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1.0 INTRODUCTION

In 2001, 90% construction documents were prepared in metric units for EL Mirage Road 

BeardsLey Road to Loop 303 by Entranco for the Maricopa County Department of Transportation

(MCDOT) with a supporting drainage report prepared by Premier Engineering Corporation (Ref.

1).

MCDOT subsequently contracted with Wood, Patel & Associates, Inc. (Wood/Patel) and Olsson

Associates to advance the 90% rural arterial metric design of this project to final urban arterial

English unit design with supporting contract documents. The 90% submittal for this work was

submitted in October 2007 and the project was put on hold. Subsequent to that submittal, Jacobs

Engineering Group, Inc. (Jacobs) was contracted to advance the design in three phases as the

prime consultant due to on-call contract limitations. The first phase, Phase A, EI Mirage Road 

Deer Valley Drive to SR303L, was taken to final construction documents by WoodlPatel and

Jacobs (Ref. 2). The second and third phases, Phase B, EI Mirage Road - Bell Road to Beardsley

Road and Phase C, EI Mirage Road - Beardsley Road to Deer Valley Drive was put on hold due

to cost considerations.

As a result of reduced County revenue due to global economic conditions, Phases Band C were

re-evaluated to reduce costs by replacing the two proposed bridges over the McMicken Dam

Outlet Channel Wash with interim multi-cell box culverts. Based on alternative evaluations,

MCDOT decided to implement the multi-cell box culvert crossings at the McMicken Dam Outlet

Wash and combine Phases Band C. WoodlPatel, as a sub-consultant to Jacobs, prepared this

report to document the on-site and off-site drainage design elements for the reach of Phase B

from Beardsley Road to Deer Valley Drive. Prestige Engineering Consultants, LLC, also a sub

consultant to Jacobs, prepared the drainage design and report for the Phase B from Bell Road to

Beardsley Road.

This phase of the project developed design plans for an interim roadway section based on

MCDOT's rural principal arterial roadway section. The typical section includes a new divided 4

lane roadway; two lanes in each direction with bike lanes and an open median.
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• 1.1 Project Location

Phase B of the El Mirage Road project is located in Sections 14 and 24, Township 4

North, Range 1 West of the Gila and Salt River Meridian. A Location and Vicinity Map

defining the project area is presented in Figure 1 - Location and Vicinity Map. This

report documents the drainage design for an approximately one mile long section

generally aligned north and south between Beardsley Road and the Deer Valley Drive

alignment, curving to the northwest over the McMicken Dam Outlet Wash and tying into

the Phase A construction near Deer Valley Drive. The project lies entirely within

unincorporated Maricopa County.

•

1.2 Purpose of Report

The purpose of this report is to document the design of the on-site and off-site drainage

improvements for this section of El Mirage Road. This report documents the final design

with hydrologic and hydraulic calculations in support of the proposed drainage systems

including: the roadway and storm drain system, first flush retention design; and the

McMicken Dam Outlet Wash culvert hydraulics, scour calculations and erosion

protection design. WoodlPatel has coordinated the final drainage design elements with

the final roadway design which was prepared by Jacobs .
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1.3 Description of Improvements

This project will include a new divided 4-lane roadway; two lanes in each direction with

bike lanes and an open median based on MCDOT's rural principal arterial roadway

section. The crossings of the McMicken Dam Outlet Wash are designed to accommodate

three lanes in each direction with an open median

1.3.1 Existing Conditions

With Phase A, a six lane roadway from the SR 303L to Deer Valley Drive was

constructed. This segment also provides access to Williams Road and Corte

Belle Drive. A connection was also made from the new EI Mirage Road to the

existing Deer Valley Drive to provide interim connectivity from Bell Road to SR

303L.

1.3.2 Proposed Improvements

This project will direct interim construction based on a rural principal arterial

road including a new divided 4-lane roadway; two lanes in each direction with

bike lanes and an open median. The roadway will include thickened edge

pavement along the edges of the new roadway.

