
The FCDMC requested that these four piers be structurally designed for the scour depths calculated
in accordance with the (Revised per SLA 1990 Report). The attendees at the meeting agreed to this
request and the required scour design parameters are contained in the last two tables of this
Executive Summary. These two tables are:

At meetings with ADOT and the FCDMC, it was agreed that the bridge foundations would be
structurally designed based on the ADOT Scour Methodology and that the "Zone-of Influence" on the
FCDMC facilities would be checked based on the depths recommended by the FCDMC Therefore,
each agency is adhering to its respective design requirements and the design can proceed consistent
with both methodologies.

The FCDMC also stated that additional protection or design for scour is not required for the new
outside column for Pier 2 Eastbound, because it is located within the CSA bank protection.
However, this Executive Summary recommends that this drilled shaft be structurally designed for
the total scour depth for the Superjlood Flow. The required scour depth is contained in the
following table:

April 30, 2009
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EXECUTIVE SUMMARY
SR 202L

Bridge Scour Evaluations
Indian Bend Wash Bridge

Table ES-6A: Selected Pier Scour Design Parameters (Superjlood Flow-64,000 cfs)
Table ES-6B: Selected Pier Scour Design Parameters (Critical Design Flow-30,000 cfs)

Table ES-3A: Selected Foundation Design Parameters (Superjlood Flow-64,OOO cfs))

Appendix A - Technical Drainage Memorandum

••

SR202L - Indian Bend Wash Bridge Scour
Technical Drainage Memorandum
Project No.

•

•

The Arizona Department of Transportation (ADOT) has contracted with Kiewit Sundt Joint Venture
(KSN) for the design/build widening of State Route 202L from SR5l to SR 10 1. DRS Corporation
(URS) prepared a Draft Technical Drainage Memorandum to document the pier scour for the proposed
widening of the SR 202L Bridges over Indian Bend Wash. This report has been reviewed by the
General Engineering Consultant (GEC) for ADOT and by the Flood Control District of Maricopa
County (FCDMC). The recommendations have been considered in the revision of the report.

(However, at an April 30, 2009 meeting, the FCDMC expressed a concern for the structural
integrity ofthe proposed four new drilled shafts that are within the main channel and fairly close to
the Indian Bend Wash (IBW) drop structure. These drilled shafts are located at Piers 6 and 7
Westbound and Piers 3 and 4 Eastbound. They also agreed that the other new drilled shafts are
protected by the bank protection and drop structure, and therefore, they need not be designed for
scour.

Documents supporting this executive summary are:
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Appendix B - FCDMC CommentslURS Responses
Appendix C - Supplemental Calculations

•
•

DESIGN FLOWS

FOUNDATION UNITS IMPACTED BY SCOUR

ADOT stated in the Request for Proposals (RFP) that the scour depths shall be determined for the
Critical Design Flow of 30,000 cfs and the Superflood Flow of 64,000 cfs. The U.S. Army Corps of
Engineers stated that the Indian Bend Wash design flows are 30,000 cfs for the 100-year flow and
63,000 cfs for the Standard Project Flood Flow. ADOT requires that bridge foundations be designed to
withstand scour from the lesser of the SOO-year flood event or the event causing overtopping of the
approach roadway. The bridge needs to also withstand the 100-year flood event. For these scour
calculations, the 1OO-year flood event is assumed to be the Critical Design Flow of 30,000 cfs and the
SOO-year flood event is assumed to be the Standard Project Flood Event of 64,000 cfs. Throughout this
document, in accordance with the RFP the design flows will be referred to as the Critical Design Flow
and the Superflood Flow.

The existing bank protection and drop structure have been sized for the Superflood Flow of 64,000 cfs,
and therefore, new drilled shafts located within the grade control structure and bank protection do not
need to be structurally designed for scour. The drilled shafts for the abutments are also outside the
bank protection and do not need to be structurally designed for scour. New columns for Piers 3 and 4
Eastbound and for Piers 6 and 7 Westbound are within the streambed outside of any scour protection.
The foundations for these columns will need to be structurally designed for total scour depths
determined by the ADOT Methodology for the Critical Design Flow and the Superflood Flow. (Based
on the April 30, 2009 meeting, these four drilled shafts will be designed based on the FCDMC
Methodology for the Critical Design Flow and the Superflood Flow.) The new drilled shaft for Pier 2
Eastbound is located within the CSA bank protection at an approximate clear distance of II feet from
the wash side of the CSA toe-down. This is the only new pier near the CSA toe-down, and therefore, it
is considered prudent to structurally design the new drilled shaft for Pier 2 Eastbound for the total
scour depth of the Superflood Flow. (Based on the April 30, 2009 meeting, this drilled shaft will be
designed based on the ADOT Methodology for the Superflood Flow only.)

Likewise, the new columns within the grade control structure and bank protection will not affect the
structural integrity of these channel protection features. However, new columns for Pier 4 Eastbound
and for Piers 6 and 7 Westbound are outside of any scour protection structure and may impact the
channel protection features. The potential impacts on channel protection features were evaluated with
scour depths recommended by the FCDMC for the Critical Design flow and the Superflood Flow. The
pier scour "Zone-of-Influence" is determined based on methodologies contained in the FHWA report
entitled, "Evaluating Scour at Bridges (HEC-18)," May 200 I.

HISTORIC SCOUR REPORT FOR THE INDIAN BEND WASH BRIDGE

In 1990, Simons, Li and Associates, Inc. (SLA) performed a scour analysis for the current SR 202L Bridge
crossing ofIndian Bend Wash. This report entitled "Hydraulic and Scour Analysis for the East Papago
Crossing ofthe Indian Bend Wash, " 1990 (SLA 1990 Report) was reviewed during the preparation of
the "Draft Technical Drainage Memorandum SR 202L Bridge Scour Evaluation, Indian Bend Wash, "

IURS SR202L - Indian Bend Wash Bridge Scour
Technical Drainage Memorandum
Project No.
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(URS Drainage Memorandum). Additional review of this report was performed during the preparation
ofURS' response to the FCDMC's comments on the URS Drainage Memorandum. FCDMC's
comments and URS' responses are contained in Appendix B. The URS April i h response letter
explains the methodology used by SLA and the current methodology used by ADOT. Further
clarification ofFCDMC's methodology is contained in the FCDMC's April9 lh comment letter.

Based on these review comments and responses, one set of selected total scour depths has been
determined for the design of the ADOT Bridge and another set of selected total scour depths has been
determined for checking the pier scour "Zone-of-Influence" on the FCDMC facilities. (Based on the
April 30, 2009 meeting, the four drilled shafts within the channel and near the drop structure will be
designed based on the FCDMC Methodology for the Critical Design Flow and the Superflood Flow.
Drilled shaft for Pier 2 Eastbound will be designed based on the ADOT Methodology for the
Superfloodflow.)

SUMMARY OF SELECTED SCOUR DEPTHS (ADOT BRIDGE DESIGN)

The existing drop structure under the bridge causes different hydraulic conditions upstream and
downstream of the structure. Therefore, separate scour calculations are required for the two hydraulic
conditions. The URS Technical Drainage Memorandum contained in Appendix A includes the original
calculations perfonned for the bridge design. An additional set of calculations has been perfom1ed
based on information contained in the SLA 1990 Report. However, in accordance with the current
ADOT Methodology, a 30% safety factor has not been applied to these scour numbers. The two sets of
scour depths are tabulated below. The deepest scour depth of the two sets is selected for design of the
bridge foundations. (At an April 30, 2009 meeting with FCDMC, it was agreed to use the scour
depths determined in accordance with the (Revised per FCDMC comments) for both the "Zone-of­
Influence" and the structural design ofthe four drilled shafts within the channel and near the drop
structure. These design parameters are contained in Tables ES-6A and ES-6B.)
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The calculated design scour depths for the Indian Bend Wash (lBW) Bridge new columns located
within the channel and upstream of the drop structure are contained in the following two tables.

Table ES-IA: Scour Summary for Bridge Foundation Design (Piers 6 and 7 WB) for
Superflood Flow

64,000 cfs
(URS Drainage (Revised per SLA 1990

Description Memorandum) Report)
Local Pier Scour (ft) 20.13(1) 20.13(1)

General Scour (ft) 0.98 0.00
Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 1.96 0.00
Accelerated Flow Effect (ft) 0.00 2.00(~)

Total Scour (ft) 23.07 22.13

Local PIer Scour determilled assumlllg 2 feet of debns around the collmm. Values obtailled from Table
1B, Appendix A.

(2)Values obtained from SLA 1990 Report, Table 4.2-Scour Analysis Summary Table, Condition III
(UlS).

Table ES-IB: Scour Summary for Bridge Foundation Design (Piers 6 and 7 WB) for
Critical Design Flow

30,000 cfs
(URS Drainage (Revised per SLA 1990

Description Memorandum) Report)
Local Pier Scour (ft) 16.83(1) 16.83(1)

General Scour (ft) 0.13 0.00
Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 1.0 I 0.00
Accelerated Flow Effect (ft) 0.00 2.00(2)
Total Scour (ft) 17.97 18.83
(I)

I
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The calculated design scour depths for the IBW Bridge new columns located within the channel and
downstream of the drop structure are contained in the following two tables.

Table ES-2A: Scour Summary for Bridge Foundation Design (Piers 2, 3 and 4 EB) for
Superflood F1oW(I)

64,000 cfs
(URS Drainage (Revised per SLA 1990

Description Memorandum) Report)
Local Pier Scour (ft) 22.3i2) 22.32(2)

General Scour (ft) 1.0 1(2) 0.00
Long Term Degradation (ft) 0.0 0.50(3)

Bed Form Scour (ft) 3.15(2) 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 7.59(3)

30% Safety for Additional Scour 0.00 0.00
Components
Total Scour (ft) 26.48 30.41

Table ES-2B: Scour Summary for Bridge Foundation Design (Piers 3 and 4 EB) for
Critical Design Flow(l)

30,000 cfs
CURS Drainage (Revised per SLA 1990

Description Memorandum) Report)
Local Pier Scour (ft) 16.25(2) 16.25(2)

General Scour (ft) 0.00 0.00
Long Term Degradation (ft) 0.0 0.50(3)

Bed Form Scour cft) 0.70(2) 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 5.49(3)

Total Scour (ft) 16.95 22.24
(I)Pler 2 EB IS recommended to be structurally deSIgn for the Superflood Event only. See dIscussion in the

text of this document.
(2) Local Pier Scour determined assuming 2 feet of debris around the column. Values obtained from Table

1D (2 of 2), Appendix A.
(3) Values obtained from SLA 1990 Report, Table 4.2-Scour Analysis Surnmary Table, Condition IV

(DIS).

Iuas
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(I)Yalues obtamed from Table IB or Table ID (2 of2), Appendix A.
(2)Pier 2 EB is recommended to be structurally design for these Superflood Event scour depths only. See discussion in the

text of this document.

The selected bridge foundation scour design parameters for the IBW Bridge new columns located
within the channel and outside of the drop structure are contained in the following two tables. (Based
on the April 30, 2009 meeting, the four drilled shafts within the channel and near the drop structure
will be designed based on the FCDMC Methodology for the Critical Design Flow and the
Superflood Flow. These values are contained in Table ES-6A AND ES-6B. Drilled shaftfor Pier 2
Eastbound will be designed based on the ADOT Methodology for the Superfloodflow. These values
are contained in Table ES-3A.)

TABLE ES-3A: Selected Brid e Foundation Scour Desien Parameters (Superflood-64,000 cfs)
(Location of Streambed Total Scour Scour Invert W.S.E.(l) Average

New Invert(l) Depth(2) Velocity(l)

Columns)
(ft) (ft) (ft) (ft) (fps)

Upstream of 1158.36 23.0 1135.4 1168.5 12.0
Drop

Structure
(Piers 6 & 7

WB)

Downstream 1140.92 31.0 1109.9 1149.7 15.2
of Drop

Structure
(Piers 2, 3 & 4

EB)(2)

TABLE ES-3B: Selected Bridge Foundation Scour Design Parameters (Critical Design Flow-
30,000 cfs)

(Location of Streambed Total Scour Scour Invert W.S.E.(I) Average
New Invert(l) Depth(2) Velocity(l)

Columns)
(ft) (ft) (ft) (ft) (fps)

Upstream of 1158.36 19.0 1139.4 1165.4 8.6
Drop

Structure
(Piers 6 & 7

'" WB)

Downstream 1140.92 23.0 1117.9 1149.6 7.2
of Drop

Structure
(Piers 3 & 4

EB)(2)

I
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SUMMARY OF SELECTED SCOUR DEPTHS (FCDMC Pier Scour "Zone-of-Influence")

Based on FCDMC review comments, the calculated pier scour "Zone-of-Influence" depths for the
IBW Bridge new columns located within the channel and upstream of the drop structure are contained
in the following two tables.

Table ES-4A: Scour Summary for Pier Scour "Zone-of-Influence" (Piers 6 and 7 WB)
for Superflood Flow

64,000 cfs
(Revised per FCDMC

Description (SLA 1990 Report) Comments)
Local Pier Scour (ft) 20.77(L) 20.13(1)

General Scour (ft) 0.00 4.66(1)

Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 0.00 0.00
Accelerated Flow Effect (ft) 2.00(L) 2.00(2)

Local Drop Structure Scour 0.00 0.00
(ft)
40% + Safety Factor 9.11 0.00
30% Safety for Additional 0.00 2.00(3)

Scour Components
Total Scour (ft) 31.88 28.79

Table ES-4B: Scour Summary for Pier Scour "Zone-of-Influence" (Pier 6 and 7 WB)
for Critical Design Flow

30,000 cfs
(Revised per FCDMC

Description (SLA 1990 Report) Comments)
Local Pier Scour (ft) 18.14(2) 16.83(1)

General Scour Cft) 0.00 3.05(1)

Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 0.00 0.00
Accelerated Flow Effect (ft) 2.00(2) 2.00(2)
Local Drop Structure Scour (ft) 0.00 0.00
40% + Safety Factor 8.06 0.00
30% Safety for Additional 0.00 l.S2(J)

Scour Components
Total Scour (ft) 28.20 23.40
(1) Local Pier Scour determIned assumIng 2 feet of debns around the column. Values obtaIned from Table

2B, Appendix A.
(2) Values obtained from SLA 1990 Report, Table 4.2-Scour Analysis Summary Table, Condition !II

(U/S).
(3)At previous meetings, FCDMC has stated that the debris around the column provides the necessary

safety factor. Therefore, the 30% safety factor has not been applied to the local pier scour.

IURS
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I The calculated pier scour "Zone-of-Influence" depths for the IBW Bridge new columns located within

the channel and downstream of the drop structure are contained in the following two tables.
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TableES-SA: Scour Summary for Pier Scour "Zone-of-Influence" (Pier 4 EB) for
Superflood Flow

64,000 cfs
(Revised per FCDMC

Description (SLA 1990 Report) Comments)
Local Pier Scour (ft) 2 I .33(2) 22.32(1)

General Scour (ft) 0.00 4.93(1)

Long Term Degradation (ft) 0.50(2) 0.50(-)

Bed Form Scour (ft) 0.00 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 7.59(2) 7.59(2)

40% + Safety Factor 11.57 0.00
30% Safety for Additional Scour 0.00 3.91 (3)

Components
Total Scour (ft) 40.99 39.25

Table ES-SB Scour Summary for Pier Scour "Zone-of-Influence" (Pier 4 EB) for
Critical Design Flow

30,000 cfs
(Revised per FCDMC

Description (SLA 1990 Report) Comments)
Local Pier Scour (ft) 18.59(2) 16.25(1)

General Scour (ft) 0.00 3.15(1)

Long Tenn Degradation (ft) 0.50(2) 0.00
Bed Form Scour (ft) 0.00 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 5.49(2) 5.49(L)

40% + Safety Factor 9.63 0.00
30% Safety for Additional Scour 2.59
Components
Total Scour (ft) 34.21 27.48
(1) Local PIer Scour determmed assummg 2 feet of debns around the column. Values obtamed from Table

2D (2 of 2), Appendix A.
(2) Values obtained from SLA 1990 Report, Table 4.2-Scour Analysis Summary Table, Condition IV

(DIS).
(3)At previous meetings, FCDMC bas stated that the debris around the column provides the necessary

safety factor. Tberefore, the 30% safety factor has not been applied to the local pier scour.
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(At an April 30, 2009 meeting with FCDMC, it was agreed to use the scour depths determined in
accordance with the (Revised per FCDMC comments) for both the "Zone-oFlnjluence" and the
structural design ofthe four drilled shafts within the channel and near the drop structure.) The
selected pier scour design parameters for these columns are contained in the following two tables.

J Values obtaIned from Tables ES-4A, ES-4B, ES-)A, and ES-)B.
(2JValues obtained from Table 2B or Table 2D (2 of2), Appendix A.
(3JPiers 6 and 7 Westbound and Piers 3 and 4 Eastbound need to be structurally designed for these scour depths. Based on

the pier scour "Zone-of-Influence," Piers 6 and 7 Westbound and Pier 4 Eastbound require scour countermeasures to
prevent impacts to the existing bank protection and/or the roller compacted drop structure.

TABLE ES-6A: Selected Pier Scour Design Parameters Superflood-64,OOO cfs)
(Location of Streambed Total Scour Scour Invert W.S.E.(l) Average

New Invert(2) Depth(l) Velocity(2)

Columns)
(ft) (ft) (ft) Cft) (fps)

Upstream of 1158.36 29.0 1129.4 1168.5 12.0
Drop

Structure
(Piers 6 & 7

WB)(3)

Downstream 1140.92 39.0 110 1.9 1149.7 15.2
of Drop

Structure
(Pier 3 and 4

EB)(3)

TABLE ES-6B: Selected Pier Scour Design Parameters (Critical Design Flow-30,OOO cfs)
(Location of Streambed Total Scour Scour Invert W.S.E.(2) Average

New Invert(2) Depth(l) Velocity(2)

Columns)
(ft) (ft) (ft) Cft) (fps)

Upstream of 1158.36 23.5 1135.9 1165.4 8.6
Drop

Structure
(Piers 6 & 7

WB)(3)

Downstream 1140.92 27.5 1113.4 1149.6 7.2
of Drop

Structure
(Pier 3 and 4

EB)(3)
( - -
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PIER AND BANK PROTECTION DETAILS FOR PIER SCOUR "ZONE-OF-INFLUENCE"

Using the pier scour "Zone-of-Influence" depths, the new downstream column on Pier 4 and the new
upstream columns on Piers 6 and 7 would impact the existing channel protection features. The new
downstream column for Pier 3 would not impact the existing channel protection features. Based on as­
built plans (as depicted on Figure 2, Appendix A), the existing adjacent columns within these pier
bents are currently protected with buried gabion mattresses (typically 40' (W) x 40' (L) x 1.5' (D).

For upstream Piers 6 and 7, these mattresses will be extended in kind to protect the existing channel
features from the new piers' scour "Zone-of-Influence." Attached Detail D 1 depicts the proposed
construction of these gabion mattresses. The mattress will be extended to provide a 40' square by 1.5­
foot deep mattress centered on the new outside column.

It is not possible to install gab ion mattress protection at Pier 4 because it would be very difficult if not
impossible to dewater the pier site located downstream of the drop structure. The static water level
within the Tempe Town Lake is approximately 1149.65 and the proposed surface of the gabion
mattress protection is 1129.7. The soil profile within the proposed work zone consists of Sand, Gravel,
and Cobbles (GP-GM, GW-GM, GP, and GW) as shown by the soil borings contained in the bridge as­
built plans. A 20-foot head on this porous material would make it nearly impossible to adequately
dewater the site during the construction operation.

Therefore, dumped riprap will be used for downstream Pier 4. The scour "Zone-of-Influence" will be
interrupted by a 40' square by 9-foot deep apron of dumped riprap centered on the new outside
column. The dumped riprap protection will be placed with a top elevation that is level with the top of
the existing tremied concrete block. It will be located just above the existing gabion mattress, which is
located around the existing outside column. Attached Detail D 1 depicts the proposed construction of
the dumped riprap protection. Design calculations for this apron are contained in Appendix C.

LEVEE/FREEBOARD EVALUATION FOR WIDENED BRIDGE

The widening of the SR 202L Bridge over Indian Bend Wash will require 2 additional colunms at each
pier bent, one upstream and one downstream. These colunms will be placed within 22 to 30 feet of
existing colunms upstream of the bridge and within 25' to 35' of existing colunms downstream of the
bridge. The new colunms will be placed on the same alignment as the existing colunms to prevent
additional blockage of flow.

A HEC-RAS model has been developed for existing and proposed conditions. Due to the skew of the
bridge, it was necessary to use the obstruction routine to model the 5.5' diameter piers. Colunms were
modeled at only Sections 14.0, 14.3 and 14.4, because all other colunms are located downstream of
Grade Control Structure Level I (Section 14.0). Flow passes through critical depth at Section 14, and
therefore, the downstream colunms would not affect the upstream water surface elevations. For both
conditions, Section 14.3 is modeled with 2 columns and Section 14.4 is modeled with 1 column. For
Section 14.0, the existing condition has 2 colunms and the proposed condition will have 3 columns.
The existing condition has one less colunm because only two colunms are at or upstream of Section
14.0.

The results of the HEC-RAS models are documented in Tables C-3 through C-5, Appendix C. As
IURSrequested by the FCDMC, the model was run for the Critical Design Flow of 30,000 cfs. In the

SR202L - Indian Bend Wash Bridge Scour April 30, 2009
Technical Drainage Memorandum xI Project No.
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immediate vicinity of the bridge, the proposed widening would raise the water surface elevation an
insignificant 0.03 to 0.08 feet. This increase dissipates withinl20 feet of the east bridgelbank intercept
and within 590 feet of the west bridgelbank intercept. The existing freeboard ranges from 3.5 to 9.9
feet along the left bank (east bank), and from 5.2 feet to 7.2 feet along the right bank (west bank). The
existing top of bank elevation within this area is adequate to contain this insignificant rise in water
surface elevations.
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APPENDIX A

TECHNICAL DRAINAGE MEMORANDUM



The Arizona Department of Transportation (ADOT) has contracted with Kiewit Sundt Joint Venture
(KSJV) for the designlbuild widening of State Route 202L from SR51 to SR101. URS Corporation
(URS) has prepared the foIlowing memorandum to document the pier scour for the proposed widening
of the SR 202L Bridges over Indian Bend Wash. Supporting figures and tables include:

• Figure 1 - Project Location Map
• Figure 2 - Indian Bend Wash Bridge Foundation Plans - Drawings S-20.12 thru S-20.14
• Figure 3 - HEC-RAS Cross-Sections Map
• Figure 4 - Existing Grade Drop Structure Plan
• Figure 5 - Chart for Estimating Fbo (After Blench)
• Figure 6 - HEC-RAS Water Surface Profiles, Critical Design Flow & Standard Project Flood
• Figure 7 - HEC-RAS Cross-Sections
• Figure 8 - Indian Bend Wash Drop Structure, As-Built 11-02-95
• Figure 9 - Pier 2, ew Outside Column Eastbound and Existing Bank Cross-Section

TABLES
• Table 1 - Pier Scour Summary-ADOT Methodology

• Table 1A - Pier 7 WB Scour Calculations (Upstream of Grade Control Structure)
• Table IB - Pier 6 WB Scour Calculations (Upstream of Grade Control Structure)
• Table 1C - Pier 4 EB Scour Calculations (Downstream of Grade Control Structure)
• Table ID - Pier 3 EB Scour Calculations (Downstream of Grade Control Structure)

• Table 2 - Pier Scour Summary-FCDMC Methodology
• Table 2A - Pier 7 WB Scour Calculations (Upstream of Grade Control Structure)
• Table 2B - Pier 6 WB Scour Calculations (Upstream of Grade Control Structure)
• Table 2C - Pier 4 EB Scour Calculations (Downstream of Grade Control Structure)
• Table 2D - Pier 3 EB Scour Calculations (Downstream of Grade Control Structure)

• Table 3 - General Scour Summary-FCDMC Methodology
• Table 3A - River Station 14.4 - Lacey Equation (Upstream of Grade Control Structure)
• Table 3B - River Station 14.3 - Lacey Equation (Upstream of Grade Control Structure)
• Table 3C - River Station 14.4 - Blench Equation (Upstream of Grade Control Structure)
• Table 3D - River Station 14.3 - Blench Equation (Upstream of Grade Control Structure)
• Table 3E - River Station 0.9 - Blench Equation (Downstream of Grade Control Structure)
• Table 3F - River Station 0.8 - Blench Equation (Downstream of Grade Control Structure)
• Table 3G - River Station 0.7 - Blench Equation (Downstream of Grade Control Structure)

• Table 4 - HEC-RAS Hydraulic Characteristics - FEMA 100-Year Flow (20,000 cfs)
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The following outline provides the reviewer the design procedure used. Arizona Department of
Transportation (ADOT) and Flood Control District of Maricopa County (FCDMC) have slightly
different methodologies on estimating scour depths. These differences are discussed in the following
procedure. The procedure steps are summarized in the order they were performed and should be the
approach taken when reviewed.

The total scour is comprised of several scour components. These are discussed as follows:

1. Contraction Scour: Contraction scour is a form of scour occurring at a particular location, such
as a bridge crossing. The channelization and bank protection along Indian Bend Wash has
significantly reduced the probability of contraction scour. The most significant portion of
contraction scour is when overbank flow is redirected around the abutment into the main
channel. The bank protection is in line with the flow-through abutments and therefore, scour
contraction has been eliminated. The Initial Drainage Report recommended a value of 0 for
contraction scour and this report concurs with this recommendation.

2. General Scour: General scour consists of the vertical lowering of the channel bed over
relatively short time peliods, usually during a single flood event. For the ADOT Methodology,
the general scour is detennined with the Zeller (1981) equation. For the FCDMC Methodology,
the general scour is determined as the average of values determined with the Lacey and Blench
equations.

3. Long-Term Degradation: Use a value of zero because ofthe drop structure (grade control)
under the SR 202L Bridge and the confluence with the Salt River located between the upstream
and downstream dams of Tempe Town Lake. Th~se dams will limit the degradation of the Salt
River, and therefore, the degradation of Indian Bend Wash.

4. Low-Flow Incisement: Use a value of zero because of the drop structure (grade control) and
the Salt River Dams located upstream and downstream of the confluence with the Salt River as
explained for long-term degradation. Review of field surveys indicates that low-flow
incisement has not occurred within the vicinity of the SR 202L Bridge crossing of Indian Bend
Wash.

5. Bed-Form Scour: Two types ofbed-fom1 scour are anti-dune scour and dune scour. Anti-dunes
can form either dUling transitional flow, between subcritical and supercritical flow, or during
superclitical flow. Transitional flow conditions occur through the Indian Bend Wash Drop
Structure, which consists ofa selies of four (4) grade control structures with three (3) drops and

• Table 5 - HEC-RAS Hydraulic Characteristics - Critical Design Flow (30,000 cfs)
• Table 6 - HEC-RAS Hydraulic Characteristics - Standard Project Flood Flow (64,000 cfs)
• Table 7 - HEC-RAS Report
• Table 8 - Hydraulic Characteristics at New Outside Columns, Eastbound
• Table 9 - Hydraulics Characteristics at New Outside Columns, Westbound
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DETAIL
• Detail 1 - Pier & Bank Protection Details
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four (4) stilling basins. The anti-dune scour is calculated with an equation developed by
Simons, Li & Associates, 1982. Dune scour generally occurs in natural channels with sand
beds. Indian Bend Wash and the Salt River are not sand bed watercourses and dune scour is not
anticipated. Use a value of 0 for dune scour.

6. Local-Pier Scour: Local pier scour is computed with the CSU equation for both live-bed and
clear-water pier scour. The equation predicts maximum pier scour depths. Values need to be
determined for four (4) factors. These are K" K2, K3, and~. The ADOT Hydraulic Drainage
Manual considers that debris on a pier creates a square nose, which results in K, = 1.1. The
other factors, as stated in the ADOT manual, are K2 = 1.0 (round columns, no correction for 15
degree angle of flow between flow direction and alignment of pier), K3 = 1.1 (plane bed
conditions), and ~ = 1.0 (no decrease due to streambed armoring). For this equation, it is
assumed that the bed material is sufficiently fine-grained so that the material gradation does not
affect the predicted scour.

2. Scour Components other than Local Pier Scour: Calculate these scour components as
discussed above.

3. Local-Pier Scour: The ADOT Bridge Hydraulic Guidelines recommends increasing the pier
width by 2 feet on both sides of the pier to account for debris. Other ADOT guidelines state
that the debris should be assumed to be the depth of water, but no greater than 12 feet. Flow
depths within Indian Bend Wash are less than 12 feet for all discharges. The guidelines also
state that when the clear distance between columns is less than 16 feet, then methods described
in HEC 18 shall be used to estimate equivalent effective widths. The proposed 5.5-foot
diameter columns are placed at a clear distance of 16 feet or greater.

4. Factor ofSafety: The ADOT Methodology does not recommend a factor of safety and none is
applied to these calculations. The FCDMC Methodology recommends a thirty percent (30%)
factor of safety. The factor of safety need not be applied to the local pier scour when it is
computed with 2 feet of debris around the column. The factor of safety is applied to all scour
components except the local pier scour.

SR202L - Indian Bend Wash Bridge Scour
Technical Drainage Memorandum
Project No.

The total pier scour is determined as follows:

1. Design Flows: ADOT stated in the Request for Proposals (RFP) that the scour depths shall be
determined for the Critical Design Flow of 30,000 cfs and the Superflood Flow of 64,000 cfs.
The U.S. Army Corps of Engineers stated that the Indian Bend Wash design flows are 30,000
cfs for the 100-year flow and 63,000 cfs for the Standard Project Flood Flow. ADOT requires
that bridge foundations be designed to withstand scour from the lesser of the 500-year flood
event or the event causing overtopping of the approach roadway. The bridge needs to also
withstand the 100-year flood event. For these scour calculations, the 1OO-year flood event is
assumed to be the Critical Design Flow of 30,000 cfs and the 500-year flood event is assumed
to be the Standard Project Flood Event of 64,000 cfs. Throughout this document, in accordance
with the RFP the design flows will be referred to as the Critical Design Flow and the
Superflood Flow.
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1. Methodology: The HEC-RAS model has the ability to compute water surface elevations for
three (3) flow regimes: Subcritical, Supercritical, and Mixed. The Drop Structure under the SR
202L Bridge consists of three (3) vertical drops, which causes supercritical flow at these
locations. Hence, the Mixed Flow Regime methodology was selected as the most realistic flow
regime and the most applicable for design purposes.

2. Topographic Data Set: Topographic data was obtained from field surveys, recently flown
contour maps, and as-built plans. The buried portion of the Drop Structure could not be field
surveyed, and therefore, the structure geometries were determined from as-built plans. These
elevations were verified with field survey information on the visible portion of the Drop
Structure. The as-built plans are based on the NGVD29 datum and the current project plans are
based on the NAVD88 datum. The as-built elevations were converted to the NAVD88 datum
by adding 1.92 feet to the as-built plan elevations. The HEC-RAS model is based on the
NAVD88 datum. Construction of the Tempe Town Lake resulted in installing short retaining
walls anchored into the Cement Stabilized Alluvium (CSA) bank protection or roller
compacted concrete through the bridge area to provide for recreational and/or maintenance
paths on both sides of the wash. Gabion baskets are buried under these paths to provide scour
protection when major flows overtop the walls. Since these modifications would have an
insignificant affect on the channel flow characteristics, they are not included in the model.

3. Boundary Conditions: Mixed flow regime was used for this analysis, and therefore, boundary
conditions are required at both the 1st upstream and the 1SI downstream cross-sections. The
upstream flow is characterized as normal depth and the energy gradeline is assumed to be
parallel to the channel gradient of 0.001449 ft/ft. The downstream flow discharges into Tempe
Town Lake, which has a normal surface elevation of 1149.6 based on field survey. It is
assumed that flow within the Salt River would be at the lake level or higher during a major
event on Indian Bend Wash. Simultaneous major flows on the Salt River would increase the
downstream water surface elevation and result in less critical flow conditions within Indian
Bend Wash. These boundary conditions were used for all discharges.

4. Energy Loss Coefficients: Roughness coefficients were determined based on streambed
material and upstream vegetation. Manning's 'n' roughness coefficients selected are: 0.02 for
the concrete drop structure, 0.035 for any wired-tied riprap bank protection and the bottom of
the chaImel upstream and within the lake, and 0.08 for the vegetated terraces in the upstream
channel. Contraction/expansion loss coefficients were set at 0.1/0.3 for this relatively straight
channel.

