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Therefore, this project will look at both maximum and minimum velocities in the 

meander bends for both Site 1 and Site 2.  

5.2.3. Stream Tortuosity 

     Tortuosity is an index of the channel meander geometries effect on forces. This is 

defined as the radius of curvature (Rc) divided by the channel top width (Tw) (Sclafani, 

2011). This dimensionless ration is found to be important in determining shear stress 

distributions due to the influence on secondary circulation (Knighton, 1998). In addition, 

this ratio allows for a corrected factor when examining shear forces acting on meander 

bends. Previous research has shown that maximum channel mirgration occurs at 

approximantly 
𝑅𝑐

𝑇𝑤
≈ 3 , which is due to decrese in overall radial forces on the outer bank 

(Knighton et al., 1998). When channel toruosity is less than 3, which occurs in tighter 

bends, both spiral flow and cross-stream flow are variables that need to be considered. 

Figure 6 shows channel migration patterns typically observed when the stream tortuosity 

falls within a certain range.When the tortuosity is less than 3, the changes in downstream 

flow cause bank erosion by the development of a point bar.  

 

Figure 6: Figure showing the relationship between channel migration and tortuosity 

(Knighton et al., 1998) 

Past research has focused on locating and quntifying specific areas of maximum velocity 

and shear-stress patterns through meander bends. Criteria suggested by Kilgore and 

Cotton (2005) uses empherical equations to predict the increase in shear stress associated 

with a meander bend. The following equations show the relationship between bend shear 

stress to the straight channel accounting for tortuosity.  
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KBEND-SHEAR= 2.0                                                                            
𝑅𝑐

𝑇𝑤
≤ 2 

KBEND-SHEAR= 2.38 – 0.206 (
𝑅𝑐

𝑇𝑤
) + 0.0073 (

𝑅𝑐

𝑇𝑤
)

2
                                         2 < (

𝑅𝑐

𝑇𝑤
) < 10 

where 

KBEND-SHEAR = Ratio of shear stress in channel bend to straight channel approach shear 

stress at maximum depth 

Rc = radius of curvature of the bend to the channel centerline 

Tw = channel top (water surface) width 

As the bend becomes tighter the correction factor increases to a maximum value of 2.  

5.2.4. Flow Characteristics 

Hydraulic forces are highest near the outside bank with maximum shear occurring 

near the bend exit. This often results in the highest rates of erosion concentrated against 

the outer bend, downstream of the bend apex (Knighton et al., 1998). Across the channel 

along the opposite bank, point-bar building occurs with sediment and bed material that 

results in meander migration (Knighton et al., 1998). In general, the place where bank 

erosion is most frequent and where streambank protective measures most commonly fail 

is just downstream from the axis of the bend (Klingeman and Cotton, 1984). This 

supports the assumption that maximum boundary shear stress occurs close to the outer 

bank beyond the bend apex in the lower third of the meander (Klingeman and Cotton, 

1984). 

5.3. Open Channel Hydraulics: 

Understanding the energy of water in open channel systems is the foundation of this 

project. In open channel systems the flow occurs in one of three conditions: supercritical, 

critical and subcritical (Akan, 2011). Supercritical flow is generally shallow high velocity 

flow found in channels with steep slopes. Subcritical flow is defined by deep low velocity 

flow found in channels with shallow slopes. Critical flow is the dividing condition 

between supercritical and subcritical (Akan, 2011). Critical flow is not maintained along 

the length of the channel. It may occur at the entrance of a steep channel, at the exit of a 

mild channel, and at sections where channel characteristics changes (Akan, 2011).  
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5.3.1. Froude Number  

The Froude number is a dimensionless parameter used to characterize open channel 

flow. The Froude number is used to determine if the flow will be subcritical, 

supercritical, or critical (Akan, 2011). The flow is said to be subcritical if Fr <1.0, critical 

if Fr = 1.0, and supercritical if Fr >1.0 (Akan, 2011).  

5.3.2. Hydraulic Jump 

A hydraulic jump is defined as change in water depth when water with high velocity 

discharges into zones of low velocity; this results in an abrupt rise in water surface. A 

hydraulic jump occurs when the upstream flow is supercritical (Fr >1). To have a jump 

there must be a flow impediment downstream, such as a weir (Akan, 2011). Water depth 

increases during the hydraulic jump and energy is dissipated as turbulence (Akan, 2011).  

