up to the Edora Pond Dam).
Edora Pond Dam Removal: We agree with a previous recommendation that
removing the Edora Park dam would provide synergistic benefits by reconnecting
upstream portions of Spring Creek. Furthermore, long sections of glide habitat
associated with dam backwater would be eliminated, thus removal would improve not
only the quantity, but the quality of accessible habitat. The next significant
impediment to passage is roughly 1-mile upstream where the Spring Creek bike path
crosses Spring Creek at a concrete culvert/drop structure. Removing the Edora Pond
Dam would only be beneficial to the aquatic ecology of Spring Creek if it were first
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connected to the Poudre River. Removing the dam alone would only create a long
reach of habitat inaccessible to fish.
Outlet Control at Palmer Drive Dam: Controlling effluent from the Palmer Drive
Dam follows our top-recommended rehabilitation strategy of full-spectrum flow
control to better simulate the natural flow regime. We feel that by doing so great
potential exists to alleviate bank instabilities along Mail Creek and lower Fossil
Creek. Survey work carried out in late July—when seasonal flood pulses should be
waning or have passed—was done in chest-high water, far above the natural bankfull
elevation. We interpreted this as evidence that this channel is too heavily relied on to
convey water to Fossil Creek Reservoir. Adopting a plan that relies on the Mail
Creek Ditch (which runs parallel to Mail and Fossil Creeks) to run at full capacity for
a longer duration could convey an equivalent amount of water to Fossil Creek
Reservoir. By doing so the need for stabilization efforts along over 2 miles of Mail
and Fossil Creeks would be significantly reduced.
Restore Fossil Creek-Fossil Creek Reservoir Connectivity: Unlike most other
streams of Fort Collins, Fossil Creek has an expansive riparian buffer for nearly its
entire course. Because of this, there is greater potential to support diverse aquatic
habitat. Unfortunately, connectivity to all portions of Fossil Creek is severed roughly
1 mile upstream from where it enters Fossil Creek Reservoir. In the vicinity of the
crossing of Fossil Creek by Trilby Road, there are a number of barriers to fish
passage that should be addressed simultaneously to restore access to upstream
portions of Fossil and Mail Creeks. If this were done, several miles of habitat would
become available to aquatic species currently confined to Fossil Creek Reservoir.

In conclusion, stream-restoration activities in Fort Collins should follow two parallel
trajectories. (1) First, where it is possible and practical, longer durations of low to moderate
flows—which we believe to be the overarching mechanism driving channel instabilities and
habitat degradation—should be addressed. Rectifying this problem has the greatest potential for
stabilizing channels across multiple reaches. (2) Second, use the MCDA framework to guide
decisions on small-scale projects, and preservation efforts on healthy reaches. Lastly, prioritize
one of the large-scale projects highlighted herein should the resources become available.
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CHAPTER 8. CONCLUSION

This study provides detailed habitat, susceptibility, and baseline geomorphic data for
roughly 17 miles of channels across ten streams. These data are intended to be combined in
identifying and prioritizing candidate management and restoration activities that provide
synergistic benefits. In particular, this information provides a means of prioritizing projects that
simultaneously improve habitat, reduce susceptibility, and target geomorphic conditions that are
most likely to sustain sinuous channels with diverse physical habitats.
Channel Susceptibility




By far, the most pervasive source of channel instability in the surveyed streams is
bank failure induced by amplified durations of moderate flows. Urbanization,
irrigation flows, and stormwater BMPs that do not control the full spectrum of erosive
flows contribute to this response. The cumulative effects of increased durations of
erosive flows on the toes of banks result in widespread undercutting and cantilever
failures.
Stream reaches were assessed for both lateral and vertical susceptibility to erosion
and were determined to be at either Low, Medium, or High risk. Results show that the
majority of the streams in Fort Collins have incised down to a less-erodible layer such
as bedrock, hardpan, claypan, or a coarse-armored bed. Due to the more erodible
bank material and presence of upland grasses, which provide less root-reinforcement
for bank stabilization than riparian plant species, the majority of streams are at a
higher risk to lateral erosion and future widening. This is evidenced by the
undercutting and resulting cantilever failures that are occurring throughout the City.

Stream Habitat


In several locations, physical habitat has improved since the Zuellig (2001) surveys;
however, there remain widespread opportunities for habitat improvement. In most
instances, habitat has improved due to land-use change and the reestablishment of
riparian vegetation. In other cases, the timing of when the habitat assessments were
conducted have shown that seasonality can greatly affect habitat parameters such as
embeddedness, frequency of riffles, and epifaunal substrate / available cover. In
addition to performing a comparison of past and present physical habitat conditions
using the Zuellig (2001) methods, this study developed and applied a novel protocol
for assessing physical habitat in the study streams. The novel protocol places greater
emphasis on aquatic habitat diversity, the riparian area, and larger-scale parameters
such as connectivity and the effect of grade control and flow regime on aquatic
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habitat; allowing the habitat assessment to be somewhat less sensitive to seasonal
variability.
Grade control structures are widespread throughout Fort Collins and have for the
most part successfully stopped erosion and further stream degradation. However,
grade control in most instances has also negatively impacted the aquatic ecosystem by
decreasing habitat diversity through the creation of glide habitat. Furthermore, some
grade control structures are impassable by fish and have created connectivity issues
within the streams. Opportunities for modifying existing grade controls to
simultaneously correct connectivity issues, while supporting the geomorphic
characteristics associated with sinuosity and habitat diversity exist in some locations,
especially where structures are vulnerable to flanking and instability.
The greatest benefits to stream habitat in Fort Collins would come from modifying
grade control structures to stop creating glide habitat, while also allowing for fish
passage. Smaller-scale habitat improvements such as restricting mowing and planting
riparian/wetland species such as willows, rushes, and sedges, can be both cost
effective through the use of volunteers; and greatly benefit stream habitat by
improving water quality and bank stability. There are areas in Fort Collins that
currently have good habitat and the importance of protecting these areas from future
land-use changes cannot be stressed enough. If surrounding land cannot be purchased,
ensuring that the streams have a large buffer and that stormwater infrastructure for
new developments address the full-spectrum of flows would help maintain that
habitat.