5. Channel Reach Lengths: Channel reach lengths between cross-sections were taken along and
parallel to the channel thalweg.

HECRAS MODEL

Indian Bend Wash through the SR 202L Bridge site and Drop Structure is modeled using the U.S. Anny
Corps of Engineers' HEC-RAS (Version 4.0). The results of the model are summarized in Tables 4 through
7. The preparation of the HEC-RAS model is described below:

INDIAN BEND WASH PEAK FLOW FREQUENCIES

The U.S. Anny Corps of Engineers developed peak flow frequencies for Indian Bend Wash for the
I design of the Indian Bend Wash Channel improvement from Indian Bend Road to the Salt River

-uRs SR202L Indian Bend Wash Bridge Scour April 30. 2009
Technical Drainage Memorandum 4
Project No.I
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ADOT stated in the RFP that the scour depths shall be determined for the Critical Design Flow of
30,000 cfs and the Super Flood Flow of 64,000 cfs. These values were used in this evaluation.

The FCDMC maintains a gaging station about 1/3 mile south of McKellips Road. Based on 21 years of
record, estimated peak flows and frequencies are:

confluence. These flows were documented by Simons, Li and Associates, Inc., in a report entitled,
"Hydraulic and Scour Analysis for the East Papago Crossing ofIndian Bend Wash," March 1990.
These peak flows and frequencies are:

After construction ofInd ian Bend Wash channel, a FEMA study (July 1997) estimated 20,000 cfs for
the 100-year Peak Discharge. Based on ADOT's methodology, the 500-year peak discharge would be
34,000 cfs (Qsoo = 1.7 XQIOO).

April 30. 2009
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Return Period or Description Peak Discharge (cfs)
100-year 30,000
Bankfull 43,000

Superflood 51,000
Standard Project Flood 63,000

Return Period (years) Peak Discharge (cfs)
2 944

5 2,590
10 4,370

20 6,710

50 10,800
100 14,900

CHANNEL BED GRADATION

For the reach of the Salt River upstream of the confluence with Indian Bend Wash, armoring analysis
was performed by Simons, Li and Associates, Inc., and documented in the report entitled, "Final
Hydraulic & Scour Analysis Report, Salt River, East Papago Freeway, " July 1997. This analysis
estimated an armor depth of 4.8 feet, and an equilibrium slope of 0.00037 ftlft.

Sediment transport calculations were perfonned using the balanced hydrograph and the characteristic
Salt River grain size distributions. This report states that, "Two bed-material populations are typically
present in the Salt River. One represents a surface armor layer, while the other represents a subsurface
parent materi81." The report £lls() st(ltes that, "These representative gradations are consistent with
composite sediment routing gradations used by SLA on several reaches of the Salt River. This report
does not contain any additional references to a soils report to document these gradations. Cursory
reviews of previous reports show some documentation for these values.
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These two gradations are as follows:
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Table 1 summarizes the scour parameters and depths developed by the ADOT Methodology that
should be used for the structural design of the new foundations.

Table 2 summarizes the scour parameters and depths developed by the FCDMC that should be used to
detemline the pier scour "Zone-of-Influence" on the existing bank protection and drop structure.

The FCDMC stated via an E-Mail that the Drop Structure and the bank protection were designed for
the SPF flow event of 63,000 cfs (Superflood Flow in accordance with ADOT terminology). This is
confinned by the report entitled, "Hydraulic and Scour Analysis for the East Papago Crossing of
Indian Bend Wash," prepared by Simons, Li and Associates, Inc. in March 1990.

Tables 8 and 9 summarize the hydraulic characteristics (average velocities and flow depths) that should
be used for lateral pressure on the columns that will be installed through the bottom of the existing
concrete drop structure or through the sideslope of the Cement Stabilized Alluvium (CSA) bank
protection.

April 30, 2009
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Particle Surface Subsurface
Size Material Material

(mm) (Percent Finer) (Percent Finer)
362 100 100
181 89 95
90.5 52 76
45.2 44 69
22.6 35 60
11.31 28 52
5.66 21 44
2.00 16 36

0.500 8 21
0.125 3 11

For the ADOT Scour Methodology, these gradations are presented here for information only since
ADOT does not consider a reduction in scour depth based on armoring of the bed material, and
therefore, IGt = 1.0 in the pier scour equation. However, the FCDMC Scour Methodology uses the
Blench Equation for determining general scour and the median grain size is used to estimate the
Bench's "Zero Bed Factor" (Fbo).

SCOUR CALCULATIONS FOR PIERS AND RECOMMENDATIONS

Total scour for the new columns at Piers 2, 3 and 4 Eastbound and the new columns at Piers 6 and 7
Westbound has been determined based on the above methodology. Based on a 20 January 2009
meeting with the FCDMC it was agreed that the design of the bridge piers may be in accordance with
ADOT's scour methodology and the determination of the pier scour "Zone-of-Influence" on the
existing bank protection and drop structure will be in accordance with FCDMC's scour methodology.
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The HEC-RAS model prepared for the current widening project indicates that the Superflood Flow ofI 64,000 cfs would flow within the Indian Bend Wash banks from immediately upstream of the bridge
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Likewise, the new columns within the grade control structure and bank protection will not affect the
structural integrity of these channel protection features. However, new columns for Pier 4 Eastbound
and for Piers 6 and 7 Westbound are outside of any scour protection structure and may impact the
channel protection features. The potential impacts on channel protection features were evaluated with
scour depths determined with the FCDMC Methodology for the Critical Design flow and the
Superflood Flow. The pier scour "Zone-of-Influence" is determined based on methodologies contained
in the FHWA report entitled, "Evaluating Scour at Bridges (HEC-18)," May 2001.

through the Drop Structure and into the Tempe Town Lake. The Indian Bend Wash channel transitions
from a 4-point channel immediately upstream of the bridge to an 8-point channel further upstream. The
beginning upstream section of this model also indicates that the 64,000 cfs cannot be contained by the
upstream 8-point Indian Bend Wash channel. Previous reports on Indian Bend Wash by the U.S. Army
Corps of Engineers state that 64 percent of the Standard Project Flood would be intercepted by Indian
Bend Wash. The remaining 32 percent (approximately 20,000 cfs) would overflow the eastern bank for
an average width of approximately 3400 feet. A detailed evaluation of how this flow enters the Salt
River has not been completed.

Since the existing bank protection and drop structure have been sized for the Superflood Flow of
64,000 cfs, it is recommended that new columns located within the grade control structure and bank
protection do not need to be structurally designed for scour. New columns for Piers 3 and 4 Eastbound
and for Piers 6 and 7 Westbound are within the streambed outside of any scour protection. The
foundations for these columns will need to be structurally designed for total scour depths determined
by the ADOT Methodology for the Critical Design flow and the Superflood Flow. The new column for
Pier 2 Eastbound is located within the CSA bank protection at an approximate clear distance of 10 feet
from the wash side of the CSA toe-down. This is the only new pier near the CSA toe-down, and
therefore, it is considered prudent to structurally design the new column for Pier 2 Eastbound for the
total scour depth of the Superfiood Flow.
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Using a top-width of twice the scour depth for cohesionless material in water, the top-width from each
side of the column would be as follows:

Using these values, the new downstream column on Pier 4 and the new upstream columns on Piers 6
and 7 would impact the existing channel protection features. Based on as-built plans (as depicted on
Figure 2), the existing adjacent columns within these pier bents are currently protected with buried
gabion mattresses (typically 40' (W) x 40' (L) x 1.5' (D).

For upstream Piers 6 and 7, these mattresses will be extended in kind to protect the existing channel
features from the new piers' scour (Zone-of-Influence). Attached Detail D1 depicts the proposed
construction of these gabion mattresses. The mattress will be extended to provide a 40' square by 1.5­
foot deep mattress centered on the new outside column.

For downstream Pier 4, the scour "Zone-of-Influence" will be interrupted by a 40' square by 9-foot
deep apron of dumped riprap centered on the new outside column. The dumped riprap protection will
be placed with a top elevation that is level with the existing tremied concrete block located It will be
located just above the existing gabion mattress located around the existing outside column. Attached
Detail D1 depicts the proposed construction of the dumped riprap protection. Calculations for the
design of this apron are contained in Appendix C.

April 3D, 2009
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( )Local Pier Scour obtamed from Table 2. Top-WIdth from side of column - twice the total scour depth.

It is not possible to install the gabion mattress protection at Pier 4 because it will be very difficult ifnot
impossible to dewater the pier site located downstream of the drop structure. The static water level
within the Tempe Town Lake is approximately 1149.65 and the proposed surface of the gabion
mattress protection is 1129.7. The soil profile within the proposed work zone consists of Sand, Gravel,
and Cobbles (GP-GM, GW-GM, GP, and GW) as shown by the soil borings contained in the bridge as­
built plans. A 20-foot head on this porous material will make it nearly impossible to adequately
dewater the site during the construction operation.

At Pier 2 Eastbound, the new outside column will be constructed through the existing bank protection
similar to five existing Pier 2 columns. Gabion mattresses were not installed around those existing
columns, but an evaluation of the new outside column was performed based on as-built information
and current survey infonnation. This evaluation, as shown in Figure 9, the wash side of the column to
be 10 feet from the wash side of the CSA toe-down. This drawing is based on as-built plans and
current field surveys of the visible portion of the hardbank. Additional gabion mattress protection is
not considered necessary for this column.

Pier No. Location Top-Width of Scour Cone from side of Column
for

Critical Design Flow(l) Superflood Flow(l)

(feet) (feet)
2, 3 & 4 Eastbound, Downstream of Drop 44 66

New Outside Column Structure
6 & 7 Westbound, New Upstream of Drop 44 58

Outside Column Structure
-
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Figure 5

Chart for Estimating Fbo (After Blench)
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Figure 7
Critical Design and Superflood Flows
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Geom: IBW Bend Wash Updated NAVD88
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009

Geom: IBW Bend Wash Updated NAVD88
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009

Geom: IBW Bend Wash Updated NAVD88
RS =3 US Top of Level IV Grade Control Structure
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009

Geom: IBW Bend Wash Updated NAV088
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009
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Figure 7
Critical Design and Superflood Flows
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009
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Figure 7
Critical Design and Superflood Flows
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Figure 7
Critical Design and Superflood Flows

IBW Plan: Plan 10 2/17/2009

Geom: IBW Bend Wash Updated NAVD88
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8-15%
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Percent by Weight
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STATE T PRCJECT NOS. I SHT. NO. I

CONSTRUCTION NOTES
'3 I

CD ~
Sieve Size

'=.H.W.A. ~~G!C~l T

-------~-~~~ ....... P ., ..... IJ.

-Roller Compacted Concrete - fc' = 3000 psI (28 days)
-CSA Levees - 750 psi 17 days)
-Granular FlIter Bedding (i)
• G~osynlhefic High SurVivability ®

Miscellaneous:
-All DImensions Shown on the Plans are Measured

Horizontally or Vertically Unless Otherwise
Noted.

-For Indian Bend W"sh Structure Additional
Details Refer to DWG. NO. CH-7.1

-All Work shall be done According to "the Arizona
Department of Transportotlon 'Standard SpecifI­
cations For Road and Bridge Construction.' 1990
Edition Amended By Special Provisions.

Design:
---In Accordance with ACI 318-83 and ArIzona

Deportment of TransportatIon HIghway
Dlvislon.Structures Section DralnaQe
Manual, Edition August 1987.

Design Loads:

-Cement Stabilized Alluvium - 140 pcf
-Dry Alluvium - I 10 pcf .' .
-Hydraulic Uplift (Dynamic) - 21.2 psf
-Design Flaw Velocity - 30fps

Materials:

22'-0'

As-Built Plan Elevations are based on
NGVD29 Datum and current SR 202L
Design Build project elevations are based
on NAVD88 Datum, Convert to NAVD88
elevations by adding 1.92' to NGVD29
elevations.
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IBW .-.-it
Roller Compacted Concrete - - - {55.2~..Q.:ill
Granular Filler Bedding - - - - 8,100 CY
Filter Fabric - - - - - 12,100 SY
Backfill - - - - - - 32,900 CY
Excavation- - - - - - 106,700 CY
Native Alluvium- - - - 8.L300 CY
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Elev=115B.4 (3)

Elev =115B.4B (2)
Top of CSA

Concrete Shoreline Edge
Tempe Town Lake

Exst Ground

EJev=1136.91 (2)
Toe of CSA

W.S.E. =1149.6 (3)
Tempe Town Lake

FIGURE 9
Pier 2, New Outside Column

and Existing Bank Cross-Section

EIev =114B•4 (3)

New Pier

Exst Cement Stabilized
Aluvium Bank Protection

NOTES:
1. All Elevations Based NAVDBB Datum.

2. Elevations Obtained from As-Built Plans
were corrected to NAVDBB Datum.

3. Elevations Field Surveyed 2009.
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Table 1

Pier Scour Summary-Mixed Flow Hydraulics(1)(4)

for
Indian Bend Wash Bridge

ADOT Methodology
13 February 2009

(3)(2)Scour ('~I~. for onlv\LI Scour Calculations :or ~ . ~

Pier FEMA 100-Yr Flow (20,000 cfs) Critical DesiQn Flow (30,000 cfs) Superflood Flow (64,000 cfs)
Identification(6) Streambed Scour Depth Scour Invert WSE (1988 Average Streambed Scour Depth Scour Invert WSE (1988 Average Streambed Scour Depth Scour Invert WSE (1988 Average

Invert (1988 (1988 (1988 Datum)(1) Velocity Invert (1988 (1988 (1988 Datum)(1) Velocity Invert (1988 (1988 (1988 Datum)(1) Velocity
Datum)(1)(4) Datum)(5) Datum)(5) Datum)(1)(4) Datum)(5) Datum)(5) Datum)(1)(4) Datum)(5) Datum)(5)

No. (ft) (ft) (ft) (ft) (fps) (ft) (ft) (ft) (ft) (fps) (ft) (ft) (ft) (ft) (fps)

Upstream of Levell Grade Control Structure-Piers 6 and 7
Pier 7WB US, 1158.36 15.46 1142.90 1164.61 6.59 1158.36 17.24 1141.12 1165.83 7.97 1158.36 22.25 1136.11 1169.08 11.14

RS14.4

Pier 6WB US, 1158.36 15.84 1142.52 1164.24 7.10 1158.36 17.97 1140.39 1165.37 8.60 1158.36 23.07 1135.29 1168.44 11.95
RS14.3

Selected for 1158.36 16.00 1142.36 1164.24 7.10 1158.36 18.00 1140.36 1165.37 8.60 1158.36 23.00 1135.36 1168.44 11.95
Desiqn

Downstream of Level IV Grade Control Structure-Piers 3 and 4
Pier 4EB OS, 1140.92 14.21 1126.71 1149.68 4.93 1140.92 17.10 1123.82 1149.79 7.28 1140.92 24.03 1116.89 1151.45 12.63

RSO.9

Pier 3EB OS, 1140.92 13.99 1126.93 1149.64 4.85 1140.92 17.03 1123.89 1149.70 7.22 1140.92 24.25 1116.67 1151.10 12.88
RSO.8

Pier 3EB OS, 1140.92 13.96 1126.96 1149.60 4.78 1140.92 16.95 1123.97 1149.60 7.16 1140.92 26.48 1114.44 1149.65 15.17
RSO.7

Pier 2EB OS, 1140.92 13.96 1126.96 1149.60 4.78 1140.92 16.95 1123.97 1149.60 7.16 1140.92 26.48 1114.44 1149.65 15.17
RSO.7

Selected for 1140.92 14.00 1126.92 1149.60 4.78 1140.92 18.00 1122.92 1149.60 7.16 1140.92 27.00 1113.92 1149.65 15.17
Desiqn

I

NOTES: 1) The HEC-RAS model was developed from As-Built plans, but corrected to NAVD88 Datum by adding 1.92' to the NGVD29 Datum.

2) The scour calculations for the FEMA 100-Yr Flow of 20,000 cfs is for information only.

3) New outside columns for Piers 3 & 4 Eastbound and 6 & 7 Westbound will be structurally designed for 30,000 cfs (assumed to be 1OO-year flow) and 64,000 cfs (assumed to be 500-year flow). New
outside column for Pier 2 Eastbound is located within the CSA bank protection (at least 100-Year protection) and it will be structurally designed for 64,000 cfs flow.
4) The HEC-RAS model x-sections compare very well with field surveys performed for the current project.
5) Scour invert obtained by subtracting computed total scour depth from lowest measured streambed invert. Local pier scour is determined with 2' of debris each side of the column.
6) US =Upstream and OS =Downstream

Hydraulic_Characteristics_Mixed_Flow Page 1 of 23 4/30/2009



Project: SR 202 DB Crossing of IBW Computed by: Dave Schaub
~L-o-c;"a~ti-o-n-:--~P~i~e-r~7~W~B~U~S~S~c-o-u~r;"D~ep-t~h-@~I~B~W~B~r~id~g-e----Date: -:1~3-:-F~e"":'b--0~9=------

Description: With Debris 2' each Side of Pier Column Checked by:
---------------------------Date:

Particle Size: (Ref. 4) 0 52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: Ys fY1 = 2*K1*K2*K3*K/{afY1)o.65Fr1o.43

FEMA 1OO-yr Scour Depth (ft) Y5 (FEMA 100-yr) = 14.86

Local Pier Scour Design Flow Scour Depth (ft) Y5 (Design Flow) = 16.34

SF Scour Depth (ft) Ys (SPF) = 19.66

General Scour (ft): Zeller Equation 1981 0.00 0.02 0.89
Additional Scour Long Term Degradation (ft) OS G.C.S. 0 0 0

Components 2
0.59 0.87 1.70Bed Form Scour (ft): Ybf =0.0137Vm (Ref. 3)

Total FEMA 100-yr Scour Depth: 15.46
Total Scour Total Design Flow Scour Depth: 17.24

122.25 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1158.36 1158.36 1158.36
Scour Hole Bottom Elevation: 1142.90 1141.12 1136.11

Table 1A

PIER SCOUR: FHWA (HEC 18) CSU Equation

ADOT Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

ADOT CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1164.61 1165.83 1169.08

6.25 7.47 10.72

6.59 7.97 11.14

0.51 0.55 0.63

1.1 Cylindrical Columns

1.0

1.1

1.0

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3:

Armouring, K4:

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

HEC-RAS RS 14.4

References:

Hydraulic Input:

Pier Input:

Correction Factors:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I Hydraulic_Characteristics_Mixed_Flow Page 2 of 23 4/30/2009



Project: SR 202 DB Crossing of IBW Computed by: Dave Schaub
~L-o-c:"a-'ti-o-n-:--~P~i~e-r~6~W-'B~U~S~S~c-o-u";;r~D~e-p-t~h-@~I~B~W~B~r':""id':""g-e----Date: ~1~3~-F~e-'b--~09~----

Description: With Debris 2' each Side of Pier Column Checked by:
--....:.-----------------------Date:

Particle Size: (Ref. 4) 0 52 : 90.5 mm 3.563 inches

0 89 : 181.0 mm 7.126 inches

Scour Equation: YsIY1 =2*K1*K/K3*K/{aIY1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 100-yr) = 15.15
Local Pier Scour Design Flow Scour Depth (ft) Ys (Design Flow) = 16.83

SF Scour Depth (ft) Ys (SPF) = 20.13

General Scour (ft): Zeller Equation 1981 0.00 0.13 0.98
Additional Scour Long Term Degradation (ft) OS G.C.S. 0 0 0

Components 2
0.69 1.01 1.96Bed Form Scour (ft): Ybf = 0.0137Vm (Ref. 3)

Total FEMA 1OO-yr Scour Depth: 15.84
Total Scour Total Design Flow Scour Depth: 17.97

123.07 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1158.36 1158.36 1158.36
Scour Hole Bottom Elevation: 1142.52 1140.39 1135.29

Table 18

PIER SCOUR: FHWA (HEC 18) CSU Equation

ADOT Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design &Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

4/30/2009

ADOT CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1164.24 1165.37 1168.44

5.88 7.01 10.08

7.10 8.60 11.95

0.56 0.62 0.70

1.1 Cylindrical Columns

1.0

1.1

1.0

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3:

Armouring, K4:

Page 3 of 23

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

HEC-RAS RS 14.3

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Hydraulic_Characteristics_Mixed_Flow
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4/30/2009

ADOT CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1149.68 1149.79 1151.45

8.76 8.87 10.53

4.93 7.28 12.63

0.33 0.48 0.75

1.1 Cylindrical Columns

1.0

1.1

1.0

Page 4 of 23

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3:

Armouring, K4:

ADOT Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS .9

Table 1C

PIER SCOUR: FHWA (HEC 18) CSU Equation

Pier Input:

References:

Hydraulic Input:

Correction Factors:

Project: SR 202 DB Crossing of IBW Computed by: Dave Schaub
~L-o-c:"a~ti-o-n-:--...-o:P~i-e-r"":'4'=E'=B~D~S~S~c-o-u";;r:':D~e-p~th~@~IB~W~B::-:'ri"":'d-g-e----Date: -::1-::3~-F~e""':'b--~09:::------

_D_e_s_c_ri.:,.p_ti_o_n_:__W_it_h_D_e_b_r_is_2'_e_a_c_h_S_i_d_e_o_f_P_i_e_r_C_o_lu_m_n Checked by:
Date:

"':"":":~'="":""=""'=~-=-------------

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: Ys fY1 = 2*K1*K/K3*K/(afY1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Y5 (FEMA 100-yr) = 13.87

Local Pier Scour Design Flow Scour Depth (ft) Ys (Design Flow) = 16.37

SF Scour Depth (ft) Ys (SPF) = 21.06

General Scour (ft): Zeller Equation 1981 0.00 0.00 0.79
Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components 2
0.33 0.73 2.19Bed Form Scour (ft): Ybf = 0.0137Vm (Ref. 3)

Total Post 100-yr Scour Depth: 14.21
Total Scour Total Pre 1OO-yr Scour Depth: 17.10

124.03 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1140.92 1140.92 1140.92
Scour Hole Bottom Elevation: 1126.71 1123.82 1116.89

Hydrauiic_Characteristics_Mixed_Flow
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ADOT CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1149.64 1149.70 1151.10

8.72 8.78 10.18

4.85 7.22 12.88

0.32 0.48 0.78

1.1 Cylindrical Columns

1.0

1.1

1.0

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2 :

Bed Condition, K3:

Armouring, K4:

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

ADOT Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics &Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS .8

Table 1D (1 of 2)

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: YsIY1 =2*K1*K2*K3*K/{aIY1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 1OO-yr) = 13.67

Local Pier Scour Design Flow Scour Depth (ft) Ys (Design Flow) = 16.31

SF Scour Depth (ft) Ys (SPF) = 21.17

General Scour (ft): Zeller Equation 1981 0.00 0.00 0.81
Additional Scour .

0 0 0C Long Term Degradation (ft) DS G.C.S.
omponents 2

0.32 0.71 2.27Bed Form Scour (ft): Ybf =0.0137Vm (Ref. 3)

Total Post 100-yr Scour Depth: 13.99
Total Scour Total Pre 1OO-yr Scour Depth: 17.03

124.25Total SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1989 Datum): 1140.92 1140.92 1140.92
Scour Hole Bottom Elevation: 1126.93 1123.89 1116.67

Project: SR 202 DB Crossing of IBW Computed by: Dave Schaub
"':"L-o-c:"at':":'io-n-:---"=P~ie-r~3:":E::":B~D"=S~S~c-o-u"';;r:':D:-e-p"':":th~@:-:-:IB:":'W':":"":B~r":""id":""g-e----Date: "":'1"=3~-F~e":""b~-0~9----

_D_e_s_c_ri.:.,p_ti_o_n_:__W_it_h_D_e_b_r_is_2'_e_a_c_h_S_id_e_o_f_P_i_e_r_C_o_lu_m_n Checked by:
Date:

~~~~~~------------

I
I
I
I
I
I
,I
I
I
I
I
I
I
I
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I
I
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4/30/2009

ADOT CONTROLLING

FEMA 100-yr Design Flow SF

20000 30000 64000

1149.60 1149.60 1149.65

8.68 8.68 8.73

4.78 7.16 15.17

0.32 0.48 1.00

1.1 Cylindrical Columns

1.0

1.1

1.0

Page 6 of 23

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

Pier Type, K 1 (ADOT Policy):
Angle of Attack, K2 :

Bed Condition, K3:

Armouring, K4:

ADOT Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS .7

Table 10 (2 of 2)

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Project: SR 202 DB Crossing of IBW Computed by: Dave Schaub
"':"L-o-c-a~ti-o-n-:--...-o:P::-:i~e-r"=3'=E'=B:-:D::"S=-:S:-c-o-u";;r:'::D:-e-p~th~@~IB::-:W~B:-:ri"":'d-g-e----Date: -:1~3:-:-F="e"":'b--~09~----

_D_e_s_c_ri.:,.p_ti_o_n_:__W_it_h_D_e_b_r_is_2'_e_a_c_h_S_i_d_e_o_f_P_i_e_r_C_o_lu_m_n Checked by:
Date:

~~~~~~------------

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: Y sN 1 = 2*K1*K2*K3*K/(aN1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 100-yr) = 13.65

Local Pier Scour Design Flow Scour Depth (ft) Ys (Design Flow) = 16.25

SF Scour Depth (ft) Ys (SPF) = 22.32

General Scour (ft): Zeller Equation 1981 0.00 0.00 1.01
Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components 2
0.31 0.70 3.15Bed Form Scour (ft): Ybf = 0.0137Vm (Ref. 3)

Total Post 100-yr Scour Depth: 13.96
Total Scour Total Pre 1OO-yr Scour Depth: 16.95 I26.48 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1140.92 1140.92 1140.92
Scour Hole Bottom Elevation: 1126.96 1123.97 1114.44

Hydraulic_Characteristics_Mixed_Flow
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4/30/2009

(3)

Page 7 of 23

Table 2

Pier Scour Summary-Mixed Flow Hvdraulics(1)(4)
for

Indian Bend Wash Bridge
FCDMC Methodology

13 February 2009

(2)

1) The HEC-RAS model was developed from As-Built plans, but corrected to NAVD88 Datum by adding 1.92' to the NGVD29 Datum.

2) The scour calculations for the FEMA 100-Yr Flow of 20,000 cfs is for information only.

3) New outside columns for Piers 3 & 4 Eastbound and 6 & 7 Westbound will be evaluated for "Zone-of-Influence" for existing bank protection and drop structure for 30,000 cfs (assumed to be 100-year
flow) and 64,000 cfs (assumed to be 500-year flow). New outside column for Pier 2 Eastbound is located within the CSA bank protection (at least 100-Year protection) and it will not need evaluation for
the "Zone-of-Influence" for existing bank protection. It is not within the "Zone-of-Influence" for the drop structure.
4) The HEC-RAS model x-sections compare very well with field surveys performed for the current project.
5) Scour invert obtained by subtracting computed scour depth from lowest measured streambed invert. Local pier scour is determined with 2' of debris each side of the column.
6) US =Upstream and OS =Downstream

NOTES:

Hydraulic_Characteristics_Mixed_Flow

~cnur C;:Ilcul;:ltjnm; fnr onlv"1 Scnur C;:\lcul;:ltinn!': fnr Pi~r "Znn~.nf-lnfhJ~nc~"nn hp- B;:Ink P and Gradp-'" Structu rp-'
Pier FEMA 100·Yr Flow (20,000 cfs) Critical Design Flow (30,000 cfs) Superflood Flow (64,000 cfs)

Identification(6) Streambed Scour Depth Scour Invert WSE (1988 Average Streambed Scour Depth Scour Invert WSE (1988 Average Streambed Scour Depth Scour Invert WSE (1988 Average
Invert (1988 (1988 (1988 Datum)(1) Velocity Invert (1988 (1988 (1988 Datum)(1) Velocity Invert (1988 (1988 (1988 Datum)(1) Velocity
Datum)(1)(4) Datum)(5) Datum)(5) Datum)(1)(4) Datum)(5) Datum)(5) Datum)(1)(4) Datum)(5) Datum)(5)

No. (ft) (ft) (ft) (ft) (fps) (ft) (ft) (ft) (ft) (fps) (ft) (ft) (ft) (ft) (fps)
Upstream of Levell Grade Control Structure-Piers 6 and 7

Pier 7WB US, 1158.36 18.79 1139.57 1164.61 6.59 1158.36 21.44 1136.92 1165.83 7.97 1158.36 27.93 1130.43 1169.08 11.14
RS14.4

Pier 6WB US, 1158.36 19.19 1139.17 1164.24 7.10 1158.36 22.11 1136.25 1165.37 8.60 1158.36 28.73 1129.63 1168.44 11.95
RS14.3

Selected for 1158.36 19.00 1139.36 1164.61 6.59 1158.36 22.00 1136.36 1165.37 8.60 1158.36 29.00 1129.36 1168.44 11.95
Bank

Protection
Evaluation

Downstream of Level IV Grade Control Structure-Piers 3 and 4
Pier 4EB OS, 1140.92 17.53 1123.39 1149.68 4.93 1140.92 21.40 1119.52 1149.79 7.28 1140.92 30.31 1110.61 1151.45 12.63

RSO.9

Pier 3EB OS, 1140.92 17.31 1123.61 1149.64 4.85 1140.92 21.33 1119.59 1149.70 7.22 1140.92 30.53 1110.39 1151.10 12.88
RSO.8

Pier 3EB OS, 1140.92 17.28 1123.64 1149.60 4.78 1140.92 21.25 1119.67 1149.60 7.16 1140.92 32.83 1108.09 1149.65 15.17
RSO.7

Selected for 1140.92 18.00 1122.92 1149.68 4.93 1140.92 22.00 1118.n 1149.79 7.28 1140.92 33.00 1107.92 1149.65 15.17
Bank

Protection
Evaluation



FCDMC CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1164.61 1165.83 1169.08

6.25 7.47 10.72

6.59 7.97 11.14

0.51 0.55 0.63

1.1 Cylindrical Columns

1.0

1.1

1.0

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3:

Armouring, K4:

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

FCDMC Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS 14.4

Table 2A

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Project: SR 202 Crossing of the IBW Computed by: Dave Schaub
"':'L-o-c:"a":":ti-o-n-:-----:P~i:-e-r"=7~W":":B=-=-U:'::S:-S="c:;;.o-u-r~D=--ep-t~h-@~I~B~W~B~r':""id':""g-e---- Date: ~1~3-:-F~e"":"b--0~9~----

_D_e_s_c_ri.:.,p_ti_o_n_:__W_it_h_D_e_b_r_is_2'_e_a_c_h_S_i_d_e_o_f_P_i_e_r_C_o_lu_m_n Checked by:
Date:

~~~~~~~-----------

I
I
I
I
I
I
I
I
I
I
I

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

0 89 : 181.0 mm 7.126 inches

Scour Equation: YsIY1= 2*K1*K/K3*K/(aIY1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 100-yr) = 14.86

LIP' S Design Flow Scour Depth (ft) Ys (Design Flow) = 16.34oca Jer cour
SF Scour Depth (ft) Ys (SPF) = 19.66
Safety Factor provided by 2' Debris around Column

General Scour (ft): Ave. of Lacey & Blench Equations 2.42 3.05 4.66
Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components Bed Form Scour (ft): Ybf = 0.0137Vm
2 (Ref. 3) 0.59 0.87 1.70

30% Safety for Additional Scour Components 0.90 1.18 1.91

Total FEMA 1OO-yr Scour Depth: 18.79
Total Scour Total Design Flow Scour Depth: 21.44 I27.93 ~Total SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1158.36 1158.36 1158.36
Scour Hole Bottom Elevation: 1139.57 1136.92 1130.43

I
I
I
I
I
I
I
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4/30/2009

FCDMC CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1164.24 1165.37 1168.44

5.88 7.01 10.08

7.10 8.60 11.95

0.56 0.62 0.70

1.1 Cylindrical Columns

1.0

1.1

1.0

Page 9 of 23

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3 :

Armouring, K4 :

FCDMC Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS 14.3

Table 28

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: YsN 1 =2*K1*K2*K3*K4*(aIY1)0.65Fr10.43

FEMA 100-yr Scour Depth (ft) Ys (FEMA 100-yr) = 15.15

LIP' S Design Flow Scour Depth (ft) Ys (Design Flow) = 16.83
oca Jer cour

SF Scour Depth (ft) Ys (SPF) = 20.13
Safety Factor provided by 2' Debris around Column

General Scour (ft): Ave. of Lacey & Blench Equations 2.42 3.05 4.66
Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components Bed Form Scour (ft): Ybf = 0.0137Vm
2 (Ref. 3) 0.69 1.01 1.96

30% Safety for Additional Scour Components 0.93 1.22 1.98

Total FEMA 1OO-yr Scour Depth: 19.19
Total Scour Total Design Flow Scour Depth: 22.11

128.73 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1158.36 1158.36 1158.36
Scour Hole Bottom Elevation: 1139.17 1136.25 1129.63

~P_r...;oJ:..·e~c_t: ~S~R_2~0~2~C~r~o~ss_i~ng~o_ft~h~e_I_B~W~~~~~ Computed by: ~D~a~v~e~S_c~h~a_u_b _
Location: Pier 6WB US Scour Depth @ IBW Bridge Date: 13-Feb-09
-::--~~--"":":":~-::-":"""":~~----:"""":":-:-----:-~~~~;....---
Description: With Debris 2' each Side of Pier Column Checked by:--....,;,,-----------------------Date:

~~~~~~~-----------

Hydraulic_Characteristics_Mixed_Flow
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Project: SR 202 Crossing of the IBW Computed by: Dave Schaub
~L-o-c:"a~ti-o-n-:--...-o:P~i-e-r"":'4=E=B-::D=-S=-=S~c;;;'o-u-r-::D~e-p~th~@=""":":IB~W~B::-:'ri"":'d-ge----Date: ~1~3--F~e-b--~09~----

Description: With Debris 2' each Side of Pier Column Checked by:
--.....:.-----------------------Date:

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: YiY1 = 2*K1*K2*K3*K/(aIY1)o.65Fr1o.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 100-yr) = 13.87

LIP' S Design Flow Scour Depth (ft) Ys (Design Flow) = 16.37
oca ler cour

Ys (SPF) =SF Scour Depth (ft) 21.06
Safety Factor provided by 2' Debris around Column

General Scour (ft): Ave. of Lacey & Blench Equations 2.48 3.15 4.93
Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components Bed Form Scour (ft): Ybf =0.0137Vm
2(Ref. 3) 0.33 0.73 2.19

30% Safety for Additional Scour Components 0.84 1.16 2.13

Total FEMA 100-yr Scour Depth: 17.53
Total Scour Total Design Flow Scour Depth: 21.40

130.31Total SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1140.92 1140.92 1140.92
Scour Hole Bottom Elevation: 1123.39 1119.52 1110.61

FCDMC Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design &Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

Hydraulic_Characteristics_Mixed_Flow Page 10 of 23 4/30/2009

Cylindrical Columns

FCDMC CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1149.68 1149.79 1151.45

8.76 8.87 10.53

4.93 7.28 12.63

0.33 0.48 0.75

1.1

1.0

1.1

1.0

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1(fps):

Froude Number, Fr1:

HEC-RAS RS .9

Table 2C

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors: Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3:

Armouring, K4:

I
I
I
I
I
I
I
I
I
I
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I
I
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Project: SR 202 Crossing of the IBW Computed by: Dave Schaub
"':"L-o-c:"a":":ti-o-n-:----:P::':i~e-r~3'=E'=B~D::"S=-=S:-c-o-u-r-=D:-e-p~th~@~IB=W:":":""B::--:ri-:d-g-e---- Date: ~1~3~-F~e~b--0~9~----

Description: With Debris 2' each Side of Pier Column Checked by:
--....:.-----------------------Date:

Particle Size: (Ref. 4) 0 52 : 90.5 mm 3.563 inches

0 89 : 181.0 mm 7.126 inches

Scour Equation: YsN 1 = 2*K1*K2*K3*K4*(aIY1)o.65Fr1o.43

FEMA 1OO-yr Scour Depth (ft) Y5 (FEMA 100-yr) = 13.67

LIP' S Design Flow Scour Depth (ft) Ys (Design Flow) = 16.31
oca ler cour

SF Scour Depth (ft) Ys (SPF) = 21.17
Safety Factor provided by 2' Debris around Column

General Scour (ft): Ave. of Lacey & Blench Equations 2.48 3.15 4.93
Additional Scour Long Term Degradation (ft) OS G.C.S. 0 .0 0

Components Bed Form Scour (ft): Ybf =0.0137Vm
2 (Ref. 3) 0.32 0.71 2.27

30% Safety for Additional Scour Components 0.84 1.16 2.16

Total FEMA 100-yr Scour Depth: 17.31
Total Scour Total Design Flow Scour Depth: 21.33

130.53 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1140.92 1140.92 1140.92
Scour Hole Bottom Elevation: 1123.61 1119.59 1110.39

Table 20 (1 OF 2)

PIER SCOUR: FHWA (HEC 18) CSU Equation

FCDMC Methodology
1) FHWA. Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management. (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

4/30/2009

FCDMC CONTROLLING

FEMA 100-yr Design Flow SF
20000 30000 64000

1149.64 1149.70 1151.10

8.72 8.78 10.18

4.85 7.22 12.88

0.32 0.48 0.78

1.1 Cylindrical Columns

1.0

1.1

1.0

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2 :

Bed Condition, K3 :

Armouring, K4 :

Page 11 of 23

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

HEC-RAS RS .8

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Hydraulic_Characteristics_Mixed_Flow
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4/30/2009

FCDMC CONTROLLING

FEMA 100-yr Design Flow SF

20000 30000 64000
1149.60 1149.60 1149.65

8.68 8.68 8.73

4.78 7.16 15.17

0.32 0.48 1.00

1.1 Cylindrical Columns

1.0

1.1

1.0

Page 12 of 23

Storm Event (Years):

Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

Pier Type, K 1 (ADOT Policy):

Angle of Attack, K2:

Bed Condition, K3 :

Armouring, K4:

FCDMC Methodology
1) FHWA, Evaluating Scour At Bridges (HEC-18), May 2001

2) ADOT, Highway Drainage Design Manual-Hydraulics, January 2006

3) Tucson, Standards Manual for Drainage Design & Floodplain Management, (Revised July 98)

4) SLA Inc., Final Hydraulics & Scour Analysis Report-Salt River, July 1007

Pier Diameter: 5.50 ft
Debris: 2.00 ft on each side
Effective Pier Diameter (a): 9.50 ft

(1988 Datum)

HEC-RAS RS .7

Table 2D (2 OF 2)

PIER SCOUR: FHWA (HEC 18) CSU Equation

References:

Pier Input:

Hydraulic Input:

Correction Factors:

Project: SR 202 Crossing of the IBW Computed by: Dave Schaub
"':"L-o-c:"a~ti-o-n-:--...-o:P:":i-e-r"=3'=E'=B~D=-S=-::S:-:c:;;'o-u-r-::D~e-p"':"th~@:""':":IB:":W~B::""":'ri"":'d-ge----Date: -:1~3~-F~e"":'b--'::"09~----

_D_e_s_c_ri.:,.p_ti_o_n_:__W_it_h_D_e_b_r_is_2_'_e_a_c_h_S_i_d_e_o_f_P_i_er_C_o_Iu_m_n Checked by:
Date:

"':"":"=~'="':"~~-=-------------

Particle Size: (Ref. 4) D52 : 90.5 mm 3.563 inches

D89 : 181.0 mm 7.126 inches

Scour Equation: YsN 1 = 2*K1*K2*K3*K/(aN1)0.65Fr10.43

FEMA 1OO-yr Scour Depth (ft) Ys (FEMA 100-yr) = 13.65

LIp· S Design Flow Scour Depth (ft) Ys (Design Flow) = 16.25
oca ler cour

SF Scour Depth (ft) Ys (SPF) = 22.32

Safety Factor provided by 2' Debris around Column

General Scour (ft): Ave. of Lacey & Blench Equations 2.48 3.15 4.93

Additional Scour Long Term Degradation (ft) DS G.C.S. 0 0 0

Components Bed Form Scour (ft): Ybf = 0.0137Vm
2 (Ref. 3) 0.31 0.70 3.15

30% Safety for Additional Scour Components 0.84 1.15 2.42

Total FEMA 100-yr Scour Depth: 17.28
Total Scour Total Design Flow Scour Depth: 21.25

132.83 ITotal SF Scour Depth:

Min. Channel Elevation (HEC-RAS)(1988 Datum): 1140.92 1140.92 1140.92

Scour Hole Bottom Elevation: 1123.64 1119.67 1108.09

Hydraulic_Characteristics_Mixed_Flow
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-------------------
Table 3

General Scour Summarv(1)
for

Indian Bend Wash Bridge
13 February 2009

Lacey and Blench Equations
FCDMC Methodology

Pier/RS FEMA 100-vr Flow (20,000 cfs) Critical DesiQn Flow (30,000 cfs) Superflood Flow (64,000 cfs)
Scour Depth Scour Depth Scour Depth

Identification Lacey Blench Average Lacey Blench Average Lacey Blench Average

No. (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

Pier 7 WB/R14.4 1.27 3.56 2.42 1.46 4.63 3.04 1.88 7.42 4.65

Pier 6 WB/R14.3 1.27 3.57 2.42 1.46 4.64 3.05 1.88 7.46 4.67

US Averages(2) 1.27 3.57 2.42 1.46 4.64 3.05 1.88 7.44 4.66

4.937.981.883.154.831.462.483.691.27OS Averages(3)

Pier 4 EB/R.9 1.27 3.74 2.51 1.46 4.90 3.18 1.88 8.07 4.98

Pier 3 EB/R.8 1.27 3.69 2.48 1.46 4.83 3.15 1.88 7.97 4.92

Pier 3 EB/R.7 1.27 3.64 2.46 1.46 4.77 3.11 1.88 7.90 4.89
- ..

NOTES: 1)

2)

3)

General scour in accordance with FCDMC Methodology.
Use these averages for General Scour upstream of the Level I Grade Control Structure. Level I is the most
upstream structure.
Use these averages for General Scour downstream of the Level IV Grade Control Structure. Level IV is the
most downstream structure.

Hydraulic_Characteristics_Mixed_Flow Page 13 of 23 4/30/2009



Lacey Equation: dm = O.47(Q/f)1/3

where:
dm = mean depth at design discharge, ft
Q = Design discharge, cfs

f = Lacey's silt factor equals 1.76(Dm)1/2 where Dm (D50) equal mean grain size of bed

material in millimeters

Table 3A

LACEY EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~~~~-------Location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier 7WB US RS14.4 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

751584

(1988 Datum)

510

79.20 79.20 79.20

0.26 0.26 0.26

15.66 15.66 15.66

FEMA-100-yr Design Flow SF
20000 30000 64000

1164.61 1165.83 1169.08

6.25 7.47 10.72

6.59 7.97 11.14

0.51 0.55 0.63

0.25 0.25 0.25
1.27 1.46 1.88

mm

ft

Page 14 of 23

0 50:

0 50:

f:

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

dm (ft):
Z (Straight Reach):
ds (ft):

where:

d s = Scour depth below thalweg of streambed, ft
Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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Lacey Equation: dm = O.47(Q/f)1/3

where:
dm = mean depth at design discharge, ft
Q = Design discharge, cfs

f = Lacey's silt factor equals 1.76(Dm)1/2 where Dm (D50) equal mean grain size of bed

material in millimeters

Table 38

LACEY EQUATION, TYPES A and 8 GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~"="~~-------Location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier 6WB US RS14.3 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

7.515.84

(1988 Datum)

5.10

79.20 79.20 79.20

0.26 0.26 0.26

15.66 15.66 15.66

FEMA-100-yr Design Flow SF
20000 30000 64000

1164.24 1165.37 1168.44

5.88 7.01 10.08

7.10 8.60 11.95

0.56 0.62 0.70

0.25 0.25 0.25
1.27 1.46 1.88

mm

ft

Page 15 of 23

D50:

D50:

f:

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1 (fps):

Froude Number, Fr1:

dm (ft):
Z (Straight Reach):
ds (ft):

where:

ds = Scour depth below thalweg of streambed, ft

Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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where:
dfo = Depth for zero bed sediment transport, ft

qf = Design discharge per unit width, cfs/ft

Fbo = Blench's "zero bed factor" in ftIs 2 from figure 9, Source 1.

Table 3C

BLENCH EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~~~~-------location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier? WB US RS14.4 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

(1988 Datum)

79.20 79.20 79.20

0.26 0.26 0.26

5.10 5.10 5.10

FEMA-100-yr Design Flow SF
20000 30000 64000

1164.61 1165.83 1169.08

6.25 7.47 10.72

6.59 7.97 11.14

611.82 619.57 651.82

0.51 0.55 0.63

33 48 98

5.9 7.7 12.4

0.60 0.60 0.60

3.56 4.63 7.42

Page 16 of 23

D~ mm

D50: ft

Fba (figure 9, source 1):

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Average Width, W (ft):
Froude Number, Fr1:

qf (cfs/ft):

d fo (ft):

Z (Moderate Bend):

d s (ft):

where:

ds = Scour depth below thalweg of streambed, ft

Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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where:
dfo =Depth for zero bed sediment transport, ft
qf = Design discharge per unit width, cfs/ft

Fbo = Blench's "zero bed factor" in ftIs 2 from figure 9, Source 1.

Table 3D

BLENCH EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~-=-':""""::-::---------Location: SR 202 Crossing of the IBW Date: 13-Feb-09.-;......;.----------
Description: General Scour Depth @ IBW Checked by:

Bridge, Pier 6WB US RS14.3 Date:
FCDMC Methodology

References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984
2) FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007

4/30/2009

(1988 Datum)

79.20 79.20 79.20

0.26 0.26 0.26

5.10 5.10 5.10

FEMA-100-yr Design Flow SF
20000 30000 64000

1164.24 1165.37 1168.44

5.88 7.01 10.08

7.10 8.60 11.95

609.48 616.84 646.65

0.56 0.62 0.70

33 49 99

6.0 7.7 12.4

0.60 0.60 0.60

3.57 4.64 7.46

Page 17 of 23

D~ mm

D50: ft

Fbo (figure 9, source 1):

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Average Width, W (ft):
Froude Number, Fr1:

qf (cfs/ft):

d fo (ft):

Z (Moderate Bend):
d 5 (ft):

where:

ds = Scour depth below thalweg of streambed, ft

Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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where:
dfo = Depth for zero bed sediment transport, ft

qf = Design discharge per unit width, cfs/ft

Fbo = Blench's "zero bed factor" in ftIs 2 from figure 9, Source 1.

Table 3E

BLENCH EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~~~~-------Location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier 4EB OS RS.9 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

(1988 Datum)

79.20 79.20 79.20

0.26 0.26 0.26

5.10 5.10 5.10

FEMA-100-yr Design Flow SF
20000 30000 64000

1149.68 1149.79 1151.45

8.76 8.87 10.53

4.93 7.28 12.63

568.78 569.12 574.10

0.33 0.48 0.75

35 53 111

6.2 8.2 13.5

0.60 0.60 0.60
3.74 4.90 8.07
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D50: mm

D50: ft

Fbo (figure 9, source 1):

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1 (ft):

Average Velocity, V1(fps):

Average Width, W (ft):
Froude Number, Fr1:

qf (cfs/ft):

d fo (ft):

Z (Moderate Bend):
d s (ft):

where:

ds = Scour depth below thalweg of streambed, ft
Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow

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



where:
dfo = Depth for zero bed sediment transport, ft

qf = Design discharge per unit width, cfs/ft

Fbo = Blench's "zero bed factor" in ftIs 2 from figure 9, Source 1.