According to Chow (1959), a strong jump occurs when Fr>9, a steady jump occurs when 

4.5< Fr <9, an oscillating jump occurs when 2.5< Fr <4.5, and a weak jump occurs when 

1.7< Fr <2.5. 

5.4. Streambank Stabilization: erosion control, design, bio-engineering 

5.4.1. Bendway Weirs 

Bendway weirs are low elevation stone sills used to improve lateral stream stability 

and flow alignment problems at river bends and highway crossings. They are often used 

for bank line protection on streams and smaller rivers. Bendway weirs are considered a 

transverse stream feature that are used to redirect flow so that the eroding ability and 

shear stress are reduced along the bank. Bendway weirs have a flat top design that are 

effective at low flow conditions (Baird, 2015). The flow is captured and redirected to the 

center of the channel. At high flows, bendway weirs redirect the secondary currents 

which help reduce the near bank high flow velocity. Specifically, bendway weirs are 

intended to: 

1.) deflect high velocity near bed flow away from the outer bank 

2.) inhibit secondary motion in the bend  

3.) redistribute momentum from outer banks  
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They also increase flow resistance near the bed and outer bank and redirect high flow 

currents to the center of the channel away from the bank reducing or eliminating bank 

line erosion (Baird, 2015).   

Bendway weirs differ from spur and vanes in that they capture the flow field and 

redirect flows away from the bank. This is usually accomplished throughout the bendway 

with a minimum of five structures. Since the original development bendway weirs have 

been applied to small streams as a streambank protection measure (Baird, 2015). Weirs 

have the potential to create variable depth and velocity habitat, can lead to sediment 

deposition along the bank line, and can be constructed for less cost than riprap or a 

longitudinal stone toe with bio-engineering (Baird, 2015).  

5.5. Design Geometry: 

Some of the key design variables include crest angle, crest elevation, spacing, and 

length (Welch, 2005). Because weirs act primarily as flow deflection structures and not 

bank reinforcement structures, the existing bend condition, geometry, platform, stages, 

discharges, and sediment transport capacity must be considered (Baird, 2015). In 

addition, the direction and velocity of flow entering the bend proposed for bendway weirs 

must be measured and evaluated for both low flow and the design flow (Baird, 2015).   

5.6. Weir Hydraulics:  

Weirs influence near bank velocity and shear distribution by directing energy from 

the near-bank region to the center of the channel. The flow components result in energy 

dissipation through turbulent flow mixing forcing the resultant vector flow away from the 

protected bank (Welch, 2005). An effectively designed weir results in a zone of 

subcritical flow upstream and along the protected stream bank (Figure 7). It is important 

that the weirs are designed to successfully create upstream backwater areas. The 

upstream progression of subcritical reaches near the banks controls erosion and leads to 

deposition of sediments along the protected banks (Sclafani, 2011).  
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Figure 7: Figure showing upstream progression of subcritical backwater created from 

weir structures (Sclafani, 2011). 

Critical depth occurs upstream of the weir crest and a supercritical flow transition occurs 

across the structure. This creates a hydraulic jump that is influenced by the downstream 

tailwater elevation (Sclafani, 2011). The hydraulic jump provides energy dissipation 

through the transition of potential energy to kinetic energy across each structure. 

 Where the flow leaves the meander bend is an important factor in locating the first 

structure. The first weir is placed to transition flow leaving the meander into the 

downstream receiving riffle (Welch, 2005). Velocity distributions within riffle sections 

are generally uniform with the highest velocity located near the channel centerline. 

Positioning of the first barb maintains this natural velocity distribution and prevents 

adverse effects on downstream streambanks (Welch, 2005).  

5.7. Limitations  

The re-directive effects of bendway weirs on the flow field may be limited in cobble 

and gravel bed streams due to erosion resistance of the bed material. In contrast, weir 

stones would tend to launch into the downstream scour hole much more readily in a sand 

bed channel than in cobble or gravel bed streams (Baird, 2015). Bendway weirs are 

susceptible to flanking from upstream bend migration which changes the upstream 

approach angle (Baird, 2015). This is something that will need to be taken into 

consideration for the Rio Pueblo because the channel bottom in the Rio Pueblo is 

predominantly cobble and gravel.  
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Bendway weirs have been shown to reduce bank erosion due to toe scour. However, 

the velocity and boundary shear stress increase locally over the top of the weirs, which 

can promote bank retreat; this results in a shelf along the outer bank. In addition, bank 

erosion above the weir crest was observed in a laboratory study of bendway weirs 

(Welch, 2005). When bendway weirs are constructed near riverside infrastructure, 

placement of small riprap material is recommended along the toe up to the elevation of 

the weir height (Baird, 2015).  

