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EXECUTIVE SUMMARY

Phase 2 of the Lower Hassayampa Watercourse Master Plan (LHWCMP) project, located within
the jurisdictions of the Town of Buckeye and unincorporated Maricopa County was conducted
under contract FCD 2009C024. The Hassayampa River is an ephemeral stream, characterized by
shifting braided to meandering sand channels, few bridge crossings and scattered sand and gravel
operations. A typical response that has been observed from a runoff event is lateral migration of
the main channel. Channel banks have migrated as much as 300 feet in a single flood event that
was estimated to be about a 25-year event, exacerbating flood and erosion hazards on property
adjacent to the watercourse.

Community’s future growth plans will contribute to encroachments on the watercourse.
Encroachments will be made to reclaim floodplain areas for developable property, to provide
transportation and utility infrastructure corridors required to support growth and to provide sand
and gravel required for construction of homes and infrastructure. The effect of future urbanization
on the form and hydraulic function of the Hassayampa River are not known. The watercourse
master plan will evaluate the effects of urbanization and provide a river management plan to
address these effects. In the future there may be up to fifteen additional roadway bridge crossings
within the study reach. Manmade impacts that have affected the characteristics of the river are
vegetation clearing for agriculture and sand and gravel mining, sand and gravel mining and lateral
migration of channel banks.

The goal of the LHWCMP is that when the plan is implemented residents, property, and
infrastructure will be protected from the effects of flooding through fiscally responsible and
sustainable floodplain management and flood hazards solutions. To achieve this goal
understanding the rivers’ form and function and how the river responds to physical changes
brought on by urbanization is required. To this end hydraulic modeling of existing and proposed
conditions are conducted to establish a baseline condition (existing condition) and a proposed
condition. The existing condition model evaluates the current condition and proposed condition
models evaluate the impact of physical changes to the river brought on by potential urbanization.
The hydraulic performance of the river under proposed conditions is compared against the
hydraulic performance under the existing condition to establish net changes. A number of
proposed condition scenarios are evaluated to understand the effect that different urbanization
scenarios would have on the watercourse. Specific alternatives that were evaluated are:

e Floodplain Management Alternative - The Floodplain Management Alternative allows for
encroachment into the watercourse only at bridge locations. Between bridge locations the
watercourse is to be maintained in a natural state by not allowing encroachments into or
development within the FEMA Effective 100-year Floodplain. Sand and gravel operations
are managed so that their impact to bridges and to the form and function of the watercourse
are minimized. Through hydraulic analyses and an optimization process, recommended
maximum encroachments into the floodplain for bridge approaches, bridge opening
dimensions and bridge locations are established.

e Encroachment to the Effective and/or Phase 1 Floodway Limits - In two separate models
this scenario evaluates the effect of encroachments to the FEMA Effective and Phase 1
Floodway Limits along with bridge dimensions established from the results of the
Floodplain Management Model.




Maximum Encroachment - This scenario allows for encroachment beyond the floodway
limit along the entire study reach. The scenario evaluates different channelization’s
scenarios in conjunction with bridge locations and dimensions established from the
Floodplain Management Model.

No-Action Alternative - The No-Action (do nothing) Alternative provides flood control
management based on current federal, state, and local floodplain management regulations
that allow encroachment into the floodway fringe. The alternative allows for encroachment
into the floodplain as long as Federal Emergency Management Agency (FEMA) guidelines
are followed. Typically under the No-Action Alternative, piecemeal development occurs
without a consistent approach in the design of flood hazard mitigation measures or
evaluation of collective impacts to the form and function of the watercourse and to
environmental and scenic resources.

Two other river management alternatives that are considered in the LHWCMP are the
Floodplain and Erosion Management Alternative, and the River Corridor Management
Alternative. The Floodplain and Erosion Hazard and the River Corridor Management
alternatives allow for low density, low impact development within the floodway fringe and
erosion hazard boundaries. Low impact development is defined as any activity within the
floodway fringe or erosion hazard zone that does not significantly alter the natural form and
function of the watercourse. Due to the low density classification impacts to the watercourse by
these alternatives are considered minimal, therefore no specific hydraulic modeling was
conducted. Descriptions of the alternatives are:

Floodplain and Erosion Management Alternative - The Floodplain and Erosion
Management allows for encroachment into the 100-year floodplain at bridges locations
defined in the Floodplain Management Alternative and allows for low density, low impact
development within the floodway fringe and erosion hazard boundaries.

River Corridor Management Alternative -The River Corridor Management Alternative
maintains that encroachment into the “river corridor” disrupts the biological, hydrologic
and cultural connectivity of the river system. A river corridor can be loosely defined as an
integrated system of biological, hydrologic, geomorphic and cultural factors. For this
study, the river corridor management approach identified the alternative’s limits through
aerial imagery and field reconnaissance. The limit was determined by a combination of
factors including, but not limited to, the extent of riparian-associated vegetation, minimum
functional wildlife corridor widths and geomorphic factors such as dissected river terraces
and banks and likely historic lateral migration extents. This alternative does not impede
existing sand and gravel operations, future highway/roadway bridge infrastructure or
existing development and agricultural lands and allows for low density, low impact
development within the floodway fringe and erosion hazard boundaries. Bridge
encroachments defined in the Floodplain Management Alternative are an element of this
alternative.

Performance criteria were developed to determine optimum bridge opening dimensions and to
evaluate a river management scenario. Changes in velocity, flow regimen, water surface elevation
and stable slope relative to the existing condition were used as criteria. A change in velocity of
greater than 10%, a change in flow regime, an increase in water surface elevation of more than a 1
foot and a change of more than 10% in stable slope were considered unacceptable with the
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exception of changes at bridge locations. If the change in hydraulic conditions was confined to
500 feet upstream and downstream of a bridge location and mitigation measures could be
employed to minimize the impact due to the change in hydraulic condition the encroachment was
considered acceptable.

Based on hydraulic modeling results and team collaboration optimum bridge locations and bridge
opening widths were determined for 12 of the 15 proposed bridge locations. Due to existing and
proposed sand and gravel operations channelization is recommended at 3 of the bridge locations.
Results for the Floodway and Maximum Encroachment scenarios were found to be acceptable.
The project team will utilize the results to formulate a River Management Plan for the Hassayampa
River.

iii
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1.0 INTRODUCTION

1.1 PROJECT PURPOSE

The Lower Hassayampa Watercourse Master Plan (LHWCMP) study area and the
watersheds draining to the watercourse are relatively undisturbed. Development that has
occurred in the area is primarily single lot development. Due to the sparse development
and few encroachments into the river, significant damage caused by flooding and/or
erosion has not occurred. However, the effect of future urbanization including roadway
and utility infrastructure crossings on the form and hydraulic function of the Hassayampa
River are not known. The watercourse master plan will evaluate the effects of
urbanization and provide a river management plan to address these effects (T. Pinto,
7/09/2010). The LHWCMP was conducted in two phases. Phase 1 tasks focused on
defining the existing condition of the watercourse in terms of hydraulic performance and
channel stability. Phase 1 was conducted under contract Flood Control District (FCD)
2004C001. The focus of Phase 2 tasks were to evaluate future conditions that may be
imposed on the watercourse through urbanization and to determine the impacts of those
conditions on the watercourse relative to the existing conditions defined in Phase 1.
Through urbanization encroachments on the watercourse are made to produce
developable property and to provide transportation and utility infrastructure required to
support the community’s plan for future growth. Review of Maricopa Association of
Governments (MAG) Regional Transportation Plan, Town of Buckeye General Land Use
Plan and Maricopa County’s Future Land Use Plan indicate that there are up to 15
additional bridge crossings of the Hassayampa River planned in the future. The
LHWCMP through hydraulic evaluations conducted in Phase 2 defines optimal bridge
locations, bridge length and areas suitable to be reclaimed for potential development.
Phase 2 is conducted under contract FCD 2009C024.

1.2 PURPOSE OF REPORT

The following report is a comprehensive document that contains the results and
supporting computations for the evaluations conducted for Phase 2 by Stantec Consulting
Services. The report includes discussions on hydraulic evaluations conducted for the
existing and potential future conditions; potential river management scenarios, criteria
used to evaluate river management scenarios and evaluations conducted to support and
evaluate a recommended river management approach.

1.3 DESCRIPTION OF PROJECT AREA

The LHWCMP study reach is within the jurisdictions of the Town of Buckeye and
unincorporated Maricopa County and extends from the confluence with the Gila River to
River Mile (RM) 27.89. RM 27.89 is located approximately at the Beardsley roadway
alignment. The location of the study reach of the Hassayampa River is depicted in Figure
1.1. Major washes that drain to the Hassayampa River within the study reach include
Jackrabbit Wash, Wagner Wash and Daggs Wash. During Phase 1, the study reach of the
Hassayampa River was subdivided into five reaches based on similar physical and
hydraulic characteristics. The sub reaches are depicted on Figure 1.1.

il
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The subject reach of the Hassayampa River is an ephemeral stream, characterized by
shifting braided to meandering sand channels, variable vegetation densities few bridge
crossings and scattered sand and gravel operations. A typical response that has been
observed in regards to river form from a runoff event is lateral migration of the main
channel. Channel banks have migrated as much as 300 feet in a single flood event that
was estimate to be about a 25-year event. Vegetation densities are spatially varied
ranging from sparse vegetation to very dense over short distances. At the confluence
with the Gila River the vegetation is very dense due to water availability. Upstream of
the confluence vegetation densities are sparse to moderate. Currently there are three
bridge crossings, one railroad bridge and two roadway bridges. In the future there may
be up to fifteen additional roadway bridge crossings within the study reach. Manmade
impacts that have affected the characteristics of the river are vegetation clearing for
agriculture and sand and gravel mining. At locations sand and gravel mining operations
have impacted channel geometry which will result spatially in changes to the hydraulic
performance of the watercourse.

Figure 1.1
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1.4  CORRESPONDENCE

Correspondence that transpired during the course of this study that relates to scope, notice to
proceed and review comments concerning the analyses documented in this report are provided
in Appendix A.

1.5 HYDRAULIC ANALYSIS SCOPE

The goal of the LHWCMP is that when the plan is implemented residents, property, and
infrastructure will be protected from the effects of flooding through fiscally responsible and
sustainable floodplain management and flood hazards solutions (T. Pinto 2007). To achieve
this goal understanding the rivers’ form and function and how the river responds to physical
changes brought on by urbanization is required. To this end hydraulic modeling of existing
and proposed conditions are conducted to establish a baseline condition (existing condition)
and a proposed condition. The existing condition model evaluates the current condition and
proposed condition models evaluate the impact of physical changes to the river brought on by
potential urbanization. The hydraulic performance of the river under proposed conditions is
compared against the hydraulic performance under the existing condition to establish net
changes. A number of proposed condition scenarios are evaluated to understand the effect
that different urbanization scenarios would have on the watercourse. Specific scenarios that
were evaluated are:

¢ Floodplain Management Model - The Floodplain Management scenario allows for
encroachment into the watercourse at bridge locations, with no structural elements in
the area between the bridges. The evaluations establish maximum encroachments
allowed at a bridge locations and bridge opening dimensions that will be utilized in
other river management scenarios.

e Encroachment to the Effective and Phase 1 Floodway Limits — In two separate models
this scenario evaluates the effect of encroachments to the FEMA Effective and Phase
1 Floodway Limits along with bridge dimensions established from the results of the
Floodplain Management Model. The reach downstream of the UPRR Bridge in both
models is modeled as a “levee failed” condition (no lateral weirs) and the FEMA
Effective Floodway limits will be used as the maximum encroachment limits. The
floodway for the reach upstream of the UPRR Bridge will utilize the Effective
Floodway limits in one model and Phase 1Floodway encroachment limits in the other
model. Encroachment to the Floodway Alternative allows for encroachment to the
floodway limits by placing earthen fill material within the floodway fringe so that the
area is elevated above the 100-year water surface area. Bank armoring is provided to
protect the filled floodway fringe area. Bridge encroachments defined in the
Floodplain Management Alternative are an element of this alternative.

o The Phase 1 floodway limits tend to meander more than the effective
regulatory floodway. In many cases the Phase 1 floodway is narrower than the
effective floodway (West, February 2006).

e Maximum Encroachment — This scenario allows for encroachment beyond the
floodway limit along the entire study reach. The scenario evaluates different
channelization’s scenarios in conjunction with bridge locations and dimensions
established from the Floodplain Management Model.

-3
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‘ e No-Action Alternative -The No-Action (do nothing) Alternative provides flood
control management based on current federal, state, and local floodplain management
regulations that allow encroachment into the floodway fringe. The alternative allows
for encroachment into the floodplain as long as Federal Emergency Management
Agency (FEMA) guidelines are followed. Typically under the No-Action Alternative,
piecemeal development occurs without a consistent approach in the design of flood
hazard mitigation measures or evaluation of collective impacts to the form and
function of the watercourse and to environmental and scenic resources.

B
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2.0 MAPPING AND SURVEY INFORMATION

2.1 DESCRIPTION OF MAPPING

The District provided two sets of topographic mapping for the project area. One set was
developed for the Hassayampa Watercourse Master Plan Phase 1 study. The other set was
new topographic mapping flown in May of 2010 for a reach of the Hassayampa River
commencing at River Mile (RM) 4.15 and extending to RM 18.81. The new topographic data
was developed for Phase 2 after a runoff event that occurred in January of 2010. For Phase 2,
multiple topographic data sources were utilized to develop a digital terrain model that
represents the topography of the study area. Figure 2.1 shows the distribution of topography
data sets that were compiled to develop a digital terrain model for the Phase 1 project area.
Phase 1 and Phase 2 topographic data were compiled to develop a digital terrain model for
Phase 2. The vertical datum for the data sets is NAVD88 and the horizontal datum is State
Plane NAD 83, Arizona Central, International feet.

Figure 2.1 Topographic Data

Distribution of
Existing Topography

D Hassayampa WCMP (11/2/2002); 2-ft C|
D Buckeye Sun Valley ADMS (4/8/2002); 2-ft CI
D Deggs wash FDS (11/16/1992); 4t C|

[ sat/Gila FDS Re-Study (12/14/1991); 4t CI
[ county 104t Mapping (12116/2000); 10t CI
[ county 2t Mapping (2004); 2t CI

[ Fcome ro10); 24t ci
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3.0 FIELD RECONNAISSANCE MEMO

Field reconnaissance was conducted to determine if there have been physical changes to the
project reach of the Hassayampa River since the Lower Hassayampa Watercourse Master Plan
Phase 1 project was completed. Field reconnaissance included:

e Observation of channel and floodplain conditions for validation of Manning's "n"
values

e Photographic documentation of floodplain characteristics;
e Verification of channel bank stations;

¢ Observation of possible overflow areas, inspection of flood control and bridge
structures;

e Determine if any structures impacting flows, such as bridges, culverts, roads, etc.,
have been constructed since the development of the existing model;

e Determine if any other significant topographic changes, such as sand and gravel
operations, major developments, etc., that have occurred in the river since the
development of the Phase 1existing model that may have an impact on hydraulic
conditions.

In addition to the field reconnaissance, the new topographic mapping developed for Phase 2
was compared to the Phase 1 topographic mapping to determine the physical changes that
have occurred since the date of the Phase 1 topography.

Results of the field investigations were presented in a Field Reconnaissance Report. The
report is included in this report as Appendix B.

-6-
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4.0 HYDROLOGY

Hydrology utilized for this study is the FEMA Effective 100-year peak discharges developed
for the Hassayampa River in 1988 for a Flood Insurance Study. A ratio of the 100-year event
was taken to establish 10-year peak discharges. The ratio of 0.35 (Value from District’s
Hydrology Manual) was utilized. Table 4.1 lists 100-year and 10-year peak discharges
utilized in the hydraulic evaluation.

The District has contracted with the USGS to update peak discharges for the Hassayampa
River. The study is underway.

Table 4.1
Summary of Design Discharges by River Station

100-year 10-year

Peak Peak
Location Discharge Discharge

(cfs) (cfs)

27.89 57,854 20,249
. 25.06 57,230 20,030
21.93 56,604 19,811
18.81 55,980 19,593
15.49 76,120 26,642
15.21 75,574 26,451
12.94 75,164 26,307
10.87 74,970 26,239
9.93 74,572 26,100
7.94 73,966 25,888
491 73,500 25,725

o
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N 5.0 HYDRAULIC ANALYSIS

o | INTRODUCTION

Hydraulic analyses were conducted for the project reach of the Hassayampa River for existing
conditions and for different encroachment and channelization scenarios to determine potential
impacts to the study reach due to urbanization. Elements of urbanization that could impact
the watercourse include roadway encroachments, floodplain encroachments as a result of
residential or commercial development, channelization, and sand and gravel operations.
Channelization could be an option that development would incorporate into a plan to increase
the amount of developable area. Hydraulic evaluations of sand and gravel operations were not
included in the hydraulic analysis scope and therefore no technical evaluations were
conducted.

