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1.0 EXECUTIVE SUMMARY

This report documents the hydrology and hydraulics of the flow in the Salt River, the
scour analysis at the foundation of the SR143 Bridge, and the bridge deck drainage. A
separate drainage report, titled "Final On-Site Drainage Report for SR143/Sky Harbor
Blvd TI" (KHA, February 2010), has been prepared to address onsite roadway drainage.

This Final Salt River Drainage Report has been prepared by Kimley-Hom and
Associates, Inc. (KHA) for the Arizona Department of Transportation. The report has
been prepared in support of the proposed improvements associated with the State Route
143 (SRI43)/Sky Harbor Blvd Traffic Interchange (TI) project. The overall project
limits on SR143 are from MP 0.75 to MP 2.58.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page I

The project will reconfigure the existing SRI43/Sky Harbor Blvd TI to provide more
efficient freeway-to-freeway directional ramps and consolidate the airport access to
SR143 and Sky Harbor Blvd. The existing west to south loop ramp will be removed and
a flyover ramp will be constructed to provide this access. Traffic to and out of Sky
Harbor International Airport will be improved by the additions of an east to south ramp
and a south to west ramp. The existing north to west ramp will be reconstructed with
concrete pavement. The north to east ramp will remain as in existing conditions.
Southbound SR143 will generally be widened by one lane between Washington Street
and University Drive to support the new directional ramps. The Salt River Bridge will be
widened to the west accordingly.
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Kimley-Hom and Associates, Inc.

2.0 INTRODUCTION

A separate drainage report, titled "Final On-Site Drainage Report for SR143/Sky Harbor
Blvd TI" (KHA, February 2010), has been prepared to address onsite roadway drainage.

2.4 Overview of the Salt River Bridge Improvements

The width of the existing Salt River Bridge at SR143 ranges from approximately 117 feet
at the south side (main line) to 161 feet at the north side (main line and ramps). The
bridge is supported by two abutments and eight pier bents, aligned with the river flow

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page 2

2.3 Project Description

SR143 is a six-lane barrier divided freeway and Sky Harbor Blvd is a six lane major
arterial roadway. The existing SRI43/Sky Harbor Blvd TI features ramps from
westbound Sky Harbor Blvd to southbound SR143 (Ramp W-S), from northbound SR143
to westbound Sky Harbor Blvd (Ramp N-W), and from northbound SR143 to eastbound
Sky Harbor Blvd (Ramp N-E).

2.2 Purpose

This report has been prepared in support of the drainage design associated with the final
stage plan documents. In particular, this report has been prepared in support of the
proposed improvements (widening) to the existing Salt River Bridge at State Route 143
(SR143). This report updates the drainage report prepared for stage III of the project and
incorporates the corresponding review comments and resolutions. A copy of these
comments is included in Appendix I. The corresponding report for Stage II (30%)
documents was prepared by J2 Engineering and Environmental Design LLC (Ref. 5).

2.1 Authorization

This drainage report was prepared by Kimley-Horn and Associates, Inc. (KHA) for the
Arizona Department of Transportation (ADOT) in support of the proposed improvements
associated with the SRI43/Sky Harbor Blvd TI project.

The proposed improvements consist of constructing new ramps from eastbound Sky
Harbor Blvd to southbound SR143 (Ramp E-S), from westbound Sky Harbor Blvd to
southbound SR143 (Ramp W-S), and from southbound SR143 to westbound Sky Harbor
Blvd (Ramp S-W). Ramps W-S and E-S will join prior to merging with southbound
SR143. Existing Ramp W-S will be removed, existing Ramp N-E will be retained, and
exiting Ramp N-W will be reconstructed with concrete pavement. SR143 will be
widened at the north and south ends to accommodate the new access ramps. In addition,
southbound SR143 will be generally widened by one lane between Washington Street
and University Drive to accommodate the new directional ramps. Accordingly, the
existing Salt River Bridge at SR143 (ADOT structure No. 2182) will be widened as
described in the following section.
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Kimley-Horn and Associates, Inc.

direction. Excerpts from the as-built plans that show the subject bridge are included in
Appendix B.

The abutments are located behind the river banks that were constructed with cement
stabilized alluvium (CSA). The southern six pier bents contain four drilled shafts and the
two northern pier bents contain five drilled shafts.

2.5 Scope

This report focuses on the hydrology and hydraulics of the flow in the Salt River, the
scour analysis at the foundation of the SR143 Bridge, and the bridge deck drainage.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page 3

To accommodate the proposed TI improvements, the Salt River Bridge at SR143 will be
widened to the west (downstream side) by approximately 15 to 46 feet. To accommodate
the widened section, the southern seven pier bents will require one additional drilled shaft
and the northern pier bent will require two additional drilled shafts. Therefore, six of the
pier bents will contain five shafts, one will contain 6 shafts, and one will contain 7 shafts.
The additional piers will have the same diameter as the existing piers, will be aligned
with the existing piers, and will be at a similar distance from the protected river banks.
Excerpts from the bridge plans that show the proposed improvements are included in
Appendix C.

2.6 Location

The project limits on SR143 are from MP 0.75 to MP 2.58, located within the cities of
Phoenix and Tempe. This segment is in ADOT's Phoenix construction district within
Maricopa County in east central Arizona. A project location map (Figure 1) and a
vicinity map (Figure 2) are provided in Appendix A.
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3.0 SURVEY DATUM

NAVD88 elevation (ft) = NAVD29 elevation (ft) + 1.92 ft

The basis of vertical elevations for this project is from the National Geodetic Survey
datasheet published for the following monuments:

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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1154.40ft

1154.10ft

NAVD 88 Elev.

Final Salt River Drainage Report
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Vertical elevations on the project plans will be presented based on the NAVD88 datum.
Several referenced studies and plans with relevant data to this project were based on the
NGVD29 datum. Where appropriate, the datum reference was indicated. The project
survey team has established the following elevation equation to correlate elevations with
different datum. The Stage III Salt River Bridge plans, prepared by Stanley Consultants
Inc. (Appendix C), were based on the same conversion equation.

1BH1

MonumentID
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Table 1. Salt River Discharges at the Mill Avenue Bridge

4.0 SALT RIVER HYDROLOGY AND HYDRAULICS (BEFORE
THE SALT RIVER HYDRAULIC MASTER PLAN "HMP"
STUDY)

4.2 Salt River Hydraulics-Existing conditions

The existing hydraulic conditions along the reach of the Salt River that includes the
project site is docwnented in the Flood Insurance Study (FIS) for Maricopa County,
Arizona, and Incorporated Areas, Volwne 7 of 16, revised July 19, 2001 (Ref. 9). This
study is published by the Federal Emergency Management Agency (FEMA). The current

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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Return Pre-Roosevelt Dam Post-Roosevelt Dam
Interval Modifications Flows Modifications Flows
(Years) (cfs) (cfs)

10 - year 93,000 55,000
50 -year 160,000 140,000

100 - year 215,000 169,000
500 - year 330,000 243,000
SPF 289,000 187,000

The hydrology and hydraulics for the reach of the Salt River that includes the project site
have been addressed in the drainage report prepared in support of Stage II (30%) plans
(Ref. 5). A summary is presented in the following sub-sections. Additionally, section 5 of
this report discusses a drainage study along the Salt River recently completed for the
Flood Control District of Maricopa County (FCDMC). A conclusion on the selected
design study for this project is discussed in section 5.

4.1 Salt River Hydrology

The hydrologic analysis of the Salt River was initially presented in a drainage study titled
"Gila River and Tributaries - Hydrology Report" that was prepared by the US Army
Corps of Engineers (USACE) in May of 1982 (Ref. 7). A subsequent study (Ref. 8) was
also prepared by the USACE to evaluate the impact of implemented modifications to
Roosevelt Dam on the magnitude of the flow in the Salt River. These two studies
provided the best available hydrologic data in the Salt River for pre- and post-Roosevelt
dam modifications. A summary of selected flows from these studies, which were
estimated at the Mill Avenue Bridge and considered applicable for the project site, are
provided in Table 1. The Mill Avenue Bridge is approximately 2.2 miles upstream of the
project site. The existing Salt River Bridge and bank protection were designed based on
pre-dam modifications flows. The Flood Control District of Maricopa County (FCDMC)
indicated that the Salt River channelization at SR143 was based on the pre-Roosevelt
dam modifications Standard Project Flood (SPF) and that the hydraulic analysis should
include this flow to evaluate the impact on channel capacity.
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- At RS 220.05 (Priest Road Bridge), the distance from the upstream cross section
to the bridge was set to 1 foot

- At RS 224.21 (Loop 101 Bridge), the distance from the upstream cross section
to the upstream face of the bridge was set to 1 foot.

- At RS 224.13 (Loop 101 Ramp Bridge), the distance from cross section 224.14
to 224.12 was changed from 86 feet to 87 feet.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page 6

4.3 Salt River Hydraulics-Proposed Conditions

The proposed conditions HEC-RAS model, as presented in the Stage II drainage report,
was based on the existing conditions model and modified to incorporate the proposed
width increase to the SR143 Bridge. The proposed improvements will add between 15 to
46 feet of width to the downstream side of the existing bridge (Appendix C). The width
of the SR143 Bridge structure incorporated in the HEC-RAS model (RS 219.02) was
extended an average of 20 feet downstream to account for these changes. All other model
parameters, such as boundary conditions, design flow, and Manning roughness
coefficients remained unchanged. The model output data is included in Appendix E. The
electronic models are included on a CD in Appendix J. Table 2 shows the computed
water surface elevations at the upstream face of the bridge (cross section 219.03). The
table reflects an insignificant increase of 0.05 feet for the 100-year storm under proposed
conditions. Accordingly, the change to the floodplain and flood zone limits due to the
project improvements will be insignificant in the defined channel, and no Letter of Map
Revision (LOMR) from FEMA would be required.

The output of the modified existing conditions model is included in Appendix D. The
electronic models are included on a CD in Appendix J. Table 2 shows the computed
water surface elevations at the upstream face of the bridge (section 219.03).

The hydraulic analysis in the PIS was based on the 100-year post-dam modifications
flow. This flow was estimated to be 169,000 cfs at the location of Mill Avenue Bridge,
approximately 2.2 miles upstream of the SR143 Bridge.

The project site is located within Reach 4 of the FIS hydraulic model of the Salt River.
The SR143 is located between modeled cross-sections AR and AT (Figure 3). The HEC­
RAS model for existing conditions along the Salt River has been addressed in the stage II
drainage report (Ref. 5). This model was basically derived from the FIS model for river
Reach 4. To allow the model to run in newer versions of the HEC-RAS program, minor
modifications were implemented, which are mainly related to no-longer supported zero
upstream distance coding at a bridge. These modifications were listed in the Stage II
report (Ref. 5) as follows:

effective FIRM set for Maricopa County is dated September 30, 2005. The TI project site
is located on FIRM panel 04013C2155G and 04013C2165H. Excerpts from these panels
are shown on Figure 3. The corresponding 100-year water surface profile sheet from the
PIS (sheet 283P) is included as Figure 4.

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 2010

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Kimley-Hom and Associates, Inc.

Table 2. Water Surface Elevations at the upstream face of the SR143 Bridge

The lowest top of bank at the upstream side of the SR143 Bridge (Appendix B) is at
approximately 1135.7 feet (NGVD 29), and the lowest chord of the bridge is at
approximately 1137.45 feet (NGVD 29). Table 2 shows the freeboard available.

Exise· Prop3. Difference FreeboardIto Freeboard2 Exisf. Propj.
Condo Condo III WSE Top of Bank to Min Condo Condo
WSE WSE (ft) Prop. Cond Deck Elev WSE WSE
(NGVD29) (NGVD29) (ft) prop.Cond. (NAVD88) (NAVD88)

(ft) (ft) (ft) (ft) (ft)

Before Salt River HMP

100-year
pre-dam 1127.80 1127.85 0.05 7.85 9.60 1129.72 1129.77
modifications
500-year
pre-dam 1131.62 1131.67 0.05 4.03 5.78 1133.54 1133.59
modifications

SPF pre-dam
1133.77 1133.82 0.05 1.88 3.63 1135.69 1135.74

modifications

Per Salt River HMP
100-year
pre-dam 1126.36 1126.44 0.08 9.26 11.01 1128.28 1128.36
modifications
500-year
pre-dam 1130.25 1130.54 0.29 5.16 6.91 1132.17 1132.46
modifications
SPF pre-dam

1132.44 1132.91 0.47 2.79 4.54 1134.36 1134.83
modifications
1: Minimum Top of Bank = 1135.7 ft (NGVD29)

2: Minimum Deck Elevation = 1137.45 ft (NGVD29)

3:NAVD88=NGVD29+1.92 ft

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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Table 3. Summary of Peak Discharges

5.0 SALT RIVER HYDROLOGY AND HYDRAULICS (PER THE
SALT RIVER HMP)

The river hydrology discussed in the Salt River HMP referenced the same USACE
hydrologic study (Ref. 8) indicated in Stage II drainage report. Excerpts from the HMP,
including a summary table of peak flows, are included in Appendix Fl. These peak
flows, which are identical to the flows listed in Table 2, are summarized in Table 3.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page 8

The Flood Control District of Maricopa County (FCDMC) has recently sponsored a
drainage study titled "Salt River Hydraulic Master Plan (HMP)" to quantify and establish
the design flows for the reach of the Salt River between the Interstate 10 (1-10) Bridge
and Alma School Road Bridge. The study was conducted by Stantec Consulting, Inc.
(Ref. 6). A copy of the study report has been provided to KHA by the FCDMC for
review. As quoted from the HMP report, "the purpose of the Salt River Hydraulic Master
Plan is to determine the maximum amount of flow that can be conveyed between the
levees along the Salt River from the Interstate 10 Bridge to Alma School Road Bridge.
This information will be used by the cities, communities, and agencies for the design of
future projects, as well as to regulate encroachments or improvements within the subject
reach of the Salt River". The provided copy of the HMP report has been reviewed to
evaluate any potential impact to the SR143 Bridge and adjacent areas.

The HEC-RAS program was used in the HMP to analyze the hydraulic conditions along
the Salt River. The project site is located between designated Reach numbers 3 and 4.
The locations and numbers of the modeled cross sections appear to be generally
consistent with those used in the FEMA study. The topography used in the analysis was
compiled by the HMP consultant from different sources, and all converted to NGVD29
datum. HEC-RAS models were prepared for existing conditions and for a range of other
conditions, including a proposed condition that incorporates the anticipated
improvements to the SR143 Bridge. The models were executed on a range of pre- and

Discharge Frequency Values
Location 5-Yr 10-Yr 20-Yr 50-Yr 100-Yr 200-Yr 500-Yr SPF

(cfs) (cfs) (cfs) . (cfs) (cfs) (cfs) (cfs) (cfs)
Pre-Roosevelt Dam Modifications

Alma
44,000 100,000 139,000 170,000 230,000 285,000 345,000 292,000School Road

Mill Avenue 40,000 93,000 135,000 160,000 215,000 275,000 330,000 289,000
Post-Roosevelt Dam Modifications

Alma
21,000 58,000 95,000 145,000 172,000 207,000 246,000 190,000School Road

Mill Avenue 20,500 55,000 90,000 140,000 169,000 204,000 243,000 187,000
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The water surface elevations in the HMP were observed to be lower than those based on
the FEMA study. Additionally, it was observed that the river bed elevation of 1106.59
(NGVD29) feet at the SR143 Bridge (cross-section 219.04), as modeled in the HMP, is
significantly lower than the corresponding elevation of 1112.90 (NGVD29) feet in the
FrS model (cross-section 219.03).

Table 2 lists the water surface elevations for existing and proposed condition at the
upstream face of the bridge (cross-section 219.04). The differences in water surface
elevations at the upstream face of the bridge between the existing and proposed
conditions were observed to be minor (approximately 0.08 feet for the 100-year storm).
Accordingly, the change to the floodplain and flood zone limits due to the project
improvements will be insignificant in the defined channel.

post-Roosevelt dam modifications peak flows. The corresponding flow containment
conditions along the analyzed reach were documented and tabulated in the HMP report.
Documentation excerpts are included in Appendix F-l. Excerpts from the HEC-RAS
model for existing and proposed condition are included in Appendices F-2 and F-3
respectively. The model output and tabulated data indicate that Reaches 3 and 4 of the
river are capable of containing a wide range of modeled flows, including the 100-year
and 500-year post-dam modifications flows, and the pre-dam modifications SPF.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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proposed conditions data in the HMP was considered for the design in evaluating the
hydraulics and scour potential for the SR143 Bridge.

6.0 DESIGN HYDRAULIC MODEL
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7.0 BRIDGE SCOUR EVALUATION

The reach of the Salt River in the vicinity of the project site is channelized and the banks
are constructed with cement stabilized alluvium (CSA). Table 2 indicates that adequate
freeboard is available and that no bridge overtopping takes place for the listed storms,
including the 500-year storm.

SR143 is classified by ADOT as Class I roadway. Accordingly, per table 603.2A of the
ADOT Roadway Design Guidelines-Chapter 600 (Ref. 1), the applicable design storm for
bridge flow conveyance is the 50-year event, and the required freeboard, between the
lowest point of the super structure and the design water surface elevation is a minimum
of3 feet.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page II

Bureau of Reclamation entitled Computing Degradation and Local Scour (Ref. 11).
ADOT requires that bridge foundations be designed to withstand the effect of the scour
without failing during flow events up-to and including the 500-year storm event, and that
the bridge remains fully functional and open to traffic for flow events up-to and including
the scour design storm. If bridge overtopping occurs at less than the 500-year storm, the
overtopping flow and its impact shall be also evaluated.

Scour analysis at the bridge location was evaluated for the 100-year and 500-year flows
for post-Roosevelt dam modifications. Additionally, the scour analysis was evaluated for
the SPF pre-dam modifications SPF (289,000 cfs). Per ADOT guidelines, the
geotechnical analysis of the bridge foundations shall be performed on the basis that all
stream bed material in the scour prism above the total scour line of the flood being
considered has been removed and is not available for bearing or lateral support. The
estimated scour depth should be accordingly incorporated in the total required depth of
the proposed additional piers. The SR143 Bridge construction documents reflects a total
applied scour depth of approximately 35 feet from the river thalweg (1112.90 ft) to the
indicated scour elevation (1078.00 ft), both based on the NGVD29 datum. Detailed
calculations could not be found for the original SR143 Bridge structure. Calculations for
the total scour depth for the proposed additional piers are included in Appendix G.

The total scour depth was estimated in accordance with ADOT criteria (Ref. 1,2 and 3).
Additionally, the total scour depth was also estimated in accordance with the FCDMC
approach. The FCDMC manages several elements along the Salt River, including river
banks and levees. The FCDMC has been involved in reviewing the scour analysis for this
project. Copies of accumulated county comments and resolutions are included in
Appendix I. References used in the analysis include:

o ADOT Roadway Design Guidelines-Chapter 600 (Ref. 1), ADOT Bridge
Hydraulic Guideline-ADOT Bridge Group (Ref. 2).

o ADOT Hydraulic Manual (Ref. 3).
o FHWA publication entitled Estimating Scour at Bridges "HEC-18" (Ref. 4).
o FCDMC Drainage Design Manual-Hydraulics (Ref. 10).
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7.1 Long-Term Degradation

Long term degradation is a measure of the change in streambed elevations due to natural
and man-made causes and effects over long reaches of a watercourse. These changes take
place over long periods of time and are not the result of a single flood event.

The Stage II drainage report indicated that the Salt River bed profile reflects a sharp drop
in the vicinity of the SR143 Bridge (Figure 4) and suggested incorporating a 5 to 6 feet
of additional anticipated long term scour. Review of the river profile as modeled in the
most current Salt River HMP study (Appendix F) shows that such drop no longer exists.
Accordingly, the calculated scour depth is considered adequate.

A sediment gradation is also required in the long-term scour equations. The Salt River
sediment grain size distribution for this study, summarized in Table 4, was based on a
representative gradation for the Salt River presented in a drainage report by Aztec
Engineering titled "Initial Salt River and Indian Bend wash Drainage Report" (Ref. 13).
This gradation was referenced in the Aztec report to earlier work on the Salt River by
Simon Li and Associates (SLA) in 1977.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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Several technical methods to evaluate long-term scour are documented in Reference 11,
"Computing Degradation and Local Scour". The Schoklitch Method was utilized in this
report. The method description and calculations are included in Appendix G. The long­
term degradation analysis require the use of what is defined as the dominant flow, the
flow that would generate the same effect on channels dimensions as the natural occurring
flow. The 10-year frequency flow is typically used in Maricopa County as the dominant
flow for long term scour estimates, and was considered in this report.

The scour components applicable to the project location are: long-term
aggradation/degradation, general scour, and local scour due to piers (pier scour). The
abutments of the SR143 Bridge are located behind the hard banks and are not subject to
scour. The low-flow channel incisement scour will be accounted for by measuring the
scour depth from the already established low flow channel section (FCDMC
recommended 1.0 ft). The bed forms effect is incorporated in the K3 factor of the utilized
HEC-18 pier scour equation. No significant bed forms or dunes, however, are expected in
this channelized reach of the Salt River since the flow is subcritical and the bed is
armored by large cobbles and boulders.

The average equilibrium slope per the Schoklitch Method was estimated to be 0.00216
ft/ft. The long-term degradation at a point is estimated relative to a physical downstream
hard point (pivot point) that is scour resistant due to natural or manmade conditions. A
grade control structure across the Salt River exists approximately 6749 feet downstream
of the SR143 Bridge. This structure was considered the controlling downstream hard
point for long term scour estimate at the SR143 Bridge. This structure was modeled as
Cross-Section 217.76 in the HEC-RAS models of the HMP (Appendix F-3) with a bed
elevation of 1091.10 feet (NGVD 29). The corresponding long term scour depth at the
SR143 Bridge was estimated to be approximately 0.99 feet (Appendix G).
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Table 4. Salt River Characteristic Grain Size Distribution

Kimley-Hom and Associates, Inc.

Calculations sheets, with equations description, and summary tables, for each of ADOT
and the FCDMC methods, are included in Appendix G.

The FCDMC recommended estimating the general scour depth as the average of scour
depths estimated by using Blench Equation and Lacey Equation (Ref. 11). The average
general scour depths were estimated to be 6.47 ft for the 100 year storm and 7.99 ft for
the 500-year storm (Appendix G). Additional discussion on the FCDMC approach for
estimating general scour is provided in section 7.4 of this report.
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Particle Size Surface Material
(mm) (% finer)

362.00 100

181.00 89

90.50 52

45.20 44

22.60 35

11.31 28

5.66 21
2.00 16
0.50 8

0.13 3

7.2 General/Contraction Scour

As defined in HEC-18, general scour at a bridge is the decrease in the elevation of the
bed across the bridge opening. It may not have a uniform depth across the opening.
Contraction scour is the most common form of general scour. Typically, contraction
scour at a bridge location occurs where the bridge opening is less than the flow area of
the upstream channel. The Salt River reach in the vicinity of the project site is uniformly
channelized. The abutments are located outside the hard banks. Therefore, the channel
flow area is only reduced by the size of the bridge piers.

The contraction scour was estimated by equations developed by Laursen as documented
in HEC-18 (Ref. 4). Contraction scour can be controlled by clear water conditions or live
bed conditions, depending on whether the critical velocity capable of transporting bed
particles is lower than the upstream flow velocity (live bed) or higher (clear water). The
applicable contraction scour depths were estimated to be 0.52 ft for the 100-year storm
and 0.65 ft for the 500-year storm (Appendix G).
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For ADOT approach, the total scour was estimated as the sum of individual applicable
scour components.

7.4 Total Scour

The total scour depth was estimated per each of ADOT and the FCDMC approach.
Summary tables for each method and for the selected design scour depth are provided in
Appendix G.

7.3 Local ScourlPier Scour

Local scour at a bridge involves the removal of material from around piers, abutments,
spurs and embankments. It is caused by an acceleration of flow and resulting vortices
induced by obstructions to the flow. Local scour is typically the largest component of
scour at a bridge structure.

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements

Page 14

As indicated earlier, the abutments for the Salt River Bridge at SR143 are located outside
the channel hard banks and are not subject to direct scouring forces. Local scour is only
applicable to the bridge piers. The proposed additional piers will have the same diameter
as the existing piers (6 ft) and will be aligned with the existing piers. Pier scour was
estimated using the Colorado State University (CSU) method as documented in HEC-18.
Potential debris build-up was considered in the pier scour estimate by adding a debris
width at the pier, as reflected in the calculation sheets. The applicable pier scour depths
were estimated to be 20.40 ft for the 100-year stonn and 22.00 ft for the SOO-year stonn.
Calculation sheets, with equations description, are included in Appendix G.

For the FCDMC approach, and as indicated in the 30% drainage report and the
corresponding county comments (Appendix I), the FCDMC suggests that if the
summation of the applicable long tenn scour, general scour, bed fonn scour, and low­
flow scour, all multiplied by a factor of safety of 1.3, is less than 10 feet (13 feet for
curved channel), to use a minimum of 10 feet for that sum. This interpretation was
referenced to the US Army Corps of Engineers practice. The FCDMC computes the total
scour at a pier as the pier scour multiplied by a safety factor of 1.3 (1.0 if debris impact is
considered in the pier scour depth) plus the higher value of 10 feet or the sum of the
applicable long tenn, general, bed fonn, and low flow scour components, multiplied by a
safety factor of 1.3. The impact of debris was considered in estimating pier scour for the
SR 143 Bridge and therefore the applicable safety factor for pier scour is 1.0.

The design scour depths for the additional piers (30.40 ft for the 100-year stonn and
33.69 ft for the SOO-year stonn), as shown on the Design Scour Depth table in Appendix
G, were selected based on discussions and coordination with ADOT and the FCDMC.
The bridge foundation design should assume the effective length of drilled shafts to begin
at the bottom of the estimated scour hole and extend downward to satisfy other structural
design elements, such as stable bearing pressure.

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 ole
February 2010

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Kimley-Hom and Associates, Inc.

7.5 Impact of Pier Scour on Adjacent CSA Bank Protection

Copies of the bridge plan sheets that show the piers and river banks layout and related
data are included in Appendix B. The proposed additional piers will be aligned with the
existing piers. To evaluate the impact of the potential scour hole at the pier on the
adjacent river banks, the radius of the scour hole top area was estimated per a method
documented in HEC-18 for cohesionless bed material. The existing bank protection was
originally designed for the IDO-year pre-dam modifications flow and, therefore, the
calculated 1DO-year scour was used to evaluate the scour hole impact on the banks. The
method description and calculations are included in Appendix G. The radius of the scour
hole top area was estimated to be approximately 40.3 feet. As reflected by supporting
sketches in Appendix B, the scour does not reach the bank. Therefore, the proposed
additional piers are not anticipated to increase scour risk to the existing hard banks, and
no improvements to the banks would be required.
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8.0 BRIDGE DECK DRAINAGE

Roadway drainage for the project site, including bridge deck drainage, is covered in a
separate drainage report, titled "Draft Final On-Site Drainage Report for SR143/Sky
Harbor Blvd" (KHA, February 2010), that specifically addresses onsite roadway
drainage. Drainage inlets have been sized and located to intercept the entire design storm
water runoff before reaching the bridge deck. This section will address the drainage of
the bridge deck itself.

Under existing conditions, both of the north and south bounds of the bridge deck drain
through existing drains (round scuppers) that discharge directly into the Salt River below.
The south bound of the bridge will be widened to the west to accommodate the proposed
TI improvements. The existing deck drains along the south bound are generally spaced at
intervals that do not exceed 100 feet. Appendix B includes a copy of the existing deck
drain details. The proposed design provides similar drains at the edge of the widened
section with similar spacing to maintain the existing drainage pattern. The bridge deck is
anticipated to be subject to routine mechanical sweeping for maintenance. This practice
can be considered an effective non-structural best management (BMP) measure to
mitigate the water quality of discharged runoff. The maintained inlet spacing was verified
through calculations based on a method presented in HEC-21 (Ref. 12). Based on the
allowable spread of 18 feet, these calculations showed that the first inlet needs to be
approximately 1564 ft from the northern end of the bridge. The total length of the bridge
is approximately 1161 ft and therefore no inlet would be required along the bridge deck,
and providing inlet spacing similar to the existing spacing is more than adequate.
Calculation sheets are included in Appendix H.
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9.0 HYDROPLANING

The hydroplaning phenomena can be described by the following quote: "As the depth of
water flowing over a roadway surface increase, the potential for hydroplaning increases.
When a rolling tire encounters a film of water on the roadway, the water is channeled
through the tire tread pattern and through the surface roughness of the pavement.
Hydroplaning occurs when the drainage capacity of the tire tread pattern and the
pavement surface is exceeded and the water begins to build up in front of the tire. As the
water builds up, a water wedge is created and this wedge produces a hydrodynamic force
which can lift the tire off the pavement surface".

Hydroplaning potential can be evaluated by estimating the critical rainfall intensity at
which value or higher hydroplaning may be a hazard. Design intensities should fall below
this critical value, or appropriate measures, such as using a rougher surface or reducing
design speeds, may need to be considered to lower the critical rainfall intensity. A
method presented in HEC-21 (Ref. 12) was utilized to estimate the critical rainfall
intensity applicable for the project at the corresponding design speed of 55 mile per hour.
This value, based on selected method parameters assumed to be reasonable, was
estimated to be 4.26 inch per hour. The 10-year design intensity for the project is a
maximum of 3.42 inch per hour, associated with a minimum time of concentration of 10
minutes. Accordingly, hydroplaning does not appear to be a high risk under the design
storm. The corresponding calculation sheets are included in Appendix H.
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10.0 CONCLUSION

The Salt River HMP was considered the most current data available and the draft copy
provided to KHA was considered for the design of this project. The design scour
elevation of the existing piers, as reflected on the SR 143 Bridge construction plans, was
also considered, supported by the scour analysis in this report, as the design scour
elevation for the proposed additional piers. The estimated top width of the scour hole at
the additional piers would not increase the scour risk to the existing hard banks and no
bank improvements would be required. The proposed piers are aligned with the existing
piers. The impact of the additional piers on the river water surface elevations would be
insignificant (0.08 feet for the 1DO-year storm). The proposed deck inlet spacing,
provided similar to the existing spacing, was shown to be adequate. The provided
hydroplaning analysis indicates that hydroplaning would not be a high risk for this
project during the design storm.
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Figure 1. Project Location Map
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Figure 2. Project Vicinity Map
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Appendix B As-built Plans for SR143
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SALT RIVER CHANNELIZATIOH DESIGN FLOIIS,

lO-VEAR FREQUfllCY flOOD • 93,000 CF5
l00-YEAR FREQUENCY fLOOO • 215.000 CFS
SfA/f),\AO PADJECT fLOOD • 289.000 CFS

E9 Ctl-I21 SOIL riDAlNIl INDICAT/NIl LANDFIll llfFUSE.
EEl Clt-18 TEST PIT INDICATlHllLANOflll REFUSE.
@ APPAOXIIlATE CENTERLINE OF LON FUW CHAHHEl.

O~IQ)IE~

TITLE 5t£ET
SlHtARY Of CHANNEL EARl'/IIIDAIC
SYDAH. ORAIN PIPE SCHEDUle
GEOt£TRIC LAYQUT
rTPICAL SECTlDHS
_L All_NT PLANS AND PROFILES
OfFSET ANI ELEVATION HErs
SllADE CONTIlOl SfRUCTUAES
LEVEE TRANSITION.DEtAlLS
ACCESS RAHP DETAILS
8AIION IlAf.YRESS DETAILS
CROSS CUT CANAL CDHNfCTlON DETAIL
STDAH DRAIN EXTENSION PLANS AND PROFILes
HISCELLANEOUS DeTAILS

TITLE

'.

IQ)OO~WO~~

DU. .." ...,- I,ranl.n " IUII"nn...
:: .IO"V'" DIYUIO. /

TITLE SlEET

1IIl1_,TY - SICY

A". 0 YI D iJi".,••ti.n h ... ,'lflil liifi"t 1I1'r-

Clt-I
G-4.8
G-4.7
CH-I.2 TIlAII 1.3
CH-I.4T1lA111.7.
Clt-2. I TIlAII 2.14
Clt-3. 1 TIRU 3. 3
CH-4. I TIlAII 4.4
CH-5.1· TIlAII 5.6
Clt-I.l YIlAII 6.2
Clt-7. I YIlAII 7.2
CH-8. I
Ctl-9.1 TIlAII 9.1
CH-IO.1 TIlAII 10.4

DRAIIING NO.

[o)~ir~

~WlMJ®@Il..~

IQ)~$O~~

$~~(gO~1l..

~1E~lEml~1l..

nils m./fCT lIAS IEEN IIfSI8NED USINll THE 19811 CQN9TRUCfJON
SfA/f),\RDS ANI CUIIlENT Il£VISIDHS TO SAtE.

1MIS m./fCf HAS JaN 1IfS18NED USINll ft£ STAn OF ARIZONA 1987
STAIfl,\AD SPfCI'ICArtDHS 'OR ROAD ANI IIAIDlIE CDHSTRUCrtON.

"OR ADDlflDHAI. ~18Hf-Gl'-NAr 1If'_flON, SEE RlllHT-OF-NAY
PAOJECT _ A8.1-1IOO-3-701.

THf CONTRACTOR SHAl.L REMOYE ALL STRUCTUAfS ANI D8STRUCflDHS
NlTlllN ft£ PAOJ£CT LlHlTs llNLESS OTt£RNISE NOTED ON THE PLANS.

1118Hf-OF-NAT IlAJll(EAS SHAl.L IE FUANISt£D AND PLACED BY ft£
CONTRACTOR, AS DIRECTED BY THE fNlllNEER, STAII)AAD C-21.10.

_ -.t SHAl.L IE FUANIHD BY ft£ STATE AND PLACED BY
ft£ CONTRACTOR, STA/f),\AO C-21.2O.

THE INI'cw..TlON ON ft£SE ORANINIlS CDHCEANIN8 THE Tm, SIZE,
All) LOCArtON OF UTILlrtES /fAS EN SHONH BASED ON THE lEST
l~rtON AYAILABLE. THE CONTRACTOR SHALL IE RE_IIlE FOR
DEf£RHININIl THE EXACT LOCAT/lIN OF ALL EXIST/NIl UrtLITY fACIL-'
ITIES PRIOR TO CDHSTRUCTllIN. IT IS THE CONTRACTOR'S RESI'DHS­
I8ILIrt TO PROTECT ALL EXISrtNllUYIlIfIES, IN PLACE, LN.E55
OTNEAIIISE NOYEIl OR SPfCIFlED.

ALL SOIL BOAINIlS AND TesT PITS EHCOlfffERINIl LANDFILL IlEFUSE, AS
DOClIIENTED IN THE PRELIHIHART 1lE0YECHNlCAL INVEST/GArtON REPORT,
DESIGN SECT/lIN 7, SALT RIVER CHAN€L11AT/lIN. DATED IlARCIf 17,
IlIIIB, AIl£ SHOlIH lIN DRAVINIl NO. Clt-2. I TIlAII Clt-2.14. ft£ REIlAIH­
INIl SOIL BOAINIlS ANI TEST PITS APPLICABLE TO 1M1S PROJECT, ARE
INCLUDED IN ft£ PAflIHIHARY 1lE0TECHNlCAL INVEST/GAT/ON REPORTS,
IIfSIGN SECT/lIN 7, SALT RIYEA CHAN€L11AT/0H, DATED IlAAett 17,
Il111B, DESIGN SfCflDHS • AND Be, OAnD OCTOBER 28. 1988 AND THE
GEOTECHNICAL INVESflGATllIN REPORT, PRIEST DRIVE IIAIDGf • ROADIIAY
DESIGN, DATED OCTOIlEll 21, 19••

EXISTIN8 -..., VITHIN ft£ CIIAHHEl BOTTON !ElON DESIGN"
ELEYATllIN SHAl.L IE LEfT AS IS.

TOP08IW'IlIC 1If'cw..fllIN _ lIN CHAN€l ALletftfHT PLANS
lCII-2.I, 2.3, 2.5, 2.7, 2.9, 2.11 AND 2.Is) ARE BASED lIN AERIAL
PIlOT_PIlIC 1N'cw..T/ON DATED HARCH TIlAII APRIL, 1987. ft£
5UtWlY OF fAAT_ QUANTITIES AND ft£ OFFSETS AND ELEYAflDHS
HErS ARE BASED lIN LflDATED AERIAL PIlOTOGIlAPIlIC IIf'ORIlATllIN
DATED JANUARY 24, 1989.

J~~ NO. "ntI~ on; ~~ .-.,~~, .wr.
,;(.
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TO ACCOMPANY ADDENDUM NO.

SOUTH
CONSTRUCTI

EASEf1ENT

f:

~
-_.. --... _WIII/,,. 1'1'

10'" ... SOUTH
CI»oISTRUCTlON

EASEttfHT

SOUTH LEVEE
CONTROL L1HE

I
VAR

SOUTH LEVEE
CONTROL LINE

7.~·

VAR

EXPOSED FACE IIILL NOT BE
TRIMD. HINIHUH COMPACTED
IIIDTH SHALL 8E 8', (TYPICAL

,OUTH LEVEES)

~

-------~--

CHANNEL
CONTROL LIHE

HOT TO SCALf

CHANNEL
CONTROl. LINE

473'

CHANNEL TYPICAL SECTION NO.3
STATION 159+00 TO STATION 174+00

HOT TO SCAlE

CHANNEL TYPICAL SECTION NO. 2
STATION 142+00 TO STATION 159+00

ElllSTlNG CHANNEl. POTTOH

,---------~--,

NORTH LEVEE
CONTROL LIHE

NORTH LEVEE
CONTRtt LIHE

ES

EXPOSED FACE IIILL NOT BE
TRIMD. HINIHUH COHPACTED
IIIDTH SHALL BE 8'. CTYPICAL

')

1. 8 ' I
HINI/lUIl

BEGIN PLATING ALONG NORTH
LEVEE AT STA. 160+50. ENO
PLATING ALONG NORTH LEVEE
AT STA. 174+00. BEGIN PLATING
ALONG SOUTH LEVEE AT STA.
163+12.

NOTES.
I. FOR OlHEHSIONS ANO ELEVATIONS

NOT SHOIIN, SEE DRAIiING NO. CH-3. l.
2. FOR CHANHfL TRANSITION ON NORTH LEVEE

STATION IS9.oo TO STATION 160.00
SEE O£TAlL ON DRAIiING NO. ·CH-S.3.

3. FOR CHANHfL TRANSITION ON NORTH LEVEE
STATION 172.00 TO STATION 174.00
SEE DETAIL ON ORAIiING NO. CH-S.3.

4. FOR lOll FLOII CHAt.WEL TYPICAL' SECTION,
SEE DETAIL ON ORAI/ING NO. CH-IO.2.

LEVEE
COHPACT TO 9U OF

. HAlll1UI DENSITY
(TYPICAL - NORTH I:
SOUTH LEVEES)

NORTH
CONTRUCTION

EA51HENT
'AR

NORTH
CONSTRUCTION

EASfHEHT
I

'AR

)
.-'

)
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UNLESS OTHERWllII NOTED.

2.1 REI'DI TO llRAWING NO. CItoI.1 THRU
CHoU POll DIMENSIONS AND ELEVATIONS
OF CHANNEl. CROSS SECTIONS.

.T~fOIl=r.. SUOETALON
NO.CH-lI.5
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BRIDGE
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DAft lUll... t...n••n .. tUI."".I.1I
MIGRVAYI 11VlltoW

....

NOTE.
,. ALL STATIONING REFERENCES CHANNEL CONTROl LINE

UNlESS OTtERNISE INOICATED.

HE

ELEVATION
Im-T~A[f

8RIDGE TRANSITION PLAN
NOT TO SCALE

rJ~TlOH @o scm: .
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Kimley-Hom and Associates, Inc.

Appendix C Improvement Plans for SR143/Sky Harbor Blvd. TI

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 20 I0

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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_OF_

S-2.01
S-2,02
S-2.03
S-2.04
S-2.05
S-2.06
S-2.0T
S-2.08
S-2.09
5-2.10
S-2.11
S-2.12
5-2.13
5-2.14
S-2.15
S-2,16
S-2.17
S-2.18
S-2.19
S-2.20
S-2.21
S-2.22
S-2.23
S-2.24
S-2.25
S-2.26
S-2.2T
S-2.28
S-2.29
S-2.30
S-2.31
S-2.32
5-2.33
S-2.34
S-2.35
S-2.36
S-2.3T
S-2.38
S-2.39
S-2.40
SF-2.CI - 2.XX

143-A12001

ARIZONA DEPARTMENT OF TRANSPORTATION I PREL 'UINARY
I"TERljOO·iRW~i"o.:~~h~ DIVISION STAGE V01/10

03'i'i0

...
03'i'i0

llillli;
I. STATIONS, OIMENSIONS ANO ELEVATIONS ARE

MEASURED ALONG EXST SR 143 MED CST ~.

2. ALL ELEVATIONS ARE BASEO ON NAVO 88 OATUM
WITH 92 REVISION.

3. BRIDGE REFERENCE CHORO IS BASEO ON EXISTING
BRIDGE PLANS ANO IS DEFINEO AS A LINE FROM
SR 143 MED CST i STA 86+44,50 TO 99+41.00.

