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1. INTRODUCTION

1.1 Background

The Colorado Department of Transportation (CDOT) intends to replace the State Highway
96A (4th Street) bridge over the Arkansas River in Pueblo, Colorado. Ayres Associates is a
member of the design team led by Figg Bridge Engineers. Ayres Associates submitted a
Floodplain and Drainage Assessment Report (FDAR) for the project in December 2001
(Ayres Associates 2001) and submitted a Preliminary Bridge Hydraulics Report for the
project in May 2003 (Ayres Associates 2003). In January 2006 the design team began the
final design of the project. Ayres Associates has performed studies regarding the hydrology,
river floodplain hydraulics and design hydraulics in support of the final design effort. This
report documents those studies.

1.2 Site Location

The project site is located on S.H. 96A, or 4th Street, near Pueblo’s Central Business District.
The route crosses over the Arkansas River and an extensive rail yard facility between the
intersections with Abriendo Avenue and Midtown Circle Drive. Figure 1.1 is a site location
map.

Figure 1.1. Site location map (excerpt from USGS 7.5-minute quadrangle).
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2. HYDROLOGY

2.1 Drainage Basin Description

The Arkansas River drains a watershed of approximately 4,790 square miles at the project
site. The watershed ranges in elevation from over 14,300 feet at the continental divide to
about 4,650 feet at the project site. Pueblo Reservoir, constructed in 1976, provides storage
for water conservation and for flood control upstream of the project site. The U.S. Bureau of
Reclamation (USBR) owns and operates the reservoir. Operational rules limit the discharge
rate for releases into the Arkansas River downstream. By these operational rules, the
maximum release discharge would be approximately 6,000 cfs for reservoir inflow floods up
to and including the 500-year flood.

There is limited drainage area tributary to the Arkansas River between Pueblo Reservoir and
the bridge site, with major contributions from Goodnight Arroyo and Wildhorse Dry Creek.
Because of the regulation afforded by Pueblo Reservoir, local inflows are the predominant
source of flood flows in the Arkansas River at the bridge site. Goodnight Arroyo flows into
the Arkansas River from the south (right) side, with an approximate tributary area of 6 square
miles. Wildhorse Dry Creek flows into the Arkansas River from the north (left) side, with an
approximate tributary area of 87 square miles. Flood flows typically occur as a result of
intense thunderstorms. Flood durations in Wildhorse Dry Creek are typically 20 hours or
less. A map of the Goodnight Arroyo and Wildhorse Dry Creek drainage basins, taken from
a U.S. Army Corps of Engineers Floodplain Information Report (USACE 1969) is included in
Appendix A.

2.2 River Channel and Floodplain

The Arkansas River reach of interest for this study runs from the confluence with Wildhorse
Dry Creek to a diversion structure roughly 800 feet downstream of the bridge site. This
reach was channelized by the construction of a floodwall in 1924 following the devastating
1921 Pueblo flood. The concrete-lined floodwall forms the left limit of the floodplain and
protects the downtown area of Pueblo from flooding due to the Arkansas River. The right
limit of the floodplain through the study reach is comprised of a natural bluff that runs parallel
to the low flow channel. Between these two constraints the floodplain cross section has
relatively flat cross slopes. A low-flow channel occupies the leftmost one-third to one-half of
the floodplain width. Figure 2.1 shows a typical cross section in the study reach. Figure 2.2
is a summary of the geomorphic characteristics of the study reach. In Figure 2.2, the chapter
and section references in the first column refer to the Federal Highway Administration
document HEC-20 "Stream Stability at Highway Structures” (Lagasse et al. 2001).

The low flow channel bed consists mainly of gravel and cobble material. Vegetation in the
floodplain is characterized by grasses near the channel while weeds and bare soil cover the
right overbank area downstream of the bridge. Upstream of the bridge, willows and small
trees line the right overbank causing an increase in roughness.

According to the Flood Insurance Study prepared by the Federal Emergency Management
Agency (FEMA 1986) the floodplain contained by the floodwall is capable of carrying a
discharge of over 100,000 cfs. Pueblo Reservoir's construction in the 1970s, however,
decreased the flood flows in the channel to a point where the capacity is not likely to be
exceeded. Information from the FIS and from the Bureau of Reclamation suggests that the
capacity of the floodwall at the bridge project site far exceeds the capacity required for the
100- or 500-year flood, when the effects of Pueblo Dam are considered.
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Figure 2.1. Cross section (looking downstream) of Arkansas River near S.H. 96A.

2.3 Flood History

Several major floods have afflicted Pueblo throughout its history. Large floods are known to
have occurred in the study reach in 1864, 1893, 1894, and 1921 (the flood of record). The
1921 flood occurred in early June and was caused by intense thunderstorms in the foothill
region to the west. Some of the floodwaters came from Wildhorse Dry Creek, which saw an
estimated peak discharge rate of 24,000 cfs. The Arkansas River discharge peaked at
103,000 cfs. Accounts of the 1921 flood indicate that the Arkansas River, Fountain Creek,
and Wildhorse Dry Creek all reached flood stage at different times during the event.

2.4 Hydrologic Study Approach

Flows in the study reach of the Arkansas River come from three main sources: Goodnight
Arroyo and Wildhorse Dry Creek, which are unregulated, and the Arkansas above Wildhorse
Dry Creek, which is regulated by Pueblo Reservoir. The operation rules for Pueblo Reservoir
prevent large flood discharge releases from the dam. According to a discharge summary
table provided by the USBR (see Appendix A) the extent of flood control provided by Pueblo
Reservoir depends on the hydrologic method used. All but two of the seven methods,
however, support that the reservoir releases a maximum of 6,000 cfs until at least the 500-
year event. The local inflows, therefore, provide the dominant portion of peak flows in the
Arkansas River through the study reach.
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Figure 2.2. Summary of study reach geomorphic characteristics.
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2.4.1  FEMA FIS Hydrology

The USACE Flood Plain Information Report (USACE 1969) presented peak discharge rates
of 19,600 cfs for the Intermediate Regional Flood (equivalent to the 100-year flood) and
49,500 cfs for the Standard Project Flood (larger than the 500-year flood). The 100- and
500-year flows listed in the FEMA FIS for Wildhorse Dry Creek are 19,500 and 39,500 cfs,
respectively. For the reach of interest on the Arkansas, the FEMA FIS uses a peak
discharge rate of 20,000 cfs for the 100-year flood and 40,000 cfs for the 500-year flood. In
setting these peak discharge rates, the FIS essentially assumes that the maximum 6,000 cfs
release from Pueblo Reservoir would not occur at the same time as the peak Wildhorse Dry
Creek discharge. In September 2001 the USACE published an Environmental Assessment
report (USACE 2001) for a fisheries restoration project on the Arkansas River between
Pueblo Reservoir and Fountain Creek. The hydrologic analysis for that effort adopted the
100- and 500-year flows from the FEMA FIS.

2.4.2 Hydrologic Method Comparison

The hydrologic study approach for the S.H. 96A bridge replacement project was to check the
FEMA peak discharge rates against other established hydrology methods. The flood
frequency relationship reported in the FEMA FIS for Wildhorse Dry Creek was checked using
four methods including:

e Colorado Department of Natural Resources Technical Manual 1, "Manual for Estimating
Flood Characteristics of Natural-Flow Streams in Colorado” (McCain and Jarrett 1976)

o USGS Water Resources Investigations Report 99-4190, "Analysis of the Magnitude and
Frequency of Floods in Colorado" (Vaill 1999)

e USGS Water Resources Investigations Report 87-4094, "Techniques for Estimating
Regional Flood Characteristics of Small Rural Watersheds in the Plains Region of
Eastern Colorado” (Livingston et al. 1987)

¢ Natural Resources Conservation Service TR-55, "Urban Hydrology for Small
Watersheds" (NRCS 1986)

The first three of these methods are regional regression equations that use the drainage
basin area to compute various recurrence interval peak discharges. The fourth is a well-
established methodology for small watersheds based on the principles of the NRCS National
Engineering Handbook 4. Equations and calculations for each of the four check methods are
presented in Appendix A. To aid in providing input to the four check methods, the drainage
basin for Wildhorse Dry Creek was delineated digitally on georeferenced USGS quadrangle
maps. The drainage basin area was found to be about 87 square miles.

2.4.3 City of Pueblo Modeling Comparison

In addition to comparing peak discharge rates against common methodologies, recent
rainfall-runoff modeling performed for the City of Pueblo’s Master Drainage Plan (Sellards
and Grigg 2006) has been completed for both Goodnight Arroyo and Wildhorse Dry Creek.
The hydrologic analysis was performed using SCS hydrologic methods with the SCS Type
lla rainfall distribution. The storm hydrographs for both watersheds were provided by the
study subcontractor, Northstar Engineering. The digital hydrographs for Goodnight Arroyo
and Wildhorse Dry Creek were added to form a combined storm hydrograph.
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The operating rules for Pueblo Reservoir are designed to limit the river discharge to 6,000 cfs
at the USGS Avondale gage, downstream of the confluence with Fountain Creek, east of
Pueblo. The reservoir releases are reduced as flows on Fountain Creek increase. Based on
conversations with the Bureau of Reclamation, the reservoir releases may not be adjusted
immediately for locally contributed flows between the reservoir and the Avondale gage.
Consequently, an assumed 6,000 base flow release from Pueblo Reservoir was added to the
digital storm hydrographs for Goodnight Arroyo and Wildhorse Dry Creek to obtain a
cumulative storm discharge.

The hydrologic and hydraulic floodplain modeling performed by Northstar Engineering for
Wildhorse Dry Creek assumed that all of the 100- and 500-year storm runoff would be
confined to the channel and be conveyed to the Arkansas River. However, Ayres Associates
review of the floodplain mapping for Wildhorse Dry Creek showed the potential for a portion
of the 500-year to be conveyed around the levee/floodwall and flow through the rail yards.
Approximately 3,600 feet upstream of the Arkansas River confluence, a lateral channel
enters Wildhorse Dry Creek from the east (in line with 15th Street). At this location, the 500-
year floodplain is shown to extend up to 1,000 feet east of the Wildhorse Dry Creek channel.
The south bank elevation of the lateral channel is approximately equal to the 500-year water
surface elevation in the Creek. Therefore, it is supposed that the left overbank portion of the
500-year discharge (east of Lowell Avenue) could overtop the lateral channel south bank,
and be conveyed to the rail yard. The hydraulic modeling for Wildhorse Dry Creek was not
made available to Ayres Associates, so a conservative estimate was made that half of the
difference between the 100- and 500-year discharges would be conveyed to the rail yard.
The 100-year discharge in Wildhorse Dry Creek is 8,885 cfs; the 500-year discharge is
14,452 cfs. Half of the difference is approximately 2,800 cfs, which has been adopted as the
500-year discharge rate for the rail yard area.

2.4.4 Selection of Design Flow Rates

The values determined by Technical Manual 1 method differed only slightly from the FEMA
FIS discharges while the other four methods were above and below the FEMA FIS values as
shown in Figure 2.3.

For compliance with the City of Pueblo and FEMA floodplain development regulations, the
evaluation of river hydraulics for water surface elevation profiles should be performed using
the FEMA FIS discharges. The City Pueblo and Pueblo County are in the process of
preparing revised hydrology and floodplain delineations that would be based on the City of
Pueblo Master Plan hydrology in the study area, but the formal submittal of this work has
been delayed beyond 2006. Also, conversations with the FEMA study contractor have
indicated that changes to the FEMA FIS discharges this reach of the Arkansas River are not
anticipated. Consequently, the values published in the current FEMA FIS will be used for the
evaluation of river water surface profiles, and floodplain development regulation compliance.

For the hydraulic design of the bridge — including scour evaluation and design of erosion
countermeasures - the design discharge was taken from the City of Pueblo rainfall-runoff
modeling for the Master Plan study, combined with releases from Pueblo Reservoir. It is
desired to base the hydraulic design calculations on the most defensible hydrologic
modeling. The City’s rainfall-runoff modeling was performed to a much more detailed level,
that when combined with reservoir releases represents the most detailed evaluation of the
tributary watershed. The addition of a full 6,000 cfs release from Pueblo Reservoir builds
some additional conservatism. Table 2.1 and Figure 2.4 summarize the flood-frequency
relationship adopted for this study.
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Figure 2.3. Comparison of flood-frequency curves from FEMA and four other methods.

Table 2.1. Flood-Frequency Relationship.

Arkansas River Peak Discharge Rail yard Discharge
Recurrence (cfs (cfs)
In(teg)al General Modeling and Hydraulic Design Hydraulic Design

y FEMA compliance and Analysis and Analysis

10 7,000 N/A N/A

50 14,000 N/A N/A

100 20,000 20,500 N/A

500 40,000 24,500 2,800
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Adopted Flood Frequency Curves
Arkansas River Hydrology at Fourth Street in Pueblo, Colorado
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Figure 2.4. Adopted flood-frequency curves.
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3. DESIGN CRITERIA

The design of the proposed replacement bridge must comply with certain regulations and
criteria. This chapter explains the various hydraulics-related criteria pertinent to this project.

3.1 Design Frequency and Freeboard

According to CDOT standard criteria, adequate vertical freeboard height must be provided
between the water surface elevation for the design flood event and the low chord of the
structure. The required freeboard height is a function of the peak discharge rate and
velocity. If the 500-year flood were selected as the design event for this project, the
computed freeboard criteria would be about 4.5 feet. The computed 500-year water surface
elevation is more than 17 feet below the top of the floodwall. The lowest low chord elevation
of the proposed bridge over the river is above the top of the floodwall. The proposed design,
therefore, provides ample freeboard even for a 500-year design frequency.

3.2 FEMA Regulatory Compliance

The Arkansas River reach of interest is designated by FEMA as an approximate Zone A
flood hazard area. The Zone A designation means that it is within the 100-year floodplain but
no detailed hydraulic study was performed for that reach. Because no detailed study was
performed, there is no regulatory floodway in the study reach.

Because the location of the project is in a Zone A flood hazard area without a regulatory
floodway, FEMA and City of Pueblo floodplain compliance requires that the proposed bridge
would cause no more than a 1.0 foot rise in the 100-year water surface profile over natural
(no-bridge) conditions.

3.3 Designing the Bridge to Resist Scour

Scour criteria have been derived from the Federal Highway Administration document HEC-
18, "Evaluating Scour at Bridges," and the CDOT Drainage Design Manual (2004). The
bridge should be designed to withstand and accommodate the predicted scour depth from a
100-year flood. This means that the design should meet all appropriate structural and
geotechnical safety factors after the removal of the streambed material to the predicted scour
depth. The designers should consider the increased unsupported length of the piers and
foundations. The lateral force exerted on the piers by the high-velocity flow should also be
considered. The bridge is designed to prevent failure of the structure (with all safety factors
at least equal to 1.0) under the predicted 500-year scour conditions.

3.4 Minimizing Impacts on Channel Stability

The replacement structure should not decrease the overall channel stability in the subject
river reach. Adverse impacts to the stability of the floodwall must be avoided.
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4. RIVER HYDRAULIC ANALYSIS

Steady-state hydraulic analyses of the Arkansas River in the project area were performed
using HEC-RAS v3.1.3, a 1-dimensional hydraulic simulation program developed and
maintained by the Hydrologic Engineering Center of the U.S. Army Corps of Engineers. HEC-
RAS was also used to perform a hydraulic analysis of the UPRR & BNSF rail yards to assess
the 500-year event scour potential at the rail yard piers.

4.1 Existing Bridge

The existing S.H. 96A (4th Street) Bridge, which spans the Arkansas River, and Union
Pacific (UPRR) and Burlington Northern Santa Fe (BNSF) rail yards is approximately 1,070
feet long. The bridge also spans the Arkansas River floodwall that separates the River from
the two rail yards. Where the bridge crosses the floodwall, the low chord is about 5 feet
above the top of the floodwall. The west abutment of the bridge is located on top of a natural
bluff that defines the right bank of the Arkansas River floodplain. The road elevation at the
west abutment location at the top of the bluff is approximately 4717 feet. The east abutment
of the bridge is located on fill at the east edge of the UPRR & BNSF rail yards. The road
elevation at the east abutment is approximately 4693 feet. The existing structure in the
Arkansas River floodplain (between the floodwall and the bluff) is a single, 3 foot-wide
vertical wall pier with a triangular shaped nose. Figure 4.1 is a photograph taken from
upstream of the bridge looking downstream from the top of the floodwall. An aerial photo of
the bridge and surrounding area is shown in Figure 4.2. Five piers are located in the two rail
yards that occupy most of the 726 feet between the floodwall and the left abutment. The rail
yard piers are 5-column bents that have 3 feet by 4 feet bent caps.

~

sl

Figure 4.1. Looking downstream at existing S.H. 96A bridge over Arkansas River.
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Figure 4.2. Aerial photograph of existing bridge and surrounding area.
Arkansas River flows from left to right in the photograph.

41.1 Flow Patterns

As discussed previously, the predominant portion of the flow in the Arkansas River during the
100- and 500-year events comes from Wildhorse Dry Creek. Wildhorse Dry Creek has a
levee on its left (east) bank ties into the Arkansas River floodwall, which begins at the
confluence.

The existing floodplain at the bridge location has a low flow channel approximately 132 feet
wide beginning on the left side at the toe of the floodwall and a right overbank area that is
approximately 91 feet wide from the main channel to the toe of the bluff on the west side.
The USACE Arkansas River Fisheries Habitat Restoration (FHR) project (USACE 2003) had
only a minor impact on the present conditions in the project area, which have been
incorporated into the current hydraulic modeling.

4.1.2 Hydraulic Modeling Approach

Ayres Associates developed a hydraulic model of the Arkansas River from approximately
1,200 feet downstream of the existing bridge to approximately 1,000 feet upstream. The
downstream limit of the model is approximately 300 feet downstream of the Historic
Arkansas River of Pueblo (HARP) diversion structure and is located at the crest of Drop #2
from the Arkansas River FHR Project. This location of the downstream starting water
surface elevation allowed the analysis to assure that a reasonable variation in tailwater
depths below the HARP diversion structure would have a minimal impact on model results at
the bridge. The downstream water surface elevation (WSEL) or boundary condition was set
for each modeled discharge by HEC-RAS as the critical depth.
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The geometry for the model cross sections in both the Arkansas River and the rail yards was
developed in Microstation from topographic mapping supplied by Abel Engineering, Inc. The
mapping included channel bathymetry for the low flow channel and incorporates the FHR
project construction. Model cross sections were placed at locations to represent changes in
roughness, channel width, depth, and variations in overbank configuration likely to impact
hydraulic properties at the bridge. Cross section locations are displayed over an aerial photo
in Figure 4.3. Reach lengths between cross sections and overbank elevations were also
obtained from the project topographic mapping in Microstation. Channel lengths were
measured along the channel thalweg, and overbank reach lengths were measured from the
appropriate overbank center of conveyance at each cross section.

.:f\;:\" X
LEGEND
REACH THALWEG
{ <396.8> CROSS SECTIONID

Figure 4.3. HEC-RAS model cross section locations.

Channel and overbank roughness estimates were based on field investigation and
photographs taken on the January 24, 2006 site visit and results from a grain roughness
analysis using Strickler (1923) and Limerinos (1970). Manning’s roughness coefficient
values for the main channel were set between 0.021 and 0.027, while the overbanks
included roughness values for the concrete floodwall of 0.014, 0.035 in grassy areas, and
0.06 in moderately vegetated areas of willows and shrubs and 0.08-0.1 for mature tree
covered areas upstream of the bridge.
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The modeling for the analysis of the natural, existing, and proposed bridge were performed
for the 10-, 50-, 100, and 500-year FEMA flow rates to verify compliance with both FEMA and
City of Pueblo floodplain regulations. For the hydraulic design and evaluation of the bridge
structure, scour depth, and bluff slope erosion protection, the 100- and 500-year design flow
rates were modeled.

4.1.3 Hydraulic Performance of Existing Bridge

Appendix B contains cross section plots and a detailed table of results from the existing
conditions HEC-RAS models. Table 4.1 summarizes the results of the hydraulic analysis of
existing conditions for the FEMA discharge rates. The water surface elevations in Table 4.1
were taken from River Station 1253, which is a cross section located about 15 feet upstream
of the existing bridge. The velocity values were taken from the cross section just inside the
bridge at the upstream face. The existing conditions model was prepared not only to assess
the impacts of proposed design, but to determine the impacts that the existing bridge has
over the natural (no-bridge) conditions. Water surface elevations immediately upstream of
the bridge, at river station 1253, for the FEMA 100-year discharge were 4670.99 and
4672.12 feet for the natural and existing conditions, respectively. The model results indicate
a water surface elevation increase of 1.13 feet upstream of the bridge, which is not within
established criteria. Figure 4.4 displays a water surface profile plot for 100-year FEMA flows
representing existing conditions and no-bridge conditions. The flow passes through critical
depth over the crest of the diversion structure in all of the floods that were modeled.

Table 4.1. Summary of Results from HEC-RAS Model of Existing Conditions at RS 1253.

Recurrence WSEL at Main Channel Avenue Right Overbank Velocity
Interval RS 1253 Velocity at Bridge at Bridge Pier

(yrs) (ft-NAVD) (fps) (fps)

10 4668.24 7.19 5.16

50 4670.61 10.47 8.26

100 4672.12 12.64 10.36

500 4676.49 17.14 14.97

4.2 Proposed Bridge

421 Alternative Selection

Alternative bridge designs and configurations were not considered in the final phase of this
project. In the preliminary phase of this project three separate layout options were analyzed,
with respect to hydraulic conditions and scour depth, and based upon that analysis the Long
Span Layout 3 was chosen as the preferred alternative (Ayres Associates 2003).

Hydraulically, the Long Span 3 option was desirable because it only places one pier in the
Arkansas River floodplain and that pier is located in the right overbank where velocities are
substantially lower than in the main channel. These lower velocities produce less scour and
allow for simpler water control operations during construction.
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Figure 4.4. Comparison of the No-Bridge and Existing Condition Water Surface Profiles for
the 100-year FEMA discharge.

4.2.2 Proposed Bridge Geometry

As shown in Figure 4.3, the proposed bridge will have parallel east- and west-bound bridges
located immediately west of the existing bridge. Each bridge will be 54 feet wide, and carry
two lanes of traffic and a sidewalk. The total bridge length will be 1,137 feet with 5 spans. A
single pier for each bridge (Pier 2) will be located in the Arkansas River floodplain between
the bluff and floodwall, but is located outside of the river channel on the overbank. Pier 3 will
be located immediately east of, and on the back side of the floodwall, and will be dry for the
500-year event. Piers 4 and 5 span a minor channel in the rail yard area that would convey
runoff that would circumvent the Wildhorse Dry Creek levee. The piers are each rectangular
with a width of 3.83 feet. Flow patterns for the proposed condition will be essentially the
same as for existing conditions.

4.2.3 Hydraulic Modeling Approach

The proposed condition was modeled in HEC-RAS to determine and compare its impacts on
the water surface elevations for the FEMA discharges, and to provide hydraulic design
information for the bridge used for the structural design of the bridge, computing maximum
scour depths, and design of bluff slope protection.
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The hydraulic modeling approach for proposed condition is essentially the same as
discussed for existing conditions except for changes in bridge geometry. Those changes in
bridge geometry included removing the existing bridge from the model and entering new
bridge structure elements for the proposed bridge layout. As shown in Figure 4.3, the
proposed bridge is modeled between cross sections 1252 and 1405.

4.2.4 Hydraulic Performance of Proposed Conditions

Appendix B contains cross section plots and a detailed table of results from the proposed
condition HEC-RAS model. Table 4.2 summarizes the results of the hydraulic analysis of the
proposed conditions. Figure 4.5 displays a water surface profile plot for 100-year FEMA
flows representing no-bridge and proposed conditions. Appendix E contains a copy of the
complete Bridge Hydraulics Information Sheet for proposed conditions

Table 4.2. Summary of Results from HEC-RAS Model of Proposed Conditions at RS 1406.
Recurrence Proposed Water Surface Main Channel Right Overbank Velocity at
Interval Elevation at RS 1406 Average Velocity Bridge Pier 2
(yrs) (ft-NAVD) at Bridge (fps) (fps)
10 4668.10 7.24 1.98
50 4670.48 10.61 3.16
100 4672.15 12.58 4.17
500 4677.00 16.50 6.29

4.2.5 Comparison of Water Surface Profiles for FEMA Compliance

The results of the HEC-RAS hydraulic model for the 100-year event FEMA discharge
indicate that the proposed condition would result in a lower flood profile compared to the
existing condition. The proposed condition flood profile would be slightly higher than the
natural condition (a maximum rise of 0.2 feet), but would be below the allowable rise of 1.0
feet in a Zone A floodplain. A comparison of the water surface profiles is provided in Table
4.3.

Table 4.3. Comparison of Water Surface Profiles on the Arkansas River at the 4th Street
No-Bridge for the, Existing, and Proposed Conditions.

100-year FEMA discharge WSEL (ft-NAVD) Difference in WSEL (ft)
Cross Section No Existing Proposed Proposed — Proposed —
Bridge Bridge Bridge No Bridge Existing

Crest of HARP Diversion Weir

338 4669.6 4669.6 4669.6 0.0 0.0

450 4671.3 4671.3 4671.3 0.0 0.0

637 4671.2 4671.2 4671.2 0.0 0.0

821 4671.2 4671.2 4671.2 0.0 0.0

1060 4670.9 4670.9 4670.9 0.0 0.0

1160 4671.0 4671.0 4671.0 0.0 0.0
Existing Bridge

1253 | 4671.0 | 4672.1 | 4671.0 | 0.0 | -1.1
Proposed Bridge

1406 4671.9 4672.6 4672.1 0.2 -0.5

1570 4672.6 4673.1 4672.7 0.1 -04

1826 4673.6 4673.9 4673.7 0.1 -0.2

2102 4674.4 4674.6 4674.5 0.1 -0.1

2383 4674.7 4674.9 4674.8 0.1 -0.1
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5. STABILITY AND SCOUR ASSESSMENT

5.1 Channel Description

A description of the channel, including geomorphic factors, is provided in Section 2.2 and
Figure 2.2. The low-flow channel bed material is comprised of coarse gravel and small
cobbles. A concrete-lined floodwall is at the left bank of the low-flow channel and forms the
left limit of the floodplain. The right overbank is mostly vegetated with grasses and weeds. A
tall, steep, natural bluff forms the right floodplain limit.

The rail yard area east of the floodwall potentially conveys a flow of about 2,800 cfs that
could bypass the east Wildhorse Dry Creek levee in a 500-year flood. Much of the rail yard
area is covered with railroad tracks. The proposed piers in the rail yard will be placed
between tracks in areas of bare earth. The left edge of active flow in the rail yard will be
defined by a small rise of existing high ground between the loop ramp road and the rail yard.
The right edge is defined by the back side of the Arkansas River floodwall.

52 Scour Assessment

Ayres Associates conducted a full scour assessment of the proposed design, which has only
one pier in the Arkansas River floodplain, and two piers subject to 500-year flows in the rail
yard. The following sections discuss the potential scour components and Ayres’ approach to
assessing the scour potential.

5.2.1 Degradation Potential

Degradation is a vertical lowering of the channel bed that takes place over a long segment of
the channel and over a long time frame. Where degradation is occurring, it can be discerned
by such observations as multiple terraces within the flood plain, eroded, vertical or
oversteepened banks along the low-flow channel and a lowering trend in the bed elevations
reported in recent bridge inspections.

The subject reach of the Arkansas River does not show signs of degradation. The diversion
structure downstream acts as a grade control structure, and appears to have prevented any
degradational trend in the reach since its construction. The potential for degradation in the
project reach is low as long as the diversion structure remains in place and functional.

Field photographs from the construction of the concrete weir structure indicate that it was
founded on piles. Therefore, that structure is unlikely to fail as a result of a single flood. A
scour-resistant claystone shale bedrock horizon exists a few feet below the surface. The
presence of the bedrock suggests that even if the diversion structure did fail during a flood, it
is unlikely that the resulting headcut could migrate the entire distance from the structure to
the bridge (over 800 feet) during the same event. Therefore, the risk of a headcut
threatening the bridge because of a failure of the downstream diversion structure is low.

5.2.2 Lateral Migration Potential
Lateral migration is the side-to-side movement of the main channel within a floodplain. It can
cause piers that were originally outside the main channel to be captured within the main

channel and subject them to higher flow velocities and angles of attack. Lateral migration
can also undermine abutments.

5.1 Ayres Associates



Examination of maps, aerial photographs and ground photographs dating from about 1990 to
2001 show no evidence of low-flow channel migration in the project reach. The low-flow
channel appears to have remained in the same position within the floodplain over that eleven
year time span. In addition, the completed USACE Fisheries Habitat Restoration Project has
not appeared to have impacted the low flow channel alignment significantly.

5.2.3 Contraction Scour

Contraction scour is a general lowering of the streambed within the bridge opening
waterway. It usually occurs over most or the entire bridge opening. Contraction scour is the
result of constrictions in the floodplain flow area caused by the bridge structure and roadway
embankments. In the case of the proposed design, minor flow area constriction is caused by
the placement of a pier in the floodplain and by the fact that the flow is locally shallower in
the bridge waterway than just upstream.

The contraction scour calculations were performed in accordance with the Federal Highway
Administration document HEC-18, "Evaluating Scour at Bridges" (Richardson et al. 2001).
Ayres used discharge rates of 20,500 and 23,500 cfs, respectively for the 100- and 500-year
scour calculations.

The 100- and 500-year flow velocities exceed the critical velocity for entraining sediment
across the entire flow width in the project reach. As a result of the high velocities, live-bed
contraction scour is expected across the entire bridge waterway. In live-bed contraction
scour, sediment is transported into the bridge waterway by the upstream flow and the scour
results from an excessive sediment transport capacity within the bridge waterway. The
computed contraction scour depths for the proposed design are 0.9 feet in the 100-year flood
and 1.1 feet in the 500-year flood.

524 Abutment Scour

Abutment scour is localized, deep erosion that occurs at bridge abutments. It is caused by
the redirection of flow that is exerted by road embankments and the abutment itself. In this
case no abutment scour is expected because the left edge of the floodplain is the floodwall,
with no bridge abutment, and the right abutment will be located on top of the bluff and will not
obstruct the flow.