Geomorphology






Stream survey data collected for this study were analyzed for patterns in physical
parameters that sustain channel stability and habitat diversity. Meandering planforms
were most common in streams with main channel width-to-depth ratios of 3.2 to 5.3,
main channel unit stream powers of 25 to 62 W·m-2, and bed slopes of 0.0022 to
0.0036 m·m-1. The majority of small streams dominated by glide habitat had channel
unit stream powers of less than 35 W·m-2 based on current model estimates of Q2.
Two-thirds of the large streams dominated by glides had a unit stream power less than
75 W·m-2, while 75 percent of functional large streams had unit stream powers
greater than this value. However, the available values of Q2 for the large streams may
be more biased toward overestimates of discharge than the values available for the
small streams.
Glide conditions will likely be minimized in smaller streams with unit stream power
in the vicinity of 30 to 35 W·m-2, based on existing estimates of Q2. However, these
channels are inherently more active than low-energy channels dominated by glide
habitat.
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Beyond 75 W·m-2, nearly all reaches have straight planforms, indicating that
meandering planforms are most feasible at intermediate levels of unit stream power.
Lastly, there was a preferred range of slope and sinuosity pairings for functional
channels; slopes in this range were between 0.0022 and 0.0045 m·m-1 and sinuosities
were between 1.2 and 1.7. Sinuous channels beyond this range tended to be unstable.
To corroborate these findings, several paired reaches—two subsequent channel
reaches with significantly different geomorphic and habitat qualities whose disparities
can be attributed to a control imposed on the channel—were identified and discussed.
The CEM for incised channels by Schumm et al. (1984) was applied to streams of
Fort Collins. However, given the ubiquitous nature of bank failure through bank toe
erosion, undercutting, and cantilever failure in the City, the standard incised CEM is
of limited applicability in these streams. This study identifies a modified CEM
focused on toe erosion and mass wasting triggered by cantilever failure as the
dominant mode of channel response. The response of many streams in the City has
been halted in the early stages of the CEM; therefore, there are numerous segments
that are entrenched with near-vertical banks and diminished in-stream and riparian
habitat quality.

Prioritization






A MCDA framework for prioritizing stream-rehabilitation projects is presented to
target areas where the greatest opportunities exist for simultaneously improving
habitat and connectivity, while stabilizing high-risk, erosion-susceptible reaches. The
MCDA approach is more structured and defensible than best professional judgment,
yet it is much easier to develop and interpret than more sophisticated optimization
schemes. The four major criteria for MCDA scoring are: (1) ecology, (2) cost, (3)
erosion, and (4) aesthetic value.
Irrespective of the output from the MCDA, there are certain key activities that
deserve top prioritization should funding become available for a large-scale project.
The benefits of these projects would affect multiple reaches, and their worth in terms
of improving ecological integrity and restoring stream processes precludes matrix
analysis. Several examples of such projects are presented, and their system-scale
benefits are discussed.
Reaches that would benefit from rehabilitation are identified, based solely on baseline
data (current state of channel stability and habitat improvement potential) provided by
this study. If all other criteria are ignored, these are reaches that are most valuable to
restore because habitat and erosional susceptibility are simultaneously addressed.
More realistically, these criteria need to supplemented with input from all
stakeholders on cost, practicality, and social benefit before arriving at a decision.
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The current states of streams within Fort Collins reflect a wide variety of historical landuse changes that continue to affect responses to a new urban landscape. As a result, many of the
streams are unstable and have become arrested in a state of limited habitat potential. Attempts to
control the instabilities have worked for the most part in terms of preventing further incision, but
they have also contributed to the current disconnected and degraded habitat. As the City of Fort
Collins continues to grow, urbanization will continue to challenge efforts to improve habitat.
However, opportunities for habitat protection and improvement are abundant throughout the
City, and taking advantage of these opportunities will help build a more connected and healthy
stream system in Fort Collins. The recommendations and baseline information on geomorphic,
habitat, and susceptibility resulting from this study provide a framework for the City to
systematically target stream management and rehabilitation activities that will address both
channel stability and habitat from a synergistic perspective based on sound geomorphic and
physical principles. As future stream-rehabilitation work begins, it is important to develop a
dynamic guiding image of these streams such that they are managed not as ―things in space,‖ but
as ―processes through time.‖
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