4. EXIS TlNG BRIOGE WAS BUlL T IN 1990 UNDER
PROJECT NO. RAM 600-3-511.

""'"Oils

SHEET INDEX;
GENERAL PLAN 8. ELEVATION
GENERAL PLAN 8. ELEVATION
TYPICAL SECTION 8. GEOMETRICS
GENERAL NOTES 8. OUANTITIES
REMOVAL OETAILS
REMOVAL DETAILS
STRUCTURAL EXCAVATION & BACKFILL
FOUNOATlON PLAN
FOUNOATlON PLAN
ORILLEO SHAFT OETAILS
ABUTMENT I PLAN & ELEVATION
ABUTMENT 2 PLAN & ELEVATION
ABUTMENT I SECTIONS & OETAILS
ABUTMENT 2 SECTIONS & OETAILS
WINGWALL OETAILS
PIERS 1-4 PLAN & ELEVATION
PIERS 5-7 PLAN & ELEVATION
PIER 8 PLAN & ELEVATION
PIERS 1-5 SECTIONS & DETAILS
PIERS 68.7 SECTIONS & OETAILS
PIER 8 SECTIONS & OETAILS
FRAMING PLAN
FRA~ING PLAN
TYPE VI GIROER OETAILS
GIROER SCHEOULE
OECK OETAILS
OECK OETAILS
ABUTMENT I OIAPHRAGM DETAILS
ABUTMENT 2 OIAPHRAGM OETAILS
PINNEO PIER OIAPHRAGM OETAILS
EXPANSION PIER OIAPHRAGM OETAILS
INTERMEOIATE OIAPHRAGM OETAILS
BEARING PAO & EXPANSION JOINT OETAILS
RESTRAINER OETAILS
FMS DETAILS
DECK POUR & SIP FORM DETAILS
APPROACH SLAB & SLOPE PAVING LAYOUT
MISCELLANEOUS OETAILS
CAMBER DETAILS
CAMBER OETAILS
FOUNOATION OATA

81+ 'tOlI~ "-'rWw

SAL T RIVER BRIOGE NOT 'OR
--r.....--.. GENERAL PLAN & ELEVATION CONSTRUCTION

_ __ ~OUlJ(110 OR RECORD INC
SR 143 I SKY HARBOR BLVO TI ow,..,. HOI

o
o
d

~ 1160j

t;; 1140

~~O

~~..
~

T8". ORILLEO
SHAFT ITYP)

Ztv91;4~:f

~i PIER
I

~-··-~--\-5~~·-;~~~-··h-"-.
HWS~2~n~8 CFS
°SOd1200 FPSVs06 •

1155'-6 Ii BRG TO i BRG)

~i PIER 2

1161'-oJI. ISTRUCTDRE LENGTH)

-l-:, I " -..::::, \\\\ --·f:,,,., f 't b!1~ -"liJ;-" .... I 7 7 "'.

ELEYATION
SCALE, I" 30'-0

~
C"":::""'~~~~~NEL ~: 4' ~'

"::,. LINING i i
78". ORILLEO ----r-------- i --------'--- --ioci-~-E-;~--------- :

SHAFT L' HWSE'1I28.36 i
EXST . 0'0<[169,000 CFS I
GROUND V,ocr10,64 FPS

~~ BRG ABT I
!