5.25 Pier Scour

Pier scour is localized, deep erosion that occurs at bridge piers. High velocity flow against a
pier causes an intense, horseshoe-shaped, horizontal vortex at the upstream end of the pier
and along both sides. A vertical vortex forms just downstream in the wake of the pier. The
horseshoe vortex and wake vortex exert erosive power on the stream bottom at the base of
the pier. The depth of pier scour is affected by:

Velocity and depth of the flow

Width of the pier

Shape of the pier

Attack angle of the flow in relation to the axis of the pier
Length of the pier if the flow is not aligned with the pier
Competence of the streambed material to resist scour
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Ayres made the pier scour calculations in accordance with HEC-18. The velocity and depth
of flow came directly from the HEC-RAS model results. The geometric characteristics and
shape of the piers were derived from the design information supplied by Figg Bridge
Engineers. Ayres assumed the flow to be aligned with the pier axes because of the relatively
straight and uniform planform of the channel and floodplain. The channel is in a mild bend at
the bridge site, but the degree of curvature is not so great as to cause the flow to attack the
pier at a bad angle.

Ayres computed the pier scour from the 100- and 500-year events for piers in the Arkansas
River floodplain. The roughly 2,800 cfs that bypasses the Wildhorse Dry Creek levee in a
500-year flood could cause scour at the piers in the rail yard area. Ayres therefore computed
500-year pier scour values for those piers. The computed pier scour at the single river pier in
the proposed design was 9.5 and 10.2 feet, respectively for the 100- and 500-year floods.

5.2.6 Total Potential Scour

Table 5.1 summarizes the potential scour computed for the proposed design. The lone pier
in the Arkansas River floodplain is designated pier 2. This summary does not account for the
effects of scour-resistant bedrock, which is discussed in the next section. The detailed scour
calculations are included in Appendix C.

Table 5.1. Scour Summary for Proposed Design.
Potential
Pier Streambed Contraction Pier Total Post-Scour
Elevation Degradation Scour Scour Scour Elevation
(ft-NAVD) (ft) (ft) (ft) (ft) (ft-NAVD)
100-year Event
2 | 46653 | 00 | 09 | 95] 104 |  4654.9
500-year Event
2 | 46653 | 00 | 1.1 | 10.2] 11.3 | 4654.0

5.2.7 Scour Resistance of the Underlying Bedrock

A horizon of claystone shale bedrock exists roughly 8 feet beneath ground at the location of
the proposed pier location, with competent bedrock at a depth of 10 feet. This bedrock
material resists scour, but is known to be erodible under certain conditions. Annandale
(1999) describes a methodology for estimating the depth of scour in erodible bedrock, as a
percentage of the unimpeded scour computed by standard HEC-18 methods. The use of
this method requires the prior evaluation of the Erodibility Index, as described in the NRCS
National Engineering Handbook (NRCS 1997). West & Associates examined the claystone
shale material at surface exposures and at a sample obtained from a geotechnical boring in
order to evaluate the Erodibility Index, a dimensionless parameter. As a result of this
investigation, West & Associates reported a range of possible values for the Erodibility Index
from 89 to 151.

Ayres Associates applied the Annandale procedure, using the low end of the range of the
Erodibility Index (the highest erodibility in the range) determined by West & Associates. This
calculation predicts that the scour will not extend below the bedrock horizon. Table 5.2
summarizes the post-scour elevations modified to account for the scour-resistant bedrock.
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Table 5.2. Scour Summary - Proposed Design Considering Scour - Resistant Bedrock.
Streambed | Potential Post- Approximate Adopted Post-
Pier Elevation Scour Elevation | Bedrock Elevation Scour Elevation
(ft-NAVD) (ft-NAVD) (ft-NAVD) (ft-NAVD)
100-year Event
2 |  4665.3 | 4654.9 | 4655.5 | 4655.5
500-year Event
2 | 4665.3 | 4654.0 | 4655.5 | 4655.5

5.2.8 Rail Yard Pier Scour

The roughly 2,800 cfs that could bypass the east Wildhorse Dry Creek levee in the 500-year
flood could potentially cause local scour at the two piers in the rail yard. No flow from
Wildhorse Dry Creek is expected in the rail yard in the 100-year event. Ayres computed the
500-year potential scour at the rail yard piers. Table 5.3 summarizes the computed 500-year
scour depth. Pier 4 is located approximately 375 feet northeast of the back slope of the
floodwall. Pier 5 is the next pier to the east, located in an open strip of the yard and
approximately 150 feet southwest of

the proposed east abutment.

Table 5.3. Scour Summary for Rail Yard Piers.

Streambed Contraction Pier Total Potential Post-
Pier Elevation Scour Scour Scour Scour Elevation
(f-NAVD) (ft) (ft) (ft) (f-NAVD)

500-year Event

4 4667.4 0.0 3.8 3.8 4663.6
5 4666.9 0.0 5.5 5.5 4661.4
53 Foundation and Countermeasure Recommendations

The foundations of the new piers should be designed to withstand and accommodate the
predicted scour. The design should meet all appropriate geotechnical and structural safety
factors assuming that the 100-year scour has occurred. The design should prevent failure of
the bridge, with safety factors set greater than or equal to 1.0, assuming the 500-year scour
has occurred.

The left limit of the Arkansas River is the concrete-lined floodwall. Erosion or scour
countermeasures are not required at that location in conjunction with the proposed design.

The right limit is the natural bluff. The slope of the bluff below the proposed abutment and at
the location of the existing bridge will be regraded at a 2h:1v slope, with no significant
change to the location of the existing bluff toe as part of the project. Under proposed design,
the toe of the bluff will not be subjected to any higher velocity or shear stress than under
existing conditions. The design of the bluff slope protection is controlled by the slope
height/length and steepness, rather than velocity and shear stress from the river flows. Ata
minimum, the bluff slope will be protected by a 6-inch Ds, riprap or a permanent turf
reinforcing mat (TRM) planted with native grasses. Calculations for the design of the bluff
slope countermeasures are provided in Appendix D.
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APPENDIX A
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WILD HORSE-DRY CREEK FLOOD FREQUENCY VERIFICATION

Pueblo, CO FIS (1986) Discharge Data

Recurrence Interval

Peak Discharge, Q

Years cfs
10 5700
50 14000

100 19500
500 39500

DISCHARGES COMPUTED USING REGIONAL REGRESSION EQUATIONS

Basin Area =
Sb =
Rf =

TECHNICAL MEMORANDUM NO. 1

87.3
62.0
1302

mi?

ft/mi
i

Recurrence Interval

Peak Discharge, Q

Years cfs
10 6101
50 14502

100 19989
500 39784

A Elev. =
Dist. =

Note: The area and distance were obtained by digitizing the drainage
basin area, and the longest flow line through the basin off of a

1:250,000 scale contour map into MicroStation. The MicroStation

file is named "w.h.basin".

USGS 99-4190, PLAINS REGION

Recurrence Interval

Peak Discharge, Q

Years cfs
10 2179
50 6435

100 9289
500 19314

USGS Water-Resources Investigations Report 87-4094

Recurrence Interval log(Q) Peak Discharge, Q
Years cfs
10 3.96 9195
50 4.55 35834
100 4.75 56106

500

1320 ft
21.31 mi=

112498



Hydrology for Small Watersheds (TR-55) Calculations

Q= runoff (in)
P= rainfall (in) (from NOAA Atlas 2)
S= potential maximum retention after runoff begins (in)
Cn= curve number
Assume soil type = B
Cover type = Brush
Hydrologic condition = Poor
Cn= 67 (from Table 2-2¢)
Estimated Impervious Area = 10499269 #t°= 038 mi’
% Impervious Area = 0.43
Unadjusted Cn = 67
S (in) = 4.93
Q=(P-0.28)
(P+0.8S)
Recurrance | Rainfall 24 hr. Runoff
Interval (in) (Q) (in)
10 3 0.5850
50 4 1.1448
100 4.5 1.4638
Time of Concentration
Ti(hr) = travel time P, (in)=  2-yr, 24 hour rainfall
Te= time of concentration s (fuft) =  slope of hydrauiic grade line (land slope)
L(ft)= flow length n= Manning's roughness coefficient
V (ft/s) = average velocity r= hydraulic radius (ft) and is equal to a/p,
a (fth2) = cross sectional flow area
pw (ft} =  wetted perimeter
Sheet Flow Shallow Concentration Flow
n= 0.13 (natural) Table 3-1) L (ft) = 200
P, (in) = 2 V (ft/s) = 1.63 (from fig. 3-1)
s (fuft) = 0.040 Tt= L
L (ft) = 200 3600V
Tt= 0.007(n)*® Tt (hr) 0.034
(Pz)OASsoAk
Tt (hr) = 0.2431
Channel Flow
L(ft) = 112498
V (ft/s) = 20 (from April 1969 Pueblo Flood Plain Information, p. 45, Table 10)
Tt= L
3600V
Tt (hr) 1.562

[T, (hr) =

1.84

Peak Discharge Computations

Rainfall Distribution Type =

I

Cn= 67
la (in) = 0.985
Peak Discharge = q, (cis)= q.,"A"QF,

Recurrance . [} Peak
Interval 24 hr.( iI:)::unfa!l /P (csmiin) (F(i)lﬂ?r:f) Fo (pOnccj!. a;d ?wamp Discharge (g,
(years) Table 4-11 adjuster (cfs)

10 3 0.33 185 0.58 1 0449
50 4 0.25 210 1.14 1 20989
100 4.5 0.22 225 1.46 1 28755
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discharge and stage data, past floods cannot be compared with
the Intermediate Regional Floods on the study reaches.

Peak discharges of the Intermediate Regional Floods
on Wild Horse-Dry Creek, Dry Creek, and Goodnight Arroyo at
specified river mile locations are shown in Table 7. The maxi-
mum known floods that have occurred on watersheds comparable
with the study areas and within the geographical region are

listed in Table 8.
TABLE 7

INTERMEDIATE REGIONAL FLOGD

PEAK DISCHARGES

. Mile
Above Drainage
Stream Location Mouth Area Pischarage
sg. miles c.f.s.
Wild Horse-Dry. D. & R.G.W. bridge 0.33 82.8 19,600
Creek 0.75 miles below 2.55 9.6 19,000
U.S. Highway 50
Dry Creek Mouth ©0.07 5.4 2,900
About 0.10 mile 1.63 4,1 2,750
upstream of U.S.
Hwy. 50 Bypass
Goodnight Mouth 0.c0 5.9 3,100
Arroyo 0.40 miles upstream 2.07 5.1 3,000

of Red Creek Road

Determination of Standard Project Flood

Only in rare instances has a specific stream experienced

the largest flood that is potentially possible. Severe as the max-

i imum known flood may have been on any given stream, it is generally
; accepted that a larger flood will sooner or later occur. The Corps
¥ of Engineers, in cooperation with the Weather Bureau, has made com-
% prehensive studies and investigations based on the vast records of

; experienced storms and floods and has evolved generalized procedures

40
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APPENDIX B
HEC-RAS Input and Output



HEC-RAS Plan: Design_Proj

p River: Arkansas River Reach: 4th Street

’PfOWO(c‘ De{;|7n
joO - and 500~y¢a- D:solmrﬂts.

Reach River Sta Q Total Min Ch £l W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area | Top Width Froude # Chi
(cfs) ) ) ") R) (f/f) (fs) (sq ft) [Li3]
4th Street 79.1396 20500.00 4659.37 4667.2280 4667.2280 4669.9760 0.006055 13.30 1542.07 286.76 1.01
4th Street 79.1396 23500.00 4659.37 4667.7520 4667.7520 4670.7510 0.005849 13.90 1692.74 288.38 1.00
4th Street  [84.4637* 20500.00 4658.54| 4668.8140| 4666.4100| 4670.1340 0.001766 9.23 2230.71 290.29 0.58
4th Street 84.4637* 23500.00 4658.54 4669.4300 4666.9260 4670.9180 0.001803 9.80 2410.16 292.16 0.59
4th Street  |89.7878* 20500.00 4657.71| 4669.1650 4665.5450| 4670.1730 0.001038 8.08 2556.91 290.31 0.47
4th Street  |89.7878* 23500.00 4657.71| 4669.8080| 4666.0820| 4670.9590 0.001084 8.64 2744.33 292.60 0.49
4th Street  [95.1119* 20500.00 4656.88) 4669.3750| 4664.7070| 4670.1960 0.000728 7.29 2839.27 290.84 0.40
4th Street  [95.1119* 23500.00 4656.88) 4670.0380| 4665.2500| 4670.9850 0.000773 7.84 3032.87 293.53 0.42
4th Street 100.436* 20500.00 4656.05| 4669.5200| 4663.8800| 4670.2120 0.000541 6.70 3099.38 202.46 0.35
4th Street 100.436* 23500.00 4656.05| 4670.1980| 4664.4210| 4671.0020 0.000583 7.23 3298.70 295.73 0.37
4th Street 105.760* 20500.00 4655.22| 4669.6230| 4663.0330| 4670.2240 0.000389 6.26 3348.07 295.96 0.31
4th Street 105.760* 23500.00 4655.22| 46703130 4663.5980| 4671.0150 0.000424 6.77 3553.02 298.21 0.33
4th Street 111.084* 20500.00 4654.39| 4669.7080| 4662.1960| 4670.2330 0.000308 5.86 3593.62 296.94 0.28
4th Street 111.084* 23500.00 4654.39| 4670.4080| 4662.7580| 4671.0260 0.000340 6.36 3802.34 299.24 0.30
4th Street 116.408* 20500.00 4653.56| 4669.7760] 4661.3620| 4670.2410 0.000248 5.52 3833.05 297.59 0.26
4th Street 116.408"* 23500.00 4653.56 4670.4850 4661.9280 4671.0340 0.000276 6.01 4044.85 299.86 0.27
4th Street 121.732* 20500.00 4652.73| 4669.8300| 4660.5510| 4670.2470 0.000190 5.24 4067.39 297.91 0.24
4th Street 121.732" 23500.00 4652.73| 4670.5460| 4661.1100| 4671.0410 0.000213 5.72 4281.42 300.09 0.25
4th Street 127.0565 20500.00 4651.90| 4669.8760| 4659.6940| 4670.2520 0.000159 4.99 4297.52 297.93 0.22
4th Street 127.0565 23500.00 4651.90| 4670.5980| 4660.2930| 4671.0470 0.000179 546 4513.44 300.06 0.23
4th Street 173.9272 20500.00 4651.04| 4669.9360( 4658.6870| 4670.2630 0.000130 4.66 4601.32 302.96 0.20
4th Street 173.9272 23500.00 4651.04| 4670.6670] 4659.2570| 4671.0600 0.000148 5.11 4823.714 305.19 0.21
4th Street  [229.8468 20500.00 4651.93| 4669.9560| 4658.5590| 4670.2710 0.000124 4.57 4677.23 308.03 0.19
4th Street | 229.8466 23500.00 4651.93]| 4670.6910| 4659.1370| 4671.0690 0.000141 5.00 4904.57 310.27 0.21
4th Street  |267.7897 20500.00 4651.93| 4669.9550| 4658.7530| 4670.2780 0.000128 4.62 4640.28 313.20 0.20
4th Street | 267.7897 23500.00 4651.93| 4670.6910| 4659.3280| 4671.0780 0.000145 5.06 4871.68 315.74 0.21
4th Street  |337.5611 20500.00 4653.66) 4669.7360| 4662.6720| 4670.3940 0.000432 6.64 3306.51 300.08 0.32
4th Street [ 337.5611 23500.00 4653.66| 4670.4410| 4663.3120| 4671.2080 0.000473 7.18 3519.79 304.51 0.33
4th Street 343.126* 20500.00 4654.86 4669.6580 4663.6460 4670.4320 0.000554 7.21 3057.43 297.66 0.35
4th Street | 343.126* 23500.00 4654.86] 4670.3540| 4664.2250| 4671.2500 0.000600 7.17 3266.47 302.35 0.37
4th Street  1348.692" 20500.00 4656.06| 4669.5570| 4664.4970| 4670.4800 0.000774 7.88 2802.04 295.04 0.40
4th Street  [348.692* 23500.00 4656.06| 4670.2440| 4665.1740| 4671.3030 0.000828 8.46 3006.45 300.03 0.42
4th Street 354.268" 20500.00 4657.26 4669.4160 4665.5070 4670.5480 0.001072 8.75 2535.20 292.18 0.47
4th Street 354.258" 23500.00 4657.26 4670.0900 4666.1750 4671.3760 0.001129 9.35 273414 29745 0.49
4th Street  |359.824* 20500.00 4658.47| 4669.2450) 4666.4870| 4670.6310 0.001494 9.72 2260.65 289.04 0.55
4th Street 359.824* 23500.00 4658.47 4669.9130 4667.1110 4671.4630 0.001539 10.31 245546 294 69 0.56
4th Street  |365.390* 20500.00 4659.67| 4665.5520| 4667.4420| 4671.8020 0.015350 20.25 1048.79 24522 1.58
4ih Street 365.390" 23500.00 4659.67 4666.0870 4668.0550 4672.6310 0.014172 20.79 1182.26 252.32 1.54
4th Street [ 370.955* 20500.00 4660.87] 4666.9720| 4668.3830| 4671.9980 0.011348 18.38 1189.52 259.86 1.38
4th Street 370.955* 23500.00 4660.87 4667.5070 4668.9770 4672.8230 0.010695 18.97 1330.18 265.81 1.36
4th Street  {376.5217 20500.00 4662.07| 4669.3050, 4669.3050| 4672.2420 0.003954 14.33 1603.30 285.32 0.97
4th Street  |376.5217 23500.00 4662.07| 4669.8860| 4669.8860| 4673.0700 0.003868 14.98 1771.00 291.88 0.97
4th Street 378.663" 20500.00 4661.26 4670.4310 4669.1130 4672.3500 0.002692 11.66 1963.33 296.84 0.71
4th Street  [378.663* 23500.00 4661.26| 4671.1280| 4669.6970| 4673.1900 0.002615 1213 2172.11 301.68 0.71
4th Street  [380.805* 20500.00 4660.45| 4670.5320| 4668.9880| 4672.3650 0.002397 11.36 2024.48 297.65 0.68
4th Street  |380.805* 23500.00 4660.45| 4671.2150] 4669.6010] 4673.2020 0.002365 11.86 2229.30 302.31 0.68
4th Street 382.946* 20500.00 4659.65 4670.6170 4668.8780 4672.3770 0.002206 11.18 2(081.09 297.98 0.65
4th Street | 382.946* 23500.00 4659.65| 4671.2930| 4669.4910] 4673.2130 0.002207 11.73 2284.08 302.63 0.66




HEC-RAS Plan: Design_Prop River: Arkansas River Reach: 4th Street (Continued)
Reach River Sta QTotal Min Ch & W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chni Flow Area | Top Width Froude # Chi
(cfs) R) ) () () () (ft's) (sqft) ")

4th Street 385.088" 20500.00 4658.84| 4670.7590| 4668.7050| 4672.3940 0.001950 10.78 2155.29 298.83 0.62
4th Street 385.088" 23500.00 4658.84| 4671.4390| 4669.3250| 4673.2310 0.001964 11.33 2359.98 30342 0.63
4th Street 387.2300 20500.00 4658.03| 4670.8870| 4668.5600| 4672.4090 0.001751 10.38 2225.10 299.53 0.59
4th Street 387.2300 236500.00 4658.03| 4671.5690| 4669.1280| 4673.2470 0.001776 10.94 2430.98 304.10 0.60
4th Street 389.163" 20500.00 4657.93| 4670.9120| 4668.5040| 46724140 0.001683 10.24 2232.55 299.53 0.58
4th Street 389.163* 23500.00 4657.93| 4671.5920| 4669.0790| 4673.2520 0.001712 10.79 2437.92 304.19 0.59
4th Street 391.097* 20500.00 4657.83| 4670.9360| 4668.4290| 4672.4190 0.001634 10.13 2241.84 298.88 0.57
4th Street 391.097* 23500.00 4657.83| 4671.6120| 4669.0530| 4673.2570 0.001668 10.70 2446.19 304.31 0.58
4th Street 393.031* 20500.00 4657.74| 4670.9600| 4668.3830| 46724240 0.001592 10.05 2253.39 298.23 0.56
4th Street 393.031* 23500.00 4657.74| 4671.6340| 4668.9890| 4673.2610 0.001631 10.63 24656.98 304.40 0.58
4th Street 394.965* 20500.00 4657.64| 4670.9910| 4668.3030| 4672.4290 0.001548 9.94 2268.49 297.31 0.55
4th Street 394.965* 23500.00 4657.64| 4671.6620| 4668.8080| 4673.2670 0.001594 10.53 2470.94 304.52 0.57
4th Street 396.8996 20500.00 4657.54| 4671.0320| 4668.1600| 4672.4360 0.001528 9.79 2289.20 296.74 0.54
4th Street 396.8996 23500.00 4657.54| 4671.7030| 4668.7820| 4673.2720 0.001584 10.39 2491.39 304.73 0.56
4th Street 450.2781 20500.00 4657.45| 4671.4260) 4666.5830| 4672.5140 0.000561 8.45 2541.67 264.06 0.44
4th Street 450.2781 23500.00 4657.45| 4672.0880| 4667.2350| 4673.3530 0.000608 9.12 2719.22 271.86 0.46
4th Street 636.8161 20500.00 4659.48| 4671.3590| 4667.4600| 4672.7290 0.000912 9.46 2261.71 252.41 0.51
4th Street 636.8161 23500.00 4659.48| 4672.0070| 4668.1580| 4673.5900 0.00097¢ 10.19 2427.81 260.63 053
4th Street 820.9197 20500.00 4657.89] 4671.3570) 4667.9970| 4672.9920 0.001082 10.54 2158.14 248.97 0.55
4th Street 820.9197 23500.00 4657.89] 4671.9970| 4668.6700| 4673.8750 0.001163 11.33 2319.53 255.13 0.58
4th Street 1060.254 20500.00 4657.42| 4671.0070| 4669.4010/ 4673.6120 0.001849 13.64 1809.24 219.32 072
4th Street 1060.254 23500.00 4657.42| 4671.5330] 4670.1860| 4674.5840 0.002050 14.81 1925.88 224.69 0.76
4th Street 1159.680 20500.00 4657.56| 4671.1680| 4669.2920| 4673.7900 0.001749 13.84 1852.64 22547 0.70
4th Street 1159.680 23500.00 4657.56)| 4671.8180| 4670.5300| 4674.7810 0.001864 14.80 2000.12 228.38 0.73
4th Street 1252.860 20500.00 4657.91 4671.1450| 4670.1180] 4674.0870 0.002727 14.41 1729.25 220.77 0.77
4th Street 1252.860 23500.00 4657.91 4671.7670| 4670.8950| 4675.1090 0.002903 15.42 1867.54 223.82 0.80
4th Street 1329.40 Bridge

4th Street 1405.927 20500.00 4657.64| 4672.2950| 4669.7280| 4674.5790 0.001742 12.70 1950.86 220.72 0.65
4th Street 1405.927 23500.00 4657.64| 4673.1860| 4670.9560( 4675.6780 0.001740 13.33 2148.81 22381 0.66
4th Street 1570.713 20500.00 4658.55| 4672.8970| 4670.1280| 4674.8720 0.001479 11.60 2054.07 234.94 0.61
4th Street 1570.713 23500.00 4658.55| 4673.8310| 4670.9120( 4675.8710 0.001450 12.12 2275.71 239.61 0.62
4th Street 1825.946 20500.00 4657.96)| 4673.8600| 4670.2080| 4675.3740 0.002210 9.74 2144.74 230.18 0.52
4th Street 1825.946 23500.00 4657.96) 4674.8080| 4670.8980| 4676.4670 0.002164 10.19 2366.69 238.25 0.52
4th Street 2102.372 20500.00 4658.15| 4674.6410| 4670.1250| 4675.8010 0.000983 8.65 2411.68 233.15 0.45
4th Street 2102.372 23500.00 4658.15| 4675.6040| 4670.7840| 4676.8910 0.000977 9.11 2645.16 255.20 0.46
4th Street 2383.165 20500.00 4661.43| 4674.9410| 4670.3000| 4676.1040 0.001189 8.74 2485.70 245.65 0.45
4th Street 2383.165 23500.00 4661.43] 4675.9070| 4670.9730| 4677.1920 0.001183 9.19 272593 251.58 0.45




D6y ea- FEMA D-schc.»gcs
Companizon oF Natvraf, Exmf‘m7

and Progored Condihows.

HEC-RAS River: River Reach: 4th Street Profile: 100 YR
Reach River Sta Plan Q Total Min Ch €l W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area | Top Width Froude # Chi
(cfs) (U] () ®) () (/i) (Ws) (sqft) (®)

4th Street 79.1396 FEMA_Natural 20000.00 4659.37| 4667.1380 4667.1380]  4669.8420 0.006096 13.20 1616.18 286.48 1.01
4th Street 79.1396 FEMA_Exist 20000.00 4659.37|  4667.1380| 4667.1380)  4669.8420 0.006096 13.20 1516.18 286.48 1.01
4th Street 79.1396 FEMA_Propose 20000.00 4659.37| 4667.1380| 4667.1380| 4669.8420 0.006096 13.20 1516.18 286.48 1.01
4th Street | 84.4637* FEMA_Naturai 20000.00 4658.54| 4668.6060| 4666.3080| 4669.9980 0.001753 9.18 2196.57 289.92 0.58
4th Street  184.4637* FEMA_Exist 20000.00 4658.54|  4668.7080| 4666.3010|  4670.0000 0.001759 9.13 2199.82 289.96 0.58
4th Street  |84.4637* FEMA_Propose 20000.00 4658.54| 4668.7080|  4666.3010)  4670.0000 0.001759 9.13 2199.82 289.96 0.58
4th Street  |89.7878* FEMA_Natural 20000.00 4657.71 4669.0450| 46654610  4670.0360 0.001023 8.02 2522.20 289.90 0.47
4th Street  {89.7878* FEMA_Exist 20000.00 4657.71 4669.0530]  4665.4560|  4670.0370 0.001030 7.98 2524.61 289.93 0.47
4th Street  189.7878* FEMA_Propose 20000.00 4657.71 4669.0530]  4665.4560|  4670.0370 0.001030 7.98 2524.61 289.93 047
4th Street  {95.1119* FEMA_Natural 20000.00 4656.88) 4669.2540!  4664.6200|  4670.0590 0.000715 723 2803.94 290.36 0.40
4th Street  |95.1119* FEMA_Exist 20000.00 4656.88) 4660.2610] 4664.6110|  4670.0600 0.000720 7.20 2805.93 290.39 0.40
4th Street  |95.1119* FEMA_Propose 20000.00 4656.88) 4669.2610) 4664.6110|  4670.0600 0.000720 7.20 2805.93 290.39 0.40
4th Street 100.436* FEMA_Natural 20000.00] 4656.05| 4669.3940, 4663.7850)  4670.0750 0.000529 6.66 3062.43 291.85 0.35
4th Street 100.436* FEMA_Exist 20000.00 4656.05| 4669.4030| 4663.7710| 4670.0760 0.000533 6.61 3065.14 291.90 0.35
4th Street 100.436* FEMA_Propose 20000.00 4656.05|  4669.4030| 4663.7710|  4670.0760 0.000533 6.61 3065.14 291.90 0.35
4th Street 105.760* FEMA_Natural 20000.00 4656.22|  4669.4990| 4662.9510|  4670.0870 0.000382 6.20 3311.25 295.32 0.31
4th Street 105.760* FEMA_Exist 20000.00 4655.22|  4669.5040| 4662.9400|  4670.0870 0.000383 6.17 3312.83 295.36 0.31
4th Street 106.760* FEMA_Propose 20000.00 4655.22| 4669.5040| 4662.9400|  4670.0870 0.000383 6.17 3312.83 295.36 0.31
4th Street 111.084* FEMA_Natural 20000.00 4654.39| 4669.5830| 4662.1130|  4670.0960 0.000302 5.81 3556.39 296.53 0.28
4th Street 111.084* FEMA_Exist 20000.00 4654.39] 4669.5870| 4662.1170|  4670.0970 0.000303 577 3557.69 296.55 0.28
4th Street 111.084* FEMA_Propose 20000.00 4654.39| 4669.5870| 4662.1170|  4670.0970 0.000303 577 35657.69 296.55 028
4th Street 116.408"* FEMA_Natural 20000.00 4653.56| 4669.6490| 4661.2770) 4670.1040 0.000242 5.47 3795.44 297.19 0.26
4th Street 116.408* FEMA_Exist 20000.00 4653.56) 4669.6530| 4661.2760|  4670.1040 0.000243 5.44 3796.61 297.20 0625
4th Strest 116.408* FEMA_Propose 20000.00 4653.56) 4669.6530| 4661.2760|  4670.1040 0.000243 5.44 3796.61 297.20 0.25
4th Street 121.732* FEMA_Natural 20000.00 4652.73| 4669.7020) 4660.4530)  4670.1090 0.000185 5.19 4029.31 297.52 0.23
4th Street 121.732* FEMA_Exist 20000.00 4652.73| 4669.7060{ 4660.4400| 4670.1100 0.000186 5.16 4030.47 297.53 0.23
4th Street 121.732* FEMA_Propose 20000.00 4652.73|  4669.7060{ 4660.4400| 4670.1100 0.000186 5.16 4030.47 297.53 0.23
4th Street 127.0565 FEMA_Natural 20000.00 4651.90| 4669.7540{ 4659.5950| 4670.1150 0.000157 4.88 4261.17 297.57 0.21
4th Street 127.0565 FEMA_Exist 20000.00 4651.90| 4669.7510| 4659.6000| 4670.1150 0.000155 491 4260.30 297.56 0.22
4th Street 127.0565 FEMA_Propose 20000.00 4651.90) 4669.7510| 4659.6000| 4670.1150 0.000155 491 4260.30 297 .56 0.22
4th Strest 173.9272 FEMA_Natural 20000.00 4651.04| 4669.8130| 4658.5000| 4670.1260 0.000129 4.54 4564.07 302.58 0.19
4th Street 173.9272 FEMA_Exist 20000.00 4651.04| 4669.8090| 4658.5790| 4670.1260 0.000127 4.58 4563.03 302.57 0.19
4th Street 173.9272 FEMA_Propose 20000.00 4651.04| 4669.8090| 4658.5790| 4670.1260 0.000127 4.58 4563.03 302.57 0.19
4th Strest 229.8466 FEMA_Natural 20000.00 4651.93)  4669.8200| 4658.4670| 4670.1340 0.000122 4.48 4638.30 307.64 0.19
4th Street 229.8466 FEMA_Exist 20000.00 4651.93) 4660.8200| 4658.4680) 4670.1340 0.000121 4.49 4638.15 307.64 0.19
4th Street | 220.8466 FEMA_Propose 20000.00 4651.93|  4669.8200| 4658.4680|  4670.1340 0.000121 4.49 4638.15 307.64 0.19
4th Street | 267.7897 FEMA_Natural 20000.00 4651.93| 4669.8330| 4658.6950|  4670.1390 0.000123 4.63 4602.09 312.78 0.20
4th Street | 267.7897 FEMA_Exist 20000.00 4651.93| 4669.8280| 4658.6580|  4670.1410 0.000125 454 4600.54 312.77 0.18
4th Street | 267.7897 FEMA_Propose 20000.00 4651.93| 4669.8280; 4658.6580|  4670.1410 0.000125 4.54 4600.54 31277 0.18
4th Street 337.5611 FEMA_Natural 20000.00 4653.66| 4669.6150] 4662.5790|  4670.2540 0.000424 6.57 3270.22 299.32 0.31
4th Street 337.5611 FEMA_Exist 20000.00 4653.66) 4669.6140] 46625660  4670.2540 0.000425 6.54 3269.92 299.31 Q.31
4th Street  |337.5611 FEMA_Propose 20000.00 465366 4669.6140| 4662.5660|  4670.2540 0.000425 6.54 3269.92 299.31 0.31
4th Street  |343.126* FEMA_Natural 20000.00 4654.86)| 4669.5380| 4663.4810| 4670.2910 0.000544 7.14 3021.87 296.86 0.35
4th Street 343.126* FEMA_Exist 20000.00 465486 4669.5370| 4663.4700| 4670.2910 0.000545 7.11 3021.58 296.85 0.35
4th Strest | 343.126* FEMA_Propose 20000.00 4654.86) 4669.5370) 4663.4700|  4670.2810 0.000545 7.11 3021.58 296.85 0.35
4th Street  1348.692* FEMA_Natural 20000.00 4656.08)| 4669.4320| 4664.4300|  4670.3420 0.000760 7.85 2765.07 20413 0.40
4th Street 348.692* FEMA_Exist 20000.00 4656.06)| 4669.4380| 4664.3930|  4670.3380 0.000764 7.78 2766.94 294.18 0.40
4th Street  |348.692° FEMA_Propose 20000.00 4656.06)| 4669.4380| 4664.3930| 4670.3380 0.000764 7.78 2766.94 294.18 0.40
4th Street  1354.258" FEMA_Natural 20000.00 4657.26)| 4669.2000| 4665.4150|  4670.4090 0.001056 8.73 2498.45 291.20 047
4th Street 354.258* FEMA_Exist 20000.00 4657.26| 4669.2080| 4665.3950|  4670.4050 0.001061 8.64 2501.01 291.27 047
4th Street 354.258* FEMA_Propose 20000.00 4657.26)| 4669.2980|  4665.3950|  4670.4050 0.001061 8.64 2501.01 291.27 047
4th Street 3569.824* FEMA_Natural 20000.00 4658.47| 4669.1290| 4666.3960|  4670.4880 0.001483 9.66 2227.26 288.05 0.55
4th Street 359.824* FEMA_Exist 20000.00 4658.47 4669.1290 4666.3800 4670.4870 0.001486 9.62 2227.26 288.05 055
4th Street 350.824* FEMA_Propose 20000.00 4658.47| 4669.1290| 4666.3800|  4670.4870 0.001486 9.62 2227.26 288.05 0.55
4th Street 365.390* FEMA_Naturat 20000.00 4659.67| 46654710 4667.3280|  4671.6530 0.015380 20.19 1028.98 243.52 1.58
4th Street 365.390° FEMA_Exist 20000.00 4659.67| 46654580 4667.3250) 4671.6590 0.015591 20.15 1025.89 243.25 1.59
4th Street 365.390* FEMA_Propose 20000.00 4659.67| 46654580 4667.3250]  4671.6590 0.015591 20.15 1025.89 24325 1.59
4th Street 370.955* FEMA_Natural 20000.00 4660.87| 4666.8850| 4668.2820|  4671.8480 0.011405 18.33 1166.98 258.90 1.38
4th Street 370.955* FEMA_Exist 20000.00 4660.87| 4666.8790| 4668.2910]  4671.8550 0.011474 18.27 1165.59 258.84 1.38
4th Street 370.855* FEMA_Propose 20000.00 4660.87| 4666.8790| 4668.2910{  4671.8550 0.011474 18.27 1165.59 258.84 1.38