Table 3F

BLENCH EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

~~~~-------Location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier 3EB OS RS.8 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

(1988 Datum)

79.20 79.20 79.20

0.26 0.26 0.26

5.10 5.10 5.10

FEMA-100-yr Design Flow SF
20000 30000 64000

1149.64 1149.70 1151.10

8.72 8.78 10.18

4.85 7.22 12.88

581.16 581.33 585.53

0.32 0.48 0.78

34 52 109

6.1 8.1 13.3

0.60 0.60 0.60

3.69 4.83 7.97
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D50: mm

D50: ft

Fbo (figure 9, source 1):

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Average Width, W (ft):
Froude Number, Fr1:

qf (cfs/ft):

d fo (tt):
Z (Moderate Bend):
d s (tt):

where:

ds = Scour depth below thalweg of streambed, ft
Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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Blench Equation: dfo = (qf)(2/3)/(Fbo)(1/3)

where:
dfo = Depth for zero bed sediment transport, ft

qf = Design discharge per unit width, cfs/ft

Fbo = Blench's "zero bed factor" in ftIs 2 from figure 9, Source 1.

Table 3G

BLENCH EQUATION, TYPES A and B GENERAL SCOUR
Project: SR 202 DB Computed by: Dave Schaub

---"="~~-------Location: SR 202 Crossing of the IBW Date: 13-Feb-09-----------Description: General Scour Depth @ IBW Checked by:
Bridge, Pier 3EB DS RS.7 Date:

FCDMC Methodology
References: 1) Bureau of Reclamation, Computing Degradation and Local Scour, January 1984

FCDMC, Drainage Design Manual for Maricopa County, Chapter 11, February 2007
2) (Draft).

4/30/2009

(1988 Datum)

79.20 79.20 79.20

0.26 0.26 0.26

5.10 5.10 5.10

FEMA-100-yr Design Flow SF
20000 30000 64000

1149.60 1149.60 1149.65

8.68 8.68 8.73

4.78 7.16 15.17

593.54 593.54 593.69

0.32 0.48 1.00

34 51 108

6.1 7.9 13.2

0.60 0.60 0.60
3.64 4.77 7.90
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0 50: mm

D50: ft

Fbo (figure 9, source 1):

Storm Event (Years):
Flow, Q (cfs):
W.S.E., (ft):

Depth of Flow, Y1(ft):

Average Velocity, V1 (fps):

Average Width, W (ft):
Froude Number, Fr1:

qf (cfs/ft):

d (0 (ft):

Z (Moderate Bend):
d 5 (ft):

where:

ds = Scour depth below thalweg of streambed, ft

Z = Empirical multiplying factor for river conditions

Scour Depth
Equation:

Soil Data:

Hydraulic Input:

Computations:

Hydraulic_Characteristics_Mixed_Flow
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Reach River Sta Profile Q Total Min Ch EI W.S. Elev Flow Crit W.S. E.G. Elev E.G. Vel Chnl Flow Top Froude # Hydraulic General
Depth Slope Area Width Chi Depth(3) Scour(4)

(cfs) (tt) (tt) (tt) (tt) (tt) (ftItt) (ftIs) (sq tt) (tt) (tt) (tt)
Main 16 FEMA 100-yr 20000 1158.48 1166.73 8.25 1165.23 1167.90 0.003527 9.03 2802.98 597.35 0.61 4.69 1.39
Main 15 FEMA 100-yr 20000 1158.34 1165.09 6.75 1165.09 1167.27 0.008854 12.10 1935.36 554.53 0.93 3.49 1.76
Main 14.5 FEMA 100-yr 20000 1158.36 1164.75 6.39 1162.69 1165.38 0.002400 6.42 3163.66 612.68 0.49 5.16 0.00
Main 14.4 FEMA 100-yr 20000 1158.36 1164.61 6.25 1165.28 0.002618 6.59 3080.03 611.82 0.51 5.03 0.00
Main 14.3 FEMA 100-yr 20000 1158.36 1164.24 5.88 1165.02 0.003355 7.10 2853.12 609.48 0.56 4.68 0.00
Main 14 FEMA 100-yr 20000 1158.42 1163.10 4.68 1163.10 1164.69 0.003961 10.11 1980.64 626.54 1.00 3.16 2.09
Main 13 FEMA 100-yr 20000 1149.42 1159.62 10.20 1154.27 1159.85 0.000154 3.87 5201.87 616.09 0.23 8.44 2.03
Main 12 FEMA 100-yr 20000 1149.42 1159.60 10.18 1159.84 0.000168 3.95 5069.99 616.03 0.24 8.23 2.04

11 FEMA 100-yr 20000 1153.42 1158.48 5.06 1158.12 1159.74 0.002775 9.00 2226.09 642.67 0.85 3.46 2.09
10 FEMA 100-yr 20000 1153.42 1158.12 4.70 1158.12 1159.68 0.003978 10.03 1997.12 641.60 1.00 3.11 2.09

Main 9 FEMA 100-yr 20000 1142.92 1153.48 10.56 1147.89 1153.73 0.000158 3.98 5024.99 567.69 0.24 8.85 2.05
8 FEMA 100-yr 20000 1142.92 1153.48 10.56 1153.72 0.000159 3.98 5020.62 567.67 0.24 8.84 2.03
7 FEMA 100-yr 20000 1146.92 1152.27 5.35 1151.84 1153.61 0.002634 9.29 2152.03 564.05 0.84 3.82 2.23
6 FEMA 100-yr 20000 1146.92 1151.84 4.92 1151.84 1153.54 0.003923 10.49 1907.47 562.74 1.00 3.39 2.23
5 FEMA 100-yr 20000 1136.42 1149.98 13.56 1141.48 1150.13 0.000066 3.07 6506.53 557.19 0.16 11.68 1.75
4 FEMA 100-yr 20000 1136.42 1149.98 13.56 1150.13 0.000066 3.07 6504.43 557.18 0.16 11.67 1.75
3 FEMA 100-yr 20000 1140.92 1149.71 8.79 1150.10 0.000335 5.03 3978.87 556.37 0.33 7.15 2.22
2 FEMA 100-yr 20000 1140.92 1149.71 8.79 1150.10 0.000335 5.03 3977.17 556.36 0.33 7.15 2.22
1 FEMA 100-yr 20000 1140.92 1149.70 8.78 1150.09 0.000337 5.04 3972.01 556.33 0.33 7.14 2.22

Main 0.9 FEMA 100-yr 20000 1140.92 1149.68 8.76 1150.06 0.000993 4.93 4053.94 568.78 0.33 7.13 0.00
Main 0.8 FEMA 100-yr 20000 1140.92 1149.64 8.72 1150.01 0.000967 4.85 4120.93 581.16 0.32 7.09 0.00
Main 0.7 FEMA 100-yr 20000 1140.92 1149.60 8.68 1145.74 1149.95 0.000943 4.78 4187.62 593.54 0.32 7.06 0.00

4/30/2009

22.00
1.46

22.00
6.38

22.00
0.50

22.00 22.00
3714.43 587.18

Page 2'1 of 23

22.00 22.00
0.001941 6.44

22.00
8.15

general scour depth, (tt)
maximum depth of flow, (tt)

average velocity of flow, (fps)

hydraulic depth of flow, (tt)

energy slope, (ftItt)

FEMA 100-Year Flow (20,000 CfS)(1)(2)

HEC-RAS Hydraulic Characteristics

Ygs =
Ymax =
Vm =
Yh =
Se=

Table 4

22.00 22.00
1147.91 1156.06

The HEC-RAS model was developed from As-Built plans, but corrected to NAVD88 Datum by adding 1.92' to the NGVD29 Datum.
The HEC-RAS model x-sections compare very well with field surveys performed for the current project.
Hydraulic Depth Equation: HD = (Flow ArealTop Width)
General Scour with the Zeller (1981) equation, Standards Manual for Drainage Design and Floodplain Management in Tucson, Arizona, December 1989
(Revised July 1998). Computed negative values are set to zero.

General Scour Equation: Ygs = Ymax{[(O.0685Vmo.8)/(Yho.4Seo.3)]-1}
Zeller Equation

Where:

1)
2)
3)
4)

Hydraulic_Characteristics_Mixed_Flow

Notes:

# Values =
Average =



Reach River Sta Profile Q Total Min Ch EI W.S. Elev Flow Crit W.S. E.G. Elev E.G. Vel Chnl Flow Top Froude # Hydraulic General
Depth Slope Area Width Chi Deoth(3) Scour(4)

(cfs) (tt) (tt) (tt) (tt) (tt) (ftItt) (fUs) (sq tt) (tt) (tt) (tt)

Main 16. Critical Design 30000 1158.48 1168.33 9.85 1166.67 1169.86 0.003617 10.52 3777.62 621.58 0.64 6.08 1.78

Main 15 Critical Design 30000 1158.34 1166.53 8.19 1166.53 1169.23 0.008217 13.69 2765.09 596.47 0.93 4.64 2.21

Main 14.5 Critical Design 30000 1158.36 1166.00 7.64 1163.78 1166.92 0.002669 7.77 3931.92 620.48 0.53 6.34 0.00
Main 14.4 Critical Design 30000 1158.36 1165.83 7.47 1166.80 0.002910 '1.97 3828.53 619.57 0.55 6.18 0.02
Main 14.3 Critical Design 30000 1158.36 1165.37 7.01 1166.51 0.003726 8.60 3547.54 616.84 0.62 5.75 0.13

Main 14 Critical Design 30000 1158.42 1164.09 5.67 1164.09 1166.16 0.003618 11.57 2599.53 629.50 1.00 4.13 2.76
Main 13 Critical Design 30000 1149.42 1160.95 11.53 1155.27 1161.34 0.000213 5.02 6027.30 620.09 0.28 9.72 3.08

Main 12 Critical Design 30000 1149.42 1160.92 11.50 1161.33 0.000231 !3.11 5890.12 620.01 0.29 9.50 3.05
Main 11 Critical Design 30000 1153.42 1159.56 6.14 1159.09 1161.20 0.002532 10.29 2922.84 645.92 0.85 4.53 2.78

Main 10 Critical Design 30000 1153.42 1159.09 5.67 1159.09 1161.13 0.003640 11.48 2619.45 644.51 1.00 4.06 2.75

Main 9 Critical Design 30000 1142.92 1154.94 12.02 1148.97 1155.34 0.000217 5.13 5852.80 572.05 0.28 10.23 3.07

Main 8 Critical Design 30000 1142.92 1154.92 12.00 1155.33 0.000218 5.13 5846.51 572.01 0.28 10.22 3.05
Main 7 Critical Design 30000 1146.92 1153.40 6.48 1152.90 1155.19 0.002512 10.74 2792.01 567.44 0.85 4.92 2.97

Main 6 Critical Design 30000 1146.92 1152.89 5.97 1152.89 1155.12 0.003591 11.98 2505.01 565.92 1.00 4.43 2.93

Main 5 Critical Design 30000 1136.42 1150.47 14.05 1142.58 1150.77 0.000129 4.43 6775.55 558.64 0.22 12.13 3.08

Main 4 Critical Design 30000 1136.42 1150.46 14.04 1150.76 0.000130 4.43 6771.11 558.61 0.22 12.12 3.04

Main 3 Critical Design 30000 1140.92 1149.86 8.94 1150.71 0.000704 /.38 4063.33 556.82 0.48 7.30 3.14
.Main 2 Critical Design 30000 1140.92 1149.85 8.93 1150.70 0.000706 1.39 4059.38 556.80 0.48 7.29 3.14

Main 1 Critical Design 30000 1140.92 1149.83 8.91 1150.68 0.000713 '1.41 4046.54 556.73 0.48 7.27 3.14

Main 0.9 Critical Design 30000 1140.92 1149.79 8.87 1150.62 0.002121 '1.28 4118.39 569.12 0.48 7.24 0.00

Main 0.8 Critical Design 30000 1140.92 1149.70 8.78 1150.51 0.002120 7.22 4153.99 581.33 0.48 7.15 0.00
Main 0.7 Critical Design 30000 1140.92 1149.60 8.68 1146.78 1150.40 0.002121 '1.16 4187.62 593.54 0.48 7.06 0.00

Table 5

1) The HEC-RAS model was developed from As-Built plans, but corrected to NAVD88 Datum by adding 1.92' to the NGVD29 Datum.
2) The HEC-RAS model x-sections compare very well with field surveys performed for the current project.
3) Hydraulic Depth Equation: HD = (Flow ArealTop Width)
4) General Scour with the Zeller (1981) equation, Standards Manual for Drainage Design and Floodplain Management in Tucson, Arizona, December 1989

(Revised July 1998). Computed negative values are set to zero.

General Scour Equation: Ygs = Ymax{[(O.0685Vm0.8)/(Yh0.4Se0.3)]_1}
Zeller Equation

Where: Ygs = general scour depth, (tt)

Ymax = maximum depth of flow, (tt)
Vm= average velocity of flow, (fps)

Yh = hydraulic depth of flow, (tt)
Se = energy slope, (ftItt)

Critical Design Flow (30,000 CfS)(1)(2)

HEC-RAS Hydraulic Characteristics

4/30/2009

22.00
2.10

22.00
7.19

22.00
0.56

22.00 22.00
4231.01 592.91
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22.00 22.00
0.002121 8.08

22.00
9.02

22.00 22.00
1147.91 1156.93

Hydraulic_Characteristics_Mixed_Flow

# Values =
Average =

Notes:



Reach River Sta Profile Q Total Min Ch EI W.S. Elev Flow Crit W.S. E.G. Elev E.G. Vel Chnl Flow Top Froude # Hydraulic General
Depth Slope Area Width Chi Depth(3) Scour(4)

(cfs) (tt) (tt) (tt) (tt) (tt) (ftItt) (ftIs) (sq tt) (tt) (tt) (tt)
Main. 16 SF 64000 1158.48 1172.33 13.85 1170.10 .1174.96 0.003911 14.20 6387.92 687.76 0.71 9.29 3.29
Main 15 SF 64000 1158.34 1169.90 11.56 1169.90 1174.25 0.008245 17.99 4855.89 637.68 1.00 7.61 3.41
Main 14.5 SF 64000 1158.36 1164.25 5.89 1166.60 1172.17 0.034175 22.70 2857.73 609.52 1.80 4.69 1.39
Main 14.4 SF 64000 1158.36 1169.08 10.72 1166.60 1170.95 0.003307 11.14 5901.55 651.82 0.63 9.05 0.89
Main 14.3 SF 64000 1158.36 1168.44 10.08 1166.61 1170.61 0.004166 11.95 5490.07 646.65 0.70 8.49 0.98
Main 14 SF 64000 1158.42 1166.80 8.38 1166.80 1170.23 0.003080 14.91 4316.15 637.63 1.00 6.77 4.77
Main 13 SF 64000 1149.42 1164.46 15.04 1158.10 1165.42 0.000352 7.88 8222.84 630.62 0.38 13.04 5.86
Main 12 SF 64000 1149.42 1164.41 14.99 1165.40 0.000374 7.99 8071.21 630.47 0.39 12.80 5.84
Main 11 SF 64000 1153.42 1162.37 8.95 1161.78 1165.21 0.002320 13.56 4747.6 654.34 0.88 7.26 4.83
Main 10 SF 64000 1153.42 1161.78 8.36 1161.78 1165.14 0.003062 14.74 4364.32 652.58 1.00 6.69 4.73
Main 9 SF 64000 1142.92 1158.83 15.91 1151.93 1159.78 0.000352 7.84 8174.2 613.72 0.38 13.32 5.92
Main 8 SF 64000 1142.92 1158.81 15.89 1159.76 0.000354 7.85 8162.29 613.66 0.38 13.30 5.91
Main 7 SF 64000 1146.92 1156.54 9.62 1155.79 1159.56 0.002393 13.95 4589.21 606.85 0.89 7.56 5.15
Main 6 SF 64000 1146.92 1155.80 8.88 1155.80 1159.47 0.003085 15.38 4161.05 574.63 1.01 7.24 5.02
Main 5 SF 64000 1136.42 1153.41 16.99 1145.62 1154.31 0.000291 7.59 8434.26 567.47 0.35 14.86 6.03
Main 4 SF 64000 1136.42 1153.39 16.97 1154.29 0.000292 7.60 8423.32 567.42 0.35 14.84 6.03
Main 3 SF 64000 1140.92 1151.65 10.73 1154.13 0.001564 12.64 5061.5 562.17 0.74 9.00 5.40
Main 2 SF 64000 1140.92 1151.62 10.70 1154.12 0.001575 12.67 5050.04 562.11 0.75 8.98 5.40
Main 1 SF 64000 1140.92 1151.54 10.62 1154.08 0.001625 12.79 5002.43 561.86 0.76 8.90 5.38
Main 0.9 SF 64000 1140.92 1151.45 10.53 1153.93 0.004904 12.63 5067.29 574.10 0.75 8.83 0.79
Main 0.8 SF 64000 1140.92 1151.10 10.18 1149.75 1153.67 0.005366 12.88 4970.24 585.53 0.78 8.49 0.81
Main 0.7 SF 64000 1140.92 1149.65 8.73 1149.65 1153.23 0.009425 15.17 4218.13 593.69 1.00 7.10 1.01

Table 6

1) The HEC-RAS model was developed from As-Built plans, but corrected to NAVD88 Datum by adding 1.92' to the NGVD29 Datum.
2) The HEC-RAS model x-sections compare very well with field surveys performed for the current project.
3) Hydraulic Depth Equation: HD = (Flow ArealTop Width)
4) General Scour with the Zeller (1981) equation, Standards Manual for Drainage Design and Floodplain Management in Tucson, Arizona, December 1989

(Revised July 1998). Computed negative values are set to zero.

General Scour Equation: Ygs = Ymax{[(O.0685Vmo.8)/(Yho.4Seo.3)]-1}
Zeller Equation

Where: Ygs = general scour depth, (tt)

Ymax = maximum depth of flow, (tt)
Vm= average velocity of flow, (fps)

Yh = hydraulic depth of flow, (tt)

Se = energy slope, (ftItt)

Page 23 of 23 4/30/2009

22.00
4.04

22.00
9.46

22.00
0.76

22.00 22.00
5751.33 610.10

15.00 22.00 22.00 22.00
1159.79 1162.030.004283 12.55

22.00
11.53

Superflood Flow (64,000 CfS)(1)(2)

HEC-RAS Hydraulic Characteristics

22.00 22.00
1147.91 1159.44

Hydraulic_Characteristics_Mixed_Flow

Notes:

# Values =
Average =
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HEC-RAS version 4.0.0 March 2008

U.S. Army Corps of Engineers
Hydrologic Engineering Center

609 Second Street
Davis, California

Table 7
HEC-RAS Report
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PROJECT DATA
Project Title: IBW
Project File: IBW.prj
Run Date and Time: 2/17/2009 3:14:53 PM

Project in English units

Project Description:
lBW Drop Structure

PLAN DATA

Plan Title: Plan 10
Plan File: p:\TRANSPORTATION\Kiewit\SR 202 Design Build\Engr\Drainage\HEC-RAS\IndianBendWash\HEC-RAS_Preliminary_Revised\IBW.plO

Geometry Title: IBW Bend Wash Updated NAVD88
Geometry File: p:\TRANSPORTATION\Kiewit\SR 202 Design Build\Engr\Drainage\HEC-RAS\IndianBendWash\HEC­

RAS_Preliminary_Revised\IBW.g03

Flow Title : Indian Bend Wash Updated Geo
Flow File ; p:\TRANSPORTATION\Kiewit\SR 202 Design Build\Engr\Drainage\HEC-RAS\IndianBendWash\HEC-

RAS_Preliminary_Revised\IBW.fOl

Plan Summary Information:
Number of: Cross Sections

Culverts
Bridges

Computational Information

22
o
o

Multiple Openings
Inline Structures
Lateral Structures

o
o
o
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Water surface calculation tolerance
Critical depth calculation tolerance
Maximum number of iterations
Maximum difference tolerance
Flow tolerance factor

0.01
0.01
20
0.3
0.001

Table 7
HEC-RAS Report

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Mixed Flow

FLOW DATA

Flow Title: Indian Bend Wash Updated Geo
Flow File: p:\TRANSPORTATION\Kiewit\SR 202 Design Build\Engr\Drainage\HEC-RAS\IndianBendWash\HEC-RAS_Preliminary_Revised\IBW.f01

Flow Data (cfs)

River Reach
Indian Bend WashMain

Boundary Conditions

RS
16

FEMA 100-yr Critical Design
20000 30000

SPF
64000

River Reach Profile Upstream Downstream

Indian Bend WashMain
Indian Bend WashMain
Indian Bend WashMain

GEOMETRY DATA

FEMA 100-yr
Critical Design
SPF

Normal S
Normal S
Normal S

0.001449
0.001449
0.001449

Known WS
Known WS
Known WS

1149.6
1149.6
1149.6

Geometry Title: IBW Bend Wash Updated NAVD88
Geometry File: p:\TRANSPORTATION\Kiewit\SR 202 Design Build\Engr\Drainage\HEC-RAS\IndianBendWash\HEC-RAS_Preliminary_Revised\IBW.g03

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 16

INPUT
Description: Dupicate Section of 15.0, Increased Elev by 0.14 ft
Station Elevation Data num= 94
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Table 7

HEC-RAS Report

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
30,83 1170,48 41.17 1170,13 48.83 1168.38 51. 67 1168.13 53.44 1167.94
54.54 1167.76 55.91 1167.65 57.68 1167.31 59.64 1167.24 60.13 1167.17
61.85 1167.07 63.45 1167.09 67.87 1166.65 71.43 1166.54 76.21 1166.17
80.03 1166.06 85.78 1165.75 85.8 1165.75 88.98 1165.56 89.91 1165.53
97.31 1165.02 98.64 1165 99.87 1164.95 102.82 1164.68 108.02 1164.52

111.16 1164.32 112.45 1164.26 114.77 1164.11 118.48 1163.96 122.87 1163.69
128.88 1163.47 130.62 1163.4 132.49 1163.33 143.66 1163.09 145.53 1163.07
146.94 1163.09 155.12 1163.07 158.17 1163.04 166.6 1163.06 192.47 1162.98
200.64 1162.97 204.46 1163.01 210.8 1163.02 228.81 1162.96 243.55 1162.4
254.65 1161. 92 262.33 1161.31 282.26 1159.7 288.36 1159.23 292.8 1159.27
310.59 1158.88 320.51 1158.79 325.32 1158.71 332.04 1158.74 355.71 1158.6

361.1 1158.5 375.92 1158.48 392.41 1158.5 422.34 1158.75 434.93 1158.82
450.27 1158.86 457.24 1158.93 466.96 1158.97 480.75 1159.12 483.79 1159.14
485.23 1159.49 489.69 1160.64 491.02 1160.95 496.19 1162.01 500.97 1163.06
506.26 1163.7 508.16 1163.94 509.16 1164.1 517.57 1164.61 527.74 1164.93
528.94 1165 533.69 1164.29 535.63 1163.98 622.5 1164.51 628.88 1164.67
631.36 1164.75 646.92 1165.04 647.95 1165.14 664.11 1166.66 667.94 1167.63

677.2 1169.76 680.3 1170.19 685.18 1170.24 688.52 1170.29 691.06 1170.28
699.2 1171.7 709.44 1172.01 711.15 1171. 81 718.59 1170.63

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

30.83 .08 228.81 .035 528.94 .08

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
228.81 528.94 100 100 100 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1169.86 Element Left OB Channel Right OB
Vel Head (ft) 1. 53 Wt. n-Val. 0.080 0.035 0.080
W.S. Elev (ft) 1168.33 Reach Len. (ft) 100.00 100.00 100.00
Crit W.S. (ft) 1166.67 Flow Area (sq ft) 745.31 2517.36 514.94
E.G. Slope (ft/ft) 0.003617 Area (sq ft) 745.31 2517.36 514.94
Q Total (cfs) 30000.00 Flow (cfs) 2149.96 26494.84 1355.20
Top Width (ft) 621.58 Top Width (ft) 179.41 300.13 142.04
Vel Total (ft/s) 7.94 Avg. Vel. (ft/s) 2.88 10.52 2.63
Max Chl Dpth (ft) 9.85 Hydr. Depth (ft) 4.15 8.39 3.63
Conv. Total (cfs) 498818.5 Conv. (cfs) 35748.0 440537.1 22533.4
Length Wtd. (ft) 100.00 Wetted Per. (ft) 179.61 300.80 142.40
Min Ch El (ft) 1158.48 Shear (lb/sq ft) 0.94 1. 89 0.82
Alpha 1. 57 Stream Power (lb/ft s) 2.70 19.89 2.15
Frctn Loss (ft) 0.52 Cum Volume (acre-ft) 2.32 76.52 1. 84
C & E Loss (ft) 0.12 Cum SA (acres) 0.72 10.16 0.70

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than
0.7 or greater than 1.4. This may indicate the need for additional cross sections.
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CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1174.96 Element Left OB Channel Right OB
Vel Head (ft) 2.63 Wt. n-Val. 0.080 0.035 0.080
W.S. Elev (ft) 1172.33 Reach Len. (ft) 100.00 100.00 100.00
Crit W.S. (ft) 1170.10 Flow Area (sq ft) 1510.38 3718.91 1158.63
E.G. Slope (ft/ft) 0.003911 Area (sq ft) 1510.38 3718.91 1158.63
Q Total (cfs) 64000.00 Flow (cfs) 6747.82 52793.41 4458.78
Top Width (ft) 687.76 Top Width (ft) 197.98 300.13 189.65
Vel Total (ft/s) 10.02 Avg. Vel. (ft/s) 4.47 14.20 3.85
Max ChI Dpth (ft) 13.85 Hydr. Depth (ft) 7.63 12.39 6.11
Conv. Total (cfs) 1023369.0 Conv. (cfs) 107898.6 844174.3 71296.5
Length Wtd. (ft) 100.00 Wetted Per. (ft) 200.24 300.80 192.14
Min Ch E1 (ft) 1158.48 Shear (lb/sq ft) 1. 84 3.02 1. 47
Alpha 1. 69 Stream Power (lb/ft s) 8.23 42.85 5.67
Frctn Loss (ft) 0.55 Cum Volume (acre-ft) 4.95 100.00 4.24
C & E Loss (ft) 0.17 Cum SA (acres) 0.84 10.24 0.87

Warning: The cross-section end points had to be extended vertically for the computed water surface.
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than

0.7 or greater than 1.4. This may indicate the need for additional cross sections.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 15

INPUT
Description: 310.1' US of Level I Grade Control Structure
Station Elevation Data num= 94

Sta Elev Sta Elev Sta Elev Sta Elev Sta E1ev
30.83 1170.34 41.17 1169.99 48.83 1168.24 51.67 1167.99 53.44 1167.8
54.54 1167.62 55.91 1167.51 57.68 1167.17 59.64 1167.1 60.13 1167.03
61.85 1166.93 63.45 1166.95 67.87 1166.51 71. 43 1166.4 76.21 1166.03
80.03 1165.92 85.78 1165.61 85.81165.609 88.98 1165.42 89.91 1165.39
97.31 1164.88 98.64 1164.86 99.87 1164.81 102.82 1164.54 108.02 1164.38

111.16 1164.18 112.45 1164.12 114.77 1163.97 118.48 1163.82 122.87 1163.55
128.88 1163.33 130.62 1163.26 132.49 1163.19 143.66 1162.95 145.53 1162.93
146.94 1162.95 155.12 1162.93 158.17 1162.9 166.6 1162.92 192.47 1162.84
200.64 1162.83 204.46 1162.87 210.8 1162.88 228.81 1162.82 243.55 1162.26
254.65 1161.78 262.33 1161.17 282.26 1159.56 288.36 1159.09 292.8 1159.13
310.59 1158.74 320.51 1158.65 325.32 1158.57 332.04 1158.6 355.71 1158.46

361.1 1158.36 375.92 1158.34 392.41 1158.36 422.34 1158.61 434.93 1158.68
450.27 1158.72 457.24 1158.79 466.96 1158.83 480.75 1158.98 483.79 1159
485.23 1159.35 489.69 1160.5 491. 02 1160.81 496.19 1161.87 500.97 1162.92
506.26 1163.56 508.16 1163.8 509.16 1163.96 517.57 1164.47 527.74 1164.79
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528.94 1164.86 533.69 1164.15 535.63 1163.84 622.5 1164.37 628.88 1164.53
631.36 1164.61 646.92 1164.9 647.95 1165 664.11 1166.52 667.94 1167.49

677.2 1169.62 680.3 1170.05 685.18 1170.1 688.52 1170.15 691.06 1170.14
699.2 1171.56 709.44 1171.87 711.15 1171.67 718.59 1170.49

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

30.83 .08 228.81 .035 528.94 .08

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
228.81 528.94 118.5 116.6 117.6 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1169.23 Element Left OB Channel Right OB
Vel Head (ft) 2.70 Wt. n-Val. 0.080 0.035 0.080
w. S. Elev (ft) 1166.53 Reach Len. (ft) 118.50 116.60 117.60
Crit W.S. (ft) 1166.53 Flow Area (sq ft) 461.27 2018.95 284.87
E.G. Slope (ft/ft) 0.008217 Area (sq ft) 461.27 2018.95 284.87
Q Total (cfs) 30000.00 Flow (cfs) 1565.17 27647.15 787.69
Top Width (ft) 596.47 Top Width (ft) 161.13 300.13 135.21
Vel Total (ft/s) 10.85 Avg. Vel. (ft/s) 3.39 13.69 2.77
Max Chl Dpth (ft) 8.19 Hydr. Depth (ft) 2.86 6.73 2.11
Conv. Total (cfs) 330942.4 Conv. (cfs) 17266.0 304987.1 8689.3
Length Wtd. (ft) 116.68 Wetted Per. (ft) 161. 23 300.80 135.37
Min Ch El (ft) 1158.34 Shear (lb/sq ft) 1. 47 3.44 1. 08
Alpha 1. 47 Stream Power (lb/ft s) 4.98 47.15 2.99
Frctn Loss (ft) 0.51 Cum Volume (acre-ft) 0.94 71.31 0.92
C & E Loss (ft) 0.53 Cum SA (acres) 0.33 9.47 0.38

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)

1174.25
4.34

1169.90
1169.90

0.008245
64000.00

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)

Left OB
0.080

118.50
1059.66
1059.66
5667.45

Channel
0.035

116.60
3031. 48
3031. 48

54525.96

Right OB
0.080

117.60
764.76
764.76

3806.59
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Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

637.68
13.18
11.56

704815.1
116.72

1158.34
1. 61
0.55
0.77

Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

187.26
5.35
5.66

62414.1
187.65

2.91
15.55

2.00
0.40

300.13
17.99
10.10

600480.1
300.80

5.19
93.31
92.26

9.56

150.30
4.98
5.09

41920.9
150.84

2.61
12.99

2.03
0.48

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 14.5

INPUT
Description: 193.5' US of Level I Grade Control Structure
Station Elevation Data num= 89

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
25.84 1184.59 27.87 1183.81 37.36 1174.01 56.941172.07 74.36 1166.28

88.4 1161.7 89.13 1161.55 94.02 1160.13 108.01 1159.71 108.051159.709
115.41 1159.57 117.64 1159.6 130.55 1159.57 132.43 1159.61 136.35 1159.6
138.34 1159.55 140.02 1159.58 142.84 1159.57 153.76 1159.65 156.46 1159.62
196.67 1159.79 231.72 1159.5 250.79 1159.51 266.31 1159.18 268.45 1159.08
285.87 1158.96 290.45 1158.86 293.641158.78 305.56 1158.68 307.45 1158.61
317.58 1158.53 350.23 1158.6 355.85 1158.62 373.61 1158.58 389.64 1158.64
400.36 1158.74 417.38 1158.36 427.29 1158.63 461. 55 1158.56 466.67 1158.43
477.92 1158.36 489.35 1158.61 496.75 1158.69 500.67 1158.8 505.11 1159.04
516.47 1159.06 518.88 1159.12 527.22 1159.24 529.44 1159.36 531.46 1159.58

533.4 1159.68 535.54 1159.69 537.56 1159.83 546.04 1159.91 548.44 1159.98
558.15 1160.16 571.18 1160.2 572.96 1160.25 575.65 1160.23 576.64 1160.18
586.73 1160.01 594.42 1160.19 605.19 1160.2 607.08 1160.25 618.11 1160.45
620.22 1160.43 622.61 1160.47 634.39 1160.49 638.45 1160.55 643.13 1160.67
659.89 1160.76 665.72 1162.69 665.91162.68 666.75 1162.65 668.38 1162.75

678.6 1162.74 687.93 1163.41 689.34 1164.01 692.77 1165.07 694.6 1165.53
696.06 1166.14 706.65 1169.91 711.19 1171. 64 716.06 1172.1 722.22 1172.27
729.07 1172.18 743.52 1166.01 748.8 1166.03 749.8 1166.19
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Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

25.84 .035 94.02 .035 659.89 .035

Bank Sta: Left Right Lengths: Left Channel Right
94.02 659.89 40 40 40

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft) 1166.92 Element Left OB Channel Right OB
Vel Head (ft) 0.92 Wt. n-Va1. 0.035 0.035 0.035
W.S. Elev (ft) 1166.00 Reach Len. (it) 40.00 40.00 40.00
Crit W.S. (it) 1163.78 Flow Area (sq ft) 56.67 3771. 37 103.88
E.G. Slope (ft/it) 0.002669 Area (sq it) 56.67 3771. 37 103.88
Q Total (cfs) 30000.00 Flow (cis) 251.52 29291. 67 456.82
Top Width (it) 620.48 Top Width (it) 18.79 565.87 35.82
Vel Total (it/s) 7.63 Avg. Vel. (it/s) 4.44 7.77 4.40
Max Chl Dpth (it) 7.63 Hydr. Depth (ft) 3.02 6.66 2.90
Conv. Total (cfs) 580697.4 Conv. (cfs) 4868.5 566986.6 8842.4
Length Wtd. (ft) 40.00 Wetted Per. (ft) 19.69 565.95 36.59
Min Ch El (ft) 1158.36 Shear (lb/sq ft) 0.48 1.11 0.47
Alpha 1. 02 Stream Power (lb/ft s) 2.13 8.62 2.08
Frctn Loss (ft) 0.11 Cum Volume (acre-it) 0.23 63.56 0.39
C & E Loss (ft) 0.01 Cum SA (acres) 0.08 8.31 0.15

CROSS SECTION OUTPUT Proiile #SPF

E.G. Elev (it) 1172.17 Element Left OB Channel Right OB
Vel Head (ft) 7.92 Wt. n-Val. 0.035 0.035 0.035
W.S. E1ev (ft) 1164.25 Reach Len. (ft) 40.00 40.00 40.00
Crit W.S. (ft) 1166.60 Flow Area (sq it) 28.54 2783.17 46.03
E.G. Slope (it/it) 0.034175 Area (sq it) 28.54 2783.17 46.03
Q Total (cfs) 64000.00 Flow (cfs) 359.12 63167.88 473.00
Top Width (ft) 609.52 Top Width (ft) 13.43 565.87 30.22
Vel Total (it/s) 22.40 Avg. Vel. (ft/s) 12.58 22.70 10.28
Max Chl Dpth (ft) 5.89 Hydr. Depth (it) 2.12 4.92 1. 52
Conv. Total (cis) 346197.6 Conv. (cfs) 1942.6 341696.4 2558.6
Length Wtd. (ft) 40.00 Wetted Per. (ft) 14.05 565.95 30.72
Min Ch El (it) 1158.36 Shear (lb/sq ft) 4.33 10.49 3.20
Alpha 1. 02 Stream Power (lb/it s) 54.52 238.13 32.85
Frctn Loss (ft) 1. 71 Cum Volume (acre-ft) 0.52 84.47 0.94
C & E Loss (ft) 0.36 Cum SA (acres) 0.13 8.40 0.23

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
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Note:

Table 7
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section. This may indicate the need for additional cross sections.
Program found supercritical flow starting at this cross section.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 14.4

INPUT
Description: Dupicate Section of 14.5, Same Elevations, Pier 7 WB
Station Elevation Data num= 89

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
25.84 1184.59 27.87 1183.81 37.36 1174.01 56.94 1172.07 74.36 1166.28

88.4 1161.7 89.13 1161.55 94.02 1160.13 108.01 1159.71 108.051159.709
115.41 1159.57 117.64 1159.6 130.55 1159.57 132.43 1159.61 136.35 1159.6
138.34 1159.55 140.02 1159.58 142.84 1159.57 153.76 1159.65 156.46 1159.62
196.67 1159.79 231. 72 1159.5 250.79 1159.51 266.31 1159.18 268.45 1159.08
285.87 1158.96 290.45 1158.86 293.64 1158.78 305.56 1158.68 307.45 1158.61
317.58 1158.53 350.23 1158.6 355.85 1158.62 373.61 1158.58 389.64 1158.64
400.36 1158.74 417.38 1158.36 427.29 1158.63 461.55 1158.56 466.67 1158.43
477.92 1158.36 489.35 1158.61 496.75 1158.69 500.67 1158.8 505.11 1159.04
516.47 1159.06 518.88 1159.12 527.22 1159.24 529.44 1159.36 531.46 1159.58

533.4 1159.68 535.54 1159.69 537.56 1159.83 546.04 1159.91 548.44 1159.98
558.15 1160.16 571.18 1160.2 572.96 1160.25 575.65 1160.23 576.64 1160.18
586.73 1160.01 594.42 1160.19 605.19 1160.2 607.08 1160.25 618.11 1160.45
620.22 1160.43 622.61 1160.47 634.39 1160.49 638.45 1160.55 643.13 1160.67
659.89 1160.76 665.72 1162.69 665.9 1162.68 666.75 1162.65 668.38 1162.75

678.6 1162.74 687.93 1163.41 689.34 1164.01 692.77 1165.07 694.6 1165.53
696.06 1166.14 706.65 1169.91 711.19 1171.64 716.06 1172.1 722.22 1172.27
729.07 1172.18 743.52 1166.01 748.8 1166.03 749.8 1166.19

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

25.84 .035 94.02 .035 659.89 .035

Bank Sta: Left Right Lengths: Left Channel Right
94.02 659.89 85 85 85

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)

1166.80
0.97

1165.83

0.002910
30000.00

619.57
7.84
7.47

556137.9

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)

Left OB
0.035
85.00
53.58
53.58

243.65
18.27

4.55
2.93

4516.8

Channel
0.035
85.00

3677.01
3677.01

29320.50
565.87

7.97
6.50

543541.4

Right OB
0.035
85.00
97.94
97.94

435.85
35.42

4.45
2.76

8079.7

I
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Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

85.00
1158.36

1. 02
0.28
0.02

Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

19.15
0.51
2.31
0.18
0.06

565.95
1.18
9.41

60.14
7.79

36.16
0.49
2.19
0.30
0.12

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1170.95 Element Left OB Channel Right OB
Vel Head (ft) 1. 88 Wt. n-Val. 0.035 0.035 0.035
W.S. Elev (ft) 1169.08 Reach Len. (ft) 85.00 85.00 85.00
Crit W.S. (ft) 1166.60 Flow Area (sq ft) 128.89 5515.12 257.54
E.G. Slope (ft/ft) 0.003307 Area (sq ft) 128.89 5515.12 257.54
Q Total (cfs) 64000.00 Flow (cfs) 841.57 61432.81 1725.62
Top Width (ft) 651.82 Top Width (ft) 28.07 565.87 57.88
Vel Total (ft/s) 10.84 Avg. Vel. (ft/s) 6.53 11.14 6.70
Max Chl Dpth (ft) 10.72 Hydr. Depth (ft) 4.59 9.75 4.45
Conv. Total (cfs) 1112873.0 Conv. (cfs) 14633.8 1068233.0 30006.1
Length Wtd. (ft) 85.00 Wetted Per. (ft) 29.47 565.95 62.71
Min Ch El (ft) 1158.36 Shear (lb/sq ft) 0.90 2.01 0.85
Alpha 1. 03 Stream Power (lb/ft s) 5.90 22.41 5.68
Frctn Loss (ft) 0.31 Cum Volume (acre-ft) 0.45 80.66 0.80
C & E Loss (ft) 0.03 Cum SA (acres) 0.11 7.88 0.19

Warning: Divided flow computed for this cross-section.
Warning: The cross-section end points had to be extended vertically for the computed water surface.
Note: Hydraulic jump has occurred between this cross section and the previous upstream section.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 14.3

INPUT
Description: Dupicate Section of 14.5, Same Elevations, Pier 6 WB
Station Elevation Data num= 89

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
25.84 1184.59 27.87 1183.81 37.36 1174.01 56.94 1172.07 74.36 1166.28

88.4 1161.7 89.13 1161. 55 94.02 1160.13 108.01 1159.71 108.051159.709
115.41 1159.57 117.64 1159.6 130.55 1159.57 132.43 1159.61 136.35 1159.6
138.34 1159.55 140.02 1159.58 142.84 1159.57 153.76 1159.65 156.46 1159.62
196.67 1159.79 231. 72 1159.5 250.79 1159.51 266.31 1159.18 268.45 1159.08
285.87 1158.96 290.45 1158.86 293.64 1158.78 305.56 1158.68 307.45 1158.61
317.58 1158.53 350.23 1158.6 355.85 1158.62 373.61 1158.58 389.64 1158.64
400.36 1158.74 417.38 1158.36 427.29 1158.63 461.55 1158.56 466.67 1158.43
477.92 1158.36 489.35 1158.61 496.75 1158.69 500.67 1158.8 505.11 1159.04
516.47 1159.06 518.88 1159.12 527.22 1159.24 529.44 1159.36 531.46 1159.58

533.4 1159.68 535.54 1159.69 537.56 1159.83 546.04 1159.91 548.44 1159.98
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558.15 1160.16 571.18 1160.2 572.96 1160.25 575.65 1160.23 576.64 1160.18
586.73 1160.01 594.42 1160.19 605.19 1160.2 607.08 1160.25 618.11 1160.45
620.22 1160.43 622.61 1160.47 634.39 1160.49 638.45 1160.55 643.13 1160.67
659.89 1160.76 665.72 1162.69 665.9 1162.68 666.75 1162.65 668.38 1162.75