5.2 METHOD DESCRIPTION

Hydraulic analysis is performed in accordance with applicable guidelines and criteria set forth
in the Guidelines and Specifications for Flood Hazard Mapping Partners (Federal Emergency
Management Agency (FEMA), 2003), and the District’s Consultant Guidelines (Flood Control
District of Maricopa County, 2003). The US Army COE HEC-RAS Computer Program,
version 4.1.0, dated Jan 2010 was used to develop and evaluate hydraulic models that simulate
the physical conditions of the watercourse under a runoff event. The HEC-RAS model data
files developed for the project; both input and output, for the watercourse are provided
digitally on a CD in Appendix C. PDF format files of the HEC-RAS input and output files are

’ located in Appendix D. HEC-RAS project and plan names are listed in Table 5.1. Figure 5.1
depicts a HEC-RAS model development flow chart that shows the steps taken for model
development. Work Maps depicting the location of HEC-RAS cross sections, bank stations,
thalweg, topographic data, 100-year Effective FEMA Floodplain Zones, and lateral migration
limits established by the District are provided as Plate 1 and Plate 2 (located in the back of the
report). The difference between Plate 1 and Plate 2 are the locations of cross sections
upstream and downstream of potential bridge locations. Based on conclusions from the first
step in the Floodplain Management evaluation, bridge locations were moved due to physical
and hydraulic conditions. Plate 2 presents the revised cross section locations based on
relocating bridge alignments.

Table 5.1 Hassayampa River — Hydraulic Model Summary

Project Name Plan Name Geometry Steady Description
Flow
(1) (2) (3) (4) (5)

This project file has 2 Plans. One plan is the
Final HEC-RAS Phase 1 model (Phase 1

1. Phase ] 1. L o .
Exiasstieng HassayZ:VnE;a- Existing), the other plan is the Phase 2 model
Conditios Final Model | Hassayampa with updated geometry (Phase 2 Existing

Phase 2 Existing Flow Data Update). After the runoff event in January of
Condition Model 2010 the District obtained new aerial

2. Phase?2 2. .Phase 2 . .
o - mapping for a reach commencing at
Exisung Existing approximately RM 4.25 and extending to RM
Update Update 18.71. The mapping was flown in May 2010.
' Vertical Datum: NAVD 88

-8-
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Table 5.1 Hassayampa River — Hydraulic Model Summary (Continued)

Project Name Plan Name Geometry Steady Flow Description
(1) (2) 3) (G (5)
Additional cross sections are
added to the Existing Condition
Phase 2 Model at bridge locations
to evaluate the impact of potential
; bridge encroachments on the
Floodplain . :
Floodplain . Hassayampa | hydraulic performance of the
Management Phase 2 Bridge : 2
St 1 Management b h A Flow Data | watercourse. This evaluation is
P Step 1 HEroRRIEeR 10-yr/100-yr | the first step in determining a
Floodplain Management
Encroachment stations are utilized
to define bridge abutments and
ineffective flow areas for each
bridge opening evaluated.
The Project File contains two
plans. The first plan contains new
cross section geometry data at
New Existing New E?(lstlng proposed brl.dge locatl.ons.
. o Condition Proposed bridge locations were
Floodplain Condition :
. Hassayampa | revised based on the results of
Management Floodplain . ;
Floodplain Flow Data Floodplain Management Step 1.
Step 2 Management :
Management Step The second plan models bridge
Step 2 < S :
2 alignments and bridge opening
widths determined in Step 1
utilizing the HEC-RAS bridge
routine.
The Project File contains two
New Existing plaps: The ﬁr.st. plan is the N§w
o . Existing condition plan described
Condition New Existing A
Encroachment to s Hassayampa | above and the second plan is the
Encroachment Condition
the Floodway Flow Data | plan that models the FEMA
to the LWCMP_Phase 2 ;
Flood Effective Floodway
oodway encroachments. See Section 1.5
for details.
The Project File contains two
. New Existing o plans. The first plan is the New
Condition New Existing Existing condition plan described
LHWCMP Phase 1 LHWCMP Ph Condition Hassayampa | above and the second plan is the
FY EN Phase 2 : Flow Data
1 FY EN LWCMP Phase 2 plan that models the Phase 1
Phase 2 - Floodway encroachments. See

Section 1.5 for details.

20
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Table 5.1 Hassayampa River — Hydraulic Model Summary (Continued)

Project Name Plan Name Geometry Steady Flow Description
{. Struetisl The project co‘ntains 3 plgns.
Altermiive Base The first plan is the Ma?(lmum
T — |, Maximum Encroachment Alternative Base
T — Alternative Alt Alternative Base Plan. This p@a.n contains the
Encrouchinent Al Hassayampa | geometry utilized in the
Alternative : 2. AltAl Flow Data | Encroachment to the Floodway.
3. Maximum ; p 5
Alternative Al 3. Alt Bl This geometry is then modified
Bl Ll using the HEC-RAS channel
modification routine to develop
Plan 2 (Alt. A1) and Plan 3 (Alt.
BI1)
Encroachment to the Floodway
1. Encroachment Plan serves as the base model.
Max to the 1. LHWCMP Phase 2 Typical trapezoidal channel
Encroachment, R 1 Floodway 5 Gladden Channel Hassayampa | . :tions are edited and channel
Gladden Channel 2. Gladden : Flow Data alignment revised based on
Channel stakeholder comments. A new
bridge crossing at Old US 80 is
required.
Encroachment to the Floodway
1.  Encroachment
T to the Plan serves as the base model.
1. LHWCMP_Phase 2 Typical trapezoidal channel
Encroachment, R1 Floodway Hassayampa ; :
Ch 1 2. Reach 1 Channel sections are edited and channel
anne 2. Reachl Flow Data : .
Refinement alignment revised based on
Refinement Channel
Refi ; stakeholder comments. The
R existing bridge crossing of Old
US 80 is utilized
In the event that multiple
alternatives are employed within
N - the Hassayampa River Corridor a
Transition Transition Transition Hassayampa hydraulic model was developed
Flow Data | ¢ evaluate the hydraulic
conditions of a river reach where
one alternative transitions to
another.
-10-
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Figure 5.1 HEC-RAS Model Development Flow Chart

Phase 2 Existing Condition
HEC-RAS Project Model.

Plan is used for comparison purposes
with Phase 2 Existing Condition
geometry to determine topographic
changes due to erosion.

Modifications to the Existing Condition Phase 2 Model are made at bridge locations to evaluate the impact of potential bridge
encroachments on the hydraulic performance of the watercourse and to determine optimum bridge opening lengths.

|

Floodplain Management Alternative (Step 1), HEC-
RAS Project Model.

l

Based on results of Step 1 and District comments bridge locations and geometrics are refined.

|

Floodplain Management Alternative (Step 2) HEC RAS Project Model. This model is considered the base model by which
hydraulic results from following alternatives are compared to determine net change in hydraulic parameters.

{

Project model is modified to
include FEMA effective
Floodway Stations.

|

Encroachment to the Floodway
Alternative, HEC-RAS Project
Model.

!

Continued on next page
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Figure 5.1 HEC-RAS Model Development Flow Chart Continued

Geometry for the Encroachment to the Floodway, HEC-RAS Project is utilized to develop the following HEC-

RAS Projects.

Typical trapezoidal channel Typical trapezoidal channel

; : sections are edited and sections are edited and
Therljiglélliﬁiszgag)ni\r’r;?;hfiﬁztlon channel alignment revised channel alignment revised

Maxi & E Sihint HISEC RAS based on stakeholder based on stakeholder

Aa LR ncr(I;i((:).;then . % comments. A new bridge comments. The existing
) crossing at Old US 80 is bridge crossing of Old US 80
required. is utilized.

4 l |

Kt el Maxi O Maximum Encroachment,
I & - AltBI, A LEHD et > Reach 1 Channel Alignment
- | EESene Reach 1 Gladden Channel
‘ HEC-RAS Al t HEC-RAS Proiect Refinement, HEC-RAS-
_ Project Plan i 4 G J Project
HEC-RAS Project TEC-RELE
Project Plan
Plan does
does not
advances.
advance.

5.3 PARAMETER ESTIMATION
5.3.1 Manning’s n-Value

Manning’s roughness coefficients (“n” values) and the distribution of the coefficients
developed for Phase 1 were reviewed to determine if there has been significant physical
change to merit revising the “n” value shape files developed for Phase 1. At locations
Manning's roughness coefficients for the reach extending from RM 4.145 to 27.89 merited
revisions based on physical changes to the water course due to erosion, sand and gravel
mining, and agricultural clearing. The base roughness coefficients developed for the Phase 1
project were utilized where vegetation had been removed. Phase 1 Manning’s roughness
coefficients were estimated using a methodology that is the same as what is presented in
“Selection of Manning’s Roughness Coefficient for Natural and Constructed Vegetation and
Non-Vegetated Channels and Vegetation Maintenance Plan Guidelines for Vegetated
Channels in Central Arizona”. See Appendix B - Field Reconnaissance Report for Manning
n-value details. Maps depicting the distribution of Manning’s roughness coefficients are
provided in the Field Reconnaissance Report.

=19-
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5.3.2 Expansion and Contraction Coefficients

The study reach is relatively free of any natural abrupt channel transitions, therefore, gradual
contraction and expansion coefficients of 0.1 and 0.3, respectively, are used. At bridge
locations where there is are abrupt channel transitions contraction and expansion coefficients
of 0.3 and 0.5 are utilized.

54 MODELING DISCHARGES

Peak discharges cited in Section 4 are utilized in the hydraulic modeling.
5.5 CROSS SECTION DESCRIPTION

5.5.1 General

The HEC-RAS computer model utilizes geometric data at cross section alignments to
facilitate hydraulic computations. Cross sections for the study reach are typically located at
approximately 500-foot or less intervals, as well as at significant changes in channel slope and
cross sectional area. Cross section alignments developed for the Hassayampa Watercourse
Master Plan Phase 1 Study were augmented and utilized for the Phase 2 Study. For the Phase
2 study additional cross sections were required at proposed bridge locations.

For the reach upstream of the Union Pacific Railroad Bridge (RM 4.0) the digital terrain
model developed for Phase 2 was utilized to determine cross sectional geometry. Cross
sectional geometry was determined from a triangulated irregular network (TIN). The TIN is
developed from the digital terrain model (DTM) using the 3D Analyst extension of ArcView
GIS v3.2. Cross section numbering is expressed in river miles above the confluence with the
Gila River. Cross section stationing is from left to right looking downstream. The 10,000
station defines the center of the channel, sometimes referred to as the thalweg or channel
centerline.

Downstream of the Union Pacific Rail there are non-engineered levees that influence the
distribution of flow in the channel and overbank areas. River management scenarios that are
being evaluated include levee in and levee out scenarios. For levee in scenarios where the
levee is modeled as functioning, geometry from the HEC-RAS model developed for Phase 1
was utilized. For the levee out scenarios where the levees do not function to contain flow,
new cross section data was developed. New cross section alignments were developed utilizing
the three sets of cross section used downstream of the Union Pacific Railroad in Phase 1 to
define the distribution of flow. The alignments of the three sets (left bank, main channel, right
bank) were combined so that cross sections extend the full length of the FEMA Effective
Floodplain. Cross section alignments were then used to sample the TIN to obtain cross section
geometric data. The Phase 2 Existing Condition Model and the Floodplain Management
Models used the levee in scenario geometry whereas the Floodway Encroachments Models
and Maximum Alternative Model utilized the levee out scenario geometry.

5.5.2 Channel and Overbanks

For the situation where the geometry from the Phase 1 Model was not utilized, cross section
reach lengths and channel bank stations are determined using the HEC-GeoRAS extension for
ArcView GIS. The process involves the layout of line work representing the hydraulic
baseline (channel reach length), flow paths (overbank reach lengths) and bank stations. This
data, along with cross sectional geometry is exported into a format required by HEC-RAS.

18-
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5.6 MODELING CONSIDERATIONS
5.6.1 Hydraulic Jump Analysis

The potential for a hydraulic jump was identified for certain bridge encroachment scenarios.
The locations and the significance of the jump are discussed in the results section.

5.6.2 Bridges, Culverts and Constrictions

There are no culvert structures within the study watercourse, however there are three existing
bridge crossings and fifteen proposed bridge crossings. The existing bridge crossings were
modeled with the bridge routines in HEC-RAS. Bridge geometry data for the existing bridges
were taken from the Phase 1 HEC-RAS Models. The proposed bridge crossings are modeled
in a two step process. The first step is a bridge opening alternative analyses step, in which
different openings for proposed bridge locations are modeled to determine a preferred opening
width. Due to the number of bridges and the number of bridge openings to be evaluated for
cach bridge location, encroachment stations were used to simulate the abutments of the
bridge. Encroachment stations were used to define the limits of a bridge opening and the
ineffective flow areas upstream and downstream of a particular bridge opening scenario.
Once a preferred bridge opening dimension was determined from Step 1, the HEC-RAS
bridge geometry editor was used to define bridge geometry, and the ineffective flow routine
was used upstream and downstream of the bridge to define ineffective flow areas during Step
2. Additional bridge modeling details are discussed in latter sections of this report.

5.6.3 Levees and Dikes

Downstream of the Union Pacific Railroad (at RM 3.72) along the left bank and downstream
of Old US 80 (at RM 2.63) along the left and right banks, non-engineered levees have been
constructed. For the Existing Condition HEC-RAS model and Floodplain Management
models, the levees are modeled as structures. The Lateral Weir routine was utilized to
estimate the flow that would drain over the levee in an overtopping scenario. For the
Floodway Encroachments and Maximum Alternatives, the levee is modeled as a “levee
failed” condition (no lateral weirs).

5.6.4 Islands and Flow Splits

Within the study reach of the Hassayampa River there are islands and split flow locations.
The river is a braided river where there are areas between channel braids that are not
inundated during a 100-year event. These island areas and channel braids do not pose any
significant modeling concerns because the flow does not leave the drainage network.
Downstream of the Union Pacific Railroad in the levee reach, split flow occurs when the
levees are overtopped. Modeling approaches of the levee reach were discussed above.

5.6.5 Ineffective Flow Areas

The ineffective flow option of the geometry editor was utilized to define ineffective flow
areas. Areas where this option was applied include areas upstream and downstream of
bridges, sand and gravel mining areas where excavated pits occurred within the cross sections
but out of the channel flow area, tributary drainage that parallels the river and behind
manmade features that have created ineffective flow areas.
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5.6.6 Supercritical Flow

Supercritical flow was only recorded at a few locations for the Existing Condition Phase 2
however the Phase 2 Floodplain Management model flow alternated between subcritical and
supercritical for different bridge opening scenarios due to the extent of the encroachment.
The Existing Condition Phase 2 model was run at a subcritical flow regime and the Phase 2
Floodplain Management model was run at a mixed flow regime.

5.7 PROBLEMS ENCOUNTERED DURING THE STUDY
5.7.1 Special Problems and Solutions

Special problems are limited to the levee reach. Modeling approach for the levee reach is
discussed in Section 5.6.3.

5.8  CALIBRATION

There is no gauge data or observed water surface elevations for the events that are being
modeled to calibrate the HEC-RAS model.

5.9 CHECKRAS MESSAGES

CHECKRAS, Versions 1.4 (FEMA, 2005, date modified 7/30/2008) was utilized to check the
validity of input parameters in the HEC-RAS hydraulic models that were developed for the
study watercourse. Copies of the CHECKRAS output files are provided in Appendix E.

5.100. MODEL WARNING AND ERROR MESSAGES

The HEC-RAS model for the study watercourse executed without error messages for the
floodplain profiles. However, the models do report several different warning messages. In
general, these messages are to be expected given the hydraulic characteristics of the

watercourse.
5.11 HEC-RAS EXISTING CONDITION HYDRAULIC MODELING DETAILS
AND RESULTS

The HEC-RAS Existing Condition hydraulic model will serve as the base condition by which
the results of hydraulic models developed for alternative analyses will be compared to
determine the effects of the alterative on the hydraulic performance of the river. The HEC-
RAS model developed for the Phase 1 study forms the base for the existing condition model.
The Phase 1 model was revised to include new topographic data from aerial mapping flown in
May of 2010. The new topographic data was utilized for the reach commencing at River Mile
(RM) 4.15 and extending to RM 18.81. The Field Investigation Report included in Appendix
B presents a discussion of the topographic changes that have occurred between 2002 and
2010, and Manning’s roughness coefficient details. Plate 1, Sheets 1 through 10 depicts
Manning’s “n” values, the location where lateral migration has occurred, cross section
location with identifiers bank stations and lateral erosion limits estimated by the District.
Digital files of the Existing Condition HEC-RAS model are provided in Appendix C. A
HEC-RAS summary output is provided as Appendix D.