\J. '-SAWCUT ,.~\... 19-13'59- ITYP) '\' ~..~ --.... s;: ? ...J ~.. ~
\', L1NE~! ".", EXST BRIDGE ~.\.... 6 =:E ~ ~ 3¢::J '\.. ~
~~~·_·_·_·_·_·-o ._.-.- q_._...:.~~~ -._- ·_~!~_·c.!i·~~Q.·-·-·-·-·-·;;;,-·_·_·e _._b, d-'Y~ 3?_._~'S:_._._._._._._._._._ ~
X<... 1 C(l h 0 C7l'.~ NOS-Z9'2Z"W 0 ',:,!. ~_ ~ loD 0' !:::! 3 ¢::J "\' CURVE 143·2 ~

eJ.Al:l
EXST 9 SPAN PRECAST IPRESTRESSED CONCRETE AASHTO TYPE VI GIROER BRIOGE

WIOENED LEFT WITH AASHTO TYPE VI GIROERS
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Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 20 I0

SR143: Sky Harbor Boulevard
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- - - - - - - - - - - - - - - - - - -
"eae<r..,, 172000.00 1155.69 1133.98 21.71 1149.71 1157.97 0.001593 12.12 14189.54 1387.40 15.32 18794.29 20399.20 1387.40 0.55
Reaeh4 I 145000.00 1153.87 1133.98 19.89 1148.45 1155.95 0.001824 11.58 12517.81 887.55 14.10 19491.39 20392.79 887.55 0.54
R!!~cll4 58000.00 1147.11 1133.98 13.13 1143.74 1148.18 0.001582 8.31 6979.87 1104.75 8.80 18803.12 20364.71 1104.75 0.49
R.e~ch4 r'}i 246000.00 1159.80 1133.98 25.82 1152.96 1162.68 0.001518 13.63 18047.29 1810.84 18.96 18790.08 21158.39 1810.84 0.55
Reach 4 ~ 292000.00 1162.00 1133.98 28.02 .1154.92 1165.25 0.001509 14.49 20155.83 1920.28 20.88 18787.84 21245.24 1920.28 0.56

172000.00 1154.61 1134.08 20.53 1149.19 1157.01 0.001736 12.44 13831.85 1332.19 14.89 18874.31 20456.32 1332.19 0.57
145000.00 1152.68 1134.08 18.60 1147.96 1154.93 0.001913 12.03 12056.78 916.01 13.16 19533.67 20449.68 916.01 0.58
58000.00 1145.85 1134.08 11.77 1143.28 1147.13 0.002099 9.06 6399.85 905.23 8.01 18908.02 20388.63 905.23 0.56

246000.00 1158.82 1134.08 24.74 1152.63 1161.78 0.001595 13.82 17804.20 1404.89 18.61 18869.29 20470.87 1404.89 0.56
292000.00 1161.02 1134.08 26.94 1154.18 1164.35 0.001637 14.64 19944.28 1538.94 19.91 18866.68 20756.20 1538.94 0.58

172000.00 1153.70 1133.21 20.49 1147.88 1155.98 0.002231 12.11 14204.80 1061.47 14.96 19292.76 20460.91 1061.47 0.55
145000.00 1151.67 1133.21 18.45 1146.66 1153.82 0.002392 11.78 12313.90 904.15 13.62 19523.45 20429.19 904.15 0.56
58000.00 1144.66 1133.21 11.45 1141.77 1145.90 0.002780 8.94 6485.99 834.55 8.01 19337.81 20393.37 834.55 0.56

246000.00 1158.06 1133.21 24.85 1151.13 1160.79 0.002098 13.26 18546.45 1356.46 17.97 18974.13 20507.84 1356.46 0.55
292000.00 1160.30 1133.21 27.09 1153.03 1163.32 0.002092 13.95 20927.13 1529.38 19.43 18965.14 20845.97 1529.38 0.56

172000.00 1152.34 1131.43 20.91 1146.83 1154.79 0.002382 12.57 13682.95 1151.95 15.03 19154.65 21017.15 1151.95 0.57
145000.00 1150.14 1131.43 18.71 1145.57 1152.52 0.002667 12.37 11719.02 869.26 13.48 19581.11 20459.41 869.26 0.59

58000.00 1142.65 1131.43 11.22 1140.74 1144.23 0.003850 10.07 5759.15 767.96 7.50 19602.05 20370.01 767.96 0.65
246000.00 1156.70 1131.43 25.27 1150.27 1159.68 0.002230 13.84 17768.61 1700.28 18.26 18823.97 21026.88 1700.28 0.57
292000.00 1159.57 1131.43 28.14 1152.04 1162.24 0.001803 13.42 24638.14 1917.44 13.73 18698.13 21033.68 1917.44 0.52

169000.00 1152.74 1124.29 28.45 1142.64 1154.08 0.000958 9.29 18194.16 1086.76 19.03 19355.33 20451.88 1086.76 0.38
140000.00 1150.61 1124.29 26.32 1141.36 1151.77 0.000928 8.64 16194.81 925.49 17.50 19518.52 20444.02 925.49 0.36

55000.00 1142.99 1124.29 18.70 1136.85 1143.51 0.000783 5.82 9446.41 862.71 10.95 19534.20 20396.91 862.71 0.31

243000.00 1157.20 1124.29 32.91 1145.57 1158.93 0.000971 10.64 23643.89 1245.69 20.14 19250.65 20679.00 1245.69 0.39
289000.00 1159.73 1124.29 35.44 1147.28 1161.69 0.000968 11.32 26686.46 1412.08 21.82 19250.65 20686.76 1412.08 0.40

Bridge
--

169000.00 1152.40 1124.29 28.11 1142.64 1153.79 0.001016 9.46 17871.03 1071.47 18.71 19356.58 20450.63 1071.47 0.39

140000.00 1150.31 1124.29 26.02 1141.36 1151.51 0.000981 8.80 15916.11 923.90 17.23 19519.00 20442.91 923.90 0.37

55000.00 1142.80 1124.29 18.51 1136.85 1143.34 0.000828 5.92 9283.92 861.54 10.78 19535.10 20396.64 861.54 0.32

243000.00 1156.80 1124.29 32.51 1145.57 1158.60 0.001028 10.84 23179.56 1224.68 19.87 19250.65 20677.79 1224.68 0.40

289000.00 1159.33 1124.29 35.04 1147.28 1161.35 0.001021 11.52 26194.66 1386.98 21.56 19250.65 20685.53 1386.98 0.41

169000.00 1152.18 1128.00 24.18 1142.36 1153.60 0.001063 9.54 17708.00 1104.45 18.21 19206.68 20391.90 1104.45 0.39

140000.00 1150.09 1128.00 22.09 1141.05 1151.32 0.000981 8.90 15732.78 904.14 17.40 19448.45 20386.05 904.14 0.38

55000.00 1142.65 1128.00 14.65 1136.35 1143.20 0.000785 5.92 9285.64 833.51 11.14 19505.22 20338.73 833.51 0.31

243000.00 1156.56 1128.00 28.56 1145.41 1158.40 0.001066 10.95 22857.27 1241.31 19.38 19176.78 20499.86 1241.31 0.41

289000.00 1159.11 1128.00 31.10 1147.26 1161.16 0.001044 11.59 26158.52 1326.11 19.73 19172.34 20526.07 1326.11 0.41

Bridg!!
---- - -- -

169000.00 1151.82 1128.00 23.82 1142.36 1153.29 0.001131 9.74 17353.06 1048.85 17.91 19208.19 20390.87 1048.85 0.41

140000.00 1149.77 1128.00 21.77 1141.05 1151.05 0.001033 9.07 15443.04 897.48 17.21 19487.67 20385.15 897.48 0.39

55000.00 1142.47 1128.00 14.47 1136.35 1143.03 0.000828 6.02 9132.20 832.47 10.97 19505.57 20338.05 832.47 0.32

243000.00 1156.01 1128.00 28.01 1145.41 1157.95 0.001159 11.24 22210.48 1227.10 18.94 19177.74 20494.75 1227.10 0.42

289000.00 1158.37 1128.00 30.37 1147.26 1160.57 0.001160 11.99 25010.75 1289.51 20.81 19173.63 20518.11 1289.51 0.43

169000.00 1151.09 1126.00 25.09 1141.03 1152.57 0.001073 9.77 17296.33 1353.11 18.76 19173.07 20583.73 1353.11 0.40

140000.00 1149.15 1126.00 23.15 1139.66 1150.40 0.000927 8.97 15612.42 848.38 18.40 19582.05 20430.44 848.38 0.37

55000.00 1142.04 1126.00 16.04 1134.52 1142.54 0.000640 5.65 9742.22 805.10 12.10 19597.83 20402.93 805.10 0.29

243000.00 1155.41 1126.00 29.41 1144.16 1157.18 0.001046 10.88 24270.48 1474.12 18.08 19124.05 20616.11 1474.12 0.40
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~each4 1221'.0!l.·· lFCOMCi5OO;vr·····1 289000.00 1157.88 1126.001 31.881 1145.901 1159.771 0.0010091 11.37\ 28539.771 1512.691 18.871 19106.651 20619.341 1512.691 0.40

I I 1 1 1 I
Bridge

169000.00 1150.84 1126.00 24.84 1141.03 1152.36 0.001100 9.90 17069.98 1318.22 18.79 19175.20 20568.36 1318.22 0.40
140000.00 1148.95 1126.00 22.95 1139.66 1150.23 0.000960 9.07 15439.52 846.99 18.23 19582.51 20429.49 846.99 0.37
55000.00 1141.94 1126.00 15.94 1134.52 1142.44 0.000659 5.69 9658.32 804.64 12.00 19598.06 20402.60 804.54 0.29

243000.00 1154.87 1126.00 28.87 1144.16 1156.98 0.001236 11.67 20827.29 1464.70 22.02 19127.88 20615.40 1464.70 0.44
289000.00 1157.61 1126.00 31.61 1145.90 1159.43 0.000994 11.20 28138.26 1510.47 18.63 19108.53 20619.00 1510.47 0.40

169000.00 1150.36 1130.06 20.30 1142.60 1152.13 0.001403 10.69 15806.15 1161.03 17.56 19197.81 20574.31 1161.03 0.45
140000.00 1148.49 1130.06 18.43 1141.31 1150.01 0.001370 9.90 14136.15 887.58 15.93 19524.26 20411.85 887.58 0.44

55000.00 1141.58 1130.06 11.52 1136.73 1142.28 0.001188 6.70 8204.85 833.62 9.84 19537.46 20371.07 833.62 0.38
243000.00 1154.63 1130.06 24.57 1145.67 1156.76 0.001381 11.89 21483.40 1488.87 16.34 19083.05 20639.33 1488.87 0.46
289000.00 1157.02 1130.06 26.96 1147.40 1159.20 0.001279 12.22 26535.18 2825.59 9.39 15839.33 20649.24 2825.59 0.45

169000.00 1149.39 1129.16 20.23 1142.53 1151.34 0.001666 11.22 15057.52 1071.91 16.62 19123.61 20454.11 1071.91 0.49
140000.00 1147.54 1129.16 16.38 1141.21 1149.24 0.001659 10.45 13391.94 894.41 14.97 19551.49 20445.91 894.41 0.48
55000.00 1140.78 1129.16 11.62 1136.63 1141.59 0.001504 7.22 7614.39 824.29 9.24 19564.55 20388.85 824.29 0.42

243000.00 1153.67 1129.16 24.51 1145.70 1156.00 0.001563 12.42 20642.64 1497.55 14.26 16988.62 20591.82 1497.55 0.49
289000.00 1156.31 1129.16 27.15 1147.39 1158.64 0.001343 12.42 28315.62 4471.92 6.33 15076.14 20609.46 4471.92 0.46

169000.00 1148.53 1129.56 18.97 1141.75 1150.47 0.001688 11.19 15099.48 1082.76 16.41 19230.50 20430.30 1082.76 0.49
140000.00 1146.67 1129.56 17.11 1140.45 1148.36 0.001700 10.45 13399.04 911.03 14.71 19511.81 20422.84 911.03 0.48
55000.00 1140.00 1129.56 10.44 1135.83 1140.81 0.001523 7.21 7631.91 837.09 9.12 19519.00 20356.09 837.09 0.42

243000.00 1152.97 1129.56 23.41 1144.89 1155.17 0.001482 12.14 22512.50 3261.35 6.90 15034.75 20448.18 3261.35 0.47
289000.00 1156.14 1129.56 26.58 1146.56 1157.74 0.001018 10.98 35876.48 5010.18 7.39 14966.67 21291.85 5010.18 0.40

169000.00 1147.59 1127.69 19.90 1141.07 1149.62 0.001716 11.43 14781.46 1018.33 16.71 18748.70 21437.99 1018.33 0.49

140000.00 1145.76 1127.69 18.07 1139.80 1147.52 0.001705 10.63 13171.64 875.80 15.04 19538.15 20413.95 875.80 0.48

55000.00 1139.20 1127.69 11.51 1135.27 1140.03 0.001607 7.30 7532.32 844.45 8.92 19547.29 20391.74 844.45 0.43

243000.00 1151.60 1127.69 23.91 1144.05 1154.31 0.001785 13.23 18365.33 2732.77 20.23 14944.37 21680.77 2732.77 0.52

289000.00 1153.81 1127.69 26.12 1145.75 1156.93 0.001834 14.17 20399.63 5052.42 21.96 14827.56 21754.82 5052.42 0.53

169000.00 1146.74 1127.10 19.64 1140.26 1148.75 0.001735 11.38 14855.62 981.89 18.45 19413.69 21324.74 981.89 0.49

140000.00 1144.92 1127.10 17.82 1139.00 1146.66 0.001691 10.57 13239.61 881.86 15.01 19548.46 20430.32 881.86 0.48

55000.00 1138.40 1127.10 11.30 1134.49 1139.22 0.001627 7.28 7557.53 860.26 8.79 19556.97 20417.23 860.26 0.43

243000.00 1150.73 1127.10 23.63 1143.21 1153.40 0.001796 13.12 18526.20 2565.37 19.87 14824.00 21785.68 2565.37 0.52

289000.00 1152.94 1127.10 25.84 1144.86 1155.99 0.001822 14.03 20599.02 4476.73 21.76 14824.00 22761.49 4476.73 0.53

169000.00 1145.84 1127.32 18.52 1139.56 1147.87 0.001789 11.42 14796.37 1107.03 16.17 15189.17 21276.41 1107.03 0.50

140000.00 1144.03 1127.32 16.71 1138.26 1145.79 0.001763 10.64 13158.48 896.19 14.68 19534.85 20438.18 896.19 0.49

55000.00 1137.54 1127.32 10.22 1133.77 1138.39 0.001691 7.37 7464.74 896.05 8.70 19394.49 20415.23 896.05 0.44

243000.00 1149.81 1127.32 22.49 1142.47 1152.49 0.001825 13.16 18470.12 2767.30 19.72 14801.12 21646.44 2767.30 0.52

289000.00 1152.00 1127.32 24.68 1144.13 1155.07 0.001847 14.07 20536.91 4920.88 21.64 14801.12 21963.71 4920.88 0.53
I...· I·,,'· ..... • ii';

FieilCh4 1220.45;; .;. 169000.00 1144.97 1125.43 19.54 1138.58 1146.99 0.001759 11.39 14837.15 1293.62 16.33 14868.06 21355.78 1293.62 0.50

Reach 4 220..45 ····l50·\ 140000.00 1143.20 1125.43 17.77 1137.29 1144.93 0.001705 10.57 13241.39 887.10 14.93 19556.54 20443.63 887.10 0.48

Reech4 22(;:45 110'\ " 55000.00 1136.77 1125.43 11.33 1132.76 1137.57 0.001571 7.22 7621.61 895.06 8.92 19400.51 20418.87 895.06 0.43
Reach 4' 220.45. 243000.00 1148.91 1125.43 23.48 1141.43 1151.59 0.001832 13.15 18478.30 3430.98 19.67 14746.98 21978.05 3430.98 0.52

Reach 4 220;45 289000.00 1151.09 1125.43 25.66 1143.17 1154.16 0.001860 14.07 20540.41 5585.27 21.53 14746.98 21998.95 5585.27 0.53

169000.00 1144.24 1123.99 20.25 1137.16 1146.11 0.001554 10.95 15436.70 1375.58 16.86 15058.62 22111.54 1375.58 0.47

140000.00 1142.50 1123.99 18.51 1135.86 1144.08 0.001480 10.10 13856.07 894.44 15.49 19547.92 20453.60 894;44 0.45

55000.00 1136.17 1123.99 12.18 1131.41 1136.85 0.001182 6.61 8318.20 877.08 9.67 19426.82 20439.18 877.08 0.37

243000.00 1148.14 1123.99 24.15 1140.11 1150.66 0.001659 12.75 19057.73 3997.03 20.21 14725.39 22118.32 3997.03 0.50



- - - - - - - - - - - - - - - - - - -
Reach 4

..·.·1 •... ... ·1<:< ,<>/,';/...."1
169000.00 1143.14 1124.01 19.13 1137.11 1145.23 0.001890 11.59 14576.29 1743.51 15.85 14669.30 21509.23 1743.51 0.51
140000.00 1141.45 1124.01 17.44 1135.76 1143.24 0.001822 10.73 13041.61 899.27 14.50 19553.39 20462.08 899.27 0.50
55000.00 1135.37 1124.01 11.36 1131.39 1136.16 0.001545 7.15 7691.21 863.96 8.90 19580.78 20444.74 863.96 0.42

243000.00 1146.94 1124.01 22.93 1140.05 1149.73 0.001963 13.41 18119.25 4394.54 19.19 14669.30 21950.88 4394.54 0.54
289000.00 1149.06 1124.01 25.05 1141.74 1152.26 0.001993 14.35 20135.58 6445.95 21.01 14669.30 22184.01 6445.95 0.55J

169000.00 1141.74 1124.58 17.16 1136.93 1144.14 0.002358 12.43 13590.90 1469.68 14.89 14558.26 21594.09 1469.68 0.571
140000.00 1140.10 1124.58 15.52 1135.69 1142.18 0.002354 11.57 12103.00 905.35 13.37 19564.43 20469.79 905.35 0.561
55000.00 1134.19 1124.58 9.61 1131.20 1135.20 0.002357 8.06 6821.10 933.54 7.75 19576.08 21211.61 933.54 0.51

243000.00 1145.44 1124.58 20.86 1139.83 1148.61 0.002364 14.29 17005.47 4646.68 18.22 14558.26 21636.50 4646.68 0.591
289000.00 1147.51 1124.58 22.93 1141.47 1151.12 0.002397 15.25 18953.38 6167.20 20.01 14558.26 21772.77 6167.20 0.601

169000.00 1140.72 1122.90 17.82 1135.42 1142.99 0.002142 12.08 13991.98 909.53 15.38 19565.91 20475.44 909.53 0.54
140000.00 1139.09 1122.90 16.19 1134.19 1141.04 0.002115 11.19 12513.69 904.71 13.83 19568.07 20472.78 904.71 0.53

55000.00 1133.24 1122.90 10.34 1129.84 1134.12 0.001881 7.53 7305.09 879.08 8.31 19584.13 20463.21 879.08 0.46
243000.00 1144.40 1122.90 21.50 1138.33 1147.44 0.002201 14.00 17355.22 942.21 18.86 18820.00 20481.45 942.21 0.57
289000.00 1146.45 1122.90 23.55 1139.97 1149.95 0.002228 15.02 19247.08 1060.95 20.77 18820.00 20484.79 1060.95 0.58

Bridge -_.. --_. --

169000.00 1139.74 1122.90 16.64 1135.42 1142.32 0.002655 12.90 13098.31 906.62 14.45 19567.21 20473.83 906.62 0.60
140000.00 1138.18 1122.90 15.28 1134.19 1140.40 0.002624 11.98 11689.03 897.42 13.03 19573.86 20471.29 897.42 0.58
55000.00 1132.59 1122.90 9.69 1129.84 1133.62 0.002457 8.17 6734.99 876.98 7.68 19585.18 20462.15 876.98 0.52

243000.00 1143.25 1122.90 20.34 1138.33 1146.70 0.002698 14.91 16297.45 917.01 17.77 19562.56 20479.57 917.01 0.62
289000.00 1145.19 1122.90 22.29 1139.97 1149.16 0.002723 15.98 18089.72 988.40 19.60 18820.00 20482.75 988.40 0.64

169000.00 1137.45 1119.50 17.94 1133.48 1140.11 0.002848 13.11 12892.66 2003.97 14.04 18513.00 21604.89 2003.97 0.62
140000.00 1135.91 1119.50 16.41 1132.25 1138.22 0.002834 12.18 11490.07 910.69 12.62 19568.33 20479.02 910.69 0.60

55000.00 1130.47 1119.50 10.96 1127.99 1131.55 0.002721 8.36 6579.60 892.89 7.37 19577.60 20470.48 892.89 0.54
243000.00 1140.95 1119.50 21.45 1136.32 1144.47 0.002869 15.05 16147.01 3955.07 17.19 14514.07 21618.17 3955.07 0.64
289000.00 1142.92 1119.50 23.42 1137.95 1146.92 0.002873 16.05 18006.48 5444.16 18.93 14514.07 21620.13 5444.16 0.65

169000.00 1135.96 1119.30 16.66 1132.29 1138.69 0.003007 13.26 12748.07 2039.46 13.68 18525.15 21705.02 2039.46 0.63
140000.00 1134.40 1119.30 15.10 1131.07 1136.78 0.003060 12.39 11295.26 925.95 12.20 19516.66 20442.62 925.95 0.63

55000.00 1128.91 1119.30 9.61 1126.81 1130.11 0.003229 8.76 6278.18 963.56 6.94 19525.27 21630.26 963.56 0.59
243000.00 1139.52 1119.30 20.22 1135.12 1143.05 0.002945 15.10 16096.77 3787.18 16.91 14407.68 21873.07 3787.18 0.65
289000.00 1141.52 1119.30 22.22 1136.72 1145.51 0.002914 16.04 18012.90 5124.33 18.68 14407.68 21876.57 5124.33 0.65

169000.00 1134.64 1115.81 18.82 1130.66 1137.22 0.002805 12.91 13092.72 2045.94 13.85 18573.71 21924.35 2045.94 0.61

140000.00 1133.02 1115.81 17.21 1129.46 1135.29 0.002877 12.10 11570.15 938.76 12.32 19569.15 20507.90 938.76 0.61
55000.00 1127.32 1115.81 11.51 1125.27 1128.51 0.003279 8.75 6282.71 916.67 6.85 19576.57 20493.24 916.67 0.59

243000.00 1138.26 1115.81 22.45 1133.48 1141.60 0.002752 14.67 16559.96 2950.02 17.05 14890.70 22128.24 2950.02 0.63
289000.00 1140.30 1115.81 24.48 1135.09 1144.06 0.002726 15.57 18557.69 4764.45 18.78 14652.28 22131.71 4764.45 0.63

169000.00 1133.86 1112.39 21.47 1128.54 1135.93 0.002050 11.54 14651.07 2912.71 14.82 18557.63 21995.03 2912.71 0.53
140000.00 1132.22 1112.39 19.83 1127.37 1134.01 0.002020 10.74 13041.36 970.58 13.44 19580.17 20550.75 970.58 0.52
55000.00 1126.33 1112.39 13.94 1123.27 1127.20 0.002030 7.46 7375.75 1068.24 7.72 19586.83 21449.07 1068.24 0.47

243000.00 1137.56 1112.39 25.17 1131.24 1140.29 0.002054 13.25 18334.87 3321.22 18.26 17674.52 22243.60 3321.22 0.55
289000.00 1139.63 1112.39 27.24 1132.81 1142.74 0.002053 14.15 20425.82 5047.58 20.16 14651.85 22247.28 5047.58 0.56

> ~! ,I "1,h·4 169000.00 1132.93 1111.64 21.29 1127.41 1134.90 0.001942 11.27 14994.46 1910.51 14.90 18667.05 21891.06 1910.51 0.51
~Eacl14 ..... 140000.00 1131.28 1111.64 19.64 1126.24 1132.99 0.001941 10.49 13342.42 996.88 13.38 19546.32 20544.89 996.88 0.51

achA' 55000.00 1125.39 1111.64 13.75 1122.16 1126.21 0.001884 7.25 7583.09 967.90 7.83 19567.48 20535.38 967.90 0.46
,"".j 243000.00 1136.65 1111.64 25.01 1130.03 1139.25 0.001947 12.95 18763.71 3152.04 18.35 15079.31 22140.76 3152.04 0.53i



- - - - - - - - - - - - - - - - - - -
Reach4 "IZllUjl >;+FCDMCXSOOil,tt ;"1 289000.00 1138.73 1111.64 27.09 1131.71 1141.70 0.001945 13.82 20906.01 4332.60 20.27 14907.10 22145.56 4332.60 0.54

169000.00 1132.00 1111.83 20.17 1126.40 1133.94 0.001898 11.18 15122.62 2401.01 14.97 18335.65 21973.03 2401.01 0.51
140000.00 1130.35 1111.83 18.52 1125.23 1132.03 0.001899 10.40 13461.55 1002.92 13.42 19493.71 20496.62 1002.92 0.50

55000.00 1124.49 1111.83 12.66 1121.18 1125.28 0.001815 7.15 7692.74 1601.73 7.89 18917.27 21633.06 1601.73 0.45
243000.00 1135.72 1111.83 23.89 1129.10 1138.28 0.001908 12.85 18907.41 4178.53 18.42 14620.63 22174.03 4178.53 0.53
289000.00 1137.80 1111.83 25.97 1130.62 1140.73 0.001908 13.72 21061.70 5014.06 20.33 14620.63 22178.84 5014.06 0.54

169000.00 1131.10 1113.40 17.70 1125.56 1133.04 0.001929 11.17 15132.27 2726.12 14.77 18119.30 21908.13 2726.12 0.51
140000.00 1129.45 1113.40 16.04 1124.41 1131.13 0.001922 10.41 13450.92 1010.48 13.31 19442.24 20452.72 1010.48 0.50
55000.00 1123.62 1113.40 10.22 1120.36 1124.42 0.001843 7.18 7663.22 2248.16 7.84 18815.76 21879.50 2248.16 0.45

243000.00 1134.83 1113.40 21.43 1128.29 1137.37 0.001917 12.80 18986.53 3706.97 18.22 15003.69 22038.56 3706.97 0.53
289000.00 1136.93 1113.40 23.53 1129.77 1139.82 0.001907 13.64 21184.31 4621.46 20.15 14841.36 22165.46 4621.46 0.54

169000.00 1130.16 1112.10 18.06 1124.69 1132.12 0.001988 11.23 15052.39 2682.79 14.58 18817.22 22208.36 2682.79 0.52
140000.00 1128.51 1112.10 16.41 1123.52 1130.21 0.001969 10.48 13360.10 1009.86 13.23 19482.91 20497.77 1009.86 0.51

55000.00 1122.77 1112.10 10.67 1119.47 1123.56 0.001816 7.15 7692.47 2083.19 7.89 18870.15 22188.63 2083.19 0.45
243000.00 1133.92 1112.10 21.82 1127.41 1136.47 0.001951 12.81 18965.60 3526.42 18.05 15333.78 22382.23 3526.42 0.53
289000.00 1136.03 1112.10 23.93 1129.00 1138.92 0.001930 13.63 21199.57 5036.85 19.99 14646.32 22739.29 5036.85 0.54

169000.00 1129.20 1110.40 18.80 1123.57 1131.11 0.001887 11.10 15231.13 2551.96 14.88 18939.02 22510.15 2551.96 0.51
140000.00 1127.55 1110.40 17.15 1122.42 1129.21 0.001896 10.33 13550.50 1017.90 13.31 19484.33 20502.23 1017.90 0.50

55000.00 1121.91 1110.40 11.51 1118.39 1122.66 0.001658 6.94 7928.89 1727.44 8.07 18998.06 22411.65 1727.44 0.43
243000.00 1132.97 1110.40 22.57 1126.29 1135.48 0.001866 12.72 19109.23 3905.81 18.45 17255.03 22550.50 3905.81 0.52
289000.00 1135.09 1110.40 24.69 1127.85 1137.94 0.001853 13.56 21312.29 5240.48 20.45 15492.42 23254.48 5240.48 0.53

169000.00 1127.80 1112.90 14.90 1123.17 1129.95 0.002298 11.76 14371.47 1026.67 14.00 19340.45 20367.12 1026.67 0.55
140000.00 1126.12 1112.90 13.22 1122.04 1128.02 0.002394 11.07 12648.80 1021.38 12.38 19342.75 20364.13 1021.38 0.55
55000.00 1120.57 1112.90 7.67 1118.06 1121.52 0.002540 7.82 7036.40 1003.94 7.01 19350.34 20354.28 1003.94 0.52

243000.00 1131.62 1112.90 18.72 1125.82 1134.36 0.002154 13.26 18321.86 1038.71 17.64 19335.21 20373.92 1038.71 0.56
289000.00 1133.77 1112.90 20.87 1127.26 1136.84 0.002096 14.06 20558.94 1045.47 19.66 19332.27 20377.74 1045.47 0.56

'1. I ...•· .,.'.$i'PJ".:/.j
-~"""-I-I-,•..~ (''I. .. / ._- -

Reach 4
------ --

ReaCh 4 . 1219,01'.,. », 169000.00 1126.36 1112.90 13.46 1123.17 1129.03 0.003271 13.10 12899.50 1022.15 12.62 19342.41 20364.57 1022.15 0.65

Reach4 2·19.01 ii'" 140000.00 1124.60 1112.90 11.70 1122.04 1127.07 0.003672 12.61 11100.54 1016.60 10.92 19344.83 20361.43 1016.60 0.67
Reach 4 1219.01 •... vt ..... ".'. 55000.00 1118.25 1112.90 5.35 1118.06 1120.37 0.009577 11.68 4708.85 996.62 4.72 19353.52 20350.14 996.62 0.95
Reach 4 219.01 : ... 243000.00 1130.23 1112.90 17.33 1125.82 1133.45 0.002814 14.40 16875.25 1034.32 16.32 19337.12 20371.44 1034.32 0.63
Reach4 219,01 289000.00 1132.37 1112.90 19.46 1127.26 1135.92 0.002665 15.14 19091.86 1041.04 18.34 19334.20 20375.24 1041.04 0.62

169000.00 1126.74 1106.45 20.29 1120.33 1128.50 0.001620 10.65 15870.35 1056.96 15.72 19490.06 20617.67 1056.96 0.47

140000.00 1125.00 1106.45 18.55 1119.16 1126.52 0.001596 9.91 14130.36 991.55 14.25 19492.65 20484.20 991.55 0.46

55000.00 1118.89 1106.45 12.43 1115.12 1119.60 0.001510 6.77 8126.14 972.30 8.36 19501.73 20474.03 972.30 0.41

243000.00 1130.61 1106.45 24.16 1123.03 1132.95 0.001642 12.27 19811.79 1089.45 19.26 19484.32 20617.67 1089.45 0.49

289000.00 1132.75 1106.45 26.30 1124.56 1135.42 0.001656 13.12 22024.86 1107.44 21.19 19481.14 20617.67 1107.44 0.50

Brtdge ._- ---- - - -

169000.00 1126.03 1106.31 19.72 1120.69 1128.02 0.002010 11.32 14931.15 1096.74 14.63 19477.87 20641.85 1096.74 0.52

140000.00 1124.31 1106.31 18.00 1119.55 1126.06 0.002033 10.61 13198.83 1003.75 13.15 19480.26 20484.02 1003.75 0.52

55000.00 1118.30 1106.31 11.99 1115.51 1119.20 0.002279 7.62 7218.99 986.01 7.32 19488.65 20474.66 986.01 0.50

243000.00 1129.83 1106.31 23.52 1123.38 1132.41 0.001962 12.90 18839.62 1124.76 18.15 19472.57 20641.85 1124.76 0.53

289000.00 1131.92 1106.31 25.61 1124.86 1134.86 0.001951 13.74 21026.04 1140.23 20.07 19469.64 20641.85 1140.23 0.54:

r": .'1>•.•.•,. : ........,"!
Reach 4 "'•.:>; 169000.00 1124.7i!' 1105.09f 19.6Sf 1118.271 1126.501 0.0015721 10.55]" 16025.oSf 2479.221 15.841 19390.291 23036.711 2479.22T 0.47

Reacti4. _l1.' '3!W. .:J$Q-y{:.; .\;.,'1 140000.00 1123.071 1105.701 17.371 1117.081 1124.551 0.0015381 9.781 14317.331 996.801 14.361 19494.541 20491.351 996.80 1 0.45



- - - - - - - - - - - - - - - - - - -
0.40
0.49
0.50

169000.00 1123.63 1105.38 18.25 1118.14 1125.63 0.001939 11.35 14891.77 3165.43 15.09 19053.70 23203.02 3165.43 0.51
140000.00 1121.96 1105.38 16.58 1116.95 1123.69 0.001949 10.57 13244.79 981.01 13.50 19512.95 20493.96 981.01 0.51

55000.00 1116.10 1105.38 10.72 1112.88 1116.92 0.001889 7.28 7559.10 2043.98 7.87 19523.59 23131.81 2043.98 0.46

243000.00 1127.34 1105.38 21.96 1120.86 1129.99 0.001970 13.06 18603.92 3796.15 18.44 19040.17 23417.76 3796.15 0.54

289000.00 1129.37 1105.38 23.99 1122.39 1132.41 0.001991 13.98 20665.36 4092.77 20.28 17665.32 23470.69 4092.77 0.55

169000.00 1122.61 1101.91 20.70 1117.13 1124.63 0.001987 11.40 14827.75 3020.81 14.91 18798.47 24161.57 3020.81 0.521
140000.00 1120.95 1101.91 19.04 1115.95 1122.70 0.001957 10.61 13196.70 974.86 13.54 19518.08 20492.94 974.86 0.51

55000.00 1115.17 1101.91 13.26 1111.85 1115.98 0.001822 7.22 7621.06 2140.52 7.99 18825.80 21697.37 2140.52 0.45

243000.00 1126.31 1101.91 24.40 1119.87 1128.98 0.002012 13.09 18562.53 4358.97 18.20 18784.76 24409.37 4358.97 0.54

289000.00 1128.35 1101.91 26.44 1121.41 1131.39 0.002027 14.00 20647.03 5212.11 20.02 14942.16 24491.21 5212.11 0.55

169000.00 1121.59 1097.15 24.44 1116.21 1123.62 0.002038 11.43 14789.69 2019.27 14.67 18820.79 22544.58 2019.27 0.53

140000.00 1119.94 1101.37 18.57 1115.04 1121.70 0.001993 10.64 13158.72 982.43 13.39 19513.66 20496.09 982.43 0.51

55000.00 1114.24 1097.15 17.09 1110.96 1115.05 0.001853 7.23 7607.96 1361.19 7.90 18863.80 21015.02 1361.19 0.45

243000.00 1125.30 1097.15 28.15 1118.94 1127.96 0.002028 13.09 18560.63 2759.82 18.09 18484.08 22708.30 2759.82 0.54

289000.00 1127.32 1097.15 30.17 1120.50 1130.37 0.002037 13.99 20652.43 3280.36 19.93 18338.79 24759.24 3280.36 0.55

169000.00 1120.20 1101.56 18.64 1115.75 1122.48 0.002467 12.11 13956.46 1630.10 13.85 19506.78 22608.77 1630.10 0.57

140000.00 1118.57 1101.56 17.01 1114.61 1120.57 0.002508 11.36 12318.75 990.86 12.43 19510.51 20501.37 990.86 0.57

55000.00 1112.88 1101.56 11.32 1110.51 1113.91 0.002791 8.16 6743.17 1082.25 6.95 19523.46 22397.27 1082.25 0.55

243000.00 1123.95 1101.56 22.39 1118.47 1126.85 0.002345 13.68 17764.81 2332.85 17.30 17430.76 22862.81 2332.85 0.58

289000.00 1125.97 1101.56 24.41 1120.04 1129.26 0.002322 14.55 19855.80 2668.21 19.14 17380.33 23801.06 2668.21 0.59

169000.00 1119.49 1099.30 20.19 1113.67 1121.30 0.001772 10.78 15675.27 1051.47 14.91 19490.05 20541.51 1051.47 0.49

140000.00 1117.83 1099.30 18.53 1112.54 1119.39 0.001754 10.04 13946.58 1033.89 13.49 19493.78 20527.67 1033.89 0.48

55000.00 1112.02 1099.30 12.72 1108.54 1112.76 0.001664 6.87 8010.32 1011.66 7.92 19507.19 20518.85 1011.66 0.43

243000.00 1123.32 1099.30 24.02 1116.31 1125.68 0.001744 12.31 19743.83 1071.51 18.43 19481.65 20553.16 1071.51 0.51

289000.00 1125.38 1099.30 26.08 1117.79 1128.07 0.001755 13.16 21962.31 1102.25 20.29 19428.10 20610.94 1102.25 0.51

169000.00 1118.20 1097.97 20.23 1113.43 1120.30 0.002216 11.61 14553.05 1209.42 14.06 19418.16 22846.28 1209.42 0.55

140000.00 1116.54 1097.97 18.57 1112.28 1118.39 0.002284 10.90 12838.83 1026.93 12.50 19422.49 20449.41 1026.93 0.54

55000.00 1110.77 1097.97 12.80 1108.25 1111.73 0.002569 7.87 6992.78 999.38 7.00 19437.48 20436.86 999.38 0.52

243000.00 1122.05 1097.97 24.08 1116.04 1124.71 0.002084 13.08 18572.53 1637.66 17.63 18058.27 22853.24 1637.66 0.55

289000.00 1124.22 1097.97 26.25 1117.58 1127.13 0.001999 13.75 21856.29 2210.57 13.06 15715.13 22857.16 2210.57 0.55

169000.00 1117.26 1096.58 20.68 1111.95 1119.21 0.001975 11.22 15057.22 1392.55 14.58 19389.50 22922.42 1392.55 0.52

140000.00 1115.56 1096.58 18.98 1110.82 1117.28 0.002024 10.52 13309.78 1025.38 12.98 19393.70 20419.08 1025.38 0.51

55000.00 1109.64 1096.58 13.06 1106.54 1110.52 0.002218 7.52 7312.47 1000.63 7.31 19408.56 20409.20 1000.63 0.49

243000.00 1121.17 1096.58 24.59 1114.60 1123.68 0.001880 12.70 19132.44 1840.46 18.25 18260.79 22931.99 1840.46 0.52

289000.00 1123.31 1096.58 26.73 1116.11 1126.15 0.001859 13.52 21382.79 2466.92 20.22 15678.39 22937.22 2466.92 0.53

169000.00 1116.28 1095.51 20.77 1110.92 1118.21 0.001943 11.14 15166.22 1038.72 14.60 19390.10 20428.82 1038.72 0.51

140000.00 1114.54 1095.51 19.03 1109.79 1116.24 0.002009 10.47 13368.86 1031.16 12.96 19394.22 20425.38 1031.16 0.51

55000.00 1108.40 1095.51 12.89 1105.35 1109.33 0.002438 7.73 7119.00 1004.42 7.09 19408.80 20413.22 1004.42 0.51

243000.00 1120.27 1095.51 24.76 1113.56 1122.72 0.001829 12.56 19343.24 1542.91 18.32 17997.70 20436.71 1542.91 0.52

289000.00 1122.42 1095.51 26.91 1115.06 1125.19 0.001806 13.36 21629.21 2179.11 20.31 17580.14 20440.98 2179.11 0.52
., .,."j,.j<

eae 169000.00 1115.57 1092.47 23.10 1109.19 1117.25 0.001553 10.40 16247.96 1042.17 15.59 19437.72 20479.88 1042.17 0.46

a,lie 1"

~
140000.00 1113.81 1092.47 21.34 1108.02 1115.27 0.001572 9.71 14416.72 1035.17 13.93 19440.98 20476.16 1035.17 0.46

..., 55000.00 1107.51 1092.47 15.04 1103.32 1108.25 0.001682 6.89 7977.76 1010.19 7.90 19452.66 20462.85 1010.19 0.43;,,,,
243000.00 1119.61 1092.47 27.14 1111.82 1121.79 0.001517 11.86 20486.47 1843.03 19.36 17851.64 20488.41 1843.03 0.48
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169000.00 1114.83 1088.60 26.23 1108.37 1116.49 0.001531 10.34 16338.88 1206.98 15.65 18517.29 20541.25 1206.98 0.46
140000.00 1113.05 1088.60 24.45 1107.17 1114.50 0.001551 9.66 14492.09 1036.85 13.98 19501.35 20538.21 1036.85 0.461
55000.00 1106.68 1088.60 18.08 1100.72 1107.42 0.001697 6.90 7965.47 1139.93 7.87 18536.34 20527.28 1139.93 0.43

243000.00 1118.89 1088.60 30.29 1111.01 1121.05 0.001494 11.79 20609.50 1921.39 19.43 17954.50 20548.21 1921.39 0.47
289000.00 1121.05 1088.60 32.45 1112.50 1123.52 0.001503 12.61 22912.38 2524.60 21.43 17934.95 20551.92 2524.60 0.4!!J

169000.00 1111.73 1092.19 19.54 1115.15 0.003709 14.83 11392.72 823.79 13.83 19555.64 20379.43 823.79 0.70
140000.00 1110.24 1092.19 18.05 1113.18 0.003673 13.77 10167.96 816.84 12.45 19559.07 20375.92 816.84 0.69
55000.00 1104.88 1092.19 12.69 1106.23 0.002968 9.32 5900.65 726.76 8.12 19636.54 20363.30 726.76 0.58

243000.00 1115.20 1092.19 23.01 1119.67 0.003698 16.98 14460.52 1009.80 14.32 18721.23 20387.60 1009.80 0.73
289000.00 1117.24 1092.19 25.05 1113.60 1122.14 0.003579 17.87 16789.39 1341.95 12.51 18718.88 20392.39 1341.95 0.73

169000.00 1111.44 1088.14 23.30 1106.04 1113.41 0.001960 11.25 15025.05 1099.77 14.72 19569.80 23397.16 1099.77 0.52
140000.00 1109.80 1088.14 21.66 1104.89 1111.51 0.001967 10.48 13358.30 1012.06 13.20 19574.86 20586.92 1012.06 0.51
55000.00 1104.14 1088.14 16.00 1098.22 1104.93 0.001820 7.14 7707.58 982.59 7.84 19591.44 20574.03 982.59 0.45

243000.00 1115.25 1088.14 27.11 1108.73 1117.81 0.001922 12.82 18952.55 1849.48 18.20 15719.11 23414.13 1849.48 0.53
289000.00 1117.38 1088.14 29.24 1110.26 1120.27 0.001905 13.64 21181.48 2659.17 20.13 13922.33 23414.55 2659.17 0.54

169000.00 1110.33 1089.90 20.43 1105.37 1112.36 0.002115 11.42 14802.77 1041.20 14.22 19521.41 20562.61 1041.20 0.53
140000.00 1108.66 1089.90 18.76 1104.22 1110.44 0.002179 10.72 13062.56 1033.73 12.64 19525.11 20558.84 1033.73 0.53
55000.00 1102.99 1089.90 13.09 1099.51 1103.88 0.002262 7.55 7281.63 1003.94 7.25 19537.58 20546.10 1003.94 0.49

243000.00 1114.24 1089.90 24.33 1107.93 1116.80 0.001984 12.86 18898.52 1897.93 17.85 18155.88 20571.38 1897.93 0.54
289000.00 1116.40 1089.90 26.50 1109.49 1119.29 0.001938 13.63 21200.88 2353.17 19.85 18070.83 20682.46 2353.17 0.54

169000.00 1109.48 1090.80 18.68 1104.01 1111.36 0.001879 11.00 15368.22 1524.27 14.69 19290.32 20982.15 1524.27 0.51
140000.00 1107.77 1090.80 16.96 1102.87 1109.41 0.001927 10.31 13583.15 1038.87 13.07 19439.99 20478.87 1038.87 0.50

55000.00 1102.08 1090.80 11.28 1098.73 1102.86 0.001872 7.10 7742.33 1381.79 7.63 19452.24 20954.09 1381.79 0.45
243000.00 1113.45 1090.80 22.65 1106.61 1115.85 0.001780 12.43 19556.03 2260.28 18.41 18607.36 20999.80 2260.28 0.51
289000.00 1115.64 1090.80 24.84 1108.11 1118.35 0.001750 13.20 21892.79 2672.68 20.43 18236.01 21009.40 2672.68 0.51

169000.00 1108.43 1090.70 17.73 1103.12 1110.38 0.001969 11.20 15093.34 1100.29 14.59 19309.66 20497.62 1100.29 0.52
140000.00 1106.69 1090.70 15.99 1101.99 1108.41 0.002042 10.53 13292.65 1027.32 12.94 19466.76 20494.08 1027.32 0.52
55000.00 1101.08 1090.70 10.38 1097.95 1101.90 0.001959 7.23 7603.35 1003.43 7.58 19479.29 20482.71 1003.43 0.46

243000.00 1112.48 1090.70 21.77 1105.78 1114.93 0.001834 12.58 19310.33 2119.09 18.36 18086.73 20505.82 2119.09 0.52
289000.00 1114.68 1090.70 23.98 1107.28 1117.45 0.001798 13.35 21640.73 2583.10 20.39 18086.73 20879.24 2583.10 0.52

169000.00 1107.17 1083.07 24.10 1102.34 1109.33 0.002236 11.78 14340.42 121.7.45 14.35 19201.40 20509.98 1217.45 0.55

140000.00 1105.38 1089.70 15.68 1101.19 1107.31 0.002365 11.15 12556.00 992.41 12.65 19514.12 20506.53 992.41 0.55

55000.00 1099.97 1083.07 16.90 1097.05 1100.87 0.002208 7.59 7246.71 1147.92 7.46 19219.72 20496.14 1147.92 0.49

243000.00 1111.27 1083.07 28.20 1105.04 1113.96 0.002035 13.15 18473.80 1835.47 18.19 18342.05 20517.86 1835.47 0.54

289000.00 1113.47 1083.07 30.40 1106.58 1116.49 0.001990 13.95 20714.18 2850.53 20.23 17592.29 20522.09 2850.53 0.55

169000.00 1105.32 1044.40 60.92 1101.54 1107.97 0.002945 13.06 12942.85 1368.81 13.62 19047.38 20511.81 1368.81 0.62

140000.00 1103.33 1086.43 16.90 1100.37 1105.82 0.003377 12.67 11052.37 942.03 11.73 19565.66 20507.70 942.03 0.65

55000.00 1096.16 1044.40 51.76 1096.15 1098.58 0.010661 12.48 4407.32 1280.13 4.83 19069.57 20492.95 1280.13 1.00

243000.00 1109.61 1044.40 65.21 1104.38 1112.76 0.002493 14.25 17054.45 1557.78 17.62 18746.89 20520.63 1557.78 0.60

289000.00 1111.80 1044.40 67.40 1105.95 1115.32 0.002416 15.07 19179.94 2398.65 19.64 18044.31 20525.17 2398.65 0.60

169000.00 1105.06 1045.05 60.01 1097.13 1106.73 0.001306 10.37 16300.07 1514.17 17.90 18902.41 20517.63 1514.17 0.43

140000.00 1103.05 1083.00 20.05 1095.87 1104.50 0.001312 9.67 14477.67 901.97 16.05 19611.46 20513.43 901.97 0.43

55000.00 1095.92 1045.05 50.87 1091.25 1096.63 0.001301 6.74 8159.05 1429.39 9.37 18921.29 20498.53 1429.39 0.39

243000.00 1109.35 1045.05 64.30 1100.05 1111.59 0.001349 12.00 20247.34 1670.81 21.78 18751.48 20526.59 1670.81 0.45

289000.00 1111.53 1045.05 66.48 1101.69 1114.14 0.001408 12.97 22278.99 2747.64 23.72 17745.40 20613.52 2747.64 0.47



-- - - - - - - - - - - - - - - - - -

Reach 4
ReaCh 4 ...
R&&ChA·.·
Reach4 .
ReaCh 4 .

ReaCh 4
R&ach4
ReaCh4.
ReaCh 4
ReaCh 4 .

169000.00
140000.00
55000.00

243000.00
289000.00

169000.00

140000.00
55000.00

243000.00
289000.00

169000.00
140000.00

55000.00
243000.00
289000.00

169000.00
140000.00
55000.00

243000.00
289000.00

169000.00
140000.00

55000.00

243000.00
289000.00

Bridge

169000.00

140000.00
55000.00

243000.00
289000.00

169000.00
140000.00

55000.00
243000.00
289000.00

169000.00
140000.00
55000.00

243000.00
289000.00

1103.62
1101.61
1094.54
1107.82
1109.89

1103.13

1101.11
1094.07
1107.30
1109.33

1102.67
1100.67
1093.71
1106.80
1108.78

1101.88
1099.92
1093.16
1106.12
1108.19

1100.75
1098.83
1092.25
1104.76
1106.60

1099.40
1097.57
1091.24

1103.38
1105.01

1098.86
1097.04
1090.57
1102.95
1104.61

1098.36
1096.50
1089.83
1102.46

1104.04

1045.16
1082.32
1045.16
1045.16
1045.16

1044.74
1079.55

1044.74
1044.74
1044.74

1080.17
1080.17
1080.17
1080.17
1080.17

1078.33
1078.33
1078.33
1078.33
1078.33

1083.20
1083.20
1083.20
1083.20
1083.20

1083.20
1083.20
1083.20

1083.20
1083.20

1082.00
1082.00
1082.00
1082.00
1082.00

1080.80
1080.80
1080.80
1080.80

1080.80

58.46
19.29
49.38
62.66
64.73

58.39
21.56

49.33
62.56
64.58

22.50
20.50

13.54
26.63
28.61

23.55
21.59
14.83
27.79
29.86

17.55
15.63

9.05

21.56
23.40

16.20
14.37

8.04

20.18
21.81

16.86
15.04

8.57
20.95
22.61

17.55
15.70
9.03

21.66

23.24

1096.35
1095.09
1090.52
1099.25

1100.92

1094.42
1093.12
1088.53

1097.40
1099.08

1093.19
1091.87

1087.40
1096.17
1097.84

1093.68
1092.38
1087.73
1096.66
1098.34

1094.30
1093.03
1088.58
1097.23
1099.21

1094.30
1093.03
1088.58

1097.23
1099.21

1093.08
1091.81
1087.50
1095.99
1097.65

1091.42
1090.24
1086.11
1094.16
1095.69

1105.42
1103.19
1095.35
1110.22
1112.71

1104.70
1102.47
1094.67
1109.47
1111.91

1104.13
1101.91
1094.22
1108.84
1111.22

1103.51
1101.33
1093.78
1108.14
1110.45

1102.67
1100.55
1093.10
1107.24
1109.50

1101.71
1099.64
1092.33

1106.26
1108.42

1100.93
1098.87
1091.52
1105.51
1107.60

1099.99

1097.92
1090.56
1104.59

1106.62

0.001457
0.001485
0.001604
0.001492
0.001566

0.001158
0.001142

0.000967
0.001254
0.001347

0.001012
0.000981

0.000736
0.001127
0.001227

0.001420
0.001237
0.001016
0.001668
0.001667

0.001837
0.001872
0.001729
0.001770

0.001856

0.002471
0.002345
0.002600

0.002261
0.002401

0.001943
0.001977
0.002159
0.001813
0.001925

0.001446
0.001464
0.001563
0.001441
0.001597

10.77
10.09

7.21
12.44
13.47

10.08

9.35
6.22

11.82
12.89

9.69
8.95
5.74

11.46
12.55

10.24
9.53
6.31

11.40
12.07

11.11
10.53

7.40

~
13.68

12.20
11.55

8.38
13.61
14.82

11.56
10.85
7.83

12.93
14.02

10.25
9.59
6.87

11.70

12.87

15692.78
13879.78

7633.39
19534.43
21451.57

16768.70

14973.04
8839.37

20550.46
22419.84

17444.24
15650.82
9579.39

21197.31
23031.84

16498.01
14688.13

8713.87
21310.97
23948.35

15204.69
13293.84
7436.57

19253.42
21130.06

13853.79
12117.91
6559.92

17848.32
19505.22

14613.77
12908.26
7020.60

19478.12
21549.63

16490.19
14594.39
8004.77

20767.85
22446.69

1823.38
897.57

1741.86
1865.50
2954.20

1751.01

887.36
1657.46
1799.42
3186.68

899.78
890.04
856.23

1726.70
4223.48

1128.48
905.00"
861.41

2664.68
3624.15

1001.89
963.69
864.54

1017.67
1024.90