5.8. Willow Planting: Bio Engineering  

There are two types of planting commonly used in river restoration and erosion 

control: clump planting, and pole planting. The use of revegetation as erosion control is 

often effective in retaining sediments during high flow conditions and the allowing 

sediments to settle out during overbanking conditions (Tardio, 2016). Traditional 

methods for controlling erosion include rip rap, retaining walls, and sheet piles. However, 

there is an alternative approach which includes bioengineering, a method of construction 

using live plants along or combined with dead inorganic materials, to produce living, 

functioning systems that prevent erosion, control sediments, and in some cases, provide 

habitat for what? (Tardio, 2016). This approach uses combinations of structural practices 

and live vegetation to provide protection against erosion.  

The advantages of bioengineering include (Tardio, 2016):  

1) low cost and less long-term maintenance;  

2) low maintenance of live plants after they are established;  

3) environmental benefits such as wildlife habitat, and water quality improvement;  

4) improved strength over time as root systems develop and increase structural stability; 

and  

5) compatibility with environmentally sensitive sites or sites with limited access. 

6. METHODS:  

 

6.1. Cross Section: 

 Cross –section data were collected from the stream bed using a Real Time 

Kinematic (RTK) survey. The RTK data were post processed using Trimble Business 

Center and the accuracy of the GPS data was validated using the Online Positioning User 
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Service (OPUS) developed by National Oceanic and Atmospheric Association (NOAA). 

The OPUS report indicated that the base station accuracy at site one was within 0.020 m 

of known static points in the area. The base station accuracy for site two was 0.022m. 

The RTK data was collected for ~200m reaches at both site 1 and site 2 (Figure 8). 

 

Figure 8: Image showing the location of the collected RTK points at Site 2 

6.2. Wolman Pebble Count: 

 The Wolman pebble count procedure was done using the step-toe method to 

randomly select particles for measurement. This method requires the observer to measure 

size of random particles using a gravelometer. The b-axis of the particle was measured 

and recorded until the total number of particles for each 100 m reach was 100. This 

procedure was completed for both sites. After the data were collected they were plotted in 

a log2 scale by size class and frequency. This was used to understand the D50 value, 

which was used to estimate a roughness value for the HEC-RAS model. The D50 is the 

particle size that represents 50% of the sampled mass.  

6.3. HEC-RAS Model: 

 1-D modeling was utilized for this project using the Army Corps of Engineers 

tool HEC-RAS. The 1-D analysis of water surface profiles involves several basic 

assumptions (USACE, 2008): 

1.) hydraulic characteristics of flow remain constant for the time interval 

2.) hydrostatic pressure is distributed over the channel cross section 
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3.) small channel slope 

4.) channel cross section geometry is prismatic over the reach 

5.) velocity coefficients are constant throughout the reach 

6.) locally uniform flow persists 

Despite the limitations, 1-D models are widely used and accepted by the engineering 

community. With respect to bendway weirs, past research has used 1-D hydraulic 

software with predictive equations to determine cross-section-averaged values (Sclafani, 

2005). Although design criteria exist that predict velocity and shear stress in a bend 

baseline values can be substituted with computed results from a 1-D computer analysis 

tool such as HEC-RAS (Sclafani, 2005).  

6.4. Channel Geometry  

 The cross-section data were added to the HEC-RAS program and a projection of 

NAD 83 UTM Zone 13 was used. The units were defined as SI in meters. To model a 

continuous reach additional cross section data was interpolated using HEC-GeoRAS. A 

1m Digital Elevation Model (DEM) was used to create a centerline and cross sections in 

ArcMap 10.5. The HEC-GeoRAS data was exported to HEC-RAS and the model was run 

using both interpolated and measured cross sections. The HEC-GeoRAS cross sections 

were derived from a DEM produced from Light Detection and Ranging (LiDAR). This 

created some uncertainty in the GeoRAS cross section because LiDAR data does not give 

the shape of the channel but instead, gives a water surface elevation. Therefore, the 

DEM-generated cross sections were adjusted by 0.5m to adjust for any LiDAR-related 

error. The 0.5m adjustment was chosen based on an estimated water depth during the 

flow conditions that were present when the LiDAR was collected.  