In order to summarize the change in hydraulic conditions between the Phase 1 and Phase 2
existing conditions models, a comparison of channel invert elevations and water surface
elevations are made. The results of the comparisons are presented in Table 5.2. Overall
change in channel invert elevation ranged between 1.58 and -14.26. Positive numbers

=15:=
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‘ indicate aggradation and negative numbers indicate degradation or locations where channel
excavation has occurred. The overall trend for the watercourse is degradation. The greatest
amount of degradation occurs upstream and downstream of sand and gravel operations where
a pit was located within the channel. There are more locations of aggradation downstream of
the Interstate 10 crossing than upstream. The Phase 2 Existing Condition 100-year water
surface elevation is lower than the Phase 1 model 100-year water surface elevation. The
change in water surface elevation ranged from approximately -5.7 to 0.4. The greatest change
occurring in the vicinity of sand and gravel operation where there was a pit within the
channel.
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Table 5.2 Existing Condition Hydraulic Summary

Phase 1 Phase 2
Change Change

River Min Ch W.S. Min Ch W.S. in in W.S.
Sta El Elev El Elev Profile Elev
(RM) (ft) (fo) (fo) (fo) (fo) (fo)

@ (2) 3) 4) (5) (6) @)
27.89 1395.51 1400.3 1395.51 1400.4 0 0.1
27.75 1392.38 1397.78 1392.38 1397.56 0 -0.2
27.61 1388.48 1394.38 1388.48 1394.41 0 0.0
27.52 1386.23 1392.48 1386.23 1392.39 0 -0.1
27.43 1385.26 1390.81 1385.26 1390.62 0 -0.2
27.33 1383.49 1389.23 1383.49 1389.08 0 -0.2
27.23 1381.76 1386.78 1381.76 1386.69 0 -0.1
27.14 1377.23 1384.06 1377.23 1384.05 0 0.0
27.04 1373.37 1381.25 1373.37 1381.28 0 0.0
26.95 1371.08 1379.17 1371.08 1379.2 0 0.0
26.85 1370.4 1377.23 1370.4 1377.27 0 0.0
26.76 1367.67 1375.1 1367.67 1375.16 0 0.1
26.67 1364.77 1373.28 1364.77 1373.29 0 0.0
26.57 1362.61 1370.94 1362.61 1370.92 0 0.0
26.48 1359.31 1368.45 135931 1368.48 0 0.0
26.38 1357.56 1366.48 1357.56 1366.49 0 0.0
26.29 1356.27 1364.34 1356.27 1364.37 0 0.0
26.19 1353.76 1362.23 1353.76 1362.09 0 -0.1
26.1 1351.66 1359.81 1351.66 1359.69 0 -0.1

26 1348.84 1357.24 1348.84 1357.11 0 -0.1
2591 1347.2 1355.1 1347.2 1354.74 0 -0.4
25.81 1345.28 1352.93 1345.28 1352.59 0 -0.3
25.72 1343.7 1351.39 1343.7 1351.05 0 -0.3
25.62 1340.14 1349.43 1340.14 1349.04 0 -0.4
25.53 1337.63 1346.92 1337.63 1346.52 0 -0.4
25.43 1335.06 1344.95 1335.06 1344.58 0 -0.4
25.34 1334.88 1343.38 1334.88 1343.03 0 -0.4
25.24 1333.03 1340.51 1333.03 1340.17 0 -0.3
25.15 1329.54 1337.04 1329.54 1336.85 0 -0.2
25.06 1328.1 1334.32 1328.1 1334.12 0 -0.2
24.96 1325.56 1332.44 1325.56 1332.33 0 -0.1
24.87 1323.11 1329.89 1323.11 1329.73 0 -0.2
24.77 1320.99 1327.53 1320.99 1327.44 0 -0.1
24.68 1318.96 1325.67 1318.96 1325.73 0 0.1
24.58 1316.66 1323.53 1316.66 1323.61 0 0.1
24.49 1314.27 1321.23 1314.26 1321.22 -0.01 0.0
24.39 1312.56 1319.63 1312.56 1319.66 0 0.0
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. Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2

Change  Change

River Min Ch W.S. Min Ch W.S. in in W.S.
Sta El Elev El Elev Profile Elev
(RM) (ft) (ft) (ft) (ft) (ft) (ft)
1) (2) 3) 4) [©) (6) Q)
243 1310.48 1316.92 1310.48 1316.79 0 -0.1
242 1308.19 1314.55 1308.19 1314.49 0 -0.1
24.11 1306.41 1312.28 1306.41 1312.28 0 0.0
24.01 1304.48 1310.54 1304.48 1310.56 0 0.0
23.92 1302.14 1308.65 1302.14 1308.59 0 -0.1
23.82 1299.85 1306.97 1299.85 1307 0 0.0
23,713 1298.69 1304.4 1298.69 1304.38 0 0.0
23.63 1296.68 1302.16 1296.68 1302.2 0 0.0
23.54 1294.2 1300.88 129421 1300.82 0.01 -0.1
23.45 1292.71 1299.3 1292.72 1299.28 0.01 0.0
23.35 1291.13 1297.39 1291.13 1297.34 0 -0.1
23.26 1288.72 1295.01 1288.72 1294.84 0 -0.2
23.16 1285.6 1291.81 1285.6 1291.82 0 0.0
23.07 1283.29 1289.3 1283.29 1289.37 0 0.1
‘ 22.97 1280.84 1287.68 1280.84 1287.65 0 0.0
22.88 1279.85 1285.59 1279.85 1285.72 0 0.1
22.78 1275.68 1283.8 1275.68 1283.69 0 -0.1
22.69 1274.23 1282.42 1274.23 1282.32 0 -0.1
22.59 1272.93 1280.72 1272.93 1280.66 0 -0.1
22.5 1270.46 1278.43 1270.46 1278.32 0 -0.1
22.4 1269 1275.62 1269 1275.54 0 -0.1
22.31 1266.56 1274.55 1266.56 1274.49 0 -0.1
22.21 1264.55 1271.47 1264.55 1271.43 0 0.0
22,12 1262.4 1269.79 1262.4 1269.77 0 0.0
22.03 1260.04 1266.81 1260.04 1266.83 0 0.0
21.93 1258.55 1264.3 1258.55 1264.31 0 0.0
21.84 1256.69 1262.99 1256.69 1263.02 0 0.0
21.74 1254.77 1261.19 1254.77 1261.07 0 -0.1
21.65 1252.52 1259.18 1252.52 1259.03 0 -0.2
21.55 1251.44 1257.71 1251.44 1257.62 0 -0.1
21.46 1249.51 1256.23 1249.51 1255.95 0 -0.3
21.36 1246.53 1254.6 1246.53 1254.43 0 -0.2
21.27 1244 1252.62 1244 1252.49 0 -0.1
21.17 1243.61 1250.91 1243.61 1250.82 0 -0.1
21.08 1242.35 1248.69 1242.35 1248.59 0 -0.1
’ 20.98 1239.14 1245.67 1239.14 1245.66 0 0.0
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Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change

River Min Ch W.S. Min Ch W.S. Change in W.S.
Sta El Elev El Elev in Profile Elev
(RM) (ft) (ft) (f) (ft) (ft) (ft)
1) 2) 3) “ ) (6) (0]
20.89 1236.57 1243.32 1236.57 1243.43 0 0.1
20.8 1233.77 1240.63 1233.77 1240.39 0 -0.2
20.7 1230.92 1238.1 1230.92 1237.8 0 -0.3
20.61 1228.52 1236.21 1228.52 1235.89 0 -0.3
20.51 1227.19 1233.5 1227.2 1233.4 0.01 -0.1
20.42 1223.73 1231.5 1223.73 1231.71 0 0.2
20.32 1222.17 1229.8 122217 1229.92 0 0.1
20.3 1221.35 1228.13 1221.36 1228.26 0.01 0.1
20.23 1219.01 1227.26 1219.01 1227.2 0 -0.1
20.14 1217.45 1226.35 1217.45 1226.19 0 -0.2
19.94 1216.34 1224.86 1216.34 1224.87 0 0.0
19.85 1213.25 1223.49 1213.25 1223.69 0 0.2
19.75 1211.9 1221.32 1211.9 1221.46 0 0.1
19.66 1209.32 1217.46 1209.32 1217.2 0 -0.3
19.56 1206.48 1216.07 1206.48 1215.93 0 -0.1
19.47 1205.43 1213.55 1205.43 1213.33 0 -0.2
19.38 1203.67 1211.9 1203.66 1211.72 -0.01 -0.2
19.28 1202.5 1209.69 1202.5 1209.57 0 -0.1
19.19 1199.69 1206.33 1199.69 1206.13 0 -0.2
19.09 1195.97 1204.03 1195.97 1203.94 0 -0.1

19 1195.51 1202.72 1195.51 1202.61 0 -0.1
18.9 1194.59 1200.86 1193.58 1200.54 -1.01 -0.3
18.81 1191.45 1198.6 1191.11 1198.2 -0.34 -0.4
18.71 1188.58 1195.75 1188.99 1195.99 0.41 0.2
18.62 1187.76 1193.31 1186.36 1193.35 -1.4 0.0
18.52 1185.03 1192.26 1185.3 1192.26 0.27 0.0
18.43 1182.28 1189.75 1183.04 1190.36 0.76 0.6
18.33 1180.12 1187.46 1181.05 1187.16 0.93 -0.3
18.24 1177.35 1185.83 1178.93 1184.76 1.58 -1.1
18.14 1176.43 1183.04 1176.52 1182.62 0.09 -0.4
18.05 1173.93 1181.91 1173.79 1181.19 -0.14 -0.7
17.95 1172.25 1180.69 1171.42 1179.51 -0.83 -1.2
17.86 1170.37 1178.17 1169.13 1177.62 -1.24 -0.6
1797 1168.26 1175.88 1167.51 1175.44 -0.75 -0.4
17.67 1165.43 1173.97 1166.07 1172.82 0.64 -1.2
17.58 1164.7 1171.21 1163.11 1170.55 -1.59 -0.7
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Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change  Change

River Min Ch W.S. Min Ch W.S. in in W.S.

Sta El Elev El Elev Profile Elev
(RM) (ft) (ft) (ft) (ft) (ft) (ft)

1) (2) 3) 4) 5) (6) Q)
17.48 1160.67 1168.44 1159.78 1168.46 -0.89 0.0
17.39 1159.03 1166.3 1157.51 1166 -1.52 -0.3
17.29 1156.84 1164.22 1155.6 1163.88 -1.24 -0.3
17.2 1155.61 1162.29 1154.65 1161.71 -0.96 -0.6
17.1 1153.56 1160.37 1152.82 1159.64 -0.74 -0.7
17.01 1151.51 1157.98 1151.29 1157.71 -0.22 -0.3
16.91 1148.87 1155.95 1148.65 1155.69 -0.22 -0.3
16.82 1146.45 1154.14 1145.41 1153.88 -1.04 -0.3
16.72 1145.31 1152.03 1143.02 1151.4 -2.29 -0.6
16.63 1143.31 1149.9 1141.67 1149.43 -1.64 -0.5
16.53 1141.73 1148.29 1141.07 1147.78 -0.66 -0.5
16.44 1139.63 1146.06 113772 1145.29 -1.91 -0.8
16.35 1136.86 1144.08 1136.53 1143.78 -0.33 -0.3
16.25 1134.96 1142.48 1134.12 1141.15 -0.84 -1.3
16.16 1134.1 1140.5 1132.27 1139.03 -1.83 -1.5
16.06 1132.06 1138.86 1129.37 1137.14 -2.69 -1.7
15.97 1130.05 1136.92 1126.3 1135.54 -3.75 -1.4
15.87 1127.94 1134.89 1123.3 1133.69 -4.64 -1.2
15.78 1125.94 1133.74 1119.52 1131.44 -6.42 2.3
15.68 1124.44 1131.11 1114.78 1125.58 -9.66 -5.5
15.59 1122.02 1130.75 1104.22 1126.26 -17.8 -4.5
15.49 1120.29 1129.06 1106.02 1125.64 -14.27 -3.4
15.4 1118.56 1128.05 1102.93 1125 -15.63 -3.0
15.3 1116.87 1125.35 1101.57 1124.51 -15.3 -0.8
15:21 1114.92 1123.64 1107.1 1121.51 -7.82 -2.1
15.11 1112.01 1122.78 1106.85 1121.07 -5.16 -1.7
15.02 1109.51 1120.1 1105.2 1119.6 -4.31 -0.5
14.92 1106.87 1119.01 1104.05 1118.37 -2.82 -0.6
14.83 1104.69 1117.73 1102.55 1116.9 -2.14 -0.8
14.73 1103.87 1115.46 1101.2 1113.74 -2.67 -1.7
14.64 1101.85 1112.71 1099.41 1112.11 -2.44 -0.6
14.55 1100.51 1110.95 1098.82 1110.04 -1.69 -0.9
14.45 1098.14 1108.65 1098.22 1108.03 0.08 -0.6
14.36 1097.18 1106.55 1096.78 1106.35 -0.4 -0.2
14.27 1095.24 1103.52 1094.32 1103.29 -0.92 -0.2
14.17 1092.59 1101.29 1092.1 1100.6 -0.49 -0.7

- 20 =

V:\52813\active\181300279\Reports\Hydraulic TDN May 2013\Hayssaympa Hydraulic TDN March 2013.docx




Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change

River Min Ch W.S. Min Ch W.S. Change in W.S.

Sta El Elev El Elev in Profile Elev
(RM) (ft) (ft) (ft) (ft) (ft) (ft)

(0)) (2) 3 “ ) 6 Q)
14.08 1091.33 1099.21 1090.6 1098.8 -0.73 -0.4
13.98 1089.1 1096.59 1087.55 1095.94 -1.55 -0.6
13.89 1087.23 1094.83 1085.79 1093.21 -1.44 -1.6
13:79 1084.33 1092.43 1082.94 1091.6 -1.39 -0.8
13.7 1081.72 1090.21 1079.18 1087.91 -2.54 -2.3
13.61 1079.31 1088.61 1076.55 1085.37 -2.76 -3.2
13.51 1077.51 1085.13 1074.18 1081.81 -3.33 -3.3
13.42 1076.54 1083.09 1068.97 1077.4 -1.57 -5.7
13.32 1073.84 1081.14 1068.27 1076.04 -5.57 -5.1
13.23 1071.15 1079.52 1065.96 1075.23 -5.19 43
13.13 1069.45 1077.4 1062.39 1075.02 -7.06 -2.4
13.04 1068.17 1075.23 1061.81 1073.77 -6.36 -1.5
12.94 1062.83 1072.28 1059.48 1072.33 -3.35 0.0
12.85 1060.78 1071.07 1058.26 1070.45 -2.52 -0.6
12.75 1058.21 1068.43 1056.04 1067.02 -2.17 -1.4
12.66 1055.88 1065.6 1052.74 1063.1 -3.14 =25
12.56 1053 1062.77 1050.76 1059.76 -2.24 -3.0
12.47 1049.18 1060.47 1046.2 1056.25 -2.98 -4.2
12.37 1044.71 1058.62 1041.2 1056.04 -3.51 -2.6
12.28 1044.61 1057.1 1041.36 1055.75 -3.25 -13
12.18 1044.37 1054.3 1038.28 1054.5 -6.09 0.2
12.09 1041.44 1052.6 1037.02 1052.21 -4.42 -0.4

12 1041.36 1050.49 1036.33 1049.75 -5.03 -0.7
11.9 1039.97 1047.82 1035.3 1046.92 -4.67 -0.9
11.81 1036.53 1046.11 1034.62 1045.38 -1.91 -0.7
11.71 1035.64 1044.11 1032.87 1043.98 -2.77 -0.1
11.62 1033.39 1041.78 1032.06 1041.72 -1.33 -0.1
11.52 1031.12 1040.3 1030.2 1039.57 -0.92 -0.7
11.43 1029.8 1038.09 1028.43 1036.98 -1.37 -1.1
11.33 1028.15 1036.73 1026.63 1035.01 -1.52 -1.7
11.24 1026.02 1034.94 1024.54 1033.69 -1.48 -1.3
11.16 1024.96 1032.75 1023.45 1031.6 -1.51 -1.2
11.09 1021.71 1031.33 1020.17 1030.54 -1.54 -0.8
11.01 1020.14 1029.85 1018.58 1029.07 -1.56 -0.8
11.005 Bridge