678.6 1162.74 687.93 1163.41 689.34 1164.01 692.77 1165.07 694.6 1165.53
696.06 1166.14 706.65 1169.91 711.19 1171.64 716.06 1172.1 722.22 1172.27
729.07 1172.18 743.52 1166.01 748.8 1166.03 749.8 1166.19

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

25.84 .035 94.02 .035 659.89 .035

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
94.02 659.89 62.8 68.5 74.6 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1166.51 Element Left OB Channel Right OB
Vel Head (ft) 1.13 Wt. n-Val. 0.035 0.035 0.035
W.S. Elev (ft) 1165.37 Reach Len. (ft) 62.80 68.50 74.60
Crit W.S. (ft) Flow Area (sq ft) 45.59 3419.84 82.11
E.G. Slope (ft/ft) 0.003726 Area (sq ft) 45.59 3419.84 82.11
Q Total (cfs) 30000.00 Flow (cfs) 222.13 29400.36 377.51
Top Width (ft) 616.84 Top Width (ft) 16.88 565.87 34.09
Vel Total (ft/s) 8.46 Avg. Vel. (ft/s) 4.87 8.60 4.60
Max Chl Dpth (ft) 7.01 Hydr. Depth (ft) 2.70 6.04 2.41
Conv. Total (cfs) 491495.8 Conv. (cfs) 3639.2 481671.7 6184.9
Length Wtd. (ft) 68.52 Wetted Per. (ft) 17.68 565.95 34.75
Min Ch El (ft) 1158.36 Shear (lb/sq ft) 0.60 1. 41 0.55
Alpha 1. 02 Stream Power (lb/ft s) 2.92 12.08 2.53
Frctn Loss (ft) 0.25 Cum Volume (acre-ft) 0.09 53.22 0.12
C & E Loss (ft) 0.09 Cum SA (acres) 0.03 6.68 0.05

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)

1170.61
2.17

1168.44
1166.61

0.004166
64000.00

646.65
11. 66
10.08

991619.8
68.54

1158.36

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)

Left OB
0.035
62.80

111.70
111.70
779.90

26.17
6.98
4.27

12083.8
27.46
1. 06

Channel
0.035
68.50

5156.48
5156.48

61635.57
565.87
11.95

9.11
954985.1

565.95
2.37

Right OB
0.035
74.60

221. 89
221. 89

1584.53
54.61

7.14
4.06

24550.8
58.58

0.99
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Alpha
Frctn Loss (ft)
C & E Loss (ft)

1. 03
0.24
0.13

Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

7.39
0.22
0.05

28.32
70.25

6.77

7.03
0.33
0.08

Warning: Divided flow computed for this cross-section.
Warning: The cross-section end points had to be extended vertically for the computed water surface.
Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 14

Sta Elev
652.25 1161.42

Sta Elev
341.5 1158.42

Control Structure, Pier 5 WB
7
Sta Elev

30.75 1161.42

INPUT
Description: DS Top of Level I Grade
Station Elevation Data num=

Sta Elev Sta Elev
o 1171.92 15 1171.92

668 1171.92 683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 30.75 .02 652.25 .02

Bank Sta: Left Right Lengths: Left Channel Right
30.75 652.25 13.5 13.5 13.5

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft) 1166.16 Element Left OB Channel Right OB
Vel Head (ft) 2.08 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1164.09 Reach Len. (ft) 13.50 13.50 13.50
Crit W.S. (ft) 1164.09 Flow Area (sq ft) 5.33 2588.88 5.33
E.G. Slope (ft/ft) 0.003618 Area (sq ft) 5.33 2588.88 5.33
Q Total (cfs) 30000.00 Flow (cfs) 25.51 29948.98 25.51
TOp Width (ft) 629.50 Top Width (ft) 4.00 621.50 4.00
Vel Total (ft/s) 11. 54 Avg. Vel. (ft/s) 4.79 11.57 4.79
Max Chl Dpth (ft) 5.67 Hydr. Depth (ft) 1. 33 4.17 1. 33
Conv. Total (cfs) 498787.3 Conv. (cfs) 424.2 497939.0 424.2
Length Wtd. (ft) 13.50 Wetted Per. (ft) 4.81 621.53 4.81
Min Ch El (ft) 1158.42 Shear (lb/sq ft) 0.25 0.94 0.25
Alpha 1. 00 Stream Power (lb/ft s) 1. 20 10.88 1. 20
Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 0.05 48.49 0.05
C & E Loss (ft) 0.51 Cum SA (acres) 0.02 5.75 0.02

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.
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Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid sUbcritical answer. The program defaulted to critical depth.

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1170.23 Element Left OB Channel Right OB
Vel Head (ft) 3.44 Wt. n-Val. 0.020 0.020 0.020
W.'S. Elev (ft) 1166.80 Reach Len. (ft) 13.50 13.50 13.50
Crit W.S. (ft) 1166.80 Flow Area (sq ft) 21. 67 4272.81 21. 67
E.G. Slope (ft/ft) 0.003080 Area (sq ft) 21. 67 4272.81 21. 67
Q Total (cfs) 64000.00 Flow (cfs) 152.77 63694.46 152.77
Top Width (ft) 637.63 Top Width (ft) 8.06 621. 50 8.06
Vel Total (ft/s) 14.83 Avg. Vel. (ft/s) 7.05 14.91 7.05
Max ChI Dpth (ft) 8.38 Hydr. Depth (ft) 2.69 6.88 2.69
Conv. Total (cfs) 1153256.0 Conv. (cfs) 2752.8 1147750.0 2752.8
Length Wtd. (ft) 13 .50 Wetted Per. (ft) 9.69 621. 53 9.69
Min Ch El (ft) 1158.42 Shear (lb/sq ft) 0.43 1. 32 0.43
Alpha 1. 01 Stream Power (lb/ft s) 3.03 19.70 3.03
Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 0.12 62.84 0.12
C & E Loss (ft) 0.74 Cum SA (acres) 0.03 5.84 0.03

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 13

INPUT
Description: DS Toe of Level I Grade
Station Elevation Data num=

Sta Elev Sta Elev

Control Structure
9
Sta Elev Sta Elev Sta Elev

Page 12 of39



- - - - - - - - - - - - - - - .. - ,- -
Table 7

HEC-RAS Report

o 1167.92 36 1167.92 59.25 1152.42 74.25 1152.42 356.5 1149.42
638.75 1152.42 653.75 1152.42 677 1167.92 713 1167.92

Manning's n Values num~ 3
Sta n Val Sta n Val Sta n Val

0 .02 59.25 .02 653.75 .02

Bank Sta: Left Right
59.25 653.75

Lengths: Left Channel
46.5 46.5

Right
46.5

Coeff Contr.
.1

Expan.
.3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (tt) 1161.34 Element Lett OB Channel Right OB
Vel Head (tt) 0.39 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1160.95 Reach Len. (tt) 46.50 46.50 46.50
Crit W.S. (tt) 1155.27 Flow Area (sq tt) 54.58 5918.14 54.58
E.G. Slope (ft/ft) 0.000213 Area (sq ft) 54.58 5918.14 54.58
Q Total (cfs) 30000.00 Flow (cfs) 137.83 29724.35 137.83
Top Width (ft) 620.09 Top Width (ft) 12.80 594.50 12.80
Vel Total (ft/s) 4.98 Avg. Vel. (ft/s) 2.53 5.02 2.53
Max ChI Dpth (ft) 11. 53 Hydr. Depth (ft) 4.27 9.95 4.27
Conv. Total (cfs) 2053524.0 Conv. (cfs) 9434.2 2034655.0 9434.2
Length Wtd. (ft) 46.50 Wetted Per. (ft) 15.38 594.53 15.38
Min Ch EI (tt) 1149.42 Shear (lb/sq ft) 0.05 0.13 0.05
Alpha 1. 01 Stream Power (lb/tt s) 0.12 0.67 0.12
Frctn Loss (tt) 0.01 Cum Volume (acre-tt) 0.04 47.17 0.04
C & E Loss (tt) 0.00 Cum SA (acres) 0.01 5.56 0.01

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (tt/tt)
Q Total (cts)
Top Width (ft)
Vel Total (tt/s)
Max ChI Dpth (tt)
Conv. Total (cts)
Length Wtd. (tt)
Min Ch El (ft)
Alpha
Frctn Loss (tt)
C & E Loss (tt)

CROSS SECTION

1165.42
0.96

1164.46
1158.10

0.000352
64000.00

630.62
7.78

15.04
3413580.0

46.50
1149.42

1. 02
0.02
0.00

Element
Wt. n-Val.
Reach Len. (tt)
Flow Area (sq tt)
Area (sq tt)
Flow (cts)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)

Conv. (cts)
Wetted Per. (tt)
Shear (lb/sq ft)
Stream Power (lb/tt s)
Cum Volume (acre-tt)
Cum SA (acres)

Lett OB
0.020
46.50

108.75
108.75
443.49
18.06

4.08
6.02

23654.3
21. 71

0.11
0.45
0.10
0.02

Channel
0.020
46.50

8005.35
8005.35

63113.03
594.50

7.88
13.47

3366271. 0
594.53

0.30
2.33

60.93
5.65

Right OB
0.020
46.50

108.75
108.75
443.49
18.06

4.08
6.02

23654.3
21. 71

0.11
0.45
0.10
0.02
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RIVER: Indian Bend Wash
REACH: Main RS: 12

Table 7
HEC-RAS Report

INPUT
Description: US Toe of Level II Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 1167.92 36 1167.92 53.25 1156.42 68.25 1156.42 74.25 1152.42

356.5 1149.42 638.75 1152.42 644.75 1156.42 659.75 1156.42 677 1167.92
713 1167.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 53.25 .02 659.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan .
53.25 659.75 4 4 4 .1 . 3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1161. 33 Element Left OB Channel Right OB
Vel Head (ft) 0.40 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1160.92 Reach Len. (ft) 4.00 4.00 4.00
Crit W.S. (ft) Flow Area (sq ft) 15.21 5859.70 15.21
E.G. Slope (ft/ft) 0.000231 Area (sq ft) 15.21 5859.70 15.21
Q Total (cfs) 30000.00 Flow (cfs) 26.11 29947.79 26.11
Top Width (ft) 620.01 Top Width (ft) 6.75 606.50 6.75
Vel Total (ft/s) 5.09 Avg. Vel. (ft/s) 1.72 5.11 1.72
Max Chl Dpth (ft) 11.50 Hydr. Depth (ft) 2.25 9.66 2.25
Conv. Total (cfs) 1972988.0 Conv. (cfs) 1716.8 1969555.0 1716.8
Length Wtd. (ft) 4.00 Wetted Per. (ft) 8.12 608.95 8.12
Min Ch El (ft) 1149.42 Shear (lb/sq ft) 0.03 0.14 0.03
Alpha 1. 01 Stream Power (lb/ft s) 0.05 0.71 0.05
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 0.00 40.89 0.00
C & E Loss (ft) 0.12 Cum SA (acres) 0.00 4.92 0.00

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. E1ev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)

1165.40
0.99

1164.41

0.000374
64000.00

630.47

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)

Left OB
0.020

4.00
47.89
47.89

153.34
11. 99

Channel
0.020

4.00
7975.42
7975.42

63693.31
606.50

Right OB
0.020

4.00
47.89
47.89

153.34
11.99

.,
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Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

7.93
14.99

3308143.0
4.00

1149.42
1. 01
0.00
0.19

Avg. Vel. (ft/s)
Hydr. Depth (ft)

Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

3.20
4.00

7926.3
14.41

0.08
0.25
0.02
0.01

7.99
13 .15

3292290.0
608.95

0.31
2.44

52.40
5.01

3.20
4.00
7926.3

14.41
0.08
0.25
0.02
0.01

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 11

Sta Elev
356.5 1153.42

Sta Elev
53.25 1156.42

713 1171.92

Elev
1156.42
1171.92

INPUT
Description: US Top of Level II Grade Control Structure
Station Elevation Data num~ 9

Sta Elev Sta Elev Sta
o 1171.92 15 1171.92 38.25

659.75 1156.42 674.75 1156.42 698

Manning's n Values num~ 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 674.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
38.25 674.75 8 8 8

Coeff Contr.
.1

Expan.
.3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)

1161.20
1. 64

1159.56
1159.09

0.002532
30000.00

645.92
10.26

6.14
596186.1

8.00
1153.42

1. 00
0.02

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)

Left OB
0.020
8.00
7.39
7.39

33.02
4.71
4.47
1. 57

656.3
5.66
0.21
0.92
0.00

Channel
0.020

8.00
2908.06
2908.06

29933.96
636.50
10.29

4.57
594873.6

636.53
0.72
7.43

40.48

Right OB
0.020

8.00
7.39
7.39

33.02
4.71
4.47
1. 57

656.3
5.66
0.21
0.92
0.00
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C & E Loss (ft) 0.04 Cum SA (acres) 0.00 4.86 0.00

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1165.21 Element Left OB Channel Right OB
Vel Head (ft) 2.84 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1162.37 Reach Len. (ft) 8.00 8.00 8.00
Crit W.S. (ft) 1161. 78 Flow Area (sq ft) 26.52 4694.56 26.52
E.G. Slope (ft/ft) 0.002320 Area (sq ft) 26.52 4694.56 26.52
Q Total (cfs) 64000.00 Flow (cfs) 173.58 63652.84 173.58
Top Width (ft) 654.34 Top Width (ft) 8.92 636.50 8.92
Vel Total (ft/s) 13.48 Avg. Vel. (ft/s) 6.55 13.56 6.55
Max ChI Dpth (ft) 8.95 Hydr. Depth (ft) 2.97 7.38 2.97
Conv. Total (cfs) 1328741.0 Conv. (cfs) 3603.8 1321533.0 3603.8
Length Wtd. (ft) 8.00 Wetted Per. (ft) 10.72 636.53 10.72
Min Ch El (ft) 1153.42 Shear (lb/sq ft) 0.36 1. 07 0.36
Alpha 1. 01 Stream Power (lb/ft s) 2.35 14.48 2.35
Frctn Loss (ft) 0.02 Cum Volume (acre-tt) 0.01 51. 82 0.01
C & E Loss (ft) 0.05 Cum SA (acres) 0.01 4.95 0.01

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 10

Sta Elev
356.5 1153.42

Sta Elev
53.25 1156.42

713 1171.92

Elev
1156.42
1171. 92

INPUT
Description: DS Top of Level II Grade Control Structure
Station Elevation Data num: 9

Sta Elev Sta Elev Sta
o 1171.92 15 1171.92 38.25

659.75 1156.42 674.75 1156.42 698

Manning's n Values num: 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 674.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
38.25 674.75 15.75 15.75 15.75

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)

1161.13
2.04

1159.09
1159.09

Element
Wt. n-Va1.
Reach Len. (ft)
Flow Area (sq ft)

Left OB
0.020
15.75
5.34

Channel
0.020
15.75

2608.77

Right OB
0.020
15.75
5.34
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E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

0.003640
30000.00

644.51
11. 45

5.67
497228.3

15.75
1153.42

1. 00
0.01
0.49

Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

5.34
25.69

4.00
4.81
1. 33

425.8
4.81
0.25
1. 21
0.00
0.00

2608.77
29948.62

636.50
11. 48

4.10
496376.8

636.53
0.93

10.69
39.98

4.75

5.34
25.69

4.00
4.81
1. 33

425.8
4.81
0.25
1. 21
0.00
0.00

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1165.14 Element Left OB Channel Right OB
Vel Head (ft) 3.36 Wt. n-Va1. 0.020 0.020 0.020
W.S. Elev (ft) 1161. 78 Reach Len. (ft) 15.75 15.75 15.75
Crit W.S. (ft) 1161. 78 Flow Area (sq ft) 21. 55 4321. 23 21. 55
E.G. Slope (ft/ft) 0.003062 Area (sq ft) 21. 55 4321. 23 21. 55
Q Total (cfs) 64000.00 Flow (cfs) 151.19 63697.63 151.19
Top Width (ft) 652.58 Top Width (ft) 8.04 636.50 8.04
Vel Total (ft/s) 14.66 Avg. Vel. (ft/s) 7.02 14.74 7.02
Max Chl Dpth (ft) 8.36 Hydr. Depth (ft) 2.68 6.79 2.68
Conv. Total (cfs) 1156523. a Conv. (cfs) 2732.1 1151059. a 2732.1
Length Wtd. (ft) 15.75 Wetted Per. (ft) 9.66 636.53 9.66
Min Ch El (ft) 1153.42 Shear (lb/sq ft) 0.43 1. 30 0.43
Alpha 1. 01 Stream Power (lb/ft s) 2.99 19.13 2.99
Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 0.01 51. 00 0.01
C & E Loss (ft) 0.72 Cum SA (acres) 0.01 4.84 0.01

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
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section. This may indicate the need for additional cross sections.
Warning: During the standard step iterations, when the assumed water surface was set equal to critical

depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 9

INPUT
Description: DS Toe of Level II Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 1167.92 21 1167.92 38.25 1156.42 53.25 1156.42 69 1145.92

341.5 1142.92 614 1145.92 629.75 1156.42 644.75 1156.42 662 1167.92
683 1167.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
38.25 644.75 44.25 44.25 44.25 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/tt)
Q Total (cfs)
Top Width (tt)
Vel Total (tt/s)
Max Chl Dpth (tt)
Conv. Total (cfs)
Length Wtd. (tt)
Min Ch El (tt)
Alpha
Frctn Loss (ft)
C & E Loss (tt)

1155.34
0.41

1154.94
1148.97

0.000217
30000.00

572.05
5.13

12.02
2036341.0

44.25
1142.92

1. 00
0.01
0.00

Element
Wt. n-Val.
Reach Len. (tt)
Flow Area (sq tt)
Area (sq tt)
Flow (cts)
Top Width (tt)
Avg. Vel. (ft/s)
Hydr. Depth (ft)

Conv. (cts)
Wetted Per. (tt)
Shear (lb/sq tt)
Stream Power (lb/ft s)
Cum Volume (acre-tt)
Cum SA (acres)

Lett OB Channel Right OB
0.020

44.25 44.25 44.25
5852.80
5852.80

30000.00
572.05

5.13
10.23

2036341. 0
577.54

0.14
0.70

38.45
4.53

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (tt)
Vel Head (ft)
W.S. Elev (tt)
Crit W.S. (tt)

1159.78
0.95

1158.83
1151. 93

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq tt)

Left OB
0.020
44.25

4.35

Channel
0.020
44.25

8165.51

Right OB
0.020
44.25

4.35

\
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Table 7

HEC-RAS Report

E.G. Slope (ft/ft) 0.000352 Area (sq ft) 4.35 8165.51 4.35
Q Total (cfs) 64000.00 Flow (cfs) 6.07 63987.87 6.07
Top Width (ft) 613.72 Top Width (ft) 3.61 606.50 3.61
Vel Total (ft/s) 7.83 Avg. Vel. (ft/s) 1. 40 7.84 1. 40
Max Chi Dpth (ft) 15.91 Hydr. Depth (ft) 1. 20 13.46 1. 20
Conv. Total (cfs) 3410073.0 Conv. (cfs) 323.3 3409427.0 323.3
Length Wtd. (ft) 44.25 Wetted Per. (ft) 4.34 612.89 4.34
Min Ch El (ft) 1142.92 Shear (lb/sq ft) 0.02 0.29 0.02
Alpha 1. 00 Stream Power (lb/ft s) 0.03 2.30 0.03
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 0.00 48.74 0.00
C & E Loss (ft) 0.00 Cum SA (acres) 0.00 4.61 0.00

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 8

Sta Elev
69 1145.92

662 1167.92

Sta Elev
53.25 1156.42

644.75 1156.42

Elev
1156.42
1156.42

Grade Control Structure
11
Sta

38.25
629.75

INPUT
Description: US Toe of Level III
Station Elevation Data num=

Sta Elev Sta Elev
o 1167.92 21 1167.92

341.5 1142.92 614 1145.92
683 1167.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
38.25 644.75 4 4 4

Coeff Contr.
.1

Expan.
.3

CROSS SECTION OUTPUT Profile iCritical Design

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chi Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

1155.33
0.41

1154.92

0.000218
30000.00

572.01
5.13

12.00
2032791. 0

4.00
1142.92

1. 00
0.00
0.14

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)

Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

Left OB Channel Right OB
0.020

4.00 4.00 4.00
5846.51
5846.51

30000.00
572.01

5.13
10.22

2032791.0
577.50

0.14
0.71

32.51
3.95
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Table 7
HEC-RAS Report

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1159.76 Element Left OB Channel Right OB
Vel Head (ft) 0.96 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1158.81 Reach Len. (ft) 4.00 4.00 4.00
Crit W.S. (ft) Flow Area (sq ft) 4.28 8153.73 4.28
E.G. Slope (ft/ft) 0.000354 Area (sq ft) 4.28 8153.73 4.28
Q Total (cfs) 64000.00 Flow (cfs) 5.95 63988.10 5.95
Top Width (ft) 613.66 Top Width (ft) 3.58 606.50 3.58
Vel Total (ft/s) 7.84 Avg. Vel. (ft/s) 1. 39 7.85 1. 39
Max Chl Dpth (ft) 15.89 Hydr. Depth (ft) 1.19 13.44 1.19
Conv. Total (cfs) 3401871.0 Conv. (cfs) 316.4 3401239.0 316.4
Length Wtd. (ft) 4.00 Wetted Per. (ft) 4.31 612.89 4.31
Min Ch El (ft) 1142.92 Shear (lb/sq ft) 0.02 0.29 0.02
Alpha 1. 00 Stream Power (lb/ft s) 0.03 2.31 0.03
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 0.00 40.45 0.00
C & E Loss (ft) 0.21 Cum SA (acres) 0.00 4.00 0.00

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 7

Sta Elev
63 1149.92

668 1171.92

Sta Elev
53.25 1156.42

644.75 1156.42

Elev
1156.42
1156.42

Grade Control Structure
11
Sta

38.25
629.75

INPUT
Description: US Top of Level III
Station Elevation Data num=

Sta Elev Sta Elev
o 1171.92 15 1171.92

341.5 1146.92 620 1149.92
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
38.25 644.75 8 8 8 .1 .3
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CROSS SECTION OUTPUT Profile #Critical Design

Table 7
HEC-RAS Report

E.G. Elev (ft) 1155.19 Element Left OB Channel Right OB
Vel Head (ft) 1. 79 Wt. n-Val. 0.020
W.S. Elev (ft) 1153.40 Reach Len. (ft) 8.00 8.00 8.00
Crit W.S. (ft) 1152.89 Flow Area (sq ft) 2792.22
E.G. Slope (ft/ft) 0.002511 Area (sq ft) 2792.22
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 567.44 Top Width (ft) 567.44
Vel Total (ft/s) 10.74 Avg. Vel. (ft/s) 10.74
Max Chl Dpth (ft) 6.48 Hydr. Depth (ft) 4.92
Conv. Total (cfs) 598657.3 Conv. (cfs) 598657.3
Length Wtd. (ft) 8.00 Wetted Per. (ft) 569.58
Min Ch El (ft) 1146.92 Shear (lb/sq ft) 0.77
Alpha 1. 00 Stream Power (lb/ft s) 8.26
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 32.11
C & E Loss (ft) 0.04 Cum SA (acres) 3.90

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev(ft) 1159.56 Element Left OB Channel Right OB
Vel Head (ft) 3.02 Wt. n-Val. 0.020 0.020 0.020
W.S. Elev (ft) 1156.54 Reach Len. (ft) 8.00 8.00 8.00
Crit W.S. (ft) 1155.79 Flow Area (sq ft) 0.01 4589.19 0.01
E.G. Slope (ft/ft) 0.002393 Area (sq ft) 0.01 4589.19 0.01
Q Total (cfs) 64000.00 Flow (cfs) 0.00 63999.99 0.00
Top Width (ft) 606.85 Top Width (ft) 0.17 606.50 0.17
Vel Total (ft/s) 13.95 Avg. Vel. (ft/s) 0.48 13.95 0.48
Max ChI Dpth (ft) 9.62 Hydr. Depth (ft) 0.06 7.57 0.06
Conv. Total (cfs) 1308428.0 Conv. (cfs) 0.1 1308428.0 0.1
Length Wtd. (ft) 8.00 Wetted Per. (ft) 0.21 610.47 0.21
Min Ch El (ft) 1146.92 Shear (lb/sq ft) 0.01 1.12 0.01
Alpha 1. 00 Stream Power (lb/ft s) 0.00 15.66 0.00
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 0.00 39.86 0.00
C & E Loss (ft) 0.07 Cum SA (acres) 0.00 3.94 0.00

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 6

INPUT
Description: OS Top of Level III Grade Control Structure
Station Elevation Data num= 11
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Table 7
HEC-RAS Report

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 1171.92 15 1171.92 38.25 1156.42 53.25 1156.42 63 1149.92

341.5 1146.92 620 1149.92 629.75 1156.42 644.75 1156.42 668 1171.92
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 53.25 .02 629.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
53.25 629.75 50 50 50 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1155.12 Element Left OB Channel Right OB
Vel Head (ft) 2.23 Wt. n-Val. 0.020
W.S. Elev (ft) 1152.89 Reach Len. (ft) 50.00 50.00 50.00
Crit W.S. (ft) 1152.89 Flow Area (sq ft) 2504.46
E.G. Slope (ft/ft) 0.003593 Area (sq ft) 2504.46
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 565.92 Top Width (ft) 565.92
Vel Total (ft/s) 11.98 Avg. Vel. (ft/s) 11.98
Max Chl Dpth (ft) 5.97 Hydr. Depth (ft) 4.43
Conv. Total (cfs) 500475.3 Conv. (cfs) 500475.3
Length Wtd. (ft) 50.00 Wetted Per. (ft) 567.75
Min Ch El (ft) 1146.92 Shear (lb/sq ft) 0.99
Alpha 1. 00 Stream Power (lb/ft s) 11.85
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 31. 62
C & E Loss (ft) 0.58 Cum SA (acres) 3.79

Warning: The energy equation could not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Heac\ (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)

1159.47
3.67

1155.80
1155.80

0.003085
64000.00

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)

Left OB Channel
0.020

50.00 50.00
4161. 05
4161.05

64000.00
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Table 7

HEC-RAS Report

Top Wiclth (ft) 574.63 Top width (ft) 574.63
Vel Total (ft/s) 15.38 Avg. Vel. (ft/s) 15.38
Max Chl Dpth (ft) 8.88 Hydr. Depth (ft) 7.24
Conv. Total (cfs) 1152320.0 Conv. (cfs) 1152320.0
Length Wtd. (ft) 50.00 Wetted Per. (ft) 578.22
Min Ch El (ft) 1146.92 Shear (lb/sq ft) 1. 39
Alpha 1. 00 Stream Power (lb/ft s) 21. 32
Frctn Loss (ft) 0.03 Cum Volume (acre-ft) 39.06
C & E Loss (ft) 0.83 Cum SA (acres) 3.83

Warning: The energy equation coulcl not be balanced within the specified number of iterations. The
program used critical depth for the water surface and continued on with the calculations.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross
section. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical
depth, the calculated water surface came back below critical depth. This indicates that there
is not a valid subcritical answer. The program defaulted to critical depth.

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 5

Sta Elev
78.751139.42

668 1171.92

Sta Elev
53.25 1156.42

644.75 1156.42

Elev
1156.42
1156.42

Grade Control Structure
11
Sta

38.25
629.75

INPUT
Description: DS Toe of Level III
Station Elevation Data num=

Sta Elev Sta Elev
o 1171.92 15 1171.92

341.5 1136.42 604.25 1139.42
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 629.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
38.25 629.75 55.5 55.5 55.5

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Cdt W.S. (ft)
E.G. Slope (ft/ft)

1150.77
0.30

1150.47
1142.58

0.000129

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)

Left OB

55.50

Channel
0.020
55.50

6775.62
6775.62

Right OB

55.50
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Table 7
HEC-RAS Report

Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 558.64 Top Width (ft) 558.64
Vel Total (ft/s) 4.43 Avg. Vel. (ft/s) 4.43
Max ChI Dpth (ft) 14.05 Hydr. Depth (ft) 12.13
Conv. Total (cfs) 2636312.0 Conv. (cfs) 2636312.0
Length Wtd. (ft) 55.50 Wetted Per. (ft) 565.36
Min Ch El (ft) 1136.42 Shear (lb/sq ft) 0.10
Alpha 1. 00 Stream Power (lb/ft s) 0.43
Frctn Loss (ft) 0.01 Cum Volume (acre-ft) 26.30
C & E Loss (ft) 0.00 Cum SA (acres) 3.15

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1154.31 Element Left OB Channel Right OB
Vel Head (ft) 0.89 Wt. n-Val. 0.020
W.S. Elev (ft) 1153.41 Reach Len. (ft) 55.50 55.50 55.50
Cdt W.S. (ft) 1145.62 Flow Area (sq ft) 8434.26
E.G. Slope (ft/ft) 0.000291 A.rea (sq ft) 8434.26
Q Total (cfs) 64000.00 Flow (cfs) 64000.00
Top Width (ft) 567.47 Top Width (ft) 567.47
Vel Total (ft/s) 7.59 Avg. Vel. (ft/s) 7.59
Max ChI Dpth (ft) 16.99 Hydr. Depth (ft) 14.86
Conv. Total (cfs) 3750639.0 Conv. (cfs) 3750639.0
Length Wtd. (ft) 55.50 Wetted Per. (ft) 575.98
Min Ch El (ft) 1136.42 Shear (lb/sq ft) 0.27
Alpha 1. 00 Stream Power (lb/ft s) 2.02
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 31. 83
C & E Loss (ft) 0.00 Cum SA (acres) 3.18

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 4

Sta Elev
78.751139.42

668 1171.92

Sta Elev
53.25 1156.42

644.75 1156.42

Elev
1156.42
1156.42

INPUT
Description: US Toe of Level IV Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta
o 1171.92 15 1171.92 38.25

341.5 1136.42 604.25 1139.42 629.75
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
38.25 644.75 4.5 4.5 4.5 .1 .3
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CROSS SECTION OUTPUT Profile #Critical Design

Table 7
HEC-RAS Report

E.G. Elev (ft) 1150.76 Element Left OB Channel Right OB
Vel Head (ft) 0.30 Wt. n-Val. 0.020
W.S. Elev (ft) 1150.46 Reach Len. (ft) 4.50 4.50 4.50
Crit W.S. (ft) Flow Area (sq ft) 6771.18
E.G. Slope (ft/ft) 0.000130 Area (sq ft) 6771.18
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 558.61 Top Width (ft) 558.61
Vel Total (ft/s) 4.43 Avg. Vel. (ft/s) 4.43
Max ChI Dpth (ft) 14.04 Hydr. Depth (ft) 12.12
Conv. Total (cfs) 2633527.0 Conv. (cfs) 2633527.0
Length Wtd. (ft) 4.50 Wetted Per. (ft) 565.33
Min Ch El (ft) 1136.42 Shear (lb/sq ft) 0.10
Alpha 1. 00 Stream Power (lb/ft s) 0.43
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 17.67
C & E Loss (ft) 0.05 Cum SA (acres) 2.43

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION OUTPUT Profile #SPF

E.G. E1ev (ft) 1154.29 Element Left OB Channel Right OB
Vel Head (ft) 0.90 Wt. n-Val. 0.020
W.S. Elev (ft) 1153.39 Reach Len. (ft) 4.50 4.50 4.50
Crit W.S. (ft) Flow Area (sq ft) 8423.32
E.G. Slope (ft/ft) 0.000292 Area (sq ft) 8423.32
Q Total (cfs) 64000.00 Flow (cfs) 64000.00
Top Width (ft) 567.42 Top Width (ft) 567.42
Vel Total (ft/s) 7.60 Avg. Vel. (ft/s) 7.60
Max ChI Dpth (ft) 16.97 Hydr. Depth (ft) 14.85
Conv. Total (cfs) 3742833.0 Conv. (cfs) 3742833.0
Length Wtd. (ft) 4.50 Wetted Per. (ft) 575.91
Min Ch El (ft) 1136.42 Shear (lb/sq ft) 0.27
Alpha 1. 00 Stream Power (lb/ft s) 2.03
Frctn Loss (ft) 0.00 Cum Volume (acre-ft) 21. 09
C & E Loss (ft) 0.16 Cum SA (acres) 2.45

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

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

CROSS SECTION
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RIVER: Indian Bend Wash
REACH: Main RS: 3

Table 7
HEC-RAS Report

INPUT
Description: US Top of Level IV Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 1171.92 15 1171.92 38.25 1156.42 53.25 1156.42 72 1143.92

341.5 1140.92 611 1143.92 629.75 1156.42 644.75 1156.42 668 1171.92
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
38.25 644.75 8 8 8 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1150.71 Element Left OB Channel Right OB
Vel Head (ft) 0.85 Wt. n-Val. 0.020
W.S. Elev (ft) 1149.86 Reach Len. (ft) 8.00 8.00 8.00
Crit W.S. (ft) Flow Area (sq ft) 4063.39
E.G. Slope (ft/ft) 0.000704 Area (sq ft) 4063.39
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 556.82 Top Width (ft) 556.82
Vel Total (ft/s) 7.38 Avg. Vel. (ft/s) 7.38
Max ChI Dpth (ft) 8.94 Hydr. Depth (ft) 7.30
Cony. Total (cfs) 1130891. 0 Cony. (cfs) 1130891.0
Length Wtd. (tt) 8.00 Wetted Per. (ft) 560.45
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 0.32
Alpha 1. 00 Stream Power (lb/ft s) 2.35
Frctn Loss (ft) 0.01 Cum Volume (acre-tt) 17.11
C & E Loss (ft) 0.00 Cum SA (acres) 2.38

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max ChI Dpth (ft)
Cony. Total (cfs)
Length Wtd. (ft)

1154.13
2.48

1151.65

0.001564
64000.00

562.17
12.64
10.72

1618456.0
8.00

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)

Hydr. Depth (ft)
Cony. (cfs)

Wetted Per. (ft)

Left OB Channel Right OB
0.020

8.00 8.00 8.00
5061.50
5061.50

64000.00
562.17
12.64

9.00
1618456.0

566.88
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Table 7

HEC-RAS Report

Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main

1140.92
1. 00
0.01
0.00

RS: 2

Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

0.87
11. 02
20.40

2.39

INPUT
Description: DS TOp of Level IV Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
o 1171.92 15 1171.92 38.25 1156.42 53.25 1156.42 72 1143.92

341.5 1140.92 611 1143.92 629.75 1156.42 644.75 1156.42 668 1171.92
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
38.25 644.75 23 23 23 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft) 1150.70 Element Left OB Channel Right OB
Vel Head (ft) 0.85 Wt. n-Va1. 0.020
W.S. Elev (ft) 1149.85 Reach Len. (ft) 23.00 23.00 23.00
Crit W.S. (ft) Flow Area (sq ft) 4059.45
E.G. Slope (ft/ft) 0.000706 Area (sq ft) 4059.45
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 556.80 Top Width (ft) 556.80
Vel Total (ft/s) 7.39 Avg. Vel. (ft/s) 7.39
Max Chl Dpth (ft) 8.93 Hydr. Depth (ft) 7.29
Conv. Total (cfs) 1129097.0 Conv. (cfs) 1129097.0
Length Wtd. (ft) 23.00 Wetted Per. (ft) 560.43
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 0.32
Alpha 1. 00 Stream Power (lb/ft s) 2.36
Frctn Loss (ft) 0.02 Cum Volume (acre-ft) 16.36
C & E Loss (ft) 0.00 Cum SA (acres) 2.27

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)

1154.12
2.49

1151.62

Element
Wt. n-Val.
Reach Len. (ft)

Left OB

23.00
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Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Cony. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

0.001575
64000.00

562.11
12.67
10.70

1612493.0
23.00

1140.92
1. 00
0.04
0.00

Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)

Cony. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

5050.04
5050.04

64000.00
562.11

12.67
8.98

1612493.0
566.81

0.88
11.10
19.47
2.29

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: 1

Sta Elev
72 1143.92

668 1171.92

Sta Elev
53.25 1156.42

644.75 1156.42

Elev
1156.42
1156.42

INPUT
Description: DS Toe of Level IV Grade Control Structure
Station Elevation Data num= 11

Sta Elev Sta Elev Sta
o 1171.92 15 1171.92 38.25

341.5 1140.92 611 1143.92 629.75
683 1171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

0 .02 38.25 .02 644.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
38.25 644.75 50 50 50

Coeff Contr.
.1

Expan.
.3

CROSS SECTION OUTPUT Profile #Critical Design

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Cony. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)

1150.68
0.85

1149.83

0.000713
30000.00

556.73
7.41
8.91

1123260.0
50.00

1140.92
1. 00
0.06

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)

Cony. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)

Left OB Channel Right OB
0.020

50.00 50.00 50.00
4046.61
4046.61

30000.00
556.73

7.41
7.27

1123260.0
560.34

0.32
2.38

14.22
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C & E Loss (ft) 0.01 Cum SA (acres)

Table 7
HEC-RAS Report

1. 98

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

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1154.08 Element Left OB Channel Right OB
Vel Head (ft) 2.54 Wt. n-Val. 0.020
W.S. Elev (ft) 1151. 54 Reach Len. (ft) 50.00 50.00 50.00
Cdt w. S. (ft) Flow Area (sq ft) 5002.43
E.G. Slope (ft/ft) 0.001625 Area (sq ft) 5002.43
Q Total (cfs) 64000.00 Flow (cfs) 64000.00
Top Width (ft) 561. 86 Top Width (ft) 561.86
Vel Total (ft/s) 12.79 Avg. Vel. (ft/s) 12.79
Max ChI Dpth (ft) 10.62 Hydr. Depth (ft) 8.90
Conv. Total (cfs) 1587807.0 Conv. (cfs) 1587807.0
Length Wtd. (ft) 50.00 Wetted Per. (ft) 566.51
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 0.90
Alpha 1. 00 Stream Power (lb/ft s) 11.46
Frctn Loss (ft) 0.13 Cum Volume (acre-ft) 16.81