992.02
905.28
858.27

1012.22
1018.65

1034.26
933.47
885.01

1976.20
2244.27

1473.76
1012.86
964.55

2380.55
3484.05

17.33
15.46
8.78

21.16

23.02

18.70
16.87
10.35
22.42
24.21

19.39
17.58
11.19
23.04
24.78

16.31
16.23
10.12
17.00
18.51

15.18
13.79

8.60
18.92
20.62

13.97
13.39

7.64
17.63
19.15

15.28
13.83

7.93

15.75
17.18

16.07
14.41
8.30

19.66
21.03

18752.93
19616.03
18771.50
16333.70
16328.74

18598.73
19608.25
18618.46
16468.48
16464.49

18632.47

19610.75
18660.52
16491.93
16488.04

19595.79
19601.44
19621.03
16615.10
16603.64

17347.92
19595.76
19614.33
17316.37
17273.63

19518.77
19553.34
19605.44
19510.56
19506.79

19526.09
19589.56
19608.48

19513.39
19510.05

18929.47
19541.59
19684.80
18285.76
17954.42

18464.39
19407.22
19433.44
17625.46
17235.48

(ttl
20517.96
20513.79
20499.05
20526.60
20708.29

20510.01

20505.82
20491.37
20519.02
20523.46

20502.23

20498.11
20483.69
20510.77
22990.05

20495.57
20491.47
20477.26
22908.66
23211.30

20649.84
20500.76
20475.74
20832.43
22525.24

2052Q.66

20517.03
20469.98
20528.23
20531.70

20518.11
20494.84
20466.75
20525.62
20528.70

20482.14
20475.07
20449.81

20498.08
20504.56

21676.54
20420.08
20397.99
21697.60
21705.70

1823.38

897.57
1741.86
1865.50
2954.20

1751.01

887.36
1657.46
1799.42
3186.68

899.78
890.04

856.23
1726.70
4223.48

1128.48
905.00
861.41

2664.68
3624.15

1001.89
963.69
864.54

1017.67
1024.90

992.02
905.28
858.27

1012.22
1018.65

1034.26
933.47
885.01

1976.20
2244.27

1473.76
1012.86
964.55

2380.55
3484.05

0.46

0.45
0.43
0.48
0.49

0.41
0.40

0.34
0.44
0.46

0.39
0.38

0.30
0.42
0.44

0.45
0.42
0.35
0.49
0.49

0.50
0.50
0.44
0.51
0.53

0.58
0.56
0.53
0.57
0.60

0.52
0.51
0.49

0.52
0.54

0.45
0.45
0.42
0.46
0.49
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......,,,,,,,, II 169000.00 1097.99 1078.50 19.49 1089.39 1099.28 0.001058 9.13 18502.61 1738.54 17.07 18306.15 20413.21 1738.54 0.391ee. to'

140000.00 1096.11 1078.50 17.61 1088.21 1097.23 0.001053 8.50 16473.33 1070.97 15.38 19336.97 20407.94 1070.97 0.38
55000.00 1089.42 1078.50 10.92 1084.00 1089.93 0.000883 5.75 9573.00 982.90 9.74 19406.29 20389.19 982.90 0.3~

ae 7:T 243000.00 1102.13 1078.50 23.63 1092.20 1103.86 0.001072 10.56 23021.13 3270.69 21.02 17803.51 22129.65 3270.69 0.41

~ !.c-~ 289000.00 1103.69 1078.50 25.18 1093.76 1105.81 0.001202 11.69 24723.16 3943.31 22.48 17295.80 22138.53 3943.31 0.43

169000.00 1097.54 1078.00 19.54 1088.74 1098.73 0.000954 8.75 19304.38 2129.81 17.33 18011.78 22519.82 2129.81 0,37
140000.00 1095.66 1078.00 17.66 1087.55 1096.68 0.000945 8.13 17216.23 1102.13 15.62 19330.58 20432.71 1102.13 0.361

55000.00 1089,02 1078.00 11.01 1083.49 1089.48 0.000815 5.47 10050.15 1045.01 9.62 19369,13 20414.13 1045.01 0.31
243000.00 1102.16 1078.00 24.16 1091.37 1103.22 0.000704 8.74 36067.27 4752.75 7.59 17102.93 22540.22 4752.75 0.33
289000.00 1103.94 1078.00 25.94 1092.85 1105.04 0.000689 9.11 45792.99 5938.25 7.71 16604.90 22548.10 5938.25 0.3~

169000.00 1096.93 1077.50 19.43 1088.53 1098.22 0.001041 9.13 18516.63 1448.65 17.31 18803.84 20467.69 1448.65 0.39
140000.00 1095.07 1077.50 17.57 1087.37 1096,18 0.001029 8.47 16533.93 1060.85 15.59 19402.54 20463.39 1060.85 0.38

55000.00 1088.55 1077.50 11.05 1083.28 1089.05 0.000888 5.65 9727.40 1026.14 9.48 19422.20 20448.33 1026.14 0.32
243000.00 1101.17 1077.50 23.66 1091.16 1102.75 0.000997 10.24 26975.17 5226,63 7.97 17067.89 22879.47 5226.63 0.39
289000.00 1103.50 1077.50 26.00 1092.66 1104.67 0.000736 9.42 44256.64 5748.08 7.70 17065.65 22888.62 5748.08 0.34

:: ;:"
ReaCh 4 21$; ":',',' IQ,yr' """,'i':,,: 169000.00 1093.70 1077.80 15.90 1090.85 1097.08 0.004115 14.74 11462.80 984.02 12.64 18177.35 20479.02 984.02 0.73
Rllllcl14 140000.00 1092.06 1077.80 14.26 1089.44 1095.07 0.003957 13.93 10053.09 841.24 11.95 19577.80 20419.04 841.24 0.71
Reacti4 ,':", 215. ":', 55000.00 1086.76 1077.80 8.96 1084.57 1088.17 0.003428 9.51 5783.91 771.14 7.50 19595.45 20366.58 771.14 0.61
ReacllA 1215.94 243000.00 1097.57 1077.80 19.77 1094.14 1101.63 0.003602 16.18 15017.50 2175.78 16.08 18141,69 21574.60 2175.78 0.71
Raach.4 ~' 289000.00 1101.31 1077.80 23.51 1095.76 1103.94 0.002020 13.79 26929.68 4573.88 7.60 17331.81 23118.89 4573.88 0.55

169000.00 1091.72 1075.80 15.91 1088.75 1094.94 0.003648
,

14.42 11721.69 870,82 13.46 19571.98 20442.80 870.82 0.69]
140000.00 1090.05 1075.80 14.25 1087.46 1092.93 0.003841 13.62 10275.40 864.51 11.89 19574.83 20439.34 864.51 0.70

55000.00 1084.23 1075.80 8.43 1083.02 1085.90 0.005145 10.35 5311.86 842.51 6.30 19584.75 20427.27 842.51 0.73
243000.00 1095.89 1075.80 20.09 1091.70 1099.76 0.003135 15.78 15398.40 898.99 17.30 18965.50 20454.79 898.99 0.67
289000.00 1098.99 1075.80 23.19 1093,38 1102.64 0.002479 15.52 21270.67 5055.54 6.09 17802.70 23324.79 5055.54 0.61

169000.00 1091.84 1076.00 15.84 1087.04 1094.37 0.002408 12.75 13249.74 860.86 15.39 19550.04 20410.90 860.86 0.57
140000.00 1090.16 1076.00 14.16 1085.79 1092.35 0.002416 11.86 11805.26 860.83 13.71 19550.07 20410.90 860.83 0.56

55000.00 1084.27 1076.00 8.27 1081.26 1085.30 0.002274 8.12 6774.07 840.50 8.06 19563.95 20404.45 840.50 0.50
243000.00 1096.04 1076.00 20.04 1090.00 1099.23 0.002231 14.36 17490.95 1779.72 9.83 18260.00 20410.94 1779.72 0.57
289000.00 1099.40 1076.00 23.40 1091.66 1102.11 0.001633 13.65 25920.49 3134.95 8.27 18260.00 21394.95 3134.95 0.50

Bridge
-- ----

169000.00 1090.81 1076.00 14.81 1087.04 1093.71 0.003024 13.67 12363.78 860.84 14.36 19550.06 20410.90 860.84 0.64

140000.00 1089.20 1076.00 13.20 1085.79 1091.73 0.003070 12.75 10977.01 860.82 12.75 19550.08 20410.90 860.82 0.63

55000.00 1083.62 1076.00 7.62 1081.26 1084.83 0.003000 8.84 6222.81 837.04 7.43 19565.81 20402.85 837.04 0.57

243000.00 1094.78 1076.00 18.78 1090.00 1098.46 0.002806 15.40 15778.77 914.83 17.25 18598.67 20410.90 914.83 0.63

289000.00 1096.15 1076.00 20.15 1091.66 1100.60 0.003093 16,97 17684.74 1803.76 9.80 18260.00 20410.95 1803.76 0.67

169000.00 1088.45 1073.60 14.84 1086.84 1092.56 0.005283 16.27 10385.48 854.81 12.15 19576.70 20431.51 854.81 0.82

140000.00 1088.38 1073.60 12.78 1085.48 1090.44 0.006355 16.18 8650.24 824.72 10.49 19585.88 20410.60 824.72 0.88

55000.00 1080.58 1073.60 6.98 1080.58 1083.35 0.010061 13.34 4122.97 742.32 5.55 19611.57 20353.89 742.32 1.00

243000.00 1093.35 1073.60 19.75 1090.01 1097.55 0.003793 16.44 14777.93 933.41 15.83 19558.60 20492.01 933.41 0.73

289000.00 1094.07 1073.60 20.47 1091.78 1099.50 0.004754 18.70 15450.48 970.37 16.22 19556.50 22141.51 970.37 0.82

Rllacl14

"Ii
169000.00 1088.28 1068.30 19.97 1082.43 1090.46 0.001959 11.87 14233.05 890.00 15.99 19594.84 20484.84 890.00 0.52

Reach4 "/;(<10. 140000.00 1086.11 1068.30 17.81 1081.13 1088.11 0.002130 11.37 12318.17 876.52 14.05 19601.95 20478.46 876.52 0.53
Raacl1'4 ,1215. 55000.00 1079.05 1068.30 10.75 1076.57 1080.24 0.002874 8.74 6290.75 832.55 7.56 19625.14 20457.70 832.55 0.56
Reech4 243000.00 1093.24 1068.30 24.94 1085.41 1095.85 0.001702 12.98 18725.06 1771.25 20.33 19578.59 23463.60 1771.25 0.51

Ra8ch4 289000.00 1093.89 1068.30 25.58 1087.11 1097,36 0.002180 14.96 19323.94 2561.99 20.89 19576.46 23562.82 2561.99 0.58



- - - - - - - - - - - - - - - - - - -
Reach4 . 169000.00 1087.99 1066.10 21.89 1079.21 1089.55 0.001145 10.02 16860.06 907.88 18.57 19587.37 20495.25 907.88 0.41
Reach 4 .." iO;\I(" 140000.00 1085.78 1066.10 19.68 1077.91 1087.16 0.001168 9.41 14875.33 894.36 16.63 19594.00 20488.36 894.36 0.41
Reach 4 i.· (( 55000.00 1078.65 1066.10 12.55 1073.40 1079.28 0.001024 6.36 8650.65 850.79 10.17 19615.46 20466.25 850.79 0.35
RllachA ..;i· 243000.00 1093.16 1066.10 27.06 1082.16 1094.97 0.001014 10.93 26008.26 4123.60 6.31 18343.27 23548.20 4123.60 0.40
Rllach4 289000.00 1093.99 1066.10 27.89 1083.89 1096.19 0.001209 12.22 29470.86 4229.33 6.97 18303.92 23609.09 4229.33 0.44

169000.00 1087.61 1064.60 23.01 1077.69 1088.98 0.000932 9.38 18010.01 916.86 19.64 19599.36 20516.22 916.86 0.37

140000.00 1085.40 1064.60 20.80 1076.41 1086.59 0.000933 8.75 15993.92 905.36 17.67 19605.16 20510.52 905.36 0.37
55000.00 1078.32 1064.60 13.72 1071.95 1078.82 0.000715 5.66 9716.17 868.58 11.19 19623.71 20492.28 868.58 0.30

243000.00 1093.11 1064.60 28.51 1080.63 1094.39 0.000703 9.53 34289.62 4875.54 7.03 18596.77 23536.79 4875.54 0.34
289000.00 1093.99 1064.60 29.39 1082.33 1095.49 0.000814 10.49 36606.33 5023.91 7.68 16115.62 23542.89 5023.91 0.36

169000.00 1087.34 1063.00 24.34 1075.38 1088.49 0.000701 8.61 19624.38 355981 21.35 18653.88 22880.53 3559.81 0.33

140000.00 1085.13 1063.00 22.13 1074.11 1086.11 0.000679 7.95 17603.14 907.08 19.41 19625.36 20532.44 907.08 0.32
55000.00 1078.14 1063.00 15.14 1069.53 1078.50 0.000413 4.82 11417.86 861.90 13.25 19651.47 20513.37 861.90 0.23

243000.00 1092.45 1063.00 29.45 1078.42 1094.00 0.000709 999 24317.88 5619.97 26.46 17790.57 23682.47 5619.97 0.34

289000.00 1092.84 1063.00 29.84 1080.15 1094.97 0.000956 11.71 24875.06 5779.62 26.85 17765.00 23683.87 5779.62 0.40

189000.00 1086.84 1063.50 23.34 1076.05 1088.11 0.000846 902 18737.07 3991.57 19.86 18748.01 23327.23 3991.57 0.36

140000.00 1084.63 1063.50 21.13 1074.71 1085.73 0.000847 8.40 16658.83 932.04 17.87 19610.60 20542.64 932.04 0.35

55000.00 1077.85 1063.50 14.35 1069.76 1078.27 0.000522 5.18 10623.03 857.73 12.39 19668.08 20525.81 857.73 0.26

243000.00 1091.97 1063.50 28.47 1079.06 1093.62 0.000814 10.31 23571.37 6318.87 24.99 17117.47 23703.23 6318.87 0.36

289000.00 1092.14 1063.50 28.64 1080.77 1094.44 0.001125 12.18 23735.69 6380.53 25.16 17108.66 23704.08 6380.53 0.43
i(

Reach 4 215.t8 100-vr .. ' .: .'. 169000.00 1081.87 1062.20 19.67 1079.46 1086.91 0.004582 18.01 9383.28 686.95 15.80 19683.21 21493.99 686.95 0.80
Raach4 215.18 50-yr .'...":"

140000.00 1080.49 1062.20 18.29 1077.68 1084.63 0.004126 16.33 8570.89 580.85 14.76 19688.76 20269.62 580.85 0.75

Reach 4 215.18 '. to-vi ;"'.". 55000.00 1076.63 1062.20 14.43 1071.21 1077.78 0.001544 8.59 6400.37 544.41 11.76 19704.25 20248.66 544.41 0.44
Reach 4 215.18 Post500,yr 243000.00 1085.25 1062.20 23.05 1083.53 1092.24 0.005554 21.22 11452.66 2143.73 17.49 19644.67 22064.55 2143.73 0.89

Reach 4 215•.18 FCDMC 500,vr 289000.00 1092.50 1062.20 30.30 1088.41 1093.59 0.000905 10.43 48219.34 6367.10 7.57 17264.20 23656.24 6367.10 0.38

169000.00 1081.09 1061.70 19.39 1076.40 1084.77 0.002894 15.38 10986.15 619.02 17.75 19674.20 20293.22 619.02 0.64

140000.00 1079.81 1061.70 18.11 1074.76 1082.74 0.002520 13.73 10193.84 614.35 16.59 19676.96 20291.30 614.35 0.59

55000.00 1076.42 1061.70 14.72 1069.03 1077.13 0.000802 6.76 8130.40 602.01 13.51 19684.23 20286.24 602.01 0.32

243000.00 1084.16 1061.70 22.46 1080.17 1089.67 0.003587 18.83 12902.81 765.73 20.52 19669.01 21580.91 765.73 0.731

289000.00 1086.08 1061.70 24.38 1082.34 1092.31 0.003698 20.17 15776.96 2550.16 6.98 17421.13 22535.72 2550.16 0.75

169000.00 1079.92 1061.30 18.61 1075.60 1083.17 0.002926 14.48 11673.56 727.59 16.04 19601.52 20329.11 727.59 0.64

140000.00 1078.76 1061.30 17.46 1074.16 1081.35 0.002546 12.92 10838.71 722.77 15.00 19604.38 20327.15 722.77 0.59

55000.00 1076.12 1061.30 14.82 1068.94 1076.70 0.000730 6.15 8939.25 711.70 12.56 19610.95 20322.64 711.70 0.31

243000.00 1082.87 1061.30 21.57 1079.00 1087.66 0.003511 17.55 13844.88 739.96 18.71 19594.18 20334.14 739.96 0.72

289000.00 1084.57 1061.30 23.27 1080.92 1090.25 0.003765 19.13 15106.82 1204.78 20.22 19589.97 23156.72 1204.78 0.75

169000.00 1078.13 1061.20 16.93 1074.96 1081.52 0.003588 14.78 11435.69 934.52 14.11 19563.88 20809.73 934.52 0.69

140000.00 1077.38 1061.20 16.18 1073.55 1079.98 0.002929 12.93 10828.40 805.58 13.44 19565.89 20371.47 805.58 0.62

55000.00 1075.82 1061.20 14.61 1068.79 1076.33 0.000669 5.74 9575.35 795.57 12.04 19570.09 20365.67 795.57 0.29

243000.00 1080.42 1061.20 19.22 1078.09 1085.60 0.004598 18.26 13306.58 976.22 16.10 19557.74 20824.88 976.22 0.80

289000.00 1082.08 1061.20 20.88 1079.93 1088.09 0.004765 19.67 14693.08 1235.30 17.53 19553.27 21151.87 1235.30 0.83

169000.00 1078.39 1057.60 20.79 1070.73 1079.83 0.001221 9.62 17558.59 1056.42 16.62 19461.73 20518.15 1056.42 0.42

140000.00 1077.53 1057.60 19.93 1069.59 1078.62 0.000994 8.41 16647.57 1051.19 15.84 19464.15 20515.33 1051.19 0.37

55000.00 1075.82 1057.60 18.22 1065.59 1076.04 0.000221 3.70 14866.05 1040.88 14.28 19468.91 20509.79 1040.88 0.17

243000.00 1081.12 1057.60 23.52 1073.39 1083.30 0.001528 11.85 20909.93 1589.29 13.16 19457.67 21422.72 1589.29 0.48

289000.00 1083.21 1057.60 25.61 1074.92 1085.61 0.001490 12.53 24727.05 2063.74 11.98 19457.66 21786.10 2063.74 0.48

Bridge
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ReaCh 4 ..•. 1214. .< ....<""."",., 169000.00 1078.06 1058.80 19.26 1070.74 1079.56 0.001306 9.83 17191.94 1054.44 16.30 19462.64 20517.08 1054.44 0.43
ReaCh 4 lii.4. ..··.···.··········;·;;::1 140000.00 1077.28 1058.80 18.48 1069.61 1078.42 0.001049 8.55 16368.72 1049.71 15.59 19464.83 20514.54 1049.71 0.38
Rea.m4. - 55000.00 1075.78 1058.80 16.98 1065.61 1075.99 0.000224 3.72 14798.93 1040.62 14.22 19469.04 20509.65 1040.62 0.17

Reaclr4 ,2

~
243000.00 1080.60 1058.80 21.80 1073.43 1082.92 0.001685 12.21 20093.07 1471.32 13.66 19457.68 21332.36 1471.32 0.50

ReaCl'i4 .....•. Ii 289000.00 1082.51 1058.80 23.71 1074.94 1085.13 0.001690 13.05 23319.08 1905.14 12.24 19457.66 21664.63 1905.14 0.51
':':'.' '< •.

169000.00 1077.48 1055.10 22.38 1069.32 1079.15 0.001272 10.38 16287.08 901.57 18.07 19640.29 20541.86 901.57 0.43

140000.00 1076.87 1055.10 21.77 1068.04 1078.09 0.000973 8.90 15738.64 898.09 17.52 19642.05 20540.14 898.09 0.37

55000.00 1075.71 1055.10 20.61 1063.51 1075.93 0.000186 3.74 14706.76 891.50 16.50 19645.39 20536.89 891.50 0.16

243000.00 1079.54 1055.10 24.44 1072.31 1082.32 0.001863 13.38 18160.05 948.27 19.88 19634.31 20613.66 948.27 0.53
289000.00 1081.10 1055.10 26.00 1074.01 1084.48 0.002074 14.75 19590.42 1096.15 21.24 19629.80 21208.69 1096.15 0.56

169000.00 1077.25 1050.40 26.85 1064.30 1078.56 0.000723 9.21 18346.35 792.44 23.15 19685.17 20477.61 792.44 0.34

140000.00 1076.70 1050.40 26.30 1062.85 1077.65 0.000533 7.81 17918.51 789.20 22.70 19686.72 20475.91 789.20 0.29

55000.00 1075.69 1050.40 25.29 1057.63 1075.85 0.000095 3.21 17118.46 783.09 21.86 19689.63 20472.71 783.09 0.12

243000.00 1079.11 1050.40 28.71 1067.69 1081.44 0.001174 12.25 19836.19 803.57 24.69 19679.84 20483.41 803.57 0.43

289000.00 1080.55 1050.40 30.15 1069.61 1083.49 0.001395 13.76 20995.41 821.15 25.85 19675.74 21412.85 821.15 0.48

169000.00 1077.35 1048.00 29.35 1060.66 1078.15 0.000391 7.19 23492.42 928.22 25.31 19525.26 20453.48 928.22 0.25

140000.00 1076.77 1048.00 28.77 1059.25 1077.35 0.000288 6.10 22960.85 924.43 24.84 19526.86 20451.29 924.43 0.22

55000.00 1075.70 1048.00 27.70 1054.41 1075.79 0.000051 2.50 21968.71 917.32 23.95 19529.85 20447.17 917.32 0.09

243000.00 1079.33 1048.00 31.33 1063.77 1080.75 0.000640 9.59 25340.69 1018.75 26.92 19402.23 20461.03 1018.75 0.33

289000.00 1080.86 1048.00 32.85 1065.50 . 1082.65 0.000754 10.77 27370.04 1583.05 18.65 19376.54 21007.83 1583.05 0.36

169000.00 1077.32 1048.20 29.12 1059.41 1077.93 0.000288 6.27 26966.84 1193.48 25.89 19382.08 20971.94 1193.48 0.22

140000.00 1076.75 1048.20 28.55 1058.18 1077.19 0.000211 5.31 26376.73 1037.97 25.41 19383.88 20421.85 1037.97 0.19

55000.00 1075.69 1048.20 27.49 1053.89 1075.77 0.000037 2.18 25282.63 1082.28 24.52 19387.25 20903.42 1082.28 0.08

243000.00 1079.29 1048.20 31.09 1062.25 1080.38 0.000470 8.37 29078.37 1988.60 24.60 19161.50 21251.77 1988.60 0.28

289000.00 1080.87 1048.20 32.67 1063.86 1082.19 0.000540 9.30 33447.65 2493.86 13.41 19091.73 21585.59 2493.86 0.30

169000.00 1076.88 1048.50 28.38 1060.45 1077.73 0.000413 7.40 22823.47 1266.44 25.37 19492.07 21035.27 1266.44 0.26

140000.00 1076.44 1048.50 27.94 1059.09 1077.05 0.000299 6.24 22427.90 896.72 25.01 19493.43 20390.14 896.72 0.22

55000.00 1075.64 1048.50 27.14 1054.30 1075.74 0.000051 2.53 21712.98 1059.73 24.35 19495.89 20841.91 1059.73 0.09

243000.00 1078.49 1048.50 29.99 1063.61 1080.05 0.000709 10.01 24281.27 1814.86 26.60 19455.71 21494.27 1814.86 0.34

289000.00 1079.97 1048.50 31.47 1065.33 1081.82 0.000802 11.02 28898.14 2253.23 12.83 19317.19 21597.06 2253.23 0.37

169000.00 1075.93 1048.70 27.23 1062.88 1077.39 0.000784 9.71 17406.42 1126.00 23.59 19023.29 21328.86 1126.00 0.35

140000.00 1075.79 1048.70 27.09 1061.29 1076.80 0.000548 8.09 17304.15 737.10 23.48 19614.73 20351.83 737.10 0.29

55000.00 1075.54 1048.70 26.64 1055.69 1075.70 0.000087 3.21 17122.86 1047.52 23.28 19045.28 21311.21 1047.52 0.12

243000.00 1076.54 1048.70 27.84 1066.51 1079.41 0.001499 13.61 17856.88 1412.11 24.07 19004.27 21674.33 1412.11 0.49

289000.00 1077.14 1048.70 28.44 1068.57 1081.01 0.001966 15.79 18304.36 1835.19 24.54 18987.77 21688.13 1835.19 0.56

Reach4. 214014 ,''''', 169000.00 1075.49 1048.70 26.79 1062.70 1076.99 0.000805 9.84 17171.67 1257.06 23.63 19654.98 21463.38 1257.06 0.36

Reach 4 214;14 :.y .•....• 140000.00 1075.50 1048.70 26.80 1061.11 1076.53 0.000552 8.15 17178.94 726.84 23.64 19654.98 20381.82 726.84 0.30

Reach 4 214:14 .< 55000.00 1075.50 1048.70 26.80 1055.59 1075.66 0.000085 3.20 17178.94 1292.04 23.63 19654.95 21463.81 1292.04 0.12

Reach 4 214.14 ............. 243000.00 1075.50 1048.70 26.80 1066.31 1078.61 0.001662 14.15 17178.94 1292.04 23.63 19654.95 21463.81 1292.04 0.51

Reach 4 214.14 . 289000.00 1075.50 1048.70 26.80 1068.35 1079.90 0.002351 16.82 17178.94 1292.04 23.63 19654.95 21463.81 1292.04 0.61
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008
RS =219.03 Upstream face of Hohokam Bridge
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008

RS = 219.02 BR Hohokam Expressway (SR 143)
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008
RS = 219.02 BR Hohokam Expressway (SR 143)
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008

RS =219.01 Downstream face of Hohokam Bridge
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008
RS = 218.97 Upstream face of SR153 bridge
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008

RS =218.965 BR SR 153
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Salt Gila Reach 4 - MARCH 16 (2) Plan: Original Run 12/31/2008

RS = 218.96 Downsteam face of SR 153 Bridge
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Kimley-Hom and Associates, Inc.

Appendix E Stage II Initial Drainage Concept Report -Proposed Conditions HEC­
RAS Model

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 ole
February 2010

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements



Prepared by:

DMJM Harris
2777 E. Camelback Road. Suite 200
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J2 Engineering and Environmental Design, LlC
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Salt Gila Reach 4 - MARCH 16 (2)

1< Salt River Reach 4
1220

Plan: Widened SR 143 1/5/2009
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n_ (tt) (tt)

Reach 4 243000.00 1148.91 1125.43 23.48 1141.43 1151.59 0.001831 13.15 18479.11 3431.84 19.67 14746.98 21978.0BT 0.52
Rilaeh4

....... <>,.!?~1!!:
289000.00 1151.09 1125.43 25.66 1143.17 1154.16 0.001860 14.07 20541.23 5585.54 21.53 14746.98 21998.95 0,53

.. }
Reaeh4 1220. :5< 169000.00 1144.24 1123.99 20.25 1137.16 1146.11 0.001554 10.95 15436.93 1375.62 16.86 15058.62 22111.54 0.471
Reach 4 226.35 "i' .in·' 140000,00 1142.50 1123,99 18.51 1135.86 1144.08 0.001480 10.10 13856.17 894.44 15.49 19547.92 20453.60 0,45
Reaeh4 220.35 'Y' 55000.00 1136.17 1123.99 12,18 1131.41 1136.85 0.001182 6.61 8318.20 877.08 9.67 19426.82 20439.18 0.37
Reach 4 220.35' '.. ~)(l.yr;/ 243000.00 1148.14 1123.99 24.15 1140.11 1150.66 0.001658 12.75 19058.53 3997.97 20.21 14725.39 22118.32 0.50
Reach 4 .220.35' ~1S2c 289000.00 1150.30 1123.99 26.31 1141.78 1153.21 0.001703 13.69 21112.78 6279.42 22.05 14725.39 22121.54 0.51

169000.00 1143.14 1124.01 19.13 1137.11 1145.23 0.001890 11.59 14576.52 1743.55 15.85 14669.30 21509.23 0.51

140000.00 1141.45 1124.01 17.44 1135.81 1143.24 0.001822 10.73 13041.83 899.28 14.50 19553.38 20462.08 0.50

55000.00 1135.37 1124.01 11.36 1131.40 1136.16 0.001545 7.15 7691.21 863.96 8.90 19580.78 20444.74 0.42

243000.00 1146.94 1124.01 22.93 1140.05 1149.73 0.001963 13.41 18120.17 4395.31 19.19 14669.30 21950.90 0.54

289000.00 1149.06 1124.01 25.05 1141.74 1152.26 0.001993 14.35 20136.75 6446.40 21.02 14669.30 22184.01 0.55

169000.00 1141.74 1124.58 17.16 1136.93 1144.14 0.002358 12.43 13591.24 1469.79 14.89 14558.26 21594.09 0.57
140000.00 1140.10 1124.58 15.52 1135.69 1142.18 0.002354 11.57 12103.33 905.36 13.37 19564.43 20469.79 0.56

55000.00 1134.19 1124.58 9.61 1131.20 1135,20 0.002357 8.06 6821.10 933.54 7.75 19576.08 21211.61 0.51

243000.00 1145.44 1124.58 20.86 1139.83 1148.62 0.002384 14.29 17006.73 4648.27 18.22 14558.26 21636.60 0.59

289000.00 1147.52 1124.58 22.94 1141.47 1151.13 0.002397 15.25 18954.88 6168.21 20.01 14558.26 21772.85 0.60

169000.00 1140.72 1122,90 17.82 1135.42 1142.99 0.002142 12.08 13992.42 909.54 15.38 19565.91 20475.44 0.54

140000.00 1139.09 1122.90 16.19 1134.19 1141.04 0.002114 11.19 12514.13 904.71 13.83 19568.07 20472.78 0.53

55000.00 1133.24 1122.90 10.34 1129.84 1134.12 0.001881 7.53 7305.09 879.08 8.31 19584.13 20463.21 0.46

243000.00 1144.40 1122.90 21.50 1138.33 1147.44 0.002200 14.00 17356.68 942.30 18.86 18820.00 20481.45 0,57

289000.00 1146.45 1122.90 23.55 1139.97 1149.95 0.002228 15.01 19249.00 1061.07 20.78 18820.00 20484.80 0.58

Bridge

169000.00 1139.74 1122.90 16.84 1135.42 1142,32 0.002655 12.90 13099.08 906,63 14.45 19567.21 20473.84 0.60

140000.00 1138.18 1122.90 15.28 1134.19 1140,41 0,002624 11.98 11689.47 897,43 13.03 19573,86 20471.29 0.58

55000.00 1132.59 1122.90 9.69 1129.84 1133.62 0.002456 8.17 6735.10 876.98 7.68 19585.18 20462.15 0.52

243000.00 1143.25 1122,90 20.35 1138.33 1146.70 0.002697 14.91 16299.13 917.01 17.77 19562.56 20479.57 0.62

289000.00 1145.20 1122.90 22.30 1139.97 1149.16 0.002721 15.97 18092.43 988.58 19.61 18820.00 20482.75 0.64

169000.00 1137.45 1119.50 17.95 1133.48 1140.11 0.002847 13.11 12894.68 2004.18 14.04 18512.97 21604.97 0.62

140000.00 1135.91 1119.50 16.41 1132.25 1138.22 0.002833 12.18 11491.51 910.69 12.62 19568.33 20479.02 0.60

55000.00 1130.47 1119.50 10.97 1127.99 1131.55 0.002720 8.36 6580.03 892.89 7.37 19577.60 20470.48 0.54

243000.00 1140.95 1119.50 21.45 1136.32 1144.47 0.002867 15.05 16150.80 3960.01 17.20 14514.07 21618.18 0.64

289000.00 1142.92 1119.50 23.42 1137.95 1146.92 0.002870 16.04 18012.40 5445.87 18.94 14514.07 21620.14 0.65

169000.00 1135.96 1119.30 16.66 1132.29 1138.69 0.003005 13.25 12751.83 2039.69 13.68 18525.04 21705.04 0.63

140000.00 1134.40 1119.30 15.10 1131.07 1136.78 0.003057 12.39 11298.09 925.96 12.20 19516.66 20442.62 0.63

55000.00 1128.92 1119.30 9.61 1126.80 1130.11 0.003226 8.76 6279.51 964.38 6.94 19525.27 21631.07 0.59

243000.00 1139.52 1119.30 20.22 1135.10 1143.06 0.002941 15.09 16103.39 3796.63 16.91 14407.68 21873.08 0.65

289000.00 1141.52 1119.30 22.22 1136.72 1145.52 0.002910 16.04 18021.37 5128.62 18.69 14407.68 21876.58 0.65

169000.00 1134.64 1115.81 18.83 1130.66 1137.23 0.002801 12.90 13098.60 2046.87 13.86 18573.58 21924.37 0.61

140000.00 1133.02 1115.81 17.21 1129.46 1135.30 0.002873 12.09 11575.08 938.78 12.33 19569.14 20507.92 0.61

55000.00 1127.32 1115.81 11.51 1125,27 1128.51 0.003272 8.75 6286.85 916.69 6.86 19576.57 20493.26 0.59

243000.00 1138.27 1115.81 22.46 1133.48 1141.61 0.002747 14.67 16569.46 2954.88 17.05 14889.92 22128.26 0.63

289000.00 1140.31 1115.81 24.50 1135.09 1144,07 0.002721 15,56 18569.39 4774.34 18.79 14650.18 22131.73 0.63

169000.00 1133.87 1112.39 21,48 1128.54 1135.94 0.002046 11.53 14659.03 2913.24 14.83 18557.47 21995.12 0.53

140000.00 1132.22 1112.39 19,83 1127.37 1134,01 0.002016 10.73 13048.11 970.60 13.44 19580.16 20550.76 0.52
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Reach: Reach 4 (Continued)

0]'61"1 'W,$,Ef"v
(ets) (ft)

55000.00 1126.34
243000.00 1137.57
289000,00 1139.65

169000.00 1132.94 1111.64 21.30 1127.41 1134.91 0.001938 11.26 15004.90 1912.08 14.91 18666.55 21891.12 0.51
140000.00 1131.29 1111.64 19.65 1126.24 1133.00 0.001937 10.49 13351.43 997.05 13.39 19546,29 20544,91 0.50

55000.00 1125.40 1111.64 13.76 1122.16 1126.22 0.001874 7,24 7596.33 967.94 7,85 19567.46 20535.40 0.46
243000.00 1136.66 1111.64 25.02 1130.03 1139,26 0.001942 12.94 18778.55 3157.80 18.36 15079.06 22140.79 0.53

289000.00 1138.75 1111,64 27.11 1131.71 1141,71 0.001940 13,81 20923,39 4339.61 20,28 14907.10 22145.60 0.54

169000,00 1132,01 1111,83 20,18 1126.40 1133,95 0,001892 11,17 15136,19 2402,57 14,98 18335.45 21973.08 0.51
140000,00 1130,36 1111,83 18.53 1125.23 1132,04 0,001894 10.39 13473.43 1002,97 13,43 19493,67 20496.64 0,50

55000,00 1124,51 1111.83 12,68 1121,18 1125.30 0,001799 7.13 7713.46 1609.37 7,91 18916,99 21633.85 0.45

243000.00 1135,73 1111,83 23,90 1129,10 1138.29 0.001902 12,84 18925.71 4189,21 18.44 14620,63 22174.07 0,53

289000.00 1137.83 1111.83 25,99 1130,62 1140,74 0,001902 13]1 21082,68 5022,91 20,35 14620.63 22178,89 0.54

169000.00 1131.12 1113.40 17.72 1125.56 1133.05 0.001922 11,16 15149.91 2727.46 14,78 18119,26 21908,19 0,51

140000.00 1129.46 1113.40 16,06 1124.41 1131.14 0,001914 10.40 13467.20 1010,53 13,33 19442.22 20452.75 0,50

55000.00 1123,65 1113.40 10,25 1120,37 1124.45 0.001817 7,15 7696.64 2249.89 7,87 18815,51 21879.63 0.45

243000.00 1134.85 1113.40 21.45 1128,29 1137.39 0.001910 12.78 19009.17 3715.25 18.24 15003.25 22038,68 0.53

289000.00 1136,95 1113.40 23.55 1129.77 1139.84 0.001900 13.63 21209.73 4635.53 20.17 14841.36 22165.50 0.53

169000,00 1130,18 1112,10 18.08 1124.69 1132.13 0.001978 11.21 15076.34 2683,92 14.60 18817.06 22208.42 0,52

140000,00 1128,53 1112,10 16.43 1123.52 1130.23 0,001960 10.46 13382,05 1010.40 13,24 19482,88 20497,81 0,51

55000,00 1122,82 1112,10 10]2 1119.47 1123.60 0,001777 7,10 7742,95 2089,88 7,94 18869,76 22188.77 0.44

243000.00 1133.95 1112.10 21,84 1127.41 1136.49 0,001941 12,79 18994.58 3545.81 18,08 15333,66 22385,15 0,53

289000,00 1136,06 1112,10 23,96 1129,00 1138.94 0.001921 13,61 21230,52 5062,12 20,01 14646,32 22739,36 0.54

169000,00 1129,23 1110.40 18.83 1123,57 1131.14 0.001875 11.07 15261.74 2562.36 14.91 18938,77 22510.47 0.51

140000.00 1127.58 1110.40 17.18 1122.42 1129,23 0.001883 10.31 13579.58 1017.99 13.34 19464.29 20502,28 0.50

55000.00 1121.99 1110.40 11.59 1118.38 1122.72 0.001606 6.87 8005.34 1742.67 8.14 18997.44 22412.87 0.42

243000.00 1133.00 1110.40 22.60 1126.29 1135.50 0.001855 12.69 19144,38 3958.41 18.48 17254.40 22550.86 0.52

289000,00 1135.12 1110.40 24,72 1127.85 1137.97 0,001843 13.54 21348.94 5264,81 20.48 15491.31 23254.60 0.53

169000.00 1127.85 1112.90 14.95 1123.17 1129.98 0.002273 11.72 14419.98 1026.82 14,04 19340.38 20367,21 0.55

140000.00 1126.17 1112.90 13.26 1122.04 1128.05 0.002364 11.03 12697.93 1021.53 12.43 19342.68 20364.21 0.55

55000.00 1120.74 1112,90 7.84 1118.06 1121,65 0.002350 7.63 7204.34 1004.47 7.17 19350.11 20354.57 0.50

243000.00 1131,67 1112,90 18.77 1125.82 1134,39 0.002135 13.23 18371,94 1038,86 17.68 19335.14 20374.01 0.55

289000.00 1133.82 1112.90 20.92 1127.26 1136.87 0,002079 14.02 20609,22 1045.62 19.71 19332.21 20377.82 0.56

/'l ... .,.., I
idge &- ') 1\ I" S nh Kr'fE.-

v
169000.00 1126.36 1112.90 13.46 1123.17 1129.03 0.003273 13.10 12897.13 1022,15 12.62 19342.42 20364.56 0.65

140000.00 1124.60 1112.90 11.70 1122.04 1127.07 0,003672 12.61 11100,67 1016.60 10.92 19344.83 20361.43 0.67

55000,00 1118.25 1112.90 5.35 1118.06 1120.37 0.009574 11,68 4709.34 996,62 4.73 19353.52 20350.14 0.95

243000,00 1130.23 1112.90 17.33 1125.82 1133.45 0,002813 14.40 16876.64 1034.32 16.32 19337.12 20371.44 0.63

289000.00 1132.37 1112.90 19.46 1127.26 1135.92 0.002665 15.14 19091,86 1041.04 18.34 19334.20 20375.24 0,62

169000.00 1126.74 1106.45 20.29 1120.33 1128.50 0.001620 10.65 15870.60 1056.96 15.72 19490.06 20617.67 0.47

140000.00 1125.00 1106.45 18.55 1119,16 1126.52 0.001596 9.91 14130.36 991.55 14.25 19492,65 20484.20 0.46

55000.00 1118.89 1106.45 12.43 1115.12 1119,60 0.001510 6.77 8126.14 972.30 8.36 19501.73 20474.03 0.41

243000.00 1130.61 1106.45 24.16 1123.03 1132.95 0.001642 12,27 19812.41 1089.46 19.26 19484,32 20617.67 0.49

289000.00 1132.75 1106.45 26.30 1124,56 1135.43 0.001656 13.12 22026.12 1107.45 21.20 19481.14 20617.67 0.50

"'+"',':"",'1 '", ''''I

Reach 4 1218.116$ ,,1":',,'.... ":','),,":::\'....//1 Bridge
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Kimley-Hom and Associates, Inc.

Appendix F Salt River HMP

1. Salt River HMP General Data

2. HEC-RAS Existing Conditions

3. HEC-RAS Proposed Conditions

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 ole
February 20 I0

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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Salt River Hydraulic Master Plan
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STANTEC CONSULTING, Inc.

FLOOD CONTROL DISTRICT
OF MARICOPA COUNTY

FCD Contract 2007C017 / peN 126.06.20

Areas Labeled' IhrOl,lgh J Ofe Uninr;orporoted
Mo<;copo Coul'lty

~ N.T.S.

Existing Conditions - Initial Breakout Discharges

Salt River Hydraulic Moster Plan

Flaw Capacity Reaches

CORPORAl( UI.IITS

NOTES

HYORAUUC BAS£: UNE

LEGEND

ftOW CAPACITY REACHES

Reach 1 363,000 ds

Reach 2 261,000 cis

Reoch J 375,000 cIs- Reach 4 360,000 cis

Reach 5 J80,OOO efa

Reach 6 210.000 els

Reoeh 7 260,000 efs- Reoch 8 280,000 cis-- Reoch 9 230,050 ds

Reach 10 217,000 cis

'y
SPF is 250,000 eft; due la capacitylimilalions at Rural Road

, ...... " ..... 'wo"" .... , '-'" ...100> "' -..gtl•• " .............

location Return Period
l00·YR 200 .. YR 500-YR SPF

Alma School Road &Idge

Post·~ltDam modifications tn,OOO 207,000 246,000 190,000

Pre-Roosevelt Dam modifications 230000 285000 345000 292.000'

Mill Ave. 58 Bridge

Post-Roosevelt Dim modIficatlons 169,000 204,000 243,000 187,000

Pre-RooseveltDam mooficatlons 21 000 275 000 3311000 2~OOO'
...a ......" .. Wft............. UW"u............ nri,_..
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3.0 HYDROLOGY

Hydrology utilized for this study was obtained from the Gila River Basin, Arizona, Section 7
Studyfor Modified Roosevelt Dam, Arizona, Hydrologic Evaluation ofWater Control Plans,
Salt River Project to Gila River at Gillespie Dam, U.S. Army Corp of Engineers, Los Angeles
District, March 1996. Values listed in Table 2-4 for locations CP-I09 and CP-II0 of the U.S.
Army Corp of Engineers report were used at Alma School Road and Mill Avenue
respectively. Tables 3.1 and 3.2 lists discharge frequency values for Pre- (without Project)
and Post-Roosevelt (with Project) Dam modifications conditions used in this study.

Table 3.1
Summary of Peak Discharges Pre-Roosevelt Dam Modifications (Without Project)

Location Discharge Frequency Values

5-YR 10-YR 20-YR 50-YR 100-YR 200-YR 500-YR SPF

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

Alma
School 44,000 100,000 139,000 170,000 230,000 285,000 345,000 292,000

Road

Mill 40,000 93,000 135,000 160,000 215,000 275,000 330,000 289,000
Avenue

-7-
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4.0 HYDRAULIC ANALYSIS

METHOD DESCRIPTION

SRHMP- SR-HMP- Salt River Model developed to evaluate existing
Existing - Pre / Existing HMP-

PostQ's Conditions PrelPost Q's
conditions

SRHMP- SR-HMP- Salt River
Model developed to evaluate proposed

Proposed - Pre Proposed HMP-
/ Post Q's Conditions PrelPost Q's

conditions described in Section 4.11

SRHMP- Salt River
Model developed to evaluate

Proposed 9 & SR-HMP -
HMP-Pro9&

mitigation measures described in

10- Pre / Post
Proposed

10- Pre / Post
Section 5.3 for Reaches 9 and 10.

Q's
Conditions

Q's
Original Design Discharges are used in
the model.

SRHMP-
SR-HMP -

Salt River Model developed to evaluate the
Existing -

Existing
HMP- maximum capacity ofa reach before

Capacity
Conditions

Capacity flow breakout occurs under existing
Exceeded Exceeded conditions.

SRHMP-
SR-HMP-

Salt River Model developed to evaluate the
Proposed

Proposed
HMP -Prop maximum capacity of a reach before

Capacity
Conditions

Capacity flow breakout occurs under proposed
Exceeded Exceeded conditions.

COT COT Salt River Model developed to evaluate proposed
Intermediate Intermediate HMP- improvement to Tempe Town Lake

Piers 1 Piers 1 PrelPost Q's Dam

COT COT Salt River Model developed to evaluate proposed
Intermediate Intermediate HMP- improvement to Tempe Town Lake

Piers 2 Piers 2 PrelPost Q's Dam

-9-

Hydraulic analysis is performed in accordance with applicable guidelines and criteria set forth
in the Guidelines and Specificationsfor Flood Hazard Mapping Partners (Federal Emergency
Management Agency (FEMA), 2003), and the District's Consultant Guidelines (Flood Control
District of Maricopa County, 2003). Flow capacity was evaluated for the Salt River for
approximately 13 miles between the Interstate 10 Bridge on the downstream limit, and Alma
School Road Bridge on the upstream limit of study. Flow capacity for the watercourse was
evaluated using the COE HEC-RAS Computer Program, version 3.1.3, dated May 2005. The
location of the watercourse is shown in Figure 1.2. 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 E. Copies of the HEC-RAS files are located in Appendix C. HEC-RAS project and
plan names are listed in Table 4.1

Starting water surface elevations for the floodplain profiles for the study reach were computed
using the normal depth approach.

Table 4.1 Salt River - Hydraulic Model Summary

Project Name Plan Name Geometry Steady Description
Flow

(1) (2) (3) (4) (5)

V:\52813\active\181300035\Reports\August Report\Salt River HMP - (August 2009).doc
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4.10.1 Results for the Initial Flow Breakout Evaluation

A suite of discharge values were utilized in the HEC-RAS models to determine at what
discharge initial overtopping of a reach would occur. Results from the evaluation are depicted
in Figure 4.1 and in Plate 1. Figure 4.1 depicts the flow capacity results for the project reach.
The project reach was subdivided into 10 reaches based on the maximum capacity (discharge
at which overtopping occurs) of the reach. Plate 1 (14 sheets) depicts the results of evaluation
in greater detail. Plate 1 depicts maximum capacity or reach, location of initial flow break
out, topography, and flood control features. Plate 1 is provided in large format at a scale of
1"=200' and half size format at a scale of 1"= 400'. Plate 1 (full size and half size) is located
in the back of the report.

Table 4.3 lists the design discharges, the existing condition maximum peak discharges for
specific reaches and Post-Roosevelt Dam Modification discharges. In summary the data
indicates that the capacity of the subject reach of the Salt River has decreased (discharges
listed in red) since the design condition.

Table 4.3
Discharge Summary Post-Roosevelt Dam Modification, Existing Condition

aHa'lIlGtL -
I \ Existing

Reach Location
Design Condition

Discharge l Maximum lOO-YR SPF 200-YR 500·YR
Capacity

(cfs) (cfs) (cfs) (cfs) (cfs) (cfs)

1 Phoenix 289,000 363,000 169,000 187,000 204,000 243,000

2 Phoenix 289,000 261,000 169,000 187,000 204,000 243,000

3 Phoenix 289,000 375,000 169,000 187,000 204,000 243,000

4 Tempe 289,000 360,000 169,000 187,000 204,000 243,000

5 Tempe 250,000 380,000 169,000 187,000 204,000 243,000

6 Tempe 250,000 210,000 169,000 187,000 204,000 243,000

7 Tempe 250,000 260,000 172,000 190,000 207,000 246,000

8 Tempe 250,000 280,000 172,000 190,000 207,000 246,000
Tempe,