11 1019.95 1029.28 1019.12 1028.46 -0.83 -0.8
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Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change
River Min Ch W.S. Min Ch W.S. Change in W.S.
Sta El Elev El Elev in Profile Elev
(RM) (ft) (ft) (ft) (ft) (ft) (ft)
) (2) 3 “ [©) () (@)
10.99 1019.75 1029.05 1018.73 1028.28 -1.02 -0.8
10.985 Bridge 0.0
10.98 1019.02 1027.4 1018.42 1027.33 -0.6 -0.1
10.87 1016.65 1025.57 1016.43 1025.41 -0.22 -0.2
10.77 1014.8 1024.18 1014.79 1023.72 -0.01 -0.5
10.73 1013.66 1023.47 1013.43 1023.05 -0.23 -0.4
10.69 1012.07 1021.22 1011.94 1021.07 -0.13 -0.1
10.59 1010.65 1018.99 1009.56 1018.57 -1.09 -0.4
10.5 1008.21 1016.6 1008.6 1016.32 0.39 -0.3
10.4 1006.82 1014.46 1006.81 1014.24 -0.01 -0.2
10.31 1004.63 1012.6 1003.43 1012.13 -1.2 -0.5
10.21 1001.49 1010.69 1000.35 1010.04 -1.14 -0.7
10.12 998.79 1008.62 997.45 1007.98 -1.34 -0.6
10.02 996.2 1006.44 994.28 1005.6 -1.92 -0.8
9.93 994.29 1003.79 991.9 1003.44 -2.39 -0.3
9.83 992.44 1001.35 991.47 1000.49 -0.97 -0.9
9.74 990.33 999.3 989.53 998.98 -0.8 -0.3
9.64 987.61 996.45 988.06 996.7 0.45 0.3
9.55 985.36 995.37 986.17 995.17 0.81 -0.2
9.45 983.19 993.5 984 992.74 0.81 -0.8
9.36 981.13 991.79 980.24 990.65 -0.89 -1.1
9.27 978.72 989.29 976.22 989.25 -2.5 0.0
9.17 976.12 987.06 975.68 987.16 -0.44 0.1
9.08 974.16 984.93 973.63 985.08 -0.53 0.2
8.98 972.3 982.93 972.22 983.13 -0.08 0.2
8.89 970.31 981.26 970.72 981.32 0.41 0.1
8.79 968.53 979.42 968.31 979.25 -0.22 -0.2
8.7 966.9 977.31 966.27 977.48 -0.63 0.2
8.6 964.95 975.06 964.97 974.67 0.02 -0.4
8.51 963.63 972.68 963.51 971.65 -0.12 -1.0
8.41 962.19 970.65 961.32 970.07 -0.87 -0.6
8.32 959.8 968.81 960.2 967.77 0.4 -1.0
8.22 958.24 966.43 958.77 965.33 0.53 -1.1
8.13 953.79 964.26 956.4 963.05 0.61 -1.2
8.03 953.54 961.33 953.57 960.81 0.03 -0.5
7.94 951.2 958.95 951.07 958.41 -0.13 -0.5
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Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change
River Min Ch W.S. Min Ch W.S. Change  in W.S.
Sta El Elev El Elev in Profile Elev
(RM) (ft) (ft) (ft) (ft) (fo) (ft)
1) (2) 3) ) [©) (6) ()
7.84 949.97 956.99 949.31 956.19 -0.66 -0.8
7.75 948.21 954.72 947.72 954.3 -0.49 -0.4
7.66 945.86 952.29 945.43 951.29 -0.43 -1.0
7.56 943.79 950.19 942.83 949.62 -0.96 -0.6
7.47 941.7 948.54 940.48 947.9 -1.22 -0.6
737 939.18 946.45 938.94 946.02 -0.24 -0.4
7.28 936.68 944 .49 936.72 944.1 0.04 -0.4
7.18 934.47 942.15 934.62 941.81 0.15 -0.3
7.09 931,92 939.68 931.93 939.37 0.01 -0.3
6.99 930.3 937.31 929.69 937.25 -0.61 -0.1
6.9 928.41 934.63 927.65 934.57 -0.76 -0.1
6.8 926.25 932.91 925.69 932.65 -0.56 -0.3
6.71 924.38 930.68 923.82 930.71 -0.56 0.0
6.61 921.79 928.91 920.73 928.49 -1.06 -0.4
6.52 920.05 927.16 919.3 926.71 -0.75 -0.4
6.42 918.04 924.19 917.93 924.23 -0.11 0.0
6.33 914.65 921.7 915.71 921.52 1.06 -0.2
6.23 912.84 919.5 913.15 919.47 0.31 0.0
6.14 910.6 917.84 910.83 917.87 0.23 0.0
6.05 907.4 915.92 907.59 916.31 0.19 0.4
5.95 905.82 914.77 905.29 914.79 -0.53 0.0
5.86 903.03 912.62 902.61 912.5 -0.42 -0.1
5.76 900.88 910.51 900.4 910.24 -0.48 -0.3
5.67 898.65 908.29 897.59 908.18 -1.06 -0.1
5.57 896.06 906.89 895.26 906.63 -0.8 -0.3
5.48 893.97 905.13 893.13 904.93 -0.84 -0.2
5.38 891.61 903.46 890.51 903.2 -1.1 -0.3
5.29 890.69 901.69 888.97 901.26 -1.72 -0.4
5.19 888.9 899.7 887.79 899.25 -1.11 -0.5
5.1 887.81 897.56 885.77 897.21 -2.04 -0.3
5 886.08 895.11 885.52 894.83 -0.56 -0.3
491 883.9 892.52 884.04 892.25 0.14 -0.3
4.82 881.62 890.32 882.05 890.08 0.43 -0.2
4.72 879.83 888.67 880.1 888.32 0.27 -0.3
4.63 877.37 885.91 878.05 885.34 0.68 -0.6
4.53 875.48 883.61 875.48 883.33 0 -0.3

<O
V:\52813\active\181300279\Reports\Hydraulic TDN May 2013\Hayssaympa Hydraulic TDN March 2013.docx




. Table 5.2 Existing Condition Hydraulic Summary (Continued)

Phase 1 Phase 2
Change  Change
River Min Ch W.S. Min Ch W.S. in in W.S.
Sta El Elev El Elev Profile Elev
(RM) (ft) (ft) (ft) (ft) (ft) (ft)
1) (2) 3) 4 ) (6) (7
4.44 873.06 881.62 873.24 881.38 0.18 -0.2
4.34 870.85 879.95 871.42 879.33 0.57 -0.6
4.25 867.33 878.08 868.53 877.83 1.2 -0.3
4.15 865.17 876.86 865.17 876.86 0 0.0
4.09 863.35 875.06 863.35 875.06 0 0.0
4.01 861.59 873.16 861.59 873.16 0 0.0

5.12 HEC-RAS FLOODPLAIN MANAGEMENT HYDRAULIC MODELING STEP
1 DETAILS AND RESULTS

The first step in Floodplain Management Model development was to hydraulically evaluate
future bridge crossing of the Hassayampa River to determine optimal bridge dimensions
relative to hydraulic impacts to the river. There are three existing bridge crossings and fifteen
proposed bridge crossings. The locations of proposed bridges were determined from several

‘ land use and transportation plans. The land use and transportation plans reviewed include the
Maricopa Association of Governments (MAG) Regional Transportation Plan (RTP) 2010
Update for the “Hassayampa Illustrative Corridors,” the Interstate 10/Hassayampa Valley
Roadway Framework Study titled “Conceptual Transportation Framework™ dated 2007, the
Town of Buckeye General Land Use Plan and the Maricopa County Future Land Use Plan.
Copies of the data reviewed are provided in Appendix F. Table 5.3 lists the approximate
bridge location (roadway crossing of the Hassayampa River) and the HEC-RAS river mile
stationing. Future bridges proposed for Hummingbird Springs Road and SR 801 were not
included in the initial Floodplain Management hydraulic evaluation because of unique
conditions. At the Hummingbird Springs Road Bridge location flow is divided between a
number of channels over the 3,600 foot wide floodplain and lends itself to a multi-drainage
structure solution. The SR 801 location is in a levee reach where landowners have proposed a
channelization option to mitigate flood hazards. The channelization will drive the bridge
opening dimensions.

The location, size, and degree of encroachment of a bridge on a watercourse may have
adverse impacts on the hydraulic performance of the watercourse. The impacts of a bridge
could be restricted to local impacts that are easily mitigated or impacts that could extend some
distance upstream and downstream resulting in the need for extensive structures or
maintenance to mitigate the impact. Should bridges be spaced too close together the
collective impacts of the bridges could disrupt the sediment balance and exacerbate
aggradation and degradation trends.

The first step in the Floodplain Management analyses looks at various bridge span lengths and
‘ associated approach encroachments to determine a preferred bridge span. Bridge spans
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evaluated include 500, 750, 1000, 1250, 1500, 1750 and 2000 foot openings. Modifications to
the Existing Condition Phase 2 Model are made at bridge locations to evaluate the impact of
the bridge on the hydraulic performance of the watercourse. The following modifications
were made:

e Additional cross sections were incorporated in the model at the upstream and
downstream face of the bridge.

o Where the roadway/bridge alignment was not perpendicular to the channel flow
the cross section was skewed.

e Encroachment stations were used to define bridge abutments and ineffective flow
areas for each bridge opening evaluated. A 1:1 contraction ratio and a 4:1 expansion
ratio was applied to each proposed bridge. A GIS algorithm that utilizes a template
where contraction and expansion limits are intersected with a cross-section alignment
was used to determine an encroachment station.

Table 5.3 Bridge Locations

Bridge Station
River Mile

Hummingbird Springs Road 26.435

Bell Road 24.990

Greenway Road 23.870
Cactus Road 21.27
Olive Avenue 19.26
Northern Avenue 18.19
Glendale Avenue 17.17
Camelback Road 14.81
Indian School Road 13.78
McDowell Parkway 13.06

Interstate 10, Westbound' 11.005

Interstate 10, Eastbound' 10.985
Yuma Parkway 9.41
Broadway Road 7.26
Southern Avenue 5.99
Baseline Road 4.90
UPRR' 4.000

State Route 801 3.885

Old US 80' 2.650

! Existing Bridge

The Hassayampa River is an ephemeral stream, characterized by a shifting braided to
meandering sand channel. Due do this nature the HEC-RAS procedure for determining the
expansion length was not always followed. At some bridge locations the channel downstream
meanders and both channel and overbank features would direct flow laterally behind
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expansion limits. At these locations the extent of the expansion limits were terminated where
topographic feature directed flow behind the encroachment limits.

HEC-RAS model results for the 100-year and 10-year events were evaluated to determine the
impacts of a particular bridge opening on the performance of the river. The 10-year and lesser
events are considered channel forming events in the southwest. Maintaining hydraulic
characteristics associated with the 10- year event are important so that impacts to the form and
function of the watercourse are minimized. Changes in channel velocity, Froude Number,
water surface elevation, top width and stable slope were evaluated.

5.12.1 Changes in Velocity, Froude Number and Water Surface Elevation

The change in velocity, Froude Number and water surface elevations are key hydraulic
parameters used to evaluate that impact of a bridge or flood control facility on the form and
function of the river. Increases in velocity indicate higher potential for erosion whereas
decreases in velocity would indicate potential for aggradation to occur. Changes in the
Froude Number indicate potential changes in flow regime and whether the flow will be
tranquil or rapid. Rapid flow indicates a higher potential for erosion and the need for
mitigation measures to minimize impacts to the watercourse. Changes in water surface
elevations are important to document to determine the impact to flood hazards zones in regard
to the depth and extent of the flood hazard on properties adjacent, upstream and downstream
of a facility causing the change.

Tables 5.4 to 5.29 and associated inset figures depict the change in velocity, Froude Number,
and Water Surface Elevation for the bridge locations evaluated. The table lists and the
associated figures depicts hydraulic data for a cross section located upstream of the bridge
(blue line work), at the upstream face of the bridge (red line work), downstream face of the
bride (green line work) and downstream of the bridge (purple line work). Based on the review
of data presented in the Summary of Hydraulic Parameters Tables and the slopes of charted
lines depicting changes in hydraulic conditions through a bridge, changes in hydraulic
parameters that would be considered significant because the change indicates a potential
impact to the form, function and floodplain dimensions of the watercourse were determined.
A change of 10 percent or more in velocity is considered significant, a change from tranquil
flow (Froude Number less that 1) to rapid flow (Froude Number greater than 1) is considered
significant, and a change in water surface elevation of greater than a foot is considered
significant. A significant change indicates that either mitigation measures to mitigate
associated impacts because of the change should be considered or the bridge opening length
should be increased. Table 5.30 list recommended bridge opening dimensions and associated
hydraulic parameters based on the evaluation of hydraulic parameters for different bridge
opening dimensions.

The following observations are offered from review of the presented data:
e Bell Road Bridge
o 100-year

= There is a significant decrease in the upstream velocity and the velocity
rate of change for all bridges with the exception of the 1000 foot

-26-
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. opening. The difference in the trend for the 1000 foot opening is
because of the distribution of Manning’s roughness coefficients in the
cross section. The weighted “n” value calculated by the HEC-RAS
model for the 1000 foot opening is less than what is calculated for the
non-encroached condition.

» There is a significant increase in downstream velocity and the velocity
rate of change for bridge openings less than or equal to 1500 feet.

= There is a increase in water surface elevation of greater than a 1’ and an
increase in the water surface elevation rate of change upstream and
through the bridge for bridge openings less than or equal to 1500 feet.

» There are minor changes in water surface elevations downstream of the
bridge.

= Changes in the Froude Number follow similar trends that velocity 1
showed. Froude Numbers downstream of the bridge are supercritical |
for bridge openings less than or equal to 1500 feet and are subcritical
upstream of the bridge for all bridge openings.

o 10-year event

= Changes in velocity, Froude Number and water surface elevations for
the 10-year event show the same trends as the 100-year event.

1250 feet.

* A significant change in water surface elevation is realized for bridge
openings less than 1250 feet.

. = There is significant change in velocity for bridge openings less than

= There is a change in Froude Number upstream and downstream for
bridge openings equal to or less than the 1000. Downstream the flow is
super critical.

e Greenway Road
o 100-year

» There is a significant decrease in velocity upstream of the bridge for
bridge openings less than or equal to 1250 feet.

» There is a significant increase in downstream velocity and the velocity
rate of change for bridge openings less than or equal to 1500 feet.

= There is an increase in water surface elevation of more than 1 foot and
the water surface elevation rate of change upstream and through the
bridge for bridge openings less than or equal to1250 feet.

» Changes in the Froude Number follow similar trends that velocity
showed. The Froude Number decreases upstream and increases
downstream. For bridge openings less than or equal to1250 feet,
downstream flow is supercritical.

-9
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o 10-year event

e (Cactus Road

Flow remains subcritical for all encroachments scenarios.

There is significant change in velocity for bridge openings less than
1250 feet.

A change in water surface elevation of greater than a foot is realized for
bridge openings less than or equal to a 1000 feet.

o 100-year

There is a significant change in velocity for bridge openings less than
or equal to 1500 feet

There is an increase in water surface elevation of greater than a foot,
and an increase in the water surface elevation rate of change upstream
and through the bridge for bridge openings less than or equal to 1250
feet.

For bridge openings less than 750 feet, downstream flow is
supercritical.

o 10-year event

e Olive Avenue

Changes in velocity, Froude Number and water surface elevations for
the 10-year event show the same trends as the 100-year event.

There is significant change in downstream velocity for bridge openings
less than 1250 feet.

A change in water surface elevation of a foot or greater is realized for
bridge openings equal to or less than 750 feet.

Flow upstream and downstream is subcritical.

There is a significant change in Froude Number upstream and
downstream for bridge openings equal to or less than 500 feet.

o 100-year

There is a significant change in velocity and the rate of change for
bridge openings less than 1500 feet.

There is an increase in water surface elevation of greater than 1 foot
and an increase in the water surface elevation rate of change upstream
and through the bridge for bridge openings less than 1500 feet.

For bridge openings 1ess than 1250 feet, downstream flow is at or near
supercritical.

o 10-year event
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. * Changes in velocity, Froude Number and water surface elevations for
the 10-year event show the same trends as the 100-year event.

* Downstream of the bridge there is significant change in velocity for
bridge openings equal to or less than 1500 feet.

= A change in water surface elevation of greater than a foot is realized for
bridge openings less than 1000 feet.

= Flow downstream is super critical for bridge openings equal to or less
than 1000 feet.

e Northern Avenue

o 100-year

= There is a significant increase in velocity and the velocity rate of
change for bridge openings less than 1500 feet.

* There is an increase of water surface elevation upstream of greater than
a foot for bridge openings less than 1000 feet.

* Flow downstream of the bridge is super critical for bridge openings less
than 1500 feet.

o 10-year event

= Upstream of the bridge there is a significant increase in velocity for
‘ bridge openings less than 1250 feet

* Downstream of the bridge there is significant change in velocity for
bridge openings less than 1250 feet.

= A change in water surface elevation of greater than a foot for bridge
openings less than equal to 750 feet.

* Downstream flow is supercritical or near supercritical for bridge
opening equal to or greater than 1000 feet.

e (Glendale Avenue
o 100-year

* There are significant changes in velocity upstream and downstream of
the bridge location for bridge openings less than or equal to 1500 feet.