Proposed drainage improvements will include roadway storm drain

improvements for a portion of the on-site and off-site flows, and roadside and

median ditches incorporating first flush linear retention basins. In addition,

channel excavation, box culvert scour protection and embankment erosion

protection will be included at the McMicken Dam Outlet Wash box culvert

crossing. The proposed project drainage improvements are illustrated in Figure 2

- Project Area Drainage Map.

WOODIPATEL
WP# 052527.03

4 El Mirage Road - Phase B
Final Drainage Reportfor

Beardsley Road 10 Deer Valley Drive



•

OFFSITE SUBBASIN AREA
(!J 4.61 ACRES

o 63.20 ACRES

[£] 3,.,3 ACRES

o 94.54 ACRES

LEGEND

/ FLOW DIRECTION

o OFl'SrrE SUBBASIN

@CONCENTRATlOHPOINT

\
EL MIRAGE ROAD

--......-

McMICKEN DAM OUTLET WASH

\

\

\

I
/'

/'
/'

/'
/'

-----;;>'"
/'

/'
/'

/'
/'

•



•

•

•

1.4 Federal Emergency Management Agency

The Federal Emergency Management Agency (FEMA) has developed a Flood Insurance

Rate Map (FIRM) for the area in the vicinity of thjs project including McMicken Dam

Outlet Wash. The FIRM for Maricopa County, Arizona and Incorporated Areas, Map

Number 04013C1165J, dated September 30, 2005 (Ref. 3) indjcates the project is located

within Zone "X"(shaded) and Zone "AE".

Zone "X" (shaded) is defined by FEMA as follows:

Areas of 0.2% annual chance flood; areas of 1% annual chance flood with

average depths of less than 1 foot or with drainage areas less than 1 square

mile; and areas protected by levees from 1% annual chance flood

Zone "AE" is defined by FEMA as follows:

Base flood elevations determined.

The location of the project relative to the FIRM panels is illustrated on Figure 3 - Flood

Insurance Rate Map. The proposed culvert crossing of the McMicken Dam Outlet Wash

crosses a defined FEMA floodplain and floodway (Zone AE). The remaining alignment

for El Mirage Road is located within Zone X.

A Conditional Letter of Map Revision (CLOMR) Technical Data Notebook (TDN) was

prepared for the proposed improvements at the McMicken Dam Outlet Wash. The

CLOMR has been submitted to the FCDMC. Once community acknowledgement and

approval are received from the FCDMC, the CLOMR will be submitted to FEMA for

concurrence.

1.5 Drainage Plans

The final drainage plans for the El Mirage Road - Phase B, Bell Road to Deer Valley

Drive, have been submitted concurrently with this report.
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2.0 HYDROLOGY

2.1 Off-Site Hydrology

The Wittman Area Drainage Master Study (ADMS) was completed for the FCDMC by

the WLB Group in 1989 (Ref. 4). This report identifies the lOa-year off-site peak

discharge for the McMicken Dam Outlet Wash of 6,273 cfs in the vicinity of the culvert

crossing. This lOa-year peak discharge is the basis of the FEMA FrS floodplain and

floodway delineation. The report also identifies the Standard Project Flood (SPF),

defined by the U.S. Army Corps of Engineers, as 14,000 cfs for the McMicken Dam

Outlet Wash.

On-site and local off-site peak flow estimates were developed using the Rational Method

outlined in Drainage Design Manual for Maricopa County, Arizona: Volume I 

Hydrology (Ref. 5). This method assumes the application of a steady, uniform rainfall

intensity, which produces a peak flow value when all points within the watershed

contribute outflow at the design point.

The rational method was utilized to estimate off-site peak flows concentrating at the El

Mirage Road alignment. The off-site flows from subbasins C and D concentrate at

existing low points upstream of the proposed roadway. Since the proposed roadway is

elevated above existing ground in this area, the storm drainage system for these subbasins

was designed to intercept and convey the lOa-year peak flows to McMicken Dam Outlet

Wash.