6.5. Flood Frequency Analysis 

 A flood frequency analysis was conducted in the PeakFQ program using the 

USGS stream gage data for the Rio Pueblo (USGS gauge # 08269000). The PeakFQ 

program performs statistical flood-frequency analysis of annual-maximum peak flows 

(Flynn, 2006). The U.S. Geological Survey maintains a peak-flow file in the National 

Water Information System (NWIS) data base. The annual peak-flow data fall into two 

classes: systematic and historical. In the systematic gaging program, the annual peak is 

observed for each year of the program (Flynn, 2006). Therefore, the systematic record is 
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intended to constitute an unbiased and representative sample of all possible annual peaks 

at the site (Flynn, 2006). The historical record consists of annual peaks that would not 

have been observed except for a recognition that an unusually large peak had occurred 

(Flynn, 2006). Flood information acquired from old newspapers, articles, letters, and 

personal memory almost invariably refers to floods of extraordinary size (Flynn, 2006). 

This causes the historical record to have bias and an unrepresented sample of flood 

experience (Flynn, 2006). However, the historical record is used to supplement the 

systematic record (Flynn, 2006).   

 The analysis was conducted for the results of the flood frequency analysis were 

used to model flow conditions for a 2, 5, and 10-year event (Table 1). 

Table 1: Results of the PeakFQ flood frequency analysis for the three selected design 

flows  

Frequency  Discharge cfs (95% Lower) Discharge cfs (95% Upper) 

2 Year  132.5 186.8 

5 Year 273.1 408.4 

10 Year  385.5 612.2 

 

6.6. Roughness 

Roughness parameters are and essential for hydrodynamic modeling. The roughness 

coefficients represent the resistance to flood flows in channels and floodplains (Arcement 

et al., 1998). Channel and floodplain roughness parameters were chosen based on a 

pebble count data and standard values for vegetation. Based on a Wolman pebble count 

for the Rio Pueblo, the D50 value was determined to be 48.1mm. The river is 

predominantly a cobble gravel bed. The D50 value was used to calculate a Manning’s n 

value using the Strickler equation:  

n=Cks
1/6 

C= 0.034 for natural sediment where ks = D50 

The channel roughness value was set to 0.065. The left bank and right bank roughness 

parameters were chosen based on the density of vegetation present. The left and right 



22 
 

bank roughness chosen were based of Chow (1959) and were set at 0.070 dense willow. 

These coefficients was chosen to represent the physical environment that was observed 

when cross sections were measured. The density of the willow was not calculated based 

on transects instead a coefficient was used based on guidelines defined by Arcement et 

al., 1998.  

6.7. Weir Design: 

 The following geometric design guidelines for stone bendway weirs reflect 

guidance provided by NRCS. The formulas were developed to consolidate many of the 

“rules of thumb” that currently exist in the field. The formulas are not based on 

exhaustive research but appear to match well to current practices. Guidelines for the weir 

designs were based on the NRCS weir design guidelines technical note 23 (Welch, 2005): 

6.7.1. Height 

 The height of the weirs, H, is determined by analyzing various depths of flow at 

the project site. The bendway weir height should be between 30-50% of the depth at the 

mean annual high-water level. The weir must be the appropriate height to intercept a 

large percentage of the flow to produce the desired result. The structure should be below 

the normal or seasonal mean water level and equal to or higher than the mean low water 

level.  

6.7.2. Angle 

 The angle, θ, between the bendway weir axis and the upstream bank line ranges 

from 60 to 80 degrees. This measurement is easily taken in the field by measuring the 

chord between two weirs. The chord is defined as the points of intersection with the weirs 

and bank line. Ideally the angle should be place so the high-flow streamline angle of 

attack is not greater than 30 degrees and the low-flow streamline angle of attack is not 

less than 15 degrees to the normal of the weir centerline. If the angle of the flow 

approaching the weir is head on, then the weir will be ineffective and act as a flow 

divider and result in bank scalloping. If the angle of flow approaching the upstream weir 

is too large, then the weir will not be able to effectively redirect the flow to the desired 

flow path. Ideally the angle should be placed so the perpendicular line from the midpoint 

if an upstream weir points to the midpoint of the following downstream weir. In general, 
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smaller projection angles would need to be applied to bends with smaller radii of 

curvature to meet the above criteria.  