= There is an increase in water surface elevation upstream of greater than
a foot and an increase in the water surface elevation rate of change
upstream and through the bridge for bridge openings less than or equal
to 1750 feet.

* Flow through the bridge is near super critical of supercritical for bridge
opening less than or equal to 1750.

o 10-year event

= There are significant changes in velocity upstream and downstream of
‘ the bridge location for bridge openings less than or equal to 1500 feet.

429
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. At the downstream face of the bridge for the 1500 foot bridge opening
the velocity change is greater than 10%, however this could be
mitigated through armoring.

» There is an increase in water surface elevation upstream of greater than
a foot for bridge openings less than or equal to 750 feet.

» Flow is at or near supercritical downstream of the bridge for bridge
openings less than or equal to 750 feet.

e (Camelback Road
o 100-year

» There is a significant change in velocity for bridge openings less than
1250 feet.

= There is an increase in water surface elevation of more than a foot for
bridge openings equal to or less than 750 feet.

» Flow is subcritical upstream for all bridge opening scenarios.
= Flow is supercritical for the 500 foot bridge opening.
o 10-year event

= There is a significant change in velocity upstream of the bridge for the
500 foot bridge openings.

. » Downstream of the bridge there is significant change in velocity for
bridge openings equal to or less than 750 feet.

= Change in water surface elevation is less than a foot for all bridge
openings. The rate of change in water surface elevation increases for
bridge openings less than 1000 feet.

* Flow upstream and downstream of the bridge is subcritical for all

bridge openings.
e Indian School Road
o 100-year

» There are significant changes in velocity upstream and downstream for
all bridge openings.

= There is an increase in water surface elevation of water surface
elevation of greater than a foot for all bridge openings.

» At the downstream face of the bridge flow is super critical for the 1000
foot opening.

» Flow is subcritical upstream and supercritical or near supercritical
downstream for bridge openings less than or equal to 750 feet.

o 10-year event
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* There are significant changes in velocity upstream and downstream for
all bridge openings.

= There is an increase in water surface elevation of greater than a foot for
the 500 and 1000 foot openings.

* Flow upstream and downstream of the bridge is subcritical for all
bridge openings.

e McDowell Parkway
o 100-year

= There are significant changes in velocity upstream and downstream for
all bridge openings.

* There is an increase in water surface elevation of water surface
elevation of greater than a foot for bridge openings less than 2000 feet.

* Flow is subcritical upstream and supercritical or near supercritical
downstream for bridge openings less than or equal to 750 feet.

o 10-year event

* There are significant changes in velocity upstream for all bridge
openings less than 2000 feet.

= Downstream of the bridge there is significant change in velocity for
bridge openings less than or equal to 1500 feet.

* There is an increase in water surface elevation of water surface
elevation of greater than a foot for bridge openings less than 1750 feet.

e Yuma Parkway
o 100-year

» There is a significant change in velocity for bridge openings less than
1250 feet.

= There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 750 feet.

= Flow is subcritical upstream and downstream for all bridge openings.
o 10-year event

* There is a significant change in velocity for bridge openings less than
1250 feet.

= There is an increase in water surface elevation of greater than a foot for
the 2000 foot bridge opening.

= Flow is subcritical upstream and downstream for all bridge openings.
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. ¢ Broadway Road
o 100-year

» There is a significant change in velocity for bridge openings less than
1750 feet.

» There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 1250 feet.

* Flow is subcritical upstream and supercritical or near supercritical
downstream for bridge openings less than or equal to 1feet.

o 10-year event

» There is a significant change in velocity for bridge openings less than
1250 feet.

* There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 1000 feet.

* Flow upstream and downstream of the bridge is subcritical for all
bridge openings.

e Southern Avenue
o 100-year
= There is a significant change in velocity for all bridge openings.

‘ » There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 1250 feet.

* Flow upstream and downstream of the bridge is subcritical for all
bridge openings.

o 10-year event
= There is a significant change in velocity for all bridge openings.

» There is an increase in water surface elevation of greater than a foot for
the 500 foot bridge openings.

* Flow upstream and downstream of the bridge is subcritical for all
bridge openings with the exception of the 500 foot opening.
Downstream of the bridge for the 500 foot opening supercritical flow is
recorded.

e Baseline Road
o 100-year event
= There is a significant change in velocity for all bridge openings.

= There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 1250 feet.

* Flow upstream and downstream of the bridge is supercritical for bridge
. openings less than or equal to a 1000 feet.

=39 -
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o 10-year event
= There is a significant change in velocity for all bridge openings.

» There is an increase in water surface elevation of greater than a foot for
bridge openings equal to or less than 750 feet.

» Flow upstream and downstream of the bridge is supercritical for all
bridge openings.
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. Table 5-4
Summary of Hydraulic Parameters, 100-Year Event
Bell Road Bridge at RM 24.99

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 5 - 25.06 Reach 5 - 24.99 Reach 5 - 24.95 Reach 5-24.94 Reach 5 - 25.06 Reach 5 - 24.99 Reach 5 - 24.95 Reach 5 - 24.94 Reach 5 - 25.06 Reach 5 - 24.99 Reach 5 - 24.95 Reach 5 - 24.94
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity Change Velocity Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 8.42 — 8.19 o 8.26 — 8.26 — None' 0.84 = 0.78 = 0.78 - 0.77 — None' 1,334.16 — 1,332.65 — 1,332.01 — 1,331.7% —
500 6.50 -22.8 15.97 95.0 16.39 98.4 21.41 159.2 500 0.36 -57.1 1.01 29.5 1.04 333 1.83 137.7 500 1,340.05 5.89 1,336.11 3.46 1,335.18 3.17 1,331.70 -0.01
750 7.83 -7.0 12.91 57.6 14.37 74.0 17.83 1159 750 0.51 -39.3 0.87 115 1.01 29.5 1.55 101.3 750 1,337.61 3.45 1,335.30 2.65 1,334.04 2.03 1,331.59 -0.12
1,000 8.64 2.6 11.72 43.1 13.16 59:3 15191 92.6 1,000 0.62 -26.2 0.84 2.7 0.98 25.6 1.42 84.4 1,000 1,336.40 2.24 1,334.57 1.92 1,333.40 1.39 1,331.45 -0.26
1,250 7.58 -10.0 10.01 22.2 11.43 38.4 13.68 65.6 1,250 0.64 -23.8 0.82 5.1 1.01 29.5 1.52 97.4 1,250 1,335.36 1.20 1,333.47 0.82 1,332.23 0.22 1,330.69 -1.02
1,500 7:31 -13.2 9.30 13.6 10.75 30.1 12.71 53.9 1,500 0.64 -23.8 0.81 3.8 1.01 29.5 1.43 85.7 1,500 1,335.02 0.86 1,333.25 0.60 1,332.00 -0.01 1,330.64 -1.07
1,750 7.58 -10.0 8.61 5.1 10.20 23.5 8.33 0.8 1,750 0.70 -16.7 0.78 0.0 1.00 28.2 0.78 13 1,750 1,334.65 0.49 1,333.03 0.38 1,331.76 -0.25 1,331.70 -0.01
2,000 7.53 -10.6 8.38 2.3 9.92 20.1 8.27 0.1 2,000 0.71 -15.5 0.77 -1.3 0.98 25.6 0.77 0.0 2,000 1,334.49 0.33 1,332.93 0.28 1,331.72 -0.29 1,331.741 0.00
Velocity Froude # Water Surface Elevation
e ReaCh 5 - 25.06 =il Reach 5 - 24.99 Reach 5-24.95 esiém=Reach 5 -24.94 wenfeme ReaCh 5 - 25.06 === Reach 5 - 24.99 Reach 5-24.95 === Reach 5 -24.94
. wespnes Reach 5 - 25.06 === Reach 5 - 24.99 ~Reach 5 - 24.95 w=t=== Reach 5 - 24.94
25 2
« 1,342
1.8
- 16 1,340 X«
14
1,338
s 15 1.2 :.:_"
v >
£ P 2 133
Z 3 v
G 2 g
2 'S
.
> i 0.8 ﬁ 1,334 @
R 0.6 m
1,332 &
P
4
5 0
Baseline value-no bridge 0.2 Risellie villie-na g 1,330
0 500 1,000 1,500 2,000 2,500
0 0 Baseline value-no bridge
0 500 1,000 1,500 2,00 3 . . .
0 500 1,000 1,500 2,000 2,500 Aog 2500 Width of Bridge Opening (ft)

Width of Bridge Opening (ft
Width of Bridge Opening (ft) idth of Bridge Opening (ft)

' No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Change in Velocity

Reach 5 - 25.06 Reach 5 - 24.99

Table 5-5

Summary of Hydraulic Parameters, 10-Year Event
Bell Road Bridge at RM 24.99

Change in Froude #

Reach 5 - 24.95 Reach 5 - 24.94 Reach 5 - 25.06

Reach 5 - 24.99 Reach 5 - 24.95

Reach 5 - 24.94

Change in Water Surface Elevation

Reach 5 - 25.06 Reach 5 - 24.99

Reach 5 - 24.95

Reach 5 - 24.94

Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity Change Velocity Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 6.44 = 6.13 B 6.02 =, 5.64 — None' 0.86 = 0.82 — 0.79 = 0.71 &= None' 1,332.57 == 1,330.98 = 1,330.35 = 1,330.12 —
500 5.39 -16.3 10.84 76.8 11.25 86.9 13.85 145.6 500 0.44 -48.8 0.94 14.6 0.99 25:3 1.57 121.1 500 1,334.60 2.03 1,332.45 1.47 1,331.56 1.21 1,329.88 -0.24
750 6.33 -1.7 8.79 43.4 9.94 65.1 12.22 116.7 750 0.60 -30.2 0.81 1.2 0.95 20.3 1.45 104.2 750 1,333.67 1.10 1,332.17 1.19 1,331.16 0.81 1,329.67 -0.45
1,000 6.87 6.7 795 29.7 9.67 60.6 11.11 97.0 1,000 0.71 -17.4 0.76 7.3 1.00 26.6 1.38 94.4 1,000 1,333.23 0.66 1,331.89 0.91 1,330.71 0.36 1,329.58 -0.54
1,250 6.86 6.5 6.74 10.0 8.06 339 6.15 9.0 1,250 0.90 4.7 077 -6.1 1.01 278 0.77 8.5 1,250 1,332.76 0.19 1,331.28 0.30 1,330.21 -0.14 1,330.14 0.02
1,500 6.28 -2.5 6.42 4.7 7.59 26.1 5.68 0.7 1,500 0.82 -4.7 0.78 -4.9 1.01 27.8 0.72 1.4 1,500 1,332.72 0.15 1,331.22 0.24 1,330.21 -0.14 1,330.13 0.01
1,750 6.30 -2.2 6.28 2.4 6.54 8.6 5.64 0.0 1,750 0.84 -2.3 0.82 0.0 0.86 8.9 0.71 0.0 1,750 1,332.65 0.08 1,331.05 0.07 1,330.30 -0.05 1,330.12 0.00
2,000 6.20 -3.7 6.24 1.8 6.46 7.3 5.64 0.0 2,000 0.83 -3.5 0.81 -1.2 0.85 7.6 0.71 0.0 2,000 1,332.63 0.06 1,331.04 0.06 1,330.31 -0.04 1,330.12 0.00
Velocity Froude # Water Surface Elevation
smgee Reach 5 - 25.06 === Reach 5 - 24.99 Reach 5-24.95 === Reach 5 -24.94 s Reach 5 - 25.06 === Reach 5 - 24.99 Reach 5-24.95 essime= Reach 5 - 24.94
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




. Table 5-6

Summary of Hydraulic Parameters, 100-Year Event
Greenway Road Bridge at RM 23.87

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 5 - 23.92 Reach 5 - 23.87 Reach 5 - 23.83 Reach 5 - 23.82 Reach 5-23.92 Reach 5 - 23.87 Reach5-23.83 Reach 5 - 23.82 Reach 5 - 23.92 Reach 5-23.87 Reach 5 -23.83 Reach 5 - 23.82
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change in Change in Change in Change in
Width Velocity  Change Velocity  Change Velocity  Change Velocity ~ Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. W.S.E. W.S.E. W.S.E. W.S.E. W.S.E. W.S.E. W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 9.09 - 9.82 - 11.03 - 9.43 — None' 0.76 - 0.82 - 0.96 - 0.81 - None' 1,308.91 - 1,307.65 - 1,306.65 - 1,306.66 —
500 5.63 -38.1 13.75 40.0 13.21 19.8 16.18 71.6 500 0.31 -59.2 0.84 24 0.79 -17.7 1.01 247 500 1,314.58 5.67 1,311.58 3.93 1,311.30 4.65 1,310.08 3.42
750 6.10 -329 12.60 28.3 12.49 13.2 14.45 53.2 750 0.39 -48.7 0.87 6.1 0.86 -10.4 1.03 27.2 750 1,312:25 3.34 1,309 81 2.16 1,309.31 2.66 1,308.53 1.87
1,000 6.76 -25.6 11.72 19.3 12.65 14.7 13.07 38.6 1,000 0.46 -39.5 0.87 6.1 0.98 21 1.01 24.7 1,000 1,311.04 213 1,308 98 1.33 1,308.01 1.36 1,307.71 1.05
1,250 6.81 -25.1 10.72 9.2 10.15 -8.0 11.95 26.7 1,250 0.50 -34.2 0.83 1.2 0.77 -19.8 0.97 19.8 1,250 1,310.12 1.21 1,308.35 0.70 1,307.99 1.34 1,307.28 0.62
1,500 8.65 -4.8 9.78 -0.4 9.59 -13.1 11.00 16.6 1,500 0.70 -7.9 0.78 -4.9 0.76 -20.8 0.92 13.6 1,500 1,309.24 0.33 1,307.96 0.31 1,307.54 0.89 1,307.00 0.34
1,750 9.17 0.9 9.18 -6.5 8.88 -19.5 10.17 7.8 1,750 0.77 1.3 0.74 -9.8 0.70 -27.1 0.84 3.7 1,750 1,308.90 -0.01 1,307.90 0.25 1,307.55 0.90 1,307.10 0.44
2,000 9.12 0.3 9.12 -7.1 8.37 -24.1 10.19 8.1 2,000 0.76 0.0 0.73 -11.0 0.65 -32.3 0.84 3.7 2,000 1,308.90 -0.01 1,307.93 0.28 1,307.69 1.04 1,307.10 0.44
Velocity Froude # Water Surface Elevation
wesgues Reach 5-23.92  e=ii===Reach 5 - 23.87 Reach 5-23.83 ewt==Reach 5 - 23.82 s Reach 5 - 23.92  esfii==Reach 5 - 23.87 Reach 5-23.83 st Reach 5 - 23.82 ¢=== Reach 5 - 23.92 @==Reach 5 - 23.87
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-7

Summary of Hydraulic Parameters, 10-Year Event
Greenway Road Bridge at RM 23.87

Change in Velocity

Reach 5 - 23.92 Reach 5 - 23.87

Reach 5 - 23.83

Change in Froude #

Reach 5 - 23.82 Reach 5 - 23.92

Reach 5 - 23.87

Reach 5-23.83

Change in Water Surface Elevation

Reach 5 - 23.82 Reach 5 - 23.92

Reach 5 - 23.87

Reach 5 - 23.83

Reach 5 - 23.82

Width of Bridge Opening (ft)

"No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis

Width of Bridge Opening (ft)

Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity  Change Velocity  Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 6.93 — 6.7 = 7.23 — 6.66 == None' 0.80 = 0.74 = 0.82 — 0.76 - None' 1,306.80 — 1,305.66 — 1,304.96 — 1,304.75 =
500 4.49 -35.2 8.76 30.7 8.08 11.8 11.29 69.5 500 0.37 -53.8 0.72 -2.7 0.64 -22.0 0.95 25.0 500 1,309.19 2.39 1,307.82 2.16 1,307.59 2.63 1,306.51 1.76
750 4.74 -31.6 8.21 225 7.96 10.1 9.78 46.8 750 0.43 -46.3 0.76 2.7 0.73 -11.0 0.93 224 750 1,308.19 1.39 1,306.90 1.24 1,306.48 1.52 1,305.84 1.09
1,000 5.13 -26.0 7.92 18.2 7.81 8.0 8.14 22.2 1,000 0.50 -37.5 0.79 6.8 0.78 -4.9 0.81 6.6 1,000 1,307.73 0.93 1,306.43 0.77 1,305.91 0.95 1,305.65 0.90
1,250 5.54 -20.1 7.13 6.4 6.38 -11.8 8.01 20.3 1,250 0.58 -27.5 0.74 0.0 0.63 -23.2 0.86 13.2 1,250 1,307.27 0.47 1,306.10 0.44 1,305.81 0.85 1,305.27 0.52
1,500 6.62 -4.5 6.54 -2.4 6.12 -15.4 7.24 8.7 1,500 0.75 -6.3 0.70 -5.4 0.63 -23.2 0.79 3.9 1,500 1,306.90 0.10 1,305.87 0.21 1,305.52 0.56 1,305.14 0.39
1,750 6.98 0.7 6.23 -7.0 5.79 -19.9 7.03 5.6 1,750 0.81 1.3 0.67 -9.5 0.60 -26.8 0.77 1.3 1,750 1,306.78 -0.02 1,305.84 0.18 1,305.52 0.56 1,305.14 0.39
2,000 6.98 0.7 6.24 -6.9 5.70 -21.2 7.03 5.6 2,000 0.81 1.3 0.67 -9.5 0.58 -29.3 0.77 13 2,000 1,306.78 -0.02 1,305.83 0.17 1,305.54 0.58 1,305.14 0.39
Velocity Froude # Water Surface Elevation
e Reach 5 - 23.92  ==fib== Reach 5 - 23.87 Reach 5-23.83 s Reach 5 - 23.82 wmguen Reach 5 - 23.92  ew=file== Reach 5 - 23.87 Reach 5-23.83 e=pt==Reach 5 - 23.82
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‘ Table 5-8
Summary of Hydraulic Parameters, 100-Year Event
Cactus Road Bridge at RM 21.27