HEC-RAS River: Ark

nsas River Reach: 4th Street

Profile: 100 YR (Conti

Reach River Sta Plan Q Total Min Ch &l W.S. Elev Crit W.S. E.G. Elev E.G. Slops Vel Chnl Flow Area | Top Width Froude # Chl
(cfs) ) ) ] () (fh) (R/s) (sqf) )
4th Street 376.5217 FEMA_Natural 20000.00 4662.07| 4669.1980|  4669.1980  4672.0810 0.004016 14.13 1572.87 284.11 0.96
4th Street 376.5217 FEMA_Exist 20000.00 4662.07| 4669.1990| 4669.1990  4672.0990 0.003983 14.24 1573.00 284.12 097
4th Street 376.5217 FEMA_Propose 20000.00 4662.07| 4669.1990| 4669.1990|  4672.0890 0.003983 14.24 1573.00 284.12 0.97
4th Street 378.663* FEMA_Natural 20000.00 4661.26| 4670.2840| 4669.0160 4672.1960 0.002737 11.65 1919.85 295.05 0.72
4th Street 378.663* FEMA_Exist 20000.00 4661.26| 4670.3160| 4669.0120|  4672.2070 0.002698 11.57 1929.36 295.47 0.71
4th Street 378.663* FEMA_Propose 20000.00 4661.26)| 4670.3160| 4669.0120|  4672.2070 0.002698 11.57 1929.36 20547 0.71
4th Street 380.805* FEMA_Natural 20000.00 466045 4670.4020) 4668.9020) 4672.2120 0.002410 11.30 1985.76 296.37 0.68
4th Street 380.805* FEMA_Exist 20000.00 4660.45| 4670.4180| 4668.8850| 4872.2210 0.002397 11.26 1990.67 296.60 0.68
4th Street 380.805* FEMA_Propose 20000.00 4660.45 4670.4180| 4668.8850] 4672.2210 0.002397 11.26 1890.67 296.60 0.68
4th Street 382.946* FEMA_Natural 20000.00 4659.65| 4670.4910) 4668.8000 4672.2250 0.002212 1111 2043.48 296.59 0.65
4th Street 382.946* FEMA_Exist 20000.00 4659.65 4670.5050) 4668.7790|  4672.2330 0.002201 11.07 2047.68 296.80 0.65
4th Stroet 382.946* FEMA_Propose 20000.00 4659.65| 4670.5050| 4668.7790] 4672.2330 0.002201 11.07 2047.68 296.80 0.65
4th Street 385.088* FEMA_Natural 20000.00 4658.84| 4670.6330| 4668.6420| 4672.2420 0.001950 10.71 2117.56 297.63 0.62
4th Street 385.088* FEMA_Exist 20000.00 4658.84| 4670.6460| 4668.6070| 4672.2500 0.001943 10.67 2121.34 297.86 0.62
4th Street 385.088* FEMA_Propose 20000.00 4658.84| 4670.6460| 4668.6070| 4672.2500 0.001943 10.67 2121.34 297.88 062
4th Street 387.2300 FEMA_Natural 20000.00 4658.03|  4670.7670| 4668.4440| 4672.2570 0.001749 1025 2189.31 298.56 0.58
4th Street 387.2300 FEMA_Exist 20000.00 4658.03| 4670.7710| 4668.4700; 4672.2660 0.001745 10.28 2190.63 298.65 0.58
4th Street 387.2300 FEMA_Propose 20000.00 4658.03)  4670.7710| 4668.4700| 4672.2660 0.001745 10.28 2190.63 298.65 0.58
4th Street 389.163* FEMA_Natural 20000.00 4657.93| 4670.7950, 4668.3800| 4672.2630 0.001677 10.09 2197.54 297.76 0.57
4th Street 389.183* FEMA_Exist 20000.00 4657.93|  4670.8000| 4668.3990( 4672.2710 0.001873 10.13 2199.00 297.83 0.57
4th Street 389.163* FEMA_Propose 20000.00 4657.93] 4670.8000| 4668.3990|  4672.2710 0.001673 10.13 2199.00 297.83 0.57
4th Street 391.097* FEMA_Naturat 20000.00 4657.83] 4670.8180| 4668.3480| 4672.2680 0.001627 9.99 2206.92 297.12 0.57
4th Street 391.097* FEMA_Exist 20000.00 4657.83| 4670.8230| 4668.3570| 4672.2760 0.001623 10.02 2208.37 297.19 0.57
4th Street 391.097* FEMA_Propose 20000.00 4657.83| 4670.8230| 4668.3570| 4672.2760 0.001623 10.02 2208.37 297.19 0.57
4th Street 393.031* FEMA_Natural 20000.00 4657.74| 4670.8440| 4668.2810 4672.2730 0.001583 2.90 2218.85 296.31 0.56
4th Street 393.031* FEMA_Exist 20000.00 4657.74| 4670.8480| 4668.3130| 4672.2810 0.001580 9.93 2220.15 206.38 0.56
4th Street 393.031* FEMA_Propose 20000.00 4657.74| 4670.8480| 4668.3130 4672.2810 0.001580 9.93 2220.15 296.38 0.56
4th Strest 394.965* FEMA_Natural 20000.00 4657.64| 4670.8730| 4668.1110] 4672.2780 0.001536 9.80 2233.61 295.60 0.55
4th Strest 394.965* FEMA_Exist 20000.00 4657.64| 4670.8780| 4668.1330| 4672.2860 0.001537 9.83 2235.05 295.67 0.55
4th Street 394.965* FEMA_Propose 20000.00 4657.64| 4670.8780| 4668.1330| 4672.2860 0.001537 9.83 2235.05 295.67 0.55
4th Street 396.8996 FEMA_Natural 20000.60 4657.54| 4670.9360| 4667.9890| 4672.2870 0.001514 9.53 2260.57 295.44 0.54
4th Street 396.8996 FEMA_Exist 20000.00 4657.54| 4670.9180| 4668.0380| 4672.2920 0.001516 9.68 2255.38 29521 0.54
4th Strest 396.8996 FEMA_Propose 20000.00 4657.54| 4670.9180| 4668.0380| 4672.2920 0.001516 9.68 2255.38 295.21 0.54
4th Street 450.2781 FEMA_Natural 20000.00 4657.45| 4671.2810| 4666.5030|  4672.3590 0.000535 8.48 2503.63 262.29 0.44
4th Street 450.2781 FEMA_Exist 20000.00 4657.45| 4671.3120| 4666.4640; 4672.3700 0.000553 8.33 2511.58 262.67 043
4th Street 450.2781 FEMA_Propose 20000.00 4657.45| 4671.3120| 4666.4640 4672.3700 0.000553 833 2511.58 262.67 0.43
4th Street 636.8161 FEMA_Natural 20000.00 4669.48| 4671.2270| 4667.4340| 4672.5610 0.000867 9.64 222829 250.80 0.51
4th Street 636.8161 FEMA_Exist 20000.00 4650.48| 4671.2480| 4667.3510| 4672.5820 0.000900 9.34 2233.57 251.08 0.50
4th Street 636.8161 FEMA_Propose 20000.00 4650.48| 4671.2480| 4667.3510| 4672.5820 0.000900 9.34 2233.57 251.05 0.50
4th Street 820.9197 FEMA_Natural 20000.00| 4657.89| 4671.2190| 4667.9980| 4672.8130 0.001024 11.00 2123.75 247.04 0.56
4th Street 820.9197 FEMA_Exist 20000.00 4657.89| 4671.2480| 4667.8740| 4672.8390 0.001067 10.40 2130.87 247.44 0.55
4th Street 820.8197 FEMA_Propose 20000.00 4657.89| 4671.2480| 4667.8740| 4672.8390 0.001067 10.40 2130.87 24744 0.55
4th Strest 1080.254 FEMA_Natural 20000.00 4657.42; 4670.8540| 4669.3170| 4673.4170 0.001840 13.71 1775.71 218.08 0.71
4th Street 1060.254 FEMA_Exist 20000.00 4657.42] 4670.9120) 4669.2560| 4673.4460 0.001816 13.44 1788.50 218.55 071
4th Street 1060.254 FEMA_Propose 20000.00 465742  4670.9120) 4669.2560| 4673.4460 0.001816 13.44 1788.50 218.55 0.71
4th Street 1159.680 FEMA_Natural 20000.00 4657.56| 4671.0030| 4669.2330|  4673.5990 0.001759 13.78 1815.49 22473 0.70
4th Street 1159.680 FEMA_Exist 20000.00 4657.56) 4671.0660| 4669.2330| 4673.6230 0.001722 13.66 1829.55 22501 0.70
4th Street 1159.680 FEMA_Propose 20000.00 4657.56| 4671.0660| 4669.2330| 4673.6230 0.001722 13.66 1829.55 225.01 0.70
4th Strest 1252.860 FEMA_Natural 20000.00 4657.91 4670.9850  4669.9930|  4673.8060 0.002745 14.31 1624.07 218.98 0.77
4th Street 1252.860 FEMA_Exist 20000.00 4657.91 4672.1230| 4669.9930| 4674.3580 0.001873 12.64 1947.63 225.57 0.85
4th Strest 1252.860 FEMA_Propose 20000.00 4657.91 4671.0460|  4669.9930|  4673.9140 0.002686 14.21 1707.61 220.29 0.76
4th Street 1405.927 FEMA_Natural 20000.00: 4657.64]| 4671.9430| 4669.6740  4674.2920 0.001860 12.86 1873.26 219.49 0.67
4th Street 1405.927 FEMA_Exist 20000.00; 4657.64| 46725920\ 4669.6740| 4674.6320 0.001510 12.02 2016.53 221.75 0.61
4th Street 1405.927 FEMA_Propose 20000.00 4657.64| 4672.1470| 4669.6740|  4674.3930 0.001739 12.58 1918.25 220.20 0.65
4th Street 1570.713 FEMA_Natural 20000.00 4658.55| 4672.5080| 4670.0000| 4674.6040 0.001554 11.68 1984.09 233.44 0.63
4th Street 1570.713 FEMA_Exist 20000.00 4658.55| 4673.0780) 4670.0000| 4674.8860 0.001328 1.1 2096.60 235.84 0.58
4th Street 1570.713 FEMA_Propose 20000.00 4658.55| 4672.7400| 4670.0000| 4674.6840 0.001482 11.50 2017.20 234.15 0.61
4th Street 1825.946 FEMA_Natural 20000.00 4657.96| 4673.6150| 4670.0780| 4575.1280 0.002279 974 2088.57 228.11 0.53
4th Street 1825.948 FEMA_Exist 20000.00 4657.96) 4673.9170) 4670.0780| 4675.3420 0.002066 845 2157.79 230.66 0.50
4th Street 1825.946 FEMA_Propose 20000.00 4657.96| 4673.6990| 4670.0780| 4675.1880 0.002217 9.66 2107.87 228.82 0.52




HEC-RAS River: Ark

River Reach: 4th Street  Profile: 100 YR (C:

Reach River Sta Plan Q Total Min ChEl W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area | Top Width Froude # Chl
(cfs) ()] L] ®) () [LI0] (Vs) (sq ft) (U}
4th Street 2102.372 FEMA_Natural 20000.00 4658.15| 46744130 4670.0170| 4675.5650 0.001004 8.62 2358.62 23228 0.46
4th Street 2102372 FEMA_Exist 20000.00 4658.15| 4674.6390| 4670.0170 4675.7440 0.000936 844 2411.23 233.14 0.44
4th Street 2102.372 FEMA_Propose 20000.00 4658.15| 4674.4750|  4670.0170 4675.6150 0.000984 8.57 2373.14 232.52 0.45
4th Street 2383.165 FEMA_Natural 20000.00 4661.43| 4674.7200) 4670.2610| 4675.8750 0.001209 8.70 2431.63 24430 0.45
4th Street 2383.165 FEMA_Exist 20000.00 4661.43) 4674.9230| 46702610 4676.0340 0.001138 8.54 2481.26 24554 044
4th Street 2383.165 FEMA_Propose 20000.00 4661.43| 4674.7760] 4670.2610| 4675.9180 0.001183 8.66 2445.24 244.64 0.45
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HEC-RAS Version 3.1.3 May 2005
U.S. Army Corp of Engineers
Hydrologic Engineering Center
609 Second Street

Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X

X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X  XXXXXX XXXX X X X X XXXXX

KA kI Ak IAA KR AT TR I A kA kbR ok hk kA kAR A A Ak bk kb hkk kA hk Ak hkhhkkhkh kA hkkhkkrhkkhkhhkhkdhhkhkkkx

PROJECT DATA

Project Title: 4th Street Over the Arkansas River
Project File : Arkansas.prj

Run Date and Time: 7/19/2006 9:36:58 AM

Project in English units

Project Description:
SH 96A (4th Street) Over the Akansas River Hydraulic Analysis

HHII I I KKK KA IR KA KA IR A I AR A AN AIII AR KRAIAR I AR ATk Ak Ak hkdhkkdkddk kkhhkkkxkkddhhkkxhkkhik

PLAN DATA

Plan Title: FEMA Proposed
Plan File : s:\32-1066.01_4thStreet\Scour\RAS\Arkansas.pl2

Geometry Title:
Geometry File

Flow Title
Flow File

Proposed Conditions
5:\32-1066.01_4thStreet\Scour\RAS\Arkansas.gl2

FEMA Flows
$:\32-1066.01_4thStreet\Scour\RAS\Arkansas.f04

Plan Summary Information:

Number of: Cross Sections = 42 Multiple Openings = 0
Culverts = 0 Inline Structures = 0
Bridges = 1 Lateral Structures = 0

Computational Information

Water surface calculation tolerance 0.001
Critical depth calculation tolerance = 0.001
Maximum number of iterations = 30
Maximum difference tolerance = 0.3
Flow tolerance factor = (0.001

Computation Options
Critical depth computed at all cross sections

Conveyance Calculation Method:
Friction Slope Method:
Computational Flow Regime:

At breaks in n values only
Average Conveyance
Mixed Flow

hhkkkhhhkk kA khkkkd kI hkhkrhhkhkhkrkhkhkrkkkAhkhkhrk kA kA hkkhrbhhhrhrk kb dhkkkdkhkkxhkkrhkhk kA kkhkhkx



FLOW DATA

Flow Title: FEMA Flows .
Flow File : s:\32-1066.01_4thStreet\Scour\RAS\Arkansas.£04

Flow Data (cfs)

S 2RSSR SR SRR EE S R R SR R AR R R R RS R R RS R R SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R SR E RS R
* River Reach RS * 10 YR 50 YR 100 YR 500 YR *
* Arkansas River 4th Street 2383.165%* 7000 14000 20000 40000 *

Fh Ik kA kAR A K IR A KT A I A A AT I A A AR A A I A A A A AR I A A AR KK AA AKX I A A IR K IAAK IR A A AN A Ik kA bk hhkhkk kA Tk h ko kkh kdkdhkkkkkkhk

Boundary Conditions
AR SRR R ERE SR RERSS RS RS R RS S s R RRsRsR s SsRt RSttt RRRS RS sRstXs sl Rt ERE S S

* River Reach Profile * Upstream Downstream *
I KA KA KK KRR A AR R A AR A A AR IR AR IRR AR A A AT Ak Ak ko Ah ko khkhkhk kb khk bk Ak hkkh kA h ok rdhhkdkhhdhhhhdhhdhhhkkhkdddhkkhk
* Arkansas River 4th Street 10 YR * Normal § = 0.002 Critical *
* Arkansas River 4th Street 50 YR * Normal S = 0.002 Critical *
* Arkansas River 4th Street 100 YR * Normal S = 0.002 Critical *
* Arkansas River 4th Street 500 YR * Normal S = 0.002 Critical *

LR AR SRS AR RS ESRSE RS ES RS SRR R AR RSl Rsls Rt ARttt Rt RRRt Rttt lER R ARt SRS R R

Thhkrhkhk kb hkhk Ak h kA kA ko kk kA kh kA Ak kT Ak hhh kb hhkhdhkhkhkhrkdhhkhdhhkdhhhhdrkkkdhhhkkohkhkd



GEOMETRY DATA

Geometry Title: Proposed Conditions
Geometry File : s:\32-1066.01_4thStreet\Scour\RAS\Arkansas.gl2

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 2383.165
INPUT
Description: US Limit of Model - Through W Weir
Station Elevation Data num= 44
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

Khkhkhhkhkhhkhkdhkhhhhhkhkhhhhhkhhkhhkhkhhkhkhhkhkhkrdhhhhkhhhkhhhkhrhkhhhdhhkkrhhkhhhkhhhkhhhrrbhkrhkrhhhkhkd

0 4694.47 6.28 4694.44 6.76 4694.42 7.39 4694.4 35.15 4675.94
50.88 4665.79 53.15 4664.09 53.97 4663.55 54.65 4663.1 54.93 4663.1
55.16 4663.32 66.03 4664.44 68.23 4665.39 68.98 4664.64 71.26 4662.01
78.84 4662.1 94.96 4661.43 113.79 4662.68 129.71 4662.95 130.5 4664.38

131.65 4665.56 136.57 4664.01 137.43 4663.63 142.85 4663.81 148.92 4663.76
149.55 4663.93 157.53 4665.41 158.92 4664.59 161.96 4663.19 182.7 4662.52
204.84 4662.74 212.72 4662.8 215.01 4664.25 216.38 4665.39 219.86 4663.77
220.86 4663.41 226.6 4663.32 240.36 4665.78 286.79 4675.91 291.87 4676.09
294.74 4676.08 310.1 4677.09 317.45 4677.36 342.26 4699.8

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
AR SRS R RS RSERERSRE RS RS RRS R RSt l Rttt SRt RERRRERRESEESEEREESS]
0 .014 54.65 .027 226.6 .06 317.45 .1
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
50.88 240.36 270.73 280.79 284.47 L1 .3

CROSS SECTION OUTPUT Profile #100 YR

(A SRS EE RS RS RRERR SRR RS RS RRRS R SRR RRRERR R R R R Rt SRS St Rn AR RRtR RS ES R

* E.G. Elev (ft) * 4675.%92 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.14 * Wt. n-val. * 0.014 ~* 0.030 ~* 0.060 *
* W.S. Elev (ft) * 4674.78 * Reach Len. (ft) * 270,73 * 280.79 * 284.47 *
* Crit W.S. (ft) * 4670.26 * Flow Area (sq ft) * 62.57 * 2197.21 * 185.46 *
* E.G. Slope (ft/ft) *0.001189 * Area (sq ft) * 62.57 * 2197.21 * 185.46 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 555.17 *19019.92 * 424.90 ~*
* Top Width (ft) * 244.64 * Top Width (ft) * 13.93 * 189.48 ~* 41.23 *
* Vel Total (ft/s) * 8.18 * Avg. Vel. (ft/s) * 8.87 * 8.66 * 2.29 *
* Max Chl Dpth (ft) * 13.35 * Hydr. Depth (ft) * 4.49 =+ 11.60 * 4.50 ~*
* Conv. Total (cfs) *580031.6 * Conv. {(cfs) * 16100.9 *551607.8 * 12322.9 ~*
* Length Wtd. (ft) * 280.51 * Wetted Per. (ft) * 16.57 * 196.09 * 42.20 *
* Min Ch El1 (ft) * 4661.43 * Shear (lb/sg ft) * 0.28 ~* 0.83 * 0.33 *
* Alpha * 1.10 * Stream Power (1b/ft s) * 2.49 ~* 7.20 * 0.75 *
* Frctn Loss (ft) * 0.30 * Cum Volume (acre-ft) * 3.22 * 107.77 * 12.07 *
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.70 * 9.17 * 2.88 *
AR S A R RS R TR R E R R R E RS R R R R E R R RS R R R A R R R R R R R R R R R R R R R R R R R E RS ESS SRR EERERERRER RS R R R RS SRR R ER RS R ERS LR

Warning: The parabolic search method failed to converge on critical depth. The program will try the

cross section slice/secant method to find critical depth.
Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

A S E S S S AR R SRS R RS R ARt RS s R R SRR R R R SRR RS RS RERR SRR RS RSR SRR RSRSR SR ERR RS EER RS R R EE LRSS

* Velocity

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sg ft) * (ft)
* 1 * LOB * 35.62 * 40.70 * 14.38 * 4.54 * 4.46
* 2 * LOB * 40.70 * 45,79 * 146.79 * 20.66 * 6.06
* 3 * LOB * 45.79 * 50.88 * 394.00 * 37.37 * 6.06
* 4 * Chan * 50.88 * 69.83 * 1865.99 * 201.49 * 20.91
* 5 * Chan * 69.83 * 88.78 * 2248.85 * 241.52 * 19.71
* 6 * Chan * 88.78 * 107.72 * 2388.70 * 246.67 * 18.98
* 7 * Chan * 107.72 * 126.67 * 2111.76 * 229.01 * 18.96
* 8 * Chan * 126.67 * 145.62 * 1660.53 * 204.97 * 20.61
* 9 * Chan * 145.62 * 164.57 * 1657.82 * 200.85 * 19.64
* 10 * Chan * 164.57 * 183.52 * 2080.12 * 226.91 * 18.96
* 11 * Chan * 183.52 * 202.46 * 2132.48 * 230.28 * 18.95
* 12 * Chan * 202.46 * 221.41 * 1830.54 * 215.58 * 20.20
* 13 * Chan * 221.41 * 240.36 * 1043.13 * 199.93 * 19.17
* 14 * ROB * 240.36 * 250.55 * 227.14 * 80.34 * 10.43
* 15 * ROB * 250.55 * 260.74 * 130.77 * 57.69 * 10.43
* 16 * ROB * 260.74 * 270.93 * 56.94 * 35.03 * 10.43
* 17 * ROB * 270.93 * 281.12 * 10.06 * 12.38 * 10.43
* 18 * ROB * 281.12 * 291.31 * 0.00 * 0.02 * 0.48
LR AR SRS R RS SRS ER R SRR ER SRR R R SRSt R R RS R Rt R SRR R RS Rttt RS R R R SRRl ES RS stRERSR SRS E RS SR

*

* Ok %k o % ok ok oF ok X % K % % % * %

*

Percent
Conv
0.07
0.73
1.97
9.33

11.24
11.94
10.56
8.30
8.29
10.40
10.66
9.15
5.22
1.14
0.65
0.28
0.05
0.00

*

* % %k % ok X Ok ok ok %k % O X % A h

*
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*
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*
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3.17
7.10

10.54
9.26
9.31
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9.22
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8.25
9.17
9.26
8.49
5.22
2.83
2.27
1.63
0.81
0.10
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Warning: The parabolic search method failed to converge on critical depth. The program will try the
cross section slice/secant method to find critical depth.
Note: Manning's n values were composited to a single value in the main channel.

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 2102.372
INPUT
Description:
Station Elevation Data num= 30
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
KA A A I A I AR A A AR KRR A TR A R KA KRR AR AR AR AR A A IR AR Ak h kb drhhkhkhkkkkkkdehkdkdhddkkhkdhkdkdhkdkrtk
0 4694.02 .62 4694 19.97 4681.5 29.91 4674.94 46.5 4664.01

55.4 4658.15 59.25 4658.21 64.69 4658.54 74.67 4660.53 87.44 4662.95
89.27 4663.29 90.04 4663.38 99.25 4663.57 145.65 4664.68 204.17 4663.84
219.4 4663.7 224.27 4663.77 237.54 4663.63 239.99 4664.6 246.14 4667.05

247.48 4667.63 264.29 4674.98 265.92 4675.07 269.81 4675.27 272.43 4675.18
278.14 4675.14 287.39 4675.86 298.19 4676.61 301.47 4679.44 324.97 4699.66

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
KKK I kA k kA kA kAR F AR IR A KRR R A AR I AR AR IR AR A XA A A Ak kA ko hkkhhkhkkhhhhk
0 .014 55.4 .025 237.54 .06 298.19 .1
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
46.5 247.48 280.47 276.43 253.06 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

KhkI KA I IR KA AR A IR I IR KA KA AR Ak hkhkhkkh ek hhhhhhkddhhhhhhdbhhdhdhkdhkhkhkhdAkdhhkkhhhrhhhhhdhkhdhhhkdhdhhkiihk

* E.G. Elev (ft) * 4675.62 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.14 * Wt. n-val. * 0.014 = 0.027 =* 0.060 *
* W.S. Elev (ft) * 4674.48 * Reach Len. (ft) * 280.47 * 276.43 * 253.06 *
* Crit W.S. (ft) * 4670.02 * Flow Area (sqg ft) * 83.12 * 2236.44 * 53.58 *
* E.G. Slope (ft/ft) *0.000984 * Area (sq ft) * 83.12 * 2236.44 * 53.58 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 739.81 *19170.99 ~* 89.20 ~*
* Top Width (ft) * 232.52 * Top Width (ft) * 15.88 * 200.98 = 15.66 *
* Vel Total (ft/s) * 8.43 * Avg. Vel. (ft/s) * 8.90 ~* 8.57 * 1.66 *
* Max Chl Dpth (ft) * 16.33 * Hydr. Depth (ft) * 5.23 * 11.13  * 3.42  *
* Conv. Total (cfs) *637426.1 * Conv. (cfs) * 23578.8 *611004.3 * 2843.0 *
* Length Wtd. (ft) * 276.45 * Wetted Per. (ft) * 19.02 * 204.01 ~* 17.09 =*
* Min Ch El1 (ft) * 4658.15 * Shear (lb/sqg ft) * 0.27 * 0.67 * 0.19 ~*
* Alpha * 1.03 * Stream Power (lb/ft s) * 2.39 * 5.78 * 0.32 =
* Frctn Loss (ft) * 0.39 * Cum Volume (acre-ft) * 2.77 * 93.48 * 11.29 =
* C & E Loss (ft) * 0.03 * Cum SA (acres) * 0.61 * 7.82 * 2.70 *
(R E SRR SRR RS SRS SRR LRSSt S SRRttt R RRs R SRRt R R RSt Rt R SRR ERRRR SRR S

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.
Note: Manning's n values were composited to a single value in the main channel.