C & E Loss (ft) 0.02 Cum SA (acres) 1. 99

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

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: .9

INPUT
Description: 50' DS of Toe-Level IV Grade Control Structure, Pier 4 EB
Station Elevation Data num= 11

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
-12.5 1171.92 2.5 1171.92 25.75 1156.42 40.75 1156.42 59.5 1143.92
341.5 1140.92 611 1143.92 629.75 1156.42 644.75 1156.42 668 1171.92

6831171.92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

-12.5 .02 40.75 .035 629.75 .02

Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
40.75 629.75 50 50 50 .1 .3

CROSS SECTION OUTPUT Profile #Critical Design
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E.G. Elev (ft) 1150.62 Element Left OB Channel Right OB
Vel Head (ft) 0.82 Wt. n-Val. 0.035
W.S. Elev (ft) 1149.79 Reach Len. (ft) 50.00 50.00 50.00
Crit W.S. (ft) Flow Area (sq ft) 4118.46
E.G. Slope (ft/ft) 0.002121 Area (sq ft) 4118.46
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 569.12 Top Width (ft) 569.12
Vel Total (ft/s) 7.28 Avg. Vel. (ft/s) 7.28
Max Chl Dpth (ft) 8.87 Hydro Depth (ft) 7.24
Conv. Total (cfs) 651420.5 Conv. (cfs) 651420.5
Length Wtd. (ft) 50.00 Wetted Per. (ft) 572.71
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 0.95
Alpha 1. 00 Stream Power (lb/ft s) 6.94
Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 9.54
C & E Loss (ft) 0.00 Cum SA (acres) 1. 33

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft) 1153.93 Element Left OB Channel Right OB
Vel Head (ft) 2.48 Wt. n-Val. 0.035
W.S. Elev (ft) 1151.45 Reach Len. (ft) 50.00 50.00 50.00
Crit W.S. (ft) Flow Area (sq ft) 5067.29
E.G. Slope (ft/ft) 0.004904 Area (sq ft) 5067.29
Q Total (cfs) 64000.00 Flow (cfs) 64000.00
TOp Width (ft) 574.10 Top Width (ft) 574.10
Vel Total (ft/s) 12.63 Avg. Vel. (ft/s) 12.63
Max Chl Dpth (ft) 10.53 Hydr. Depth (ft) 8.83
Conv. Total (cfs) 913942.7 Conv. (cfs) 913942.7
Length Wtd. (ft) 50.00 Wetted Per. (ft) 578.70
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 2.68
Alpha 1. 00 Stream Power (lb/ft s) 33.86
Frctn Loss (ft) 0.26 Cum Volume (acre-ft) 11. 03
C & E Loss (ft) 0.01 Cum SA (acres) 1. 34

CROSS SECTION

RIVER: Indian Bend Wash
REACH: Main RS: .8

INPUT
Description: 100'
Station Elevation

Sta Elev
-25 1171.92

341.5 1140.92
683 1171.92

DS of Toe-Level
Data num=

Sta Elev
-10 1171.92
611 1143.92

IV Grade Control, Pier 3 EB @ 131' DS
11
Sta Elev Sta Elev Sta Elev

13.25 1156.42 28.25 1156.42 47 1143.92
629.75 1156.42 644.75 1156.42 668 1171.92

Manning's n Values num= 3
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HEC-RAS Report

Sta n Val Sta n Val Sta n Val
-25 .02 28.25 .035 629.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
28.25 629.75 50 50 50

CROSS SECTION OUTPUT Profile #Critical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft) 1150.51 Element Left OB Channel Right OB
Vel Head (ft) 0.81 Wt. n-Val. 0.035
W.S. Elev (ft) 1149.70 Reach Len. (ft) 50.00 50.00 50.00
Crit W.S. (ft) Flow Area (sq ft) 4154.06
E.G. Slope (ft/ft) 0.002119 Area (sq ft) 4154.06
Q Total (cfs) 30000.00 Flow (cfs) 30000.00
Top Width (ft) 581. 33 Top Width (ft) 581.33
Vel Total (ft/s) 7.22 Avg. Vel. (ft/s) 7.22
Max Chl Dpth (ft) 8.78 Hydr. Depth (ft) 7.15
Conv. Total (cfs) 651649.8 Conv. (cfs) 651649.8
Length Wtd. (ft) 50.00 Wetted Per. (ft) 584.86
Min Ch El (ft) 1140.92 Shear (lb/sq ft) 0.94
Alpha 1. 00 Stream Power (lb/ft s) 6.79
Frctn Loss (ft) 0.11 Cum Volume (acre-ft) 4.79
C & E Loss (ft) 0.00 Cum SA (acres) 0.67

CROSS SECTION OUTPUT Profile #SPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chl Dpth (ft)
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

1153.67
2.57

1151.10
1149.75

0.005366
64000.00

585.53
12.88
10.18

873711. 2
50.00

1140.92
1. 00
0.35
0.10

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Conv. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

Left OB Channel
0.035

50.00 50.00
4970.24
4970.24

64000.00
585.53
12.88

8.49
873711.2

589.90
2.82

36.34
5.27
0.68

Right OB

50.00

Warning: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

CROSS SECTION

RIVER: Indian Bend Wash
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REACH: Main

INPUT
Description: 150'
Station Elevation

Sta Elev
-37.5 1171.92
341.5 1140.92

683 1171.92

RS: .7

DS of Toe-Level
Data num=

Sta Elev
-22.5 1171.92

611 1143.92

Table 7
HEC-RAS Report

IV Grade Control, Pier 3 EB @ 131' DS
11
Sta Elev Sta Elev Sta Elev
.75 1156.42 15.75 1156.42 34.5 1143.92

629.75 1156.42 644.75 1156.42 668 1171. 92

Manning's n Values num= 3
Sta n Val Sta n Val Sta n Val

-37.5 .02 15.75 .035 629.75 .02

Bank Sta: Left Right Lengths: Left Channel Right
15.75 629.75 0 0 0

CROSS SECTION OUTPUT Profile iCritical Design

Coeff Contr.
.1

Expan.
.3

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chi Dpth (ft)
COny. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frctn Loss (ft)
C & E Loss (ft)

1150.40
0.80

1149.60
1146.79

0.002121
30000.00

593.54
7.16
8.68

651455.9

1140.92
1. 00

Element
Wt. n-Val.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ftl
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ft)
Cony. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)
Cum Volume (acre-ft)
Cum SA (acres)

Left OB Channel
0.035

4187.62
4187.62

30000.00
593.54

7.16
7.06

651455.9
597.01

0.93
6.65

Right OB

CROSS SECTION OUTPUT Profile iSPF

E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)
Crit W.S. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (ft/s)
Max Chi Dpth (ft)
Cony. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha

1153.23
3.57

1149.65
1149.65

0.009425
64000.00

593.69
15.17
8.73

659248.6

1140.92
1. 00

Element
Wt. n-Va1.
Reach Len. (ft)
Flow Area (sq ft)
Area (sq ft)
Flow (cfs)
Top Width (ft)
Avg. Vel. (ft/s)
Hydr. Depth (ftl
COny. (cfs)
Wetted Per. (ft)
Shear (lb/sq ft)
Stream Power (lb/ft s)

Left OB Channel
0.035

4218.13
4218.13

64000.00
593.69
15.17
7.10

659248.6
597.20

4.16
63.05
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Frctn Loss (ft)
C & E Loss (ft)

Table 7
HEC-RAS Report

Cum Volume (acre-ft)
Cum SA (acres)

Warning: User specified water surface is not possible for the specified flow regime. The program used
critical depth as the starting water surface.

SUMMARY OF MANNING'S N VALUES

River: Indian Bend Wash

Reach River Sta. nl n2 n3

Main 16 .08 .035 .08
Main 15 .08 .035 .08
Main 14.5 .035 .035 .035
Main 14.4 .035 .035 .035
Main 14.3 .035 .035 .035
Main 14 .02 .02 .02
Main 13 .02 .02 .02
Main 12 .02 .02 .02
Main 11 .02 .02 .02
Main 10 .02 .02 .02
Main 9 .02 .02 .02
Main 8 .02 .02 .02
Main 7 .02 .02 .02
Main 6 .02 .02 .02
Main 5 .02 .02 .02
Main 4 .02 .02 .02
Main 3 .02 .02 .02
Main 2 .02 .02 .02
Main 1 .02 .02 .02
Main .9 .02 .035 .02
Main .8 .02 .035 .02
Main .7 .02 .035 .02

SUMMARY OF REACH LENGTHS

River: Indian Bend Wash

Main
Main
Main
Main

Reach River Sta.

16
15
14.5
14.4

Left

100
118.5

40
85

Channel

100
116.6

40
85

Right

100
117.6

40
85

Page 33 of39



Table 7
HEC-RAS Report

Main 14.3 62.8 68.5 74.6
Main 14 13.5 13.5 13.5
Main 13 46.5 46.5 46.5
Main 12 4 4 4
Main 11 8 8 8
Main 10 15.75 15.75 15.75
Main 9 44.25 44.25 44.25
Main 8 4 4 4
Main 7 8 8 8
Main 6 50 50 50
Main 5 55.5 55.5 55.5
Main 4 4.5 4.5 4.5.
Main 3 8 8 8
Main 2 23 23 23
Main 1 50 50 50
Main .9 50 50 50
Main .8 50 50 50
Main .7 0 0 0

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS
River: Indian Bend Wash

Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main

Reach River Sta.

16
15
14.5
14.4
14.3
14
13
12
11
10
9
8
7
6
5
4
3
2
1
.9
.8
.7

Contr.

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

Expan.

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3
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HEC-RAS Report

Profile Output Table - Standard Table 1

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl
Flow Area Top Width Froude II Chl

(cfs) (ftl (ftl (ft) (ftl (ft/ftl (ft/s)
(sq ft) (ft)

Main 16 Critical Design 30000.00 1158.48 1168.33 1166.67 1169.86 0.003617 10.52
3777.62 621.58 0.64

Main 16 SPF 64000.00 1158.48 1172.33 1170.10 1174.96 0.003911 14.20
6387.92 687.76 0.71

Main 15 Critical Design 30000.00 1158.34 1166.53 1166.53 1169.23 0.008217 13.69
2765.09 596.47 0.93

Main 15 SPF 64000.00 1158.34 1169.90 1169.90 1174.25 0.008245 17.99
4855.89 637.68 1. 00

Main 14.5 Critical Design 30000.00 1158.36 1166.00 1163.78 1166.92 0.002669 7.77
3931. 92 620.48 0.53

Main 14.5 SPF 64000.00 1158.36 1164.25 1166.60 1172.17 0.034175 22.70
2857.73 609.52 1. 80

Main 14.4 Critical Design 30000.00 1158.36 1165.83 1166.80 0.002910 7.97
3828.53 619.57 0.55

Main 14.4 SPF 64000.00 1158.36 1169.08 1166.60 1170.95 0.003307 11.14
5901. 55 651.82 0.63

Main 14.3 Critical Design 30000.00 1158.36 1165.37 1166.51 0.003726 8.60
3547.54 616.84 0.62

Main 14.3 SPF 64000.00 1158.36 1168.44 1166.61 1170.61 0.004166 11.95
5490.07 646.65 0.70

Main 14 Critical Design 30000.00 1158.42 1164.09 1164.09 1166.16 0.003618 11.57
2599.53 629.50 1. 00

Main 14 SPF 64000.00 1158.42 1166.80 1166.80 1170.23 0.003080 14.91
4316.15 637.63 1. 00

Main 13 Critical Design 30000.00 1149.42 1160.95 1155.27 1161.34 0.000213 5.02
6027.30 620.09 0.28

Main 13 SPF 64000.00 1149.42 1164.46 1158.10 1165.42 0.000352 7.88
8222.84 630.62 0.38

Main 12 Critical Design 30000.00 1149.42 1160.92 1161. 33 0.000231 5.11
5890.12 620.01 0.29

Main 12 SPF 64000.00 1149.42 1164.41 1165.40 0.000374 7.99
8071.21 630.47 0.39

Main 11 Critical Design 30000.00 1153.42 1159.56 1159.09 1161.20 0.002532 10.29
2922.84 645.92 0.85
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Main 11 SPF 64000.00 1153.42 1162.37 1161. 78 1165.21 0.002320 13.56
4747.60 654.34 0.88

Main 10 Critical Design 30000.00 1153.42 1159.09 1159.09 1161.13 0.003640 11.48
2619.45 644.51 1. 00

Main 10 SPF 64000.00 1153.42 1161. 78 1161.78 1165.14 0.003062 14.74
4364.32 652.58 1. 00

Main 9 Critical Design 30000.00 1142.92 1154.94 1148.97 1155.34 0.000217 5.13
5852.80 572.05 0.28

Main 9 SPF 64000.00 1142.92 1158.83 1151.93 1159.78 0.000352 7.84
8174.20 613.72 0.38

Main 8 Critical Design 30000.00 1142.92 1154.92 1155.33 0.000218 5.13
5846.51 572.01 0.28

Main 8 SPF 64000.00 1142.92 1158.81 1159.76 0.000354 7.85
8162.29 613.66 0.38

Main 7 Critical Design 30000.00 1146.92 1153.40 1152.89 1155.19 0.002511 10.74
2792.22 567.44 0.85

Main 7 SPF 64000.00 1146.92 1156.54 1155.79 1159.56 0.002393 13.95
4589.21 606.85 0.89

Main 6 Critical Design 30000.00 1146.92 1152.89 1152.89 1155.12 0.003593 11.98
2504.46 565.92 1. 00

Main 6 SPF 64000.00 1146.92 1155.80 1155.80 1159.47 0.003085 15.38
4161.05 574.63 1. 01

Main 5 Critical Design 30000.00 1136.42 1150.47 1142.58 1150.77 0.000129 4.43
6775.62 558.64 0.22

Main 5 SPF 64000.00 1136.42 1153.41 1145.62 1154.31 0.000291 7.59
8434.26 567.47 0.35

Main 4 Critical Design 30000.00 1136.42 1150.46 1150.76 0.000130 4.43
6771.18 558.61 0.22

Main 4 SPF 64000.00 1136.42 1153.39 1154.29 0.000292 7.60
8423.32 567.42 0.35

Main 3 Critical Design 30000.00 1140.92 1149.86 1150.71 0.000704 7.38
4063.39 556.82 0.48

Main 3 SPF 64000.00 1140.92 1151.65 1154.13 0.001564 12.64
5061. 50 562.17 0.74

Main 2 Critical Design 30000.00 1140.92 1149.85 1150.70 0.000706 7.39
4059.45 556.80 0.48

Main 2 SPF 64000.00 1140.92 1151. 62 1154.12 0.001575 12.67
5050.04 562.11 0.75

Main 1 Critical Design 30000.00 1140.92 1149.83 1150.68 0.000713 7.41
4046.61 556.73 0.48
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Main 1 SPF 64000.00 1140.92 1151.54 1154.08 0.001625 12.79
5002.43 561. 86 0.76

Main .9 Critical Design 30000.00 1140.92 1149.79 1150.62 0.002121 7.28
4118.46 569.12 0.48

Main .9 SPF 64000.00 1140.92 1151. 45 1153.93 0.004904 12.63
5067.29 574.10 0.75

Main .8 Critical Design 30000.00 1140.92 1149.70 1150.51 0.002119 7.22
4154.06 581. 33 0.48

Main .8 SPF 64000.00 1140.92 1151.10 1149.75 1153.67 0.005366 12.88
4970.24 585.53 0.78

Main .7 Critical Design 30000.00 1140.92 1149.60 1146.79 1150.40 0.002121 7.16
4187.62 593.54 0.48

Main .7 SPF 64000.00 1140.92 1149.65 1149.65 1153.23 0.009425 15.17
4218.13 593.69 1. 00

Profile Output Table - Standard Table 2

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q
Right Top Width

(ft) (ft) (tt) (ft) (ft) (cfs) (cfs)
(cfs) (tt)

Main 16 Critical Design 1169.86 1168.33 1. 53 0.52 0.12 2149.96 26494.84
1355.20 621.58

Main 16 SPF 1174.96 1172.33 2.63 0.55 0.17 6747.82 52793.41
4458.78 687.76

Main 15 Critical Design 1169.23 1166.53 2.70 0.51 0.53 1565.17 27647.15
787.69 596.47

Main 15 SPF 1174.25 1169.90 4.34 0.55 0.77 5667.45 54525.96
3806.59 637.68

Main 14.5 Critical Design 1166.92 1166.00 0.92 0.11 0.01 251.52 29291.67
456.82 620.48

Main 14.5 SPF 1172.17 1164.25 7.92 1. 71 0.36 359.12 63167.88
473.00 609.52

Main 14.4 Critical Design 1166.80 1165.83 0.97 0.28 0.02 243.65 29320.50
435.85 619.57

Main 14.4 SPF 1170.95 1169.08 1. 88 0.31 0.03 841. 57 61432.81
1725.62 651.82

Main 14.3 Critical Design 1166.51 1165.37 1.13 0.25 0.09 222.13 29400.36
377.51 616.84

Main 14.3 SPF 1170.61 1168.44 2.17 0.24 0.13 779.90 61635.57
1584.53 646.65
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Table 7
HEC-RAS Report

Main 14 Critical Design 1166.16 1164.09 2.08 0.01 0.51 25.51 29948.98
25.51 629.50

Main 14 SPF 1170.23 1166.80 3.44 0.01 0.74 152.77 63694.46
152.77 637.63

Main 13 Critical Design 1161. 34 1160.95 0.39 0.01 0.00 137.83 29724.35
137.83 620.09

Main 13 SPF 1165.42 1164.46 0.96 0.02 0.00 443.49 63113.03
443.49 630.62

Main 12 Critical Design 1161.33 1160.92 0.40 0.00 0.12 26.11 29947.79
26.11 620.01

Main 12 SPF 1165.40 1164.41 0.99 0.00 0.19 153.34 63693.31
153.34 630.47

Main 11 Critical Design 1161.20 1159.56 1. 64 0.02 0.04 33.02 29933.96
33.02 645.92

Main 11 SPF 1165.21 1162.37 2.84 0.02 0.05 173.58 63652.84
173.58 654.34

Main 10 Critical Design 1161.13 1159.09 2.04 0.01 0.49 25.69 29948.62
25.69 644.51

Main 10 SPF 1165.14 1161. 78 3.36 0.01 0.72 151.19 63697.63
151.19 652.58

Main 9 Critical Design 1155.34 1154.94 0.41 0.01 0.00 30000.00
572.05

Main 9 SPF 1159.78 1158.83 0.95 0.02 0.00 6.07 63987.87
6.07 613.72

Main 8 Critical Design 1155.33 1154.92 0.41 0.00 0.14 30000.00
572.01

Main 8 SPF 1159.76 1158.81 0.96 0.00 0.21 5.95 63988.10
5.95 613.66

Main 7 Critical Design 1155.19 1153.40 1. 79 0.02 0.04 30000.00
567.44

Main 7 SPF 1159.56 1156.54 3.02 0.02 0.07 0.00 63999.99
0.00 606.85

Main 6 Critical Design 1155.12 1152.89 2.23 0.02 0.58 30000.00
565.92

Main 6 SPF 1159.47 1155.80 3.67 0.03 0.83 64000.00
574.63

Main 5 Critical Design 1150.77 1150.47 0.30 0.01 0.00 30000.00
558.64

Main 5 SPF 1154.31 1153.41 0.89 0.02 0.00 64000.00
567.47
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Table 7

HEC-RAS Report

Main 4 Critical Design 1150.76 1150.46 0.30 0.00 0.05 30000.00
558.61

Main 4 SPF 1154.29 1153.39 0.90 0.00 0.16 64000.00
567.42

Main 3 Critical Design 1150.71 1149.86 0.85 0.01 0.00 30000.00
556.82

Main 3 SPF 1154.13 1151. 65 2.48 0.01 0.00 64000.00
562.17

Main 2 Critical Design 1150.70 1149.85 0.85 0.02 0.00 30000.00
556.80

Main 2 SPF 1154.12 1151. 62 2.49 0.04 0.00 64000 ..00
562.11

Main 1 Critical Design 1150.68 1149.83 0.85 0.06 0.01 30000.00
556.73

Main 1 SPF 1154. 08 1151. 54 2.54 0.13 0.02 64000.00
561.86

f
Main .9 Critical 'Design 1150.62 1149.79 0.82 0.11 0.00 30000.00

569.12
Main .9 SPF 1153.93 1151. 45 2.48 0.26 0.01 64000.00

574.10

Main .8 Critical Design 1150.51 1149.70 0.81 0.11 0.00 30000.00
581.33

Main .8 SPF 1153.67 1151.10 2.57 0.35 0.10 64000.00
585.53

Main .7 Critical Design 1150.40 1149.60 0.80 30000.00
593.54

Main .7 SPF 1153.23 1149.65 3.57 64000.00
593.69
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Table 8

Hydraulic Characteristics at New Outside Columns(1)
Eastbound over Indian Bend Wash

Pier# Surface Critical Design Flow (36,000 cfs) SPF Flow (64,000 cfs)

Material Condition 1 Condition 2 Condition 1 Condition 2

HEC-RAS Channel W.S.E. Flow Flow HEC-RAS Channel W.S.E. Flow Flow HEC-RAS Channel W.S.E. Flow Flow HEC-RAS X Channel W.S.E. Flow Flow

X-Section Invert(4) Depth Velocity X-Section Invert(4) Depth Velocity X-Section Invert(4) Depth Velocity Section Invert(4) Depth Velocity

NAVD88 NAVD88 (ft) (fos) NAVD88 NAVD88 (ft) (fps) NAVD88 NAVD88 (ft) (fps) NAVD88 NAVD88 (ft) (fps)
1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Cement
2(2) Stabilized 0.7 1140.92 1149.60 8.68 7.16 0.7 1140.92 1149.60 8.68 7.16 0.7 1140.92 1149.65 8.73 15.17 0.7 1140.92 1149.65 8.73 15.17

Alluvium
3(3) Rock 0.8 1140.92 1149.70 8.78 7.22 0.7 1140.92 1149.60 8.68 7.16 0.8 1140.92 1151.10 10.18 12.88 0.7 1140.92 1149.65 8.73 15.17
4(3) Rock 0.9 1140.92 1149.79 8.87 7.28 0.7 1140.92 1149.60 8.68 7.16 0.9 1140.92 1151.45 10.53 12.63 0.7 1140.92 1149.65 8.73 15.17

R911er
5(1) Compacted 4 1136.42 1150.46 14.04 4.43 3 1140.92 1149.86 8.94 7.38 4 1136.42 1153.39 16.97 7.60 3 1140.92 1151.65 10.73 12.64

Concrete
Roller

6(1) Compacted 5 1136.42 1150.47 14.05 4.43 6 1146.92 1152.89 5.97 11.98 5 1136.42 1153.41 16.99 7.59 6 1146.92 1155.8 8.88 15.38
Concrete

Roller
7(1) Compacted 9 1142.92 1154.94 12.02 5.13 10 1153.42 1159.09 5.67 1'1.48 9 1142.92 1158.83 15.91 7.84 10 1153.42 1161.78 8.36 14.74

Concrete

Notes:
1) New outside columns for Piers 5 thru 7 are located within the Indian Bend Wash Drop Structure, which consists of a series of four (4) grade control structures with three (3) drops and four (4) stilling basins. This facility creates mixed flow

conditions with critical flow over control structures and subcritical flow through the stilling basins. Each pier could be subjected to both flow conditions, and therefore, itis necessary to design for the most severe condition. The table contains
these two conditions for each design flow event.

2) The new outside column for Pier 2 is located in the west bank downstream of the last Grade Control Structure (Level IV), and therefore, it may experience critical flow conditions. The Cement Stablilized Alluvium bank protection is assumed to
fail during the SPF flow event, and therefore, the calculated SPF scour depths contained in Table 1 apply to this column.

3) New outside columns for Piers 3 and 4 are located downstream of the last Grade Control Structure (Level IV), and therefore, they may experience critical flow conditions. These columns, which are near River Cross-Section 0.7, are located in
scourable rock, and therefore, they could experience the same critical flow conditions as experienced by Pier 2. The calculated scour depths for the outside columns of Piers 3 and 4 are contained in Table 1.

4) The channel invert elevation is the thalweg of the channel cross-section. This may not be the actual ground elevation at the new columns.



Table 9

Hydraulic Characteristics at New Outside Columns(1)
Westbound over Indian Bend Wash

Pier# Surface Critical Design Flow (36,000 cfs) SPF Flow (64,000 cfs)

Material Condition 1 Condition 2 Condition 1 Condition 2
HEC-RAS Channel W.S.E. Flow Flow HEC-RAS Channel W.S.E. Flow Flow HEC-RAS Channel W.S.E. Flow Flow HEC-RAS X Channel W.S.E. Flow Flow
X-Section Invert(4) Depth Velocity X-Section Invert(4) Depth Velocity X-Section Invert(4) Depth Velocity SE~ction Invert(4) Depth Velocity

NAVD88 NAVD88 (ft) (fps) NAVD88 NAVD88 (ft) (fps) NAVD88 NAVD88 (ft) (fps) NAVD88 NAVD88 (ft) (fps)
1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Cement
2(1) Stabilized 4 1136.42 1150.46 14.04 4.43 3 1140.92 1149.86 8.94 7.38 4 1136.42 1153.39 16.97 7.60 3 1140.92 1151.65 10.73 12.64

Alluvium
Roller

3(1) Compacted 5 1136.42 1150.47 14.05 4.43 6 1146.92 1152.89 5.97 11.98 5 1136.42 1153.41 16.99 7.59 6 1146.92 1155.80 8.88 15.38
Concrete

Roller
4(1) Compacted 9 1142.92 1154.94 12.02 5.13 10 1153.42 1159.09 5.67 11.48 9 1142.92 1158.83 15.91 7.84 10 1153.42 1161.78 8.36 14.74

Concrete
Roller

5(2) Compacted 14 1158.42 1164.09 5.67 11.57 14 1158.42 1164.09 5.67 11.57 14 1158.42 1166.80 8.38 14.91 14 1158.42 1166.80 8.38 14.91
Concrete

6(3) Rock 14.3 1158.36 1165.37 7.01 8.60 14 1158.42 1164.09 5.67 11.57 14.3 1158.36 1168.44 10.08 11.95 14 1158.42 1166.80 8.38 14.91
7(3) Rock 14.4 1158.36 1165.83 7.47 7.97 14 1158.42 1164.09 5.67 1"1.57 14.4 1158.36 1169.08 10.72 11.14 14 1158.42 1166.80 8.38 14.91

Notes:
1) New outside columns for Piers 2 thru 4 are located within the Indian Bend Wash Drop Structure, which consists of a series of four (4) grade control structures with three (3) drops and four (4) stilling basins. This facility creates mixed flow

conditions with critical flow over control structures and subcritical flow through the stilling basins. Each pier could be subjected to both flow conditions, and therefore, itis necessary to design for the most severe condition. The table contains
these two conditions for each design flow event.

2) The new outside column for Pier 5 is located in the first upstream Grade Control Structure (Levell), and therefore, it will only experience critical flow conditions.
3) The new outside columns for Piers 6 and 7 are located upstream of the first Grade Control Structure (Level I), and therefore, they will experience subcritical flow conditions. These columns, which are near River Cross-Section 14, are located

in scourable rock, and therefore, they could experience the same critical flow conditions as experienced by Pier 5. The calculated scour depths for the outside columns of Piers 6 and 7 are contained in Table 1.
4) The channel invert elevation is the thalweg of the channel cross-section. This may not be the actual ground elevation at the new columns.
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Elev=1159.9i

Exst Roller
Compacted Concrete

01

4'

Levell
Grade Control

Structure
£
I
i
i
i
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£Iev=JJ37.9i

,<..'., ,··,·;:.,t,:·.':,;:·::,:;·····

Exst Gablon Mattress
40' X 40'

To RemaIn

~:::~

i
Connect to Exst Gablon Mattress
Detail 01. Sheet 3. Note 5

SHEET 2 OF 3
PIER & BANK PROTECTION DETAILS

I
_i

i
i

':::~-­
i
i
i
i

25' -7"
I

r-i:--.
: !--: Exst Pier

New PIer : i i Exst PIj::/
I I ,j I
: i :
: i :
: i :
: i ~

60 0 + ' i '
Elev =JJ . - : i: Exst Backfill

: i :
, i' 20'20' :!:

DETAIL

PIER 6. NEW OUTSIDE COLUMN WESTBOUND
SECTION B-B

Scour Invert
£lev =JJ29.4i

Remove Portion of
Exst Gablon Mattress
As Necessary

NOT FOR CONSTRUCTION

Connect to Exst Gablon Mattress
Detail 01. Sheet 3. Note 5

REV I DATE DESCRIPTION BY NAIl: DATE ARIZONA DEPARTMENT OF TRANSPORTATION
/ / OCSiCH o SCHAUB 02109 INTERMODAL TRANSPORTAliON DIVISION
/ / IlIlAIN K BEGAY 02/09 ROADWAY DESIGN SERVICES
/ / CJ(CX£D o JERt.lELANO ~2I09

/ /

DRS OETAll SHEET
/ / OETAll 01 (2 OF 3)
/ /

/ / ROUTE LOCATION

/ / SR 202l SR 202lSR 51 TI TO SR lOll rowe NO 0-01.02
/ /

I I I_OF_/ / TRACS NO. H6871 OIC 202-A-NFA

Overlap Detail
£lev =JJ51. 9:!:

Potential
PIer Scour
"Zone-of -Influence"

Gablon Mattress
Detail 01. Sheet 3
25.58' X 40' X 1.5'

Potential
PIer Scour
"Zone-of-Influence"

Dumped Rlprap 0 50 =36"

~- - -

VarIes

Exst 4" ABC Plat/I?<)

Scour Invert
Elev=J099.9:!:

IS'

East
Levee

Gablon Matress
Detail 01. Sheet 3
40' X 25.58' X 1.5'

8" Gravel Filter BeddIng OverlaId
with HIgh SurvIvability Filter FabrIc

Exst Gablon Mattress
31.12' X 40'

To RemaIn

Elev =JJJ5,7:!:

£lev =1171.6 i

I 33' -1 ~" I
I • • I

Exst Gablon Mattress

PIER 4. NEW OUTSIDE COLUMN EASTBOUND
SECTION A-A

PIER 7. NEW OUTSIDE COLUMN WESTBOUND
SECTION C-C

23'

15

85

50

100

20'

New PIer

4'

/. PassIng

I
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I '; ~I/>sf PI"
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! :
I '

! :
E I '

xst Backfill i :
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Scour Invert
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Level IV
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Structure
£
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Exst Roller
Com{XJcted Concrete
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"Zone-of-Influence"

Exst
Tremled Concrete

IS" to 22"
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45" to 50.5"

SIze of Rocks

Dumped Riprap Gradation
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I F-"....... I IREGION SlATE PRO.,ECT NO.

I 9 IARIZ. I 202-A-NFA

I202L MA 000 I

SHEET I TOT At I
NO. SHEETS

I I
AS BUILT I

I

REVI DESCRIPTION BY IWL DATE ARIZONA DEPARTMENT OF TRANSPORTATION
~TDATE

h<,''/e''~
/ / OESICII o SCHAUB 02109 INTERlotODAL TRANSPORTAliON DIVISION

~
/ / ORAn K BEGAY 02109 ROADWAY DESIGN SERVICES dJ It: 2)663 ~
/ / O{Clm o JERlAELAND 102109 ~~~os~· !~/ /

URS OETAll SHEET
/ / OET All 01 <3 OF 3> ~/ / --=-/ / ROUTE LOCATION EKpl,.•• 6/30/2010

/ / SR 202l SR 202/SR 51 TI TO SR lOll DWG NO 0-01.03
/ /

I I _OF/ / TRACS NO. H6B71 Ole 202-A-NFA

fI
-# Jl Gauge StaInless Steel (MIn) Approved

Fasteners @ 6" Max. Place as Shown
on Alt WIre Intersections.

Fill Gradation

Gravel Filter Bedding Gradation

Dso= 1/2"

~

~

~
'-

~

:>.::

01

~

~

,
0.

\.p.

NTS

DETAIL
SHEET 3 OF 3

PIER & BANK PROTECTION DETAILS

GABION MATTRESS DETAIL

FfFFfffRi

Additional SIde Flap
RequTred at End.

PolyvInyl ChlorTde
(PVC) Coated Galvanlz
WIre FabrTc.

I, 3'-0' "ax .1

9' I 12"

3" I 3"

18" I 36"

X=I.5' I X=3.0'

NOT FOR CONSTRUCTION

/

6"

3"

12"

X=l'

Mattress

AVE

MIN

MAX

Gabion
OIA.

LAP SPLICE DETAIL
NTS

~bmmllll~
;>

<1

0-15

15-50

85-100

X PassTng

Bend Bottom WIre FabrTc
as ShONn (Typ)

l"

~"

Y-t"

SIze of Rocks

=
~~

3' -0" Max I 3; -0" Max

TYPICAL SECTION LAP SPLICE
NTS

~ # Jl Gauge StaInless Steel (MIn) Approved
Fasteners @ 6" Max to the SIdes of
Lap Mat. (Typ)

NOTES:
I. PolyvTnyl ChlorTde (PVC) Coating Shall be Used Over

the GalvanTzed WTre FabrTc. The PVC Coating Shall
Have a NomInal ThIckness of 0.02165 Inches and Shall
Nowhere be Less Than 0.015 Inches.

2. The Gablon Mattress Shall Be Placed Over an 8" Gravel FTlter
BeddTng. A Separation BarrTer of HTgh SurvlvabllTty Filter
FabrTc Shall be Placed Between the Gablon Mattress and Gravel
Filter BeddTng.

3. Attach OTaphragms at 3' Intervals To The Base of the Mattress
and Tle the OTaphragms to the SIdes and the OTvlders.

4. GabTon Mattress MaterIal and Instal/atlon Shall be Tn Accordance
wlth Section 913 of the ADOT Standard SpecIfIcation.

5. GabTon Mattress Shall be Tled to ExTstlng Gablon Mattress wlth a
Lap Spllce as Shown on ThIs Detail.

6. Oamaged to ExTstlng Gablon Mattress Shall be RepaTred to a
FunctionIng Complete Mattress.
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: April 9, 2009

To: Shelby Brown, Civil/Structures Branch, Engineering Division.

From: J. Rafael Pacheco, PhD, Assoc. Engineer, Engineering Application
Development and River Mechanics Branch, Engineering Division

cc: Bing Zhao, PhD, PE, Engineering Application Development and River
Mechanics Branch Manager, Engineering Division; Kenneth Rakestraw,
Engineering Division, Hydrology/Hydraulics Branch

Subject: Review on "Draft Technical Drainage Memorandum SR 202L Bridge Scour
Evaluation, Indian Bend Wash Bridge" by URS Corporation, received by
Engineering Application Development and River Mechanics Branch
(EADRM) on March 3, 2009. Permit number 2009POll.

The EADRM received the report on March 3, 2009. I have finished my review of the
above referenced document and I have the following comments. Please address each of
these comments, add your response below mine and provide a digital file of your
response. Those comments that have been resolved are grayed out. Those that still need
to be resolved remain in dark font.

1. lA. (FCD 3/3/2009): The consultant should consider evaluating the influence of
the drop structure on the proposed piers.

lA. (URS 4/8/2009) Response: The Simons, Li & Associates (SLA) report
entitled "Hydraulic and Scour Analysis for the East Papago Crossing of the Indian
Bend Wash," 1990 was reviewed during the preparation of the "Draft Teclmical
Drainage Memorandum SR 202L Bridge Scour Evaluation, Indian Bend Wash."
The SLA 1990 report references another SLA document on the determination of
local scour downstream of rigid grade-control structures. That SLA document is
entitled, "Project Report, Hydraulic Model Study of Local Scour Downstream of
Rigid Grade-Control Structures," 1986. This additional reference has been used in
the preparation of these responses.

lA. (FCD 4/812009): The SLA 1990 report is specifically for this project. The
results from the 1990 report should be used instead of the 1986 report. The 1986
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report is for general drop structure scour equation and it is not specific for this
particular project.

lB. (FeD 3/3/2009): The scour-depth calculations for piers upstream of the drop
structure should include local scour phenomenon associated with the accelerated
flow condition which will exist immediately upstream of the drop structure (SLA
1990).

b. FCDMC l\Iethodology Table (pier 6 'VB and 7 "113)

SPF SPF
Description (URS Draft Document) (proposed Revision)

Local Pie1" Scour (ft) 20.13 20.13
General Srour (ft) 0.98 0.00
Long Teml Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 1.96 0.00
A..ccelerated Flow Effect (ft) OJ){) 2.00lL)

Total Scour eft) 23.07 22.13

SPF SPF
Desc.ription (URS Draft Document) (ProDosed Revision)

Local Pier Scour (ft) 20. uti) 20.13(1)

General Scour (ft) 4.66 0.00
Long Term Deg.radation (ft) 0.00 0.00
Bed Form Scour (ft) 1.96 0.00
Accelemted Flow Effect (ft) 0.00 ?OOP)

30% Safety for Additional 1.98 0.60
Scour Components
Total Scour (ft) 28.73 22.73
\J) -Local Plff SeoUl detemulled as::;uID.mg 2 feet ofdebns alOund the column. At pi evlO=

meeting~,FCDMC has stated that the debris provides the necessary safety factor.
Therefore, the 30% safety factor has not been applied to the local pier scour.

(2\ al~ obtained from SLA 1990 rep0l1.

IB. (DRS 4/8/2009) Response: The cited source states:
"This drop-structure system will effectively eliminate the need to consider the
affect (sic) ofgeneral scour, bed-form scour, and bend scour. "(p. 24). This source
also states, "This depth includes local scour at the bridge piers plus two feet to
account for the local scour phenomenon associated with the acceleratedflow
condition which will exist immediately upstream ofthe Level J drop structure. "(p.
24).

Since the piers in question are located 69 feet and 146 feet upstream of the drop
structure, the accelerated flow condition may produce a local scour effect of less
than 2 feet. However, as a conservative estimate the local scour effect is set at 2
feet. The DRS document includes general scour and bed-form scour, but not the 2
feet to account for the accelerated flow condition. These revisions would
counteract each other and result in minor changes in the design scour depth for the
SPF flow of 64,000 cfs as shown in the follow tables:

3. ADOT Methodology Table (pier 6 W-:B and 7 'VB)

I

I
I,

I
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lB. (FeD 4/8/2009): The total scour depth for the upstream pier must be 28.73
feet as you originally computed. This value is consistent with SLA approach.

Ie. (DRS 4/8/2009) Response: The cited source states that the total depth of
scour downstream of the drop-structure system is: " ... due to the combined effect
oflocal scour at the bridge piers and local scour attributable to plungingflow
created by an estimated one-half-foot drop in the bed elevation on the
downstream side ofthe level IV structure. This drop, at Level IV, occurs after