6.7.3. Cross Section 

 The transverse slope along the centerline of the weir is intended to be flat or 

nearly flat and should be no steeper than 1V:5H. The flat section used for the weir will 

transition into the bank on a slope of 1V:1.5H to 1V:2H. The structure height at the bank 

line should equal the height of the maximum design high water.  

6.7.4. Length 

The weir length should be long enough to cross the thalweg however it should be 

restricted to 1/4 the average channel width. A weir length greater than 1/4 can alter the 

opposite bank and create unintended channel changes. A length of 1.5 to 2 times the 

distance from the bank to the thalweg is ideal for bank stabilization projects. The length 

of the weir will affect the spacing between the weirs.   

6.7.5. Location  

 A short weir should be placed a distance upstream from the location where the 

midstream tangent flow line intersects the bank. The remaining weirs are placed based 

on-site conditions and sound engineering judgement. Typically, the weirs are evenly 

spaced at a determined distance.  

6.7.6. Spacing 

Weir spacing is influenced by several site conditions. Based on previous studies 

bendway weirs should be spaced similarly to hardpoints and spurs. Weir spacing is 

dependent on the streamflow leaving the weir and its intersection with the downstream 

structure or bank. The spacing is influenced by the length of the weir, the ratios of weir 

length to channel width, and the channel radius of curvature to channel width. The 

selected spacing should fall within the range established by the following equations. 

Maximum spacing is not recommended but is a reference based on hydraulics designers. 

In situations where some erosion is tolerable, the spacing may be set between the 

recommended and the maximum.  

Spacing (S) = 1.5𝐿 (
𝑅

𝑊
)

0.8

 (
𝐿

𝑊
)

0.3

 



24 
 

Spacing Range (Srange) = (4 to 5)L 

Maximum Spacing (Smax) =R [ 1 − (1 −
𝐿

𝑅
)

2

]
0.5

 

Where: 

L = Length of the weir 

W = Channel width 

R = Channel radius of curvature 

6.7.7. Length of Key 

 Weirs should be keyed into the bank line to prevent flanking by the flow. 

Typically, the key length (LK) is about half the length of the short weirs and about one 

fifth the length of the long weirs. In general, the LK should be less than 1.5 times the 

total bank height. When the channel radius of curvature is small R < 5W and S < 
𝐿

tan(20°)
  

than the following formula is used: 

LK= 
𝐿

2
(

𝑊

𝐿
)

0.3

(
𝑆

𝑅
)

0.5

 

6.7.8. Top Width 

 The top width of the weir may vary between 3 ft and 12 ft but should be not be 

smaller than (2 to 3) the measures D100. Side slopes of the weirs can be set at the natural 

angle of repose of the construction material (1V:1.5H) or less.   

6.7.9. Stream Tortuosity 

 Stream tortuosity was calculated using Google Earth to measure the radius of 

curvature.  

𝜉 =
𝑅𝑐

𝑤
 

The radius of curvature was measured based on aerial imagery with a 0.5 ft scale to 

determine the apex and radius of both site 1 and site 2 (Figure 9 and Figure 10).  
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Figure 9: Google Earth image showing the measured radius of curvature Site 1 

Site 1 radius of the meander was measured to be 38.52 ft and the top width of the channel 

was measured to be 40.72 ft the overall tortuosity of this location is 0.94 

 

Figure 10: Google Earth image showing the measured radius of curvature at Site 2 

 

Site 2 radius of the meander was measured to be 88.91 ft and the top width of the channel 

was measured to be 34.12 ft the overall tortuosity of this location is 2.61.  

6.8. Incipient Motion: 

 A physics-based threshold analysis was conducted to determine the minimum size 

of the particles used to design the weir structures following equations designated in 

NRCS technical note 23 (Welch, 2005). The stability threshold analysis was calculated to 

accounts for two common modes of failure sliding analysis and moment stability. HEC-

RAS was used to determine the maximum velocities utilized to solve the following 

equations. The analysis was completed using multiple velocities from the 2, 5, and 10-

year flood frequency scenarios.  The only variables that were changed throughout the 
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analysis were the diameter of the boulder dimensions and the angle of repose which 

affects the friction factor.  