Profile #100 YR

Tk KR I kA KKK A KA AR KA A IR R A A AR AR AR A AR R AR AR R A A A AT A A A A A A A Ak A kI kA IR ARKAIRR A AR R AR R A A Ak bk ko hkhkhkhkhk kA hhkhkhkkhkhkhrhhhkhhkdx

* * Pos * Left Sta * Right Sta * Flow * Area * W.P. * Percent * Hydr * Velocity *
* * * (ft) * (ft) * {cfs) * (sqg ft) * (ft)y = Conv *Depth(ft) * (ft/s) =
* 1 * LOB * 27.90 * 32.55 * 2.29 * 1.23 * 2.32 * 0.01 * 0.64 * 1.86 *
* 2 * LOB * 32.55 * 37.20 * 65.20 * 13.05 * 5.57 * 0.33 * 2.81 * 5.00 *
* 3 * LOB * 37.20 * 41.85 * 223.08 * 27.29 * 5.57 * 1.12 = 5.87 * 8.17 *
* 4 * LOB * 41.85 * 46.50 * 449.23 ~* 41.54 * 5.57 * 2.25 * 8.93 * 10.81 *
* 5 * Chan * 46.50 * 66.60 * 3710.44 * 299,58 * 21.90 * 18.55 * 14.91 * 12.39 *
* 6 * Chan * 66.60 * 86.70 * 2576.28 * 273.06 * 20.47 * 12.88 * 13.59 * 9.43 *
* 7 * Chan * 86.70 * 106.79 * 1828.29 * 220.88 * 20.15 * 9.14 * 10.99 * 8.28 *
* 8 * Chan * 106.79 * 126.89 * 1692.79 * 210.71 * 20.10 * 8.46 * 10.48 ~* 8.03 *
* 9 * Chan * 126.89 * 146.99 * 1565.84 * 201.08 * 20.10 * 7.83 * 10.00 * 7.79 *
* 10 * Chan * 146.99 * 167.09 * 1553.85 * 200.14 * 20.10 * 7.77 * 9.96 * 7.76 *
* 11 * Chan * 167.09 * 187.19 * 1629.68 * 205.95 * 20.10 * 8.15 * 10.25 * 7.91 *
* 12 * Chan * 187.19 * 207.28 * 1706.59 * 211.72 * 20.10 * 8.53 * 10.53 * 8.06 *
* 13 * Chan * 207.28 * 227.38 * 1758.27 * 215.54 * 20.10 * 8.79 * 10.72 * 8.16 *
* 14 * Chan * 227.38 * 247.48 * 1148.97 * 197.76 * 20.87 * 5.74 * 9.84 * 5.81 *
* 15 * ROB * 247.48 * 255.23 * 76.41 * 39.92 * 8.46 * 0.38 * 5.15 * 1.91 *
* 16 * ROB * 255.23 * 262.98 * 12.79 * 13.66 * 8.46 * 0.06 * 1.76 * 0.94 *
* 17 * ROB * 262.98 * 270.73 * 0.00 * 0.01 * 0.17 * 0.00 * 0.03 * 0.07 *
KK Ik T kA kAR A AR A AR A AR A A AR A A A A A A A A AR A A AR A kA Ak A kA Ak kA Ak A Ak kA A kA A A IR AR A AR KR AR AR T A Ak hkhkhkdkhhkhkhk ko kA rhhkdkhkhkrhkdhkhkhhkkxx

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.
Note: Manning's n values were composited to a single value in the main channel.

CROSS SECTION



RIVER: Arkansas River

REACH: 4th Street RS: 1825.946
INPUT
Description:
Station Elevation Data num= 28
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

FA TR I I IR IR R A AR AR IR AT AR A AR A I AT AR AR AT A bk Ak hkhk Ak kA khkh ko ko kodekdkkdhkhkdhkodhhhx

0 4693.51 .29 4693.52 1.39 4683.55 38.06 4669.77 47.1 4664.01
56.46 4657.96 66.74 4658.19 71.96 4658.4 77.33 4659.03 103.43 4663.03
106.41 4663.13 112.29 4663.2 125.36 4664.29 142.09 4665.95 156.56 4665
164.82 4664.09 196.94 4663.78 221.52 4663.37 229 4667.47 230.23 4668.14
233.64 4669.76 267.66 4674.69 272 4675.27 279.76 4675.26 283.58 4675.98
294.34 4677.99 296.06 4679.13 298,82 4681
Manning's n Values num= 6
Sta n Val Sta n Val Sta n Val Sta n Val Sta n Val
KA KA KT LE T AR KA KA IR KAAR AR KR AR I I AR AR AR AR AR AR A AR AT AR ATk ko ko hhkhkhk ok hkhkhkhkhkhkkhkhkxhkx Ak hkhkkk*x
0 .014 56.46 .025 112.29 .05 164.82 .027 221.52 .06
279.76 .1
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
47.1 229 258.34 255.23 247.86 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

KEA KA I AT KRR AR KA A I A I I A A AT AR AR AR A A A A AT A AT AR AR RAAR AR A AR TR AR AR A b kA khkhk Ak kb hdkhhdkhkkkkkdkdhhhhk

* E.G. Elev (ft) * 4675.19 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.49 * Wt. n-Val. * 0.014 ~ 0.035 * 0.060 *
* W.S. Elev (ft) * 4673.70 * Reach Len. (ft) * 258.34 * 255.23 * 247.86 *
* Crit W.S. (ft) * 4670.08 * Flow Area (sq ft) * 73.46 * 1957.42 * 76.99 *
* E.G. Slope (ft/ft) *0.002217 * Area (sq ft) * 73.46 * 1957.42 * 76.99 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 939,54 *18901.41 * 159.06 *
* Top Width (ft) * 228.82 * Top Width (ft) * 15.10 * 181.90 ~* 31.82 *
* Vel Total (ft/s) * 9.49 * Avg. Vel. (ft/s) * 12.79 * 9.66 * 2.07 *
* Max Chl Dpth (ft) * 15.74 * Hydr. Depth (ft) * 4,87 * 10.76 * 2.42 =+
* Conv. Total (cfs) *424788.8 * Conv. (cfs) * 19955.2 *401455.3 * 3378.3 ~*
* Length Wtd. (ft) * 255.14 * Wetted Per. (ft) * 17.94 * 185.30 * 32.64 *
* Min Ch El1 (ft) * 4657.96 * Shear (lb/sq ft) * 0.57 * 1.46 * 0.33 ~*
* Alpha * 1.06 * Stream Power (lb/ft s) * 7.25 * 14.12 ~* 0.67 *
* Frctn Loss (ft) * 0.46 * Cum Volume (acre-ft) * 2.26 * 80.17 * 10.91 ~*
* C & E Loss (ft) * 0.05 * Cum SA (acres) * 0.51 ~* 6.70 * 2.56 *
Fh ok kA kAR A R A A A A A A A AR A KA R A A IR I A A A IR I AT AR ATk bk Ak bk ko hk ok kA A d kA hkdh bk kA kA Ak Ak bk kA hkhkr bk bk hhkhhkdkkhkxkkk

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

AR SRR SRR SRR SRR RS R SRSt RS Et st E RS EsEe S SR R R SRR RS E RS sEEEeS Rt sRRtRER R EERRREEERR SRR RE EEE XY

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 1570.713
INPUT
Description:
Station Elevation Data num= 27
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

R A RS A SRR RS S RS ss s s R SRSRSa SRt RS R R R R RS RES S XS RSRS SRR RS RS

*

* % ok o ok % ok ok Ok % o %k %k % A * % A *

*

Percent * Hydr
Conv *Depth (ft)
0.00 * 0.31
0.32 * 2.16
1.39 * 5.19
2,98 * 8.19

20.42 * 14.13
17.59 * 14.88
12.81 * 12.33
7.80 * 10.43
3.84 * 9.04
3.23 * 8.15
6.04 * 9.41
8.14 * 9.79
8.43 * 10.00
6.21 * 9.43
0.42 * 4.62
0.22 * 3.09
0.12 * 2.08
0.04 * 1.07
0.00 * 0.28

* Velocity
* (ft/s)
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*

.42

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 28.26 * 32.97 * 0.53 * 0.30 * 1.16
* 2 * LOB * 32.97 * 37.68 * 64.24 * 10.15 * 5.61
* 3 * LOB * 37.68 * 42,39 * 278.52 * 24,43 * 5.59
* 4 * LOB * 42.39 * 47.10 * 596.26 * 38.57 * 5.58
* 5 * Chan * 47.10 * 65.29 * 4084.58 * 257.11 * 19.98
* 6 * Chan * 65.29 * 83.48 * 3517.51 * 270.71 * 18.30
* 7 * Chan * 83.48 * 101.67 *  2562.55 * 224.34 * 18.40
* 8 * Chan * 101.67 * 119.86 * 1559.91 * 189.69 * 18.24
* 9 * Chan * 119.86 * 138.05 * 767.03 * 164.42 * 18.27
* 10 * Chan * 138.05 * 156.24 * 646.83 * 148.34 * 18.24
* 11 * Chan * 156.24 * 174.43 * 1208.13 * 171.19 * 18.24
* 12 * Chan * 174.43 * 192.62 * 1627.25 * 178.08 * 18.19
* 13 * Chan * 192.62 * 210.81 * 1686.47 * 181.95 * 18.19
* 14 * Chan * 210.81 * 229.00 * 1241.14 * 171.60 * 19.24
* 15 * ROB * 229.00 * 235.98 * 83.31 * 32.27 * 7.54
* 16 * ROB * 235.98 * 242,96 * 44.62 * 21.60 * 7.05
* 17 * ROB * 242.96 * 249.95 * 23.06 * 14.54 * 7.05
* 18 * ROB * 249.95 * 256.93 * 7.61 * 7.47 * 7.05
* 19 * ROB * 256.93 * 263.91 * 0.46 * 1.10 * 3.94
A KT kA A A R TR AR AR AR A A A A A AT AR KRR A AR AT A AR A AR A AR AR AR A AT AR AR A h bk kb bk ko kA hkkh ko bk Ak hkdkkk kA kA Ak hkk Ak Ak hkrkhkkhxhkhkhkxhkhkhkhxkhkkx

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



0 4693.48 .52 4693.49 1.18 4693.45 1.53 4693.44 34.85 4671.38
38.96 4668.64 46.3 4663.87 54.51 4658.55 78.27 4659.25 82.58 4659.3
119.77 4663.03 120.66 4663.05 126.9 4663.06 191.5 4663.43 192.36 4663.44
227.38 4667.58 229.64 4667.85 248.39 4670.4 250.05 4670.71 255.07 4671.53
260.37 4671.76 262.57 4671.81 263.56 4671.77 284.13 4677.66 285.42 4678.02
309.03 4694.61 316.1 4699.81
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n vVal
(AR RS RS R RS SRS SRR R RS R SRR SRR RS E SRR SR RER SRR R R R 2
0 .014 54.51 .025 192.36 .06 263.56 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
46.3 192.36 168.43 164.79 138.09 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

LEA RS R R RS SRR RS R SRR SE RS sS R R asaREEE R ER R SRR R R R AR XSRS R RS RR R R RRE RS R RE 2R XY

* E.G. Elev (ft) * 4674.68 * Element * Left OB * Channe
* Vel Head (ft) * 1.94 * Wt. n-val. * 0.014 * 0.024
* W.S. Elev (ft) * 4672.74 * Reach Len. (ft) * 168.43 * 164.79
* Crit W.S. (ft) * 4670.00 * Flow Area (sq ft) * 60.21 * 1602.42
* E.G. Slope (ft/ft) *0.001482 * Area (sq ft) * 60.21 * 1602.42
* Q Total (cfs) *20000.00 * Flow (cfs) * 581.42 *18434.54
* Top Width (ft) * 234.15 * Top Width (ft) * 13.50 146.06
* Vel Total (ft/s) * 9.91 * Avg. Vel. (ft/s) * 9,82 11.50
* Max Chl Dpth (ft) * 14.19 * Hydr. Depth (ft) * 4.46 10.97
* Conv. Total (cfs) *519501.0 * Conv. (cfs) * 15362.1 *478838.0
* Length Wtd. (ft) * 163.10 * Wetted Per. (ft) * 16.16 * 147.83
* Min Ch El1 (ft) * 4658.55 * Shear (lb/sq ft) * 0.34 * 1.00
* Alpha * 1.27 * Stream Power (lb/ft s) * 3.39 ~* 11.54
* Frctn Loss (ft) * 0.26 * Cum Volume (acre-ft) * 1.87 * 69.74
* C & E Loss {ft) * 0.03 * Cum SA (acres) * 0.42 ~* 5.74

khkhkhkkhkhkhkkhhhdhkhdhhhhdhhhkdhhhdhhdhhhhhkhkhhkhhbhhk kb kA hdhhhkhkhh bk khhh kA bk hkhkhkhkrhhrhhhkddthdkihk

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR
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2RSSR SR RS R ST R SRR RS RS EaR R Rl R RS R R R R R R R R R R R R R R R R R R E R RS R SRR
Percent

Conv
.37

* * Pos * Left Sta * Right Sta * Flow * Area * W.P

* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 32.41 * 37.04 * 23.23 * 5.97 * 5.10
* 2 * LOB * 37.04 * 41,67 * 166.59 * 20.14 * 5.54
* 3 * LOB * 41,67 * 46.30 * 401.60 * 34.10 * 5.52
* 4 * Chan * 46.30 * 60.91 * 2874.54 * 184.82 * 16.18
* 5 * Chan * 60.91 * 75,51 * 2572.10 * 201.36 * l4.61
* 6 * Chan * 75,51 * 90.12 * 2409.79 * 193.81 * 14.65
* 7 * Chan * 90.12 * 104.72 *  2021.20 * 174.57 * 14.68
* 8 * Chan * 104.72 * 119.33 * 1625.36 * 153.17 * 14.68
* 9 * Chan * 119.33 * 133.94 *  1425.74 * 141.31 * 14.61
* 10 * Chan * 133.94 * 148.54 * 1406.90 * 140.18 * 14.61
* 11 * Chan * 148.54 * 163.15 * 1386.56 * 138.96 * l4.61
* 12 * Chan * 163.15 * 177.75 * 1366.28 * 137.74 * l4.61
* 13 * Chan * 177.75 * 192.36 * 1346.07 * 136.51 * l4.61
* 14 * ROB * 192.36 * 204.73 * 366.42 * 106.02 * 12.46
* 15 * ROB * 204.73 * 217.11 * 268.20 * 87.92 * 12.46
* 16 * ROB * 217.11 * 229.48 * 182.63 * 69.82 * 12.46
* 17 * ROB * 229.48 * 241.86 * 105.80 * 50.36 * 12.49
* 18 * ROB * 241.86 * 254.23 * 41.80 * 28.88 * 12.52
* 19 * ROB * 254.23 * 266.60 * 9.20 * 11.54 * 12.51
* 20 * ROB * 266.60 * 278.98 * .00 * 0.02 * 0.36

Thkdhkhkk kR hk Ak Ak kA Ak Ak kA A Ak kA kA Ak AR A AR R R AR I A IR A A A I AR I I AR I Ak A kAR A A Ak kAR kA A kA Ak kA ko hkkhkhkhhhhhhhkhkhkhhhkrhdhhdxdhdhhk

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 1405.927
INPUT
Description: Proposed Section - US Section
Station Elevation Data num= 37
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
IR SRR A RS S SRR SRR AR R R RS EREs SR RS ettt RS R R ERER RS ER R ER S
0 4693.22 .52 4693.24 .88 4693.26 1.64 4693.29 38.06 4669.8
46.71 4664.1 56.68 4657.64 75.3 4658.43 97.2 4659.52 107.33 4660.53
159.69 4663.03 160.17 4662.97 160.82 4663.06 167.06 4663.27 169.07 4664.43
169.53 4664.83 184.05 4665.15 213.79 4665.35 220.75 4665.39 232.57 4669.27
234.27 4669.73 236.84 4669.8 241.11 4670.25 242,71 4670.31 248.53 4670.5
249.35 4670.53 251.54 4670.72 252.07 4670.74 253.4 4671.51 267.16 4678.68
271.51 4678.01 273.69 4678.34 275.17 4678.94 286.91 4689.67 289.08 4691.01
291.9 4693.23 298.6 4700.74
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Manning's n Values num= 4

Sta n Val Sta n Val Sta n Val Sta n Val
KA IEK KA KA KA IRk E A A A A AT A A A A A AT A AT AT A AR TAAAKRAAKR AT AR RARARR KK
4] .014 56.68 .025 167.06 .05 275.17 .08

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr.
46.71 169.53 155.9 153.07 139.36 .1

CROSS SECTION OUTPUT Profile #100 YR

Expan.

.3

AR AR SR ESE S AR R R SR EE R R R Rl R R SRS RS RS RSttt RS RSt AR R RS E RS S

Channel * Right OB

* E.G. Elev (ft) * 4674.39 * Element * Left OB

* Vel Head (ft) * 2.25 * Wt. n-Vval. * 0.014
* W.S. Elev (ft) * 4672.15 * Reach Len. (ft) * 26.00
* Crit W.S. (ft) * 4669.67 * Flow Area (sq ft) * 49,23
* E.G. Slope (ft/ft) *0.001739 * Area (sq ft) * 49.23
* Q Total (cfs) *20000.00 * Flow (cfs) * 488.02
* Top Width (ft) * 220.20 * Top Width (ft) * 12.29
* Vel Total (ft/s) * 10.43 * Avg. Vel. (ft/s) * 9.91
* Max Chl Dpth (ft) * 14.51 * Hydr. Depth (ft) * 4.01
* Conv. Total {cfs) *479568.4 * Conv. (cfs) * 11702.0
* Length Wtd. (ft) * 26.00 * Wetted Per. (ft) * 14.69
* Min Ch El1 (ft) * 4657.64 * Shear (lb/sq ft) * 0.36
* Alpha * 1.33 * Stream Power (lb/ft s) * 3.61
* Frctn Loss (ft) * 0.05 * Cum Volume (acre-ft) * 1.66
* C & E Loss (ft) * 0.03 * Cum SA (acres) * 0.37
AR SRR SRR RS S SR SRR R RS R Rttt X Y S R AR RS AR RE RS RS RE RS XRRRRRRRR SR SR RRR R LR R EE RN

*

*

*

*

*

0
2
141
141

.025
6.00
5.86
5.86

*17813.68

*
*
*

12
1
1

2.82
2.58
1.53

*427143.9

*
*
*
*

*

12

1
6

5.36
1.23
5.43
4.03
5.23

Note: Manning's n values were composited to a single value in the main channel.

Profile #100 YR

*

* ok %k ok 3k ok o F 2k * o F

*

0

2
45
45
169
8

407
8

.050
6.00
3.16
3.16
8.30
5.09
3.75
5.33
22.5
6.18
0.57
2.14
8.40
2,01

*
*
*
*
*
*
*
*
*
*
*
*
*
¥
*
*

Ik khkkhkhkkkhkhkkkhkhkhhdhhkhkhkhhhkhkhhrhkhAr kA Ak bk bk hkhkhkhkrhkhkdA kA bk kb kb hhkrhkhkkhkhkhkhhhkhkdbkhkhkhhhdhrhhhhkhhdhhhhhhhhhhkhddhdhhkhkdkhkkhkh

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 32.70 * 37.37 * 9.15 * 2.80 * 3.51
* 2 * LOB * 37.37 * 42.04 * 122.64 * 16.03 * 5.59
* 3 * LOB * 42,04 * 46.71 * 356.23 * 30.40 * 5.59
* 4 * Chan * 46.71 * 58.99 * 2572.04 * 145.86 * 14.19
* 5 * Chan * 58.99 * 71.27 * 2382.84 * 173.77 * 12.29
* 6 * Chan * 71.27 * 83.56 * 2232.48 * 167.12 * 12.30
* 7 * Chan * 83.56 * 95.84 * 2069.02 * 159.68 * 12.30
* 8 * Chan * 95.84 *108.12 * 1844.16 * 149.21 * 12.33
* 9 * Chan * 108.12 * 120.40 * 1634.76 * 138.63 * 12.30
* 10 * Chan * 120.40 * 132.68 * 1495.67 * 131.42 * 12.30
* 11 * Chan * 132.68 * 144.97 * 1361.56 * 124.22 * 12.30
* 12 * Chan * 144.97 * 157.25 * 1232.55 * 117.02 * 12.30
* 13 * Chan * 157.25 * 169.53 * 988.60 * 108.92 * 12.76
* 14 * ROB * 169.53 * 182.44 * 386.31 * 92.61 * 12.91
* 15 * ROB * 182.44 * 195.34 * 367.80 * 89.92 * 12.91
* 16 * ROB * 195.34 * 208.25 * 360.05 * 88.77 * 12.91
* 17 * ROB * 208.25 * 221.16 * 352.13 * 87.65 * 12.93
* 18 * ROB * 221.16 * 234.07 * 172.44 * 58.21 * 13.56
* 19 * ROB * 234.07 * 246.97 * 47.05 * 26.21 * 12.94
* 20 * ROB * 246.97 * 259.88 * 12.52 * 9.78 * 8.02
LR AR RS S S S SRS SRS AR S St s SRt SRS R R R R RS R RS SRR RR SR SRR RS RS SR

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
¥

Note: Manning's n values were composited to a single value in the main channel.

BRIDGE
RIVER: Arkansas River
REACH: 4th Street RS: 1329.40

INPUT
Description: PROPOSED 4th STREET BRIDGE

(FROM PLANS DATED 6-05-03)

PIERS
SKEWED 4.095 DEGREES TO THE FLOW

Distance from Upstream XS = 26
Deck/Roadway Width = 112

Weir Coefficient = 2.6

Bridge Pier Skew = 4.095

Upstream Deck/Roadway Coordinates

num= 3

Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord

ThkdkhhhkhkhhhkdhhkhkrhkrkhkrAhkhhdhhhkrAkhkhkhdhkhkrhkhkhkhhkhhhhkhdhdhhhkhhhhhhdkhkhrkhkdhhkhkhkhkhkrkxk

-48.6 4717.59 4695.59 185 4721.18 4709.18 345 4723.51 4711.51

Upstream Bridge Cross Section Data
Station Elevation Data num= 37

hhkhkhkrhkhkhkhkhkhkhkhkkhkhhhhkkhkhkhkkhrdkhk

Perc
C

0.
0.
1.
12.
11.
11.

-
(=]

QO OFRFHFMKEMDMOG~®W

ent
onv
05
61
78

*

Hydr

*Depth (ft)

*

* % F % R % % ok % % % d o Ok % * F

*

0.95
3.43
6.51
11.88
14.15
13.61
13.00
12.15
11.29
10.70
10.11
9.53
8.87
7.18
6.97
6.88
6.79
4.51
2.03
1.28

*

ok R R ok % ok ok R % ok X A F Ok X % F * ¥

*

Velocity
(ft/s)
3.26
7.65
11.72
17.63
13.71
13.36
12.96
12.36
11.79
11.38
10.96
10.53
9.08
4.17
4.09
4.06
4.02
2.96
1.80
1.28
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Upstream num= 2
Width Elev wWidth Elev
SRS S S S S ST RS R EREREER SRR RS SRR SRR
3.833 0 3.833 4710
Downstream num= 2
Width Elev width Elev

Fhhkhkhkhkhkhkhkhhkkkhkhkhkhrhkkkhkkkkhxkkhkkk

3.833 0 3.833 4710
Number of Bridge Coefficient Sets = 1

Low Flow Methods and Data

Energy

Momentum cd = 2
Selected Low Flow Methods = Highest Energy Answer

High Flow Method
Energy Only

Additional Bridge Parameters
Add Friction component to Momentum
Do not add Weight component to Momentum
Class B flow critical depth computations use critical depth
inside the bridge at the upstream end
Criteria to check for pressure flow = Upstream energy grade

line

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
LRSS RS R R RS RS E RS R R RS R R R R RS R R R R R R RS RRRsRS R R R R RSTR SRS R R SRR RS RS S S S
0 4693.22 .52 4693.24 .88 4693.26 1.64 4693.29 38.06 4669.8
46.71 4664.1 56.68 4657.64 75.3 4658.43 97.2 4659.52 107.33 4660.53
159.69 4663.03 160.17 4662.97 160.82 4663.06 167.06 4663.27 169.07 4664.43
169.53 4664.83 184.05 4665.15 213.79 4665.35 220.75 4665.39 232.57 4669.27
234.27 4669.73 236.84 4669.8 241.11 4670.25 242.71 4670.31 248.53 4670.5
249.35 4670.53 251.54 4670.72 252.07 4670.74 253.4 4671.51 267.16 4678.68
271.51 4678.01 273.69 4678.34 275.17 4678.94 286.91 4689.67 289.08 4691.01
291.9 4693.23 298.6 4700.74
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
I I I I I AR AR AR I AR AR ARA AR KAA KA A AR XTI kA Ak kA kA AR AR kA Ak hkhkkkkkkkkkk
0 .014 56.68 .025 167.06 .05 275.17 .08
Bank Sta: Left Right Coeff Contr. Expan.
46.71 169.53 .1 .3
Downstream Deck/Roadway Coordinates
num= 3 )
Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord Sta Hi Cord Lo Cord
R SRS S R R RE R R R LR SRS R SRRt R R RS R R s SRR RasEREERRRRREERR SRS E RS
-38.9 4717.59 4695.59 194 4721.18 4709.18 345 4723.51 4711.51
Downstream Bridge Cross Section Data
Station Elevation Data num= 40
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
LA SRS SR SRS S SRR RsEs RS ARl Rttt ARt R sttt xR SRR R R RE S S S
0 4693.35 .27 4693.35 1.16 4693.36 33.05 4671.89 45.37 4663.65
45.38 4663.64 53.94 4657.91 90.94 4658.04 93.24 4658.08 94.25 4658.21
140.23 4662.92 140.94 4662.99 142.07 4663.04 143.02 4662.93 149.88 4663.02
151.83 4663.42 160.96 4664.63 204.88 4665.85 207.08 4665.91 218.05 4667.3
220.82 4667.67 236.53 4668.07 241.61 4668.15 245.06 4668.22 245.23 4668.25
246.99 4668.82 269.06 4675.28 278.5 4679.51 281.08 4679.64 283.59 4680.28
291.14 4683.41 294.19 4684.24 296.92 4685.15 305.06 4685.3 306.84 4686.17
309.06 4689.11 311.14 4689.91 311.76 4696.46 312.07 4703.68 312.94 4703.46
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
R EE R RS EEEREER SRS R R RS ES Rt R SRR RS SRRss Rt RS SRR R ER]
o} .014 53.94 .024 149.88 .05 305.06 .08
Bank Sta: Left Right Coeff Contr. Expan.
45.38 160.96 .1 .3
Upstream Embankment side slope = 0 horiz. to 1.0 vertical
Downstream Embankment side slope = 0 horiz. to 1.0 vertical
Maximum allowable submergence for weir flow = .95
Elevation at which weir flow begins =
Energy head used in spillway design =
Spillway height used in design =
Weir crest shape = Broad Crested
Number of Piers = 1
Pier Data
Pier Station Upstream= 185 Downstream= 194 .



BRIDGE OUTPUT Profile #100 YR

KK IR I KA KK I A IR IR AT Ak A A A I A A I A A AR A A A A AR A I AT A R I A A A A Ak Ak Ak kA Ak k kA Ak d ko khk kb hkhhhh ok kkkdkdkkkkx

* E.G. US. (ft) * 4674.39 * Element *Inside BR US *Inside BR DS *
* W.S. US. (ft) * 4672.15 * E.G. Elev (ft) * 4674.32 * 4674.01 *
* Q Total (cfs) * 20000.00 * W.S. Elev (ft) * 4671.82 * 4670.94 *
* O Bridge (cfs) * 20000.00 * Crit W.S. (ft) * 4669.73 * 4670.03 *
* Q Weir (cfs) * * Max Chl Dpth (ft) * 14.18 * 13.03 ~*
* Weir Sta Lft (ft) * * Vel Total (ft/s) * 10.99 ~* 12.02 =*
* Weir Sta Rgt (ft) * * Flow Area (sq ft) * 1819.90 ~* 1663.62 *
* Weir Submerg * * Froude # Chl * 0.69 ~* 0.79 ~*
* Weir Max Depth (ft) * * Specif Force (cu ft) * 16938.93 * 16522.87 *
* Min El Weir Flow (ft) * 4718.35 * Hydr Depth (ft) * 8.46 * 7.70 *
* Min El1 Prs (ft) * 4710.83 * W.P. Total (ft) * 234.40 * 231.59 =
* Delta EG (ft) * 0.48 * Conv. Total (cfs) * 444950.4 ~* 407002.8 *
* Delta WS (ft) * 1.10 * Top Width (ft) * 215,22 * 215.93 *
* BR Open Area (sq ft) * 11029.16 * Frctn Loss (ft) * 0.25 =+ 0.04 *
* BR Open Vel (ft/s) * 12.02 * C & E Loss (ft) * 0.06 * 0.06 *
* Coef of Q * * Shear Total (lb/sqg ft) * 0.98 = 1.08 =*
* Br Sel Method *Energy only * Power Total (lb/ft s) * 10.76 * 13.02 =
KR I IR K AT A A KA I A KR A AR AR I T IR A AR I A AL A A A AT I AR I I A A A AT AR RAKRKRRAA A A AT A AT I A XA AT AR Kk kkhkkhhkdhkodkkkx

The velocity head has changed by more than 0.5 ft (0.15

additional cross sections.

Warning:

Note:
Note:

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 1252.860

INPUT

m) .