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 - 21.28 Reach 4 - 21.27 Reach 4 -21.24 Reach 4 - 21.17 Reach 4 -21.28 Reach 4 - 21.27 Reach 4 - 21.24 Reach 4 -21.17 Reach 4 - 21.28 Reach 4 - 21.27 Reach4-21.24 Reach 4 -21.17
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity  Change Velocity  Change Width Froude # Change Froude # Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E.  inW.S.E. W.S.E. inW.S.E. W.S.E.  inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 7.95 — 7.47 — 8.03 - 7.74 — None' 0.62 — 0.57 —_ 0.62 - 0.60 = None' 1,252.86 — 1,252.71 — 1,252.05 — 1,250.82 =
500 9.01 133 12.54 67.9 15.39 917 16.20 109.3 500 0.50 -19.4 0.74 29.8 1.00 61.3 1.26 110.0 500 1,257.28 4.42 1,255.82 3kl 1,253.87 1.82 1,250.42 -0.40
750 8.41 5.8 11.04 47.8 12.50 55.7 9.13 18.0 750 0.54 -12.9 0.74 29.8 0.90 45.2 0.62 33 750 1,255.16 2.30 1,254 .08 1.37 1,252.82 0.77 1,252.08 1.26
1,000 7.96 0.1 10.04 34.4 10.12 26.0 8.41 8.7 1,000 0.55 -11.3 0.73 28.1 0.75 21.0 0.60 0.0 1,000 1,254.12 1.26 1,253.29 0.58 1,252.59 0.54 1,251.58 0.76
1,250 7.99 0.5 8.67 16.1 8.86 10.3 1.97 3.0 1,250 0.59 4.8 0.64 123 0.67 8.1 0.59 -1.7 1,250 1,253.48 0.62 1,253.04 0.33 1,252.41 0.36 1,251.31 0.49
1,500 7.68 -3.4 8.19 9.6 8.13 1.2 7.77 0.4 1,500 0.58 -6.5 0.62 8.8 0.62 0.0 0.58 -3.3 1,500 1,253.20 0.34 1,252.81 0.10 1,252.29 0.24 1,251.14 0.32
1,750 7.63 -4.0 7.83 4.8 8.37 4.2 7.74 0.0 1,750 0.58 -6.5 0.60 53 0.65 4.8 0.60 0.0 1,750 1,253.02 0.16 1,252.72 0.01 1,252.03 -0.02 1,250.82 0.00
2,000 T -3.0 7.50 04 8.28 3.1 7.74 0.0 2,000 0.59 -4.8 0.57 0.0 0.64 3.2 0.60 0.0 2,000 1,252.96 0.10 1,252.76 0.05 1,252.04 -0.01 1,250.82 0.00
Velocity Froude # Water Surface Elevation
wwedps Reach 4 - 21.28  wwili== Reach 4 - 21.27 Reach 4 -21.24 e=it==Reach 4 -21.17 wmepmn Reach 4 - 21.28 === Reach 4 - 21.27 Reach 4 -21.24 et Reach 4 -21.17 g Reach 4 - 21.28 e Reach 4 - 21.27
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-9

Summary of Hydraulic Parameters, 10-Year Event
. Cactus Road Bridge at RM 21.27
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 - 21.28 Reach 4 - 21.27 Reach4-21.24 Reach 4 - 21.17 Reach 4 - 21.28 Reach 4 - 21.27 Reach 4-21.24 Reach 4 - 21.17 Reach 4 -21.28 Reach 4 - 21.27 Reach 4 -21.24 Reach 4 -21.17
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity ~ Change Velocity ~ Change Velocity  Change Velocity  Change Width Froude# Change Froude # Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None® 6.04 — 5.65 = 5.84 = 5:3 = None 0.64 — 0.58 — 0.61 . 0.55 — None' 1,250.49 = 1,250.31 = 1,249.74 = 1,248.55 =
500 6.47 7a 8.31 47.1 10.43 78.6 7.80 47.2 500 0.52 -18.8 0.67 15.5 0.94 54.1 0.71 29:1 500 1,252.19 1.70 1,251.56 1.25 1,250.31 0.57 1,249.02 0.47
750 5.87 -2.8 7.36 30.3 8.12 39.0 6.21 172 750 0.53 -17.2 0.68 17.2 0.79 295 0.59 7.3 750 1,251.37 0.88 1,250.83 0.52 1,250.03 0.29 1,248.85 0.30
1,000 5.56 -7.9 6.90 221 6.83 17.0 5.77 8.9 1,000 0.54 -15.6 0.69 19.0 0.70 14.8 0.57 3.6 1,000 1,250.96 0.47 1,250.47 0.16 1,249.87 0.13 1,248.65 0.10
1,250 5.93 -1.8 6.06 73 6.20 6.2 5.46 3.0 1,250 0.61 -4.7 0.61 5.2 0.64 4.9 0.55 0.0 1,250 1,250.64 0.15 1,250.38 0.07 1,2459.79 0.05 1,248.59 0.04
1,500 6.01 -0.5 5.97 5.7 5.85 0.2 5.26 -0.8 1,500 0.63 -1.6 0.62 6.9 0.61 0.0 0.54 -1.8 1,500 1,250.52 0.03 1,250.27 -0.04 1,249.74 0.00 1,248.58 0.03
1,750 6.01 0.5, 5.82 3.0 5.84 0.0 5.30 0.0 1,750 0.63 -1.6 0.60 3.4 0.61 0.0 0.55 0.0 1,750 1,250.51 0.02 1,250.28 -0.03 1,249.74 0.00 1,248.55 0.00
2,000 6.02 -0.3 5.73 1.4 5.84 0.0 5.30 0.0 2,000 0.64 0.0 0.59 1.7 0.61 0.0 0.55 0.0 2,000 1,250.50 0.01 1,250.29 -0.02 1,249.74 0.00 1,248.55 0.00
Velocity Froude # Water Surface Elevation
wtpmn ReaCh 4 - 21.28  wwiliem= Reach 4 - 21.27 Reach 4-21.24 wspémsReach 4-21.17 s Reach 4 - 21.28  e=ii==Reach 4 - 21.27 Reach 4 -21.24 e=be==Reach 4 - 21.17 g e 51 5 T
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Change in Velocity

Reach 4 -19.28 Reach 4 -19.26

Reach 4 - 19.23

Reach 4-19.19

Table 5-10

Summary of Hydraulic Parameters, 100-Year Event
Olive Avenue Bridge at RM 19.26

Change in Froude #

Reach 4-19.28 Reach 4 - 19.26 Reach 4 -19.23 Reach 4 - 19.19

Reach 4 -19.28

Change in Water Surface Elevation

Reach 4 -19.26

Reach 4-19.23

Reach 4-19.19

Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity  Change Velocity  Change Width Froude# Change Froude# Change Froude# Change Froude # Change Width W.S.E. inW.S.E. W.S.E.  in W.S.E. W.S.E.  inW.S.E. W.S.E.  inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 7.4 — 8.15 _— 8.28 — 9.12 — None' 0.62 — 0.72 i 0.75 — 0.88 — None' 1,209.67 — 1,208.98 — 1,208.11 — 1,206.13 e
500 8.20 10.8 13.49 65.5 15.40 86.0 16.23 78.0 500 0.45 -27.4 0.82 13.9 1.00 333 1.22 38.6 500 1,215.55 5.88 1,213.23 4.25 1,211.16 3.05 1,208.10 1.97
750 7.58 2.4 11.16 36.9 13.45 62.4 12.84 40.8 750 0.47 -24.2 0.76 5.6 1.00 333 1.01 14.8 750 1,213.27 3.60 1,211.80 2.82 1,209.85 1.74 1,207.82 1.69
1,000 7.31 -1.2 10.07 23.6 11.59 40.0 11.68 28.1 1,000 0.50 -19.4 0.75 4.2 0.92 22.7 1.00 13.6 1,000 1,211.68 2.01 1,210.51 1.53 1,209.08 0.97 1,207.07 0.94
1,250 7.17 -3.1 9.05 11.0 10.12 22.2 10.82 18.6 1,250 0.53 -14.5 0.71 -1.4 0.84 12.0 0.97 10.2 1,250 1,210.86 1.19 1,209.95 0.97 1,208.79 0.68 1,206.61 0.48
1,500 433 -0.9 8.52 4.5 9.24 11.6 10.26 12.5 1,500 0.57 -8.1 0.70 -2.8 0.78 4.0 0.94 6.8 1,500 1,210.41 0.74 1,209.66 0.68 1,208.65 0.54 1,206.46 0.33
1,750 7.69 3.9 8.34 2.3 9.81 18.5 9:12 0.0 1,750 0.62 0.0 0.70 -2.8 0.89 18.7 0.88 0.0 1,750 1,210.11 0.44 1,209.46 0.48 1,208.04 -0.07 1,206.13 0.00
2,000 7.13 -3.6 8.36 2.6 9.50 14.7 9.12 0.0 2,000 0.57 -8.1 0.71 -1.4 0.86 14.7 0.88 0.0 2,000 1,210.12 0.45 1,209.34 0.36 1,208.06 -0.05 1,206.13 0.00
Velocity Froude # Water Surface Elevation
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! No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis
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Table 5-11

Summary of Hydraulic Parameters, 10-Year Event
Olive Avenue Bridge at RM 19.26

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 - 19.28 Reach 4 - 19.26 Reach 4 -19.23 Reach 4-19.19 Reach 4 -19.28 Reach 4 - 19.26 Reach 4 -19.23 Reach 4 - 19.19 Reach 4 - 19.28 Reach 4 -19.26 Reach 4 -19.23 Reach 4-19.19
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity ~ Change Velocity  Change Velocity = Change Velocity  Change Width Froude# Change Froude# Change Froude# Change Froude # Change Width W.S.E.  inWSLE. WS.E.  in W.S.E. W.S.E.  inW.S.LE. W.S.E. inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 5.38 = 5.86 — 593 — 6.3 — None 0.61 — 0.71 — 0.72 — 0.82 — None' 1,207.69 —_ 1,207.12 — 1,206.31 = 1,204.59 —
500 5.77 72 9.50 62.1 9.95 67.8 10.01 58.9 500 0.45 +26.2 0.82 15.5 0.88 22.2 1.00 22.0 500 1,210.38 2.69 1,209.01 1.89 1,207.79 1.48 1,205.72 1.13
750 5.17 3.9 7.79 32.9 8.55 44.2 8.67 37.6 750 0.45 -26.2 0.74 4.2 0.86 19.4 0.95 159 750 1,209.33 1.64 1,208.43 1.31 1,207.33 1.02 1,205.42 0.83
1,000 5.02 -6.7 7.02 19.8 7.50 26.5 8.22 30.5 1,000 0.48 -21.3 0.74 4.2 0.81 12.5 1.00 22.0 1,000 1,208.47 0.78 1,207.71 0.59 1,206.84 0.53 1,204.92 0.33
1,250 4.99 -F.2 6.18 5.5 6.89 16.2 7.34 16.5 1,250 0.52 -14.8 0.68 -4.2 0.80 1141 0.91 11.0 1,250 1,208.11 0.42 1,207.52 0.40 1,206.62 0.31 1,204.77 0.18
1,500 5.11 -5.0 6.03 2.9 6.20 4.6 7.10 12.7 1,500 0.55 -9.8 0.70 -1.4 0.72 0.0 0.91 11.0 1,500 1,207.95 0.26 1,207.35 0.23 1,206.58 0.27 1,204.70 011
1,750 5.38 0.0 5.93 1.2 6.31 6.4 6.30 0.0 1,750 0.60 =1.6 0.70 -1.4 0.76 5.6 0.82 0.0 1,750 1,207.81 0.12 1,207.24 0.12 1,206.33 0.02 1,204.59 0.00
2,000 5.21 -3.2 5.93 1.2 6.30 6.2 6.30 0.0 2,000 0.58 -4.9 0.70 -1.4 0.76 5.6 0.82 0.0 2,000 1,207.83 0.14 1,207.24 0.12 1,206.33 0.02 1,204.59 0.00
Velocity Froude # Water Surface Elevation
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' Table 5-12

Summary of Hydraulic Parameters, 100-Year Event
Northern Avenue Bridge at RM 18.19

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 - 18.24 Reach 4 -18.19 Reach 4-18.16 Reach 4-18.14 Reach 4-18.24 Reach 4 -18.19 Reach 4 - 18.16 Reach 4-18.14 Reach 4 -18.24 Reach 4-18.19 Reach 4 - 18.16 Reach 4 - 18.14
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity  Change Velocity  Change Width Froude # Change Froude# Change Froude # Change Froude# Change Width W.S.E.  in WS.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None® 8.12 — 8.7 = 10.52 = 12.16 = None' 0.68 — 0.75 = 0.98 — 1.21 — None' 1,185.52 — 1,184.56 = 1,183.33 — 1,181.73 —
500 8.87 9.2 15.88 82.5 17.40 65.4 18.96 55.9 500 0.49 -27.9 1.00 33.3 1.16 18.4 1.42 17.4 500 1,190.93 5.41 1,187.62 3.06 1,185.92 2.59 1,183.82 2.09
750 9.70 195 13.74 579 14.82 40.9 15.34 26.2 750 0.64 -5.9 0.99 32.0 1.13 15.3 1.26 4.1 750 1,187.95 2.43 1,185.59 1.03 1,184.18 0.85 1,182.82 1.09
1,000 9.37 15.4 11.69 34.4 12.32 17.1 14.24 17.1 1,000 0.68 0.0 0.91 21.3 1.00 2.0 1.30 7.4 1,000 1,186.78 1.26 1,185.09 0.53 1,184.09 0.76 1,182.18 0.45
1,250 8.75 7.8 10.03 15.3 11.48 9.1 13.23 8.8 1,250 0.68 0.0 0.82 9.3 1.01 3.1 1.30 7.4 1,250 1,186.13 0.61 1,184.89 0.33 1,183.66 0.33 1,181.82 0.09
1,500 8.14 0.2 9.36 7.6 10.81 2.8 12.06 -0.8 1,500 0.67 -1.5 0.81 8.0 1.01 34 1.18 -2.5 1,500 1,185.70 0.18 1,184.50 -0.06 1,183.30 -0.03 1,181.82 0.09
1,750 8.13 0.1 8.70 0.0 10.51 -0.1 12.17 0.1 1,750 0.68 0.0 0.75 0.0 0.98 0.0 1.2% 0.0 1,750 1,185.51 -0.01 1,184.56 0.00 1,183.33 0.00 1,181.72 -0.01
2,000 8.12 0.0 8.70 0.0 10.52 0.0 12.16 0.0 2,000 0.68 0.0 0.75 0.0 0.98 0.0 1.21 0.0 2,000 1,185.52 0.00 1,184.56 0.00 1,183.33 0.00 1,181.73 0.00
Velocity Froude # Water Surface Elevation
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! No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-13