6.8.1. Sliding Analysis  

 The sliding analysis was conducted using the following equations to determine if 

the rocks chosen would move under various velocities: 

𝛴 Fx = FD - FF 

where  

FD = CD * A * pw * 
𝑣2

2
 

and  

FF = ((Vboulder  * pw * g*(Sb-1))-0.85*FD)* f 

 

CD = 0.3 to 0.5 although can be as high as 2.0 for partially submerged rocks 

A = Projection of exposed rock area to hydraulic force (ft2) 

v = Maximum instantaneous stream velocity( 
ft

s
 ) 

g = 32.2 
ft

𝑠2 

Sb = Specific gravity of boulder (2.65) 

f = Friction Factor 

V = Boulder Volume (ft3) 

FL = 0.85 * FD 

 The friction factor was determined based on the tangent of the angle of repose for 

very angular rocks. Very angular rock was selected because it represents the material 

located in the area. Based on the selected boulder size of 0.5 ft diameter, the area the 

angle of repose chosen was 40.5. Using the equation below, the friction factor was 

determined to be 0.85 (Figure 11). 

𝑓 =  tan [
𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑅𝑒𝑝𝑜𝑠𝑒 × 𝜋

180
] 
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Figure 11: Nomo graph showing the angle of repose based on the stone size and type. 

Yellow lines indicate the values chosen for this study. The mean stone size 0.5ft (6in), 

material very angular rock, and angle of repose 41.  

 

6.8.2. Moment Stability Analysis: 

 This analysis assumes that the resultant fluid force acts through the centroid of the 

boulder and sum the moments about point “O” to eliminate the friction force:  

 

Figure 12: Free body diagram showing forces accounted for in both the moment stability 

analysis and sliding analysis  
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∑ 𝑀0 = (Vboulder  * pw * g*(Sb-1)- FD - FL)* 
𝐷

2
 

where 

D = diameter of the boulder  

7. RESULTS 
 

7.1. HEC-RAS:  

 To determine the appropriate weir design criteria there are a few variables that are 

calculated based on the results of the HEC-RAS model. The important variables include 

maximum velocity, shear, flow area, and water depth. The hydrodynamic model yielded 

the following results at the two meander study locations.  

 

Table 2: Table shows model results for the 2 Yr discharge scenario  

2 Yr. Scenario (132.5 cfs) 

Site Location Velocity (
𝑓𝑡

𝑠
) Shear(

𝑙𝑏

𝑓𝑡2) Flow Area 

(𝑓𝑡2) 

Water Depth (𝑓𝑡) 

1 (Min) 2.60 1.40 71.73 1.84 

1 (Max) 7.55 0.26 34.43 2.36 

2 (Min) 2.36 0.36 63.46 2.78 

2 (Max) 7.98 2.78 23.40 1.88 
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Figure 13: Velocity distribution for the modeled river reach. Data are based on the 2 Yr 

flood frequency interval.  

 

Table 3: Table shows model results for the 5Yr discharge scenario  

5 Yr. Scenario (273.1 cfs) 

Site 

Location 

Velocity (
𝑓𝑡

𝑠
) Shear(

𝑙𝑏

𝑓𝑡2) Flow Area (𝑓𝑡2) Water Depth (𝑓𝑡) 

1 (Min) 3.50 1.93 128.58 2.51 

1 (Max) 7.07 0.41 62.66 3.29 

2 (Min) 3.48 0.44 117.32 3.84 

2 (Max) 9.55 3.52 42.75 2.64 
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Figure 14: Velocity Distribution for the modeled river reach. Data is based on the 5 Yr. 

flood frequency interval. 

 

Table 4: Table shows model results for the 10Yr discharge scenario  

10 Yr. Scenario (385.5 cfs) 

Site 

Location 

Velocity (
𝑓𝑡

𝑠
) Shear(

𝑙𝑏

𝑓𝑡2) Flow Area (𝑓𝑡2) Water Depth (𝑓𝑡) 

1 (Min) 3.97 2.32 174.88 2.98 

1 (Max) 8.03 0.50 83.40 3.95 

2 (Min) 3.76 0.47 116.44 4.57 

2 (Max) 10.36 3.90 59.07 3.24 

 