The off-site flows from subbasins Band E will be intercepted and conveyed downstream

within roadside ditches. The ditches are designed to convey the 50-year flow with a

maximum water surface elevation at roadway subgrade and a lOa-year flow depth of less

than 6 inches anywhere within the vehicular driving area. The estimated peak discharges

contributing to the proposed roadway alignments are summarized on the following page

in Table 1. Supporting calculations are provided in Appendix A.
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• Table 1 - Local Off-Site Peak Discharges

Subbasin CP Location 50-Year (cfs) lOO-Year (cfs)

B EI Mirage Sta. 200+40 12 15

C EI Mirage Sta. 193+63 107 131

D EI Mirage Sta. 189+60 63 77

E EI Mirage Sta. 144+40 108 132

2.2 On-Site Hydrology

Rational Method peak flows were developed for on-site roadway drainage along EI

Mirage Road at key concentration point locations. Runoff coefficients are weighted

based on the roadway/right-of-way typical sections. Supporting calculations are provided

in Appendix A.

•
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3.0 ON-SITE DRAINAGE

This section of the report summarizes the design criteria, approach, assumptions and analytical

results for the on-site drainage system.

3.1 Design Criteria

The procedures and methodologies used to design the on-site drainage systems were

performed in accordance with Drainage Design Manual for Maricopa County, Arizona:

Volume II - Hydraulics (Ref. 6&7) and Drainage Policies and Standards for Maricopa

County, Arizona (Ref. 8). Key design criteria are summarized below:

• The Rational Method is used for the hydrologic analysis for the project.

• The roadside ditches are designed to convey the 50-year flow below the roadway

sub-grade.

•
•

•

•

The lOO-year runoff is contained within the right-of-way.

An inlet capture ratio (clogging factor) of 0.5 was used for all median drains and

grated inlets.

Minimum pipe size for the storm drains are 24 inches except for connector pipes

which use a minimum of 18 inches.

•

• Desirable "self cleaning" velocity is 3 feet per second (fps) flowing full. The

absolute minimum velocity flowing full is 2 fps.

• In locations with curb and gutter, the lO-year storm IS to be conveyed while

maintaining a 12-foot dry lane. The lOO-year storm is not to exceed 6-inches deep.

The standard catch basin inlet used for the median is ADOT Standard Detail C-15.80.

The procedures used for inlet design calculations are based on the Federal Highway

Administration (FHWA) HEC No. 22, Urban Drainage Design Manual (Ref. 9).

3.2 Proposed Drainage Improvements

There are two locations, stations 193+63 and 186+60, where relatively small, poorly

defined off-site washes intersect the proposed roadway alignment. Due to the shallow

topographic relief in the vicinity of these concentration points, the off-site flows cannot

be effectively collected and conveyed under the roadway without providing significant

downstream grading outside the acquired roadway right-of-way. Therefore, the flows

WOOD/PATEL
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will be intercepted via inlets and a storm drain system installed to convey the flows to the

McMicken Dam Outlet Wash. Bentley StormCAD version 5.6 was used to analyze the

storm drain system. StormCAD results and inlet calculations are located in Appendix B.

Catch basins within the median are needed to capture the median runoff. Since curb and

gutter will not be constructed with the interim improvements, roadside ditches will be

used to convey on-site flows downstream.

Roadside ditches are implemented on both sides of EI Mirage Road and serve two

purposes; to convey on-site and off-site flows and to provide a linear first flush retention.

The first flush volume requirements are based on retaining the first 0.5 inch of direct

runoff from a storm event as defined by FCDMC. The contributing basin drainage areas

as well as the required and provided first flush volumes are included in the First Flush

Retention Calculations spreadsheet in Appendix B.

The roadside ditches as well as the median incorporate transverse median dikes which are

used to retain the first flush volume upstream of the dikes. These dikes also act as weirs

as runoff in excess of the first flush volume overtops these structures. These dikes are the

controlling location for determining the conveyance capacity of the ditch. The weir

calculations use the channel normal depth for the tailwater condition.