long-term degradation ofthe downstream channel is achieved. " (p. 26). The piers
in question are located 76 feet and 154 feet downstream of the drop structure. The

The Final Technical Drainage Memorandum will be revised to reflect these
changes. The ADOT total scour depth for the structural design of the upstream
piers will be revised from 23.07 feet to 22.13 feet. The recommended design
scour depth will remain at 23.00 feet as shown in the Draft Technical
Memorandum. The FCDMC total scour depth for evaluating the "Zone-of­
Influence" will be revised from 28.73 feet to 22.73 feet. The recommended
evaluation scour depth will be revised to 23.00 feet instead of the 29.00 feet as
shown in the Draft Technical Memorandum.

"ZONE OF INFLUENCE" FOR A OROP STRUCTUREII --

Ii

Ie. (FeD 3/3/2009): The scour-depth calculations for piers downstream of the
drop structure should include local scour phenomenon associated with the
impingement of the flow at the downstream of the drop structure. The total length
of the ZOne of influence along the channel due to drop structure impact on the
downstream area is approximately twelve times the depth of local scour due to
flow over the drop structure: 'The maximum depth of local scour below a drop
structure with respect to the projected bed elevation will terminate at a location
downstream of the drop that is approximately six times the maximum depth of
local scour associated with the flow over the structure' (SLA 1990). Then, the
scour depth will taper at a 6: 1 slope for another distance of about 6 times the
maximum local depth due to drop structure. Please see the attached sketch.

I
I

I
I
I
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cited source also states: "The maximum depth oflocal scour below a drop
structure with respect to the projected (equilibrium) bed elevation will terminate
at a location downstream ofthe drop that is approximately six times the maximum
depth oflocal scour associated with the flow over the structure. Downstream of
this location, the "zone-of-influence" extends an additional distance that is again
equal to approximately six times the depth ofscour (see Figure 5). The geometry
ofthis portion ofthe scour hole is approximated by a 6:J return slope. Therefore,
the total length ofthe "zone ofinfluence" along the channel is approximately
twelve times the depth oflocal scour due to flow over the drop structure. Again,
this distance is measuredfrom the downstream limit ofthe drop structure. "(p.
27).

The cited source estimates the local scour for the drop structure to be 7.59 feet for
the SPF flow of 64,000 cfs. Twelve times that results in a 91-foot "zone of
influence" in a downstream direction from the downstream limit of the drop
structure. That would place one pier 15 feet inside the zone resulting in an
estimated local scour of2.50 feet and the other pier 63 feet beyond the zone
resulting in no local scour. However, as a conservative estimate let's set the local
scour effect to 7.59 feet. The DRS document includes general scour and bed-form
scour, but not the 7.59 feet to account for the accelerated flow condition. These
revisions would counteract each other and result in minor changes in the design
scour depth for the SPF flow of 64,000 cfs as shown in the follow tables:
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b. FCDl\IC l\'lethodology Table (pit-I" 3 EB and 4 EB)

3. ADOT .l\iethodology Table- (pier 3 EB and 4 EB)

SPF SPF
Description (DR.':> Draft Document) (Proposed Re\ision)

Local Pier Scour (ft) 22.32 22.32
General Scour (ft) 1.01 0.00
Long Te1lli Degradation (ft) 0.0 O.50l-<)

Bed Form Scour (ft) 3.1) 0.00
Accelerated Flow Effect (:ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 7.59~:')

30'}·o Safety for Additional Scour 0.00 0.00
Components
Total Scour (ft) 26.4-8 30.4-1

SPF SPF
Description (URS Draft Document) (FCJ)~iCCouunent~

Local Pier Scour (ft) 2').3-,(1) 2') .3')(1)

General Scour (ft) 4.93 0.00
Long Ie1m Degradation (ft) 0.0 0.3dl )

Bed FOlm Scour (ft) 3.15 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 7.)9(-i

30'% Safety for Additional Scour 1.42 1.43
Components
Total Scour (ft) 32.82 32.84
t l ) - _. -Local P1e:! SeoUl dete:tllil1led assummg 2 feet of debns 310und the column.. At pre vlOUS

me-etings, FCDMC has stated that the debris provides the necessary safety factor. Tb.crefore,
the 30~ safety factor has 110t been applied to the local pier scour.

(l~ alues obtained from SLA 1990 report.
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The Final Technical Drainage Memorandum will be revised to reflect these
changes. The ADOT total scour depth for the structural design of the downstream
piers will be revised from 26.48 feet to 30.41 feet. The recommended design
scour depth will be revised to 31.00 feet instead of 27.00 feet as shown in the
Draft Technical Memorandum. The FCDMC total scour depth for evaluating the
"Zone-of-Influence" will be revised from 32.82 feet to 32.84 feet. The
recommended evaluation scour depth will remain at 33.00 feet as shown in the
Draft Technical Memorandum.

Ie. (FCD 4/8/2009): The local scour as well as the general scour must be added
to the total scour.

ID. (FCD 3/3/2009): SLA (1990) already computed the total scour depth with the
consideration of the drop structure for this location. Based on their scour depth
results, the following table contains the scour depths for the proposed piers.

,I
I



I
I
I

Pier No. Total scour depth (ft)

2 32
3 32

6 28

7 28

4 32

Table 2: Q = 63,000 cfs.

41
41
Total scour depth (ft)

41

34
34

2
Pier No.

3
4

7
6

Table I: Q = 30,000 cfs.

ID. (URS 4/8/2009) Response: As shown by Responses IB and 1C, the DRS
document disagrees with these estimated scour depths. Table 4.2 of the cited
report breaks the SLA total scour depths down into three components. These are
local pier scour, local drop structure scour, and long-term degradation. General
scour, bed-form scour and bend scour are listed as not applicable. Long-term
degradation is also listed as not applicable upstream of the drop structure. The
local pier scour was determined with 2 feet of debris around the column, which is
the same as the URS draft document. The SLA document reports local pier scour
to be very similar to those reported in the DRS draft document. For example (for
SPF of 64,000 cfs), upstream of the drop SLA reports 20.77 feet and DRS reports
20.13 feet, and downstream of the drop SLA reports 21.33 feet and DRS reports
22.32 feet. The major difference in detennining the total scour is that the SLA
document multiplies all scour components by an approximate 40% safety factor.
Currently, ADOT does not use a safety factor and the FCDMC has stated that a
30% safety should be added to the scour components. FCDMC has also stated that
a safety factor need not be applied when 2 feet of debris is assumed to surround
the columns. Applying these changes to the values obtained from the SLA
document would result in total scour depths similar to those computed above as
shown in the following table.

I
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a. SL\ Mt>thodology Table (pie]' 3 EB and 4- EB)

b. SL-\ Methodology Table (pier 6 WB and 7 'VB)

SFF SPF
SPF (Current ,IDOT (Current FCDMC

Descrinlion rs:LA Documeni'l Method.olo,.,,) Melhodolol!v)
Local Pier ScOUT (ft) 21.H'''J :!133~) 21.33' lla'

C-fneraJ Scour (ft) 0.00 0.00 0.00
Lone: Term Dee:rn.d:llion (ft) fiSO'''J O_5fl~l.) 0.5()12J

Bed Form Scam- (ft) 0.00 0.00 0.00
P.r.:ce[ff.red Flow EjEct (ft) 0.00 0..00 0.00
Local Drop SrrucCUTe Scour 759'''J 759l"" 159;2.1

(ft)

~~Wety 11.57 0.00 0.00
30'% Safe!)' for Additional 0.00 0.00 2A3
SCOUT CompOD"...:l!:5
Tota! S~our (ft) 40.99 19.42 .3I.S5.

II, Loc.l Pte! Scour delNlJillled SS5UlllJDg '1 feet or dcbns arcmld th.e c.ohrmn. -"l.t pre't'lOUi

m.ei!dngs, FCD).1C !Las SC9led thaI the debri5 pro\ide>'~necess:uy smc)' factor. ThElrefore,
the 30% smty factOT!LaS noc been applfed to the local pier·scom.

(:lV"lues obcri!led from SL<t 199or~

I

I

I

I

I

I
SPF SPF

spy (Current ADOT (Current FCDMC
Description (SLt D«wnent) Method.owe.,.) Methodolo"Y)

Local Pier Scour (ft) 20.7;t=1 W.778 ?0-7j('}21

GweraJ Scour (li) 0.00 0.00 OJ)()

LonE Term DeIT:ld.rion (ft) 0.00 0.00 OJ)()

Bed FOIm &oar (ft) 0.00 0.00 OJ)()

A(cele~9red Flow EJEcr (ft) 2.0(f'l 2.0()i21 '1.00"')

Local Drop Stm::run> &our 0.00 0.00 0.00
(ft)

'lma-safcty 9.l! 0.00 0.00
30% Safc£;- for Additional 0.00 0.00 0.60
Scour Co~JXlll~'
701'.;1 S::our (ft) 31.68 22..77 2337
(') . , - Q

, . .

ID. (FCD 4/8/2009): The general scour and the local scour due to drop structure
must be included.

Lo.al Pier Scour d.cemnned 9S5U!lllllg ~ reet of debris ~mmd the column. Ar p, l!1.>'OUS

meetings, FCD:>!C b2s SOlOed wc the debris pro;,ide> the n.eceS53ry safety f.ClOT.

TI::ereEo:e, the 30% s...7fuI)' funor has not been applied to the locsl pier SGOm.

r=:'Valucscb~ from SLA 1~'O "'P0rr.

IE. (feD 3/3/2009): The consultants may fine-ttl.ne the results for downstream
piers reported in Table 1 and Table 2 based on the drop stmcture influence zone
sketch by considering the distance from each pier to the drop structure. This may
reduce the total scour depth.

I
I

I
I
I
I
I
I 1E. (U RS 4/8/2009) Response: See Response 1C.

I
IE. (FeD 4/8i20(9): Issue resolved.

I
I

2. (FCD 3/312(09) The influence of proposed piers may also have impact on
existing drop structure toe protection at both upstream and downstream ends of
the drop structure. If the piers and drop structure are too close, the drop structure
toe will need to be protected by a certain structural solution.

I
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3.

4.

(URS 4/8/2009) Response 2: The URS document states that the proposed outside
columns for Pier 4 Eastbound and Pier 6 Westbound may impact the existing
IBW Drop-Structure and the proposed outside column for Pier 7 Westbound may
impact the existing Gabion Bank Protection. The IBW Drop-Structure as-built
plans show Gabion Mattress protection for three (3) existing columns near the
drop structure and one (1) existing column near the bank protection. Piers 3 and 4
Eastbound and Pier 6 Westbound are near the drop structure, and Pier 7
Westbound is near the bank protection. At a previous meeting with FCDMC
personnel, it was agreed that similar protection could be used for the proposed
columns that may impact these facilities. This protection is shown in Detail Dl of
the URS Draft Memorandum.

(FCD 4/812009): issue resolved.

(FCD 3/3/2009) Since the bed condition factor is already chosen as 1.1 for local
pier scour, the bed fonn scour should be zero because the local pier scour already
includes the bed form scour. Therefore, the total scam shou Id be reduced by this
double-colmting.

(URS 4/8/2009) Response 3: That is correct. ADOT requires that K, be set to 1.1
for most cases where plan bed conditions exist, dune height <10 feet. As stated in
the URS Draft :Memorandum, tral1sitional t10w (between subcritical and
sllpercritical flow) would occur through the IBW Drop Stmctllre, and it was
decided to include the additional anti-dune scour detennined with an equation
developed by SLA, 1982. Ho\-vever, this double counting will be removed from
the DRS final Technical TVlemorandum.

(FCD 4/812009) Issue resolved.

4A. (FCD 3/3/2009): Regarding the methodology differences between FCDMC
and ADOT, we will need to clarify this because there are some misunderstandings
in the submitted report. In fact, there is no essential difference between
FCDMC's and ADOT's methodology. The differences are caused by the
different interpretation by individual hydraulic engineers regarding which
equation is to be used. In the report submitted by URS, ifURS corrected the bed
form scour error by not double-counting the bed form as discussed above, the
major difference between the so-called "FCDMC Methodology" and "ADOT
Methodology" is how to compute the general scour and the safety factor applied
to the general scour. Based on URS's report, the general scour by "ADOT
Methodology" is based on the 1981 Zeller general scour equation and the result is
0.89 feet for Pier No.7 (no safety factor is used), and the general scour by
"FCDMC Methodology" is the average of Blench and Lacey equation and the
result is 4.66 ft for Pier 0.7 (6 feet with 1.3 safety factor). ADOT scour
guideline refers to BEe-18 for scour calculations and does not specify the 1981
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Zeller equation for general scour. FCDMC used Zeller equation before and found
that the equation gives a rather small value of scour depth for most rivers. Please
see the link to ADOT guideline
http://www.azdot.govlHighwayslbridge/GuidelineslHydraulicGuidelineslPDF/Hy
dDgnGuidelines.pdf. Please see the link to HEC-18
http://isddc.dot.gov/OLPFilesIFHWAlO I0590.pdf.

4A. (URS 4/8/2009) Response: The calculations contained in the URS Draft
Memorandum are in accordance with ADOT Methodology based on a review of
the preliminary scour calculations for this project and meetings with ADOT staff
and representatives. Furthermore, it is felt that we followed the FCDMC
Methodology as discussed at two meetings with FCDMC.

4A. (FeD 4/8/2009): The consultant must include both general scour and the
local scour due to drop structure.

4B. (FeD 3/3/2009): The general scour defined by HEC-18 includes not only
contraction scour but also other general scour. Please refer to section 5.8 in HEC­
18 for further discussions on other general scour components. Here are some
discussions from HEC-18: The causes for contraction scour are bridge
constriction, natural stream constrictions, long highway approaches to the bridge
over the floodplain, ice fonnations or jams, natural berms along the banks due to
sediment deposits, debris, vegetative growth in the channel or floodplain, and
pressure flow. Other general scour includes the follows. The relatively shallow
straight reaches between bendway pools are called crossings. With changes in
discharge and stage the patterns of scour and fill can also change in the crossing
and pool sequence. These processes are considered part of general scour. They are
cyclic and may be in equilibrium around some general bed elevation. There are no
equations for predicting these changes in elevation. Some general scour
conditions are associated with particular channel morphology. Braided channels
will have deep scour holes when two channels come together downstream from a
bar or island (confluence scour). Other general scour can be caused by short-term
(daily, weekly, yearly, or seasonal) changes in the downstream water surface
elevation that control backwater and hence, the velocity through the bridge
opening. Similarly, a bridge located upstream or downstream of a confluence can
experience general scour caused by variable flow conditions on the main river and
tributary.

4B. (DRS 4/8/2009) Response: Most of the conditions you refer to do not exist at
this location. In my opinion the confluence with the Salt River would have no
effect on the general scour at this location, since the bridge and drop structure are
a substantial distance upstream from the confluence and the Salt River G.C.S. #5
and the Tempe Town Lake Dams have a controlling influence on the Salt River.
As stated in the URS report, contraction scour is considered to be zero due to the
fact that the bank protection is in line with the flowthrough abutments.
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4B. (FCD 4/8/2009): We respectfully disagree with your opinion.

4C. (FCD 3/312009): Since the bridge is at a drop structure and is at the
confluence with Salt River, this type of general scour is never accounted in
Zeller's equation. A few feet of general scour as computed by LaceylBlench
equation is very reasonable in alluvial channels in Maricopa County especially for
this case where there is a confluence and a drop structure. Due to the huge
uncertainties in estimating general scour, a 1.3 safety factor should be used as
required by FCDMC for the general scour component.

4C. (DRS 4/812009) Response: These equations were used in the FCDMC
Methodology as previously requested. The scour depths calculated with this
methodology were used to determine impacts to flood control facilities.

4C. (FeD 4/812009): Both general scour and the local scour due to drop structure
must be included.

4D. (FCD 3/3/2009): Based on reasons stated above, because FCDMC maintains
the drop structure and bank protection and the bridge piers are so close to these
two structures, the general scour of 6 feet (already including 1.3 safety-factor)
should be added to the total scour. It must be pointed out that the impact of drop
structure on upstream piers and downstream piers must be added to the total scour
depth as documented in SLA 1990 report. The potential impact of bank
protection on bridge pier scour or vice versa shall be evaluated. The impact of
pier scour on drop structure must be evaluated.

4D. (DRS 4/812009) Response: The DRS Draft Technical Memorandum states
that the impacts to the flood control facilities were determined based on the scour
depths computed by the FCDMC Methodology. The proposed scour mitigation at
the affected piers makes the need to fine-tune the scour depths moot since the
local pier scour could not go any deeper than the proposed Gabion Mattress.
Based on the report you cited and based on information in that report, we are
proposing to remove the general scour estimates from all calculations in the Final
Technical Memorandum. This conclusion is also supported by another report
entitled, "Computing Degradation and Local Scour, Technical Guideline for
Bureau ofReclamation, " January 1984. This report states:
"Methods adopted by Reclamationfor computing local scour below a hydraulic
structure across the river channel are based on either the regime or rational
approach. Scour computations should be made by several methods and
engineering judgment used to select the most appropriate. In the regime
approach, the Lacey or Blench equations 26, 27, 29, and 30, respectively, with Z
values from table 7 are applicable. The most appropriate empirically developed
rational methods for scour below a structure are those by Schoklitsch (1932),
Veronese (1937), or Zimmerman and Maniak (1967). "(p. 42)
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SLA used the Zimmerman and Maniak equation to determine the local scour at
the downstream end of the drop structure. The SLA 1990 report contains a
modified version of the equation in Appendix E. It is the same equation contained
in the Bureau of Reclamation 1984 Guideline, but in a slightly different format
through mathematical manipulation of the parameters.

In summary, the discussed revisions will be included in the final Technical
Drainage Memorandum, SR 202L, Bridge Scour Evaluations, Indian Bend Wash
Bridge. The above outlined methodology and references to the SLA 1990 report
will be included in the final memorandum. The structural foundation design for
the 4 piers not protected by the bank protection or the drop structure will be in
accordance with a scour depth calculated with the ADOT Method. The scour
"Zone-of-Influence" of these 4 piers on the drop structure and bank protection
will be in accordance with the scour depths calculated with the FCDMC method.
These scour depths are as follows:

4D. (FeD 4/812009): Please see previous reponses.

Bibliography

Simons, Li and Associates, Inc (SLA 1990) 'Hydraulic and Scour Analysis for the East
Papago Crossing of Indian Bend Wash', 1990.
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DRS

April 7, 2009

Ms. Shelby Brown
CiviVStructures Branch, Engineering Division
Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, Arizona 85009

Re: SR 202L, Design Build Project
TRACS No. 202 MA 000 H6871 OIC
FCDMC Permit Number 2009POll
Responses to Review Comments on Indian Bend Wash Bridge

Dear Ms. Brown:

We received your comments dated March 16, 2009. A meeting of all stakeholders was held
at the FCDMC office to discuss the comments and our responses. It was reaffirmed at that
meeting that the bridge foundations would be structurally designed based on the Arizona
Department of Transportation (ADOT) Scour Methodology and that the "Zone-of-Influence"
on the FCDMC facilities would be checked based on the FCDMC Scour Methodology. For
ease of responding, I have taken the liberty of breaking each of your comments into several
sub-comments. These sub-comments are labeled with upper case letters, such as Comment 1
becomes lA, 1B, etc.

Comment lA: The consultant should consider evaluating the influence of the drop structure
on the proposed piers.

Response lA: The Simons, Li & Associates (SLA) report entitled "Hydraulic and Scour
Analysis for the East Papago Crossing of the Indian Bend Wash," 1990 was reviewed
during the preparation of the "Draft Technical Drainage Memorandum SR 202L Bridge
Scour Evaluation, Indian Bend Wash." The SLA 1990 report references another SLA
document on the determination of local scour downstream of rigid grade-control
structures. That SLA document is entitled, "Project Report, Hydraulic Model Study of
Local Scour Downstream of Rigid Grade-Control Structures," 1986. This additional
reference has been used in the preparation of these responses.

Comment IB: The scour-depth calculations for piers upstream of the drop structure should
include local scour phenomenon associated with the accelerated flow condition which will
exist immediately upstream of the drop stmcture (SLA 1990).

URS Corporation
7720 North 16th Street, Suite 100
Phoenix, AZ 85020
Tel: 602.371.1100
Fax: 602.371.1615



b. FCDMC Methodology Table (Pier 6 WB and 7 WB)

a. ADOT Methodology Table (Pier 6 WB and 7 WB)

(I) Local PIer Scour detenmned assumIng 2 feet of debns around the column. At prevIous
meetings, FCDMC has stated that the debris provides the necessary safety factor.
Therefore, the 30% safety factor has not been applied to the local pier scour.

(2)Yalues obtained from SLA 1990 report.

The Final Technical Drainage Memorandum will be revised to reflect these changes. The
ADOT total scour depth for the structural design of the upstream piers will be revised
from 23.07 feet to 22.13 feet. The recommended design scour depth will remain at
23.00 feet as shown in the Draft Technical Memorandum. The FCDMC total scour depth
for evaluating the "Zone-of-Influence" will be revised from 28.73 feet to 22.73 feet. The

Ms. Shelby Brown
April 7, 2009

Page 2

SPF SPF
Description (URS Draft Document) (Proposed Revision)

Local Pier Scour (ft) 20.13 20.13
General Scour (ft) 0.98 0.00
Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 1.96 0.00
Accelerated Flow Effect (ft) 0.00 2.00(2)

Total Scour (ft) 23.07 22.13

SPF SPF
Description (URS Draft Document) (Proposed Revision)

Local Pier Scour (ft) 20.13(1) 20.13(1)

General Scour (ft) 4.66 0.00
Long Term Degradation (ft) 0.00 0.00
Bed Form Scour (ft) 1.96 0.00
Accelerated Flow Effect (ft) 0.00 2.00(2)

30% Safety for Additional 1.98 0.60
Scour Components
Total Scour (ft) 28.73 22.73

Response IB: The cited source states:

"This drop-structure system will effectively eliminate the need to consider the
affect (sic) ofgeneral scour, bed-form scour, and bend scour. "(p. 24) This source
also states, "This depth includes local scour at the bridge piers plus two feet to
account for the local scour phenomenon associated with the acceleratedflow
condition which will exist immediately upstream ofthe Level I drop structure. "(p.
24)

Since the piers in question are located 69 feet and 146 feet upstream of the drop structure,
the accelerated flow condition may produce a local scour effect of less than 2 feet.
However, as a conservative estimate the local scour effect is set at 2 feet. The DRS
document includes general scour and bed-form scour, but not the 2 feet to account for the
accelerated flow condition. These revisions would counteract each other and result in
minor changes in the design scour depth for the SPF flow of 64,000 cfs as shown in the
follow tables:
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The piers in question are located 76 feet and 154 feet downstream of the drop structure.
The cited source also states:

recommended evaluation scour depth will be revised to 23.00 feet instead of the
29.00 feet as shown in the Draft Technical Memorandum.

Response 1C: The cited source states that the total depth of scour downstream of the
drop-structure system is:

" ... due to the combined effect oflocal scour at the bridge piers and local scour
attributable to plungingflow created by an estimated one-half-foot drop in the bed
elevation on the downstream side ofthe level IV structure. This drop, at Level IV,
occurs after long-term degradation ofthe downstream channel is achieved. " (p.
26)

Ms. Shelby Brown
April 7, 2009

Page 3

The cited source estimates the local scour for the drop structure to be 7.59 feet for the
SPF flow of 64,000 cfs. Twelve times that results in a 91-foot "zone of influence" in a
downstream direction from the downstream limit of the drop structure. That would place
one pier 15 feet inside the zone resulting in an estimated local scour of2.50 feet and the
other pier 63 feet beyond the zone resulting in no local scour. However, as a conservative
estimate let's set the local scour effect to 7.59 feet. The DRS document includes general
scour and bed-form scour, but not the 7.59 feet to account for the accelerated flow
condition. These revisions would counteract each other and result in minor changes in the
design scour depth for the SPF flow of 64,000 cfs as shown in the follow tables:

"The max.imum depth oflocal scour below a drop structure with respect to the
projected (equilibrium) bed elevation will terminate at a location downstream of
the drop that is approximately six times the maximum depth oflocal scour
associated with the flow over the structure. Downstream ofthis location, the
"zone-of-influence" extends an additional distance that is again equal to
approximately six times the depth ofscour (see Figure 5). The geometry ofthis
portion ofthe scour hole is approximated by a 6: J return slope. Therefore, the
total length ofthe "zone ofinfluence" along the channel is approximately twelve
times the depth oflocal scour due to flow over the drop structure. Again, this
distance is measuredfrom the downstream limit ofthe drop structure. "(p. 27)

Comment Ie: The scour-depth calculations for piers downstream of the drop structure
should include local scour phenomenon associated with the impingement of the flow at the
downstream of the drop structure. The total length of the zone of influence along the channel
due to drop structure impact on the downstream area is approximately twelve times the depth
of local scour due to flow over the drop structure: "The maximum depth of local scour below
a drop structure with respect to the projected bed elevation will terminate at a location
downstream of the drop that is approximately six times the maximum depth of local scour
associated with the flow over the structure" (SLA 1990). Then, the scour depth will taper at a
6: 1 slope for another distance of about 6 times the maximum local depth due to drop
structure.
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URS Ms. Shelby Brown
April 7, 2009

Page 4

a. ADOT Methodology Table (Pier 3 EB and 4 EB)

SPF SPF
Description (URS Draft Document) (Proposed Revision)

Local Pier Scour (ft) 22.32 22.32
General Scour (ft) 1.01 0.00
Long Term Degradation (ft) 0.0 0.50(2)
Bed Form Scour (ft) 3.15 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 7.59(2)
30% Safety for Additional Scour 0.00 0.00
Components
Total Scour (ft) 26.48 30.41

b. FCDMC Methodology Table (Pier 3 EB and 4 EB)

I
I
I
I
I
I
I
I
I
I.
I
I

SPF SPF
Description (URS Draft Document) (FCDMC Comments)

Local Pier Scour (ft) 22.32(1) 22.3i l )

General Scour (ft) 4.93 0.00
Long Term Degradation (ft) 0.0 0.50(2)

Bed Form Scour (ft) 3.15 0.00
Accelerated Flow Effect (ft) 0.00 0.00
Local Drop Structure Scour (ft) 0.00 7.59(2)

30% Safety for Additional Scour 2.42 2.43
Components
Total Scour (ft) 32.82 32.84
(I) Local Pier Scour determmed assummg 2 feet of debns around the column. At prevIous

meetings, FCDMC has stated that the debris provides the necessary safety factor. Therefore,
the 30% safety factor has not been applied to the local pier scour.

(2)Yalues obtained from SLA 1990 report.

The Final Technical Drainage Memorandum will be revised to reflect these changes. The
ADOT total scour depth for the structural design of the downstream piers will be revised
from 26.48 feet to 30.41 feet. The recommended design scour depth will be revised to
31.00 feet instead of 27.00 feet as shown in the Draft Technical Memorandum. The
FCDMC total scour depth for evaluating the "Zone-of-Influence" will be revised from
32.82 feet to 32.84 feet. The recommended evaluation scour depth will remain at
33.00 feet as shown in the Draft Technical Memorandum.



Table I: Q= 30,000 cfs

Table 2: Q = 63,000 cfs

Comment ID: SLA (1990) already computed the total scour depth with the consideration of
the drop structure for this location. Based on their scour depth results, the following table
contains the scour depths for the proposed piers.

Response ID: As shown by Responses 1B and 1C, the DRS document disagrees with
these estimated scour depths. Table 4.2 of the cited report breaks the SLA total scour
depths down into three components. These are local pier scour, local drop structure scour,
and long-tenn degradation. General scour, bed-form scour and bend scour are listed as
not applicable. Long-term degradation is also listed as not applicable upstream of the
drop structure. The local pier scour was determined with 2 feet of debris around the
column, which is the same as the DRS draft document. The SLA document reports local
pier scour to be very similar to those reported in the URS draft document. For example
(for SPF of 64,000 cfs), upstream of the drop SLA reports 20.77 feet and URS reports
20.13 feet, and downstream of the drop SLA reports 21.33 feet and URS reports
22.32 feet. The major difference in determining the total scour is that the SLA document
multiplies all scour components by an approximate 40% safety factor. Currently, ADOT
does not use a safety factor and the FCDMC has stated that a 30% safety should be added
to the scour components. FCDMC has also stated that a safety factor need not be applied
when 2 feet of debris is assumed to surround the columns. Applying these changes to the
values obtained from the SLA document would result in total scour depths similar to
those computed above as shown in the following table.

Ms. Shelby Brown
April 7, 2009

Page 5

Total Scour Depth
Pier No. (ft)

2 32
3 32
4 32
6 28
7 28

Total Scour Depth
Pier No. (ft)

2 41
3 41
4 41
6 34
7 34
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DRS Ms. Shelby Brown
April 7,2009

Page 6

a. SLA Methodology Table (Pier 3 EB and 4 EB)

SPF SPF
SPF (Current ADOT (Current FCDMC

Description (SLA Document) Methodology) Methodology)
Local Pier Scour (ft) 21.33(2) 21.33(2) 21.33(1X2)

General Scour (ft) 0.00 0.00 0.00
Long Term Degradation (ft) 0.50(2) 0.50(2) 0.50(2)

Bed Form Scour (ft) 0.00 0.00 0.00
Accelerated Flow Effect (ft) 0.00 0.00 0.00
Local Drop Structure Scour 7.59(l) 7.59(-) 7.59(2)