. Summary of Hydraulic Parameters, 10-Year Event
Northern Avenue Bridge at RM 18.19
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 - 18.24 Reach 4 -18.19 Reach 4 - 18.16 Reach 4-18.14 Reach 4 - 18.24 Reach 4 - 18.19 Reach 4-18.16 Reach 4-18.14 Reach 4 -18.24 Reach 4 - 18.19 Reach 4 - 18.16 Reach 4-18.14
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity Change Velocity  Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 5.5 - 5.97 — 7.62 — 6.8 = None' 0.63 — 0.72 = 1.01 = 0.83 = None' 1,183.47 — 1,182.57 —_ 1,181.52 — 1,180.64 =
500 6.61 20.2 11.39 90.8 11.86 55.6 12.24 80.0 500 0.52 -17.5 1.00 38.9 1.08 6.9 1.23 48.2 500 1,185.83 2.36 1,183.77 1.20 1,182.65 1.13 1,181.36 0.72
750 7.09 28.9 9.75 63.3 9.79 28.5 9.02 32,6 750 0.66 4.8 0.99 37.5 1.01 0.0 0.95 14.5 750 1,184.40 0.93 1,182.67 0.10 1,181.72 0.20 1,180.98 0.34
1,000 6.60 20.0 7.59 27.1 8.79 15.4 9.12 341 1,000 0.66 4.8 0.80 1151 1.01 0.0 1.12 349 1,000 1,183.91 0.44 1,182.80 0.23 1,181.71 0.19 1,180.50 -0.14
1,250 6.06 10.2 6.66 11.6 8.10 6.3 7.07 4.0 1,250 0.66 4.8 0.74 2.8 1.00 -1.0 0.86 3.6 1,250 1,183.68 0.21 1,182.71 0.14 1,181.66 0.14 1,180.73 0.09
1,500 5:55 0.9 6.25 4.7 7.65 0.4 6.81 0.1 1,500 0.63 0.0 0.75 4.2 1.01 0.0 0.83 0.0 1,500 1,183.52 0.05 1,182.56 -0.01 1,181.52 0.00 1,180.64 0.00
1,750 5.50 0.0 597 0.0 7.62 0.0 6.80 0.0 1,750 0.63 0.0 0.72 0.0 1.01 0.0 0.83 0.0 1,750 1,183.47 0.00 1,182.57 0.00 1,181.52 0.00 1,180.64 0.00
2,000 5.50 0.0 597 0.0 7.62 0.0 6.80 0.0 2,000 0.63 0.0 0.72 0.0 1.01 0.0 0.83 0.0 2,000 1,183.47 0.00 1,182.57 0.00 1,181.52 0.00 1,180.64 0.00
Velocity Froude # Water Surface Elevation
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Change in Velocity

Reach 4-17.20 Reach 4 -17.17 Reach4-17.14 Reach4-17.10

Table 5-14

Summary of Hydraulic Parameters, 100-Year Event

Change in Froude #

Glendale Avenue Bridge at RM 17.17

Reach 4 -17.20

Reach 4 -17.17

Reach 4-17.14

Reach 4-17.10

Reach4-17.20

Change in Water Surface Elevation

Reach4-17.17

Reach 4-17.14

Reach4-17.10

Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity Change Velocity ~ Change Velocity  Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 8.44 — 8.14 — 10.13 — 8.61 = None' 0.79 = 0.74 = 0.99 — 0.78 = None' 1,162.06 — 1,161.65 = 1,160.45 — 1,159.64 —
500 8.10 -4.0 15.37 88.8 16.44 62.3 16.96 97.0 500 0.47 -40.5 1.00 35.1 1.10 11.1 1.27 62.8 500 1,167.39 533 1,164.17 2.52 1,162.77 2.32 1,161.15 1.51
750 8.36 -0.9 12.70 56.0 13:.91 37.3 16.00 85.8 750 0.54 -31.6 0.88 18.9 0.99 0.0 139 78.2 750 1,165.58 3.52 1,163.72 2.07 1,162.51 2.06 1,160.03 0.39
1,000 8.22 -2.6 11.41 40.2 12.78 26.2 1511 755 1,000 0.58 -26.6 0.84 135 0.96 -3.0 1.42 82.1 1,000 1,164.64 2.58 1,163.25 1.60 1,162.04 1.59 1,159.44 -0.20
1,250 7.94 -5.9 10.25 259 12.00 18.5 13.98 62.4 1,250 0.59 -25.3 0.78 5.4 0.96 -3.0 1.30 66.7 1,250 1,164.08 2.02 1,163.05 1.40 1,161.78 1.33 1,159.48 -0.16
1,500 7.68 -5.0 9.54 17.2 11.38 123 9.42 9.4 1,500 0.59 -25.3 0.76 27 0.95 -4.0 0.74 -5.1 1,500 1,163.74 1.68 1,162.87 1.22 1,161.62 1,17 1,160.90 1.26
1,750 7.94 -5.9 9.17 12.7 10.88 7.4 9.34 8.5 1,750 0.64 -19.0 0.76 2.7 0.95 -4.0 0.75 -3.8 1,750 1,163.25 1.19 1,162.46 0.81 1,161.26 0.81 1,160.72 1.08
2,000 8.12 -3.8 9.07 11.4 10.60 4.6 8.61 0.0 2,000 0.67 -15.2 0.76 2.7 0.94 -5.1 0.78 0.0 2,000 1,163.01 0.95 1,162.29 0.64 1,161.15 0.70 1,159.64 0.00
Velocity Froude # Water Surface Elevation
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Table 5-15

Summary of Hydraulic Parameters, 10-Year Event
. Glendale Avenue Bridge at RM 17.17
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 4 -17.20 Reach 4 - 17.17 Reach4-17.14 Reach 4-17.10 Reach 4 -17.20 Reach 4 -17.17 Reach 4-17.14 Reach 4-17.10 Reach4-17.20 Reach4-17.17 Reach 4-17.14 Reach 4-17.10
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 6.09 - 6.13 — 7.6 = 6.04 — None' 0.74 — 0.72 — 0.92 - 0.76 - None' 1,160.51 — 1,160.01 — 1,158.95 — 1,157.86 —
500 6.68 9.7 10.84 76.8 9.81 29.1 10.20 68.9 500 0.58 -21.6 1.00 38.9 0.86 -6.5 1.00 31.6 500 1,162.20 1.69 1,160.50 0.49 1,159.93 0.98 1,158.85 0.99
750 6.81 11.8 8.60 40.3 10.17 33.8 8.34 38.1 750 0.65 =12.2 0.82 139 1.02 10.9 0.89 17.1 750 1,161.65 1.14 1,160.73 0.72 1,159.41 0.46 1,158.68 0.82
1,000 6.68 9.7 7.92 29.2 9.46 245 6.99 15.7 1,000 0.69 -6.8 0.80 1151 1.00 8.7 0.76 0.0 1,000 1,161.39 0.88 1,160.59 0.58 1,159.32 0.37 1,158.59 0.73
1,250 6.36 4.4 7.05 15.0 8.93 175 6.68 10.6 1,250 0.68 -8.1 0.73 14 1.00 8.7 0.73 -3.9 1,250 1,161.25 0.74 1,160.65 0.64 1,159.38 0.43 1,158.53 0.67
1,500 5.84 -4.1 6.43 4.9 8.77 15.4 6.64 9.9 1,500 0.62 -16.2 0.68 -5.6 1.03 12.0 0.72 -5.3 1,500 1,161.25 0.74 1,160.74 0.73 1,159.40 0.45 1,158.51 0.65
1,750 6.49 6.6 6.31 2.9 8.27 8.8 6.56 8.6 1,750 0.73 -1.4 0.69 -4.2 0.98 6.5 0.72 -5.3 1,750 1,160.93 0.42 1,160.47 0.46 1,159.24 0.29 1,158.47 0.61
2,000 6.36 44 6.33 33 8.08 6.3 6.04 0.0 2,000 0.72 2.7 0.70 -2.8 0.96 4.3 0.76 0.0 2,000 1,160.90 0.39 1,160.40 0.39 1,159.23 0.28 1,157.86 0.00
Velocity Froude # Water Surface Elevation
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"No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Change in Velocity

Reach 3-14.83

Reach 3 - 14.81

Reach 3 - 14.78

Reach 3-14.73

Table 5-16

Summary of Hydraulic Parameters, 100-Year Event

Camelback Road Bridge at RM 14.81
Change in Froude #

Reach 3 -14.83 Reach 3 -14.81 Reach 3 - 14.78 Reach 3 -14.73

Change in Water Surface Elevation

Reach 3 - 14.83

Reach 3-14.81

Reach 3-14.78

Reach 3-14.73

Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity ~ Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude # Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 11.32 = 10.68 = 9.25 = 12.82 = None' 0.67 — 0.63 = 0.55 = 0.86 == None' 1,117.43 — 1,117.35 — 1,117.16 — 1,113.74 —
500 10.71 5.4 14.60 36.7 14.52 57.0 15.98 24.6 500 0.54 -19.4 0.80 27.0 0.79 43.6 1.01 17.4 500 1,120.64 321 1,118.66 1.31 1,118.00 0.84 1,113.98 0.24
750 10.49 -7.3 13.29 24.4 12.83 38.7 13.51 5.4 750 0.57 -14.9 0.77 22.2 0.76 38.2 0.91 5.8 750 1,119.02 1.59 1,117.68 0.33 1,117.08 -0.08 1,113.67 -0.07
1,000 10.39 -8.2 11.41 6.8 10.70 15.7 13.50 53 1,000 0.59 -11.9 0.66 4.8 0.63 14.5 0.92 7.0 1,000 1,118.16 0.73 1,117.58 0.23 1,117.19 0.03 1,113.53 -0.21
1,250 10.61 6.3 10.76 0.7 9.85 6.5 13.00 1.4 1,250 0.62 7.5 0.63 0.0 0.58 55 0.88 23 1,250 1,117.72 0.29 1,117.42 0.07 1,117.11  -0.05 1,113.69 -0.05
1,500 11.42 0.9 10.83 1.4 9.31 0.6 12.82 0.0 1,500 0.68 1.5 0.64 1.6 0.55 0.0 0.86 0.0 1,500 1,117.41 -0.02 1,117.29 -0.06 1,117.10 -0.06 1,113.74 0.00
1,750 11.45 14 10.50 A7 9.16 1.0 12.82 0.0 1,750 0.68 1.5 0.62 1.6 0.54 -1.8 0.86 0.0 1,750 1,117.37 -0.06 1,117.34 -0.01 1,117.13 -0.03 1,113.74 0.00
2,000 11.30 -0.2 10.66 -0.2 9.29 0.4 12.82 0.0 2,000 0.67 0.0 0.63 0.0 0.55 0.0 0.86 0.0 2,000 1,117.44 0.01 1,117.36 0.01 1,117.15 -0.01 1,113.74 0.00
Velocity Froude # Water Surface Elevation
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' No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis
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Table 5-17

. Summary of Hydraulic Parameters, 10-Year Event
Camelback Road Bridge at RM 14.81
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 3 -14.83 Reach 3 - 14.81 Reach 3 - 14.78 Reach 3-14.73 Reach 3 - 14.83 Reach 3 - 14.81 Reach 3 - 14.78 Reach 3-14.73 Reach 3 - 14.83 Reach 3 -14.81 Reach 3 -14.78 Reach 3-14.73
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity = Change Velocity  Change Velocity  Change Width Froude# Change Froude# Change Froude # Change Froude# Change Width W.S.E.  inWS.E. WS.E  in WS.E. W.S.E. inW.S.E. W.SE  inW.SE.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 8.18 — 8.15 = 7.4 = 8.58 = None' 0.62 = 0.62 = 0.57 — 0.78 — None' 1,113.96 - 1,113.73 = 1,113.35 — 1,110.67 —
500 7.84 -4.2 9.25 135 9.02 21.9 9.7 13.2 500 0.56 -9.7 0.68 9.7 0.66 15.8 0.81 3.8 500 1,114.66 0.70 1,113.97 0.24 1,113.45 0.10 1,110.65 -0.02
750 7.70 -5.9 8.67 6.4 8.17 10.4 8.62 0.5 750 0.56 -9.7 0.65 4.8 0.63 10.5 0.78 0.0 750 1,114.39 0.43 1,113.86 0.13 1,113.39 0.04 1,110.67 0.00
1,000 8.16 -0.2 8.17 0.2 7.53 1.8 8.63 0.6 1,000 0.62 0.0 0.61 =1.6 0.58 1.8 0.78 0.0 1,000 1,114.01 0.05 1,113.77 0.04 1,113.38 0.03 1,110.67 0.00
1,250 8.11 -0.9 8.14 -0.1 7.48 1.1 8.58 0.0 1,250 0.61 -1.6 0.61 -1.6 0.58 1.8 0.78 0.0 1,250 1,113.99 0.03 1,113.75 0.02 1,113.36 0.01 1,110.68 0.01
1,500 8.15 -0.4 8.21 0.7 7.41 0.1 8.58 0.0 1,500 0.62 0.0 0.62 0.0 0.58 1.8 0.78 0.0 1,500 1,113.97 0.01 1,113.72 -0.01 1,113.35 0.00 1,110.67 0.00
1,750 8.18 0.0 8.15 0.0 7.40 0.0 8.58 0.0 1,750 0.62 0.0 0.62 0.0 0.57 0.0 0.78 0.0 1,750 1,113.96 0.00 1,113.73 0.00 1,113.35 0.00 1,110.67 0.00
2,000 8.18 0.0 8.15 0.0 7.40 0.0 8.58 0.0 2,000 0.62 0.0 0.62 0.0 0.57 0.0 0.78 0.0 2,000 1,113.96 0.00 1,113.73 0.00 1,113,35 0.00 1,110.67 0.00
Velocity Froude # Water Surface Elevation
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-18

. Summary of Hydraulic Parameters, 100-Year Event
Indian School Road Bridge at RM 13.78
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 3-13.89 Reach 3-13.78 Reach 3-13.75 Reach 3-13.70 Reach 3 - 13.89 Reach 3 -13.78 Reach 3 -13.75 Reach 3 -13.70 Reach 3-13.89 Reach 3-13.78 Reach 3 -13.75 Reach 3-13.70
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity = Change Velocity = Change Width Froude# Change Froude# Change Froude # Change Froude# Change Width W.S.E. inW.S.E. WS.E.  in W.S.E. WS.E.  inW.S.E. W.S.E. inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 9.88 — 10.85 — 8.06 b 10.45 — None' 0.85 = 0.86 — 0.64 = 0.89 — None' 1,093.32 = 1,090.32 = 1,090.08 — 1,088.11 —_
500 4.49 -54.6 15.26 40.6 13.69 69.9 1551 48.4 500 0.25 -70.6 0.81 -5.8 0.73 14.1 1.00 124 500 1,099.18 5.86 1,095.24 4.92 1,094.92 4.84 1,092.69 4.58
750 5.94 -39.9 14.45 33.2 10.67 32.4 13.89 32.9 750 0.38 -55.3 0.85 -1.2 0.61 -4.7 1.00 12.4 750 1,096.94 3.62 1,093.16 2.84 1,093.44 3.36 1,090.97 2.86
1,000 6.63 -32.9 14.98 38.1 16.76 107.9 9.80 -6.2 1,000 0.46 -45.9 0.98 140 1.32 106.3 0.78 -12.4 1,000 1,096.15 2.83 1,091.81 1.49 1,088.96 -1.12 1,089.49 1.38
1,250 71 -28.0 14.22 311 15.68 94.5 10.83 3.6 1,250 0.52 -38.8 0.99 151 1.27 98.4 0.86 -34 1,250 1,095.40 2.08 1,091.23 0.91 1,088.68 -1.40 1,089.08 0.97
1,500 7.52 -23.9 13.52 24.6 14.67 82.0 10.31 -1.3 1,500 0.57 -329 0.98 140 1.22 90.6 0.86 -3.4 1,500 1,094.81 1.49 1,090.81 0.49 1,088.54 -1.54 1,088.51 0.40
1,750 7.84 -20.6 13.02 20.0 10.82 34.2 10.42 -0.3 1,750 0.62 -27.1 0.99 15.1 0.81 26.6 0.89 0.0 1,750 1,094.32 1.00 1,090.44 0.12 1,089.61 -0.47 1,088.13 0.02
2,000 7.63 -22.8 12.99 19.7 10.56 31.0 10.45 0.0 2,000 0.60 -29.4 0.99 15.1 0.80 25.0 0.89 0.0 2,000 1,094.27 0.95 1,090.45 0.13 1,089.64 -0.44 1,088.11 0.00
Velocity Froude # Water Surface Elevation
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' No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-19

Summary of Hydraulic Parameters, 10-Year Event
Indian School Road Bridge at RM 13.78