Description: Existing Bridge - US Section / Proposed Bridge - DS Section
Station Elevation Data num= 40
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
e R SRS SRR R R RS R RSS2SRt RRRRRR SRS R R RS RS SR L]
0 4693.35 .27 4693.35 1.16 4693.36 33.05 4671.89 45.37 4663.65
45.38 4663.64 53.94 4657.91 90.94 4658.04 93.24 4658.08 94.25 4658.21
140.23 4662.92 140.94 4662.99 142.07 4663.04 143.02 4662.93 149.88 4663.02
151.83 4663.42 160.96 4664.63 204.88 4665.85 207.08 4665.91 218.05 4667.3
220.82 4667.67 236.53 4668.07 241.61 4668.15 245.06 4668.22 245.23 4668.25
246.99 4668.82 269.06 4675.28 278.5 4679.51 281.08 4679.64 283.59 4680.28
291.14 4683.41 294.19 4684.24 296.92 4685.15 305.06 4685.3 306.84 4686.17
309.06 4689.11 311.14 4689.91 311.76 4696.46 312.07 4703.68 312.94 4703.46
Manning's n Values num= 4
Sta n Vval Sta n Val Sta n vVal Sta n Val
khkhkhkhkkkhhkhkhkhhkhkkhhhkhkhkhhkdrhhkhbhkhrhrhdrrhdrhhdrrrkhbhkrhhhhhkrdhkhkhrkhbhhhdhkk
0 .014 53.94 .024 149.88 .05 305.06 .08
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
45.38 160.96 93.11 93.18 93.67 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

Manning's n values were composited to a single value in the main channel.
Manning's n values were composited to a single value in the main channel.

hhkIhk kA kA Ak Ak kA A Ak A A A A K I KA R A IR AR A A kA A A b A Ak A A A I AR R AR A AR A Ak kR A b bk dhkhkkhkbk kR Ak Ak hkhkkdhkhkhkhkhkFrhhkhkhkhhxx

* E.G. Elev (ft) * 4673.91 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 2.87 * Wt. n-Val. * 0.014 * 0.026 ~* 0.050 =
* W.S. Elev (ft) * 4671.05 * Reach Len. (ft) * 93.11 * 93.18 * 93.67 *
* Crit W.S. (ft) * 4669.99 * Flow Area (sq ft) * 40.97 * 1253.61 * 413.03 =*
* E.G. Slope (ft/ft) *0.002686 * Area (sq ft) * 40.97 * 1253.61 * 413.03 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 476.74 *17818.83 * 1704.43 *
* Top Width (ft) * 220.29 * Top Width (ft) * 11.07 * 115.58 ~* 93.64 ~*
* Vel Total (ft/s) * 11.71 * Avg. Vel. (ft/s) * 11.64 14.21 = 4,13 ~*
* Max Chl Dpth (ft) * 13.14 * Hydr. Depth (ft) * 3.70 10.85 * 4.41 ~*
* Conv. Total (cfs) *385882.3 * Conv. (cfs) * 9198.2 *343798.5 * 32885.6 *
* Length Wtd. (ft) * 93.23 * Wetted Per. (ft) * 13.32 * 117.70 * 94.19 *
* Min Ch E1 (ft) * 4657.91 * Shear (lb/sq ft) * 0.52 * 1.79 * 0.74 =
* Alpha * 1.35 * Stream Power (lb/ft s) * 6.00 ~* 25.39 * 3.03 =*
* Frctn Loss (ft) * 0.20 * Cum Volume {(acre-~ft) * 1.51 * 59.40 * 7.00 *
* C & E Loss (ft) * 0.09 * Cum SA (acres) * 0.33 ~* 4,81 * 1.71 *
khkhkhkkhhkhkhhkhhkhhkhhkhkhkhkrAhhhohkhkdhk b kb hkhhhkhhdh kA dkhk kb h kA hkhrhkhk kA hkhk kb kA kA kAR AR R IR R A AR Ak kAR AR AR TR RN T kK

Note:

Profile #100 YR

Manning's n values were composited to a single value in the main channel.

This may indicate the need for

Ihkhkhkhkhkh Ak kA hkhhdkhbhhdh kA Ak kA A krrhhkrhhhkhkhkhkhkhrhhkhkhhkrdh A hdhhhkhkhhhhdrkhkrrrhhhbhhdbhbhdrhrrhkrkrrhkhhkrhdrhkkhkkhhkhkkrkkkhkhkrhkrkkkkhdk

* * POs * Left Sta * Right Sta * Flow *
* * * (ft) * (ft) * (cfs) * (s
* 1 * LOB * 31.77 * 36.30 * 4.23 *
* 2 * LOB * 36.30 * 40.84 * 108.68 *
* 3 * LOB * 40.84 * 45,38 * 363.83 *

Area * W.P.
q ft) * (ft)
1.33 * 2.40
12.93 * 5.46
26.71 * 5.46

*

* * * %

Percent * Hydr
Conv *Depth (£ft)
0.02 * 0.67
0.54 * 2.85
1.82 = 5.89

* Velocity
* (ft/s)
* 3.19
* 8.40
* 13.62

J*

*
*
*
*



* 4 * Chan * 45.38 * 56.94 * 2391.38 * 127.29 * 13.30
* 5 * Chan * 56.94 * 68.50 * 2372.63 * 151.47 * 11.56
* 6 * Chan * 68.50 * 80.05 * 2360.42 * 151.00 * 11.56
* 7 * Chan * 80.05 * 91.61 * 2348.14 * 150.53 * 11.56
* 8 * Chan * 91.61 * 103.17 * 2188.76 * 144.59 * 11.61
* 9 * Chan * 103.17 * 114.73 * 1855.30 * 130.96 * 11.62
* 10 * Chan * 114.73 * 126.29 * 1543.56 * 117.28 * 11.62
* 11 * Chan * 126.29 * 137.84 * 1255.24 * 103.59 * 11.62
* 12 * Chan * 137.84 * 149.40 * 1063.94 * 93.69 * 11.58
* 13 * Chan * 149.40 * 160.96 * 439.43 * 83.21 * 11.68
* 14 * ROB * 160.96 * 176.16 * 457.59 * 94.31 * 15.20
* 15 * ROB * 176.16 * 191.36 * 406.89 * 87.89 * 15.20
* 16 * ROB * 191.36 * 206.55 * 358.60 * 81.48 * 15.20
* 17 * ROB * 206.55 * 221.75 * 241.36 * 64.43 * 15.31
* 18 * ROB * 221.75 * 236.95 * 148.55 * 48.01 * 15.20
* 19 * ROB * 236.95 * 252.15 * 90.83 * 36.03 * 15.51
* 20 * ROB * 252.15 * 267.35 * 0.62 * 0.88 * 2.55

RS E R R RS R Y S R e R R R R R RS RS RS RS s R R R R R R RS R R ERERE RS RR RS R S R S R SRR RSt s SRSt ER R R R R R EES S

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 1159.680
INPUT
Description: Existing Bridge - DS Section
Station Elevation Data num= 29
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

LR R RS S S S R R RS R R RS R R SRS R R R RS SSRS SRR S Rt R AR R RS SRRStEES st E R R SR RS R

0 4692.89 5.34 4693.28 6.29 4693.26 51.14 4663.22 51.73 4662.83
58.98 4657.98 59.62 4657.56 60.03 4657.56 120.53 4658.41 147.03 4661.83
151.49 4662.29 153.75 4663.56 156.7 4664.89 166.01 4664.84 202.27 4664.95
202.28 4664.95 223.71 4665.01 237.4 4667.58 246.28 4669.15 247.36 46695.15
258.88 4669.5 261.22 4670.37 263.61 4670.79 270.39 4673.06 282.41 4675.9
290.24 4677.79 305.92 4686.21 322.98 4697.64 327.21 4700.61
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
L EE SRR RS E SRR R AR SRR R s R AR RS RS RS SRs s R R R ER RS R LRSS
0 .014 59.62 .024 156.7 .04 258.88 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
51.14 156.7 102.01 99.43 70.76 .1 .3

CROSS SECTION QUTPUT Profile #100 YR

* % F A ok % o ok o X F * ¥ X F %

4

11.96 * 11.01
11.86 * 13.11
11.80 * 13.06
11.74 * 13.02
10.94 = 12.51
9.28 * 11.33
7.72 * 10.15
6.28 * 8.96
5.32 * 8.11
2.20 * 7.20
2.29 * 6.21
2.03 * 5.78
1.79 * 5.36
1.21 * 4.24
0.74 * 3.16
0.45 * 2.37
0.00 * 0.36

hhkhkkdhkhkhkhk kA h kA A I AKX AR A A h A Ak kb bk hkhhkrhkhkhhhkhhkhk kb hhd bk hhkhhkkhkhkdhhkbhkAkhkhkhkrrdrhhhdhrhhkhhdhdkhhkddhddkkh

* E.G. Elev (ft) * 4673.62 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 2.56 * Wt. n-vVal. * 0.014 ~* 0.023 * 0.040 *
* W.S. Elev (ft) * 4671.07 * Reach Len. (ft) * 102.01 ~* 99.43 =+ 70.76 *
* Crit W.S. (ft) * 4669.23 * Flow Area (sq ft) * 45,95 * 1256.28 * 527,32 *
* E.G. Slope (ft/ft) *0.001722 * Area (sq ft) * 45.95 * 1256.28 * 527.32 =*
* Q Total (cfs) *20000.00 * Flow (cfs) * 444,94 *17160.24 * 2394.82 *
* Top Width (ft) * 225.01 * Top Width (ft) * 11.71 * 105.56 * 107.73 *
* Vel Total (ft/s) * 10.93 * Avg. Vel. (ft/s) * 9.68 * 13.66 * 4,54 *
* Max Chl Dpth (ft) * 13.51 * Hydr. Depth (ft) * 3.92 ~* 11.90 ~* 4,89 *
* Conv. Total (cfs) *481925.4 * Conv. (cfs) * 10721.5 *413497.8 * 57706.1 *
* Length Wtd. (ft) * 96.36 * Wetted Per. (ft) * 14.10 * 108.14 * 108.35 ~*
* Min Ch E1 (ft) * 4657.56 * Shear (lb/sqg ft) * 0.35 * 1.25 * 0.52 ~*
* Alpha * 1.38 * Stream Power (lb/ft s) * 3.39 ~* 17.06 ~* 2.38 *
* Frctn Loss (ft) * 0.17 * Cum Volume (acre-ft) * 1.41 ~* 56.72 * 5.99 =*
* C & E Loss (ft) * 0.01 * Cum SA (acres) * 0.31 ~* 4,57 * 1.49 =
AEAXAKAKA KA I A h bk k kA kA I A A A A AT AT A A A A A A AR A AT AT A A A A AT I AR T I KKk hkddk vk dodedr ok deh ok dok ok ke ke de & &k ke ok o

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

18.

15.
15.
15.
14.
13.
12.

* % % % ok ok A o F A % F F * X *

Y
ON W Wb b U=

*

*
*
>*
*
*
*
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*
*
*
*
*
*
*
*
*
*

dhkhkhhkhkkhkhkdhhkhkdkkhhhkhhkhdhhhkhkhrhhkrhhkdhkdkhkhkhhkhhrhhhdhkhhkhkdhhkrhkhhrhhhrhkkhhdhhhhdkhhhhhhrhhhhdhhhdbhrhdhhbddrhhhdbdhhhhhrhrdrrrrhdrrrx

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 35.80 * 40.91 * 1.56 * 0.74 * 1.79
* 2 * LOB * 40.91 * 46.03 * 90.37 * 13.85 * 6.16
* 3 * LOB * 46.03 * 51.14 * 353.01 * 31.36 * 6.16
* 4 * Chan * 51.14 * 61.70 *  2073.46 * 118.56 * 12.27
* 5 * Chan * 61.70 * 72.25 * 2008.81 * 141.54 * 10.56
* 6 * Chan * 72.25 * 82.81 * 1971.94 * 139.97 * 10.56
* 7 * Chan * 82.81 * 93.36 * 1935.35 * 138.41 * 10.56
* 8 * Chan * 93.36 * 103.92 * 1898.97 * 136.84 * 10.56
* 9 * Chan * 103.92 * 114.48 * 1862.87 * 135.27 * 10.56
* 10 * Chan * 114.48 * 125.03 * 1796.43 * 132.54 * 10.59
* 11 * Chan * 125.03 * 135.59 * 1523.08 * 120.27 * 10.64

*

Percent * Hydr
Conv *Depth (ft)
0.01 * 0.50
0.45 * 2.71
1.77 * 6.13

10.37 * 11.23
10.04 * 13.41
9.86 * 13.26
9.68 * 13.11
9.49 * 12.96
9.31 * 12.81
8.98 * 12.56
7.62 * 11.39

* Velocity
* (ft/s)
2.11
6.53
11.26
17.49
14.19
14.
13.
13.
13.
13.
12.

* ok ok ok K % ok A * 4 F

* % % o R O Ok X % Ok F ¥ A



Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 1060.254
INPUT
Description:
Station Elevation Data num= 28
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
AR AR E R A R R S S R R R R R R R R R SRR RS AR SRR SRR R R R RSt Rttt RR SRR R SRS
0 4692.78 2.32 4693.11 3.41 4693.11 47.99 4663.21 56.65 4657.42
62.15 4657.58 63.42 4657.62 102.01 4658.73 156.62 4662.24 161.43 4662.87
162.5 4663.83 165.18 4664.74 172.88 4664.73 204.85 4664.55 212.84 4664.5
215.06 4664.82 258.13 4671.38 261.49 4671.62 263.35 4671.95 264.01 4671.99
274,28 4672.72 275.16 4672.9 280.95 4674.54 283.93 4674.96 291.71 4676.04
318.83 4695.09 325.04 4699.18 329.34 4699.87
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
Ak khkhkdhkhkhkhkhkhhhhkhkkhkhhkhh kb hkhkhk kA hkhk kA kAR AR T T A A A I kA kA kA kA khkhkhk kK
0 .014 56.65 .024 165.18 .04 274.28 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
47.99 165.18 247.27 239.33 200.98 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

LR AR R RS R R R R S R R R R R R S R R SR R AR A S R R RS E R AR SRS R R R R AR Rl RR R RS REER SRR SRR E SR RSN
* Right OB *

* E.G. Elev (ft) * 4673.45 * Element * Left OB * Channe
* Vel Head (ft) * 2.53 * Wt. n-val. * 0.014 ~* 0.023
* W.S. Elev (ft) * 4670.91 * Reach Len. (ft) *  247.27 * 239.33
* Crit W.S. (ft) * 4669.26 * Flow Area (sg ft) * 44,22 * 1309.43
* E.G. Slope (ft/ft) *0.001816 * Area (sqg ft) * 44.22 * 1309.43
* Q Total (cfs) *20000.00 * Flow (cfs) * 434.25 *17603.51
* Top Width (ft) * 218.55 * Top Width (ft) * 11.48 * 117.19
* Vel Total (ft/s) * 11.18 * Avg. Vel. (ft/s) * 9.82 * 13.44
* Max Chl Dpth (ft) * 13.49 * Hydr. Depth (ft) * 3.85 * 11.17
* Conv. Total (cfs) *469283.9 * Conv. (cfs) * 10189.3 *413052.3
* Length Wtd. (ft) * 236.67 * Wetted Per. (ft) * 13.83 * 119.64
* Min Ch El1 (ft) * 4657.42 * Shear (lb/sqg ft) * 0.36 * 1.24
* Alpha * 1.30 * Stream Power (lb/ft s) * 3.56 * 16.68
* Frctn Loss (ft) * 0.32 * Cum Volume (acre-ft) * 1.31 =+ 53.79
* C & E Loss (ft) * 0.28 * Cum SA (acres) * 0.28 * 4,32
LS RS AR R S R R R R R R R R R R E R R R RS e R e R R R R R R RS R R R R E R RS E R R R RS RS S SR RS S R REE R Rl SRR SRR SRR E st S
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Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

* 12 * Chan * 135.59 * 146.14 * 1231.83 * 105.89 * 10.64 * 6.16 * 10.03 * 11.63
* 13 * Chan * 146.14 * 156.70 * 857.54 * 86.98 * 11.21 * 4.29 * 8.24 * 9.86
* 14 * ROB * 156.70 * 173.75 * 520.79 * 105.84 * 17.05 * 2.60 * 6.21 * 4.92
* 15 * ROB * 173.75 * 190.80 * 516.53 * 105.32 * 17.05 * 2.58 * 6.18 * 4.90
* 16 * ROB * 190.80 * 207.85 * 509.35 * 104.43 * 17.05 * 2.55 * 6.12 * 4.88
* 17 * ROB * 207.85 * 224.90 * 501.19 * 103.48 * 17.07 * 2.51 * 6.07 * 4.84
* 18 * ROB * 224.90 * 241.96 * 272.64 * 72.26 * 17.34 * 1.36 * 4.24 * 3.77
* 19 * ROB * 241.96 * 259.01 * 71.57 * 32.26 * 17.13 * 0.36 * 1.89 * 2.22
* 20 * ROB * 259.01 * 276.06 * 2.74 * 3.73 * 5.66 * 0.01 * 0.69 * 0.74
Fh R I I KK AR KT KA IR A IR AT AT I AT A A A AT A A A A I I I A AT R A AT A AR A A I AR A A AT AR IR AR IR A A A A ARk Ak kA Ak Ak bk kA v Ak ko hkkkdkdkkdk kdkdkd

*
*
*
>
*
*
*
*
*
*

IR R R R R e e R RS S s R S R R R R R RS R e R R SR L RS S AR eSS RS EE R R S

Percent

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft)} * (ft)
* 1 * LOB * 33.59 * 38.39 * 3.02 * 1.19 * 2.27
* 2 * LOB * 38.39 * 43.19 * 95.86 * 13.79 * 5.78
* 3 * LOB * 43.19 * 47.99 * 335.36 * 29.24 * 5.78
* 4 * Chan * 47,99 * 59.71 *  2326.75 * 132.91 * 13.48
* 5 * Chan * 59.71 * 71.43 * 2232.87 * 155.06 * 11.72
* 6 * Chan * 71.43 * 83.15 * 2138.59 * 151.09 * 11.72
* 7 * Chan * 83.15 * 94.87 *  2046.27 * 147.15 * 11.72
* 8 * Chan * 94.87 * 106.59 * 1946.26 * 142.82 * 11.73
* 9 * Chan * 106.59 * 118.30 * 1768.52 * 134.90 * 11.74
* 10 * Chan * 118.30 * 130.02 * 1579.84 * 126.07 * 11.74
* 11 * Chan * 130.02 * 141.74 * 1399.84 * 117.25 * 11.74
* 12 * Chan * 141.74 * 153.46 * 1228.65 * 108.42 * 11.74
* 13 * Chan * 153.46 * 165.18 * 935.95 * 93.76 * 12.28
* 14 * ROB * 165.18 * 181.60 * 494.58 * 101.66 * 16.42
* 15 * ROB * 181.60 * 198.01 * 505.91 * 103.05 * 16.42
* 16 * ROB * 198.01 * 214.43 * 516.70 * 104.41 * 16.43
* 17 * ROB * 214.43 * 230.84 * 336.56 * 81.06 * 16.60

*

* ok ok ok ok ok R ok F R ok F o k F F % %

P RNRNNSOY] @

* Hydr
*Depth (ft)
0.63
2.87
6.09
11.34
13.23
12.89
12.56
12.19
11.51
10.

ok ok ok ok A ok ok K ok K R ok A 4 o *
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8
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* Velocity
* (ft/s)
2.53
6.95
11.47
17.51
14.
14.
13.
13.
13.
12.
11.
11.
9.

LI R B I I I I .

4
4
4.
4

* % ok k3 % ok ok oF ok ok ¥ % b % b % ¥ %



40.02 *
4,63 *

16.61
7.89

103.79 *
4.69 *

* 230.84
* 247.26

* 247.26 *
* 263.68 *

* 18
* 19

* ROB
* ROB

*

*

0.52 *
0.02 *

2.44
0.59

* 2.59 *

*

1.01

*

KA A Ak kA kA A AR TR KA A A AR AT A AR A AR R AR AR A AR A AR AR I AR AN A AR AR KRR I RKRA R A AT Ak Ak Ak kb hkhkhkh bk khkk kA hhk kA Ak hrrkhhkrhkhkhkhkhkhhhkrhhkhhkkhx

Warning: The velocity head has changed by more than 0.5 ft (0.15 m).
additional cross sections.
Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 820.9197
INPUT
Description:
Station Elevation Data num= 35
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
KA A I KA KR TR A AR A KA A KA A AR IR AR A A AR A kA Ak kA kb k Ak A kAR AR AR R A A AR KA RRA R ARk khkhkhkhkkkhhxdkkk
0 4692.54 2.74 4692.62 3.44 4692.6 3.81 4692.61 29.72 4674.94
46.73 4663.47 48.27 4662.44 55.13 4657.89 94.15 4659.02 117.26 4659.01
124.86 4659.08 190.61 4662.25 194.39 4662.3 198.9 4662.63 200.31 4662.97
207.17 4664.05 222.67 4664.27 223.04 4664.28 230.74 4664.4 231.42 4664.55
244.87 4667.61 249.88 4668.68 256.01 4669.45 272.75 4670.91 282.17 4671.21
286.64 4671.57 303.85 4674.42 323.64 4678.64 337.57 4682 352.3 4688.28
374.53 4696.35 386.92 4697.31 390.81 4697.57 391.73 4697.64 396.68 4699.61
Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
Ak I kI hkhkhkrhkhkhkkrhkhhrhkrhkrrhrhkhkhrhkhkrhrhhrrhrhkhhrhhhkhhhkdhkkhdkdohddkddhiihr
0 .014 55.13 .023 198.9 .035 337.57 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
46.73 207.17 186.08 184.1 189.52 .1 .3

CROSS SECTION OUTPUT Profile #100 ¥R

This may indicate the need for

AR RS S SRR RS R SRR R R E sl RS R RS sRs RS AR SRR RS ARRRRRRRR sttt it sl SRR SRR SRR ESES

* E.G. Elev (ft) * 4672.84 * Element * Left OB *

* Vel Head (ft) * 1.59 * Wt. n-Val. * 0.014 * 0.023
* W.S. Elev (ft) * 4671.25 * Reach Len. (ft) * 186.08 * 184.10
* Crit W.S. (ft) * 4667.87 * Flow Area (sq ft) * 44.85 * 1797.71
* E.G. Slope (ft/ft) *0.001067 * Area (sq ft) * 44.85 * 1797.71
* Q Total (cfs) *20000.00 * Flow (cfs) * 339,38 *18688.64
* Top Width (ft) * 247.44 * Top Width (ft) * 11.53 * 160.44
* Vel Total (ft/s) * 9.39 * Avg. Vel. (ft/s) * 7.57 * 10.40
* Max Chl Dpth (ft) * 13.36 * Hydr. Depth (ft) * 3.89 = 11.20
* Conv. Total (cfs) *612272.3 * Conv. (cfs) * 10389.6 *572126.9
* Length Wtd. (ft) * 184.28 * Wetted Per. (ft) * 13.91 * 162.35
* Min Ch El1 (ft) * 4657.89 * Shear (lb/sqg ft) * 0.21 ~* 0.74
* Alpha * 1.16 * Stream Power {(lb/ft s) * 1.63 * 7.67
* Frctn Loss (ft) * 0.18 * Cum Volume (acre-ft) * 1.05 ~* 45.25
* C & E Loss (ft) * 0.08 * Cum SA (acres) * 0.22 * 3.56
LR S ZZ RS RS R RS SRR AR R R R SRR AR SRR R R R R R E R RS TS E S SR R R R R R RS R RREERRSRRRRERS RS R R AR R R R R RS RS RS R RSN E N

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

* ok ok ok R ok ok F ¥ F ¥ A F
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Khh kA I r Ak khr kAR Ak Ak kA kA hk kA bk bk hkhk kA hkhhkhkhkk ko Ak Ak Ak k kR Ak kA kA ko hk ok hh kA kA A d ok hkhkkhkhkhkdrhkhhkhkrhkhhhkhhrhhhkhkhkhkhhkhrhhhkhkkhhkhkrhkrd

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

* * Pos * Left Sta * Right Sta * Flow * Area * W.P. * Percent * Hydr * Velocity
* * * (ft) * (ft) * (cfs) * (sqg ft) * (ft) * Conv *Depth(ft) * (ft/s)
* 1 * LOB * 32.71 * 37.38 * 3.46 * 1.61 * 2.64 * 0.02 * 0.74 * 2.15
* 2 * LOB * 37.38 * 42.06 * 78.82 * 14.26 * 5.64 * 0.39 * 3.05 * 5.53
* 3 * LOB * 42.06 * 46.73 * 257.11 * 28.98 * 5.64 * 1.29 * 6.20 * 8.87
* 4 * Chan * 46.73 * 62.717 *  2417.24 * 190.06 * 17.73 * 12.09 * 11.85 * 12.72
* 5 * Chan * 62.77 * 78.82 * 2315.27 * 207.03 * 16.05 * 11.58 * 12.90 * 11.18
* 6 * Chan * 78.82 * 94.86 * 2178.16 * 199.58 * 16.05 * 10.89 * 12.44 * 10.91
* 7 * Chan * 94,86 * 110.91 * 0 2118.31 * 196.24 * 16.04 * 10.59 * 12.23 * 10.79
* 8 * Chan * 110.91 * 126.95 * 2110.40 * 195.81 * 16.05 * 10.55 =* 12.20 * 10.78
* 9 * Chan * 126.95 * 142.99 * 1960.01 * 187.39 * 16.06 * 9.80 * 11.68 * 10.46
* 10 * Chan * 142.99 * 159.04 * 1748.44 * 174.98 * 16.06 * 8.74 * 10.91 * 9.99
* 11 * Chan * 159.04 * 175.08 * 1546.71 * 162.57 * 16.06 * 7.73 * 10.13 * 9.51
* 12 * Chan * 175.08 * 191.13 * 1355.09 * 150.17 * 16.06 * 6.78 * 9.36 * 9.02
* 13 * Chan * 191.13 * 207.17 * 939.00 * 133.88 * 16.18 * 4,70 * 8.34 * 7.01
* 14 * ROB * 207.17 * 226.12 * 534.90 * 133.83 * 18.95 * 2.67 * 7.06 * 4.00
* 15 * ROB * 226.12 * 245.07 * 361.71 * 106.64 * 19.32 = 1.81 * 5.63 * 3.39
* 16 * ROB * 245.07 * 264.02 * 70.40 * 39.79 * 19.14 * 0.35 * 2.10 * 1.77
* 17 * ROB * 264.02 * 282.97 * 4.98 * 8.04 * 18.65 * 0.02 * 0.43 * 0.62
LRSS R S S S R R SRR R R E R RS SRS SRR R RS E E R S RN S RS RS A R R R R R R S RS S S S S S SR R R R SR RS RS RElS RS R RS R RS SsERRSSRERR R RS S ST
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RIVER: Arkansas River

REACH: 4th Street RS: 636.8161
INPUT
Description:
Station Elevation Data num= 31
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
ER RS S S SRR R RS SRR SRR SRS R R R R Sl e R Rt AR SRS R RS R RS SRR RS RS R R R R SRR R
0 4692.55 .18 4692.57 .65 4692.56 1.31 4692.54 32.79 4671.69

40.09 4666.69 43.75 4664.32 50.92 4659.51 101.88 4659.63 116.3 4659.48
158.04 4660.42 163.58 4660.63 188.38 4660.03 193.28 4660.01 227.22 4662.57
229.43 4662.79 229.84 4662.83 230.9 4663.68 236.1 4666.71 238.42 4666.93
288.14 4671.59 289.55 4671.69 301.53 4672.81 306.92 4673.27 334.96 4676.1
359.28 4681.13 363.18 4682.2 377.08 4683.67 380.33 4683.95 406.5 4694.07
420.65 4699.69

Manning's n Values nums= 4
Sta n Val Sta n Val Sta n Val Sta n Val
KA A KA AT A KA I A KA R KA A KA KA A I A AR AR AR ART AR IIARRAKN AR ARAR AKX AR ARk ko kkkk
0 .014 50.92 .023 229.43 .035 380.33 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
40.09 236.1 172.75 186.53 169.25 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

Fhkkhhhkhkhkhkdkkhhkdkhhkhhokkhddkdkd ok ko dkdh kg dodk ok kv sk d ok d d dok Kook ek gk dkeodk ek ko e ok ke ke ok kW ke ke ok ke e ke e ke ke ok Kk ke vk ke ke ke ke ke

* E.G. Elev (ft) * 4672.58 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.33 * Wt. n-vVal. * 0.014 ~* 0.023 ~* 0.035 =*
* W.S. Elev (ft) * 4671.25 * Reach Len. (ft) * 172.75 * 186.53 * 169.25 *
* Crit W.S. (ft) * 4667.35 * Flow Area (sq ft) * 15.16 * 2108.69 * 109.72 *
* E.G. Slope (ft/ft) *0.000900 * Area (sq ft) * 15.16 * 2108.69 * 109.72 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 73.54 *19686.01 * 240.45 ~*
* Top Width (ft) * 251.05 * Top Width (ft) * 6.65 * 196.01 ~* 48.39 *
* Vel Total (ft/s) * 8.95 * Avg. Vel. (ft/s) * 4,85 * 9.34 ~* 2.19 *
* Max Chl Dpth (ft) * 11.77 * Hydr. Depth (ft) * 2.28 * 10.76 * 2.27 *
* Conv. Total {cfs) *666748.5 * Conv. (cfs) * 2451.6 *656280.8 * 8016.1 ~*
* Length Wtd. (ft) * 186.22 * Wetted Per. (ft) * 8.07 * 199.42 ~* 48.60 *
* Min Ch E1 (ft) * 4659.48 * Shear (lb/sq ft) * 0.11 = 0.59 = 0.13 =
* Alpha * 1.07 * Stream Power (lb/ft s) * 0.51 = 5.55 * 0.28 =
* Frctn Loss (ft) * 0.13 * Cum Volume (acre-ft) * 0.93 * 37.00 * 2.68 *
* C & E Loss (ft) * 0.08 * Cum SA (acres) * 0.18 * 2.80 ~* 0.68 *
(2SS SRS S ER R AR AR SR SR s RER SRRl R R R R R eSS E R E R E SRR E R R R EREEE S SR

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

A S E R R R AL S S S SRR S SRR RS SRRl st iRttt R RRRRRRRERRRRRaRERtst SRt st RRERR SRSt s s RS AR E R RS S S ]

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 450.2781
INPUT
Description:
Station Elevation Data num= 40
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
TRKEK IR KA AR I A AAKR AT A AR I A A AT I I A AR AR R A AT A hkhdh ko khoh dodhddh k F ok ok kk ok kdddhokd otk dedkk
0 4692.35 .99 4692.34 1.56 4692.25 2.18 4692.25 42.36 4665.93

44.9 4664.26 45.65 4663.71 50.53 4660.09 54.28 4657.65 54.35 4657.45
99.47 4658.52 100.1 4658.59 106.23 4660.5 118.91 4661.31 121.51 4661.27