9 SRP-MIC 215,000 230,050 172,000 190,000 207,000 246,000
County

10
Mesa

220,000 217,000 172,000 190,000 207,000 246,000
SRP-MIC

1) Design discharges are based on Pre-Roosevelt Dam Modification Conditions.

- 14-
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Table 4.8
Flow Capacity Summary Post-Roosevelt Dam Modification, Existing Condition____._.:u_._~_b __

Discharge Frequency

Reach Location IOO-year 200-Year SOO-year SPF
1 Phoenix C C C C

2 Phoenix C C C C

3 Phoenix C C C C

_4 Tempe C C C C

5 Tempe C C C C

6 Tempe C C CE C

7 Tempe C C CE C

8 Tempe C C C C

Tempe SRP-MIC
9 County C C CE C

10 Mesa, SRP-MIC C C CE C

C=Reach has the flow capacity to convey the discharge frequency without overtopping.
CE =The discharge frequency magnitude exceeds the capacity of the reach

4.10.4 Results for the 100-YR, 200-YR, 500-YR and SPF Flood Frequencies Pre-
Roosevelt Dam Modification

Results from the HEC-RAS model utilizing the lOO-year, 200-year, 500-year, and SPF flood
frequencies for the Pre-Roosevelt Dam Modification Condition are depicted graphically in
figures provided in Appendix C.5. Table 4.9 lists a flow capacity summary showing discharge
frequency and whether or not a reach has the capacity to convey the discharge frequency.

Table 4.9
Flow Capacity Summary Pre-Roosevelt Dam Modification, EXistin~Conditi~~

Discharge Frequency

Reach Location IOO-year 200-Year SOO-year SPF
1 Phoenix C C C C

2 Phoenix C CE CE CE

3 Phoenix C C CE C
_4 Tempe C C C C

5 Tempe C C C C

6 Tempe C CE CE CE

7 Tempe C CE CE CE

8 Tempe C CE CE CE
Tempe SRP-MIC

9 County CE CE CE CE

10 Mesa, SRP-MIC CE CE CE CE

C=Reach has the flow capacity to convey the discharge frequency without overtopping.
CE =The discharge frequency magnitude exceeds the capacity of the reach.

- 25-
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4.11 HEC-RAS PROPOSED CONDITION HYDRAULIC ANALYSES RESULTS

A proposed condition hydraulic model was developed to determine the impacts of
encroachments and or obstructions due to a proposed project on the hydraulic capacity of a
subject reach. The following projects were evaluated:

• Sky Harbor - Extension of a runway safety area resulting in an encroachment into the
Salt River along the north bank of Reach 2. Evaluation of the encroachment showed
that the reach would no longer have the capacity to convey the SOO-year event.
Channelization and the placement of fill to raise the south bank levee for a portion of
the reach are now design elements. The south bank levee will be raised to so that the
reach will convey the SOO-year event. See Figure 4.2 for the location of where the
levee will be raised.

• SR 143 - Widening ofSR 143 at the crossing of the Salt River may add additional
obstructions to flow.

• Pedestrian Walkway, Tempe Town Lake West Dam - Walk way may be an additional
obstruction to flow.

• Loop 202 Widening - Additional piers are obstructions to flow.

• Dobson Road Bridge - Potential obstructions to flow.

Results ofthe hydraulic evaluation for proposed conditions indicate that the Sky Harbor
project and the SR 143 project will accommodate flows up to the SOO-year event. The Loop
202 (Reach 9 and 10), and Dobson Road Bridge (Reach 9 and 10), projects will have impacts
on the flow conveyance for specific discharge frequencies. Table 4.10 lists whether a sub
reach has the capacity to convey the Post-Roosevelt Dam Modification peak discharges under
proposed conditions. A comparison of water surface profiles between existing and proposed
conditions for the 100-year, SPF, 200-year and SOO-year Post Roosevelt Dam Modification
events are provided in Appendices C.6, C.7, C.8 and C.9 respectively.

Table 4.10
Flow Capacity Summary Post-Roosevelt Dam Modification, Proposed Condition

Discharge Frequency

Reach Location lOO-year 200-Year 500-year SPF

1 Phoenix C C C C
2 Phoenix C C C C
3 Phoenix C C C C
4 Tempe C C C C

5 Tempe C C C C
6 Tempe C C CE C

7 Tempe C C CE C

8 Tempe C C C C

9
Tempe SRP-MIC

C C CE C
County

10 Mesa, SRP-MIC C C CE C

C=Reach has the flow capacity to convey the discharge frequency without overtopping.
CE =The discharge frequency magnitude exceeds the capacity of the reach

- 26-
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Table 4.11 lists the design discharges and the existing and proposed condition maximum peak
discharges for specific reaches. The maximum peak discharge for each reach is set at the
discharge resulting in a water surface elevation in which the conveyance capacity is exceeded
and over topping of a levee or channel section is realized. In summary the data indicates that
the capacity of the subject reach of the Salt River has decreased (discharges listed in red) since

the design condition.

Table 4.11
Discharge Summary Post-Roosevelt Dam Modification, Proposed Condition

()H3ik rA.L Maximum ' ..

" Capacity
Reach Location Design UnderDischarge! lOO-YR SPF 200-YR 500-YR

Proposed
Condition

(efs) (efs) (efs) (efs) (cfs) (cfs)

1 Phoenix 289,000 363,000 169,000 187,000 204,000 243,000

2 Phoenix 289,000 251,600 169,000 187,000 204,000 243,000

3 Phoenix 289,000 375,000 169,000 187,000 204,000 243,000

_4 Tempe 289,000 360,000 169,000 187,000 204,000 243,000

5 Tempe 250,000 380,000 169,000 187,000 204,000 243,000

6 Tempe 250,000 210,000 169,000 187,000 204,000 243,000

7 Tempe 250,000 260,000 172,000 190,000 207,000 246,0002

8 Tempe 250,000 280,000 172,000 190,000 207,000 246,000

Tempe,
9 SRP-MIC 215,000 213,000 172,000 190,000 207,000 246,000

County

10
Mesa 220,000 208,600 172,000 190,000 207,000 246,000

SRP-MIC
1) Design discharges are based on Pre-Roosevelt Dam Modification Conditions.

2) Due to backwater in the Tempe Town Lake Marina area flood inundation occurs behind the north levee
between the marina and Rural Road.

Review of the data listed in Table 4.11 indicates that regardless of the original design event
the majority of the study reaches all have the capacity to convey up to the 200-year event and
seven reaches have the capacity to convey up to the 500-year event. The capacities of
Reaches 2, 6, 9 and 10 (values listed in red) will be diminished and will no longer have the
capacity to convey the original design discharge.

- 27-
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58000.00 1148.93 1133.64 15.29 1142.03 1149.42 0.000671 5.65 10262.51 876.64 11.71 19512.09 20388.73 676.64 0.29
145000.00 1156.46 1133.64 22.82 1146.66 1157.58 0.000797 8.53 17309.76 1001.45 17.28 19421.34 20422.79 1001.45 0.34
172000.00 1158.38 1133.64 24.74 1147.82 1159.67 0.000808 9.15 19244.29 1013.95 18.98 19414.36 20428.31 1013.95 0.35

246000.00 1162.88 1133.64 29.24 1150.74 1164.62 0.000850 10.68 23874.12 1044.62 22.85 19398.90 20441.53 1044.62 0.37
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145000.00 1156.01 1133.69 22.32 1146.16 1157.17 0.000810 8.67 17047.30 976.35 17.46 19392.50 20368.86 976.35 0.35
172000.00 1157.91 1133.69 24.22 1147.35 1159.25 0.000828 9.33 18915.34 990.01 19.11 19384.34 20374.35 990.01 0.36
246000.00 1162.35 1133.69 28.66 1150.33 1164.17 0.000882 10.93 23382.43 1024.16 22.83 19363.79 20387.95 1024.16 0.38
292000.00 1164.75 1133.69 31.06 1152.03 1166.87 0.000914 11.80 25885.76 1994.22 24.34 19351.77 21345.99 199422 0.39

58000.00 1148.04 1134.88 13.16 1142.46 1148.69 0.000970 6.44 9006.19 833.88 10.80 19485.24 20319.13 833.88 0.35
145000.00 1155.25 1134.88 20.37 1147.04 1156.68 0.001108 9.60 15278.32 928.69 16.45 19430.86 20359.55 928.69 0.40

172000.00 1157.12 1134.88 22.23 1148.22 1158.75 0.001114 10.29 17023.24 944.61 18.02 19420.17 20364.78 944.61 0.41
246000.00 1161.44 1134.88 26.56 1151.14 1163.64 0.001161 11.98 21198.63 991.86 21.37 19381.43 20373.29 991.86 0.43
292000.00 1163.90 1134.88 29.02 1152.99 1166.34 0.001147 12.71 25074.09 1795.93 19.94 19369.88 21165.81 1795.93 0.43

58000.00 1147.40 1134.89 12.51 1142.42 1148.13 0.001186 6.90 8764.36 907.46 9.66 19548.66 20547.20 907.46 0.38
145000.00 1154.54 1134.89 19.64 1147.07 1156.06 0.001268 10.04 15807.70 1171.38 13.49 19466.01 20637.38 1171.38 0.43
172000.00 1156.45 1134.89 21.56 1148.32 1158.14 0.001234 10.61 18120.62 1287.31 14.67 19457.68 20745.00 1287.31 0.43
246000.00 1160.90 1134.89 26.01 1151.27 1163.01 0.001192 11.98 23658.80 1506.05 18.88 19439.74 20945.79 1506.05 0.44
292000.00 1163.37 1134.89 28.48 1153.35 1165.72 0.001175 12.71 26767.14 1528.09 21.16 19427.85 20955.94 1528.09 0.44

58000.00 1146.43 1133.43 13.00 1142.66 1147.40 0.001805 7.90 7341.66 798.06 9.22 19568.73 20364.79 796.06 0.46

145000.00 1153.34 1133.43 19.91 1147.34 1155.29 0.001760 11.22 13073.02 904.55 14.45 19503.66 20408.21 904.55 0.49
172000.00 1155.21 1133.43 21.78 1148.56 1157.39 0.001702 11.88 14782.60 927.60 15.94 19487.44 20415.05 927.60 0.50

246000.00 1159.41 1133.43 25.98 1151.66 1162.25 0.001685 13.60 18773.79 984.74 19.06 19463.54 20675.54 984.74 0.51
292000.00 1161.75 1133.43 28.32 1153.52 1164.95 0.001674 14.50 21398.06 1213.61 17.63 19452.57 20722.16 1213.61 0.52

58000.00 1145.47 1132.35 13.12 1141.51 1146.39 0.001674 7.67 7559.00 809.81 9.33 19586.86 20398.67 809.81 0.44

145000.00 1152.45 1132.35 20.10 1146.12 1154.29 0.001637 10.91 13429.15 908.17 14.79 19539.69 20447.87 908.17 0.48

172000.00 1154.37 1132.35 22.02 1147.35 1156.41 0.001571 11.51 15190.16 925.42 16.41 19530.91 20456.33 925.42 0.48

246000.00 1158.61 1132.35 26.26 1150.42 1161.27 0.001558 13.19 19220.82 983.95 19.53 19487.06 20471.01 983.95 0.49

292000.00 1160.97 1132.35 28.62 1152.28 1163.97 0.001546 14.05 21572.60 1007.47 21.41 19471.75 20479.22 1007.47 0.50
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172000.00 1153.63 1132.32 21.31 1146.66 1155.59 0.001572 11.25 15453.98 967.79 15.97 19512.14 20479.94 967.79 0.48
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292000.00 1160.38 1132.32 28.06 1151.51 1163.14 0.001455 13.47 22434.87 1100.66 20.38 19465.50 20566.16 1100.66 0.48

58000.00 1143.46 1131.90 11.56 1140.06 1144.51 0.002071 8.21 7061.91 800.68 8.82 19583.62 20384.30 800.68 0.49
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292000.00 1159.44 1131.90 27.54 1150.95 1162.36 0.001554 13.94 22147.51 1102.78 20.08 19423.40 20526.17 1102.78 0.50

55000.00 1143.32 1130.16 13.16 1138.70 1143.97 0.001187 6.45 8525.92 917.86 9.29 19542.39 20460.25 917.86 0.37

140000.00 1150.61 1130.16 20.45 1143.00 1151.91 0.001136 9.14 15317.79 958.11 15.99 19533.52 20491.62 958.11 0.40

169000.00 1152.67 1130.16 22.51 1144.23 1154.15 0.001116 9.79 17327.92 988.44 17.53 19531.39 20519.82 988.44 0.40

243000.00 1157.12 1130.16 26.98 1147.02 1159.06 0.001099 11.23 22176.36 1230.00 18.70 19354.25 20796.44 1230.00 0.42

289000.00 1159.61 1130.16 29.45 1148.65 1161.78 0.001079 11.93 25166.42 1439.92 20.61 19340.74 20798.44 1439.92 0.42

Bridge
--- ---r - 1 1 i 1 1 i i

55000.00 1143.19 1129.35 13.84 1138.45 1143.821 0.0011271 6.34 8681.35 923.911 9.401 19541.291 20465.211 923.91 t 0.36

140000.00 1150.44 1129.35 21.09 1142.75 1151.711 0.0011101 9.051 15467.621 959.731 16.121 19529.471 20489.201 959.731 0.40
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1129.02
1129.02

13.14
20.20

22.18
26.52
29.02

13.30
20.23

22.18
26.35
28.71

11.91
18.77
20.73
24.93
27.31

11.75
18.42

20.31
24.77
27.25

11.83
18.41
20.26
24.73
27.25

11.87
18.34

20.16
24.57
27.08

11.62
18.11
19.94
24.31
26.78

11.58
17.90
19.71
23.87
26.25

11.23
17.26

1138.22
1142.78

1144.05
1147.05
1148.74

1137.81
1142.33

1143.63
1146.65
1148.36

1137.17
1141.67
1142.96
1145.97
1147.79

1137.13
1141.71
1143.00
1146.10
1147.90

1136.86

1141.60
1142.93
1145.93
1147.77

1136.66
1141.42

1142.79
1145.98
1147.78

1136.75
1141.27
1142.56
1145.50
1147.26

1135.73
1140.26
1141.56
1144.53
1146.25

1135.54
1140.06

1143.55

1151.42

1153.64
1158.49
1161.19

1143.35
1151.11

1153.31
1158.05
1160.67

1142.64
1150.32
1152.50
1157.21
1159.84

1142.53
1150.13
1152.29
1156.94
1159.53

1142.48

1150.07
1152.22
1156.87
1159.48

1142.39
1149.90

1152.03

1156.68
1159.27

1142.13
1149.54
1151.65
1156.37
1158.99

1141.54
1148.80
1150.89
1155.63
1158.27

1140.95
1148.01

0.001278
0.001355

0.001353

0.001327

0.001279

0.001164
0.001325
0.001336
0.001365
0.001341

0.001210
0.001341
0.001337
0.001336
0.001315

0.001273
0.001502

0.001518
0.001316
0.001233

0.001227
0.001535
0.001580
0.001365
0.001265

0.001188
0.001557

0.001605

0.001417
0.001318

0.001232
0.001487
0.001520
0.001387
0.001308

0.001051
0.001408
0.001450
0.001458
0.001425

0.001221
0.001614

6.84
9.97

10.73
12.24

12.88

6.65
9.90

lo.a8
12.36

13.10

6.69
9.90

lo.a2
12.18

12.92

6.88
10.37
11.18
12.03
12.49

6.90
10.60
11.51
12.36
12.76

6.90
10.70

11.60
12.60
13.03

6.75
10.23
11.05
12.23
12.76

6.45
10.09
10.96
12.61
13.35

6.74
10.54

8045.61
14042.79

15787.47
21040.51
24335.30

8264.61
14142.81

15831.86
20526.78
23613.96

8219.32
14342.07
16274.96
20849.51
24598.52

7993.88
13597.76

15287.47
22468.50
26157.84

7965.90
13208.08
14687.80
22073.24
25900.38

7975.39
13141.70

14642.75

21586.52
25336.63

8145.62
13686.63
15291.88
21312.51
24674.59

8527.09
13869.66
15448.45
19992.43
22836.46

8166.15
13288.56

838.08
863.87

898.95

1302.18
1347.45

833.97
860.88

881.81
1288.10
1315.63

643.53
966.69

1032.16
1167.32
1701.44

813.16
1124.92
1214.08
1469.26
1514.99

791.69
1055.55
1144.16
1501.41
1552.77

m.59
965.08

1146.97
1482.14
1537.82

840.63
1003.58
1142.03
1351.24
1371.23

836.20
855.31
914.50

1339.03
1402.63

839.76
856.08

9.60
16.26

17.56

16.16
18.08

9.91
16.43

17.95
15.94
17.95

9.74
14.84
15.77
17.86
14.46

9.83
15.41
16.98
15.29
17.27

10.08
16.45
18.26
14.70
16.68

10.26
16.00

17.64
14.56
16.48

9.69
15.75
17.42
15.77
17.99

10.20
16.22
17.15
17.12
18.86

9.72
15.52

19563.83
19558.89

19557.16
19268.56

19259.36

19562.57
19552.50
19551.16
19265.23
19246.38

19539.46
19376.09
19376.09
19024.83

18847.07

19567.62
19217.24
19156.76
19078.09
19088.58

19591.26
19179.49
19132.14
19073.70
19084.34

19602.50
19273.76

19157.80
19105.91
19082.90

19528.65
19254.39
19197.66
19174.74
19167.63

19562.18
19551.43
19182.45
19061.91
19051.29

19523.72
19510.92

20401.92
20422.77

20456.11
20570.74

20808.81

20396.55
20413.39

20432.97
20553.33
20562.01

20382.99
20392.08
20416.98
20531.11

20548.50

20382.02
20390.09
20390.32
20573.96
20583.57

20382.96
20389.52
20390.14
20803.88
20819.44

20394.55
20410.84
20415.44

20817.54
20830.96

20369.28
20385.31
20391.99
20525.98
20538.85

20398.37
20407.15
20449.85
20554.53
20567.21

20363.48
20366.97

838.08
863.87

898.95

1302.18
1347.45

833.97
860.88

881.81
1288.10
1315.63

843.53
966.69

1032.16
1167.32
1701.44

813.16
1124.92
1214.08
1469.26
1514.99

791.69
1055.55
1144.16
1501.41
1552.77

7n.59
965.08

1146.97
1482.14
1537.82

840.63
1003.58
1142.03
1351.24
1371.23

836.20
855.31
914.50

1339.03
1402.63

839.76
856.06

0.40
0.41

0.41

0.39

0.43

0.44
0.45

0.45

0.37
0.43

0.44
0.46
0.46

0.38
0.43
0.44
0.45

0.46

0.39
0.45
0.46
0.45
0.44

0.38
0.46
0.47
0.46
0.45

0.38
0.47
0.48

0.47
0.46

0.38

0.45
0.47
0.46
0.46

0.36
0.44
0.46
0.47
0.48

0.38
0.47
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HEC·RAS Plan: PrePost Q's

Reach

Sail River 1220;83. •. ·110(l,ytWiF' J 169000.00 1148.05 1129.02 19.03 1141.33 1150.08 0.001659 11.41 14810.56 880.67 16.82 19509.16 20389.83 880.67 0.49
Salt RIVer 1~20.~ ISQo.,YfWIP I 243000.00 1152.07 1129.02 23.05 1144.34 1154.78 0.001720 13.24 18509.46 1178.14 19.17 18601.63 20449.04 1178.14 0.51
Salt River 1~2o:e3 USPEW0/P I 289000.00 1154.34 1129.02 25.32 1146.00 1157.43 0.001712 14.15 20741.62 1630.84 20.72 18366.n 20480.99 1630.84 0.52

55000.00 1137.40 1132.00 5.40 1137.40 1140.06 0.010701 13.08 4204.20 794.43 5.29 19546.79 20406.01 794.43 1.00

140000.00 1143.44 1132.00 11.43 1142.05 1147.11 0.005816 15.38 9105.62 830.62 10.96 19537.75 20415.06 830.62 0.82

169000.00 1145.30 1132.00 13.30 1143.35 1149.20 0.005152 15.85 10663.92 841.80 12.67 19534.95 20417.86 841.80 0.78
243000.00 1149.30 1132.00 17.30 1146.42 1153.92 0.004482 17.26 14076.62 958.25 16.26 18770.29 20423.85 958.25 0.75
289000.00 1151.52 1132.00 19.52 1148.14 1156.58 0.004255 18.04 16020.37 1005.94 18.13 18759.13 20446.71 1005.94 0.74

55000.00 1137.27 1126.56 10.71 1132.70 1137.97 0.001238 6.70 8208.78 859.21 9.55 19548.48 20407.70 859.21 0.38
140000.00 1143.88 1126.56 17.32 1137.03 1145.44 0.001423 10.02 13967.46 883.41 15.81 19538.41 20421.81 883.41 0.44
169000.00 1145.75 1126.56 19.19 1138.39 1147.57 0.001440 10,82 15623.54 888.28 17.59 19535.39 20423.67 888.28 0.45
243000.00 1149.78 1126.56 23.22 1141.33 1152.26 0.001527 12.63 19232.66 903.10 21.30 19528.73 20431.83 903.10 0.48

289000.00 1152.03 1126.56 25.47 1142.99 1154.89 0.001593 13.58 21274.76 924.68 23.01 19523.46 20448.14 924.68 0.50

55000.00 1136.48 1125.40 11.08 1132.40 1137.27 0.001525 7.13 7711.80 862.12 8.95 19553.13 20415.25 862.12 0.42
140000.00 1142.95 1125.40 17.55 1136.92 1144.66 0.001647 10.48 13359.10 884.71 15.10 19543.24 20427.96 884.71 0.48

169000.00 1144.80 1125.40 19.40 1138.18 1146.77 0.001685 11.26 15010.93 907.73 16.54 19530.63 20439.68 907.73 0.49

243000.00 1148.81 1125.40 23.41 1141.10 1151.43 0.001737 13.00 18691.87 930.65 20.08 19520.11 20450.76 930.65 0.51

289000.00 1151.03 1125.40 25.63 1142.n 1154.04 0.001762 13.91 20779.39 944.54 22.00 19513.13 20457.68 944.54 0.52

55000.00 1135.66 1124.24 11.42 1131.79 1136.48 0.001623 7.28 7554.74 857.14 8.81 19558.13 20415.27 857.14 0.43

140000.00 1142.03 1124.24 17.79 1136.27 1143.80 0.001756 10.68 13109.79 885.11 14.81 19548.93 20434.04 885.11 0.49

169000.00 1143.85 1124.24 19.61 1137.53 1145.89 0.001798 11.46 14745.55 910.93 16.19 19536.93 20447.86 910.93 0.50

243000.00 1147.82 1124.24 23.58 1140.48 1150.53 0.001834 13.21 18394.73 930.56 19.77 19527.05 20457.61 930.56 0.52
289000.00 1150.02 1124.24 25.78 1142.15 1153.12 0.001858 14.12 20462.70 945.07 21.65 19519.80 20464.87 945.07 0.53

55000.00 1134.79 1123.26 11.53 1131.11 1135.65 0.001742 7.43 7400.83 859.50 8.61 19561.37 20420.87 859.50 0.45
140000.00 1141.07 1123.26 17.81 1135.59 1142.90 0.001860 10.87 12877.45 884.27 14.56 19554.39 20438.67 884.27 0.50
169000.00 1142.86 1123.26 19.60 1136.83 1144.98 0.001882 11.68 14468.66 899.33 16.09 19542.75 20442.09 899.33 0.51
243000.00 1146.78 1123.26 23.52 1139.79 1149.59 0.001945 13.44 18078.15 931.70 19.40 19531.91 20463.61 931.70 0.54

289000.00 1148.97 1123.26 25.71 1141.44 1152.17 0.001959 14.36 20129.75 944.26 21.32 19525.82 20470.08 944.26 0.55

55000.00 1133.87 1122.68 11.19 1130.39 1134.74 0.001836 7.51 7321.92 869.49 8.42 19568.88 20438.37 869.49 0.46

140000.00 1140.08 1122.68 17.40 1134.77 1141.94 0.001920 10.96 12777.23 886.95 14.41 19559.17 20446.12 886.95 0.51

169000.00 1141.85 1122.68 19.17 1136.03 1144.00 0.001969 11.n 14358.72 911.41 15.75 19546.91 20458.32 911.41 0.52
243000.00 1145.74 1122.68 23.06 1138.93 1148.59 0.002001 13.54 17946.99 933.53 19.22 19536.48 20470.01 933.53 0.54

289000.00 1147.92 1122.68 25.24 1140.59 1151.16 0.002012 14.45 19993.80 946.05 21.13 19530.15 20476.19 946.05 0.55

55000.00 1132.97 1122.15 10.82 1129.40 1133.83 0.001793 7.45 7381.27 872.12 8.46 19572.94 20445.06 872.12 0.45

140000.00 1139.12 1122.15 16.97 1133.81 1140.98 0.001915 10.93 12805.86 890.98 14.37 19562.61 20453.58 890.98 0.51

169000.00 1140.87 1122.15 18.72 1135.07 1143.01 0.001968 11.75 14381.53 915.86 15.70 19551.50 20487.36 915.86 0.52

243000.00 1144.74 1122.15 22.59 1137.95 1147.58 0.001999 13.52 17970.89 936.71 19.19 19540.34 20477.05 936.71 0.54

289000.00 1146.92 1122.15 24.77 1139.65 1150.15 0.002009 14.44 20020.65 949.15 21.09 19534.23 20483.38 949.15 0.55

55000.00 1131.96 1121.50 10.46 1128.70 1132.88 0.002004 7.67 7167.09 881.37 8.13 19577.28 20458.85 881.37 0.47

140000.00 1138.06 1121.50 16.56 1133.08 1139.98 0.002047 11.12 12589.41 897.25 14.03 19568.12 20465.36 897.25 0.52

169000.00 1139.78 1121.50 18.28 1134.29 1142.00 0.002045 11.96 14134.50 902.10 15.67 19565.56 20467.86 902.10 0.53

243000.00 1143.58 1121.50 22.08 1137.20 1146.54 0.002116 13.82 17589.04 925.51 19.00 19551.55 20477.06 925.51 0.56

289000.00 1145.72 1121.50 24.22 1138.84 1149.10 0.002154 14.75 19599.57 947.76 20,68 19539.75 20487.51 947.76 0.57

55000.00 1131.01 1120.97 10.04 1127.67 1131.90 0.001914 7.58 7256.33 876.65 8.28 19585.06 20461.71 876.65 0.46

140000.00 1137.06 1120.97 16.09 1132.01 1138.97 0.002028 11.10 12617.45 895.51 14.09 19576.64 20472.15 895.51 0.52

169000.00 1138.77 1120.97 17.80 1133.26 1140.98 0.002052 11.93 14163.18 908.48 15.59 19586.52 20474.99 908.48 0.53

243000.00 1142.54 1120.97 21.57 1136.11 1145.50 0.002092 13.80 17604.26 918.39 19.17 19561.70 20480.09 918.39 0.56

289000.00 1144.64 1120.97 23.67 1137.78 1148.04 0.002109 14.79 19543.59 923.57 21.16 19558.87 20482.44 923.57 0.57

Bridge
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875.84 0.47

896.09 0.53

908.84 0.54
917.69 0.57
922.82 0.58

55000.00 1130.79 1121.11 9.68 1127.45 1131.69 0.001923 7.59 7250.08 877.48 8.26 19585.54 20463.03 877.48 0.47

140000.00 1136.75 1121.11 15.64 1131.81 1138.68 0.002080 11.17 12533.52 897.57 13.96 19576.26 20473.83 897.57 0.53

169000.00 1138.43 1121.11 17.32 1133.05 1140.67 0.002112 12.03 14053.36 910.13 15.44 19565.99 20476.11 910.13 0.54

243000.00 1142.12 1121.11 21.01 1135.94 1145.13 0.002167 13.94 17426.99 919.16 18.96 19561.25 20480.40 919.16 0.56
289000.00 1144.17 1121.11 23.06 1137.62 1147.65 0.002193 14.96 19324.01 924.41 20.90 19558.39 20482.80 924.41 0.58

Bridge -

55000.00 1130.60 1121.14 9.46 1127.33 1131.50 0.001965 7.64 7200.10 876.42 8.22 19586.89 20463.31 876.42 0.47
140000.00 1136.44 1121.14 15.29 1131.66 1138.42 0.002168 11.32 12372.94 896.00 13.81 19576.84 20472.84 896.00 0.54
169000.00 1138.08 1121.14 16.94 1132.90 1140.39 0.002209 12.20 13856.99 908.57 15.25 19566.63 20475.20 908.57 0.55
243000.00 1141.67 1121.14 20.53 1135.77 1144.80 0.002288 14.18 17140.27 917.94 18.67 19562.23 20480.17 917.94 0.58
289000.00 1143.68 1121.14 22.53 1137.48 1147.27 0.002323 15.22 18982.01 923.01 20.57 19559.78 20482.79 923.01 0.59

55000.00 1128.65 1118.42 10.23 1125.91 1129.66 0.002410 8.06 6827.28 894.53 7.63 19576.53 20471.06 894.53 0.51

OO.00סס14 1134.31 1118.42 15.89 1130.19 1136.45 0.002501 11.73 11930.75 910.71 13.10 19568.67 20479.39 910.71 0.57

169000.00 1135.91 1118.42 17.49 1131.41 1138.38 0.002531 12.60 13410.08 926.95 14.47 19554.59 20481.54 926.95 0.58

243000.00 1139.46 1118.42 21.04 1134.23 1142.74 0.002566 14.54 16718.25 941.11 17.76 19545.27 20486.39 941.11 0.61

289000.00 1141.45 1118.42 23.03 1135.91 1145.20 0.002577 15.54 18600.86 949.79 19.58 19539.62 20489.40 949.79 0.62

55000.00 1127.42 1117.50 9.92 1124.77 1128.46 0.002561 8.16 6738.38 907.50 7.43 19528.40 20435.90 907.50 0.53

140000.00 1133.09 1117.50 15.59 1129.03 1135.22 0.002552 11.71 11955.28 931.58 12.83 19519.32 20450.90 931.58 0.58

169000.00 1134.69 1117.50 17.19 1130.30 1137.14 0.002560 12.56 13460.25 945.94 14.23 19506.32 20452.26 945.94 0.59
243000.00 1138.25 1117.50 20.75 1133.11 1141.48 0.002562 14.42 16850.93 960.48 17.54 19494.78 20455.27 960.48 0.61
289000.00 1140.26 1117.50 22.76 1134.74 1143.93 0.002558 15.38 18786.62 970.16 19.36 19489.16 20459.32 970.16 0.62

55000.00 1126.36 1115.35 11.01 1123.35 1127.27 0.002141 7.68 7163.37 924.73 7.75 19579.85 20504.58 924.73 0.49
140000.00 1132.03 1115.35 16.68 1127.58 1133.99 0.002263 11.22 12472.66 946.35 13.18 19573.10 20519.45 946.35 0.54

169000.00 1133.64 1115.35 18.28 1128.78 1135.90 0.002297 12.07 13999.57 962.51 14.54 19560.23 20522.74 962.51 0.56

243000.00 1137.21 1115.35 21.86 1131.54 1140.22 0.002326 13.91 17474.26 979.29 17.84 19548.12 20527.41 979.29 0.58

289000.00 1139.24 1115.35 23.89 1133.18 1142.66 0.002328 14.85 19464.81 988.63 19.69 19542.33 20530.96 988.63 0.59

55000.00 1125.32 1114.26 11.06 1122.46 1126.23 0.002222 7.67 7170.14 952.84 7.52 19598.37 20551.21 952.84 0.49

140000.00 1130.99 1114.26 16.73 1126.57 1132.90 0.002245 11.09 12625.26 969.23 13.03 19591.25 20560.48 969.23 0.54

169000.00 1132.59 1114.26 18.33 1127.74 1134.79 0.002274 11.91 14186.50 986.41 14.38 19575.63 20562.04 986.41 0.55

243000.00 1136.18 1114.26 21.92 1130.47 1139.09 0.002269 13.68 17758.33 999.18 17.77 19565.72 20564.90 999.18 0.57

289000.00 1138.22 1114.26 23.96 1132.09 1141.53 0.002263 14.59 19806.10 1009.34 19.62 19559.69 20569.03 1009.34 0.56

55000.00 1124.25 1113.36 10.89 1121.35 1125.13 0.002158 7.55 7284.70 968.60 7.52 19581.70 20550.30 968.60 0.49

140000.00 1129.92 1113.36 16.56 1125.39 1131.77 0.002205 10.91 12835.75 994.92 12.90 19563.79 20558.71 994.92 0.54

169000.00 1131.52 1113.36 18.16 1126.58 1133.65 0.002195 11.71 14432.91 1001.87 14.41 19559.72 20561.59 1001.87 0.54

243000.00 1135.15 1113.36 21.79 1129.28 1137.95 0.002183 13.44 18084.11 1014.42 17.83 19549.55 20563.97 1014.42 0.56

289000.00 1137.20 1113.36 23.84 1130.80 1140.39 0.002175 14.32 20180.13 1025.12 19.69 19543.07 20568.19 1025.12 0.57

55000.00 1123.10 1112.78 10.32 1120.38 1124.02 0.002311 7.69 7156.42 975.90 7.33 19531.54 20507.45 975.90 0.50

140000.00 1128.79 1112.78 16.01 1124.40 1130.66 0.002270 10.98 12755.67 1002.33 12.73 19513.54 20515.87 1002.33 0.54

169000.00 1130.41 1112.78 17.63 1125.56 1132.55 0.002237 11.75 14383.54 1008.46 14.26 19509.52 20517.98 1008.46 0.55

243000.00 1134.06 1112.78 21.28 1128.26 1136.86 0.002195 13.43 18089.09 1020.26 17.73 19501.10 20521.36 1020.26 0.56

289000.00 1136.13 1112.78 23.35 1129.82 1139.30 0.002176 14.30 20208.19 1030.04 19.62 19494.10 20524.14 1030.04 0.57'

55000.00 1122.00 1111.69 10.31 1119.27 1122.92 0.002329 7.70 7141.96 976.66 7.31 19451.54 20428.20 976.66 0.50

OO.00סס14 1127.73 1111.69 16.04 1123.32 1129.59 0.002263 10.93 12803.81 1009.78 12.68 19442.48 20452.26 1009.78 0.54

169000.00 1129.37 1111.69 17.68 1124.49 1131.49 0.002236 11.67 14482.11 1025.87 14.12 19428.94 20454.81 1025.87 0.55

243000.00 1133.08 1111.69 21.39 1127.20 1135.81 0.002161 13.27 18312.69 1041.12 17.59 19419.22 20460.34 1041.12 0.56



- - - - - - - - - - - - - - - - - - -
0.561

55000.00 1120.94 1110.33 10.61 1118.16 1121.85 0.002263 7.64 7194.70 973.76 7.39 19492.83 20468.59 973.76 0.50
140000.00 1126.69 1110.33 16.36 1122.20 1128.53 0.002227 10.87 12875.81 1011.31 12.73 19483.41 20494.71 1011.31 0.54
169000.00 1128.35 1110.33 18.02 1123.37 1130.44 0.002200 11.60 14574.26 1029.16 14.16 19468.31 20497.47 1029.16 0.54

243000.00 1132.11 1110.33 21.78 1128.10 1134.80 0.002113 13.15 18478.54 1046.59 17.66 19456.91 20503.49 1046.59 0.55

289000.00 1134.24 1110.33 23.91 1127.67 1137.26 0.002070 13.95 20711.51 1055.98 19.61 19450.71 20506.70 1055.98 0.56

55000.00 1119.72 1109.49 10.23 1117.05 1120.66 0.002385 7.75 7097.94 978.76 7.25 19495.96 20474.72 978.76 0.51
140000.00 1125.55 1109.49 16.06 1121.09 1127.39 0.002217 10.90 12847.18 1001.31 12.83 19487.78 20500.46 1001.31 0.54
169000.00 1127.23 1109.49 17.73 1122.25 1129.32 0.002186 11.62 14549.73 1018.90 14.28 19484.83 20503.73 1018.90 0.54
243000.00 1131.03 1109.49 21.54 1124.95 1133.72 0.002095 13.16 18461.51 1036.21 17.82 19474.41 20510.62 1036.21 0.55
289000.00 1133.18 1109.49 23.69 1126.52 1136.21 0.002052 13.96 20696.11 1046.13 19.78 19467.50 20513.63 1046.13 0.55

1119.42 0.001927 7.12 7729.79 1031.11 7.50 19472.90 20504.01 1031.11 0.46

1126.20 0.001783 10.01 13983.21 1051.13 13.30 19462.39 20513.52 1051.13 0.48

1128.14 0.001748 10.70 15793.11 1058.04 14.93 19459.26 20517.30 1058.04 0.49
1132.56 0.001693 12.19 19941.29 1070.94 18.62 19451.85 20522.79 1070.94 0.50
1135.05 0.001668 12.96 22291.75 1077.93 2o.s8 19447.74 20525.68 1077.93 0.50

55000.00 1118.23 1105.53 12.70 1119.02 0.001951 7.15 7698.99 1030.48 7.47 19474.37 20504.85 1030.48 0.46
140000.00 1124.17 1105.53 18.64 1125.75 0.001825 10.09 13875.94 1049.79 13.22 19463.98 20513.77 1049.79 0.49
169000.00 1125.87 1105.53 20.34 1127.67 0.001792 10.79 15661.03 1055.46 14.84 19461.02 20518.48 1055.46 0.49
243000.00 1129.71 1105.53 24.18 1132.06 0.001745 12.31 19741.80 1068.88 18.47 19454.32 20523.19 1068.88 0.50

289000.00 1131.86 1105.53 26.33 1134.53 0.001725 13.11 22052.57 1076.18 20.49 19450.60 20526.79 1076.18 0.51

55000.00 1118.03 1105.72 12.31 1114.66 1118.76 0.001694 6.86 8020.11 1027.20 7.81 19452.69 20479.89 1027.20 0.43
140000.00 1123.98 1105.72 18.26 1118.53 1125.49 0.001685 9.86 14195.92 1048.49 13.57 19441.53 20488.03 1046.49 0.47
169000.00 1125.68 1105.72 19.96 1119.68 1127.42 0.001667 10.58 15978.84 1051.27 15.20 19438.35 20489.62 1051.27 0.48
243000.00 1129.54 1105.72 23.82 1122.29 1131.81 0.001667 12.08 20111.74 1081.91 18.59 19431.11 20513.01 1081.91 0.49
289000.00 1131.70 1105.72 25.98 1123.76 1134.27 0.001653 12.86 22465.04 1092.30 20.57 19427.10 20519.40 1092.30 0.50

Bridge

55000.00 1117.69 1105.11 12.58 1114.39 1118.42 0.001745 6.84 8038.73 1056.84 7.61 19423.36 20480.21 1056.84 0.44
140000.00 1123.60 1105.11 18.49 1118.27 1125.08 0.001690 9.76 14341.09 1076.78 13.32 19412.45 20489.23 1076.78 0.47
169000.00 1125.29 1105.11 20.18 1119.37 1126.98 0.001681 10.45 16164.69 1089.82 14.83 19409.71 20499.98 1089.82 0.48
243000.00 1129.11 1105.11 24.00 1121.91 1131.32 0.001651 11.92 20378.26 1111.26 18.34 19402.41 20513.67 1111.26 0.49
289000.00 1131.26 1105.11 26.15 1123.36 1133.76 0.001634 12.69 22778.36 1122.20 20.30 19398.19 20520.39 1122.20 0.50

55000.00 1115.90 1104.63 11.26 1113.03 1116.78 0.002187 7.56 7279.24 974.88 7.47 19504.88 20479.76 974.88 0.49
140000.00 1121.65 1104.63 17.02 1117.07 1123.47 0.002144 10.83 12931.64 991.25 13.05 19496.98 20488.23 991.25 0.53
169000.00 1123.29 1104.63 18.66 1118.17 1125.38 0.002118 11.60 14563.92 996.05 14.62 19494.73 20490.79 996.05 0.53
243000.00 1126.97 1104.63 22.34 1120.93 1129.71 0.002126 13.29 18290.53 1022.37 17.89 19489.69 20512.06 1022.37 0.55

289000.00 1129.05 1104.63 24.42 1122.45 1132.16 0.002109 14.15 20427.60 1031.95 19.80 19486.25 20518.21 1031.95 0.56

55000.00 1114.87 1104.16 10.71 1111.89 1115.74 0.002098 7.51 7323.02 959.44 7.63 19525.88 20485.33 959.44 0.48

140000.00 112o.s9 1104.16 16.43 1115.95 1122.43 0.002145 10.87 12874.78 981.67 13.12 19512.24 20493.91 981.67 0.53
169000.00 1122.23 1104.16 18.07 1117.15 1124.34 0.002147 11.66 14495.42 995.44 14.56 19500.98 20496.42 995.44 0.54
243000.00 1125.91 1104.16 21.75 1119.87 1128.68 0.002131 13.37 18181.59 1009.98 18.00 19492.46 20502.44 1009.98 0.56

289000.00 1127.99 1104.16 23.83 1121.42 1131.14 0.002119 14.24 20289.25 1019.85 19.89 19488.31 20508.16 1019.85 0.56

55000.00 1113.74 1100.72 13.02 1110.86 1114.65 0.002211 7.65 7193.89 953.60 7.54 19529.69 20483.29 953.60 0.49

140000.00 1119.40 1100.72 18.68 1114.96 1121.30 0.002258 11.07 12651.29 975.83 12.96 19516.37 20492.20 975.83 0.54

169000.00 1121.04 1100.72 20.32 1116.14 1123.22 0.002260 11.85 14262.80 992.78 14.37 19502.99 20495.77 992.78 0.55

243000.00 1124.74 1100.72 24.02 1118.84 1127.57 0.002231 13.50 17996.40 1018.69 17.67 19495.42 20514.10 1018.69 0.57
289000.00 1126.84 1100.72 26.12 1120.48 1130.04 0.002197 14.34 20152.03 1029.47 19.58 19491.09 20520.56 1029.47 0.57



- - - - - - - - - - - - - - - - - - -

55000.00 1111.57 1099.50 12.07 1108.64 1112.46 0.002192 7.56 7270.41 973.47 7.47 19520.41 20493.88 973.47 0.49

140000.00 1117.20 1099.50 17.70 1112.75 1119.06 0.002215 10.93 12811.72 992.62 12.91 19509.34 20501.96 992.62 0.54

169000.00 1118.84 1099.50 19.34 1113.91 1120.97 0.002210 11.69 14454.96 1009.88 14.31 19506.07 20515.95 1009.88 0.54

243000.00 1122.63 1099.50 23.13 1116.60 1125.36 0.002133 13.27 18309.97 1028.80 17.80 19498.43 20527.22 1028.80 0.55

289000.00 1124.79 1099.50 25.29 1118.18 1127.86 0.002087 14.07 20546.72 1040.03 19.76 19494.01 20534.04 1040.03 0.56

55000.00 1110.39 1099.85 10.54 1107.75 1111.30 0.002403 7,66 7184.59 1013.02 7.09 19505.79 20518.81 1013.02 0.51

140000.00 1116.15 1099.85 16.30 1111.71 1117.93 0.002177 10.70 13082.03 1033.27 12.66 19493.56 20526.83 1033.27 0.53

169000.00 1117.82 1099.85 17.97 1112.86 1119.84 0.002143 11.41 14816.12 1050.47 14.10 19490.17 20540.64 1050.47 0.54

243000.00 1121.71 1099.85 21.66 1115.45 1124.27 0.002003 12.83 18938.30 1068.46 17.72 19482.35 20550.81 1068.46 0.54

289000.00 1123.93 1099.85 24.08 1116.97 1126.78 0.001936 13.55 21321.75 1079.02 19.76 19477.99 20557.02 1079.02 0.54

55000.00 1109.37 1096.23 13.14 1106.34 1110.20 0.002026 7.31 7528.55 1003.79 7.50 19427.56 20431.35 1003.79 0.47

140000.00 1115.21 1096.23 18.98 1110.35 1116.89 0.001957 10.39 13477.28 1030.29 13.08 19412.63 20442.92 1030.29 0.51

169000.00 1116.90 1096.23 20.67 1111.48 1118.81 0.001920 11.10 15220.00 1037.40 14.67 19408.87 20446.27 1037.40 0.51

243000.00 1120.85 1096.23 24.62 1114.13 1123.30 0.001821 12.56 19350.44 1053.56 18.37 19401.25 20454.81 1053.56 0.52

289000.00 1123.11 1096.23 26.87 1115.62 1125.84 0.001760 13.29 21822.20 1118.00 19.52 19342.35 20460.35 1118.00 0.52

55000.00 1108.22 1095.03 13.19 1104.92 1109.11 0.002305 7.59 7247.59 1003.90 7.22 19393.30 20397.20 1003.90 0.50

140000.00 1114.16 1095.03 19.13 1109.45 1115.88 0.002050 10.53 13298.61 1030.21 12.91 19378.77 20408.98 1030.21 0.52

169000.00 1115.88 1095.03 20.85 1110.62 1117.83 0.001986 11.21 15076.60 1037.20 14.54 19374.72 20411.92 1037.20 0.52

243000.00 1119.92 1095.03 24.89 1113.27 1122.38 0.001847 12.59 19294.95 1053.84 18.31 19365.54 20419.38 1053.84 0.52

289000.00 1122.44 1095.03 27.41 1114.75 1124.92 0.001618 12.79 23457.21 1390.36 16.87 19034.25 20424.81 1390.36 0.50

55000.00 1107.08 1094.82 12.46 1103.73 1107.96 0.002210 7.52 7309.85 994.27 7.35 19397.49 20391.76 994.27 0.49

140000.00 1113.19 1094.62 18.57 1108.27 1114.85 0.001939 10.34 13533.46 1033.07 13.10 19384.31 20417.38 1033.07 0.50

169000.00 1114.95 1094.62 20.33 1109.43 1116.83 0.001872 11.00 15360.40 1040.40 14.76 19380.36 20420.77 1040.40 0.50

243000.00 1119.08 1094.62 24.46 1112.05 1121.44 0.001734 12.34 19666.45 1057.76 18.61 19370.98 20428.74 1057.76 0.50

289000.00 1121.44 1094.62 26.82 1113.56 1124.07 0.001667 13.02 22199.15 1067.82 20.79 19365.50 20433.32 1067.82 0.50

55000.00 1106.10 1090.05 16.04 1101.95 1106.89 0.001903 7.15 7689.25 1008.25 7.63 19445.66 20453.91 1008.25 0.46

140000.00 1112.36 1090.05 22.30 1106.92 1113.89 0.001702 9.94 14080.93 1033.36 13.63 19432.61 20465.98 1033.36 0.47

169000.00 1114.15 1090.05 24.10 1108.06 1115.90 0.001656 10.60 15943.22 1040.29 15.33 19428.98 20469.26 1040.29 0.48

243000.00 1118.35 1090.05 28.30 1110.69 1120.56 0.001556 11.95 20342.79 1057.38 19.24 19420.38 20471.76 1057.38 0.48

289000.00 1120.74 1090.05 30.69 1112.17 1123.22 0.001504 12.63 22889.87 1066.21 21.47 19416.56 20482.77 1066.21 0.48

55000.00 1105.09 1089.65 15.44 1100.06 1105.92 0.002052 7.31 7527.08 1010.96 7.45 19507.77 20518.72 1010.96 0.47

OO.00סס14 1111.53 1089.65 21.88 1106.05 1113.06 0.001693 9.92 14116.99 1034.67 13.64 19495.27 20529.94 1034.67 0.47

169000.00 1113.36 1089.65 23.71 1107.21 1115.09 0.001636 10.55 16013.38 1040.98 15.38 19491.71 20532.69 1040.98 0.47

243000.00 1117.61 1089.65 27.96 1109.82 1119.80 0.001527 11.87 20477.93 1058.60 19.34 19482.74 20541.34 1058.60 0.48

289000.00 1120.04 1089.65 30.39 1111.34 1122.48 0.001475 12.53 23065.17 1069.81 21.56 19476.77 20546.57 1069.81 0.48

55000.00 1103.17 1091.08 12.09 1100.17 1104.54 0.003328 9.41 5842.52 769.97 7.59 19577.76 20352.23 769.97 0.60

140000.00 1108.94 1091.08 17.66 1105.74 1111.74 0.003347 13.44 10417.78 806.08 12.92 19555.69 20361.71 806.08 0.66

169000.00 1110.55 1091.08 19.47 1107.10 1113.78 0.003329 14.42 11717.72 811.23 14.44 19552.05 20363.28 811.23 0.67

243000.00 1114.30 1091.08 23.22 1110.18 1118.50 0.003245 16.43 14786.29 823.30 17.96 19543.77 20367.07 823.30 0.68

289000.00 1116.46 1091.08 25.38 1111.92 1121.18 0.003186 17.44 16568.01 830.99 19.94 19538.16 20369.15 830.99 0.69

55000.00 1101.80 1086.96 14.84 1097.82 1103.02 0.002665 8.85 6211.54 758.84 8.19 19580.54 20339.38 758.84 0.55