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 3-13.89 Reach 3-13.78 Reach 3-13.75 Reach 3 - 13.70 Reach 3 -13.89 Reach 3-13.78 Reach 3 -13.75 Reach 3-13.70 Reach 3-13.89 Reach 3-13.78 Reach 3-13.75 Reach 3-13.70
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity Change Velocity Change Velocity Change Velocity Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 7.92 — 277, — 599 — 7.34 — None' 0.88 — 0.85 _— 0.63 — 0.75 — None' 1,090.77 = 1,087.80 =2 1,087.13 — 1,085.60 -_
500 5.57 -29.7 8.78 13.0 7.55 26.0 10.57 44.0 500 0.49 -44.3 0.59 -30.6 0.50 -20.6 0.95 26.7 500 1,092.84 2.07 1,091.10 3.30 1,090.89 3.76 1,089.05 3.45
750 8.29 4.7 8.47 9.0 6.23 4.0 9.25 26.0 750 0.86 23 0.63 -25.9 0.46 -27.0 0.85 133 750 1,091.64 0.87 1,089.74 1.94 1,089.65 2.52 1,088.05 2.45
1,000 7.45 -5.9 10.53 35:5 7.53 25.7 6.84 -6.8 1,000 0.74 -15.9 0.96 129 0.67 6.3 0.66 -12.0 1,000 1,091.93 1.16 1,088.37 0.57 1,087.85 0.72 1,086.83 1.23
1,250 7.40 -6.6 10.05 29.3 7.38 23.2 7.59 3.4 1,250 0.76 -13.6 0.97 14.1 0.69 9.5 0.71 -5.3 1,250 1,091.67 0.90 1,088.10 0.30 1,087.47 0.34 1,086.17 0.57
1,500 7.38 -6.8 9.45 21.6 7.46 245 7.39 0.7 1,500 0.78 -11.4 0.95 11.8 0.74 17.5 0.72 -4.0 1,500 1,091.39 0.62 1,087.96 0.16 1,087.14 0.01 1,085.76 0.16
1,750 7.37 -6.9 8.93 14.9 7.08 18.2 7.35 0.1 1,750 0.80 =971 0.93 9.4 0.72 14.3 0.75 0.0 1,750 1,091.08 0.31 1,087.86 0.06 1,087.06 -0.07 1,085.59 -0.01
2,000 7.04 -11.1 9.07 16.7 6.96 16.2 7.35 0.1 2,000 0.77 -12.5 0.95 11.8 0.71 12.7 0.75 0.0 2,000 1,091.06 0.29 1,087.82 0.02 1,087.06 -0.07 1,085.59 -0.01
Velocity Froude # Water Surface Elevation
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Table 5-20

. Summary of Hydraulic Parameters, 100-Year Event
McDowell Parkway Bridge at RM 13.06
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 3-13.13 Reach 3 -13.06 Reach 3 -13.03 Reach 3-12.94 Reach 3-13.13 Reach 3 - 13.06 Reach 3-13.03 Reach 3-12.94 Reach 3 -13.13 Reach 3 -13.06 Reach 3-13.03 Reach 3 -12.94
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity  Change Velocity  Change Velocity  Change Width Froude # Change Froude# Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None® 4.51 — 9.72 — 7.6 — 7.39 —_ None' 0.30 o 0.92 s 0.62 - 0.53 — None' 1,075.31 — 1,073.64 — 1,073.44 - 1,072.33 —
500 3.85 -14.6 15.44 58.8 16.99 123.6 16.82 127.6 500 0.17 -43.3 0.87 -5.4 1.00 61.3 1.21 128.3 500 1,081.81 6.50 1,077.85 4.21 1,076.22 2.78 1,072.69 0.36
750 3.92 =131 13.82 42.2 13.93 833 13.43 81.7 750 0.19 -36.7 0.90 -2.2 0.91 46.8 1.00 88.7 750 1,079.55 4.24 1,076.36 2.72 1,075.46 2.02 1,072.49 0.16
1,000 411 -8.9 12.07 24.2 12.60 65.8 10.94 48.0 1,000 0.21 -30.0 0.85 -7.6 0.91 46.8 0.81 52.8 1,000 1,078.15 2.84 1,075.72 2.08 1,074.62 1.18 1,072.33 0.00
1,250 4.16 -7.8 11.82 21.6 11.13 46.4 9.64 30.4 1,250 0.23 -233 0.92 0.0 0.84 355 0.71 34.0 1,250 1,077.34 2.03 1,074.98 1.34 1,074.22 0.78 1,072.31 -0.02
1,500 4.13 -8.4 11.32 16.5 11.05 45.4 8.31 124 1,500 0.24 -20.0 0.94 2.2 0.91 46.8 0.60 13.2 1,500 1,076.89 1.58 1,074.70 1.06 1,073.71 0.27 1,072.32 -0.01
1,750 3.92 -13.1 11.14 14.6 10.03 32.0 7.39 0.0 1,750 0.24 -20.0 0.99 7.6 0.85 37.1 0.53 0.0 1,750 1,076.36 1.05 1,074.21 0.57 1,073.37 -0.07 1,072.33 0.00
2,000 4.16 -7.8 10.66 97 8.39 10.4 739 0.0 2,000 0.26 -13.3 0.99 7.6 0.70 129 0.53 0.0 2,000 1,075.90 0.59 1,073.91 0.27 1,073.43 -0.01 1,072.33 0.00
Velocity Froude # Water Surface Elevation
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'No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-21

Summary of Hydraulic Parameters, 10-Year Event
‘ McDowell Parkway Bridge at RM 13.06
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 3-13.13 Reach 3 - 13.06 Reach 3 -13.03 Reach 3-12.94 Reach 3-13.13 Reach 3 - 13.06 Reach 3-13.03 Reach 3-12.94 Reach 3-13.13 Reach 3 - 13.06 Reach 3 - 13.03 Reach 3-12.94
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change

Width Velocity ~ Change Velocity  Change Velocity  Change Velocity = Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E.  inW.S.E. W.S.E. in W.S.E. W.S.E. inW.S.E. W.S.E. inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 2.52 — 8.43 — 11.16 — 7 — None' 0.19 — 1.00 ==, 1.32 = 0.64 = None' 1,072.53 — 1,071.22 — 1,069.18 = 1,068.18 ==

500 2.39 -5.2 11.72 39.0 11.29 1.2 10.73 53.3 500 0.14 -26.3 0.92 -8.0 0.92 -30.3 1.00 56.3 500 1,074.87 234 1,072.51 1.29 1,072.01 2.83 1,069.92 1.74

750 231 -8.3 10.53 24.9 10.00 -10.4 9.96 42.3 750 0.15 -21.1 0.93 -7.0 0.93 -29.5 1.00 56.3 750 1,074.22 1.69 1,072.30 1.08 1,071.75 2.57 1,069.42 1.24
1,000 235 -6.7 9.09 7.8 9.99 -10.5 8.79 25.6 1,000 0.16 -15.8 0.88 -12.0 1.00 -24.2 0.89 39.1 1,000 1,073.73 1.20 1,072.27 1.05 1,071.23 2.05 1,069.04 0.86
1,250 2.31 -8.3 9.89 17.3 10.32 -71.5 8.46 20.9 1,250 0.16 -15.8 0.99 -1.0 1.08 -18.2 0.81 26.6 1,250 1,073.49 0.96 1,071.76 0.54 1,070.70 1.52 1,068.65 0.47
1,500 2.27 -9.9 9.81 16.4 10.50 -5.9 7.86 123 1,500 0.16 -15.8 1.00 0.0 1.12 -15.2 0.71 10.9 1,500 1,073.48 0.95 1,071.78 0.56 1,070.60 1.42 1,068.21 0.03
1,750 2.20 -12.7 9.07 7.6 11.41 2.2 7.00 0.0 1,750 0.17 -10.5 1.00 0.0 1.20 -9.1 0.64 0.0 1,750 1,073.24 0.71 1,071.77 0.55 1,069.88 0.70 1,068.18 0.00
2,000 2.30 -8.7 8.60 2.0 11.98 73 7.00 0.0 2,000 0.17 -10.5 1.00 0.0 1.38 4.5 0.64 0.0 2,000 1,073.01 0.48 1,071.67 0.45 1,069.30 0.12 1,068.18 0.00

Velocity Froude # Water Surface Elevation
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Change in Velocity

Table 5-22

Summary of Hydraulic Parameters, 100-Year Event

Yuma Parkway Bridge at RM 9.41
Change in Froude #

Change in Water Surface Elevation

Reach 2-9.45 Reach 2-9.41 Reach 2-9.38 Reach 2-9.36 Reach 2-9.45 Reach 2-9.41 Reach 2-9.38 Reach 2-9.36 Reach 2 - 9.45 Reach 2 - 9.41 Reach 2-9.38 Reach 2-9.36
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity  Change Velocity ~ Change Velocity ~ Change Velocity  Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E  inWS.E. WS.E.  in W.S.E. W.S.E.  inW.S.E. W.S.E.  inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 8.93 = 7.18 — 7.25 — 14.13 — None' 0.64 = 0.43 o 0.40 — 0.86 — None' 992.59 = 991.99 = 991.60 — 988.86 —
500 5.61 -37.2 10.36 443 8.95 23.4 16.26 151 500 0.29 -54.7 0.48 116 0.39 -2.5 0.76 -11.6 500 998.54 5.95 996.91 4.92 996.92 5.32 994.65 5.79
750 6.53 -26.9 8.30 15.6 7.03 -3.0 13.32 -5.7 750 0.38 -40.6 0.42 -2.3 0.33 -17.5 0.65 -24.4 750 995.93 3.34 995.02 3.03 994.94 3.34 993.08 4.22
1,000 8.44 -5.5 8.40 17.0 7.62 51 1115 -21.1 1,000 0.58 9.4 0.50 16.3 0.41 2.5 0.61 -29.1 1,000 993.10 0.51 992.17 0.18 991.85 0.25 990.63 1.77
1,250 8.73 -2.2 731 1.8 7.40 21 11.26 -20.3 1,250 0.61 -4.7 0.44 2.3 0.40 0.0 0.63 -26.7 1,250 992.84 0.25 992.20 0.21 991.80 0.20 990.48 1.62
1,500 8.84 -1.0 7:35 2.4 7.46 29 12.36 =12.5 1,500 0.62 -3.1 0.44 23 0.41 25 0.71 -17.4 1,500 992.70 0.11 992.04 0.05 991.61 0.01 989.81 0.95
1,750 8.84 -1.0 7.25 1.0 7.28 0.4 12.75 -9.8 1,750 0.63 -1.6 0.44 23 0.40 0.0 0.74 -14.0 1,750 992.66 0.07 992.03 0.04 991.64 0.04 989.61 0.75
2,000 8.89 -0.4 7.26 1.1 7.27 0.3 14.13 0.0 2,000 0.63 -1.6 0.44 2.3 0.40 0.0 0.86 0.0 2,000 992.61 0.02 991.98 -0.01 991.59 -0.01 988.86 0.00
Velocity Froude # Water Surface Elevation
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. Table 5-23
Summary of Hydraulic Parameters, 10-Year Event
Yuma Parkway Bridge at RM 9.41

Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach 2-9.45 Reach 2-9.41 Reach 2 -9.38 Reach 2-9.36 Reach 2-9.45 Reach 2-9.41 Reach 2-9.38 Reach 2-9.36 Reach 2 -9.45 Reach2-9.41 Reach 2-9.38 Reach 2-9.36
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity ~ Change Velocity Change Velocity  Change Velocity Change Width Froude # Change Froude # Change Froude# Change Froude# Change Width W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E. W.S.E. in W.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 8.11 - 5.1 — 4.52 = 6.5 = None' 0.91 — 0.43 = 0.32 - 0.45 - None' 988.85 — 987.85 —~ 987.54 = 987.04 =
500 4.26 -47.5 5.68 11.4 4.56 0.9 9.75 50.0 500 0.32 -64.8 0.33 -23.3 0.24 -25.0 0.54 20.0 500 992.23 3.38 991.71 3.86 991.70 4.16 990.56 3.52
750 5.15 -36.5 4.77 -6.5 3.67 -18.8 7.37 134 750 0.44 -51.6 0.31 -27.9 0.21 -344 0.42 -6.7 750 990.74 1.89 990.33 2.48 990.29 2.75 989.56 2.52
1,000 7.53 -7.2 5.61 10.0 4.42 -2.2 6.33 -2.6 1,000 0.81 -11.0 0.46 7.0 0.30 -6.3 0.43 -4.4 1,000 989.04 0.19 987.94 0.09 987.71 0.17 987.23 0.19
1,250 8.03 -1.0 4.96 -2.7 4.41 -2.4 6.35 -23 1,250 0.89 2.2 0.41 -4.7 0.31 -3.1 0.43 -4.4 1,250 988.88 0.03 987.98 0.13 987.69 0.15 987.21 0.17
1,500 8.05 -0.7 5.00 -2.0 4.44 -1.8 6.40 -1.5 1,500 0.90 -11 0.41 -4.7 031 -3.1 0.43 -4.4 1,500 988.87 0.02 987.94 0.09 987.65 0.11 987.16 0.12
1,750 8.06 -0.6 5.02 -1.6 4.45 -1.5 6.42 -1.2 1,750 0.90 -11 0.42 -2.3 0.31 -3.1 0.44 -2.2 1,750 988.87 0.02 987.93 0.08 987.63 0.09 987.14 0.10
2,000 8.11 0.0 5.10 0.0 4.52 0.0 6.50 0.0 2,000 0.91 0.0 0.43 0.0 0.32 0.0 0.45 0.0 2,000 988.85 0.00 987.85 0.00 987.54 0.00 987.04 0.00
Velocity Froude # Water Surface Elevation
g Reach 2 - 9.45  swelfis Reach 2 - 9.41 Reach 2-9.38  whé==Reach 2 - 9.36 ==p==Reach2-9.45 ==@==Reach2-9.41 Reach2-9.38  ====Reach2-9.36
wempuen ReaCh 2 - 9.45 el Reach 2 - 9.41 Reach 2 - 9.38 wwess= Reach 2 - 9.36
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! No bridge encroachment, plots on graphs at zero bridge width opening, along y-axis




Table 5-24

Summary of Hydraulic Parameters, 100-Year Event
' Broadway Road Bridge at RM 7.26
Change in Velocity Change in Froude # Change in Water Surface Elevation
Reach2-7.28 Reach 2-7.26 Reach 2-7.23 Reach2-7.18 Reach 2-7.28 Reach 2-7.26 Reach 2-7.23 Reach 2-7.18 Reach 2-7.28 Reach 2 - 7.26 Reach2-7.23 Reach2-7.18
Bridge Bridge Bridge
Opening Percent Percent Percent Percent Opening Percent Percent Percent Percent Opening Change Change Change Change
Width Velocity ~ Change Velocity ~ Change Velocity ~ Change Velocity  Change Width Froude# Change Froude# Change Froude# Change Froude# Change Width W.S.E. inWS.E. W.S.E.  in WS.E. W.S.E.  inW.S.E. W.S.E. inW.S.E.
feet fps % fps % fps % fps % feet unitless % unitless % unitless % unitless % feet feet feet feet feet feet feet feet feet
None' 10.78 — 9.06 C 8.12 — 8.59 — None' 0.91 — 0.73 — 0.62 — 0.68 —_ None' 943.57 = 943.01 . 942.73 a= 941.66 =
500 8.73 -19.0 14.98 65.3 16.80 106.9 18.22 112.1 500 0.45 -50.5 0.84 .7 | 1.00 61.3 1.25 83.8 500 951.38 7.81 948.67 5.66 947.00 4.27 943.66 2.00
750 6.92 -35.8 12.88 42.2 14.70 81.0 13.24 54.1 750 0.40 -56.0 0.82 12,3 1.00 61.3 0.95 39.7 750 948.79 5.22 946.64 3.63 945.05 2.32 943.25 1.59
1,000 6.63 -38.5 11.71 29.2 13.22 62.8 10.19 18.6 1,000 0.43 -52.7 0.82 123 0.98 58.1 0.76 11.8 1,000 946.67 3.10 944.92 191 943.51 0.78 942.48 0.82
1,250 8.43 -21.8 11.21 23.7 10.85 33.6 8.96 43 1,250 0.62 -31.9 0.86 17.8 0.82 323 0.67 -1.5 1,250 944.95 1.38 943.69 0.68 943.08 0.35 942.20 0.54
1,500 11.28 4.6 9.78 7.9 9.26 14.0 8.61 0.2 1,500 0.95 4.4 0.76 4.1 0.69 11.3 0.66 -2.9 1,500 943.60 0.03 943.36 0.35 942.96 0.23 942.08 0.42
1,750 11.07 2.7 9.65 6.5 8.68 6.9 8.32 -3.1 1,750 0.93 2.2 0.76 4.1 0.65 4.8 0.63 -7.4 1,750 943.65 0.08 943.21 0.20 942.93 0.20 942.10 0.44
2,000 10.82 0.4 9.12 0.7 8.15 0.4 8.32 -3.1 2,000 0.90 -11 0.71 2.7 0.61 -1.6 0.63 7.4 2,000 943.69 0.12 943.22 0.21 942.98 0.25 942.10 0.44
Velocity Froude # Water Surface Elevation
e=gues Reach 2-7.28  e=i==Reach 2-7.26 Reach 2-7.23  wss¢==Reach 2-7.18 wwegus Reach 2 - 7.28  e=ii==Reach 2-7.26 Reach 2-7.23  esa==Reach 2-7.18
- - wmegues Reach 2 - 7.28 e=fliemReach 2 - 7.26 Reach 2 - 7.23 ewsptes= Reach 2 - 7.18
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