* * Pos * Left Sta * Right Sta * Flow * Area * W.P. * Percent * Hydr * Velocity
* * * (ft) * (ft) * {cfs) * (sqg ft) * (ft) * Conv *Depth(ft) * (ft/s)
* 1 * LOB * 32.07 * 36.08 * 5.52 * 2.40 * 3.21 * 0.03 * 0.91 * 2.30
* 2 * LOB * 36.08 * 40.09 * 68.01 * 12.77 * 4.86 * 0.34 * 3.18 * 5.33
* 3 * Chan * 40.09 * 59.69 * 1973.22 * 190.80 * 21.77 * 9.87 * 9.73 * 10.34
* 4 * Chan * 59.69 * 79.29 *  2223.91 ~* 229.22 * 19.60 * 11.12 * 11.69 * 9.70
* 5 * Chan * 79.29 * 98.89 * 2209.23 ~* 228.31 * 19.60 * 11.05 * 11.65 * 9.68
* 6 * Chan * 98.89 * 118.49 * 2221.68 * 229.08 * 19.60 * 11.11 * 11.69 * 9.70
* 7 * Chan * 118.49 * 138.10 * 2161.61 * 225.36 * 19.61 * 10.81 * 11.50 * 9.59
* 8 * Chan * 138.10 * 157.70 * 2025.07 * 216.71 * 19.61 * 10.13 * 11.06 * 9.34
* 9 * Chan * 157.70 * 177.30 * 1937.45 * 211.05 * 19.61 * 9.69 * 10.77 * 9.18
* 10 * Chan * 177.30 * 196.90 *  2044.92 * 218.02 * 19.61 * 10.22 * 11.12 * 9.38
* 11 * Chan * 196.90 * 216.50 * 1774.87 * 200.43 * 19.66 * 8.87 * 10.23 * 8.86
* 12 * Chan * 216.50 * 236.10 * 1114.05 * 159.71 * 20.76 * 5.57 * 8.15 * 6.98
* 13 * ROB * 236.10 * 254.56 * 175.38 * 67.73 * 18.54 * 0.88 * 3.67 * 2.59
* 14 * ROB * 254.56 * 273.01 * 60.63 * 35.81 * 18.54 * 0.30 * 1.94 ~* 1.69
* 15 * ROB * 273.01 * 291.47 * 4.44 * 6.17 * 11.53 * 0.02 * 0.54 * 0.72
kA A A A K AR A KA A AT R A AR A A AR A A A I AT A AT A AR A A A I A A kA A A A kR A Ak ko hk ko hk kA kA kA Ak kA kA ARk AR A I A A Ak Ak kA hkhkkkhk ko kkhkhdkhkkhhkhdxhkdkk
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154.61 4660.86 155.51 4660.89 190.24 4659.3%9 190.78 4659.43 223.31 4657.95
224.53 4657.9 225.27 4658.09 242.34 4662.9 248.8 4664.6 248.85 4664.61
253.21 4665.75 264.03 4668.34 264.82 4668.41 297.46 4671.37 312.42 4672.83
335.65 4674.69 343.05 4675.26 346.08 4675.44 359.28 4676.44 414.74 4691.74
418.88 4692.76 421.91 4693.77 423.26 4693.9 433.38 4694.89 444.84 4699.64

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
LA R R EEE RS SRR REE RS RRRSER RSS2SR Rt R RSt RRR SRR EERE SR
0 .014 54.28 021 242.34 .035 359.28 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
45.65 248.8 49.75 53.37 54.23 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

A A AR KA AR A A AR A A A A R A A A A A A A A I AT AR KRR I AR I A AR IR A I A Ak AT kAR Ak khkk kR *drh ke dkk gk ok dok sk kokodkhkh ok ko odkdhdk

* E.G. Elev (ft) * 4672.37 * Element * Left OB * Channel * Right OB
* Vel Head (ft) * 1.06 * Wt. n-val. * 0.014 * 0.021 ~* 0.035
* W.S. Elev (ft) * 4671.31 * Reach Len. (ft) * 49,75 * 53.37 * 54.23
* Crit W.S. (ft) * 4666.46 * Flow Area (sq ft) * 43.39 * 2346.,22 * 121.97
* E.G. Slope (ft/ft) *0.000553 * Area (sg ft) * 43.39 * 2346.22 * 121.97
* Q Total (cfs) *20000.00 * Flow (cfs) * 232.47 *19542.71 * 224.81
* Top Width (ft) * 262.67 * Top Width (ft) * 11.51 * 203.15 * 48.01
* Vel Total (ft/s) * 7.96 * Avg. Vel. (ft/s) * 5.36 * 8.33 * 1.84
* Max Chl Dpth (ft) * 13.86 * Hydr. Depth (ft) * 3.77  * 11.55 * 2.54
* Conv., Total (cfs) *850686.6 * Conv. (cfs) * 9888.1 *831236.2 * 9562.3
* Length Wtd. (ft) * 53.29 * Wetted Per. (ft) * 13.79 * 206.53 * 48.60
* Min Ch E1 (ft) * 4657.45 * Shear (lb/sq ft) * 0.11 ~* 0.39 = 0.09
* Alpha * 1.07 * Stream Power (lb/ft s) * 0.58 ~* 3.27 * 0.16
* Frctn Loss (ft) * 0.05 * Cum Volume (acre-ft) * 0.81 * 27.46 * 2.23
* C & E Loss (ft) * 0.03 * Cum SA (acres) * 0.14 ~* 1.95 * 0.49
IS S E AR AR RS R R R R R R R R R R R R R R R R RS R R R R R R R AR R R R AR R R R R R RS RS RRRRR RS R Rt S st sEERSRER RS

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance)
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

is less than
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*
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*
*
*
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*
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LSRR SR AR R RS R EE SRS RS2 R ARt Rl RS sRRR st RR AR Rttt ittt sl RSt Et SRR SRR SRt RRs RSl SR EEREREEEERS]

* Velocity
(ft/s)

*

Ok ok ok A F F b ok 3k ok F * * ¥

*

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance)
0.7 or greater than 1.4. This may indicate the need for additional cross sections.

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 396.8996
INPUT
Description:
Station Elevation Data num= 63
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
khkhkhkhkhkkhkkhkhhhkhhkhhkhkhkhkhkhhhhkhhhkhkhkhhhkhhhhhkhkhkkhhkkhhkhhkhkkhkhhhhkhkhkhkhkhhkhhkhkhkhkhkhkhkhAhkhkhkhkkhhkk
0 4692.47 .61 4692.48 .75 4692.49 1.34 469%2.21 41.85 4665.48

43.43 4664.16 43.71 4664.15 43.94 4664.14 49.95 4663.93 55.51 4663.93
58.58 4662.04 71.24 4657.54 79.45 4658.18 99.71 4658.73 .110.7 4659.22
119.85 4659.73 125.03 4661.71 126.49 4662.13 130.3 4662.1 156.86 4662.17
171.4 4660.08 177.22 4659.83 205.39 4662.17 206.37 4662.41 214.44 4662.05
242.48 4664.99 243.36 4665.16 244.24 4665.37 257.49 4665.91 268.3 4666.36
282.93 4667.24 283.39 4667.28 283.9 4667.33 284.44 4667.38 285.01 4667.43
285.6 4667.49 286.21 4667.54 286.82 4667.6 287.42 4667.65 288 4667.71
288.56 4667.76 289.08 4667.82 289.55 4667.87 289.97 4667.93 297.08 4668.5

Percent

0.
0.

is less than

01

*

Hydr

*Depth (ft)

e

*

0.78
3.05
6.05
12.45
13.34
12.55
10.26
10.23
10.57
11.38
12.22
13.01
9.47
4.35
1.69
0.40

*

* % ok ok % o b R Ak o % F % % F

*

O HNGOOOWOW-I~I~]0WWOo &

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 31.96 * 36.52 * 2.97 * 1.85 * 2.84
* 2 * LOB * 36.52 * 41.09 * 55.77 * 13.93 * 5.46
* 3 * LOB * 41.09 * 45.65 * 173.73 * 27.61 * 5.49
* 4 * Chan * 45.65 * 65.97 *  2426.24 * 252,95 * 22.38
* 5 * Chan * 65.97 * 86.28 *  2462.43 * 271.10 * 20.32
* 6 * Chan * 86.28 * 106.60 *  2200.77 * 254.89 * 20.61
* 7 * Chan * 106.60 * 126.91 * 1588.31 * 208.47 * 20.34
* 8 * Chan * 126.91 * 147.23 * 1582.45 * 207.91 * 20.32
* 9 * Chan * 147.23 * 167.54 * 1669.37 * 214.74 * 20.33
* 10 * Chan * 167.54 * 187.86 * 1887.38 * 231.18 * 20.33
* 11 * Chan * 187.86 * 208.17 * 2124.90 * 248,23 * 20.34
* 12 * Chan * 208.17 * 228.49 * 2348.17 * 264.31 * 20.48
* 13 * Chan * 228.49 * 248.80 * 0 1252.71 * 192.44 * 21.07
* 14 * ROB * 248.80 * 268.40 * 184.70 * 85.37 * 20.08
* 15 * ROB * 268.40 * 288.01 * 38.53 * 33.08 * 19.68
* 16 * ROB * 288.01 * 307.61 * 1.57 * 3.52 * 8.84
khkhkhkhkhhhhkhdkhkhkdhhhkk kA hhkhhkhhrrh ko kdhhhrkrhkhkkdhhhkhkrhkhhkrkhkhkdhhkhkhhhkhkhhhhkrhhdbhkdhhhhdrrhhhhbhhkrhhhkrhhobhkhkhdkhrhdrhkdhhbdbdhddhhkdd
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297.79 4668.58 310.45 4669.43 311.36 4669.51 314.17 4669.78 315.07 4669.87
316.17 4669.9 317.17 4669.94 331.1 4671.11 335.25 4671.34 339.29 4672.11

348.12 4674.59 354.24 4675.06 361.1 4675.28 399.16 4687 414.4 4691.23
421.2 4691.27 425.99 4691.44 445.25 4699.59

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
g e de Fe ek Kk de d Kk ok kK sk ko ok kR %k Kk e ke ke gk Kk Y ok e ke k% e e ek gk Sk %k %k Jr % e o R o ek ok ok e e ok ke e ke ok
0 .014 43.43 .027 214.44 .035 361.1 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
55.51 244.24 1.92 2.06 2.68 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

dr kKA A AT AT I AR AR KRR KRR A AR AR IR KRR R AR I I ATRARKRARNKAKARKRAKR AR A AR Ak bk rhd kR kAR A hhkhkhkhh kA hkrh bk hdhkhhkdhkhhrkk

* E.G. Elev (ft) * 4672.29 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.37 * Wt. n-Val. * 0.023 ~* 0.028 * 0.035 =*
* W.S. Elev (ft) * 4670.92 * Reach Len. (ft) * 1.92 * 2.06 * 2.68 *
* Crit W.S. (ft) * 4668.04 * Flow Area (sqg ft) * 115.71 * 1875.37 * 264.30 *
* E.G. Slope (ft/ft) *(0.001516 * Area (sq ft) * 115.71 * 1875.37 * 264.30 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 907.15 *18160.49 * 932,37 *
* Top Width (ft) * 295,21 * Top Width (ft) * 21.90 * 188.73 * 84.58 *
* Vel Total (ft/s) * 8.87 * Avg. Vel. (ft/s) * 7.84 * 9.68 * 3.53 *
* Max Chl Dpth (ft) * 13.38 * Hydr. Depth (ft) * 5.28 * 9.94 ~* 3.12 *
* Conv. Total (cfs) *513656.3 * Conv. (cfs) * 23298.1 *466412.4 * 23945.8 *
* Length Wtd. (ft) * 2.08 * Wetted Per. (ft) * 24.02 * 191.01 * 84.78 *
* Min Ch El1 (ft) * 4657.54 * Shear (lb/sg ft) * 0.46 * 0.93 ~* 0.30 =
* Alpha * 1.13 * Stream Power (lb/ft s) * 3.57 * 9.00 ~* 1.04 ~*
* Frctn Loss (ft) * 0.00 * Cum Volume (acre-ft} * 0.72 * 24.87 ~* 1.99 *
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.12 * 1.71 * 0.41 *
kAR Ik IR AT I AR A I AT AT I A I A AT I I IARK AR I AT I A A A AT I T AR IR A I AT I AR A AR AT F A ATk hddkhddhkdk

Profile #100 YR

Ik ok ok ok kKA A A A AR AL I A A A AR KA AR AR AR AR A AR R A IR IR AITRRRA A AR A kAT A kA Ak ko bk hkk ko Ak ko kA hkhkhkkhkdkhhhhhhhhhhdhhhhhdohrhhdhhhdrh
Velocity
(ft/s)

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sqg ft) * (ft)
* 1 * LOB * 33.31 * 38.86 * 46.28 * 9.09 * 6.29
* 2 * LOB * 38.86 * 44,41 * 281.98 * 29.58 * 6.62
* 3 * LOB * 44,41 * 49,96 * 286.01 * 38.25 * 5.55
* 4 * LOB * 49,96 * 55.51 * 292.86 * 38.79 * 5.55
* 5 * Chan * 55,51 * 74.38 * 2073.95 * 206.90 * 20.19
* 6 * Chan * 74.38 * 93.26 * 2753.75 * 238.82 * 18.89
* 7 * Chan * 93.26 * 112.13 * 2533.45 * 227.14 * 18.89
* 8 * Chan * 112.13 * 131.00 * 1915.08 * 193.73 * 19.31
* 9 * Chan * 131.00 * 149.88 * 1501.82 * 165.92 * 18.87
* 10 * Chan * 149.88 * 168.75 * 1639.30 * 175.32 * 19.00
* 11 * Chan * 168.75 * 187.62 * 2094.72 * 202.87 * 18.94
* 12 * Chan * 187.62 * 206.49 * 1684.21 * 178.07 * 18.96
* 13 * Chan * 206.49 * 225.37 * 1226.55 * 159.70 * 18.94
* 14 * Chan * 225.37 * 244.24 * 737.68 * 126.91 * 19.01
* 15 * ROB * 244.24 * 264.34 * 439.18 * 103.26 * 20.12
* 16 * ROB * 264.34 * 284.44 * 311.56 * 84.07 * 20.14
* 17 * ROB * 284.44 * 304.54 * 145.56 * 53.29 * 20.17
* 18 * ROB * 304.54 * 324.64 * 35.72 * 22.94 * 20.16
* 19 * ROB * 324.64 * 344.75 * 0.33 * 0.73 * 4.19
Thkkh kR kA h ko k kAR AR AR A KRR A A AR I RR A AR I AR IR IR A kb ko kR Ak k kb khkkhkhhk ko dhk ko kdkkkkkkdk ko k Kk ok Kk ok kkkkokkkkdkdddk ik

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 387.2300
INPUT
Description: HARP DIVERSION - US Section
Station Elevation Data num= 77
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
P R R R R R R R R R R R R R R R R R R R R ST SRR EEE R RS R R RS S S SRRt A LSRR
0 4692.33 .82 4692.39 1.36 4692.4 1.82 4692.42 2.21 4692.24

44.38 4664.12 44.93 4664.1 44.95 4664.1 47.16 4664.02 47.37 4664.01

66.09 4664.04 72.2 4660.23 75.44 4658.34 78.66 4658.03 100.18 4658.62
103.25 4658.75 120.36 4659.71 121.86 4660.28 129.67 4662.51 149.64 4662.38
158.58 4662.4 175.78 4659.93 176.25 4659.91 209.25 4662.65 210.39 4662.93
214.04 4662.76 228.86 4664.31 236.12 4663.99 237.41 4665.07 249.12 4665
261.28 4665.38 262.74 4665.43 281.25 4666.17 287.09 4666.56 287.3 4666.62
287.59 4666.68 287.98 4666.75 289.1 4666.93 289.87 4667.03 290.58 4667.12
291.27 4666.97 293.14 4666.57 294.11 4666.36 294.71 4666.24 295.14 4666.17
295.46 4666.11 295.71 4666.08 295.92 4666.05 296.11 4666.03 296.27 4666.02
296.72 4666.02 296.87 4666.03 297.02 4666.04 297.24 4666.09 297.49 4666.15
297.79 4666.23 298.21 4666.36 298.82 4666.56 299.88 4666.95 302.24 4667.85
302.32 4667.86 304.71 4668.14 306.68 4668.39 308.3 4668.6 309.59 4668.78
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310.62 4668.93 331.56 4670.69 333.21 4670.78 345.33 4673.11 350.13 4674.46
353.45 4674.71 362.67 4675.01 411.57 4690.09 413.44 4690.64 413.75 4690.68
426.46 4691.12 446.41 4699.58

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
hk kKKK I IR AR I I KRR KA AR T I AR R KK bk hkkkhk ko hhhrhkhhkkhkdkkhhkhhdhhhhhxxk
0 .014 44.38 .027 237.41 .035 362.67 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
66.09 237.41 1.93 2.14 2.35 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

AR kAR I I AT IAKRAKRKR AR KRR IA I AR I kI AT rA I Ak ko ko kA Ak Ak Ak kh kA xkhkhkkhkkhkhdkhhhkhdhkhhddhhhharhdhhhdkrkk

* E.G. Elev (ft) * 4672.27 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 1.49 * Wt. n-Val. * 0.024 ~* 0.027 = 0.035 =+
* W.S. Elev (ft) * 4670.77 * Reach Len. (ft) * 1.93 ~* 2.14 * 2.35 =
* Crit W.S. (ft) * 4668.47 * Flow Area (sqg ft) * 179.52 * 1648.50 * 362.61 *
* E.G. Slope (ft/ft) *0.001745 * Area (sg ft) * 179.52 * 1648.50 * 362.61 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 1490.17 *16953.53 * 1556.31 *
* Top Width (ft) * 298.65 * Top Width (ft) * 31.68 * 171.32 * 95.65 *
* Vel Total (ft/s) * 9.13 * Avg. Vel. (ft/s) * 8.30 * 10.28 * 4,29 *
* Max Chl Dpth (ft) * 12.74 * Hydr. Depth (ft) * 5.67 * 9.62 * 3.79 *
* Conv. Total (cfs) *478835.5 * Conv. (cfs) * 35677.2 *405897.5 * 37260.7 *
* Length Wtd. (ft) * 2.14 * Wetted Per. (ft) * 33.70 * 174.20 * 96.30 *
* Min Ch El1 (ft) * 4658.03 * Shear (lb/sg ft) * 0.58 * 1.03 > 0.41 ~*
* Alpha * 1.15 * Stream Power (lb/ft s) * 4,82 * 10.60 =* 1.76 *
* Frctn Loss (ft) * 0.00 * Cum Volume {(acre-ft) * 0.69 * 24.46 * 1.89 =
* C & E Loss (ft) * 0.01 * Cum SA (acres) * 0.12 * 1.7 * 0.38 ~*
***********************************************************************************************

Profile #100 YR

***’k***************************************************************************************************************
Velocity
(ft/s)

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft)
* 1 * LOB * 33.05 * 39.65 * 50.93 * 9.19 * 6.31
* 2 * LOB * 39.65 * 46.26 * 370.44 * 36.58 * 7.56
* 3 * LOB * 46.26 * 52.87 * 356.96 * 44.64 * 6.61
* 4 * LOB * 52.87 * 59.48 * 356.39 * 44,59 * 6.61
* 5 * LOB * 59.48 * 66.09 * 355.45 * 44,52 * 6.61
* 6 * Chan * 66.09 * 83.22 * 1982.74 * 188.36 * 18.75
* 7 * Chan * 83.22 * 100.35 * 2566.23 * 212.12 * 17.14
* 8 * Chan * 100.35 * 117.49 * 2333.42 * 200.44 * 17.16
* 9 * Chan * 117.49 * 134.62 * 1617.86 * 162.38 * 17.55
* 10 * Chan * 134.62 * 151.75 * 1330.81 * 143.03 * 17.13
* 11 * Chan * 151.75 * 168.88 * 1452.32 * 151.09 * 17.24
* 12 * Chan * 168.88 * 186.01 * 1918.56 * 178.56 * 17.24
* 13 * Chan * 186.01 * 203.15 * 1600.77 * 160.01 * 17.19
* 14 * Chan * 203.15 * 220.28 * 1235.64 * 137.09 * 17.22
* 15 * Chan * 220.28 * 237.41 * 915.17 * 115.43 * 17.58
* 16 * ROB * 237.41 * 258.31 * 590.70 * 118.90 * 20.90
* 17 * ROB * 258.31 * 279.21 * 491.78 * 106.54 * 20.92
* 18 * ROB * 279.21 * 300.11 * 365.87 * 89.75 * 21.23
* 19 * ROB * 300.11 * 321.01 * 102.73 * 41.82 * 21.16
* 20 * ROB * 321.01 * 341.91 * 5.23 * 5.60 * 12.09
************‘k******************************************************‘k**********************************************

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 376.5217
INPUT
Description: HARP DIVERSION - Crest Section
Station Elevation Data num= 43
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
****************************‘k***************************************************
0 4692.33 .84 4692.36 1.05 4692.26 38.98 4666.95 41,12 4665.53
43.61 4664.26 44 4663.59 44.01 4663.58 45.66 4662.65 76.64 4662.61

125.09 4662.4 129.65 4662.4 136.71 4662.17 172.15 4662.07 173.28 4662.56

177.5 4662.57 210.14 4662.53 224.75 4662.4 227.71 4662.38 230.57 4664.22
238.99 4664.76 255.82 4664.66 263.75 4664.91 263.76 4664.91 279.75 4665.4
282.51 4665.54 283.19 4665.58 285.51 4665.83 301.42 4667.47 302.57 4667.49
303.15 4667.51 303.87 4667.58 330.81 4670.33 339.05 4671.98 349.5 4673.98
350.75 4674.34 351.61 4674.4 362.9 4674.78 381.69 4680.57 413.51 4689.93
418.9 4690.6 425.78 4690.84 446.38 4699.59

Manning's n Values num= 4
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Sta n Val Sta n Val Sta n Val Sta n Val
LEEES SRR ST ES SRR R E eSS R R R R R AR R RS RSE Rl R R R R R Rt LSS
0 .014 76.64 .027 238.99 .035 362.9 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
43.61 230.57 5.43 5.57 6.31 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

Khdkhkhhk kA A A AR A Ak Ak Ak Ak Ak kA Ak Ak Ak kA A Ak kA h kA Ak kA ko hrkk Ak hkhkk kb khkhkhhkhkkhkhkhdkrhkhkdkrhhdrrhhhkhkhdhdk

* E.G. Elev (ft) * 4672.10 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 2.%0 * Wt. n-val. * 0.014 ~ 0.023 ~* 0.033 *
* W.S. Elev (ft) * 4669.20 * Reach Len. (ft) * 5.43 * 5.57 * 6.31 *
* Crit W.S. (ft) * 4669.20 * Flow Area (sq ft) * 20.84 * 1258.86 * 293.30 *
* E.G. Slope (ft/ft) *0.003983 * Area (sqg ft) * 20.84 * 1258.86 * 293,30 ~*
* Q Total (cfs) *20000.00 * Flow (cfs) * 237.03 *17921.30 * 1841.67 *
* Top Width (ft) * 284,12 * Top Width (ft) * 8.00 * 186.96 * 89.16 *
* Vel Total (ft/s) * 12.71 * Avg. Vel. (ft/s) * 11.38 * 14.24 ~* 6.28 ~*
* Max Chl Dpth (ft) * 7.13 * Hydr. Depth (ft) * 2.60 * 6.73 ~* 3.29 ~*
* Conv. Total (cfs) *316920.3 * Conv. (cfs) * 3756.0 *283981.1 * 29183.2 *
* Length Wtd. (ft) * 5.62 * Wetted Per. (ft) * 9.41 * 188.24 ~* 89.37 *
* Min Ch E1 (ft) * 4662.07 * Shear (lb/sq ft) * 0.55 * 1.66 * 0.82
* Alpha * 1.16 * Stream Power (lb/ft s) * 6.26 * 23.67 * 5.12 *
* Frctn Loss (ft) * 0.03 * Cum Volume (acre-ft) * 0.67 ~* 24,08 * 1.79 *
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.11 = 1.62 = 0.35 ~*
R R R R R R R R R R e R R R R R R R S RS A RS RS S RS R R R RS R RS R RS EEE S EEE

Warning:

The energy equation could not be balanced within the specified number of iterations.

The

program used critical depth for the water surface and continued on with the calculations.

Warning:
depth, the calculated water surface came back below critical depth.

is not a valid subcritical answer.

Profile #100 YR

During the standard step iterations, when the assumed water surface was set equal to critical
This indicates that there
The program defaulted to critical depth.

Fh AT AR TR A AR AN R A AT A AR AT A Ak kb kA h bk h bk bk kd kb kb hkhkhkhkdhkhhhkrhhdhhhkhdbddhkdrdbrhhkhhdhhkdhhhkhhhdbrrbhkkhrhbrhkhkrrhhhdhhd

* Velocity

* Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sq ft) * (£t)
* 1 * LOB * 34.89 * 39.25 * 26.01 * 4,42 * 4.37
* 2 * LOB * 39.25 * 43.61 * 211.03 * 16.42 * 5.04
* 3 * Chan * 43.61 * 62.31 * 2764.64 * 121.34 * 19.33
* 4 * Chan * 62,31 * 81.00 * 2568.67 * 123.09 * 18.70
* 5 * Chan * 81.00 * 99,70 * 1525.72 * 124.30 * 18.70
* 6 * Chan * 99.70 * 118.39 * 1556.85 * 125.81 * 18.70C
* 7 * Chan * 118.39 * 137.09 * 1600.17 * 127.91 * 18.70
* 8 * Chan * 137.09 * 155.79 * 1684.83 * 131.92 * 18.70
* 9 * Chan * 155,79 * 174.48 * 1681.14 * 132.03 * 18.80
* 10 * Chan * 174.48 * 193.18 * 1521.53 * 124.09 * 18.70
* 11 * Chan * 193.18 * 211.87 * 1530.21 * 124.52 * 18.70
* 12 * Chan * 211.87 * 230.57 * 1487.57 * 123.83 * 19.24
* 13 * ROB * 230.57 * 252.15 * 750.03 * 98.58 * 21.60
* 14 * ROB * 252.15 * 273.73 * 605.73 * 92.90 * 21.59
* 15 * ROB * 273.73 * 295.31 * 398.59 * 72.36 * 21.65
* 16 * ROB * 295,31 * 316.89 * 87.03 * 29.05 * 21.68
* 17 * ROB * 316.89 * 338.48 * 0.28 * 0.41 * 2.85
AR A R AR R E R RS R S RS R SRS R R AR RS R R R RS AR R R R R AR SR SRR RS RS R RR R R SR SR RSt RS SRSl SRRt REERRERR S SR RS E SRS

Warning:
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3.03
1.99
0.44
0.00

The energy equation could not be balanced within the specified number of iterations.
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The

program used critical depth for the water surface and continued on with the calculations.

Warning:
depth, the calculated water surface came back below critical depth.
is not a valid subcritical answer.

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 267.7897
INPUT
Description:
Station Elevation Data num= 46
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
R A S X S R R R R R E SR R R R R R R R E R R R S R RS S R R RS RS R S R E R RS RS R R R R RS E SRS SRS RS R SRR EE R EEEES]
0 4692.4 1.88 4692.3 2.07 4692.31 3.18 4692.3 46.18 4663.43
46.2 4663.42 52.42 4659.48 55.07 4657.63 58.15 4655.77 60.35 4654.18
62.35 4652.56 65.74 4652.6 70.88 4652.74 114.52 4652.06 117.89 4651.93
180.67 4652.54 188.31 4652.72 200.82 4652.97 241.63 4652.66 247.91 4652.53
294.05 4654.02 295.46 4654.06 297.39 4654.11 298.13 4654.39 298.69 4654.59
301.32 4655.9 303.96 4657.23 310.57 4660.68 316.51 4663.71 316.53 4663.72
317.15 4664.04 317.26 4664.05 330.47 4665.34 338.2 4665.48 338.35 4665.51
340.85 4665.46 379.86 4685.35 382.93 4686.34 386.58 4686.91 388.35 4687.18

During the standard step iterations, when the assumed water surface was set equal to critical
This indicates that there
The program defaulted to critical depth.