140000.00 1107.37 1086.96 20.41 1103.86 1110.12 0.003123 13.31 10519.45 781.61 13.46 19562.46 20344.07 781.61 0.64

169000.00 1108.95 1086.96 21.99 1105.22 1112.16 0.003172 14.38 11752.39 785.29 14.97 19559.27 20344.57 785.29 0.66

243000.00 1112.60 1086.96 25.64 1108.37 1116.88 0.003220 16.60 14639.97 794.33 18.43 19551.40 20345.73 794.33 0.68

289000.00 1114.70 1086.96 27.74 1110.16 1119.57 0.003213 17.72 16312.81 799.61 20.40 19548.79 20348.40 799.61 0.69



- - - - - - - - - - - - - - - - - - -

55000.00 1099.74 1089.15 10.59 1096.58 1100.58 0.002105 7.36 7472.99 1012.27 7.38 19452.87 20465.13 1012.27 0.48
140000.00 1105.63 1089.15 16.48 1100.78 1107.30 0.001964 10.37 13502.96 1035.72 13.04 19439.71 20475.42 1035.72 0.51

169000.00 1107.41 1089.15 18.26 1101.92 1109.29 0.001881 11.00 15360.67 1042.79 14.73 19435.83 20478.62 1042.79 0.51
243000.00 1111.59 1089.15 22.44 1104.52 1113.94 0.001725 12.30 19749.63 1060.91 18.62 19427.09 20488.00 1060.91 0.50

289000.00 1113.98 1089.15 24.83 1106.03 1116.59 0.001648 12.96 22303.91 1070.05 20.84 19422.47 20492.52 1070.05 0.50

55000.00 1098.36 1087.28 11.08 1096.00 1099.36 0.002765 8.01 6863.27 1003.62 6.84 19477.42 20481.04 1003.62 0.54

140000.00 1104.46 1087.28 17.18 1100.01 1106.25 0.002173 10.71 13066.79 1029.09 12.70 19465.08 20494.17 1029.09 0.53
169000.00 1106.33 1087.28 19.05 1101.13 1108.30 0.002023 11.27 14996.04 1036.72 14.46 19461.04 20497.76 1036.72 0.52

243000.00 1110.63 1087.28 23.35 1103.76 1113.05 0.001788 12.46 19494.78 1054.34 18.49 19451.80 20506.14 1054.34 0.51

289000.00 1113.09 1087.28 25.81 1105.27 1115.75 0.001689 13.08 22094.86 1064.10 20.76 19446.99 20511.09 1084.10 0.51

55000.00 1096.99 1082.79 14.20 1094.50 1098.01 0.002717 8.08 6808.42 967.47 7.04 19524.09 20491.56 967.47 0.54

140000.00 1103.44 1082.79 20.65 1098.59 1105.20 0.002054 10.67 13122.87 993.13 13.21 19511.75 20504.88 993.13 0.52

169000.00 1105.38 1082.79 22.58 1099.81 1107.33 0.001914 11.22 15058.44 1000.93 15.04 19508.03 20508.96 1000.93 0.51

243000.00 1109.77 1082.79 26.98 1102.52 1112.19 0.001717 12.46 19497.12 1019.06 19.13 19499.16 20518.21 1019.06 0.50

289000.00 1112.26 1082.79 29.47 1104.05 1114.93 0.001637 13.11 22041.48 1029.42 21.41 19494.02 20523.44 1029.42 0.50

55000.00 1095.53 1082.28 13.25 1093.07 1096.60 0.002777 8.30 6624.92 919.37 7.21 19577.24 20496.61 919.37 0.55

140000.00 1102.37 1082.28 20.09 1097.32 1104.17 0.001980 10.76 13012.48 946.88 13.74 19563.60 20510.47 946.88 0.51

169000.00 1104.37 1082.28 22.09 1098.52 1106.36 0.001855 11.33 14911.94 955.03 15.61 19559.48 20514.50 955.03 0.51

243000.00 1108.82 1082.28 26.54 1101.31 1111.30 0.001698 12.66 19198.54 972.89 19.73 19550.17 20523.06 972.89 0.50
289000.00 1111.31 1082.28 29.03 1102.90 1114.08 0.001637 13.36 21634.94 982.90 2201 19544.95 20527.85 982.90 0;50

55000.00 1094.60 1082.61 11.99 1090.89 1095.44 0.001736 7.33 7504.55 877.96 8.55 19622.14 20500.09 877.96 0.44
140000.00 1101.63 1082.61 19.02 1095.33 1103.23 0.001558 10.16 13775.40 907.42 15.18 19607.16 20514.57 907.42 0.46
169000.00 1103.65 1082.61 21.04 1096.58 1105.47 0.001513 10.82 15822.15 916.00 17.05 19602.78 20518.78 916.00 0.46
243000.00 1108.12 1082.61 25.51 1099.48 1110.47 0.001474 12.30 19754.91 935.00 21.13 19593.04 20528.04 935.00 0.47
289000.00 1110.61 1082.61 28.00 1101.10 1113.27 0.001458 13.08 22099.67 945.49 23.37 19587.73 20533.22 945.49 0.48

55000.00 1093.67 1080.76 12.91 1090.27 1094.58 0.001903 7.57 7260.89 872.29 8.32 19628.17 20500.46 872.29 0.46

140000.00 1100.83 1080.76 20.06 1094.56 1102.47 0.001593 10.29 13608.45 900.91 15.11 19613.61 20514.52 900.91 0.47
169000.00 1102.88 1080.76 22.12 1095.88 1104.73 0.001536 10.93 15466.75 909.11 17.01 19609.39 20518.50 909.11 0.47

243000.00 1107.36 1080.76 26.60 1098.81 1109.75 0.001489 12.41 19579.15 926.90 21.12 19600.30 20527.20 926.90 0.48

289000.00 1109.86 1080.76 29.09 1100.44 1112.56 0.001471 13.19 21905.85 936.65 23.39 19595.40 20532.05 936.65 0.48

55000.00 1092.85 1080.48 12.37 1088.63 1093.65 0.001585 7.18 7657.02 868.48 8.82 19621.43 20489.92 868.48 0.43

140000.00 1100.15 108Q.48 19.67 1093.37 1101.68 0.001408 9.92 14108.47 899.03 15.69 19607.11 20506.13 899.03 0.44

169000.00 1102.23 1080.48 21.75 1094.63 1103.96 0.001371 10.57 15985.33 906.73 17.63 19603.19 20509.92 906.73 0.44

243000.00 1106.72 1080.48 26.24 1097.58 1108.99 0.001360 12.09 20104.27 925.65 21.72 19592.72 20518.36 925.65 0.46

289000.00 1109.23 1080.48 28.75 1099.21 1111.81 0.001355 12.88 22435.53 935.28 23.99 19588.01 20523.29 935.28 0.46

55000.00 1092.22 1080.42 11.80 1087.58 1092.92 0.001234 6.71 8190.98 852.69 9.61 19629.88 20482.57 852.69 0.38

140000.00 1099.55 1080.42 19.13 1092.06 1100.98 0.001243 9.61 14566.58 887.33 16.42 19610.33 20497.86 887.33 0.42

169000.00 1101.64 1080.42 21.22 1093.32 1103.28 0.001231 10.29 16429.69 896.80 18.32 19604.46 20501.27 896.80 0.42

243000.00 1106.13 108Q.42 25.70 1096.26 1108.31 0.001258 11.85 20502.22 918.06 22.33 19591.96 20510.02 918.06 0.44

289000.00 1108.63 108Q.42 28.21 1097.98 1111.12 0.001269 12.67 22813.26 929.32 24.55 19585.99 20515.31 929.32 0.45

55000.00 1091.70 1077.60 14.10 1086.59 1092.33 0.001058 6.40 859M3 855.94 10.04 19619.33 20475.27 855.94 0.36

140000.00 1099.01 1077.60 21.41 1091.07 1100.37 0.001139 9.35 14976.50 890.65 16.82 19599.09 20489.74 890.65 0.40

169000.00 1101.10 1077.60 23.50 1092.33 1102.67 0.001139 10.03 16852.70 901.32 18.70 19592.35 20493.67 901.32 0.41

243000.00 1105.58 1077.60 27.98 1095.32 1107.67 0.001181 11.61 20936.37 922.33 22.70 19579.74 20502.07 922.33 0.43

289000.00 1108.08 1077.60 30.48 1096.99 1110.48 0.001197 12.43 23253.45 933.24 24.92 19574.25 20507.48 933.24 0.44



- - - - - - - - - - - - - - - - - - -

55000.00 1090.19 1077.04 13.15 1085.63 1090.91 0.001307 6.83 8057.11 853.35 9.44 19626.67 20480.02 853.35 0.39
140000.00 1097.51 1077.04 20.47 1090.14 1098.96 0.001296 9.67 14476.02 901.73 16.05 19605.37 20507.11 901.73 0.43
169000.00 1099.62 1077.04 22.58 1091.43 1101.27 0.001332 10.30 16412.30 986.39 16.84 19531.11 20517.50 986.39 0.44

243000.00 1104.13 1077.04 27.09 1094.39 1106.24 0.001280 11.68 20973.90 1026.98 20.42 19522.69 20549.86 1026.98 0.44
289000.00 1106.65 1077.04 29.61 1096.08 1109.02 0.001242 12.39 23582.18 1036.29 22.76 19518.01 20554.29 1036.29 0.45

Bridge
--

55000.00 1089.75 1075.99 13.76 1090.48 0.001311 6.82 8070.36 860.09 9.38 19631.18 20491.28 860.09 0.39

140000.00 1096.97 1075.99 20.98 1098.43 0.001308 9.70 14426.24 901.28 16.01 19610.38 20511.66 901.28 0.43

169000.00 1099.04 1075.99 23.05 1100.71 0.001341 10.35 16338.72 979.60 16.68 19544.38 20542.27 979.60 0.44
243000.00 1103.51 1075.99 27.52 1105.65 0.001285 11.76 20828.08 1014.41 20.53 19536.49 20550.90 1014.41 0.45
289000.00 1106.02 1075.99 30.03 1108.42 0.001252 12.48 23387.90 1023.68 22.85 19531.63 20555.31 1023.68 0.45

55000.00 1089.40 1075.34 14.06 1084.51 1090.05 0.001127 6.44 8537.77 883.71 9.68 19567.36 20451.07 883.71 0.37

140000.00 1096.65 107.5.34 21.31 1088.95 1097.98 0.001170 9.27 15107.59 930.64 16.23 19544.55 20475.19 930.64 0.41
169000.00 1098.72 1075.34 23.38 1090.21 1100.25 0.001178 9.91 17059.41 982.01 17.37 19500.52 20482.53 982.01 0.41
243000.00 1103.28 1075.34 27.94 1093.12 1105.17 0.001123 11.11 22537.92 1249.24 18.04 19254.03 20503.27 1249.24 0.42
289000.00 1105.88 1075.34 30.54 1094.77 1107.93 0.001074 11.65 25813.81 1298.24 19.88 19212.38 20510.63 1298.24 0.42

55000.00 1088.99 1073.65 15.34 1083.93 1089.55 0.001001 6.01 9146.84 960.18 9.53 19440.42 20400.60 960.18 0.34

140000.00 1096.31 1073.65 22.66 1088.15 1097.45 0.001001 8.57 16344.10 1007.09 16.23 19416.15 20423.24 1007.09 0.37
169000.00 1098.40 1073.65 24.75 1089.36 1099.70 0.000989 9.15 18467.30 1020.45 18.10 19409.40 20429.85 1020.45 0.38
243000.00 1102.94 1073.65 29.29 1092.12 1104.65 0.001000 10.49 23163.20 1050.82 22.04 19394.65 20445.46 1050.82 0.39
289000.00 1105.50 1073.65 31.85 1093.67 1107.44 0.001001 11.17 25881.35 1070.42 24.18 19385.00 20455.42 1070.42 0.40
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3. HEC-RAS Proposed Conditions
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------ ­C()l;\ vi,. J..,.()V\ s- - -­liM e - fro PI1SrJ--------
'MadeL
Froude#Chl

0.38

Sail River 222.09 Bridge

;'l";
Salt River . 222;06." 'hi. ".,11: 58000.00 1149.23 1135.30 13.93 1143.20 1149.77 0.000799 5.91 9806.16 891.20 11.00 19552.89 20444.09 891.20 0.31
Sa~Ri'ler . :222.06 145000.00 1156.79 1135.30 21.49 1147.58 1157.96 0.000875 8.71 16849.88 998.80 16.87 19487.66 20486.46 998.80 0.36

ISallRiver 222.Ql;I 172000.00 1158.69 1135.30 23.39 1148.73 1160.04 0.000883 9.34 18768.68 1016.24 18.47 19476.79 20493.04 1016.24 0.37
Salt River 222:0.8 ',; 246000.00 1163.23 1135.30 27.93 1151.59 1165.04 0.000909 10.85 23465.00 1049.92 22.35 19458.03 20507.95 1049.92 0.38
Sail Rh,er 222.08 292000.00 1165.62 1135.30 30.32 1153.21 1167.71 0.000937 11.70 25987.02 1065.82 24.38 19449.39 20515.21 1065.82 0.39. ';' ,';';

.SaltRiver 221jj9 fO:-yrWif> 58000.00 1148.92 1133.64 15.28 1142.03 1149.42 0.000871 5.65 10258.45 876.62 11.70 19512.11 20388.72 876.62 0.29
Sail River 22.199S(y.yrWif> 145000.00 1156.44 1133.64 22.80 1146.66 1157.56 0.000800 8.54 17287.26 1001.30 17.26 19421.42 20422.72 1001.30 0.34
Sail River 221.991bo,yrWif>· 172000.00 1158.34 1133.64 24.70 1147.82 1159.64 0.000813 9.17 19203.83 1013.70 18.94 19414.49 20428.19 1013.70 0.35
Sa~River 221..99 50o,yrWIl" 246000.00 1162.87 1133.64 29.23 1150.74 1164.61 0.000851 10.68 23865.57 1044.56 22.85 19396.93 20441.49 1044.56 0.371
Sail River :221.99 sPP'WOif> 292000.00 1165.25 1133.64 31.61 1152.41 1167.27 0.000882 11.54 26367.67 1060.58 24.86 19389.43 20450.00 1060.58 0.38

I.
Sail River 1221.80, l1o:-yrWif>·; I 58000.001 1148.041 1134.881 13.161 1142.461 1148.681 0.0009721 6.441 9001.201 833.871 10.791 19485.241 20319.121 833.871 0,35
Salt River 12:21.80 IsQ..yrWJp 0 'I 145000.001 1155.221 1134.881 20.341 1147.041 1156.661 0.0011141 9.621 15251.801 928.391 16.431 19431.051 20359.441 928.391 0.40
Sail River 2:21.80 172000.00 1157.08 1134.88 22.18 1148,22 1158.71 0.001124 10.31 16975.74 944.21 17.98 19420.48 20364.68 944.21 0.41
Sal.t.RfVI'f.. 221:'80 246000.00 1161.43 1134.88 26.55 1151.14 1163.63 0.001163 11.98 21188.34 991.79 21.36 19381.48 20373.27 991.79 0.43
SallRlVer 221.:60 ,;,' 292000.00 1163.79 1134.88 28.91 1152.99 1166.26 0.001163 12.76 24944.24 1795.21 19.84 19370.22 21165.43 1795.21 0.44

:"".".",
Sail River :221.1r 58000.00 1147.40 1134.89 12.51 1142.42 1148.13 0.001188 6.90 8757.39 907.42 9.65 19548.70 20547.20 907.42 0.38
Salt River 221.71 'Iw,vrvv,> 145000.00 1154.50 1134.89 19.61 1147.07 1156.04 0.001276 10.06 15768.44 1167.38 13.51 19466.20 20633.58 1167.38 0.43
SaltRiver 22U1 172000.00 1158.39 1134.89 21.50 1148.32 1158.09 0.001248 10.65 18045.69 1283.74 14.61 19457.93 20741.67 1283.74 0.43
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Salt River 221.S1, lo,yrWiJ>" 58000.00 1145.46 1132.35 13.11 1141.51 1146.37 0.001685 7.69 7545.16 809.77 9.32 19586.88 20396.65 809,77 0.44
Sail River 22105'15o,yr'!Nif> 145000.00 1152.39 1132.35 20.04 1146.12 1154.25 0.001657 10.95 13376.84 907.50 14.74 19539.96 20447.46 907.50 0.48
Salt River :221.ii1 1'0o,yr"!NlP 172000.00 1154.27 1132.35 21.92 1147.35 1156.34 0.001600 11.58 15101.40 924.64 16.33 19531.36 20456.00 924.64 0.48
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58000.00
145000.00

1143.42
1150.42

1131.90
1131.90

11.52
18.52

1140.06
1144.73

1144.48
1152.44

0.002105
0.001912

8.25
11.41

7026.62
12745.41

800.60
907.46

8,78
14.05

19583.68
19574.31

20384.27
20481.77

800.60
907.46

0.49
0.51

Salt River 1221:3'1 172000.00 1152.42 1131.90 20.52 1145.95 1154.62 0.001788 11.94 14606.03 999.79 14.61 19452.19 20504.79 999.79 0.50

Salt River
SaltRiver

1221;31
1221.31

246000.00
292000.00

1156.95
1159.20

1131.90
1131.90

25.05
27.30

1149.04
1150.95

1159.62
1162.19

0.001622
0.001610

13.26
14.10

19426.74
21887.13

1083.01
1100.84

17.94
19.88

19436.65
19424.72

20519.66
20525.55

1083.01
1100.84

0.50
0.51

Sail Rivet
sait River.

221.26
221.26

55000.00
140000.00

1143.27
1150.51

1130.16
1130.16

13.11
20.35

1138.70
1143.00

1143.92
1151.83

0.001208
0.001159

6.48
9.20

8481.22
15222.68

917.65
956.31

9.24
15.92

19542.45
19533.62

20460.10
20489.93

917.65
956.31

0.38
0.40
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Reach River Sta Profile "'dlotSl

(elS) • ,(ft).•. · .' ··(l'tKt· 1..··.•.·····>(\1)', .... .,. :.)(ft) (ft) ·.··.(fll
Salt River 221.26 10o'yrWIP 169000.00 1152.52 1130.16 22.36 1144.23 1154.03 0.001147 9.87 17177.63 987.60 17.39 19531.52 20519.12 987.60 0.41
Sa~River 221.28 500,yrWIP 243000.00 1157.09 1130.16 26.93 1147.02 1159.04 0.001104 11.25 22141.49 1225.94 18.68 19354.45 20796.44 1225.94 0.42
Sa~River 221.26 .SPFWO/P 289000.00 1159.38 1130.16 29.22 1148.65 1161.60 0.001115 12.05 24882.57 1406.93 20.52 19341.75 20796.44 1406.93 0.42...
Salt River 221.25$. •••

·.k Bridge

'.,
Salt River 22.1..25 I..,· ;Aiie 55000.00 1143.14 1129.35 13.79 1138.45 1143.77 0.001147 6.37 8634.33 923.58 9.35 19541.48 20465.07 923.58 0.37
Salt.River 221.25' 15"" w/i: 140000.00 1150.33 1129.35 20.98 1142.75 1151.62 0.001133 9.11 15368.66 956.72 16.06 19529.58 20486.30 956.72 0.40
Salt River 22t25' --...... 169000.00 1152.32 1129.35 22.97 1143.94 1153.81 0.001125 9.79 17355.32 1106.29 15.69 19302.25 20542.97 1106.29 0.40
SalfRiVer 221025 243000.00 1156.92 1129.35 27.57 1146.72 1158.76 0.001054 11.00 23350.86 1526.26 17.15 19237.38 20791.85 1526.26 0.41

SlillRiver 22 ...... 289000.00 1159.23 1129.35 29.87 1148.32 1161.29 0.001050 11.70 26514.68 1561.20 19.26 19230.65 20791.85 1561.20 0.41
i'. .·.··.).t.·.,· .•·t

Sa~'Rlver .22 I;.,

~~.••'.••

55000.00 1142.76 1129.68 13.08 1138.22 1143.50 0.001304 6.88 7996.92 837.96 9.54 19563.87 20401.83 837.96 0.39
Sa~Rlver . 22 140000.00 1149.76 1129.68 20.08 1142.78 1151.33 0.001387 10.04 13943.04 861.90 16.18 19558.99 20420.90 861.90 0.44
Sa~River 22'[21 40P'yrWIP' 169000.00 1151.68 1129.68 22.00 1144.05 1153.50 0.001397 10.83 15629.63 895.72 17.45 19557.32 20453.04 895.72 0.45
Sa~River 221.21 500"'1rWIP 243000.00 1156.17 1129.68 26.49 1147.05 1158.46 0.001335 12.26 20994.90 1301.97 16.13 19268.66 20570.63 1301.97 0.45
Sa~River 221.21 SPFWOIP 289000.00 1158.42 1129.68 28.74 1148.74 1160.98 0.001333 13.05 23960.40 1341.74 17.86 19260.56 20602.30 1341.74 0.46

•. ,o.' " ..,'

Sal.tRiver 221,20 •. '.,.,' ...... Bridge
C·,

SaltRiver 221.19 -yr~ rP 55000.00 1142.60 1129.36 13.24 1137.81 1143.29 0.001188 6.70 8213.20 833.80 9.85 19562.65 20396.45 833.80 0.38

Sa~River 221.19 'vr' rP 140000.00 1149.47 1129.36 20.11 1142.33 1151.01 0.001358 9.97 14036.68 860.66 16.31 19552.59 20413.25 860.66 0.44
Sa~River 22U9 169000.00 1151.35 1129.36 21.99 1143.63 1153.16 0.001382 10.79 15667.04 877.44 17.86 19551.29 20428.72 877.44 0.45

Sa~ River 221.19 50o'yrW/P 243000.00 1155.67 1129.36 26.31 1146.65 1158.02 0.001373 12.39 20478.83 1287.04 15.91 19266.15 20553.19 1287.04 0.46

Sa~ River 221.19 SPFWOIP. 289000.00 1157.77 1129.36 28.41 1148.36 1160.45 0.001402 13.28 23223.33 1312.68 17.69 19248.24 20560.92 1312.68 0.47

Sa~River 221.08 lQ..yrWIP 55000.00 1141.86 1130.03 11.83 1137.16 1142.57 0.001244 6.75 8149.83 843.23 9.66 19539.60 20382.83 843.23 0.38

Salt River 221.08 50-yrWIP 140000.00 1148.65 1130.03 18.62 1141.67 1150.20 0.001383 10.00 14196.58 964.91 14.71 19376.09 20391.78 964.91 0.44
Sal(River 221.08" . 10o'yr.WIP 169000.00 1150.54 1130.03 20.51 1142.96 1152.32 0.001393 10.75 16046.65 1019.01 15.75 19376.09 20411.55 1019.01 0.45

Salt RiVer ." .221.08 .. 50o..WW/p· 243000.00 1154.92 1130.03 24.89 1145.97 1157.18 0.001345 12.20 20799.25 1164.81 17.86 19026.57 20530.86 1164.81 0.46

sail River' 221:08 sPFWbjp" 289000.00 1156.99 1130.03 26.96 1147.79 1159.59 0.001390 13.16 24003.00 1661.08 14.45 18884.46 20545.54 1661.08 0.47

. ..•.,.

1!'l"~Riv"f 122 '$ I>,.:"'.' Bridge

:" < ··i: ,.:".'{;';.'."'"
Sa~Rjver ~, 55000.00 1141.71 1130.05 11.66 1137.11 1142.46 0.001310 6.94 7923.71 812.92 9.75 19567.67 20381.91 812.92 0.39

Sa.ltRlver. 140000.00 1148.31 1130.05 18.26 1141.71 1150.01 0.001552 10.47 13456.63 1114.41 15.27 19222.53 20390.06 1114.41 0.46

SaltRiver 169000.00 1150.12 1130.05 20.07 1143.02 1152.11 0.001588 11.33 15069.48 1205.17 16.78 19162.05 20390.29 1205.17 0.47

SalfRive'r ...... 243000.00 1154.32 1130.05 24.27 1146.09 1156.91 0.001586 13.02 19286.21 1459.86 18.00 19082.89 20570.86 1459.86 0.49

Salt River 221.07 I"'" . ""''<'1" 289000.00 1156.95 1130.05 26.89 1147.86 1159.26 0.001304 12.72 25613.74 1510.48 16.96 19070.28 20583.36 1510.48 0.45

.'
Sa~RIVer 221:065 lo'yrWIP 55000.00 1141.66 1129.91 11.75 1136.85 1142.41 0.001262 6.97 7896.42 791.55 9.98 19591.28 20382.83 791.55 0.39

Sa~Rlver 221 ..065. 5Q..yrWIP 140000.00 1148.16 1129.91 18.25 1141.57 1149.94 0.001586 10.71 13075.82 1043.08 16.29 19189.12 20389.46 1043.08 0.47

Sall'River 221.065 10Q..yrWIP 169000.00 1149.92 1129.91 20.01 1142.92 1152.03 0.001652 11.66 14488.77 1132.62 18.01 19138.99 20390.05 1132.62 0.48

Sa~River 221.065 5OG-yrW/P 243000.00 1153.99 1129.91 24.08 1146.04 1156.82 0.001708 13.56 18411.31 1492.23 17.95 19077.16 20600.26 1492.23 0.51

Sa~River 221.065 SPFWOIP 289000.00 1156.78 1129.91 26.87 1147.78 1159.20 0.001344 13.02 25318.11 1532.57 16.52 19064.91 20617.50 1532.57 0.46

Salt River 221.063 Bridge

;a tRivet 122BIEl. 55000.00 1141.56 1129.78 11.78 1136.68 1142.31 0.001223 6.96 7905.17 777.10 10.17 19602.61 20394.34 777.10 0.38

;a tRiVe'r 1221.06' ....•.... , .... 140000.00 1147.95 1129.78 18.17 1141.42 1149.76 0.001611 10.81 13001.88 957.09 15.85 19278.04 20410.41 957.09 0.47

l1li i' 169000.00 1149.68 1129.78 19.90 1142.79 1151.83 0.001684 11.78 14426.37 1128.03 17.40 19167.30 20414.78 1128.03 0.49

~ 07:
243000.00 1153.68 1129.78 23.90 1145.98 1156.55 0.001740 13.68 18363.46 1471.17 17.56 19111.14 20614.34 1471.17 0.52

289000.00 1156.44 1129.78 26.66 1147.78 1158.99 0.001405 13.31 24725.84 1518.18 16.29 19088.10 20628.77 1518.18 0.47
......... ' ,......[{ ...•..

.., 55000.00 1141.33 1129.81 11.52 1136.76 1142.05 0.001275 6.82 8062.21 840.25 9.59 19528.78 20369.03 840.25 0.39"

SaltRlve( ..... 140000.00 1147.74 1129.81 17.93 1141.27 1149.40 0.001542 10.35 13529.14 969.00 15.59 19259.11 20384.59 969.00 0.46

Salt River 169000.00 1149.48 1129.81 19.67 1142.57 1151.44 0.001600 11.23 15049.30 1131.30 17.16 19200.81 20391.16 1131.30 0.48

Sa~River "': .,) 243000.00 1153.50 1129.81 23.69 1145.54 1156.13 0.001636 13.03 18854.58 1344.88 18.53 19176.89 20521.76 1344.88 0.50

Sa~Rive'r ,22tO~t·.·· .. 289000.00 1156.17 1129.81 26.36 1147.26 1158.69 0.001396 13.03 24108.29 1368.15 17.62 19168.75 20536.90 1368.15 0.47
' .. '1•.•.:..•.....

HEC-RAS Plan: Prop PrePost River: Salt River Reach: Salt River (Continued)
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HEC-RAS Plan: Prop PrePosl River. Salt River Reach: Sail River (Conlinued)

Reach River Sla Profile Qifoiiil ."" ~'T L·.:jltY:'::.»· ~
$laW;S,Rgl TopW!dih • Froude#'Chl

«:f$) (fl)e ·(it)· ..•.. (ft) (ft)
Sail River '.""i B 55000.00 1140.78 1129.32 11.46 1135.73 1141.44 0.001093 6.53 8425.74 835.87 10.08 19562.38 20398.25 835.87 0.36
Salt River

~~::r .... 'liiM; .•••

140000.00 1147.01 1129.32 17.69 1140.26 1148.63 0.001468 10.23 13687.04 854.42 16.02 19551.80 20407.05 854.42 0.45
Sail River 169000.00 1148.71 1129.32 19.39 1141.56 1150.64 0.001541 11.16 15156.49 892.58 16.98 19549.50 20442.08 892.58 0.47
Sail River 243000.00 1152.75 1129.32 23.43 1144.53 1155.31 0.001567 12.90 19479.85 1319.76 16.91 19063.77 20528.74 1319.76 0.49
Sell River 220;93 289000.00 1155.09 1129.32 25.77 1146.25 1157.92 0.001534 13.66 22245.07 1390.94 18.48 19053.72 20564.32 1390.94 0.49

.... .... ».:.» .. ,:
Sail River 22();83 lQ-y(WiP .•...• 55000.00 1140.09 1129.02 11.07 1135.54 1140.82 0.001288 6.85 8034.15 839.32 9.57 19524.12 20363.44 839.32 0.39
Sail River 220:83 5(}.yi"WiP 140000.00 1146.01 1129.02 16.99 1140.06 1147.79 0.001711 10.73 13052.68 855.49 15.26 19511.28 20366.78 855.49 0.48
Sail River 220.83 10o-yrWIP 169000.00 1147.63 1129.02 18.61 1141.33 1149.76 0.001797 11.70 14446.74 861.13 16.78 19509.33 20370.46 861.13 0.50
Sail River 22o.s3 50o-yrW/p 243000.00 1151.52 1129.02 22.50 1144.34 1154.39 0.001883 13.61 17979.52 1062.44 18.75 18838.81 20442.63 1062.44 0.53
Sail River 220.83 SPFWO/P 289000.00 1153.73 1129.02 24.71 1146.00 1157.00 0.001876 14.55 20134.46 1560.66 20.27 18386.04 20473.39 1560.66 0.54

Sail River 220.79 1Q,yrWiP 55000.00 1138.99 1132.00 6.99 1137.09 1140.31 0.003611 9.23 5960.19 861.81 6.92 19544.78 20406.59 861.81 0.62
Sail River 220:79 5(}.yrwiP 140000.00 1144.63 1132.00 12.63 1141.44 1147.21 0.003270 12.88 10865.60 880.52 12.34 19537.04 20417.56 880.52 0.65
SallRiver 220:79 10o-yrW/P 169000.00 1146.21 1132.00 14.21 1142.72 1149.16 0.003222 13.79 12258.44 886.98 13.82 19534.88 20421.86 886.98 0.65
Sail River 220.79 50Q.cyrW/P 243000.00 1150.10 1132.00 18.10 1145.65 1153.79 0.002976 15.42 15759.84 994.40 17.43 18776.11 20430.87 994.40 0.65
Sail River 220.79 SPFWO/P 289000.00 1152.29 1132.00 20.29 1147.37 1156.41 0.002848 16.28 17770.23 1145.98 19.24 18699.31 20448.97 1145.98 0.65

S"'I.I.River 220;.78 .' Bridge
.... : .....

Sell' River 220:77 ::
~"i'

55000.00 1137.55 1126.54 11.01 1132.87 1138.24 0.001230 6.63 8291.24 860.00 9.64 19548.29 20408.28 860.00 0.38
SaItRiiier·· . 220.77 •.: 140000.00 1144.21 1126.54 17.67 1137.30 1145.75 0.001413 9.94 14084.16 880.42 16.00 19538.10 20418.53 880.42 0.44
SeltRiver 220.77' .

~
169000.00 1146.09 1126.54 19.55 1138.56 1147.88 0.001436 10.74 15740.60 886.26 17.76 19535.13 20421.39 886.26 0.45

Salt River 220.77 .•.: 243000.00 1150.15 1126.54 23.61 1141.50 1152.59 0.001520 12.55 19367.15 1005.07 21.54 18757.42 20427.61 1005.07 0.48
Salt. River 220:17 289000.00 1152.41 1126.54 25.86 1143.19 1155.24 0.001559 13.50 21403.56 1253.21 23.63 18610.01 20430.11 1253.21 0.49

......•

sallRliier 220:13 1o-yrW/P 55000.00 1137.27 1126.56 10.71 1132.70 1137.97 0.001238 6.70 8208.78 859.21 9.55 19548.48 20407.70 859.21 0.38
Salt.River . ~0.73 5o-yrWiP 140000.00 1143.88 1126.56 17.32 1137.03 1145.44 0.001423 10.02 13967.46 883.41 15.81 19538.41 20421.81 883.41 0.44
Sail River 220.73 10o-yrW/P 169000.00 1145.75 1126.56 19.19 1138.39 1147.57 0.001440 10.82 15623.78 888.28 17.59 19535.39 20423.67 888.28 0.45
Sail River 220.73 500-yrW/P 243000.00 1149.79 1126.56 23.23 1141.33 1152.26 0.001527 12.63 19235.08 903.12 21.30 19528.73 20431.84 903.12 0.48
Salt River 220.73 $PFWOiP 289000.00 1152.03 1126.56 25.47 1142.99 1154.90 0.001592 13.58 21280.51 924.78 23.01 19523.44 20448.22 924.78 0.50

Sail River 220.64 1O-yr W/P 55000.00 1136.48 1125.40 11.08 1132.40 1137.27 0.001525 7.13 7711.80 862.12 8.95 19553.13 20415.25 862.12 0.42
Sail River 220.64 5(}.yrW/P 140000.00 1142.95 1125.40 17.55 1136.92 1144.66 0.001647 1Q.48 13359.10 884.71 15.10 19543.24 20427.96 684.71 0.48
Sail River 220,64 10(}.vrW/p • 169000.00 1144.80 1125.40 19.40 1138.18 1146.77 0.001685 11.26 15011.26 907.75 16.54 19530.63 20439.68 907.75 0.49
Salt River 220.64. soo.cYrW/P .' .... 243000.00 1148.81 1125.40 23.41 1141.10 1151.43 0.001736 13.00 18694.93 930.67 20.09 19520.10 20450.77 930.67 0.51
SilllRliier 220:64 SpFWoiP . 289000.00 1151.04 1125.40 25.64 1142.77 1154.04 0.001760 13.90 20786.54 944.59 22.01 19513.11 20457.70 944.59 0.52

....

Sail River 220:54 ... 1o-yrW/P.'· . 55000.00 1135.66 1124.24 11.42 1131.79 1136.48 0.001623 7.28 7554.74 857.14 8.81 19558.13 20415.27 857.14 0.43

Sail River 220.54 5o-yrWiP 140000.00 1142.03 1124.24 17.79 1136.27 1143.80 0.001756 10.68 13109.79 885.11 14.81 19548.93 20434.04 885.11 0.49

SilllRiver 220.54 tOQ.cvrW/P 169000.00 1143.85 1124.24 19.61 1137.53 1145.89 0.001798 11.46 14745.99 910.94 16.19 19536.93 20447.86 910.94 0.50
Sail River 220:54 50Q-yrIJVIf' 243000.00 1147.82 1124.24 23.58 1140.48 1150.53 0.001833 13.21 18398.49 930.59 19.77 19527.03 20457.62 930.59 0.52

salt River 220.54 $PFWoiP 289000.00 1150.03 1124.24 25.79 1142.15 1153.13 0.001856 14.12 20471.46 945.13 21.66 19519.77 20464.90 945.13 0.53

Sail River 220.45 to-iirW/p 55000.00 1134.79 1123.28 11.53 1131.11 1135.65 0.001742 7.43 7400.83 859.50 8.61 19561.37 20420.87 859.50 0.45

Salt River 220.45 5o-yrIJViP 140000.00 1141.07 1123.26 17.81 1135.59 1142.90 0.001860 10.87 12877.56 884.27 14.56 19554.39 20438.67 884.27 0.50

Salt River 220;45 toQ.cyi"WJP: 169000.00 1142.86 1123.26 19.60 1136.83 1144.98 0.001882 11.68 14469.21 899.34 16.09 19542.75 20442.09 899.34 0.51

Salt River 220.45 SO(}.yrWiP 243000.00 1146.79 1123.26 23.53 1139.79 1149.59 0.001943 13.44 18082.82 931.73 19.41 19531.89 20463.62 931.73 0.54

SaliRiver 220:45 SPFWOiP 289000.00 1148.98 1123.26 25.72 .1141.44 1152.18 0.001955 14.35 20140.82 944.33 21.33 19525.79 20470.12 944.33 0.55

:'"
Salt River 220:35 55000.00 1133.87 1122.68 11.19 1130.39 1134.74 0.001836 7.51 7321.92 869.49 8.42 19568.88 20438.37 869.49 0.46

Salt River Iso-vrWiP .::. 140000.00 1140.08 1122.68 17.40 1134.77 1141.94 0.001920 1Q.96 12777.45 886.95 14.41 19559.17 20446.12 886.95 0.51

SilllRivef'
':.: ..~ 169000.00 1141.85 1122.68 19.17 1136.03 1144.00 0.001969 11.77 14359.50 911.42 15.76 19546.91 20458.33 911.42 0.52

SellRiver. : 243000.00 1145.75 1122.68 23.07 1138.93 1148.59 0.001999 13.54 17953.03 933.56 19.23 19536.46 20470.02 933.56 0.54

Salt River 289000.00 1147.93 1122.68 25.25 1140.59 1151.17 0.002008 14.44 20007.89 946.13 21.15 19530.10 20476.23 946.13 0.55

•. > li-ISilltRiver' '...•. T 55000.00 1132.97 1122.15 10.82 1129.40 1133.83 0.001793 7.45 7381.27 872.12 8.46 19572.94 20445.06 872.12 0.45

ISallRlVer 1220;2$(' 140000.00 1139.13 1122.15 16.97 1133.81 1140.98 0.001915 10.93 12806.07 890.98 14.37 19562.61 20453.58 890.98 0.51

Sail Riiier 169000.00 1140.87 1122.15 18.72 1135.07 1143.01 0.001968 11.75 14382.42 915.86 15.70 19551.50 20467.36 915.86 0.52
SeltFilver ~,:, 243000.00 1144.75 1122.15 22.60 1137.95 1147.59 0.001996 13.52 17978.32 936.76 19.19 19540.32 20477.08 936.76 0.54
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HEC-RAS Plan: Prop PrePosl River: Sail River

Reach River Sia Profile Froude #'Chl

San River '1220.17 11€l'yrwlP I 55000.001 1131.961 1121.501 10.461 1128.701 1132.881 0.0020041 7.671 7167.091 881.371 8.131 19577.281 20458.651 881.371 0.47
Sail River 2,20.11 srJ,yrWiP 140000.00 1138.08 1121.50 16.58 1133.08 1139.98 0.002047 11.12 12589.63 897.25 14.03 19568.12 20465.36 897.25 0.52
Salt River 220.11 lO€l'yr:WiP· 169000.00 1139.78 1121.50 18.28 1134.29 1142.00 0.002045 11.96 14135.71 902.10 15.67 19565.56 20467.66 902.10 0.53
Sail River 220j7 JjOo,YtWiP 243000.00 1143.59 1121.50 22.09 1137.20 1146.55 0.002112 13.81 17598.75 925.63 19.01 19551.46 20477.11 925.63 0.56
Sall.RiVer 220.WSRF·W.OIP 289000.00 1145.74 1121.50 24.24 1138.84 1149.11 0.002146 14.73 19621.80 947.95 20.70 19539.67 20487.62 947.95 0.57

Sail River
Sail River
Sal.IRiver
San River
Sail RiVer

Sail River

220.07
220.07
220.07
220.07
220.07

220.066

I1rJ,yrWIP
5Q,.yrWIP
10Q,.yrWIP
50O-yrWIP
SP.FWOIP

55000.00
140000.00
169000.00
243000.00
289000.00

Bridge

1131.01
1137.08
1138.77
1142.55
1144.67

1120.97
1120.97
1120.97
1120.97
1120.97

10.04
16.09
17.80
21.58
23.70

1127.67
1132.01
1133,26
1136,11
1137,78

1131.90
1138.97
1140.98
1145.51
1148.06

0.001914
0.002028
0.002051
0.002088
0.002099

7.58
11.10
11.93
13.79
14.77

7256.33
12617.78
14164,62
17616.37
19571.21

876.65
895.51
908.48
918.43
923,64

8.28
14.09
15.59
19.18
21.19

19585.06
19576.64
19566.51
19561.68
19558.82

20461.71
20472.15
20475.00
20480,11
20482.47

876.65
895.51
908.48
918.43
923.64

0.46
0.52
0.53
0.56
0.57

Sail River
SallRilief .
san

220·0ll3
2

'1o-yrWIP 'I 55000.001 1130.811 1121.111 9.701 1127.501 1131.711 0.0019561 7.631 7207.741 675.841 8.231 19586.191 20462.021 875.841 0.47

243000.001 1142.141 1121.111 21.031 1135.971 1145.181 0.0021841 13.981 17376.561 917.731 18.931 19562.021 20479,741 917.731 0.57
289000.001 1144.211 1121.111 23.101 1137.701 1147.701 0.0022021 14.981 19286.951 922.901 20.901 19559,141 20482.041 922.901 0.58

Sa«AiVer"
Sail Rjvaf
Sail River
Sail River 1220.06
Sail River 1220.06 SPF

55000.00
140000.00
169000.00
243000.00
289000.00

1130.79
1136.75
1138.43
1142.13
1144.21

1121.11
1121.11
1121.11
1121.11
1121.11

9.68
15.64
17.32
21.02
23.10

1127.45
1131.81
1133.05
1135.94
1137.62

1131.69
1138.68
1140.67
1145.14
1147.67

0.001923
0.002080
0.002111
0.002162
0.002182

7.59
11.17
12,02
13.93
14.93

7250.08
12533.96
14054,91
17440,23
19354.93

877.48
897.57
910.13
919.19
924.49

8.26
13.96
15.44
18.97
20,94

19585.54
19576.26
19565.98
19561.23
19558.34

20463.03
20473.83
20476.11
20480.42
20482,84

877.48
897.57
910.13
919.19
924.49

0.47
0.53
0.54
0.56
0.58

Sail River

Sail River
Salt River
Sail River
Sail River
Sail River

Sail River
Sail"

220.,055

220.05
220.05
220.05
220.05
220.05

lrJ,yrWIP
50-yrWIP
1OQ,.yrWIP
50Q,.yrWIP
SpFWOIP

Bridge

55000.00
140000.00
169000.00
243000.00
289000.00

55000.00
140000.00
169000.00
243000.00
289000.00

1130.60
1136.44
1138.08
1141.69
1143.71

1128.65
1134.31
1135.92
1139.49
1141.52

1121.14
1121.14
1121,14
1121.14
1121.14

1118.42
1118.42
1118.42
1118.42
1118.42

9.46
15.30
16.94
20.55
22.57

10.23
15.89
17.50
21.07
23.10

1127.33
1131.66
1132.90
1135.77
1137.48

1125.91
1130.19
1131.41
1134.23
1135.91

1131.50
1138.42
1140.39
1144.81
1147.30

1129.66
1136.45
1138.38
1142.76
1145.24

0.001965
0.002167
0.002208
0.002280
0.002309

0.002410
0.002500
0.002528
0,002551
0,002548

7.64
11.31
12.19
14.16
15,20

8.06
11.73
12.60
14.51
15.48

7200.10
12373.60
13858.99
17155.40
19016.93

6827,28
11932,08
13414.38
16748.58
18667.88

876.42
896.00
908.58
917.98
923.10

894.53
910.72
926.97
941.25
950,10

8,22
13.81
15.25
18,69
20.60

7.63
13.10
14.47
17,79
19.65

19586.89
19576.84
19566.63
19562.21
19559.74

19576.53
19568.67
19554.58
19545,19
19539.41

20463.31
20472.84
20475.20
20480.19
20482,84

20471.06
20479.39
20481.55
20486.44
20489,51

876.42
896.00
908.58
917.98
923.10

894.53
910.72
926.97
941.25
950.10

0.47
0.54
0.55
0.58
0.59

0.51
0.57
0.58
0.61
0.62

,,". ':cze y .. ,'",. T~77
San River 219:791o-yrWIP", 55000.00 1127.42 1117.50 9.92 1124.77 1128.46 0.002561 8.16 6738.49 907.50 7.43 19528.40 20435.90 907.50 0.53
San Rivet 219.79SO-YtWIP' 140000.00 1133.09 1117.50 15.59 1129.03 1135.22 0.002551 11.71 11957.21 931.59 12.84 19519.32 20450.90 931.59 0.58
San River 219.79 166,.yHI\IIP," 169000.00 1134.70 1117.50 17.20 1130.30 1137.15 0.002556 12.55 13466.48 945.96 14.24 19506.30 20452.26 945.96 0.59
Sail River 219.79 50Q.YrWIP 243000.00 1138.30 1117.50 20.79 1133.11 1141.51 0.002541 14.38 16893.02 960.64 17,59 19494.66 20455.30 960,64 0.60
Sail River 1219.79 ISfiFWolP 289000.001 1140.351 1117.501 22.851 1134,741 1143,991 0.0025201 15,311 18876.301 970.611 19.451 19488.901 20459,511 970,611 0.61

Sail River 1219.70 11Q,.yrWIP 1 55000.001 1126.361 1115.351 11.011 1123.351 1127.271 0.0021401 7.681 7163.601 924.731 7.751 19579,851 20504.581 924,731 0.49
Sail River 1219,10 15O-yrWiP I 140000.001 1132.041 1115.351 -'16.691 1127.581 1133.991 0.0022611 11.221 12475.551 946.361 13.181 19573.091 20519.461 946.361 0.54

0.56
0.58
0.58

55000.00 1125.32 1114.26 11.08 1122.46 1126.23 0.002221 7.67 7170.61 952.85 7.53 19598.37 20551.21 952.85 0.49
140000,00 1131.00 1114.26 16.73 1126.57 1132.90 0.002243 11.09 12629.52 969.24 13.03 19591.25 20560.49 969.24 0.54
169000.00 1132.60 1114.26 18.34 1127.74 1134.80 0.002267 11.90 14198.77 986.45 14.39 19575.60 20562.05 986.45 0.55
243000.00 1136.26 1114.26 22.00 1130.47 1139.14 0.002239 13.63 17831.15 999.43 17.84 19565.52 20564.95 999.43 0.57
289000.00 1138.37 1114.26 24.11 1132.09 1141.63 0.002211 14.48 19952.53 1010.09 19.75 19559.26 20569.35 1010.09 0.57
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HEC-RAS Plan: Prop PrePost River. Salt River Reach: Salt River (Continued)

Reach River Sto Profile QTotal W:s.Ei~v MiiiCf(Eli ';Rgt . TopW;ilth Froude.jIChl"
(cis) (It)' ·(ftt·.....(ftj< '(flY!e',>,. >,«fl'),·(ft)' (It) " ,

S!llt River 219.52 1D-yr)N1P 55000,00 1124,25 1113.36 10.89 1121.35 1125.13 0.002157 7.55 7285.53 968.60 7.52 19581.70 20550.30 968.60 0.49
Salt River 219:52 SO-yrWIP 140000.00 1129.93 1113.36 16.57 1125.39 1131.78 0.002201 10.90 12841.95 994.94 12.91 19563.78 20558.72 994.94 0.53
Sail River 2.19.52 169000.00 1131.54 1113.36 18.18 1126.58 1133.66 0.002187 11.70 14449.90 1001.93 14.42 19559.67 20561.60 1001.93 0.54
Sail River 2,1 243000.00 1135.24 1113.36 21.88 1129.28 1138.01 0.002147 13.37 18178.61 1014.90 17.91 19549.26 20564.16 1014.90 0.56
SallRlvjlr21 289000.00 1137.38 1113.36 24.02 1130.80 1140.51 0.002112 14.19 20365.04 1026.06 19.85 19542.51 20568.56 1026.06 0.56

. iei /, , ;;'c"';,
S!l~River 21 55000.00 1123.10 1112.78 10.32 1120.38 1124.02 0.002309 7.68 7158.09 975.91 7.33 19531.54 20507.45 975.91 0.50
Sa~.River,. '21 '." 140000.00 1128.80 1112.78 16.02 1124.40 1130.66 0.002265 10.97 12765.33 1002.37 12.74 19513.51 20515.88 1002.37 0.54
Salt-River~." 169000.00 1130.43 1112.78 17.65 1125.56 1132.57 0.002225 11.73 14408.54 1008.55 14.29 19509.46 20518.01 1008.55 0.55
Salt River 4~:!~~----';';-4~~g:¥!::~~E>; 243000.00 1134.18 1112.78 21.40 1128.26 1136.94 0.002148 13.34 18211.17 1020.76 17.84 19500.69 20521.46 1020.76 0.56
Sa~River 219.42 289000.00 1136.35 1112.78 23.57 1129.82 1139.45 0.002098 14.14 20439.67 1031.22 19.82 19493.33 20524.55 1031.22 0.56

Satt,River 219.33 jD-yrW/f? 55000.00 1122.01 1111.69 10.32 1119.27 1122.93 0.002326 7.70 7145.30 976.67 7.32 19451.53 20428.20 976.67 0.50
Sa~River 219.33 5D-yrWIP 140000.00 1127.74 1111.69 16.05 1123.32 1129.60 0.002255 10.92 12817.62 1009.82 12.69 19442.46 20452.28 1009.82 0.54
SoltRiver 219:33 l00-yrWIP 169000.00 1129.41 1111.69 17.72 1124.49 1131.51 0.002219 11.64 14516.80 1026.00 14.15 19428.86 20454.86 1026.00 0.55
Salt River 219.33 500-yrW/P 243000.00 1133.23 1111.69 21.54 1127.20 1135.92 0.002103 13.16 18469.70 1041.82 17.73 19418.75 20460.57 1041.82 0.55
Salt River 219.33 SPFWOIP 289000.00 1135.45 1111.69 23.76 1128.78 1138.45 0.002032 13.90 20794.68 1052.10 19.77 19411.79 20463.88 1052.10 0.55

Soil River 219.24 1D-yrWIP 55000.00 1120.94 1110.33 10.61 1118.16 1121.85 0.002257 7.64 7200.77 973.78 7.39 19492.82 20466.60 973.78 0.49
Sail River 219,24 SO-yrWIP 140000.00 1126.71 1110.33 16.38 1122.20 1128.54 0.002216 10.86 12895.31 1011.37 12.75 19483.38 20494.75 1011.37 0.54
Sa~River219:24fOij.YrwiP 169000.00 1128.40 1110.33 18.07 1123.37 1130.47 0.002177 11.56 14621.00 1029.38 14.20 19468.17 20497.55 1029.38 0.54
Sail Rhier 21$.24SQrJ-yrWIP 243000.00 1132.30 1110.33 21.97 1126.10 1134.93 0.002042 13.01 18675.63 1047.42 17.83 19456.36 20503.78 1047.42 0.54
S!lIIRivet 2e1'9.24SPPWOIP.· ·c··· 289000.00 1134.57 1110.33 24,24 1127.67 1137.49 0.001961 13.72 21062.50 1057.45 19.92 19449.75 20507.20 1057.45 0.54

." c'),·'

SaIIRiver,' 55000.00 1119.74 1109.49 10.25 1117.05 1120.67 0.002370 7.73 7111.44 978.79 7.27 19495.94 20474.73 978.79 0.51
$tik:River', 140000.00 1125.58 1109.49 16.09 1121.09 1127.41 0.002202 10.87 12876.28 1001.56 12.86 19487.72 20500.52 1001.58 0.53
Sa~Rlver ~c'., .. · 169000.00 1127.29 1109.49 17.80 1122.25 1129.37 0.002154 11.56 14616.28 1019.13 14.34 19484.73 20503.86 1019.13 0.54
Sail River .. ' .... 'i!f!JJ.i!£. 243000.00 1131.28 1109.49 21.79 1124.95 1133,89 0.002006 12.99 18711.72 1037.32 18.04 19473.63 20510.95 1037,32 0.54
Salt RiVer i" 289000.00 1133.59 1109.49 24.10 1126.52 1136.49 0.001929 13.68 21123.63 1051.02 20.10 19463.19 20514.21 1051.02 0.54

,··,·n;.;,:
SailRiver 219:Q4.; . '1P,YrfNiP 55000.00 1118.66 1106.59 12,07 1115.54 1119.44 0.001905 7.09 7756.22 1031.19 7.52 19472.86 20504.04 1031.19 0.46