There is a segment of the southbound half of the roadway from station 185+50 to station

195+00, along the inside of the horizontal curve, where first flush retention requirements

can not be met due to low points in the topography. Within this reach, rock check dams

have been incorporated to treat a portion of the first flush runoff. A section of the median

near the McMicken Dam Outlet Wash box culvert crossing, from station 198+70 to

station 202+80, will be paved to provide erosion protection from potential flows

overtopping the roadway. Based on input from FCDMC the embankment erosIOn

protection takes precedence over the first flush requirements in this area. On-site

hydrologic, hydraulic and first flush calculations are provided in Appendix B.

Street capacity calculations are also included in Appendix B. The calculated maximum

capacities within the sag vertical curve are greater than the runoff calculated.
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4.0 OFF-SITE HYDRAULICS

The hydraulic analysis for the McMicken Dam Outlet Wash was prepared using the U.S. Army

Corps of Engineers HEC-RAS computer program, Version 3.1.3, (Ref. 10).

4.1 McMicken Dam Outlet Wash

The Effective PIS HEC-2 model and supporting work maps (200 scale) were provided to

WoodlPatel by the Flood Control District of Maricopa County (FCDMC). The U.S.

Army Corps of Engineers Section 404 jurisdictional delineation on 400-scale aerial

photograph was provided by MCDOT for McMicken Dam Outlet Wash in the vicinity of

the roadway crossing. The FrS work maps from the Wittmann ADMS defined the

hydraulic cross-sections, floodplain and f100dway locations. Using these work maps,

WoodlPatel digitized the regulatory floodplain and f100dway limits for use in defining the

length of the new culvert crossings.

The HEC-2 input model was first run in HEC-2 to confirm that results were comparable

to the published FIS results. This model (MCWSH.DAT) is referred to as the Duplicate

Effective Model in the CLOMR.

The HEC-2 model was then imported into HEC-RAS and again executed to ensure

comparable results with the Effective PIS and Duplicate Effective models. This model

(McMickenCor.prj) is referred to as the Corrected Effective Model in the CLOMR.

It should be noted that the effective FIS model is based on the National Geodetic Vertical

Datum of 1929 (NGVD 29). The EI Mirage Road project is designed based on the North

American Vertical Datum of 1988 (NAVD 88). To convert hydraulic model results from

NGVD 29 datum to NAVD 88 datum, 2.04 feet should be added to calculated elevations

based on field surveys performed by the design team on common PIS and design

mapping control points.

Datum Equation: (NGVD 29) + 2.04' =(NA VD 88)

The Corrected Effective Model was updated in the vicinity of the proposed El Mirage

Road Culvert crossing location using new one-foot contour mapping developed for the

project. Cross-sections 1.949 and 2.118 were updated and intermediate sections were

added (1.97, 1.99, 2.01 and 2.34) near the culvert crossing location based on the new

WOODfPATEL
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mapping. The new cross-section data was adjusted for datum differences and the

remaining FIS model cross-sections were extended laterally to identify the limits of the

SPF using the FIS work maps. This model (McMickenPre.prj) is referred to as the

Existing or Pre-Project Model in the CLOMR.

The Existing or Pre-Project Model was then modified to reflect the proposed new multi

barrel culvert to be constructed as part of the EI Mirage Road project. This model

(McMickenPost.prj) is referred to as the Revised or Post-Project Condition Model.

The proposed culvert was sized as required to meet the design criteria from several

agencies. The following are the design criteria as defined by the FCDMC, the agency

that owns and maintains the McMicken Dam Outlet Wash:

1. The culvert cannot fail during a SPF event

2. SPF backwater impacts should be contained within FCDMC right-of-way limits

3. If the culvert encroaches on the regulatory floodway, a CLOMR is required

4. Riprap protection is required at the box culvert inlet and outlet.

5. The upstream and downstream embankment fill slopes in the vicinity of the culvert

will be protected by buried gabion mattresses.