*

I R

*

(ft/s)
5.89
12.85
22.78
20.87
12.27
12.37
12.51
12.77
12.73
12.
12.29
12.01
7.61
6.52
5.51
3.00
0.68

26

*
*
*
*
*
*
*
*
*
*
*
*
*
*
3
*
*
*
*
*



388.76 4687.24 396.29 4687.34 396.77 4687.35 397.4 4687.4 412.05 4689.27
428.15 4699.52

Manning's n Values num= 4
Sta n val Sta n Val Sta n Val Sta n Val
KK I KKK KKK I IA IR A AATIR TR AARIAAANFIRAAAA KNI IAAF AR AR R AR IR AR xR Kk kK
0 .014 62.35 .024 297.39 .035 379.86 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
55.07 303.96 37.84 37.94 39.53 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

Kk kkhkhkhkhkkhkdkhhhkdkodhhkddk ok dhddokdoddrddodk ko d ok ddodkkdeh sk ook ok hk ks dk otk ke de ok ok kb ke gk kK ok ke ke ok ke sk ke ok ke ke ok ke e ok ko ke ke ok ok ok ok ok ok

* E.G. Elev (ft) * 4670.14 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 0.31 * Wt. n-vVal. * 0.014 * 0.024 ~* 0.035 =
* W.S. Elev (ft) * 4669.83 * Reach Len. {(ft) * 37.84 * 37.94 * 39.53 +*
* Crit W.S. (ft) * 4658.66 * Flow Area (sq ft) * 112.60 * 4234.10 * 253.84 *
* E.G. Slope (ft/ft) *0.000125 * Area (sq ft) * 112,60 * 4234.10 * 253,84 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 395.80 *19239.52 * 364.68 *
* Top Width (ft) * 312.77 * Top Width (ft) * 18.42 * 248.89 * 45.46 *
* Vel Total (ft/s) * 4.35 * Avg. Vel. (ft/s) * 3.52 * 4.54 * 1.44 *
* Max Chl Dpth (ft) * 17.90 * Hydr. Depth (ft) * 6.11 * 17.01 * 5.58 *
* Conv. Total (cfs) *1788310.0 * Conv. (cfs) * 35390.8 *1720312. * 32608.0 *
* Length Wtd. (ft) * 37.97 * Wetted Per. (ft) * 22.1¢ * 251.25 * 48.23 *
* Min Ch E1 (ft) * 4651.93 * Shear (lb/sg ft) * 0.04 ~* 0.13 * 0.04 *
* Alpha * 1.07 * Stream Power (lb/ft s) * 0.14 = 0.60 * 0.06 *
* Frctn Loss (ft) * 0.00 * Cum Volume (acre-ft) * 0.47 ~* 16.71 = 0.94 ~*
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.08 ~* 1.08 * 0.16 *
(22 S 2 R R R R SRR R R SR R R R R R R R R R RS R R R RS R RS S S AR R RS E R RS R R E RS RS E RS S SRR R R R RS RS RS SRS ER RS E RS EES

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

2 S S S S SR R R R R R R RS S S S SRS RS SRR R RRRR RSt S R S R s R RRRR R R RS R R ARttt st Rt R RSl RRRlt sttt Rt RtERRRERSRESS]
* Hydr
*Depth (ft)

Note: Manning's n values were composited to a single value in the main channel
CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 229.8466

INPUT
Description:
Station Elevation Data num= 46
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
Fh ok kA KA A A A A A A A A AT A AT A AT I AARA I AA A A A AARKAARAAAA A AAIAAFI T AR AR A KKk kddkkkhh ok kkk k% ddk

0 4692.26 .55 4692.29 .98 4692.29 1.68 4692.28 44,13 4663.76
44.44 4663.55 48.02 4661.07 51.54 4658.62 55.95 4655.64 58.59 4653.78
61.3 4652.22 92.63 4652.1 104.32 4652.01 142.64 4651.98 164.45 4652.29
198.57 4653.04 213.2 4652.87 245.17 4651.97 250.97 4651.93 267.51 4652.98
273.56 4653.44 294.71 4653.57 297.8 4655.37 302.57 4657.5 307.93 4660.21
310.57 4661.87 313.31 4663.59 314.16 4663.67 316.9 4663.92 324.74 4664.68
327.67 4664.75 332.31 4664.83 333.53 4664.94 335.03 4664.89 345.99 4671.91
371.48 4684.64 373.77 4684.82 376.99 4685.33 377.57 4685.42 380.31 4685.47
385.48 4685.52 393.01 4687.04 393.29 4687.04 401.35 4688.06 422.16 4699.03
422.89 4699.46

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val

AR A RS A SRS SRR E RS RERRRRRSS SRRl RS R SRRt R R RS S

*

L A I N S I R T R R B S

*

Percent
Conv

e e
COoOOH-TVVLVLYWVWOOWOHOOO

.00
.16
.60
.21
.12

3

* ook R oF R % % ok ok F % ¥ O * ¥ %

*

0.
.12

6.
10.
16.
17.
17.
17.
17.
17.
16.
17.
16.
15.

9.

5.

4.

2.

64

78
32
41
42

*

* & ok ok ok ok o % % ok o Ok X O * X % *

*

Velocity
(ft/s)
0.66
1.91
3.23
4.25
4.96
4.59
4.65
4.63
4.59
4.53
4.51
4.55
4.46
3.91
1.77
1.29
1.15
0.65

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sqg ft) * (ft)
* 1 * LOB * 33.04 * 38.55 * 0.80 * 1.21 ~* 2.29
* 2 * LOB * 38.55 * 44.06 * 32.87 * 17.20 * 6.63
* 3 * LOB * 44,06 * 49.56 * 120.51 * 37.34 * 6.56
* 4 * LOB * 49,56 * 55.07 * 241.61 * 56.85 * 6.61
* 5 * Chan * 55.07 * 79.96 * 2024.16 * 408.47 * 26.50
* 6 * Chan * 79.96 * 104.85 * 1991.38 * 433.65 * 24.89
* 7 * Chan * 104.85 * 129.74 * 2060.09 * 442.57 * 24.89
* 8 * Chan * 129.74 * 154.63 * 2037.12 * 439,59 * 24.89
* 9 * Chan * 154.63 * 179.52 * 1990.87 * 433.57 * 24.89
* 10 * Chan * 179.52 * 204.40 * 1920.17 * 424.29 * 24.89
* 11 * Chan * 204.40 * 229.29 * 1907.71 * 422.61 * 24.89
* 12 * Chan * 229.29 * 254.18 * 1942.97 * 427.31 * 24.89
* 13 * Chan * 254.18 * 279.07 * 1853.87 * 415.49 * 24.90
* 14 * Chan * 279.07 * 303.96 * 1511.20 * 386.55 * 25.61
* 15 * ROB * 303.96 * 316.38 * 205.68 * 116.41 * 13.98
* 16 * ROB * 316.38 * 328.80 * 84.49 * 65.42 * 12.57
* 17 * ROB * 328.80 * 341.22 * 63.34 * 54.87 * 12.48
* 18 * ROB * 341.22 * 353.64 * 11.16 * 17.14 * 9.20
AR KA AR R I A AT Ak A kA A A A A A A A A AR T AR A AR AR KA AR A A A A A A A A A A A A AR AT A A AR KR ARA AR AT AT kA Ak Ak kb Ak A Ak ARk A A AR ARk AT Ak h ko hkd kR Ak khrk

*
*
*
*
*
R 3
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



0 .014 61.3 .024 294.71 .035 371.48 .06

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
55.95 302.57 51.83 55.92 58.62 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

T I A IR AT A A AT AR AR AR AK AR AR A A A A Aok hhkh ok drh ok kb drh ok k kA h kR kAR kA Ak kA ko kb ko kA kA ko kkhhkhokdkkdhwn

* E.G. Elev (ft) * 4670.13 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 0.31 * Wt. n-val. * 0.014 > 0.024 * 0.035 =
* W.S. Elev (ft) * 4669.83 * Reach Len. (ft) * 51.83 * 55.92 «* 58.62 *
* Crit W.S. (ft) * 4658.47 * Flow Area (sq ft) * 147.38 * 4253.35 * 237.42 *
* E.G. Slope (ft/ft) *0.000121 * Area (sqg ft) * 147.38 * 4253.35 * 237.42 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 559.00 *19095.74 * 345,26 *
* Top Width (ft) * 307.64 * Top Width (ft) * 20.85 * 246.62 * 40.17 =*
* Vel Total (ft/s) * 4.31 * Avg. Vel. (ft/s) * 3.79 * 4.49 = 1.45 *
* Max Chl Dpth (ft) * 17.90 * Hydr. Depth (ft) * 7.07 * 17.25 * 5,91 =
* Conv. Total (cfs) *1815685.0 * Conv. (cfs) * 50748.3 *1733593.0 .* 31344

* Length Wtd. (ft) * 55.87 * Wetted Per. (ft) * 25.22 * 248.64 * 43,30 *
* Min Ch El1 (ft) * 4651.93 * Shear (lb/sq ft) * 0.04 ~* 0.13 ~* 0.04 *
* Alpha * 1.06 * Stream Power (lb/ft s) * 0.17 * 0.58 ~* 0.06 *
* Frctn Loss (ft) * 0.01 * Cum Volume (acre-ft) * 0.36 * 13.02 +* 0.72 *
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.06 * 0.86 * 0.12 *
LR ER SRS SRR RS R R RE SRR RS R R R R R T R TS

Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

LR A SRS A RS SRS RS sR R s R R R L R R R R R R R d
Velocity
(fr/s)

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 173.9272
INPUT
Description:
Station Elevation Data num= 43
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

Khkdkhkdkhkdhhhhhkkxhkkhhhhkhkdkhhrhkrhdrhkhhkhdhhhhhhhhdhhkdohhrhhrhrrhhrhhhodbhkhhhdhkhddhhhhhhddhthk
0 4692.2 1.04 4692.26 2.04 4692.25 2.21 4692.25 44.98 4663.53
48.99 4660.94 53.57 4657.69 55.33 4656.5 58.85 4654.38 62.18 4651.98
72.06 4651.94 88.58 4651.04 125.26 4652.39 145.98 4652.36 174.72 4652.66
198.39 4653.23 228.12 4653.33 244.54 4652.77 289.24 4652.72 289.6 4652.75
289.77 4652.87 289.97 4652.8 290.09 4652.75 293.57 4654.71 297.8 4656.96
303.79 4659.68 307.67 4661.47 310.39 4662.92 311.4 4663.02 319.14 4663.73
326.3 4663.89 326.36 4663.89 329.36 4664.15 329.55 4664.27 356.93 4681.8
357.27 4681.97 360.43 4682.22 363.49 4682.41 363.57 4682.42 371.29 4682.51
371.37 4682.52 374.57 4682.47 395.91 4694.69

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
khkhkhhkhkhhkhkhkhkhkhkhkhkhkhkhhhhhkhhkhkhhdhhhdhhhkhdhhkhhkhkkhkdhhohhkhhhbhkrhhhhrrrrbrhhkdk
0 .014 62.18 .024 289.24 .035 356.93 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
55.33 297.8 47.69 46.87 46 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

*

* ok ok b b R ok b % A % %k % Kk % %k % %

*

Percent

*

Hydr

*Depth (ft)

* o ok Ok % ok A % % A ¥ F ok o % * %

*

Fhhkhkkdhdhkkkhkhhhhkhhkdhhdhhkhkhkdhhhhkhdh kb ahkhhkhhrhkhohhkhhkdkhhkrhhhhdkhkdbhkhhhhhkrdhhhhkhdhkdkhkhkdhkdkhkdkkdhdhhkhd

1.37
4.61
8.44
12.30
17.29
17.74
17.83
17.80
17.47
16.96
17.07
17.70
16.97
15.63
9.10
5.56
4.64
1.30

*

L I R S T BN B BN N R 3

*

L e e T VU T St S N S N N N S N O S

.08
.43

.46

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ftr) * (ft) * (cfs) * (sqg ft) * (ft)
* 1 * LOB * 33.57 * 39.17 * 5.99 * 5.56 * 4.90
* 2 * LOB * 39.17 * 44.76 * 62.60 * 25.81 * 6.75
* 3 * LOB * 44.76 * 50.36 * 170.25 * 47.22 * 6.81
* 4 * LOB * 50.36 * 55.95 * 320.14 * 68.79 * 6.77
* 5 * Chan * 55.95 * 80.61 * 2105.78 * 426.29 * 25.67
* 6 * Chan * 80.61 * 105.27 * 1996.78 * 437.56 * 24.66
* 7 * Chan * 105.27 * 129.94 * 2013.16 * 439.71 * 24.66
* 8 * Chan * 129.94 * 154.60 * 2008.51 * 439.11 * 24.66
* 9 * Chan * 154.60 * 179.26 * 1945.53 * 430.82 * 24.67
* 10 * Chan * 179.26 * 203.92 * 1852.24 * 418.30 * 24.67
* 11 * Chan * 203.92 * 228.58 * 1872.56 * 421.06 * 24.67
* 12 * Chan * 228.58 * 253.25 * 1988.87 * 436.60 * 24.67
* 13 * Chan * 253.25 * 277.91 * 1851.85 * 418.53 * 24.71
* 14 * Chan * 277.91 * 302.57 * 1460.48 * 385.39 * 25.60
* 15 * ROB * 302.57 * 314.60 * 188.54 * 109.45 * 13.66
* 16 * ROB * 314.60 * 326.63 * 90.01 ~* 66.87 * 12.08
* 17 * ROB * 326.63 * 338.67 * 64.27 * 55.78 * 12.72
* 18 * ROB * 338.67 * 350.70 * 2.43 * 5.32 * 4.84
hhkhThhkrkrhhhhhkhkhkhkhkhkhkrAhxhxhhhhkrhkhhhhhhkhrhkhhkhkhdohkhhdhdhhdhkdhdhhkhhhkhkhbrrhhdrhhdhdhh kb bk khhk ko kb krhkhhdkhkdkkdkkhkhdkdhkdkhk

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



* E.G. Elev (ft) * 4670.13 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 0.32 * Wt. n-Val. * 0.014 ~* 0.024 ~* 0.035 =
* W.S. Elev (ft) * 4669.81 * Reach Len. (ft) * 47.69 * 46.87 * 46.00 ~*
* Crit W.S. (ft) * 4658.58 * Flow Area (sg ft) * 130.17 * 4165.10 * 267.76 *
* E.G. Slope (ft/ft) *0.000127 * Area (sq ft) * 130.17 * 4165.10 * 267.76 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 484.12 *19084.85 * 431.04 *
* Top Width (ft) * 302.57 * Top Width (ft) * 19.70 * 242.47 ~* 40.40 ~*
* Vel Total (ft/s) * 4.38 * Avg. Vel. (ft/s) * 3.72 * 4.58 * 1.61 =+
* Max Chl Dpth (ft) * 18.77 * Hydr. Depth (ft) * 6.61 * 17.18 * 6.63 *
* Conv. Total (cfs) *1772931.0 * Conv. {(cfs) * 42915.4 *1691806.0 * 38209.8 *
* Length Wtd. (ft) * 46.87 * Wetted Per. (ft) * 23.78 * 245.04 * 43.45 ~*
* Min Ch El (ft) * 4651.04 * Shear (lb/sq ft) * 0.04 = 0.14 ~* 0.05 ~*
* Alpha * 1.06 * Stream Power {lb/ft s) * 0.16 ~* 0.62 * 0.08 ~*
* Frctn Loss (ft) * 0.01 * Cum Volume (acre-ft) * 0.20 =~ 7.61 * 0.38 =
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.03 * 0.55 = 0.06 *
IR AR R RS SRR R R R RS SR R Ry R R R R R R R R R R TR R R R R R R L R R R R R R R R R E g g 1

Note: Manning's n values were composited to a single value in the main channel.

Profile #100 YR

e R AR SRR SRR R SRR R RS R R R R E R R R R R R R R X R I R I R U U O U g e g

* * Pos * Left Sta * Right Sta * Flow * Area * W.P. * Percent * Hydr * Velocity *
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft) = Conv *Depth (ft) * (ft/s) *
* 1 * LOB * 33.20 * 38.73 * 2.99 * 3.23 * 3.74 * 0.01 * 1.04 * 0.93 *
* 2 * LOB * 38.73 * 44,26 * 48.98 * 21.80 * 6.66 * 0.24 * 3.94 * 2.25 *
* 3 * LOB * 44,26 * 49.80 * 147.12 * 42.08 * 6.63 * 0.74 * 7.61 * 3.50 *
* 4 * LOB * 49.80 * 55.33 * 285.03 * 63.05 * 6.75 * 1.43 * 11.40 * 4.52 *
* 5 * Chan * 55.33 * 79.58 * 2154.25 * 418.17 * 25.62 * 10.77 * 17.25 * 5.15 *
* 6 * Chan * 79.58 * 103.82 * 2152.82 * 448.61 * 24.27 * 10.76 * 18.50 * 4.80 *
* 7 * Chan * 103.82 * 128.07 * 2012.93 * 430.82 * 24.26 * 10.06 * 17.77 * 4.67 *
* 8 * Chan * 128.07 * 152.32 * 1950.43 * 422.64 * 24.25 * 9.75 * 17.43 * 4.61 *
* 9 * Chan * 152.32 * 176.57 * 1917.73 * 418.39 * 24,25 * 9.59 * 17.26 * 4.58 *
* 10 * Chan * 176.57 * 200.81 * 1836.67 * 407.72 * 24,25 * 9.18 * 16.82 * 4,50 *
* 11 * Chan * 200.81 * 225.06 * 1785.36 * 400.80 * 24.25 * 8.93 * 16.53 * 4.45 *
* 12 * Chan * 225.06 * 249.31 * 1830.10 * 406.86 * 24,26 * 9.15 * 16.78 * 4.50 *
* 13 * Chan * 249,31 * 273.55 * 1881.39 * 413,60 * 24,25 * 9.41 * 17.06 * 4.55 *
* 14 * Chan * 273.55 * 297.80 * 1563.16 * 397.48 * 25.38 * ©7.82 * 16.39 * 3.93 *
* 15 * ROB * 297.80 * 307.61 * 206.57 * 104.15 * 10.79 * 1.03 * 10.62 * 1.98 *
* 16 * ROB * 307.61 * 317.42 * 103.57 * 67.33 * 10.21 * 0.52 * 6.86 * 1.54 *
* 17 * ROB * 317.42 * 327.23 * 85.32 * 59.02 * 9.82 * 0.43 * 6.02 * 1.45 *
* 18 * ROB * 327.23 * 337.04 * 35.50 * 36.83 * 11.26 * 0.18 * 3.75 * 0.96 *
* 19 * ROB * 337.04 * 346.86 * 0.09 * 0.43 * 1.37 * 0.00 * 0.37 * 0.20 *
**********************************************‘k********************************************************************

Note: Manning's n values were composited to a single value in the main channel.

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 127.0565
INPUT
Description:
Station Elevation Data num= 43
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
LS A RS AR R ER SRS ER RS R EE R TR R R AR R R R R R R R R R R R R R S R R R R R R R R I I R U Y
0 469%2.11 .26 4692.12 1.06 4692.12 1.41 4692.14 21.3 4679.06

44.39 4663.55 48.99 4660.48 53.22 4657.76 57.09 4654.97 61.74 4651.9
82.47 4653.39 95.63 4653.07 128.25 4653.84 135.77 4653.65 143.72 4654.79
154.5 4654.18 189.81 4653.97 197.81 4653.5 219.39 4653.73 242.84 4654.07
280.72 4652.39 288.33 4653.13 290.02 4654 294.69 4656.42 299.91 4659.28
303.79 4661.14 307.12 4662.69 307.94 4662.8 309.03 4662.96 313.72 4663.39
317.58 4663.47 321.16 4663.56 322.79 4663.7 323.78 4663.61 334.73 4671.13
347.92 4679.56 349.14 4679.77 352.14 4679.98 356.21 4680 359.91 4680.07
361.76 4680.13 363.31 4680.12 378.01 4689.71

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
LA AR AR RS S SR SRS S SRR EE R R R R R R R R R R R R I R R R
0 .014 61.74 .024 290.02 .035 334.73 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
53.22 294.69 5.21 5.32 5.28 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

LR AR SRR RS SRR SRS s E SRR R R R R R R AT

* E.G. Elev (ft) * 4670.12 * Element * Left OB * Channel * Right OB *
* Vel Head (ft) * 0.36 * Wt. n-val. * 0.014 ~* 0.024 ~* 0.035 ~
* W.S. Elev (ft) * 4669.75 * Reach Len. (ft) * 5.21 ~* 5.32 * 5.28 *
* Crit W.S. (ft) * 4659.60 * Flow Area (sq ft) * 109.18 * 3891.62 * 259.50 ~*
* E.G. Slope (ft/ft) *0.000155 * Area (sg ft) * 109.18 * 3891.62 * 259.50 *
* Q Total (cfs) *20000.00 * Flow (cfs) * 424.53 *19109.07 * 466.39 *



Note: Manning's n values were composited to a single value in the main channel

Profile #100 YR

* Top Width (ft) * 297.56 * Top Width (ft) * 18.06 * 241.47 +* 38.03 *
* Vel Total (ft/s) * 4.69 * Avg. Vel. (ft/s) * 3.89 * 4.91 1.80 *
* Max Chl Dpth (ft) * 17.85 * Hydr. Depth (ft) * 6.04 * 16.12 6.82 *
* Conv. Total (cfs) *1603884.0 * Conv. (cfs) * 34045.0 *1532437.0 * 37402.1
* Length Wtd. (ft) * 5.32 * Wetted Per. (ft) * 21.68 * 244,35 * 41.49 *
* Min Ch E1 (ft) * 4651.90 * Shear (lb/sq ft) * 0.05 = 0.15 * 0.06 ~*
* Alpha * 1.06 * Stream Power (lb/ft s) * 0.19 ~* 0.76 * 0.11 ~*
* Frctn Loss (ft) * 0.00 * Cum Volume (acre-ft) * 0.06 * 3.28 * 0.10 *
* C & E Loss (ft) * 0.00 * Cum SA (acres) * 0.01 = 0.29 =* 0.02 ~*
Ik ok ok kA KK A A kA AR I AR AR IR A Ak I I A IR AT I AR IR IR I AR A AT ATRARNRRAA R I ARA KRR AR KRR A AKRRARNI KRR AR ARk kb ko khhk ko kA h K

*

*******************************************************************************‘k***********************************
* Velocity
(ft/s)

* * Pos * Left Sta * Right Sta * Flow * Area * W.P.
* * * (ft) * (ft) * (cfs) * (sg ft) * (ft)
* 1 * LOB * 31.93 * 37.25 * 1.16 * 1.48 * 2.52
* 2 * LOB * 37.25 * 42.58 * 36.64 * 17.00 * 6.41
* 3 * LOB * 42.58 * 47.90 * 128.04 * 36.00 * 6.40
* 4 * LOB * 47,90 * 53.22 * 258.69 * 54.70 * 6.34
* 5 * Chan * 53.22 * 77.37 *  2266.65 * 397.85 * 26.01
* 6 * Chan * 77.37 * 101.51 * 1977.69 * 399.59 * 24.17
* 7 * Chan * 101.51 * 125.66 * 1920.76 * 392.57 * 24.15
* 8 * Chan * 125.66 * 149.81 * 1793.09 * 377.24 * 24.24
* 9 * Chan * 149.81 * 173.96 * 1791.41 * 376.49 * 24.15
* 10 * Chan * 173.96 * 198.10 * 1837.63 * 382.33 * 24.16
* 11 * Chan *198.10 * 222.25 * 1893.79 * 389.22 * 24.15
* 12 * Chan * 222.25 * 246.40 * 1835.46 * 382,00 * 24.15
* 13 * Chan * 246.40 * 270.54 * 1942.93 * 395.39 * 24.17
* 14 * Chan * 270.54 * 294.69 * 1849.68 * 398.95 * 24,99
* 15 * ROB * 294.69 * 303.02 * 203.95 * 92.39 * 9.40
* 16 * ROB * 303.02 * 311.35 * 108.63 * 61.62 * 8.79
* 17 * ROB * 311.35 * 319.69 * 87.14 * 52.88 * 8.34
* 18 * ROB * 319.69 * 328.02 * 62.25 * 45.02 * 9.25
* 19 * ROB * 328.02 * 336.35 * 4.43 * 7.60 * 5.71
LA S SR RS R R A SRS R RS SRRl SRR R R R R R R R R R R R R R B 2 I R g N

Note: Manning's n values were composited to a single value in the main channel

CROSS SECTION

RIVER: Arkansas River

REACH: 4th Street RS: 79.1396
INPUT
Description: Weir Structure 2 - Crest Section / DS Limit of Model
Station Elevation Data num= 33
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev

Ihhh Ak kI rhk kAR A A I Ak kI Ak hkh Ak kA Ak Ak hhkhkhkkkhkkhk kb hhkkkhhhh bk khkhhkhkhkkhkdhdhhhkrkhk

0 4691.86 1.54 4691.94 1.79 4691.94 2.66 4691.98 36.65 4669.01
41.23 4666.19 45.82 4663.59 48.99 4661.42 52.25 4659.37 83.93 4659.65
87.49 4659.75 205.73 4661.94 206.24 4661.96 265.53 4664.08 266.42 4664.15

266.48 4664.2 310.33 4663.03 310.74 4663.04 318 4663.21 318.2 4663.23
320.21 4663.05 322.47 4664.44 324.93 4666.3 328.46 4668.69 331.94 4671.08
341.22 .4677.2 343.61 4677.6 351.09 4677.7 351.41 4677.71 354.84 4677.85
354.98 4677.86 359.34 4680.67 374.12 4689.83

Manning's n Values num= 4
Sta n Val Sta n Val Sta n Val Sta n Val
LR R EEERE AR E AR EREE RS R R R R g R R R R R R R R R R I R R R
8} .014 52.25 .027 320.21 .035 354.84 .06
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
41.23 324.93 0 0 0 .1 .3

CROSS SECTION OUTPUT Profile #100 YR

*

* ok %k b b R ok % ok F Ok ok H %k F A F ¥ F
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Percent

Conv
.01
.18
.64
.29
.33
.89
.60
.97
.96
.19
.47
.18
.71
.25
.02
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*

Hydr

*Depth(ft)

* % ok % %k ok % X ¥ X ¥ F A ¥ A H % %

*

LA RS AR ERE RS SRR SR RS R R EEE RS R S e R R R R R R R R T R R T

* Right OB *

* E.G. Elev (ft) * 4669.84 * Element * Left OB * Channe

* Vel Head (ft) * 2.70 * Wt. n-val. * 0.014 = 0.027
* W.S. Elev (ft) * 4667.14 * Reach Len. (ft) * *

* Crit W.S. (ft) * 4667.14 * Flow Area (sq ft) * 0.73 * 1514.93
* E.G. Slope (ft/ft) *0.006096 * Area (sq ft) * 0.73 * 1514.93
* Q Total (cfs) *20000.00 * Flow (cfs) * 3.30 *19995.85
* Top Width (ft) * 286.48 * Top Width (ft) * 1.54 * 283.70
* Vel Total (ft/s) * 13.19 * Avg. Vel. (ft/s) * 4,53 * 13.20
* Max Chl Dpth (ft) * 7.77 * Hydr. Depth (ft) * 0.47 * 5.34
* Conv. Total (cfs) *256162.7 * Conv. (cfs) * 42.3 *256109.5
* Length Wtd. (ft) * * Wetted Per. (ft) * 1.81 * 286.77
* Min Ch El1 (ft) * 4659.37 * Shear (lb/sq ft) * 0.15 ~* 2.01
* Alpha * 1.00 * Stream Power (lb/ft s) * 0.69 ~* 26.54

1

*

* 4 %k F o F X * F ok %

0.035

0.52
0.52
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1
1
0

*

* ok ko ok F * %k H k¥

0.70
3.20
6.77
10.28
16.48
16.55
16.26
15.62
15.59
15.83
16.12
15.82
16.37
16.52
11.09
7.40
6.35
5.40
1.62

*
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* Frctn Loss (ft) * * Cum Volume (acre-ft) * * * *

* C & E Loss (ft) * * Cum SA (acres) * * * *
R R R SRS SR LSRR SRR R RS RS R Rl R RS E S a RR R R R EE R RSt RS RS RRRRR R RS SR SRS RERRRRSR R R R R & X

Note: Manning's n values were composited to a single value in the main channel.