(ft)
40%+ Safety 11.57 0.00 0.00
30% Safety for Additional 0.00 0.00 2.43
Scour Components
Total Scour (ft) 40.99 29.42 31.85

(I) Local Pier Scour determined assummg 2 feet of debns around the column. At prevlOus
meetings, FCDMC has stated that the debris provides the necessary safety factor. Therefore,
the 30% safety factor has not been applied to the local pier scour.

(2)Values obtained from SLA 1990 report.

b. SLA Methodology Table (Pier 6 WB and 7 WB)

I
I
I
I
I
I
I
I
I
I

SPF SPF
SPF (Current ADOT (Current FCDMC

Description (SLA Document) Methodology) Methodology)
Local Pier Scour (ft) 20.77(2) 20.77(2) 20.77(1X2)

General Scour (ft) 0.00 0.00 0.00
Long Term Degradation (ft) 0.00 0.00 0.00
Bed Form Scour (ft) 0.00 0.00 0.00
Accelerated Flow Effect (ft) 2.00(2) 2.00(2) 2.00(2)

Local Drop Structure Scour 0.00 0.00 0.00
(ft)

40%+ Safety 9.1 I 0.00 0.00
30% Safety for Additional 0.00 0.00 0.60
Scour Components
Total Scour (ft) 31.88 22.77 23.37
(I) Local Pier Scour determmed assummg 2 feet of debns around the column. At prevIous

meetings, FCDMC has stated that the debris provides the necessary safety factor.
Therefore, the 30% safety factor has not been applied to the local pier scour.

(2)Values obtained from SLA 1990 report.

Comment IE: The consultants may fine-tune the results for downstream piers reported in
Table 1 and Table 2 based on the drop structure influence zone sketch by considering the
distance from each pier to the drop structure. This may reduce the total scour depth.

Response IE: See Response I C.



Comment 4B: The general scour defined by BEC-18 includes not only contraction scour but
also other general scour.

Comment 3: Since the bed condition factor is already chosen as 1.1 for local pier scour, the
bed form scour should be zero because the local pier scour already includes the bed form
scour. Therefore, the total scour should be reduced by this double-counting.

Comment 2: The influence of proposed piers may also have impact on existing drop
structure toe protection at both upstream and downstream ends of the drop structure. If the
piers and drop structure are too close, the drop structure toe will need to be protected by a
certain structural solution.

Response 4B: Most of the conditions you refer to do not exist at this location. In my
opinion the confluence with the Salt River would have no effect on the general scour at
this location, since the bridge and drop structure are a substantial distance upstream from
the confluence and the Salt River G.C.S. #5 and the Tempe Town Lake Dams have a

Ms. Shelby Brown
April 7, 2009

Page 7

Response 3: That is correct. ADOT requires that K3 be set to 1.1 for most cases where
plan bed conditions exist, dune height ::::10 feet. As stated in the DRS Draft
Memorandum, transitional flow (between subcritical and supercritical flow) would occur
through the IBW Drop Structure, and it was decided to include the additional anti-dune
scour detennined with an equation developed by SLA, 1982. However, this double
counting will be removed from the DRS Final Technical Memorandum.

Response 2: The DRS document states that the proposed outside columns for Pier 4
Eastbound and Pier 6 Westbound may impact the existing IBW Drop-Structure and the
proposed outside column for Pier 7 Westbound may impact the existing Gabion Bank
Protection. The IBW Drop-Structure as-built plans show Gabion Mattress protection for
three (3) existing columns near the drop structure and one (1) existing column near the
bank protection. Piers 3 and 4 Eastbound and Pier 6 Westbound are near the drop
structure, and Pier 7 Westbound is near the bank protection. At a previous meeting with
FCDMC personnel, it was agreed that similar protection could be used for the proposed
columns that may impact these facilities. This protection is shown in Detail DI of the
DRS Draft Memorandum.

Response 4A: The calculations contained in the DRS Draft Memorandum are in
accordance with ADOT Methodology based on a review of the preliminary scour
calculations for this project and meetings with ADOT staff and representatives.
Furthennore, it is felt that we followed the FCDMC Methodology as discussed at two
meetings with FCDMC.

Comment 4A: Regarding the methodology differences between FCDMC and ADOT, we
will need to clarify this because there are some misunderstandings in the submitted report. In
fact, there is no essential difference between FCDMC's and ADOT's methodology. The
differences are caused by the different interpretation by individual hydraulic engineers
regarding which equation is to be used.
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SLA used the Zimmennan and Maniak equation to detennine the local scour at the
downstream end of the drop structure. The SLA 1990 report contains a modified version

controlling influence on the Salt River. As stated in the URS report, contraction scour is
considered to be zero due to the fact that the bank protection is in line with the flow­
through abutments.

The most appropriate empirically developed rational methods for scour below a
structure are those by Schoklitsch (1932), Veronese (1937), or Zimmerman and
Maniak (1967). " (p. 42)

Response 4C: These equations were used in the FCDMC Methodology as previously
requested. The scour depths calculated with this methodology were used to determine
impacts to flood control facilities.

Ms. Shelby Brown
April 7,2009

Page 8

Response 4D: The URS Draft Technical Memorandum states that the impacts to the
flood control facilities were determined based on the scour depths computed by the
FCDMC Methodology. The proposed scour mitigation at the affected piers makes the
need to fine-tune the scour depths moot since the local pier scour could not go any deeper
than the proposed Gabion Mattress. Based on the report you cited and based on
information in that report, we are proposing to remove the general scour estimates from
all calculations in the Final Technical Memorandum. This conclusion is also supported
by another report entitled, "Computing Degradation and Local Scour, Technical
Guideline for Bureau ofReclamation, " January 1984. This report states:

"Methods adopted by Reclamation for computing local scour below a hydraulic
structure across the river channel are based on either the regime or rational
approach. Scour computations should be made by several methods and
engineeringjudgment used to select the most appropriate. In the regime approach,
the Lacey or Blench equations 26, 27, 29, and 30, respectively, with Z values from
table 7 are applicable.

Comment 4C: Since the bridge is at a drop structure and is at the confluence with the Salt
River, this type of general scour is never accounted in Zeller's equation. A few feet of
general scour as computed by LaceylBlench equation is very reasonable in alluvial channels
in Maricopa County especially for this case where there is a confluence and a drop structure.
Due to the huge uncertainties in estimating general scour, a 1.3 safety factor should be used
as required by FCDMC for the general scour component.

Comment 4D: Based on reasons stated above, because FCDMC maintains the drop structure
and bank protection and the bridge piers are so close to these two structures, the general
scour of 6 feet (already including 1.3 safety-factor) should be added to the total scour. It must
be pointed out that the impact of drop structure on upstream piers and downstream piers must
be added to the total scour depth as documented in SLA 1990 report. The potential impact of
bank protection on bridge pier scour or vice versa shall be evaluated. The impact of pier
scour on drop structure must be evaluated.
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Sincerely,

P:\TRANSPORTATlON\Kiewit\SR 202 Design Build\Docs\Rcvicw Comments\Conuncnts Sub #93 Drainage Draft Technical Memo
1BW\FCDMC-Comments_URS-Rcsponses.doc

Dave Schaub, PE
Drainage Design Leader

Please review this letter and our recommendations at your earliest opportunity and contact
me with any questions or comments.

Ms. Shelby Bro\Vll
April 7, 2009

Page 9

Total Scour Depth (feet)
Pier No. ADOTMethod FCDMC Method

3EB 31 33
4EB 31 33
6WB 23 23
7WB 23 23

In summary, the discussed revisions will be included in the Final Technical Drainage
Memorandum, SR 202L, Bridge Scour Evaluations, Indian Bend Wash Bridge. The above
outlined methodology and references to tl1e SLA 1990 report will be included in the Final
Memorandum. The structural foundation design for the 4 piers not protected by the bank
protection or the drop structure will be in accordance with scour depths calculated with the
ADOT Method. The scour "Zone-of-Influence" oftl1ese 4 piers on the drop structure and
bank protection will be in accordance with the scour depths calculated with the FCDMC
Method. These scour depths are as follows:

of the equation in Appendix E. It is the same equation contained in the Bureau of
Reclamation 1984 Guideline, but in a slightly different format through mathematical
manipulation of the parameters.

DRS Corporation

CiJ~ Jy eLk-
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: March 16, 2009

To: Shelby Brown, CiviVStructures Branch, Engineering Division.

From: J. Rafael Pacheco, PhD, Assoc. Engineer, Engineering Application
Development and River Mechanics Branch, Engineering Division

cc: Bing Zhao, PhD, PE, Engineering Application Development and River
Mechanics Branch Manager, Engineering Division; Catherine W. Regester,
Engineering Division, Hydrology/Hydraulics Branch

Subject: Review on "Draft Technical Drainage Memorandum SR 202L Bridge Scour
Evaluation, Indian Bend Wash Bridge" by DRS Corporation, received by
Engineering Application Development and River Mechanics Branch
(EADRM) on March 3, 2009. Permit number 2009POl1.

The EADRM received the report on March 3, 2009. I have finished my review of the
above referenced document and I have the following comments. Please address each of
these comments, add your response below mine and provide a digital file of your
response.

1. The consultant should consider evaluating the influence of the drop structure on
the proposed piers. The scour-depth calculations for piers upstream of the drop
structure should include local scour phenomenon associated with the accelerated
flow condition which will exist immediately upstream of the drop structure (SLA
1990). The scour-depth calculations for piers downstream of the drop structure
should include local scour phenomenon associated with the impingement of the
flow at the downstream of the drop structure. The total length of the zone of
influence along the channel due to drop structure impact on the downstream area
is approximately twelve times the depth of local scour due to flow over the drop
structure: 'The maximum depth of local scour below a drop structure with respect
to the projected bed elevation will tenninate at a location downstream of the drop
that is approximately six times the maximum depth of local scour associated with
the flow over the structure' (SLA 1990). Then, the scour depth will taper at a 6: 1
slope for another distance of about 6 times the maximum local depth due to drop
structure. Please see the attached sketch.



Table 2: Q= 63,000 cfs.

Table 1: Q = 30,000 cfs.

t1ZONE OF INFLUENCE" FOR A DROP STRUCTURE
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Pier No. Total scour depth (ft)

2 32
3 32
4 32
6 28
7 28

Pier No. Total scour depth (ft)
2 41
3 41
4 41
6 34
7 34

SLA (1990) already computed the total scour depth with the consideration of the
drop structure for this location. Based on their scour depth results, the following
table contains the scour depths for the proposed piers.
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2.

3.

4.

The consultants may fine-tune the results for downstream piers reported in Table
1 and Table 2 based on the drop structure influence zone sketch by considering
the distance from each pier to the drop structure. This may reduce the total scour
depth.
The influence of proposed piers may also have impact on existing drop structure
toe protection at both upstream and downstream ends of the drop structure. If the
piers and drop structure are too close, the drop structure toe will need to be
protected by a certain structural solution.
Since the bed condition factor is already chosen as 1.1 for local pier scour, the bed
form scour should be zero because the local pier scour already includes the bed
fonn scour. Therefore, the total scour should be reduced by this double-counting.
Regarding the methodology differences between FCDMC and ADOT, we will
need to clarify this because there are some misunderstandings in the submitted
report. In fact, there is no essential difference between FCDMC's and ADOT's
methodology. The differences are caused by the different interpretation by
individual hydraulic engineers regarding which equation is to be used. In the
report submitted by URS, ifURS corrected the bed form scour error by not
double-counting the bed form as discussed above, the major difference between
the so-called "FCDMC Methodology" and "ADOT Methodology" is how to
compute the general scour and the safety factor applied to the general scour.
Based on URS's report, the general scour by "ADOT Methodology" is based on
the 1981 Zeller general scour equation and the result is 0.89 feet for Pier No.7 (no
safety factor is used), and the general scour by "FCDMC Methodology" is the
average of Blench and Lacey equation and the result is 4.66 ft for Pier No.7 (6
feet with 1.3 safety factor). ADOT scour guideline refers to BEC-18 for scour
calculations and does not specify the 1981 Zeller equation for general scour.
FCDMC used Zeller equation before and found that the equation gives a rather
small value of scour depth for most rivers. Please see the link to ADOT guideline
http://wv·..rw.azdot.gov/Highwavs/bridge/Guidelines/HydraulicGuidelines/PDF/By
dDgnGuidelines.pdf. Please see the link to BEC-18
http://isddc.dot.gov/OLPFiles/FHWNOl0590.pdf.

The general scour defined by BEC-18 includes not only contraction scour but also
other general scour. Please refer to section 5.8 in HEC-18 for further discussions
on other general scour components. Bere are some discussions from BEC-I8:
The causes for contraction scour are bridge constriction, natural stream
constrictions, long highway approaches to the bridge over the floodplain, ice
fonnations or jams, natural berms along the banks due to sediment deposits,
debris, vegetative growth in the channel or floodplain, and pressure flow. Other
general scour includes the follows. The relatively shallow straight reaches
between bendway pools are called crossings. With changes in discharge and stage
the pattems of scour and fill can also change in the crossing and pool sequence.
These processes are considered part of general scour. They are cyclic and may be
in equilibrium around some general bed elevation. There are no equations for
predicting these changes in elevation. Some general scour conditions are
associated with pm1icular channel morphology. Braided channels will have deep
scour holes when two channels come together downstream from a bar or island
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(confluence scour). Other general scour can be caused by short-term (daily,
weekly, yearly, or seasonal) changes in the downstream water surface elevation
that control backwater and hence, the velocity through the bridge opening.
Similarly, a bridge located upstream or downstream of a confluence can
experience general scour caused by variable flow conditions on the main river and
tributary.

Since the bridge is at a drop structure and is at the confluence with Salt River, this
type of general scour is never accounted in Zeller's equation. A few feet of
general scour as computed by Lacey/Blench equation is very reasonable in
alluvial channels in Maricopa County especially for this case where there is a
confluence and a drop structure. Due to the huge uncertainties in estimating
general scour, a 1.3 safety factor should be used as required by FCDMC for the
general scour component.

Based on reasons stated above, because FCDMC maintains the drop structure and
bank protection and the bridge piers are so close to these two structures, the
general scour of 6 feet (already including 1.3 safety-factor) should be added to the
total scour. It must be pointed out that the impact of drop structure on upstream
piers and downstream piers must be added to the total scour depth as documented
in SLA 1990 report. The potential impact of bank protection on bridge pier scour
or vice versa shall be evaluated. The impact of pier scour on drop structure must
be evaluated.

Bibliography

Simons, Li and Associates, Inc (SLA 1990) 'Hydraulic and Scour Analysis for the East
Papago Crossing of Indian Bend Wash', 1990.
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Flood Control District
of Maricopa County

INTEROFFICE MEMORANDUM

Date: March 4, 2009

To: Randy Simpson, PE, DRS

cc: Shelby Brown, Right-of-Way Permit Specialist, Engineering Division

FrOIll: Michael Jones, P.E., Senior Civil Engineer, Civil Structures Branch

Subject: 2009P011; SR 202; Indian Bend Wash & Salt River

I have finished my review of the plans for the above referenced project and I have the following
comments. Please address each of these comments, add your response below mine and provide a
Word file with your responses.

1. Add details for the levee penetration and construction of the Pier 2 EB column (see figure
9 in Scour Report) to plans. Response: These will be added to the structure plans.

2. Add details for the levee penetration and construction of the Pier I EB and WB columns
including gabion repair to plans. Response: Repair notes will be added to the structure
plans.

3. On sheet 11, show penetration and construction of piers through the Drop Structure.
Response: These details are already shown on Sheet 12.

4. Add FeD standard Right-of-Way pennit notes to plans. Response: These standard
notes will be added to the plans.

If you have any questions, you can contact me at (602) 506-4718.

cc: Jeff Riddle
Mike Ramirez

2801 West Durango Street Phoenix, Arizona 85009 Phone: 602-506-1501 Fax: 602-506-4601
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FCDMC E-Mail Comments- 17 March 2009
Dave Schaub, PE Responses-19 March 2009

1. E-Mail Comment 1: The submitted HECRAS model does not actually model the
bridge piers for the portion of Loop 202 Bridge crossing Indian Bend Wash.

2. Response 1: That is correct. The model was setup to obtain the hydraulic
parameters necessary to determine the potential total scour at the piers. This
model accurately provided those parameters.

3. E-Mail Comment 2: The model should be modified to include the bridge/piers
for 1) existing conditions and 2) with additional lane widening and piers in place
to evaluate levee/freeboard in lower reach of Indian Bend Wash for the design
flow of 30,000 cfs.

4. Response 2: The new columns are on the same alignment as the existing
columns, and therefore, the existing and proposed model will show equivalent
upstream water surface elevations. However, existing and proposed models will
be created and documented with the tables in the appendices of the final
document.

5. E-Mail Comment 3: The District's Real Estate Branch requires no less than 2
ties to known section comers in the plans. In addition, please call out the limits of
the District's right-of-way on the plans.

6. Response 3: These will be added to the plans.

Page 1 of 1
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APPENDIXC

SUPPLEMENTAL CALCULATIONS



- - -----------------
TABLE C-1

RIPRAP DESIGN
TO MITIGATE

PIER 4 COLUMN SCOUR "ZONE OF INFLUENCE" ON
THE DOWNSTREAM END OF THE EXISTING DROP STRUCTURE(1)

CU.YD.533TOTAL =

Location Hydraulic Characteristics Riprap Design(2) Streambed Elevations Exst Bank

Desiqn Recommended Protection(6)

Average Pier Velocity Design o (4) Riprap 0 50 Riprap Volume Exst Exst Toe Depth50
Velocity Shape Adjust- Velocity Thickness Thickness for 6.5' Streambed Streambed Elevation to Toe

(Vloeal) Factor ment (Vdes = (t) (t)(5) Drilled Elevation at Elevation at
(Round (Set to 1 K1K2Vave) Shaft Low Point Pier

Nose for
Pier) (3)

Vloeal)

Pier HEC- (fps) (K1) (K2) (fps) (tt) (tt) (tt) (tt) (cy) (tt) (tt) (tt) (tt)
RAS
RM

Pier 4 EB RSO.9 14.00 1.5 1 21.00 2.87 8.62 3.00 9.00 533 1140.9 1140.9 1119.9 21.0

-- -

Ref. Transportation Research Board, "Countermeasures to Protect Bridge Piers from Scour," NACHRP Report 593, 2007.

NOTES: (1) Columns located within the CSA embankment and roller compacted concrete drop structure do not need riprap protection.
(2) Place dumped riprap at twice the column diameter around the column. For a 6.5' column the diameter would be 16.25'.

Required Riprap Surface Area = 797 sf Actual Surface Area (40'x40') = 1600.0 sf
(3) Local velocity Vloeal was obtained from the flow distribution output from the HEC-RAS Model. K2 is then set to 1.
(4) Riprap Size Computed per "Countermeasures to Protect Bridge Piers from Scour," NCHRP Report 593, © 2007 Transportation

050 = 0.692(Vdes )2/((Sg-1 )2g), Sg = 2.65 and g = 32.2 ft/s2

(5) Riprap Thickness is set to three (3) times the 0 50 per "Countermeasures to Protect Bridge Piers from Scour," NCHRP Report 593, ©
2007 Transportation Research Board.

(6) Toe Elevation assumed to be top of existing Gabion Mattress protection around existing outside column for Pier 4.



TABLE C-2
VELOCITY DISTRIBUTION- RIVER SECTION 0.9

Plan' Plan 10 Indian Bend Wash Main RS' 9 Profile'SPF..

Pas Left Sta Right Sta Flow Area W.P. Percent I Hydr Velocity

(ft) (ft) (cfs) (sq ftl (ft) Cony I Depth(ft) (ftIs)

1 Chan 40.75 55.48 I 82.30 17.65 8.74 0.131 2.43 4.66I

2 Chan 55.48 70.20 1116.11 106.14 15.54 1.741 7.21 10.52

3 Chan 70.20 84.93 1 1298.49 113.76 1 14.73 2.03 1 7.73 11.41I
4 Chan 84.93 99.65 1342.67 116.07 14.73 2. 10 1 7.88 11.57

5 .' Chan 99.65 114.38 1387.43 118.38 14.73 2.171 8.04 11.72

6 Chan 114.38 129.10 1432.79 120.69 14.73 2.241 8.20 11.87

7 Chan 129.10 143.83 1478.73 122.99 14.73 2.311 8.35 12.02

8 Chan 143.83 158.55 1525.23 125.30 14.73 2-381 8.51 12.17

9 Chan 158.55 173.28 I 1572.30 127.60 1 14.73 2.461 8.67 12.32

10 Chan 173.28 188.00 1619.96 129.911 14.73 2.53 1 8.82 12.47

11 Chan 188.00 202.73 1668.19 132.22 14.73 2.611 8.98 12.62

12 Chan 202.73 217.45 I 1716.97 134.52 14.73 2.681 9.14 12.76

13 Chan 217.45 232.18 1766.31 136.83 14.73 2.761 9.29 12.91

14 Chan 232.18 246.90 1816.22 139.14! 14.73 2.841 9.45 13.05

Chan 246.90 261.63
I

1866.69 141.451 14.73 2.921 9.61 13.2015 I
!

16 Chan 261.63 276.35 ! 1917.69 143.75 1 14.73 3.001 9.76 13.34

17 Chan 276.35 291.08 I 1969.26 146.061 14.73 3.081 9.92 13.48

18 Chan 291.08 305.80 2021.37 148.371 14.73 3.161 10.08 13.62

19 ,.' Chan 305.80 320.53 I 2074.01 150.67 14.73 3.241 10.23 13.77

20 Chan 320.53 335.25 2127.19 152.981 14.73 3.321 10.39 13.91

21 Chan 335.25 349.98 I 2162.65 154.50i 14.73 3.381 10.49 14.00

22 Chan 349.98 364.70 I 2116.45 152.51' 14.73 3.311 10.36 13.88I

23 Chan 364.70 379.43 I 2060.92 150.101 14.73 3.221 10.19 13.73

24 Chan 379.43 394.15 1 2006.00 147.69 14.73 3.13 10.03 13.58

25 Chan 394.15 408.88
I

1951.65 145.27 14.73 3.051 9.87 13.43I

26 Chan 408.88 423.60 I 1897.90 142.861 14.73 2.971 9.70 13.29

27 Chan 423.60 438.33 I 1844.75 140.45 14.73 2.881 9.54 13.13

28 Chan 438.33 453.05 1792.23 138.03 14.73 2.80 9.37 12.98

29 Chan 453.05 1467.78 I 1740.31 135.62 14.73 2.72 9.21 12.831

30 Chan 467.78 482.50 I 1688.99 133.21 14.73 2.64 9.05 12.68

31 Chan 482.50 497.23 I 1638.29 130.79 14731 2.56 888 12.53

32 Chan 497.23 511.95 I 1588.20 128.38 14.73 2.48 8.72 12.37

33 Chan 511.95 526.68 I 1538.75 125.961 14.73 2.40 8.55 12.22

34 Chan 526.68 541.40 1 1489.94 123.55 14.73 233 8.39 12.06

35 IChan 541.40 556.13 I 1441.73 121.14 14.73 2.25 8.23 11.90

36 Chan 556.13 1570.85 I 1394.17 118.72 14.73 2.18 8.06 11.74

37 Chan 570.85 585.58 ! 1347.27 116.31 14.73 2.11 7.90 11.58

38 Chan 585.58 600.30 I 1301.00 113.90 14.73 2.03 7.73 11.42

39 Chan 600.30 615.03 I 1116.61 106.171 15.54 1.74 7.21 10.52

40 Chan 615.03 629.75 I 82.30 17.65 8.74 0.13 2.43 4.66

I

I

I

I

I
I

I

I

I

I
I

I

I
I

I
I
I
I
I
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TABLE C-3

Critical Design Flow (30,000 cfs)
Water Surface Elevation Comparisons

(Modeled IBW through Bridge Existing and Proposed Conditions)(1)
Reach River Profile W.S. Elev W.S. Elev W.S. Elev Change Bank Freeboard (FB) Conditions

Sta Top Exst New Top Exst New

Existing Condition(2) Proposed Condition(2) Elev FB FB Elev FB FB
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)

Main 16 Critical Desiqn 1168.33 1168.33 0.00
Main 15 Critical Design 1166.53 1166.53 0.00 1170.0 3.47 3.47 1171.7 5.17 5.17
Main 14.5 Critical Design 1166.11 1166.16 0.05 1170.0 3.89 3.84 1172.2 6.09 6.04
Main 14.4 Critical Design 1165.93 1165.98 0.05 1174.0 8.07 8.02 1172.1 6.17 6.12
Main 14.3 Critical Design 1165.43 1165.51 0.08 1174.0 8.57 8.49 1171.9 6.47 6.39
Main 14 Critical Design 1164.13 1164.16 0.03 1174.0 9.87 9.84 1171.3 7.17 7.14
Main 13 Critical Design 1160.95 1160.95 0.00
Main 12 Critical Design 1160.92 1160.92 0.00
Main 11 Critical Desiqn 1159.56 1159.56 0.00
Main 10 Critical Desiqn 1159.09 1159.09 0.00
Main 9 Critical Desiqn 1154.94 1154.94 0.00
Main 8 Critical Design 1154.92 1154.92 0.00
Main 7 Critical Design 1153.40 1153.40 0.00
Main 6 Critical Design 1152.89 1152.89 0.00
Main 5 Critical Design 1150.47 1150.47 0.00
Main 4 Critical Design 1150.46 1150.46 0.00
Main 3 Critical Design 1149.86 1149.86 0.00
Main 2 Critical Design 1149.85 1149.85 0.00
Main 1 Critical Design 1149.83 1149.83 0.00
Main 0.9 Critical Desiqn 1149.79 1149.79 0.00
Main 0.8 Critical Desiqn 1149.70 1149.70 0.00
Main 0.7 Critical Design 1149.60 1149.60 0.00

(1) Sections 14.0, 14.3 and 14.4 are the only sections that bridge columns were modeled at because all other bridge columns are
downstream of Grade Control Structure Levell (Section 14.0). Flow goes through critical depth at Section 14, and therefore,
downstream bridge columns would not affect the upstream water surface elevations.

(2) Section 14.3 is modeled with 2 columns and Section 14.4 is modeled with 1 column. Section 14.0 is modeled with 2 columns for the
existing condition and 3 columns for the proposed condition. Section 14.0 has one more column for the proposed condition because
the additional column is at section 14.0. In the existing condition only two columns are at or upstream of Section 14.0.
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TABLE C-4

Critical Design Flow (30,000 cfs)
HEC-RAS Hydraulic Characteristics

(Modeled IBW through Bridge Existing Condition)(1)(2)

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width
(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft)

Main 16 Critical Desiqn 1169.86 1168.33 1.53 0.52 0.12 2150 26495 1355 622
Main 15 Critical Desiqn 1169.23 1166.53 2.70 0.49 0.54 1565 27647 788 596
Main 14.5 Critical Design 1167.00 1166.11 0.89 0.11 0.01 257 29271 472 627
Main 14.4 Critical Design 1166.89 1165.93 0.96 0.29 0.02 254 29286 459 615
Main 14.3 Critical Design 1166.58 1165.43 1.15 0.26 0.10 235 29362 403 606
Main 14 Critical Design 1166.23 1164.13 2.10 0.01 0.51 27 29946 27 619
Main 13 Critical Design 1161.34 1160.95 0.39 0.01 0.00 138 29724 138 620
Main 12 Critical Design 1161.33 1160.92 0.40 0.00 0.12 26 29948 26 620
Main 11 Critical Design 1161.20 1159.56 1.64 0.02 0.04 33 29934 33 646
Main 10 Critical Design 1161.13 1159.09 2.04 0.01 0.49 26 29949 26 645
Main 9 Critical Desiqn 1155.34 1154.94 0.41 0.01 0.00 30000 572
Main 8 Critical Desiqn 1155.33 1154.92 0.41 0.00 0.14 30000 572
Main 7 Critical Design 1155.19 1153.40 1.79 0.02 0.04 30000 567
Main 6 Critical Design 1155.12 1152.89 2.23 0.02 0.58 30000 566
Main 5 Critical Design 1150.77 1150.47 0.30 0.01 0.00 30000 559
Main 4 Critical Design 1150.76 1150.46 0.30 0.00 0.05 30000 559
Main 3 Critical Design 1150.71 1149.86 0.85 0.01 0.00 30000 557
Main 2 Critical Design 1150.70 1149.85 0.85 0.02 0.00 30000 557
Main 1 Critical Design 1150.68 1149.83 0.85 0.06 0.01 30000 557
Main 0.9 Critical Design 1150.62 1149.79 0.82 0.11 0.00 30000 569
Main 0.8 Critical Desiqn 1150.51 1149.70 0.81 0.11 0.00 30000 581
Main 0.7 Critical Design 1150.40 1149.60 0.80 30000 594

(1) Sections 14.0, 14.3, and 14.4 are the only sections that bridge columns were modeled at because all other bridge columns are
downstream of Grade Control Structure Levell (Section 14.0). Flow goes through critical depth at Section 14, and therefore,
downstream bridge columns would not affect the upstream water surface elevations.

(2) Section 14.0 is modeled with 2 columns, Section 14.3 is modeled with 2 columns and Section 14.4 is modeled with 1 column.
Section 14.0 has one more column for the proposed condition because the additional column is at section 14.0.
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TABLE C-5

Critical Design Flow (30,000 cfs)
HEC-RAS Hydraulic Characteristics

(Modeled IBW through Bridge Proposed Condition)(1)(2)

Reach River Sta Profile E.G. Elev W.S. Elev Vel Head Frctn Loss C & E Loss Q Left Q Channel Q Right Top Width
(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft)

Main 16 Critical Desiqn 1169.86 1168.33 1.53 0.52 0.12 2150 26495 1355 622
Main 15 Critical Desiqn 1169.23 1166.53 2.70 0.48 0.55 1565 27647 788 596
Main 14.5 Critical Design 1167.04 1166.16 0.88 0.11 0.01 259 29263 477 628
Main 14.4 Critical Design 1166.92 1165.98 0.94 0.28 0.02 257 29277 466 615
Main 14.3 Critical Design 1166.63 1165.51 1.12 0.26 0.10 239 29348 413 607
Main 14 Critical Design 1166.27 1164.16 2.12 0.01 0.52 28 29944 28 613
Main 13 Critical Design 1161.34 1160.95 0.39 0.01 0.00 138 29724 138 620
Main 12 Critical Design 1161.33 1160.92 0.40 0.00 0.12 26 29948 26 620
Main 11 Critical Design 1161.20 1159.56 1.64 0.02 0.04 33 29934 33 646
Main 10 Critical Design 1161.13 1159.09 2.04 0.01 0.49 26 29949 26 645
Main 9 Critical Design 1155.34 1154.94 0.41 0.01 0.00 30000 572
Main 8 Critical Desiqn 1155.33 1154.92 0.41 0.00 0.14 30000 572
Main 7 Critical Desiqn 1155.19 1153.40 1.79 0.02 0.04 30000 567
Main 6 Critical Desiqn 1155.12 1152.89 2.23 0.02 0.58 30000 566
Main 5 Critical Desiqn 1150.77 1150.47 0.30 0.01 0.00 30000 559
Main 4 Critical Desiqn 1150.76 1150.46 0.30 0.00 0.05 30000 559
Main 3 Critical Design 1150.71 1149.86 0.85 0.01 0.00 30000 557
Main 2 Critical Design 1150.70 1149.85 0.85 0.02 0.00 30000 557
Main 1 Critical Design 1150.68 1149.83 0.85 0.06 0.01 30000 557
Main 0.9 Critical Design 1150.62 1149.79 0.82 0.11 0.00 30000 569
Main 0.8 Critical Design 1150.51 1149.70 0.81 0.11 0.00 30000 581
Main 0.7 Critical Design 1150.40 1149.60 0.80 30000 594

(1) Sections 14.0, 14.3, and 14.4 are the only sections that bridge columns were modeled at because all other bridge columns are
downstream of Grade Control Structure Level I (Section 14.0). Flow goes through critical depth at Section 14, and therefore,
downstream bridge columns would not affect the upstream water surface elevations.

(2) Section 14.0 is modeled with 3 columns, Section 14.3 is modeled with 2 columns and Section 14.4 is modeled with 1 column.
Section 14.0 has one more column for the proposed condition because the additional column is at section 14.0.
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