Salt River 21$:04.5fJ',yrWIP.' 140000.00 1124.68 1106.59 18.09 1119.42 1126.23 0.001766 9.98 14024.01 1051.29 13.34 19462.32 20513.61 1051.29 0.48
SallRlver 219.04 100-yrWIP· 169000.00 1126.44 1106.59 19.85 1120.52 1128.20 0.001717 10.64 15881.71 1058.37 15.01 19459.11 20517.48 1058.37 0.48
S!l~River 219:0450Q-yrwlP 243000.00 1130.54 1106.59 23.95 1123.11 1132.78 0.001611 12.00 20249.94 1071.86 18.89 19451.31 20523.17 1071.86 0.49
Sa~River 2j9:04 SPFWOiP- 289000.00 1132.91 1106.59 26.32 1124,59 1135.41 0.001551 12.68 22799.62 1079.44 21.12 19446.86 20526.30 1079.44 0.49

."- ~ I

Salt River 21M3 Bridge ~ ~ I\. 1..1 "> D J-I (,(,1' t:.-
v

Salt River 21901 jD-.yrWIP 55000.00 1118.14 1105.53 12.60 1115.18 1118.95 0.002025 7.23 7609.53 1030.20 7.39 19474.20 20504.40 1030.20 0.47
Salt River 219.01 SrJ-yrWIP 140000.00 1124.09 1105.53 18.56 1119.08 1125.69 0.001858 10.15 13799.39 1049.93 13.14 19463.81 20513.73 1049.93 0.49
Salt River 219.0j 10Q-yrWIP 169000.00 1125.83 1105.53 20.30 1120.19 1127.65 0.001800 10.81 15639.75 1056.18 14.81 19460.83 20517.01 1056.18 0.49
S!lIIRiver 21l1.01 .50D-vrWIP 243000.00 1129.91 1105.53 24.38 1122.80 1132,21 0.001683 12.17 19970.03 1070.86 18.65 19453.89 20524.76 1070.86 0.50
S!lItRiYer 2HI.01SpFWOIP 289000.00 1132.26 1105.53 26.73 1124.25 1134,82 0.001617 12.84 22504.67 1079.37 20.85 19449.88 20529.24 1079.37 0.50

Salt River 21s.91l 1Q-yrWIP ;' 55000.00 1118.02 1105.72 12.30 1114.66 1118.75 0.001699 6.86 8012.84 1027.18 7.80 19452.70 20479,88 1027.18 0.43
Sail River .2jMlfSrf..VfWIP 140000.00 1123.1l9 1105.72 18.27 1118.53 1125,50 0.001683 9.86 14200.01 1046.51 13.57 19441.52 20488.03 1046.51 0.47
S!l~ River 2Htoo 10Q-yrWiP 169000.00 1125.74 1105.72 20.02 1119.68 1127.46 0.001647 10.54 16037,75 1051.43 15.25 19438.24 20489.67 1051.43 0.48
Sait River 218:99 SOO'yrWIP 243000.00 1129.83 1105.72 24.11 1122.29 1132.03 0.001586 11.90 20424.82 1083.32 18.85 19430.55 20513.87 1083,32 0.48
Salt River 218.99 SPFI/VOIP, 289000.00 1132.20 1105,72 26.48 1123.76 1134.65 0,001531 12,56 23004,97 1094.64 21.02 19426.21 20520.85 1094.64 0.48

Sa~ River Z18.965;" Bridge
, 'c'."'.'';',:

Sail River !18 55000.00 1117.68 1105.11 12.57 1114.39 1118.41 0.001752 6.85 8029.70 1056.82 7.60 19423.38 20480.19 1056.82 0.44

S!l.~'R. iV.·.er.. i111/." 140000.00 1123.60 1105.11 18.49 1118.27 1125.08 0.001688 9.76 14345.69 1076,79 13.32 19412.44 20489.23 1076.79 0.47
Sa~ River 169000.00 1125.35 1105.11 20,24 1119.37 1127.03 0.001662 10.41 16232.59 1091.53 14.87 19409.61 20501.37 1091.53 0.48
SallRiver !l'a.96 243000.00 1129.43 1105.11 24.32 1121.91 1131.56 0.001563 11.72 20730,25 1112.60 18.63 19401.78 20514.58 1112.80 0.48
Sail River . '1li:9El 289000.00 1131.80 1105.11 26.69 1123.36 1134.17 0.001503 12.36 23381.77 1125.16 20.78 19397,15 20522.31 1125.16 0.48

.,e· .";
Salt River 218.81 :lO-yrWIP 55000.00 1115.87 1104,63 11.24 1113.03 1116.76 0,002212 7,58 7254.85 974.81 7.44 19504.91 20479.72 974.81 0.49
Sa~River 218:81 140000.00 1121.65 1104.63 17.02 1117.07 1123.47 0.002140 10.82 12939.63 991.27 13.05 19496.97 20488.24 991.27 0.53
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Reach RiverS!a Profile Qibj~I'"

1125.46~37'Y~.72
Sl~ \/;/:S', R9I ••.••• .. 'i'bpWi4th Fioude#Chl

(CIs) ·(fll ,."••J ..., ·(tt) .... «(t) (ttr.
Sail Rivet 218.81 16o,ytWiP •.... 169000.00 1123.40 1104.63 18.76 1118.17 19494.59 20490.96 996.37 0.53
Sail River 218.81 5()o,YiWII' 243000.00 1127.48 1104.63 22.85 1120.93 1130.07 0.001943 12.92 18807.74 1024.55 18.36 19489.00 20513.55 1024.55 0.53
Sail River 218.81 SPFWOIP 289000.00 1129.87 1104.63 25.24 1122.45 1132.73 0.001853 13.59 21271.60 1036.00 20.53 19484.75 20520.75 1036.00 0.53

: ..
Sell River 218.71 l(),vtWIP 55000.00 1114.82 1104.16 10.66 1111.89 1115.71 0.002138 7.55 7281.44 959.29 7.59 19525.97 20485.26 959.29 0.48
S.llll.Rlvet . 218:71 .'f 140000.00 1120.60 1104.16 16.44 1115.95 1122.43 0.002139 10.86 12886.29 981.72 13.13 19512.21 20493.93 981.72 0.53
Salt River 218.71" ..... 169000.00 1122.38 1104.16 18.22 1117.15 1124.45 0.002079 11.54 14645.16 996.91 14.69 19499.74 20496.65 996.91 0.53
Salt River 218;71 243000.00 1126.55 1104.16 22.39 1119.87 1129.14 0.001902 12.90 18832.72 1012.41 18.60 19491.15 20503.56 1012.41 0.53
SeliRiver 218,71 • 289000.00 1128.99 1104.16 24.83 1121.42 1131.85 0.001802 13.56 21320.69 1025.68 20.79 19486.47 20512.15 1025.68 0.52.... 'Y"",,·,,··
SllllRivet 21M2 16,Yi'W(i> . 55000.00 1113.65 1100.72 12.93 1110.86 1114.58 0.002297 7.73 7110.68 953.30 7.46 19529.85 20483.15 953.30 0.50
Sell River 218.82 5~yrW(i> 140000.00 1119.42 1100.72 18.70 1114.96 1121.31 0.002248 11.05 12668.93 975.91 12.98 19516.32 20492.23 975.91 0.54
Sail River 218.82 1()0'Yi:WiP 169000.00 1121.25 1100.72 20.53 1116.14 1123.37 0.002166 11.67 14476.16 997.98 14.51 19502.54 20500.52 997.98 0.54
Sail River 218:62 50£!i.Yi'WII':•. 243000.00 1125.59 1100.72 24.87 1118.84 1128.16 0.001918 12.88 18865.23 1023.04 18.44 19493.68 20516.71 1023.04 0.53
Sail River 218.62 sPP'WOIP 289000.00 1128.11 1100.72 27.39 1120.48 1130.92 0.001799 13.47 21457.25 1036.28 20.71 19488.16 20524.43 1036.28 0.52

SllllRiver 218.52 10'Yi:WIP 55000.00 1112.48 1100.27 12.21 1109.73 1113.41 0.002335 7.75 7098.97 961.87 7.38 19526.14 20488.02 961.87 0.50
Sail River 218.52 5().yrWIP 140000.00 1118.32 1100.27 18.05 1113.81 1120.18 0.002206 10.96 12774.14 982.90 13.00 19513.40 20496.31 982.90 0.54
Sail River 218.52 100'yrWIP 169000.00 1120.21 1100.27 19.94 1115.00 1122.28 0.002101 11.53 14657.03 1006.78 14.56 19501.74 20508.51 1006.78 0.53
Sail River 218.52 500'yrwIP 243000.00 1124.72 1100.27 24.45 1117.71 1127.20 0.001808 12.63 19235.91 1027.70 18.72 19493.18 20520.88 1027.70 0.51
Sail River 218.62 SPFWO(i> 289000.00 1127.31 1100.27 27.04 1119.25 1130.01 0.001686 13.19 21915.61 1041.29 21.05 19488.17 20529.46 1041.29 0.51

•
.

Sail River 21M3 1.O'yiWII' 55000.00 1111.22 1099.50 11.72 1108.64 1112.19 0.002568 7.94 6930.04 972.31 7.13 19521.08 20493.39 972.31 0.52
Sail Rivei 218.43. •$l),.vrWIR 140000.00 1117.24 1099.50 17.74 1112.75 1119.08 0.002195 10.90 12847.83 992.95 12.94 19509.27 20502.22 992.95 0.53
SeII.Rlver.· 218A3 . ..

1~YtWII' 169000.00 1119.23 1099.50 19.73 1113.91 1121.24 0.002027 11.38 14844.20 1011.49 14.68 19505.30 20516.79 1011.49 0.52
S~It.Rjvei. . 218A:l ..•.. 5Pp:,Yi'WII'· 243000.00 1123.92 1099.50 24.42 1116.60 1126.30 0.001703 12.37 19646.28 1035.72 18.97 19495.78 20531.50 1035.72 0.50
salt RiVer . 216..43· .' sj::)fWOIP .• 289000.00 1126.59 1099.50 27.08 1118.18 1129.16 0.001579 12.89 22423.41 1048.98 21.38 19490.10 20539.07 1048.98 0.49

SaltRlvei' ' 21'8.33' 10i-Yi:W(i> 55000.00 1109.08 1099.85 9.23 1107.75 1110.45 0.004691 9.38 5866.04 1008.40 5.82 19508.57 20516.96 1008.40 0.69

Sail RiVei" Z1.8.3a ···s().vfW(i> .. 140000.00 1116.20 1099.85 16.35 1111.71 1117.97 0.002149 10.66 13134.50 1033.45 12.71 19493.45 20526.90 1033.45 0.53
salt Rivei 218:33... ·· •.• ·10O"YiWII' 169000.00 1118.33 1099.85 18.48 1112.86 1120.21 0.001909 11.01 15352.69 1052.67 14.58 19489.14 20541.81 1052.67 0.51
Sail River 2111.33 $Oo..ytWIP· 243000.00 1123.26 1099.85 23.41 1115.45 1125.42 0.001529 11.80 20598.38 1075.85 19.15 19479.29 20555.14 1075.85 0.48
Sail Rlvai 218:33 SPFWOII"" 289000.00 1126.01 1099.85 26.16 1116.97 1128.34 0.001397 12.25 23632.87 1139.94 20.73 19422.65 20562.59 1139.94 0.46

Sail River 218.24 1().vrWIP 55000.00 1108.22 1096.99 11.23 1104.18 1108.97 0.001701 6.95 7916.14 998.43 7.93 19430.65 20429.07 998.43 0.43
Sail River 218.24 5p:,yrwlP 140000.00 1115.79 1096.99 18.80 1108.77 1117.04 0.001203 8.97 15613.91 1032.73 15.12 19411.34 20444.07 1032.73 0.41
Sail River 218.24 1()O'yrWII' . 169000.00 1117.97 1096.99 20.98 1109.95 1119.36 0.001133 9:46 17867.59 1041.90 17.15 19406.49 20448.39 1041.90 0.40
Sail River 218.24 500'yrWiP 243000.00 1122.97 1096.99 25.98 1112.53 1124.68 0.001013 10.51 23129.45 1060.42 21.81 19399.61 20460.03 1060.42 0.40

Sail River 218.24 SPFWOIP" 289000.00 1125.76 1096.99 28.77 1114.10 1127.65 0.000963 11.05 26359.25 1157.81 22.77 19320.31 20478.13 1157.81 0.39
.'

Sail Rivar 218.15 10'yrWIP 55000.00 1107.46 1096.28 11.18 1102.56 1108.17 0.001464 6.77 8126.04 948.85 8.56 19394.82 20343.67 948.85 0.41

Sail River 218.15; 50'yrWIP 140000.00 1115.21 1096.28 18.93 1107.68 1116.46 0.001132 8.96 15624.48 984.74 15.87 19376.30 20361.04 984.74 0.40

Sail River 21.8:15 100'YrwlP. 169000.00 1117.40 1096.28 21.12 1108.88 1118.80 0.001086 9.50 17788.51 994.79 17.88 19371.15 20365.95 994.79 0.40

Sail River 218.15 5~yr.wiP 243000.00 1122.42 1096.28 26,14 1111.64 1124.18 0.001003 10.64 22836.16 1015.87 22.48 19361.32 20377.19 1015.87 0.40

Sail" RiVer 218.15. SPFWO(i>' 289000.00 1125.44 1096.28 29.16 1113.18 1127.14 0.000846 10.62 28632.43 1477.58 19.38 19026.76 20504.34 1477.58 0.37

Hi:..SaifRiVar 12111:05" 55000.00 1106.55 1094.77 11.78 1101.63 1107.39 0.001546 7.34 7491.01 805.93 9.29 19398.74 20204.67 805.93 0.42

sait" River .".1218;05" 140000.00 1114.18 1094.77 19.41 1107.05 1115.78 0.001398 10.18 13757.10 837.88 16.42 19382.10 20219.99 837.88 0.44

SiillRiver 121.8.0S 169000.00 1116.30 1094.77 21.53 1108.40 1118.14 0.001376 10.87 15548.15 846.94 18.36 19377.31 20224.26 846.94 0.45

Sail. Riv"r
~.: ....

243000.00 1121.17 1094.77 26.40 1111.48 1123.53 0.001331 12.32 19744.20 937.97 21.05 19366.13 20304.09 937.97 0.46

Sail River' ". I2111;0'5 289000.00 1124.01 1094.77 29.24 1113.21 1126.53 0.001249 12.83 23503.12 1356.14 17.33 19172.11 20528.25 1356.14 0.45

.:.'
Sell River 217.1!5

~:
55000.00 1105.54 1092.98 12.56 1100.90 1106.53 0.001771 7.98 6890.00 723.58 9.52 19446.83 20170.40 723.58 0.46

Salt River 217:95·" . 140000.00 1112.97 1092.98 19.99 1106.57 1114.96 0.001729 11.31 12378.53 753.83 16.42 19431.63 20185.47 753.83 0.49

SiillRiver 211,95" 169000.00 1115.03 1092.98 22.05 1107.99 1117.31 0.001726 12.13 13937.47 762.63 18.28 19427.00 20189.84 762.63 0.50

Sail River 217.95 243000.00 1119.74 1092.98 26.76 1111.28 1122.71 0.001704 13.83 17578.69 812.65 21.63 19418.14 20230.79 812.65 0.51

Sail River 217.95 .... 289000.00 1122.41 1092.98 29.43 1113.17 1125.73 0.001652 14.64 20240.65 1140.99 17.74 19364.72 20505.71 1140.99 0.51
I' .'<

Sail River 217:86 10'yrWIP. ..... 55000.00 1104.71 1091.99 12.72 1099.69 1105.73 0.001530 8.09 6802.41 626.92 10.85 19508.73 20135.65 626.92 0.43

Salt River 217.86 5£!i.yrW/P 140000.00 1111.58 1091.99 19.59 1105.43 1114.00 0.002001 12.49 11204.73 654.40 17.12 19495.17 20149.57 654.40 0.53

HEC-RAS Plan: Prop PrePosl River. Sail River Reach: Sail River (Conlinued)
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iiK,,1Reach RiVerSla ' prOfile rOlar S!a'W,S,R91 Top Widlh Froude,# Chi
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,'",,',. "', ,(fi1", (ft) (ft! (ft) (ft)
Sail River ~17,86 ',:' 1qo;yrWIP 169000,00 lllM6 1091,99 21.47 1107,02 1116,32 0.002092 13,58 12440.41 661,86 18,80 19491,51 20153,37 661,86 0,55
Sail River 217,86 50o;yrWIP, 243000,00 1117.75 1091,99 25,76 1110,69 1121,66 0.002247 15,86 15318.42 679,67 22,54 19482.40 20162,07 679,67 0,59
Sail River 217,86 SPFWOIP 289000,00 1120,19 1091,99 28.20 1112,75 1124,67 0.002280 16,99 17247.24 955.04 18,06 19476.42 20431.46 955.04 0,60

SaliRiver 217.76 1C-yrWIP, 55000.00 1102.94 1091.00 11.94 1100.23 1104.57 0.003187 10.25 5363.64 600.87 8.93 19578.76 20179.63 600.87 0.60
Sail River 217.76 5C-vrWIP 140000.00 1108.45 1091.00 17.45 1106.02 1112.40 0.004307 15.95 8778.15 633.67 13.85 19557.00 20190.66 633.67 0.76
Sail River 217,76 10C-yrWIP 189000.00 1109.91 1091.00 18.91 1107.60 1114.61 0.004559 17.41 9704.69 640.21 15.16 19553.36 20193.57 640.21 0.79
Sal,IRiver 21 7,76 5QCi,'ytW/t> ,'",":" 243000.00 1113.15 1091.00 22.15 1111.29 1119.73 0.005054 20.58 11805.22 653.35 18.07 19546.72 20200.07 653.35 0.85
Sail River 217,76 SPFWOIP 289000.00 1114.96 1091.00 23.96 1113.37 1122.64 0.005291 22.25 12990.20 661.61 19.63 19542.06 20203.67 661.61 0.88

SaftRiVer 217;67 lo.'irWIP 55000.00 1101.76 1087.30 14.46 1098.39 1103.03 0.002622 9.04 6085.69 712.61 8.54 19580.84 20293.45 712.61 0.54
sailRiver, ' 217c67 5C-'irWIP " 140000.00 1107.25 1087.30 19.95 1103.89 1110.24 0.003328 13.87 10092.96 740.96 13,62 19562.71 20303.66 740.96 0.66
SallRiVer' 217:67 10o.yrW/t> 169000.00 1108.79 1087.30 21.49 1105.32 1112.30 0.003430 15.04 11237.67 746.93 15.05 19559.59 20306.53 746.93 0.68
Sail River 2niSt iSoo;yrwlP 243000.00 1112,35 1087.30 25.05 1108,63 1117,08 0.003567 17.45 13926.09 761.22 18.29 19551,94 20313.16 761.22 0.72
sailRiver 21'1:61 ' SPF'wO/t>: 289000.00 1114.41 1087.30 27.11 1110,50 1119.81 0.003589 18.65 15498.25 769.55 20.14 19547.43 20316,98 769.55 0,73

, .,,' '

Sail River 217.57 1o;yrfNiP ' 55000.00 1100,69 1088,30 12,39 1097,28 1101.69 0.002306 8,01 6863.62 872.39 7.87 19535.17 20431.18 872,39 0.50
SaftRlver 21f,!i7 5O;YrWiP, 140000,00 1106.37 1088,30 18.07 1102.16 1108.50 0.002524 11.72 11943.30 912.38 13,09 19522,87 20435.25 912.38 0,57
SalfRiver 217:51 l00;YfWlPi ., 169000.00 1108,06 1088,30 19,76 1103.42 1110.49 0.002474 12.53 13486.85 916.69 14.71 19519.30 20435.99 916.69 0.58
SaftRiver 217.57 500-vrfNlPi ' 243000,00 1112,01 1088,30 23.70 1106,32 1115,13 0.002351 14,19 17124.90 925.94 18.49 19511,03 20436.97 925.94 0,58
Sail River 217.57 ,SPFWOIP 289000.00 1114,29 1088.30 25.99 1107.92 1117.79 0.002278 15,02 19243.66 931.12 20.67 19506.42 20437,54 931.12 0.58

I: ,.'>
Sail River 217,46 1,"';"W/i>, 55000.00 1099,74 1089.15 10.59 1096,56 1100.58 0.002105 7,36 7472.99 1012,27 7,38 19452.87 20465.13 1012.27 0.48
Sell River 217A6 5Ci,vrWIP 140000.00 1105.63 1089.15 16.48 1100,78 1107.30 0.001964 10.37 13502.96 1035,72 13.04 19439.71 20475.42 1035.72 0.51
Sail River 217.48 100;YfW/t> 169000.00 1107.41 1089,15 18.26 1101,92 1109.29 0.001881 11.00 15360.67 1042.79 14.73 19435,83 20478.62 1042.79 0,51
Sail River 217.4,8 50O;yfiNIP 243000,00 1111.58 1089.15 22.43 1104.52 1113.94 0.001726 12,31 19747.30 1060.90 18.61 19427,09 20487,99 1060.90 0,50
Sail River 217.46 SPFWOiP 289000,00 1113,99 1089,15 24.84 1106.03 1116.59 0.001646 12,95 22309.13 1070.07 20.85 19422.46 20492,53 1070.07 0,50

Sali River 217:39 lC-yrWIP 55000.00 1098.36 1087.28 11,08 1096.00 1099.36 0.002765 8,01 6863.27 1003,62 6,84 19477.42 20481.04 1003,62 0.54
Sail River 217.39 5O;yrw/p 140000,00 1104.46 1087.28 17,18 1100.01 1106.25 0.002173 10,71 13066.79 1029,09 12,70 19465.08 20494.17 1029.09 0.53
Sail RiVer 217:39 loc-YiWII" 189000,00 1106,33 1087,28 19.05 1101.13 1108.30 0.002023 11.27 14996.04 1036,72 14.46 19461.04 20497,76 1036.72 0.52
Sail River 217.39 silc-vrWIP 243000,00 1110,63 1087,28 23.35 1103,76 1113.04 0.001789 12.47 19491.83 1054.33 18.49 19451.81 20506.14 1054.33 0.51
Sall'Rlver" 217.39 'SPFWO/P.

,."
289000,00 1113,09 1087,28 25.81 1105,27 1115.75 0.001688 13,08 22101.22 1064.12 20.77 19446.98 20511.10 1064,12 0,51

'::
Saft RiVer 217,29 lo.'irWIP,

,,' 55000.00 1096.99 1082.79 14.20 1094,50 1098,01 0.002717 8.08 6808.42 967.47 7.04 19524.09 20491.56 967.47 0,54

Salt River 217:29 5o,vrWIP 140000.00 1103.44 1082,79 20,65 1098,59 1105.20 0.002054 10.67 13122,87 993.13 13.21 19511.75 20504.88 993.13 0,52

SaftRlver 217:29 169000,00 1105,38 1082.79 22.58 1099.81 1107,33 0.001914 11,22 15056.44 1000.93 15.04 19508.03 20508.96 1000,93 0.51

Sail River 217,29. - 243000.00 1109,77 1082.79 26,98 1102.52 1112,18 0,001718 12.47 19493.77 1019,04 19.13 19499,17 20518,21 1019,04 0.50,

SaifRiver " 211:29 289000.00 1112.26 1082.79 29.47 1104.05 1114,93 0.001636 13.11 22048.76 1029.45 21.42 19494.01 20523.46 1029.45 0.50

",:
SallRlver 217:20 55000.00 1095.53 1082.28 13,25 1093.07 1096,60 0.002777 8.30 6624,92 919,37 7,21 19577,24 20496.61 919,37 0.55

SalfRlver 2}7.20 140000,00 1102.37 1082.28 20.09 1097,32 1104,17 0,001980 10.76 13012.48 946.88 13.74 19563,60 20510.47 946.88 0,51

Sail River :217,20 iQo,oitfNiP 169000.00 1104.37 1082.28 22,09 1098.52 1106,36 0,001855 11.33 14911,94 955,03 15.61 19559.48 20514,50 955.03 0,51

SaiiR(Ver 217.20 50o;y(wlfr. ' 243000,00 1108,81 1082,28 26.53 1101,31 1111,30 0.001699 12,66 19194.63 972.88 19,73 19550.18 20523.06 972.88 0.50

Sa~Rlver ' 217.20 SfiFr'WOiP 289000.00 1111,32 1082.28 29.04 1102.90 1114,08 0.001635 13.35 21643.09 982.94 22.02 19544.93 20527.87 982,94 0.50

Saft River 217,10 lo;yrwlP 55000.00 1094,60 1082.61 11,99 1090.89 1095.44 0.001736 7.33 7504.55 877.96 8.55 19622,14 20500,09 877.96 0.44

Sail RiVer 217.1'0 5O;'1rWIP 140000.00 1101,63 1082.61 19,02 1095.33 1103.23 0.001558 10.16 13775.40 907.42 15.18 19607,16 20514.57 907.42 0.46

Sail River 217.1() 10C-yrWIP " 169000.00 1103,65 1082.61 21.04 1096.58 1105.47 0.001513 10.82 15622.15 916.00 17.05 19602.78 20518,78 916.00 0.46

SaftRiver 21710 50C-vr,WIP 243000.00 1108.11 1082.61 25.50 1099.48 1110.46 0.001475 12.30 19750.69 934.99 21.12 19593.05 20528.04 934.99 0.47

Sail River 217.10 SP,FWolP": 289000.00 1110.62 1082.61 28,01 1101.10 1113.28 0.001456 13.07 22108.44 945.53 23,38 19587.71 20533.24 945.53 0.48

: "'-

SallRlver 55000.00 1093,67 1080.76 12,91 1090.27 1094.56 0.001903 7.57 7260.89 872,29 8.32 19628.17 20500.46 872.29 0.46

SallRiver

•
140000.00 110M3 1080.76 20.06 1094.56 1102.47 0.001593 10.29 13608.45 900.91 15.11 19613.61 20514.52 900.91 0.47

IS"lfRlver 169000.00 1102.88 1080.76 22.12 1095.88 1104.73 0.001536 10.93 15466.75 909.11 17.01 19609.39 20518.50 909.11 0.47

Sail River ':' 243000,00 1107.35 1080,76 26.59 1098.81 1109.75 0.001490 12.41 19574.40 926.88 21.12 19600.31 20527.19 926.88 0.48

saliRiver

1'<1.1);'1' "-':''':

289000.00 1109.87 1080.76 29.11 1100.44 1112.57 0.001469 13.19 21915.68 936.69 23.40 19595.38 20532.07 936.69 0.48
"

ISail RiVer, 55000.00 1092.85 1080.48 12,37 1088.63 1093,65 0.001585 7.18 7657,02 868.48 8,82 19621.43 20489.92 868.48 0.43

Se'llRivar 140000.00 1100.15 1080.48 19.67 1093.37 1101.68 0.001408 9.92 14108.47 899.03 15,69 19607,11 20506.13 899,03 0.44
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Reach RiverSta Profile Cl.Totsl .,,~ staw,s. Hot TopW!dth' Froude.#Chl .

. (Cfa)" (ft), i,x > (fI)'.·i'·, ': .•. (ft):,:","""'" .. (fll> .,
'" '0: :JlflsY':>' (SQ1)'0' . (fiyi, .•, Cftl> '.1 ' (ft) . (ft) (ft)

Salt Rivet 216.91 .. :.... 1liQ.'YrVviF'·i 169000.00 1102.23 1080.48 21.75 1094.63 1103.96 0.001371 10.57 15985.33 906.73 17.63 19603.19 20509.92 906.73 0.44
Salt Rivet 216.91 @'l'rVviF' 243000.00 1106.72 1080.48 26.24 1097.56 1108.99 0.001362 12.09 20098.96 925.62 21.71 19592.73 20518.35 925.62 0.46
Salt River 216.91 SRF'N(!jtp' 289000.00 1109.24 1080.48 28.76 1099.21 1111.81 0.001353 12.88 22446.49 935.33 24.00 19587.98 20523.31 935.33 0.46

Salt River 216,82 1o-yrWiP: 55000.00 1092.22 1080.42 11.80 1087.56 1092.92 0.001234 6.71 8190.98 852.69 9.61 19629.88 20482.57 852.69 0.38
Salt River 218:82 5O-yrWIP 140000.00 1099.55 1080.42 19.13 1092.06 1100.98 0.001243 9.61 14566.58 887.33 16.42 19610.33 20497.66 887.33 0.42
Salt River 216.82 1Qo-yrWiP: 169000.00 1101.64 1080.42 21.22 1093.32 1103.28 0.001231 10.29 16429.69 896.80 18.32 19604.46 20501.27 896.80 0.42
Selt River 216.82 50o-yrWIP 243000.00 1106.12 1080.42 25.70 1096.26 1108.30 0.001260 11.86 20496.51 918.04 22.33 19591.97 20510.01 918.04 0.44
Salt River 21M2 SPFWOIP 289000.00 1108.64 1080.42 28.22 1097.98 1111.13 0.001267 12.66 22825.17 929.38 24.56 19585.96 20515.34 929.38 0.45. ,
SaltR.iver 216.72 1p...y:rV'{iP. 55000.00 1091.70 1077.60 14.10 1086.59 1092.33 0.001058 6.40 8590.83 855.94 10.04 19619.33 20475.27 855.94 0.36
Salt River 215:72 $p...fr.WiP: 140000.00 1099.01 1077.60 21.41 1091.07 1100.37 0.001139 9.35 14976.50 890.65 16.82 19599.09 20489.74 890.65 0.40
SaltRivet 21.6.72 10o;yCWIP 169000.00 1101.10 1077.60 23.50 1092.33 1102.67 0.001139 10.03 16852.70 901.32 18.70 19592.35 20493.67 901.32 0.41
Salt River 216.72 $00'y,.'NiF' 243000.00 1105.57 1077.60 27.97 1095.32 1107.67 0.001182 11.61 20930.07 922.30 22.69 19579.75 20502.05 922.30 0.43
Salt River 216.72 SPFWQIP··· 289000.00 1108.09 1077.60 30.49 1096.99 1110.49 0.001195 12.42 23266.44 933.30 24.93 19574.22 20507.52 933.30 0.44

SsltRlver 216:63 lO-yrWfI>. 55000.00 1090.86 1076.61 14.25 1086.81 1091.67 0.001568 7.23 7605.36 847.81 8.97 19617.33 20465.14 847.81 0.43
Sall-Rivec 216:63···· 5O-yrWiP. 140000.00 1098.12 1076.61 21.51 1091.35 1099.70 0.001444 10.07 13903.03 884.28 15.72 19597.48 20481.76 884.28 0.45

Sall-Rivar 216.63 10Q;y,.WiP.; 169000.00 1100.22 1076.61 23.61 1092.65 1102.00 0.001404 10.72 15766.71 893.04 17.66 19592.83 20485.88 893.04 0.45
Sell-River 216.63 50o;vt'V'llF' 243000.00 1104.64 1076.61 28.03 1095.64 1106.99 0.001414 12.30 19753.65 913.18 21.63 19582.65 20495.83 913.18 0.47
SallRlver 216:63 SPFWOIP 289000.00 1107.13 1076.61 3o.s2 1097.32 1109.80 0.001413 13.11 22051.55 925.87 23.82 19576.04 20501.91 925.87 0.47

Salt River 216:53 1():.yrWIF'. .. ·. 55000.00 1090.19 1077.04 13.15 1085.63 1090.91 0.001307 6.83 8057.11 853.35 9.44 19626.67 20480.02 853.35 0.39

Salt River 216.53 $():.y,.wiP.' 140000.00 1097.51 1077.04 20.47 1090.14 1098.96 0.001296 9.67 14476.02 901.73 16.05 19605.37 20507.11 901.73 0.43

Salt River 218.53 1OC-yrV'lIP: 169000.00 1099.62 1077.04 22.58 1091.43 1101.27 0.001332 10.30 16412.30 986.39 16.64 19531.11 20517.50 986.39 0.44

Salt River 216.53 ". 5QQ.;ViVVIf'.: 243000.00 1104.12 1077.04 27.08 1094.39 1106.23 0.001281 11.68 20964.76 1026.95 20.41 19522.70 20549.65 1026.95 0.44

SaitRivar 2'16.53 SPFWOIF' 289000.00 1106.67 1077.04 29.63 1096.08 1109.04 0.001239 12.38 23600.64 1036.36 22.77 19517.97 20554.32 1036.36 0.44
.

"

Salt River 216:505 "'i' Bridge
,

"
,

Salt River 216.49 1Q.;vrWIP 55000.00 1089.75 1075.99 13.76 1090.48 0.001311 6.82 8070.36 860.09 9.38 19631.18 20491.28 860.09 0.39

Salt Rivar 216.49 5d-YiWI'P, : 140000.00 1096.97 1075.99 20.98 1098.43 0.001308 9.70 14426.24 901.28 16.01 19610.38 20511.66 901.28 0.43

SaltRiver 216.49 . 10d-yrWIP 169000.00 1099.04 1075.99 23.05 1100.71 0.001341 10.35 16338.72 979.60 16.68 19544.38 20542.27 979.60 0.44

SaitRiv.ar 21'8;49' .sod-ViWI'P. 243000.00 1103.50 1075.99 27.51 1105.64 0.001287 11.76 20817.93 1014.38 20.52 19536.51 20550.89 1014.38 0.45

Salt River 216.49 SPFWO'J'P 289000.00 1106.04 1075.99 30.05 1108.44 0.001248 12.47 23408.27 1023.75 22.87 19531.59 20555.34 1023.75 0.45

". ,.
Slllt.RiVer 215;42 55000.00 1089.40 1075.34 14.06 1084.51 1090.05 0.001127 6.44 8537.77 883.71 9.66 19567.36 20451.07 883.71 0.37

SaltRiver. 216,42 :. 140000.00 1096.65 1075.34 21.31 1088.95 1097.98 0.001170 9.27 15107.59 930.64 16.23 19544.55 20475.19 930.64 0.41

SailRiver ... 21&;42 100'YrWiP. 169000.00 1098.72 1075.34 23.38 1090.21 1100.25 0.001178 9.91 17059.41 982.01 17.37 19500.52 20482.53 982.01 0.41

Sail Rivef 2113":42 50o-vr'NIP 243000.00 1103.27 1075.34 27.93 1093.12 1105.16 0.001125 11.12 22524.50 1249.16 18.03 19254.09 20503.25 1249.16 0.42

SallRlvar 216.42 .'. SPFWOI'P 289000.00 1106.13 1075.34 30.79 1094.77 1107.88 0.000941 10.97 28982.80 1815.30 15.97 18689.07 20511.35 1815.30 0.39
.... ..•...

SaltRiver 21634 lo-YrWIP 55000.00 1088.99 1073.65 15.34 1083.93 1089.55 0.001001 6.01 9146.84 960.18 9.53 19440.42 20400.60 960.18 0.34

Salt Rivet 216.34 5t'1.,vrWIF'.: 140000.00 1096.31 1073.65 22.66 1088.15 1097.45 0.001001 8.57 16344.10 1007.09 16.23 19416.15 20423.24 1007.09 0.37

SsltRlver 218.34 10Q.;VrWIf'.: 169000.00 1098.40 1073.65 24.75 1089.36 1099.70 0.000989 9.15 18467.30 1020.45 18.10 19409.40 20429.85 1020.45 0.38

Sail Rivar 216,34 50d-YrVVI'P 243000.00 1102.93 1073.65 29.27 1092.12 1104.64 0.001002 10.50 23151.39 1050.73 22.03 19394.69 20445.42 1050.73 0.39

Sa1tRivar 216.34 SPFWOIP 289000.00 1105.49 1073.65 31.84 1093.67 1107.43 0.001001 11.17 25874.70 1070.37 24.17 19385.03 20455.39 1070.37 0.40

HEC-RAS Plan: Prop PrePost River. Salt River Reach: Salt River (Continued)
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Salt River Hydraulic Master Plan Plan: SR HMP - Proposed - Pre 1Post Q's 8/7/2009
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Salt River Hydraulic Master Plan Plan: SR HMP - Proposed - Pre 1Post Q's 8/7/2009

River =Salt River Reach =Salt River RS =218.965 BR State Route 153 Bridge
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Salt River Hydraulic Master Plan Plan: SR HMP - Proposed - Pre / Post Q's 8/7/2009
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Kimley-Hom and Associates, Inc.

Appendix G Scour Analysis

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 2010

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements
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Project:

Projecl# :

Dale:

Comp by:

Rev by:

SR143/Sky HarborTI

191543000

11/1112009

GA

RAE

Total Scour Depth Estimate-ADOT Procedures (see attached components calculations)3

Design Peak Contrac- Long Calculated Pier Total
2

Storm Flow tion1 Term cont+Long Scour Scour depth
Frequency Scour Scour Term Scour Required

(cfs) (ft) (ft) (ft) (ft) (ft)
100-Yr post-dam modif. 169,000 0.52 0.99 1.51 20.40 21.91

500-Yr post-dam modif. 243,000 0.65 0.99 1.64 22.00 23.64

1- Contraction Scour was estimated using Laursen Equation

2- Design Scour Elevation for existing piers=1078.00 ft (NGVD29); Available Scour depth from current river bed bottom =1106.59-1078.00 =28.59 ft.

Accodingly, 28.59 ft would be the minimum design scour depth considered for this set of calculations

3- The applicable components are decribed in section 7 ofthis drainage report

Total Scour Depth Estimate-FCDMC Procedures (see attached components calculations)7

Design Peak General General General1 Long2 Low3 Calculated4 Applied Gen+LT+LF ApplieS Pier Safetl Pier Total

Storm Flow Scour Scour Scour Term (LT) Flow (LF) Gen+LT+LF Safety Scour Gen+LT+LF Scour Factor Scour Scour Depth

Frequency Blench Eq. Lacey Eq. Average value Scour Scour Scour Factor (SF) with SF Scour for Pier W!SF Required

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

100-Yr post-dam modif. 169,000 10.33 2.60 6.47 0.00 1.00 7.47 1.30 9.70 10.00 20.40 1.00 20.40 30.40

500-Yr post-dam modif. 243,000 13.05 2.93 7.99 0.00 1.00 8.99 1.30 11.69 11.69 22.00 1.00 22.00 33.69

1- Per the FCDMC, the general scour depth was estimated as the average of the Blench and Lacy equations

2- Per the FCDMC, since the calculated equilibrium slope is close to the existing bed slope, long term scour is considered to be zero feet.

3- As recommended by the FCDMC.

4- Bed form scour is accounted for in the pier scour calculations by applying the factor K3=1.1

5- Per the FCDMC practice, if the sum of the of scour components for long, general, bed form, and low flow scour is less than 10 ft (for a straigh reach), a minimum of 10 ft is considered.

6- Per the FCDMC criteria, if debris width is considered in the pier scour calculations, a SF of 1.0 can be used for Pier scour.

7- The applicable components are decribed in section 7 of this drainage report

Design Scour Depth
Design Gen+LT+LF Pier ''i ;.,+' Bed Design Bed Design

Storm Scour Scour § ~:
'r

Elev Scour Elev Elev Scour Elev

Frequency Depth Depth "'" 2. (NGVD29) (NGVD29) (NAVD88) (NAVD88)

(ft) (ft) >'.' ti:t:: ......• ', •.
(ft) (ft) (ft) (ft)

100-Yr post-dam modif. 10.00 20.40 1.,,"'·7\-'··•..>. 1106.59 1076.19 1108.51 1078.11

500-Yr post-dam modif. 11.69 22.00 . 1106.59 1072.90 1108.51 1074.82

SR 143-Salt River Bridge-Total Scour-4.x
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Project: SR 1431Sky harbor TI

Proj. No: 191543000

Date: 7/1712009

Prep by: GA

Rev by: RAE

Long Term Scour Estimate - Using the Stable (Equilibrium) Slope Analysis Method
Reference: Computing Degradation and Local Scour, by Ernest L. Pemberton and Joseph M. Lara,

Technical Guidelines for Bureau of Reclamation, January, 1984.

Stable (Equilibrium) Slope Analysis Long Term Scour
Schoklitch Method

Locationl Average Dominant Dominant Bankfull Equilib. Locationl Pivot Distance Channel' Channel' Existing Equilib. Slope Long
Sec. No. Grain Discharge Discharge Width Slope Sec. No. (Control) to Pivot Bed Bed Bed Slope Degradat Term

Size Storm Point Point Elev Elev Slope (Sex-SI) Scour
Location at Upst at Pivot

0 50 Q B SL '-w Section Point Sex SI L\S Z~

(mm) (cfs) (cfs) (ft) (ft/ft) (ft) (ft) (ft) (ft/ft) (ft/ft) (ft/ft) (ft)

HMP HEC-RAS
219.04 79.20 10-Yr 55,000.0 928.0 0.00216 219.04 Sec. 217.76 6,749.0 1106.59 1091.00 0.00231 0.00216 0.00015 0.99

I
I
I
I
I
I
I
I
I
I
I
I
I

Schoklitsch Method (Zero bed transport)
SL=K(DB/Q)3/4

SL=Stable slope, (ft/ft)

K=.00174
D=Mean particle size,D50 (mm)

B=Channel Width (bankfull width), (ft)
Q=Dominant discharge, (cfs)

Notes:

*: Elevations based on NGVD29 datum

SR 143-Salt River Bridge-Long Term Scour-2.xls
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Contarction Scour (a form of General Scour) Project: SR1431Sky Harbor TI

'Live Bed" or "Clear Water" Conditions Project # : 191543000

Reference: HEC 18, 2001J Date: 81612009

Prep by: GA

Rev by: RAE Base sheet prepared by GA

Design Contracted
Section

,..ocation/Structure 10: Upst of Hydraulic Data Source
storm Scetion

Contraction
SR143 Bridge over the Salt River 100-vr 219.04 219.04 HMP HEC-RAS Model for Proposed Condo

Contraction Scour Estimate-Live Bed Conditions

°so 050 Selected ro ro Yl 51 V* V*/ro kl
(mm) (inch) Temo Curve (m/s) (fos) (ft) (ftlft) (fos)

79.2000 0.2598 20°C/68°F 0.3500 1.15 15.01 0.00171 0.91 0.79 0.64

Yl Ql WI Yo Q2 W2 kl Y2 Ys
(ft) (cfs) (ft) (ft) (efs) (ft) (ft) (ft)

15.01 169000.0 928.00 15.01 169000.0 880.00 0.64 15.53 0.52

Contraction Scour Estimate-Clear Water Conditions

050 Om Q W Yo Y2 Ys
(ft) (ft) (cfs) (ft) (ft) (ft) (ft)

0.2598 0.3247 169000.0 880.00 15.01 15.52 0.51

Applicable Scour Conditions (Live Bed or Clear water) Applicable Selected

050 Oso Yl VI Vc-DSO Velocity Scour Ys Ys
(mm) (ft) (ft) (fos) (fos) Condo Conditions (ft) (ft)

79.2000 0.2598 15.01 10.64 11.19 V1<Vc ClearWater 0.51 0.52

Criticall Velocity Equation Live Bed Equation Clear Water Equation
iVc = 11.17 V/16Dl13 V2 =V1[(OiOlr(W11W2)kl] V2 =[O.007702/(Dm213W2)t

f7

V· = (gY1S1)1/2 Ys =Y2-YO

Vs =V2-VO

Vc= Critical velocity above which bed material of size D and smaller will be transported,(fps)

V1= mean flow velocity in the upstream main channel (upst of contraction), (fps)

D= Particle size for Vc (ft)

D50= Particle size in a mixture of which 50 percent are smaller (ft)

Dm= Diameter of the smallest non-transportable particle in the bed material (1.25 D50) in the contarcted section, (ft)

Ys= Average scour depth, (ft)

V1= Average flow depth (hydraulic depth) in upstream main cahnnel (upst of contraction), (ft)

Y2= Average equilibrium flow depth in contracted section, after contaction scour depth, (ft)

V0= Existing flow depth in contracted section before scour, (ft)

0 1= Flow in upstream channel transporting sediments, (cfs)

O2= Flow in contarcted channel, (cfs)

0= Similar to "02", (cfs)

W1= Bottom width of the upstream main channel (upst of contraction) that is transporting bed material, (ft)

W2= Bottom width of the main channel in contracted section (less pier width at a bridge location), (ft)

W= Similar to 'W2", (ft)

e= Angle of attack (approach) of the flow, (degree)

(minimum value recommended by ADOT = 15 degree)

K1= Exponent that is a function of V*/(j)

V'/ro < 0.5 0.5 to 2 >2.0

K1 0.59 0.64 0.69

V*= Shear velocity in Upstream section, (fps)

ro= Fall velocity of bed material (m/s) based on D50 and selected tempreture, from Figure 5.8 of reference.

(Multiply by 3.28 to get "fps")

g= Acceleration of gravity, (32.2 ftlsec2
)

S1= Siooe of energy grade line of main channel, (ftlft)

SR 143-8alt River Bridge-Contraction Scour-100Yr-2.xls
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Contarction Scour (a form of General Scour) Project: SR143/Sky Harbor TI

'Live Bed" or "Clear Water" Conditions Project # : 191543000

Reference: HEC 18, 2001j Date: 8/612009

Prep by: GA

Rev bv: RAE Base sheet prepared by GA

Design Contracted
Section

lL.ocation/Structure 10:
storm Scetion

Upst of Hydraulic Data Source
Contraction

iSR143 Bridge over the Salt River 500-vr 219.04 219.04 HMP HEC-RAS Model for Proposed Condo

Contraction Scour Estimate-Live Bed Conditions

0 50 050 Selected ro ro Y 1 81 V* V*/ro k1

(mm) (inch) Temp Curve (m/s) (fps) (ft) (ftIft) (fps)

79.2000 0.2598 20°C/6SoF 0.3500 1.15 18.89 0.00161 0.99 0.86 0.64

Y 1 Q1 W1 Yo Q2 W2 k1 Y2 Y s
(ft) (efs) (ft) (ft) (cfs) (ft) (ft) (ft)

18.89 243000.0 928.00 18.89 243000.0 880.00 0.64 19.54 0.65

Contraction Scour Estimate-Clear Water Conditions

0 50 Om Q W Yo Y2 Y s
(ft) (ft) (efs) (ft) (ft) (ft) (ft)

0.2598 0.3247 243000.0 880.00 18.89 21.19 2.30

Applicable Scour Conditions (Live Bed or Clear water) Applicable Selected

050 0 50 Y 1 V1 Vc-D50 Vel~city Scour Y s Y s
(mm) (ft) (ft) (fps) (fps) Condo Conditions (ft) (ft)

79.2000 0.2598 18.89 12.00 11.63 V1>Vc Live Bed 0.65 0.65

Criticalf Velocity Equation Live Bed Equation Clear Water Equation
Vc = 11.17 Y11/SDl/3 Y2 =Y1[(QiQ1)SI7(W11W2)k1 j Y2 =[O.0077Q2/(Dm213W2)]317

V* = (gY1S1)112 Ys=Y2-YO

YS =Y2-YO

Vc= Critical velocity above which bed material of size D and smaller will be transported,(fps)

V1= mean flow velocity in the upstream main channel (upst of contraction), (fps)

D= Particle size for Vc (ft)

0 50=Particle size in a mixture of which 50 percent are smaller (ft)

Dm= Diameter of the smallest non-transportable particle in the bed material (1.25 D50) in the contarcted section, (ft)

Ys= Average scour depth, (ft)

Y1= Average flow depth (hydraulic depth) in upstream main cahnnel (upst of contraction), (ft)

Y2= Average equilibrium flow depth in contracted section, after contaction scour depth, (ft)

Yo= Existing flow depth in contracted section before scour, (ft)

Q1= Flow in upstream channel transporting sediments, (cfs)

Q2= Flow in contarcted channel, (cfs)

Q= Similar to "Q2", (efs)

W1= Bottom width ofthe upstream main channel (upst of contraction) that is transporting bed material, (ft)

W2= Bottom width of the main channel in contracted section (less pier width at a bridge location), (ft)

W= Similar to 'W2", (ft)

9= Angle of attack (approach) of the flow, (degree)

(minimum value recommended by ADOT = 15 degree)

K1= Exponent that is a function of V*/ro

V*/w < 0.5 0.5 to 2 > 2.0

K1 0.59 0.64 0.69

V*= Shear velocity in Upstream section, (fps)

w= Fall velocity of bed material (m/s) based on 050 and selected tempreture, from Figure 5.8 of reference.

(Multiply by 3.28 to get "fps")

Ig= Acceleration of gravity, (32.2 ftIsec2
)

'S1 = Slope of energy grade line of main channel, (ftIft)

SR 143-Salt River Bridge-Contraction Scour-500Yr-2.xls
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Local Scour at Bridge Piers Project: SRl43lSky Harbor TI

Per Colorado State University "CSU" Equation Project # : 191543000

Reference: HEC 18, 2001 Date: 81612009

Compby: GA

Revbv: RAE Base sheet by GA

Bridge ID/Location Desion Storm Data Section No.llD

SR143 Bridge over the Salt River 100-yr 219.04 (HMP HEC-RAS Madel for Proposed Conditions)

Assessment ofdesian aDDroach for Diers comDosed ofarOUD ofcvlinderslmultiDle columns bent when aDDlicableJ
Pier No of Diam CS IsCS<5d Evaluate Equiv. Equiv. CS=Clear Spacing

Shaoe Columns d (ft) (ft) ('(IN) Pier as a (ft) L (ft) Equiv. Pier-equivalent round nose pier with: equivalentlength=sum
Group of Single of individual diameters, and equivalent width=column diameter
Cylinders 7 6.00 32.00 N Column 6,00 6.0

Estimate ofK4: (note: for ADOT application, K4=1 should be always used)
(Applicable when Dso,bed eouals or larger than 2 mm 10.079") and Dos,bed equals or larger than 20 mm (0.787"), otherwise K4=1)

Dso D95 Dso D95 V 1 Grain Size V cD50 V cD95 V icD50 VicD95 V R ~,caIC
(mm) (mm) (ft) (ft) (fos) AoDlicabilitv (fos) (fos) (fos) (fos)

0.00 0,00 0.000 0.000 - -- - -- -- -- - -
!Scour Depth estimate

Y1 Fr1 e a w L Leffec aproj K1 K2 K3 ~ Ys
(ft) (degree) (ft) (ft) (ft) (ft) (ft) (ft)