Profile #100 YR

Fhk kKA KRR KA A A A A A A kA A AR AT A A Ak A A A A A A N KT A NIRRT AAA IR AL AR A A kA AR Tk b Ak bk hkhkhdh Ak ok A h b bk kA bk Ak khhkhhhh ek kdkhkkhdhk

Note: Manning's n values were composited to a single value in the main channel.
LA RS S SR SRS eSS SRR R SRR R e Rt s s stSSsRE RS RRRS SRRt RS R RS
SUMMARY OF MANNING'S N VALUES

River:Arkansas River
LR RS S S S SR SRR RS RE R R RS RS RREs R RsERRR R RS RERstRRRRis SRRt ERRs RS ]

* Reach * River Sta. * nl * n2 * n3 * n4 * n5 * né *
Thdhk kR kAT KKK A I A KA kR A kT AT T I Ik Ak h kA kAR kA I I AT Ak AR AR TR A A IR A A A Ak hhhhohkh bk hk ok kb ek hkkhhhkkdkkdrkk
*4th Street * 2383.165 * .014* .027* .06* L1* * *
*4th Street * 2102.372 * .014~ .025* .06* L1 * *
*4th Street * 1825.946 * .014* .025* .05* .027* .06* L1
*4th Street * 1570.713 * .014* .025* .06* .08* * *
*4th Street * 1405.927 * .014~* .025* .05* .08* * *
*4th Street * 1329.40 *Bridge * * * * * *

*4th Street * 1252.860 * .014* .024% .05* .08~ * *
*4th Street * 1159.680 * .014~* .024~ .04% .06* * *
*4th Street * 1060.254 * .014* .024% .04* .06* * *
*4th Street * 820.9197 * .014* .023* .035* .06* * *
*4th Street * 636.8161 * .014~* .023* .035% .06* * *
*4th Street * 450.2781 * .014% .021~ .035* .06* * *
*4th Street * 396.8996 * .014* .027% .035* .06* * *
*4th Street * 394.965% * .014~* .027* .035% .06* * *
*4th Street * 393.031* * .014* .027* .035* .06* * *
*4th Street * 391.097* * .014~ .027* .035* .06* * *
*4th Street * 389.163* * .014~* .027* .035* .06* * *
*4th Street * 387.2300 * .014* .027* .035* .06* * *
*4th Street * 385.088* * .014* .027* .035* .06* * *
*4th Street * 382.946* * .014+ .027* .035* .06* * *
*4th Street * 380.805* * .014~* .027% .035* .06* * *
*4th Street * 378.663* * .014* .027* .035* .06* * *
*4th Street * 376.5217 * .014* .027% .035* .06~ * *
*4th Street * 370.955* * .014* .027* .035* -.06* * *
*4th Street * 365.390* * .014~* .027* .035* .06* * *
*4th Street * 359.824% * .014* .027* .035* .06* * *
*4th Street * 354.258* * .014+ .027* .035* .06* * *
*4th Street * 348.692* * .014~* .027* .035* .06* * *
*4th Street * 343.126* * .014* .027* .035* .06* * *
*4th Street * 337.5611 * .014* .027* .035* .06~ * *
*4th Street * 267.7897 * .014* .024% .035* .06* * *
*4th Street * 229.8466 * .014~* .024* .035* .06* * *
*4th Street * 173.9272 * .014~* .024% .035* .06* * *
*4th Street * 127.0565 * .014* .024* .035* .06* * *
*4th Street * 121.732* * .014* .024* .035* .06* * *
*4th Street * 116.408* * .014~* .025* .035* .06* * *
*4th Street * 111.084* * .014~* .025% .035* .06* * *
*4th Street * 105.760* * .014* .025* .035* .06* * *
*4th Street * 100.436* * .014* .026* .035* .06* * *
*4th Street * 95.1119* * .014* .026* .035* .06* * *
*4th Street * 89.7878* * .014~* .026* .035* .06* * *
*4th Street * 84.4637* * .014* .027* .035* .06* * *
*4th Street * 79.1396 * .014~* .027* .035* .06* * *
TR KA A K A A A R A AR A kA A A A A I A A bk kI A h kI AT A AR I A I AAAAKRRAAR KRR AR KR AR AR A A A b hkhh bk hk kA hkkh Ak hhhdkkkkkkkk

AR KA K I A AR A AR I IR I I I A KR ARRIAKA AT AR AT AT ATk hk ko hkdkhkhkhkhkhk kA Ak hk Ak kA hkhkkdhhkhhhh*k

SUMMARY OF REACH LENGTHS

* * Pos * Left Sta * Right Sta * Flow * Area * W.P. * Percent * Hydr * Velocity
* * * (ft) * (ft) * (cfs) * (sq ft) * (ft) * Conv *Depth(ft) * (ft/s)
* 1 * LOB * 37.11 * 41.23 * 3.30 * 0.73 * 1.81 * 0.02 * 0.47 * 4.53
* 2 * Chan * 41.23 * 69.60 * 2981.37 * 180.42 * 30.32 * 14.91 * 6.36 * 16.52
* 3 * Chan * 69.60 * 97.97 *  3269.07 * 211.09 * 28.37 * 16.35 * 7.44 * 15.49
* 4 * Chan * 97.97 * 126.34 * 2904.20 * 196.62 * 28.37 * 14.52 * 6.93 * 14.77
* 5 * Chan * 126.34 * 154.71 * 2546.62 * 181.72 * 28.37 * 12.73 * 6.41 * 14.01
* 6 * Chan * 154.71 * 183.08 * 2208.09 * 166.81 * 28.37 * 11.04 * 5.88 * 13.24
* 7 * Chan * 183.08 * 211.45 * 1882.98 * 151.62 * 28.38 * 9.41 * 5.34 * 12.42
* 8 * Chan * 211.45 * 239.82 * 1405.17 * 127.21 * 28.39 * 7.03 * 4,48 * 11.05
* 9 * Chan * 239.82 * 268.19 * 914.81 * 98.36 * 28.41 * 4.57 * 3.47 * 9.30
* 10 * Chan * 268.19 * 296.56 * 869.46 * 95.37 * 28.38 * 4.35 * 3.36 * 9.12
* 11 * Chan * 296.56 * 324.93 * 1014.08 * 105.68 * 29.40 * 5.07 * 3.73 * 9.60
* 12 * ROB * 324.93 * 329.85 * 0.85 * 0.52 * 1.49 * 0.00 * 0.42 * 1.64
A AR SR AR RS RS R RS RS RS E R R SRR R R R R R R R R R R R R e R R R R R R RS R R R R TR R SRR
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River: Arkansas River
khkkhkhkkhkkdkhkhkhhkhhkdkhhhbhkhrhhkhkhrrhhkhhkhhrhkkrrhkhdhhkhdhkhkhkkkhkkhhkhhkhkdkhdkkhkdk

* Reach * River Sta. *  Left * Channel * Right *
Fhhkkhhkhhhdhddhhhkhkdhhkhkrkhhhkhhkhhkhdrhkhbkhkhohhhkhkrkhhhkhkhrkhhkkhhkhhdohhkdhkhkk
*4th Street * 2383.165 * 270.73* 280.79* 284.47%
*4th Street * 2102.372 * 280.47* 276.43* 253.06%*
*4th Street * 1825.946 * 258.34* 255.23* 247.86*
*4th Street * 1570.713 * 168.43* 164.79* 138.09%
*4th Street * 1405.927 * 155.9* 153.07* 139.36*
*4th Street * 1329.40 *Bridge * * *
*4th Street * 1252.860 * 93.11~ 93.18* 93.67*
*4th Street * 1159.680 * 102.01* 99.43* 70.76*
*4th Street * 1060.254 * 247.27% 239.33~* 200.98*
*4th Street * 820.9197 * 186.08* 184.1* 189.52*
*4th Street * 636.8161 * 172.75% 186.53* 169.25*
*4th Street * 450.2781 * 49.75* 53.37* 54.23*
*4th Street * 396.8996 * 1.92* 2.06* 2.68*
*4th Street * 394.965* * 1.92% 2.06* 2.68*
*4th Street * 393.031* * 1.92* 2.06* 2.68*
*4th Street * 391.097* * 1.92* 2.06* 2.68*
*4th Street * 389.163* * 1.92* 2.06% 2.68%
*4th Street * 387.2300 * 1.93* 2.14% 2.35%
*4th Street * 385.088* * 1.93* 2.14* 2.35%
*4th Street * 382.946* * 1.93* 2.14* 2.35*
*4th Street * 380.805* * 1.93* 2.14% 2.35*
*4th Street * 378.663* * 1.93* 2.14* 2.35%
*4th Street * 376.5217 * 5.43* 5.57* 6.31*
*4th Street * 370.955* * 5.43* 5.57* 6.31*
*4th Street * 365.390* * 5.43* 5.57* 6.31%
*4th Street * 359.824*% * 5.43* 5.57* 6.31%
*4th Street * 354.258% * 5.43* 5.57* 6.31*
*4th Street * 348.692* * 5.43* 5.57* 6.31*
*4th Street * 343.126* * 5.43* 5.57* 6.31%
*4th Street * 337.5611 * 68.48* 69.77* 93.21*
*4th Street * 267.7897 * 37.84%* 37.94~* 39.53*
*4th Street * 229.8466 * 51.83* 55.92% 58.62*
*4th Street * 173.9272 * 47.69* 46.87* 46*
*4th Street * 127.0565 * 5.21* 5.32* 5.28*
*4th Street * 121.732% * 5.21%* 5.32* 5.28%
*4th Street * 116.408* * 5.21* 5.32* 5.28*
*4th Street * 111.084* * 5.21* 5.32% 5.28%*
*4th Street * 105.760% * 5,21~ 5.32* 5.28*
*4th Street * 100.436* * 5.21% 5.32% 5.28*
*4th Street * 95.1119+% * 5.21* 5.32% 5.28*
*4th Street * 89.7878% * 5.21%* 5.32% 5.28*
*4th Street * 84.4637* * 5.21%* 5.32% 5.28*

*4th Street * 79.1396 * o* 0* 0*

LA SRR ESERER RS SRR RS SRS AR SRR SRS ER R SRR RR LRSS
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SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Arkansas River

LR AR RS SRS SRS eSS R R s R R AR RSS2 R RS

* Reach * River Sta. * Contr. * Expan. *
AR R RS SRS SRR SRR SR RS E RS R R ER RR R RS RS R R R
*4th Street. * 2383.165* 1 .3
*4th Street * 2102.372* 1 .3
*4th Street * 1825.946* 1 .3*
*4th Street * 1570.713* L1 .3*
*4th Street * 1405.927* L1 .3%
*4th Street * 1329.40 *Bridge * *
*4th Street * 1252.860* L1* .3*
*4th Street * 1159.680* L1* .3*
*4th Street * 1060.254~* L1* .3*
*4th Street * 820.9197* L1 . 3%
*4th Street * 636.8161* L1* .3*
*4th Street * 450.2781* L1 . 3*
*4th Street * 396.8996* S .3*
*4th Street * 394.965%* L1* .3*
*4th Street * 393.031** L1 .3
*4th Street * 391.097** L1 3%
*4th Street * 389.163*%* 1% .3*
*4th Street * 387.2300* L1x L3*
*4th Street * 385.088** L1 .3*
*4th Street * 382.946%* L1* . 3*
*4th Street * 380.805** L1* .3*
*4th Street * 378.663%* LA .3*
*4th Street * 376.5217* L1 .3*
*4th Street * 370.955%* L1* L3*
*4th Street * 365.390** 1 L3
*4th Street * 359.824** L1 .3*



*4th Street * 354.258** L1x .3
*4th Street * 348.692%* L .3*
*4th Street * 343.126** L1 3%
*4th Street * 337.5611* L1 .3*
*4th Street * 267.7897* L1* 3%
*4th Street * 229.8466* L1 .3*
*4th Street * 173.9272* L1 .3
*4th Street * 127.0565* L1 .3*
*4th Street * 121.732** L1 .3*
*4th Street * 116.408** L1 L3*
*4th Street * 111.084%** 1* .3*
*4th Street * 105.760** 1 3%
*4th Street * 100.436%* .1* .3*
*4th Street * 95.1119%** LA .3*
*4th Street * 89.7878** L1 .3*
*4th Street * 84.4637** L1 L3>
*4th Street * 79.1396 * L1x .3*
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APPENDIX C
Detailed Scour Calculations



100-YR SCOUR SUMMARY
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006
Groundline Contraction Local Total Scour
Pier/Bent Elevation Scour Scour Scour Elevation
(ft) (ft) (ft) (ft) (ft)
2 4965.3 0.9 9.5 104 49549
500-YR SCOUR SUMMARY
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER
PUEBLO, COLORADO
7-21-2006
Groundline Contraction Local Total Scour
Pier/Bent Elevation Scour Scour Scour Elevation
(ft) (ft) (ft) (ft) (ft)
2 4965.3 1.1 10.2 11.3 4954.0
NOTES:

These tables present ultimate potential scour depths for the associated hydraulic events. A soil horizon exists beneath the bridge
which may be resistant to scour, the predicted scour depths, therefore, could be reduced to reflect the competence of the material.

Calc. By:

RLE

Date:

7-21-2006

Check By:

Date:

2l (o




SCOUR MODE COMPUTATION
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006

The following computations are made using Laursen's Equation (Equation 15 in HEC-18):
V,=KuxY;" xDg"

100-YR DISCHARGE
MAIN CHANNEL SCOUR MODE
APPROACH SECTION MAIN CHANNEL AREA (ft%), A, = 1,625
APPROACH SECTION MAIN CHANNEL WIDTH (it), W, = 146
APPROACH SECTION AVERAGE CHANNEL DEPTH (ft), Y, = A/W, = 11.13
MEDIAN GRAIN SIZE (ft), Ds = 0.023000
Ku 11.17
BED TRANSPORT CRITICAL VELOCITY (fps), V. = 4.75
DISCHARGE IN APPROACH CHANNEL (cfs), Q, = 18,856
MEAN VELOCITY IN APPROACH CHANNEL (fps), Vi = 11.60
MAIN CHANNEL SCOUR MODE = LIVE-BED

500-YR DISCHARGE

MAIN CHANNEL SCOUR MODE

APPROACH SECTION MAIN CHANNEL AREA (ft%), A, = 1,762
APPROACH SECTION MAIN CHANNEL WIDTH (ft), W, = 146
APPROACH SECTION AVERAGE CHANNEL DEPTH (ft), Y, = A{/W, = 12.06
MEDIAN GRAIN SIZE (ft), Dy, = 0.023000
Ku 11.17
BED TRANSPORT CRITICAL VELOCITY (fps), V, = 4.81
DISCHARGE IN APPROACH CHANNEL (cfs), Q, = 21,357
MEAN VELOCITY IN APPROACH CHANNEL (fps), Vi, = 12.12
MAIN CHANNEL SCOUR MODE = LIVE-BED
Calc. By: RLE Date: 7-21-2006

Check By: Ced Date: &l4[a




CONTRACTION SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006

The following computations are made using the HEC-18 equation for
Live Bed Contraction Scour:
Ys=Y2-Yo

Y,=((Q/Q1)P (W4/W) )Y,

100-YR DISCHARGE

Main Channel
LIVE-BED CONTRACTION SCOUR COMPUTATIONS

ENERGY SLOPE = 1.48E-03
o FALL VELOCITY (fps) = 1.30
AVERAGE UPSTREAM CHANNEL DEPTH (ft), Y= A/W, = 11.13
g GRAVITATIONAL ACCELERATION (ft/sgsec) = 32.20
V' SHEAR VELOCITY IN UPSTREAM SECTION (fps) = 0.73
Vo = 0.56
ks HEC-18 = 0.64
DISCHARGE IN UPSTREAM CHANNEL (cfs), Q = 18,856
DISCHARGE IN CONTRACTED SECTION (cfs), Q, = 18,552
WIDTH OF UPSTREAM CHANNEL SECTION (ft), W/, = 146.1
WIDTH OF MAIN CHANNEL CONTRACTED SECTION (ft), W = 123.0
MEDIAN GRAIN SIZE (ft), Ds, = 0.023000
COMPUTED WATER DEPTH OF CONTRACTED SECTION (ft), Y, = 12.25
AVERAGE WATER DEPTH AT BRIDGE(ft), Y, = 11.33
AVERAGE SCOUR DEPTH AT CONTRACTED SECTION, Y = 0.9

Calc. By: RLE |Date: 7-21-2006

Check By: ceH  |Date: YN




CONTRACTION SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006

The following computations are made using the HEC-18 equation for
Live Bed Contraction Scour:
YS=Y2'YQ

Y=((Q/Q0)™ (W4/Wo) )Y,

500-YR DISCHARGE

Main Channel
LIVE-BED CONTRACTION SCOUR COMPUTATIONS

ENERGY SLOPE = 1.45E-03
® FALL VELOCITY (fps) = 1.30
AVERAGE UPSTREAM CHANNEL DEPTH (ft), Y; = A/W, = 12.06
g GRAVITATIONAL ACCELERATION (ft/sgsec) = 32.20
V' SHEAR VELOCITY IN UPSTREAM SECTION (fps) = 0.75
V*/e = 0.58
k, SEE HEC-18 = 0.64
DISCHARGE IN UPSTREAM CHANNEL (cfs), Q; = 21,357
DISCHARGE IN CONTRACTED SECTION (cfs), Q, = 21,010
WIDTH OF UPSTREAM CHANNEL SECTION (ft), W, = 146.1
WIDTH OF MAIN CHANNEL CONTRACTED SECTION (ft), W, = 123.0
MEDIAN GRAIN SIZE (ft), Ds, = 0.023000
COMPUTED WATER DEPTH OF CONTRACTED SECTION (ft), Y, = 13.28
AVERAGE WATER DEPTH AT BRIDGE(f), Y, = 12.15
AVERAGE SCOUR DEPTH AT CONTRACTED SECTION, Yg = 11
Calc. By. RLE |Date: 7-21-2006

Check By: e Date: 2/(4)ot




100-YR
LOCAL PIER SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER
PUEBLO, COLORADO

7-21-2006

CASE 2 COMPLEX PIERS SCOUR ANALYSIS FOR 100-YR

Reference for methodology: HEC-18 4th Edition Chapter 6

PIER COMPONENT

Bent Number Pier 2
Station 21+43
Vy: velocity (fps) 4.26
Y,: depth (ft) 7.46
ATTACK ANGLE, (degrees) 0
hy: pier stem height above bed (ft) -2.00
individual Pier Width (ft) 3.50
a: projected pier width (ft) 3.50
L: pier length (ft) 17.25
f: pier setback from edge of pile cap (it) 2.38
Pier Nose Shape (S=SQUARE, C = CIRCULAR) S
K;: shape coefficient 1.10
K;: angle coefficient 1.00
K,: bed condition coefficient 1.10
Knpier: Weighting factor for pier component 0.62
g: gravitational constant (ftlsecz) 32.20
Fr: Froude number 0.27
Pier Component of Local Scour Depth, Y (ft) 39
CAP COMPONENT (Case 2)

Bent Number Pier 2
V,: velocity (fps) 2.80
Y.: depth (ft) 11.36
ATTACK ANGLE, (degrees) 0
hqpe: Pre-scour pile cap bottom height above the bed (ft) -8.00
Dso (1) 0.0230
Ks (ft) 0.0345
Ku critical velocity transport coefficient 11.17
Ve critical transport velocity (fps) 4.76
Y;: distance from bed to top of footing (ft) . 1.90
Vy. ave velocity in the flow zone below the top of the footing (fps) 2.19
a,: pile cap width (ft) 6.00
L pile cap length (ft) 22.00
Cap Nose Shape (S=SQUARE, C = CIRCULAR) S
Ky: shape coefficient 1.10
K;: angle coefficient 1.00
K,: bed condition coefficient 1.10
K,: wide pier adjustment factor 1.00
Fr: Froude number 0.28
Cap Component of Local Scour Depth, Y, (m) 5.6
LOCAL SCOUR DEPTH = Y6, * Ygpc 9.5
Calc. By: RLE Date: 7-21-2006

Check By: [4Z)5) Date: &/4 [ow




500-YR
LOCAL PIER SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER
PUEBLO, COLORADO

7-21-2006

CASE 2 COMPLEX PIERS SCOUR ANALYSIS FOR 500-YR

Reference for methodology: HEC-18 4th Edition Chapter 6

PIER COMPONENT

Bent Number Pier 2
Station 21+43
V,: velocity (fps) 4.65
Y,: depth (ft) 8.36
ATTACK ANGLE, (degrees) 0
hy: pier stem height above bed (ft) -2.00
individuat Pier Width (ft) 3.50
a: projected pier width (ft) 3.50
L: pier length (ft) 17.25
f: pier setback from edge of pile cap (ft) 2.38
Pier Nose Shape (S=SQUARE, C = CIRCULAR) S
K4: shape coefficient 1.10
K,: angle coefficient 1.00
Ks: bed condition coefficient 1.10
Knpier: Weighting factor for pier component 0.62
g: gravitational constant (ft/secz) 32.20
Fr._Froude number 0.28
Pier Component of Local Scour Depth, Y, (ft) 4.2
CAP COMPONENT (Case 2)

Bent Number Pier 2
V,: velocity (fps) 3.10
Y,: depth (ft) 12.56
ATTACK ANGLE, (degrees) 0
hgpe: pPre-scour pile cap bottom height above the bed (ft) -8.00
Dso () 0.0230
Ks (ft) 0.0345
Ku critical velocity transport coefficient 11.17
Vc critical transport velocity (fps) 4.84
Y;: distance from bed to top of footing (ft) 2.20
V¢ ave velocity in the flow zone below the top of the footing (fps) 244
ap: pile cap width (ft) 6.00
L, pile cap length (ft) 22.00
Cap Nose Shape (S=SQUARE, C = CIRCULAR) S
K,: shape coefficient 1.10
Ks: angle coefficient 1.00
K3: bed condition coefficient 1.10
K, wide pier adjustment factor 1.00
Fr. Froude number 0.29
Cap Component of Local Scour Depth, Y, (m) 6.0
LOCAL SCOUR DEPTH = Yypier + Yapc 10.2
Calc. By: RLE Date: 7-21-2006

Check By: [Z Date: el]ot




100-YR DISCHARGE BEDROCK SCOUR ESTIMATE - ERODIBILITY INDEX METHOD
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006

The following computations are made using the Erodibility Index Method as described in HEC-18 & "Estimation of Bridge Pier Scour
Using the Erodibility Index Method." by George W. Annandale, P.E.

HEC-18 Scour Depth, y, = 104 ft

Stream Power Upstream = 10.1 ft-Ibs/s/ft?

Ground Elevation = 4665.3 ft

Bedrock Elevation = 4655.5 ft

TABLE OF VALUES FOR PIER 2

Stream Power Amplification Ratio | Stream Power | Relative Scour | Ultimate Scour Elevation | *Stream Power Rqd for Scour
ft-Ibs/s/ft? Percent ft ft-lbs/s/ft?

13.5 136.5 5% 4664.78 N/A
10.7 108.0 10% 4664.26 N/A
7.9 79.5 20% 4663.22 N/A
6.2 62.8 30% 4662.18 N/A
5.0 51.0 40% 4661.14 N/A
4.1 41.8 50% 4660.10 N/A
34 343 60% 4659.06 N/A
2.8 28.0 70% 4658.02 N/A
2.2 22.5 80% 4656.98 N/A
1.7 17.7 90% 4655.94 N/A
1.3 13.3 100% 4654.90 1919

Ultimate Scour Depth Interpolated from Above Values = 4655.5 ft

Scour Depth in Bedrock = 0.0 ft

* Stream Power Required for Scour is assumed to be the same at all elevations because the sample examined by Michael W. West
& Associates, Inc. to determine the erodibility index was taken at one elevation.

Calc. By:

RLE

Date:

7-21-2006

Check By:

[J%))

Date:

el{joe




o
300-YR DISCHARGE BEDROCK SCOUR ESTIMATE - ERODIBILITY INDEX METHOD
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER

PUEBLO, COLORADO

7-21-2006

The following computations are made using the Erodibility Index Method as described in HEC-18 & "Estimation of Bridge Pier Scour
Using the Erodibility index Method.” by George W. Annandale, P.E.

HEC-18 Scour Depth, y, = 11.3 ft

Stream Power Upstream = 11.4 f-Ibs/st®

Ground Elevation = 4665.3 ft

Bedrock Elevation = 4655.5 ft

TABLE OF VALUES FOR PIER 2

Stream Power Amplification Ratio | Stream Power | Relative Scour | Ultimate Scour Elevation | *Stream Power Rqd for Scour
ft-lbs/s/ft? Percent ft ft-lbs/s/ft?

13.5 154.2 5% 4664.74 N/A
10.7 122.0 10% 4664.17 N/A
7.9 89.8 20% 4663.04 N/A
6.2 71.0 30% 4661.91 N/A
5.0 57.6 40% 4660.78 N/A
4.1 47.2 50% 4659.65 N/A
34 38.8 60% 4658.52 N/A
2.8 31.6 70% 4657.39 N/A
22 25.4 80% 4656.26 N/A
1.7 19.9 90% 4655.13 N/A
1.3 15.0 100% 4654.00 1919

Ultimate Scour Depth Interpolated from Above Values = 4655.5 ft

Scour Depth in Bedrock = 0.0 ft

* Stream Power Required for Scour is assumed to be the same at all elevations because the sample examined by Michael W. West
& Associates, Inc. to determine the erodibility index was taken at one elevation.

Calc. By: RLE Date: 7-21-2006

Check By: LD Date: &ld / ol




500-YR SCOUR SUMMARY

FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER & RAILYARD

PUEBLO, COLORADO

RAILYARD PIERS

7-21-2006
Groundline Contraction Local Total Scour
Pier/Bent Elevation Scour Scour Scour Elevation
(ft) (ft) (ft) {ft) (ft)

4 4667 .4 0.0 3.8 3.8 4663.6

5 4666.9 0.0 55 55 4661.4
Calc. By: RLE Date: 7-21-2006
Check By: LD Date: &l |ow




SCOUR MODE COMPUTATION

FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER & RAILYARD

PUEBLO, COLORADO
RAILYARD PIERS

7-21-2006

The following computations are made using Laursen's Equation (Equation 15 in HEC-18):

V, = Ku x Y, xDgy "™

500-YR DISCHARGE
MAIN CHANNEL SCOUR MODE

APPROACH SECTION MAIN CHANNEL AREA (ft?), A 1,168
APPROACH SECTION MAIN CHANNEL WIDTH (ft), W, 355
APPROACH SECTION AVERAGE CHANNEL DEPTH (ft), Y, = A,/W, 3.29
MEDIAN GRAIN SIZE (ft), D5, 0.003281
Ku 11.17
BED TRANSPORT CRITICAL VELOCITY (fps), V. 2.024
DISCHARGE IN APPROACH CHANNEL (cfs), Q, 2,361
MEAN VELOCITY IN APPROACH CHANNEL (fps), Vp, 2.022
MAIN CHANNEL SCOUR MODE CLEAR-WATER
Calc. By: RLE Date: 7-21-2006

Check By: £cp  |Date: 84 /oy




CONTRACTION SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER & RAILYARD

PUEBLO, COLORADO
RAILYARD PIERS

7-21-2006

The following computations are made using the HEC-18 equation for
Clear Water Contraction Scour:
Scour Depth, Y=Y,-Y,
where:
Yo= (+Q¥(Ku*(1.25*Dso) @2 w?))#M

500-YR DISCHARGE
Left Overbank
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS
DISCHARGE IN CONTRACTED SECTION (cfs), Q = 99
WIDTH OF CONTRACTED SECTION (ft), W = 92.4
MEDIAN GRAIN SIZE (ft), Ds, = 0.003281
Ku, CLEAR WATER CONTRACTION SCOUR COEFFICIENT = 130
COMPUTED DEPTH OF CONTRACTED SECTION (ft), Y, = 0.64
AVERAGE FLOOD PLAIN DEPTH (ft), Y, = 0.82
DEPTH OF CONTRACTION SCOUR (ft), Y, = -0.2
500-YR DISCHARGE
Main Channel
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS
DISCHARGE IN CONTRACTED SECTION (cfs), Q = 99
WIDTH OF CONTRACTED SECTION (ft), W = 924
MEDIAN GRAIN SIZE (ft), D, = 0.003281
Ku, CLEAR WATER CONTRACTION SCOUR COEFFICIENT = 130
COMPUTED DEPTH OF CONTRACTED SECTION (ft), Y, = 0.64
AVERAGE FLOOD PLAIN DEPTH (ft), Y, = 2.98
DEPTH OF CONTRACTION SCOUR (ft), Y, = 2.3
500-YR DISCHARGE
Right Overbank
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS
DISCHARGE IN CONTRACTED SECTION (cfs), Q = 142
WIDTH OF CONTRACTED SECTION (ft), W = 331.3
MEDIAN GRAIN SIZE (ft), Ds, = 0.003281
Ku, CLEAR WATER CONTRACTION SCOUR COEFFICIENT = 130
COMPUTED DEPTH OF CONTRACTED SECTION (ft), Y, = 0.29
AVERAGE FLOOD PLAIN DEPTH (ft), Y, = 0.48
DEPTH OF CONTRACTION SCOUR (ft), Y, = 0.2

Calc. By: RLE [|Date: 7-21-2006

Check By: ¢ |Date: Eﬂl&




500-YR
LOCAL PIER SCOUR COMPUTATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER & RAILYARD

PUEBLO, COLORADO
RAILYARD PIERS

7-21-2006

CASE 2 COMPLEX PIERS SCOUR ANALYSIS FOR 500-YR

Reference for methodology: HEC-18 4th Edition Chapter 6

PIER COMPONENT

Bent Number Pier 4 Pier §
Station 27452 29+81
V,: velocity (fps) 1.91 218
Y,: depth (ft) 1.86 - 2.38
ATTACK ANGLE, (degrees) 0 0
hy: pier stem height above bed (ft) -2.00 -2.00
Individual Pier Width (ft) 7.08 3.50
a: projected pier width (ft) 7.08 3.50
L: pier length (ft) 17.25 17.25
f: pier setback from edge of pile cap (ft) 8.38 2.38
Pier Nose Shape (S=SQUARE, C = CIRCULAR) 8 S
Ky: shape coefficient 1.10 1.10
Kj: angle coefficient 1.00 1.00
Ks;: bed condition coefficient 1.10 1.10
Knpier: Weighting factor for pier component 0.43 0.62
g: gravitational constant (ft/sec?) 32.20 32.20
Fr: Froude number 0.25 0.25
Pier Component of Local Scour Depth, Y e (ft) 2.5 2.5
CAP COMPONENT (Case 2)

Bent Number Pier 4 Pier 5
V,: velocity (fps) 0.81 1.06
Y.: depth (ft) 4.36 4.88
ATTACK ANGLE, (degrees) 0 0
hepo: Pre-scour pile cap bottom height above the bed (ft) -11.00 -8.00
Ds, (ft) 0.0033 0.0033
Ks (ft) 0.0049 0.0049
Ku critical velocity transport coefficient 11.17 11.17
Vc critical transport velocity (fps) 212 2.16
Y. distance from bed to top of footing (ft) : 0.50 0.50
V. ave velocity in the flow zone below the top of the footing (fps) 0.62 0.80
ay: pile cap width (ft) 9.00 6.00
Lo pile cap length (ft) 34.00 22.00
Cap Nose Shape (S=SQUARE, C = CIRCULAR) s s
Ky: shape coefficient 1.10 1.10
K,: angle coefficient 1.00 1.00
K3: bed condition coefficient 1.10 1.10
K, wide pier adjustment factor 0.35 1.00
Fr: Froude number 0.16 0.20
Cap Component of Local Scour Depth, Y. (m) 1.3 3.0
LOCAL SCOUR DEPTH = Y,;i0; *+ Yspc 3.8 5.5
Calc. By: RLE Date: 7-21-2006

Check By: (1D Date: /40



APPENDIX D
Bluff Slope Countermeasure Design Calculations



RIPRAP SIZE CALCULATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER
500-YR
PUEBLO, COLORADO
RIGHT OVERBANK BLUFF SLOPE

8/4/06

The following computations are made using the CDOT Drainage Design Manual
equation for Riprap size determination

Dy, = (0.00594C v’ )/(d‘?‘iKll.S )

K, =[1~(sin?6/sin? )"
C =(1.618F* (s, -1)"*

RIPRAP SIZE CALCULATIONS
V, AVERAGE MAIN CHANNEL VELOCITY (ft/s) = 6.23
d, AVERAGE MAIN CHANNEL FLOW DEPTH (ft) = 4.15
6 BANK ANGLE TO THE HORIZONTAL (deg) = 26.57
¢ MATERIAL ANGLE OF REPOSE (deg) = 39.00
S, MATERIAL SPECIFIC GRAVITY = 2.65
SF STABILITY FACTOR = 2.12
K, = 0.70
C CORRECTION FACTOR = 2.34
MEDIAN GRAIN SIZE (ft), D50 = 0.50

Calc. By: RLE |Date: 8/4/06
Check By:] () [Date: &/d[oe |




TURF REINFORCEMENT MAT DESIGN CALCULATIONS
FOR S.H. 96A (4th St.) OVER ARKANSAS RIVER
500-YR
PUEBLO, COLORADO
RIGHT OVERBANK BLUFF SLOPE

8/11/06

The following computations are made using FHWA HEC-15 Design of
Roadside Channels with Flexible Linings

T=Y-R-S

which is simplified to

T=Y-Y-S

where:

T is the boudary shear stress (Ib/sf)

Y is the unit weight of water (62.4 Ib/cf)

Y is the depth of water (at the toe of slope)
S is the energy gradient (ft/ft)

CHANNEL HYDRAULIC DESIGN PARAMETERS
HEC-RAS MODEL XS 1253

V CHANNEL VELOCITY AT BLUFF TOE (fs) = 3.50

Y FLOW DEPTH AT BLUFF TOE (ft) = 3.65

S ENERGY GRADIENT (ft/ft) = 0.0029
SHEAR STRESS CALCULATION

T SHEAR STRESS (Ib/sf) = 0.66

Conclusion - For disturbed bluff slopes (not protected by riprap), a permanent
Turf Reinforcement Mat will be required with a permissable shear stress greater than
0.66 Ib/sf, based on testing according to ASTM D6460, for non-vegetated conditions.

Calc. By: CLR |Date: 8/11/06

Check By:| /¥ &~ |Date: Ad oL
Bl ; \ T
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APPENDIX E
Bridge Hydraulic Information Sheet
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