19.85 0.48 15.0 6.00 2.00 6.0 6.0 10.00 1.0 1.0 1.1 1.0 20.4

Ys =Y1[ 2.0 K1 K2* K3 K4 (a*fY1)O.65 FrO.43

1*: Per HEC-18, when debris is considered, use k2=1 and use a=a"",j in the Ys equation]

Y. = Predicted scour depth, (ft)

Y, = Flow depth directly upstream of pier, (ft)

F" = Froude number directly upstream of the pier

9 = Skew angle of flow with pier length/Angle of attack (degree)

(Note: ADOT suggests that a minimum value of 15 degree may be used to account for channel meandering)

K, = Correction factor for pier nose shape

For 9 equal to or smaller than 5 degree, use Table 6.1 of reference

For 9 larger than 5 degree, use K, =1

(Note: ADOTsuggests Kl=l.l to accountfordebris; However, when a debris width is incorporated, HEC-18 uses k1=1.0)

L = Length of pier, (ft); (Applicable "L" per pier shape is shown on Fig. 6.3 of reference)

l.ff.e = Effective Length of pier, beyond which the length does not add significant scour, =max of (L,12a)

a = Width of pier, (ft); (typical pier shapes are shown on Fig. 6.3 of reference)

w= Estimated debris width on each side and at front of piers, (ft)

(Note: Recommended debris widths are: ADOT-> w=2 ft ; FCDMC-> w=maximum of (a/2 , 1})

a"",jected = Total projected (obstructed) width, including debris, normal to flow direction; ap«>j= max(2w+a cosB, w+a cosB+L.t., sinB}

(Note: ADOT guidelines state that for pier frame with multiple columns:

- if the clear distance between columns (across flow) > 16 ft, they shall be evaluated as single columns

- if the distance is <16 ft, consider one pier with a,effect = width between exterior columns

K2= Correction factor for angle between flow direction and pier alignment, estimated as follows (see top comment) :

K2= [(cos 9 + (Ua) sin af6S; Ua,max =12, i.e K2,max =5.0

Ks= Correction factor for bed conditions, from table 6.3 of reference

K.. = Reduction factor for armoring by bed material

Applicable when 0so,bed equals or larger than 2 mm (0.079") and 095,bed equals or larger than 20 mm (0.787"), otherwise K4=1

K4 is calculated as follows:

VoOx =11.17 y,('16)0.('13). Calculate for x=50 and x=95

V~Dx=0.645 (O"Ja)o.053ycQx' Calculate for x=50 and x=95

VR=fY,-V'dJ50)lfYc05O"V~)>0

K..=O.4fYR)O.lS ; When applicable and when V,<V'dJ50, K..,_=O.4

VcOx = Critical Velocity (fps) for incipient motion for the grain size Ox, (ft)

VicOx = Approach Velocity (fps) required to initiate scour at the grain size Ox, (ft)

Ox = Grain size for which x% of the bed material is finer.

V, = Velocity of approach flow just upstream of the pier, (fps)

(Note: AOOT requires to always use K4=1.0, i.e no allowance for scour reduction due to potential bed armorinQ)

SR 143-Salt River Bridge-Pier Scour-1 00Yr-2.xls
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Local Scour at Bridge Piers Project: SR143/Sky Harbor TI

Per Colorado State University ·CSU" Equation Project #: 191543000

Reference: HEC 18, 2001 Date: 81612009

Compby: GA
Rev by: RAE Base sheet bv GA

Bridge ID/Location Desian Storm Data Section No.llD

SR143 Bridge over the Salt River 500"yr 219.04 (HMP HEC-RAS Model for Proposed Conditions)

Assessment ofdesian aooroach for Diers comoosed ofarouo ofcvlinders/muffiole columns bent when aoolicableJ
Pier No of Diam CS IsCS<5d Evaluate Equiv. Equiv. CS=Clear Spacing

ShaDe Columns d (ft) (ft) (YIN) Pier as a (ft) Uft) Equiv. Pier=equivalent round nose pier with: equivalent length=sum
Group of Single of individual diameters, and equivalent width=column diameter
Cylinders 7 6.00 32.00 N Column 6.00 6,0

Estimate ofK4: (note: for ADOTapplication, K4=1 should be always used)
(Aoolicable when D~,bed eouals or laroer than 2 mm (0.079") and D..,bed eouals or laroer than 20 mm CO.78T'I, otherwise K4=1 \

0 50 0 95 0 50 0 95 V1 Grain Size VcD50 VcD95 ViCD50 VicD95 VR ~,calc
(mm) (mm) (ft) (ft) (fos) Aoolicabilitv (fos) (fos) (fos) (fos)

0.00 0.00 0,000 0,000 --- - - -- - - - -

Scour DeDth estimate

Y1 Fr1 e a w L 4ffec aproj K1 K2 K3 ~ Ys
(ft) (dearee) (ft) (ft) (ft) (ft) (ft) (ft)

23.95 0.49 15.0 6.00 2.00 6.0 6.0 10.00 1.0 1.0 1.1 1.0 22.0

Ys =Y1[ 2.0 K1 K2* K3 ~(a*1Y1)O.65 FrO.43

[*: Per HEC-16, when debris is considered, use k2=1 and usea=aP<Oi in the Vs equation)

V. = Predicted scour depth, (ft)

V, = Flow depth directly upstream of pier, (ft)

F~ = Froude number directly upstream of the pier

0= Skew angle of flow with pier length/Angle of attack (degree)

(Note: ADOT suggests that a minimum value of 15 degree may be used to account for channel meandering)

K, = Correction factor for pier nose shape

For II equal to or smaller than 5 degree, use Table 6.1 of reference

For lliarger than 5 degree, use K, =1

(Note: ADOT suggests K1=1.1 to account for debris; However, when a debris width is incorporated, HEC-16 uses k1=1.0)

L = Length of pier, (ft); (Applicable "L" per pier shape is shown on Fig. 6.3 of reference)

L..r.c = Effective Length of pier, beyond which the length does not add significant scour, =max of (L,12a)

a = Width of pier, (ft); (typical pier shapes are shown on Fig. 6.3 of reference)

w= Estimated debris width on each side and at front of piers, (ft)

(Note: Recommended debris widths are: ADOT-> w=2 ft ; FCOMC-> w=maximum of (aJ2 , 1»

a"._ = Total projected (obstructed) width, induding debris, normal to flow direction; a"o;= max(2w+a cosO, w+a cosO+L...rc sinO)

(Note: AOOT guidelines state that for pier frame with mUltiple columns:

- if the dear distance between columns (across flow) > 16 ft, they shall be evaluated as single columns

- if the distance is <16 ft, consider one pier with a,effect = width between exterior columns

K2 = Correction factor for angle between flow direction and pier alignment, estimated as follows (see top comment) :

K2 = [(cos 0 + (Ua) sin ofos ; Ua,max =12, i.e K2,max =5.0

K3 = Correction factor for bed conditions, from table 6.3 of reference

K. = Reduction factor for arrnoring by bed material

Applicable when 050,bed equals or larger than 2 mm (0.079") and O..,bed equals or larger than 20 mm (0.767"), otherwise K4=1

K4 is calculated as follows:

Veox =11.17 y,('I6)O,(1I3). Calculate forx=50 and x=95

V~o,=0.645 (O,/a)"-053ycr>x. Calculate for x=50 and x=95

VR=(V,-V~)/(Vce&rVi0D95) >0

K.=0.4(VR)O.'5 ; When applicable and when V,<V~, K.......,=0.4

VcOx = Critical Velocity (fps) for incipient motion for the grain size Ox, (ft)

VicOx = Approach Velocity (fps) required to initiate scour at the grain size Ox, (ft)

Ox = Grain size for which x% of the bed material is finer.

V, = Velocity of approach flow just upstream of the pier, (fps)

(Note: AOOT reauires to alwavs use K4=1.0, i.e no allowance for scour reduction due to potential bed arrnoring)

SR 143-Salt River Bndge-Pler Scour-500Yr-2.xls
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General Scour Depth Project: SR 143/Sky harbor TI

Blench Equation Project #: 191543000
(Typically applicable to clear-ware conditions where Date: 10/1212009
there is a reservoir, sand and gravel pit, or upstream Comp by: GA
structure that reduces sediment supply significantly) Rev by: RAE Base sheet by GA

Ref: Computing Degradation and Local Scour, by Ernest L. Pemberton and Joseph M. Lara,Technical Guidelines for Bureau of Reclamation, January, 1984).

General Scour depth (for Types MB); Type A: Natural channels for restrictions and bends; Type B: Bankline structures

rrype A applications: Siphon crossing or burned pipelines; Stability study of a natural bank; Waterway for open-span bridge.

lType B applications: Abutments to bridge or siphon crossing; Bank slope protection such as riprap,etc; Spur dikes, groins,etc; Pumping plants; Canal headworks.

Location: SR143 Bridge at the Salt River

Application: General scour upstream of bridge

Section Design Design Design Design Bed Blench's Multiplying Scour
ID Storm Total Top Water Flow Rate Mean Zero Factor Depth

Flow Surface Per Unit Grain Bed Below
Width Size Factor Streambed

-- Storm Qr TWr qr D50 Fbo Z d.

(cfs) (ft) (cfs/ft) (mm) (ftIsec2
) (ft)

219.04 100-yr 169,000.0 1058.40 159.67 79.20 5.00 0.60 10.33

219.04 500-yr 243,000.0 1071.90 226.70 79.20 5.00 0.60 13.05

219.04 SPF 289,000.0 1079.40 267.74 79.20 5.00 0.60 14.58

Blench Equation: Z·Values:
dro=q,213/Fbo1/3 Equations Type A&B: Equations Type C&D:

q,=QIfW, 0.60 - Straight reach 0.50 to 1.00 - Nose of Piers

d,=Zd, 0.60 - Moderate bend 1.00 to 1.75 - Nose of guide banks

0.60 - Severe bend 0.75 to 1.25 - small dam or control
ds=Scour depth below streambed 1.25 - Right angle bends across river
dro=Depth for zero bed sediment transport -- - Vertical rock bank or wall
Q,=Design Flow

TW,=Design flow top water width Notes:

q,=Design flood discharge per unit width

Fbo=Blench's "zero bed factor"

Z=Empirical multiplying factor (per Table 7 of reference)
Notes:
Z factors in Table 7 of reference incorporate bend scour.

A-Blench.xls
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General Scour Depth Project: SR 1431Sky harbor TI

Lacey Equation (1930) Project # : 191543000
(Typically applicable to natural river systems) Date: 10/1212009

Compby: GA
Rev by: RAE Base sheet by GA

(Ref: Computing Degradation and Local Scour, by Ernest L. Pemberton and Joseph M. Lara,Technlcal Guidelines for Bureau of Reclamation, January, 1984).

General Scour depth (for Types A&B); Type A: Natural channels for restrictions and bends; Type B: Bankline structures

Type A applications: Siphon crossing or burried pipelines; Stability study of a natural bank; Waterway for open-span bridge.

ype B applications: Abutments to bridge or siphon crossing; Bank slope protection such as riprap,etc; Spur dikes, groins,etc; Pumping plants; Canal headworks.

Location: SR143 Bridge at the Salt River

Application: General scour upstream of bridge

Section Design Design Bed Lacy's Multiplying Scour
10 Storm Flow Mean Silt Factor Depth

Grain Factor Below
Size Streambed

-- Storm Q 0 50 f Z d.
(cfs) (mm) (tt)

219.04 100-yr 169,000.0 79.20 15.66 0.25 2.60

219.04 500-yr 243,000.0 79.20 15.66 0.25 2.93

219.04 SPF 289,000.0 79.20 15.66 0.25 3.10

Lacey Equation: Z-Values:
dm=0.47(Q/f)1/3 Equations Type A&B: Equations Type C&O:

f=1.760mo.s 0.25 - Straight reach ---- - Nose of Piers

d.=Zdf 0.50 - Moderate bend 1.50 to 1.75 - Nose of guide banks

0.75 - Severe bend 1.50 - small dam or control across
d.=Scour depth below streambed 1.00 - Right angle bends river

dm=Mean depth at design discharge 1.25 - Vertical rock bank or wall

Q=Oesign Flow

f=Lacy's Silt Factor Notes:
Om=Mean garin size of bed material (=050)

Z=Empirical mUltiplying factor (per Table 7 of reference)

Notes:
Z factors in Table 7 of reference incorporate bend scour.

A-Lacey.xls
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Topwidth of Scour Hole at Piers or Footings Project: SR143/Sky harbor TI

Reference: HEC 18,2001 Project #: 191543000

Date: 8/6/2009

Prep by: GA

Rev by: RAE
Base sheet prepared by GA

Location/Structure 10: SR143 Bridge over the Salt river

Design Ys k ~ W
Storm (ft) (degree) (ft)

100-yr 30.40 0.0 37.0 40.3

W=Ys(K+Cot 8)

W= Top-width of the scour hole from each side of the outside of pier or footing
Ys= Calculated scour depth
K= Coefficient that relates the bottom width of scour hole to its depth (K=BWlYs)

(K ranges from K=O for deep scour holes with BW=O to K=1 for BW=Ys)
cjl =Angle of repose of cohesionless material (ranges from 30° to 44° in un-submerged conditions; it is less under water)

Notes:
See diagram on following sheets

SR 143-Salt River Bridge-Scour Hole Width at Piers-3.xls
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Kimley-Hom and Associates, Inc.

Appendix H Salt River Bridge Deck Drainage

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 0 IC
February 2010

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements



Inlet 10cationliD S Su Sx n T Wp C Freq i E Q K Lc
(frlft) (fr/ft) (fr/ft) (ft) (ft) (inch) (cfs) (ft)

1st inlet (CB#4 at
Sta.100+20) 0.0037 0.0037 0.0200 0.016 18.00 59.00 0.95 10-Yr 3.47 1.00 7.0 1.00 1558

I
I
I
I
I
I
I
I

Bridge Deck Inlet Spacing
Ref: USDOT-FHWA, Design of Bridge Deck Drainage, HEC-21 (MaY,1993)

Lc=43560 Q KI(C i Wp)
Q= 0.56/n SX1.67 SO.5 T2.67

K=1-(1-E) (SU/S)0.5

Project
Proj. No:
Date:
Prep by:
Rev by:

SR 143/Sky harbor TI

191543000

7/1712009

GA

RAE Base sheet by GA

I
I
I
I
I
I
I
I
I
I
I

S= Longitudinal slope at inlet

Su= Longitudinal slope at immediate upstream inlet

n= Manning coefficient

T= Design flow spread

Q= Gutter for desin spread

E= Capture effeciency (=1 for the first inlet)

K= A coffecient, as defined by the equation below

C= Rational runoff coefficient

i= design rainfall intensity

Wp= Width of pavement contributing to gutter flow

Lo= Distance from upstream end of bridge to first inlet (E=1)

Lc= Inlet spacing SUbsequent to first inlet

For inlets on constant grade (Le S=Su), K=E

For first upstream inlet, no flow is allowed from an upstream reach, Le interception effeciencty is 100% (E=1 )

For inlets downstreamof first inlet, find E using the applicable charts

For first inlet on a constant garde, and by substitution of above equations, the following equation can be derived:

Lc=24393.6 Sx1.67 SO.5 T2.67f(C n i Wo)

SR 143-Salt River Bridge-Inlet spacing.xls
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SR 143-Salt River Bridge-Hydroplaning.xls

Hydroplaning
Estimate of Critical Rainfall Intensity for Hydroplanning Hazard
Ref: USDOT-FHWA, Design of Bridge Deck Drainage, HEC-21 (May, 1993)

Note: The maximum intensity (10-year storm) applicable to this project, associated with a minimum time

of concentration of 10 minutes, is 3.84 inches (App. J). Therefore Hydroplaning would not be a cocern

under design conditions

Runoff Manning Street pavement Deck Permissible Sheet Flow Critical

Coefficient Number Longitudinal Cross Slope Width to Spread Width Rainfall

Slope Gutter Intensity

C n S Sx Wp T (Wp-T) i

(ft/ft) (ftjft) (ft) (ft) (ft) (in/hr)

0.95 0.016 0.00375 0.02 54 18 36 4.26

SR 143/Sky harbor TI

191543000

7/17/2009

GA

RAE

Project:

Proj. No:

Date:

Prep by:

Rev by:

Vehicle Tire Tire Pressure Tire Tread Mean Water Film Water Film Applicable

Design Spindown Depth Pavement Depth using Depth using Watre Film

Speed Texture the An the An Depth at

equation equation Spread line

V SD Pt TD TXD d,An d,An d

(fps) (%) (psi) (1/32 in) (in) (in) (in) (in)

55 10 28 7 0.038 0.032 0.085 0.0848
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Precipitation Frequency Data Server

POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

PHOENIX WSFO AP, ARIZONA (02-6481) 33.4431 N 111.9903 W 1148 feet
from "Precipitation~Frequency Atlas of the United States" NOAA Atlas 14, Volume 1. Version 4

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2006

Extracted: Thu Jun 11 2009

-These precipijation freCJIency estmates are based on a partial du@tjon series ARI is the Average Recll"rence Interval.
Please refer to NOM Mas 14 Document for more information. NOTE: Fonnating forces estimates near zero to appear as zero.

* Lower bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

Page 10f3

~O.51XbO- /0

-= 5 I l-/2 "IAIhr

I http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.per1?type=pf&units=us&series=pd&statena... 6/11/2009



I Precipitation Frequency Data Server Page 20f3

I "These precipitation i'eqJency estimates are based on a partial duration maxima series. ARI is the Average Recll'rence Interval.

Please refer to NOAA A.as 14 Documentformore information. NOTE: FormaWng prevents eStimates near zero to appear as zero.

I
Partial duration based Point Precipitation Frequency Estimates - Version: 4

33.4431 N 111.9903 W 1148 ft

Thu Jun 11 16:24:11 2009
Average Reourrence Interval (years)
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Partial duration based Point Precipitation Frequency Estimates - Version: 4
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I http://hdsc.nws.noaa.gov/cgi-binlhdsclbuildout.perl?type=pf&units=us&series=pd&statena... 6/11/2009



These maps were produced using a arect map request from the
z U.S. Census Bureau MapPing and Cartographic Resources
~ Tiger MaD Server.
":..,
(""; Please read~for more information.

LEGEND
-- State -- Connector
-- County Stream

Indian Resy Military Area
Lake/Pond/OCean National Park

~ -- Street Other Park
~ - Expressway City

- Highway 0 Z- c~unty6 8 Illi

Sea I e 1: 228583 10 i i '4 '6 '8 "0 Kill I
*averaj:1e--true scal~ depen~s on romtor reso~utlon

I
I
I
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Precipitation Frequency Data Server

z
.. ~~

Page 3 of3

I
I
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Other MapslPhotographs-

Yiew USGS digital orthQphoto quadrangle <POQ) covering this location from TerraServer; USGS Aerial Photograph may also be available
from this site. A DOQ is a computer-generated image ofan aerial photograph in which image displacement caused by terrain relief and camera
tilts has been removed. It combines the image characteristics of a photograph with the geometric qualities of a map. Visit the USGS for more information.

Watershed/Stream Flow Information-

Find the Watershed for this location using the U.s. Environmental Protection Agency's site.

Climate Data Sources -

Precipitation frequency results are based on datafrom a variety ofsources, but largely NCDC. The following links provide general information
about observing sites in the area, regardless ofif their data was used in this study. For detailed information about the stations used in this study,
please refer to NOAA Atlas 14 Document.

Using the National Climatic Data Center's <MCDel station search engine, locate other climate stations within:

I ...OR... of this location (33.4431/-111.9903). Digital ASCII data can be obtained directly from NCDC.

I
I
I
I

Find Natural Resources Conservation Service INRCS) SNOTEL (SNOwpack TELemetry) stations by visiting the
Western Regional Climate Center's state-specific SNOTEL station maps.

Hydl"Ometeorologkal Desip Studies Center
DOC/NOAAINational Weather Service
1325 Ealt-West Highway
Silver Spring, MD 20910

(301) 713.1669
Questions?: Hose Oycstjollsrll'uQaa coy

http://hdsc.nws.noaa.govIcgi-binlhdsclbuildout.perl?type=pf&units=us&series=pd&statena... 6/11/2009
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Kimley-Hom and Associates, Inc.

Appendix I FCDMC Comments

1. Comments from the 30% Drainage Report

2. Comments from the 60% and 95% Drainage Reports

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 2010

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1. Comments from the 30% Drainage Report



Subject: SR 143/Sky Harbor Blvd. TI Initial Salt River Drainage Concept Report by J2
Engineering and Environmental Design, dated January 8, 2009

The Engineering Application Development and River Mechanics Branch (EADRM) has
received the report on 1/8/2009 and finished its review of Scour Analysis and has the
following comments. The texts that are grayed out are comments that are resolved:

Flood Control District
of Maricopa County

January 22, 2009

INTEROFFICE MEMORANDUM

Afshin Ahouraiyan, P.E, Project Manager, Planning & Project Management
Division

Bing Zhao, PhD, P.E., Engineering Application Development and River
Mechanics Branch Manager, Engineering Division

Apurba K. Borah, PhD, P.E., Senior Civil Engineer, Engineering Application
Development and River Mechanics Branch, Engineering Division

This suggestion was based on the few lines in the report that bed form scour was
not included in the scour evaluation-Page 13; there was no equation cited from
the AD\VR guidelines. We will wait for the next version of the report.
J2 (01/06/2009):
Win modify.
FCHMC 00/24/(8):
The text has been modified in the latest report dated January 2009; issue resolved.

1. FCDMC (10/16/2006):
Bed form scour is not required to calculate separately when local scour at piers is

computed, since the K3 factor (Page 16) already accounts for the increase in scour
due to bed forms. Therefore. description of bed form scour in the last paragraph
(Page 13) needs to be modified.
J2 (10/23/2008):

\Ve looked at bed fonn scour in the following two ways: incorporated into the
pier scour equation (Ks); and as an independent equation from the ADWR
guidelines. We will clarify the text in the report.

cc:

Date:

To:

From:
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2. '«"CDMC (10116/2006):
In Appendix B. Jor local scour calculation at Piers, water surface elevation

immediately upstream of the bridge is 1127.85 :11 instead of 1227.84 nbased on
IiEC-RAS data provided in the report. There is a 100 feet difference.

We will correct the typographical error (1227.84 to 1127.85) in the Appendix.
FCDMC (10/24/08):
We will \vait for the next version of the report.
,}2 (0110612009):
WiU modify the typo.
FCDMC (01122/2009):
Report has been modified~ issue resolved.

3,

The estimated scour depth for the SOD-year event was included in the report.
We will clarifY the text for the SOD-year event.

4. FCDMC (10!l6/2006):
Calculation for top width ofthe scour hole at Piers is wrong based on the data

provided in Appendix B. Using these data, calculated top width of scour hole will
be 62.83 (27*O+cot37u») fl instead of36 ft. At the pier, Ys (local scour) is 25.48 ft
(1.3* 19.6 ft).FIIA suggests top width of2.0y, f()r practical applications (FHA
IIydraulic Engineering Circular No. 18). Therefore, 51.0 fL top width for scour
hole can be used. Section 5.5 in the report needs to be modified based on this new
top width for scour hole. The bank protection should be outside the pier's local
scour influence zone unless the bank protection toe down is increased or the two
outside piers (on either side) can be located a\vay from the banks.

(

2
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According to HEC-18, the width ofthe scour hole may range from 1.07 Ys to
2.80 Ys (based on design assumptions). HEC-18 recommends a default value
of2.0 Ys' The topwidth of the scour bole is dependent upon the following two
variables: 1) angle ofrepose, and 2) bottom width of the scour hole. The
range ofthe angle ofrepose (in air) varies from 30 to 44 degrees. The angle
ofrepose for cohesion less material in water will be less than in air. In
addition, BEe-IS states that the deeper the scour hole the smaller the bottom
width of the scour hole. Based on the estimated total scour depth ofover 35
feet, it is reasonable to assume that the bottom width ofthe scour hole would
be relatively small. It should be noted that the pier configuration is in line
with the existing (previously approved) pier bents. The additional pier bents
did not significantly increase the impact on the existing bank protection.
Therefore, the values stated in the report seem reasonable for this application.

}'CDMC (10/24/08):
Since the distance is the same as that for the existing piers, we \vill alloyv 36 feet
although the delimit should be 2*ys = 51 Jeet. However,Appendix 13 calculation
needs to be cOlTected as 27(1 +cot37) is not 36 ft.
J2 (01106/2009):
'Ihe top width is reasonable Jbr the width ofthe pier and depth of scour. 'rhe
minimum and maximum top widths were calculated. It is not reasonable for 6-8
foot drilled shall to create a scour hole of 126 feet wide. The ref states that the
bottom of the scour hole decreases as the depth increases and the angle of repose
is less (steeper) in water than in air. The value 01'28.95 = (0+cot43) or 35.8 =

(0+co137) is reasonable. Will document in the report.
FCDMC (01122/2009):
Report has been modified; issue resolved.

5. FCDMC (10/16/2006):
For general scour, J2's estimate based on live-bed contraction scour equation is
1.0 ft for IOO-year flow (Appendix B). FCDMC's estimate for general scour
based on Neill's equation for IOO-year flow is 5.59 ft. FCDMC recommends that
the higher value between the contraction scour equation and Neill's general scour
equation should be used for the general scour component. Therefore, it should be
5.59 feet instead of I foot.
J2 (10/23/2008):
Typically, Neill's equation produces a very conservative estimate for general
scour. The 5.59 feet referenced in the FCDMC comment seems very
conservative for a watercourse that is channelized with minor constrictions. It
seems that the use Laursen1s equation may be a better estimate ofcontraction
scour (general scour) for this application. Results from Laursen's equation
seem to produce a reasonable scour depth for a structure spanning the water

3
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course (abutments outside of the channel) with piers that "blockn less than 10
percent ofthe channel width.

FCDMC (10/24/08:
Laursen's equation is for only contraction scour, but Neill's equation is for both
contraction as well as other general scour under design flow condition. Neill's
equation should be used. When there is no bridge constriction, Lacey or Blench
scour should be used for general scour. In fact, for arid or semi-arid alluvial
channels, the general scour is around 5 feet (herein, general scour is the scour for
design flood), which is the major portion ofthe total scour for a natural channel
without bridge. Long-term scour is usually smaller than general scour.
J2 (01106/2009):
The J2 and FCDMC total scour depth was the same. In this case the FCDMC
general scour appears to be conservative. We can use the general scour from the
FCDMC ifwe eliminate the J2 "headcut" term. The total scour depth remains the
same.
FCDMC (01122/2009):
Although J2 used the ADOT methodology of scour computation for final design,
scour calculations utilizing FCDMC methodology are also shown in the Appendix
B.

6. FCnMC (10/16/2006): J2 assumed 6.0 nof long term degradation f()r this
section in order to match the total scour depth computed in an older report. Long
tcnn scour should be zero because existing bed slope and equilibrium slope are
equal.

The Schoklitsch Equation was utilized to detennine the equilibrium slope of
the Salt River. Results of the analysis indicated that the invert elevation at the
structure would be 1111 feet (approximately 1 -2 feet below the existing
elevation at the stmcture). Review ofthe Salt River profile from the FIS
shows that the SR 143 is constructed on a«hump~ in the Salt River. Team
members felt that is was prudent to assume that approximately 6 feet of
additional scour could occur. The 6 feet value was not added to match the
total scour number in the old report.
FCDMC (10/24/08:
T'hanks for clarifying that the 6 feet value was not added to match the total scour
number in the old report. However, since the equilibrium slope and existing slope
arc equal, long term scour Jor the dominant How condition should be zero instead
of 6 feet.
.12 (0110612009):
We determined the long tenn and contraction scour based on the site. Together
they equal toFCD scour depth. \Vill clarify in the report.
:FCIJMC (01122/2009):
Report has been modified: issue resolved

4
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7. FCDMC (10/16/2006):
The minimum requirement per US Army Corps ofI:ngineers for the long term

scour. general scour, bed form scour, and low tlow scoW' is 10 feet t{)l' a straight
channel and 13 feet for a curve channel. The snm of long tern1 scour, general
scour, bed form scour, and low now scour is only 7.27 (1.3*(0.0+5.59+0+0») :11 in
this site. Based on US Am1Y Corps ofEngineers' requirement, the total scour
would be 10+19.6* 1.3 = 35.50 feet for 100-year flow. J2's total scour is 35 feel.
Although the results are the same, the report needs to be revised.

J2 (10/23/2008):
It was my understanding that the Corps ofEngineers numbers of 10 feet and
13 feet were for toe down ofbank protection and may not be additive for pier
scour at a bridge crossing. Please clarify the Corps reference and we will
incorporate into the scour evaluation accordingly. It appears that the total
scour depth determined by J2 and the FCDMC is in agreelnent. The
components ofthe total scour differed. I feel that the majority ofthe issues
may be a lnatter ofsemantics t but we are wining to discuss the report
presentation (I.e., I feel that 5 - 6 feet ofgeneral scour is excessive for this
situation).

JiTDMC (10/24/08:
Although total scour was equal for J2 and FCDMC, we used our standard
procedures to arrive at our result which we believe is more logicaL US Corps of
Engineers' number of 10ft is for bank toe protection, but when the sum of scour
components other than local scour is less than 10ft. addition of 10ft to local
scour will provide a more reasonable estimate. In filet, the general scour
component is the major component of the 10 feet requirement for bank protection.
S feet of general scour is very common in our major rivers. Other components
such as bed form, bend, and low now incisement \\'111 not be able to generate a 10­
foot total scoW' without a large general scour value f')f a river that is already in
10ng-tem1 equilibrium condition. The long term scour may playa major role if
there is a nearby upstTeam dam that captures a lot of sediment. However, if the
equilibrium slope and existing slope are the same. the long term scour is then zero
regardless of ifthere is any pivot point downstTeam.
J2 (01106/2009):
We believe this is not a correct statement and misrepresentation of the Corp's
guideline. It was decided to use a 10' toe dOW11 for straight sections of channel as
a conservative default value. It was not based on a specific assumption of scour
components and it should not be added to the local scour depth unless it is
justified.
FCDMC (01122/2009):
It is assumed to be resolved as the results are very close.

8. FCDMC (10/1612006):

5
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Similarly, total scour f()r SOO-year flow should be calculated. The general scour
for the SOO-year needs to be cornptlted based on Neill's equation and multiplied
by 1.3 and compared with Corps 1O-foot minimum requirement. Again, please
provide an HEC-Ri\S model for the 500-year flood.

The total SCOUT depth for the 500-year event was detennined to be 37 feet
below the thalweg. We wiU include the SOO-yearrun in the HEe-RAS
models.

FCDMC (10/24/08):
We will wait for the next version of the report.
.J2 (01/06/2009):
The SOO-year scour was calculated. \Ve wiH make it clearer in the report.
FCDMC (01l22/2009):
HEC-RAS model results for SOO-year run and scour calculations are provided in
the report; issue resolved.

6
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2. Commentsfrom the 60% and 95% Drainage Reports
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: January 22, 2010

To: Afshin Ahouraiyan, P.E, Project Manager, Planning & Project Management
Division

From: Apurba K. Borah, PhD, P.E., PMP, Senior Civil Engineer, Engineering
Application Development and River Mechanics Branch, Engineering Division

CC: Bing Zhao, PhD, P.E., Engineering Application Development and River
Mechanics Branch Manager, Engineering Division

Subject: Final Salt River Drainage Report for SR143/Sky Harbor Boulevard TI
prepared by Kimley-Horn and Associates, Inc., dated December 2009

The Engineering Application Development and River Mechanics Branch (EADRM) has
received the Final Salt River Drainage Report and 9S% construction plans to review the
scour calculations on 01/0S1201O and have completed the review of the final report on
1/22/2010. All the issues have been resoLved as can be seen in the Latest comments.

1. FCDMC ( 9/2/2009): During 30% design, the 100-year and SOO-year scour
depths to be used for design of the bridge piers are 31.0 ft and 33.3 ft respectively.
These values were approved by the District. However in Appendix G, the scour
depths were re-calculated and found to be smaller although the design scour depth
was chosen to be 28.S9 ft for both 1OO-year and SOO-year event. The scour depth
for the existing piers is approximately 3S feet. Please correct the scour calculation
based on the comments below (No.2 and No.3).

KHA (10/1/2009): We will comply

FCDMC (11/20/2009): We received the scour calculations and agree with the
results. Please use 34 feet for scour depth. However, please document the results
in the next submittal (report and plans).

FCDMC (01/22/2010): The results have been documented in the Final drainage
report and 9S% design plans, issue resolved.

2. FCDMC (9/2/2009): In Appendix G, FDMC procedures shown are not correct as
we use Neill's equation for both contraction as well as other general scour under
design flow condition. Laursen's equation is for only contraction scour. When
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there is no bridge constriction, Lacey or Blench equation should be used. For this
case, the Neill's equation should be used for general scour. Based on our
preliminary estimate, the long term scour component could be zero since the
existing channel slope is close to the equilibrium slope.

KHA (10/1/2009): We will evaluate and coordinate with FCDMC

FCDMC (11/20/2009): We received the scour calculations and agree with the
results. Please use 34 feet for scour depth. However, please document the results
in the next submittal (report and plans).

FCDMC (01/22/2010): Final drainage report and 95% design plans have been
reviewed, issue resolved

3. FCDMC (9/2/2009): The safety factor for all scour components is 1.3 except that
it may be 1.0 for pier scour if debris width is included in pier scour calculation or
the flow depth is significantly large such that the debris will have less impact on
the pier scour. Please re-calculate the total scour depth.

KHA (10/1/2009): We will recalculate accordingly.

FCDMC (11/20/2009): We received the scour calculations and agree with the
results. Please use 34 feet for scour depth. However, please document the results
in the next submittal (report and plans).

FCDMC (01/22/2010): Final drainage report and 95% design plans have been
reviewed, issue resolved

4. FCDMC (9/2/2009): Although calculations are shown in Appendix G, estimated
scour depths for each component need to be shown in each section of the report
from page 11 through 17.

KHA (10/1/2009): OK, will incorporate.

FCDMC (11/20/2009): We received the scour calculations and agree with the
results. Please use 34 feet for scour depth. However, please document the results
in the next submittal (report and plans).

FCDMC (01/22/2010): Final drainage report has been modified to include the
scour amount in the text section, issue resolved.

5. FCDMC (9/2/2009): Change "thawleg" to "thalweg" on page 11.

KHA (10/1/2009): OK, will incorporate.

2
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FCDMC (11/20/2009): Thanks for documenting it in the next submittal.

FCDMC (01/22/2010): Final drainage report has been modified, issue resolved.

6. KHA (11/9/2009): Here is the final design scour depth per coordination with
ADOT and the FCDMC:

[To be measured from the current lowest bed elevation of 1106.59 ft-NGVD29,
established by the Salt River Hydraulic Master Plan]
These numbers will be reflected in the next 95% stage submittal
1DO-year Design Scour Depth = 30.4 ft
SOD-year Design Scour Depth = 33.7 ft

FCDMC (11/20/2009): We received the scour calculations and agree with the
results. Please use 34 feet for scour depth. However, please document the results
in the next submittal (report and plans).

FCDMC (01/22/2010): The results have been documented in the final drainage
report and 95% design plans, issue resolved.

3
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Kimley-Hom and Associates, Inc.

Appendix J Data CD

Final Salt River Drainage Report
Project No. 143 MA 02 H7528 Ole
February 2010

SR143: Sky Harbor Boulevard
Traffic Interchange and Improvements