6. The median will be paved for the width of the fill slope embankment protection.

In addition, MCDOT required the culvert design to meet the following Maricopa County

Drainage Policies and Standards, minimum drainage design criteria for a low-water

crossing:

1. The culvert shall pass the 50-year peak flow with a maximum peak water surface

elevation below the lowest adjacent roadway subgrade

2. The maximum 100-year peak flow depth anywhere within the vehicular driving area

shall be 6-inches

3. The maximum culvert outlet velocity is 15 feet per second

To meet these requirements, a 7 barrel 10' x 7 box culvert is required. In order to contain

the SPF within the FCDMC right-of-way in the post-project condition, excavation is

proposed within the McMicken Dam Outlet Wash upstream of the box culvert. Channel

WOODIPATEL
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excavation is proposed along the west overbank of the wash from cross-section 2.118 to

the box culvert. With the exception of the channel grading immediately upstream and

downstream of the box culvert, all of the grading is outside of the defined limits of the

Waters of the U.S. This area will be hydro seeded subsequent to grading operations. The

Pre and Post Project SPF floodplain limits, HEC-RAS cross-section locations, and

grading at the culvert are presented in Appendix C.

A HEC-RAS modeling results comparison table is provided in Appendix C as well as

profile output, cross-sections and cross-section location map for the Post-Project

Condition Model for lOO-year and SPF flows. Electronic files for the HEC-RAS models

are included on a CD in Appendix E at the end of this report.
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4.0 CULVERT SCOUR ANALYSES

This section of the report presents the procedures, methodology, assumptions and results of the

scour analyses performed for the El Mirage Road box culvert crossing of the McMicken Dam

Outlet Wash. Based on input from the FCDMC, protection is required both upstream and

downstream of the proposed box culvert for the SPF flow.

A riprap apron is provided upstream at the culvert inlet. The configuration of the riprap is based

on a previously approved design used on the box culvert upstream of this location at Williams

Road. The depth of protection takes into consideration several scour components including

general, bedform, and low-flow incisement. A factor of safety of 1.3 was applied to the sum of

the scour components to determine the design total scour depth upstream of the box culvert. It

should be noted that bend scour was not included in the vicinity of this crossing because it is not

anticipated at this location.

In an SPF event a portion of the flow will weir over the top of the roadway; therefore, the

protection provided for local scour downstream of the culvert is based upon the portion of the

SPF flow that is conveyed within the culvert. An estimate of the local scour at the culvert outlet

is based on procedures outlined in the FCDMC's Drainage Design Manual for Maricopa County,

Arizona: Volume II (Ref 6). Loose riprap lining will be placed at the limits of the local scour.

The depth of channel scour was also determined at the end of the local scour protection based

upon several components including long term, general, bedform and low flow incisement. These

scour components were computed based on procedures previously defined by FCDMC staff.

Riprap protection will be placed at this location based on the total scour depth.

A launchable riprap pad will be incorporated both upstream and downstream of the culvert in lieu

of excavation and placement of riprap to full scour depth. The volume of riprap is calculated

based on the volume of rock required to achieve the calculated scour depth for an 18" thick layer

at a 2: 1 slope. A safety factor of 1.5 is then applied for the launchable pad.

Supporting calculations for the scour analysis and scour protection at the culvert are provided in

Appendix D.
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5.1 Sediment Gradation

The analytical procedures used to estimate scour depths require a characteristic sediment

gradation for the study reach. The characteristic sediment gradation based on a

geotechnical evaluation prepared by Western Technologies for El Mirage Bridge North

(Ref. 13) were defined as DIs = 0.075 mm, Dso = 6.5 mm, and D8s = 55 mm.

5.2 Long Term Degradation

Long-term degradation was computed using the concept of equilibrium slope for the bank

full or dominant discharge. The dominant discharge is defined as that discharge which, if

allowed to flow constantly, would have the same overall channel shaping effect as natural

fluctuating discharges occurring over the long term. The dominant discharge is typically

defined between a 5-year and a 10-year event for ephemeral channels. For the design

reach of the McMicken Dam Outlet Wash, the 10-year event approximates the bank full

discharge for existing conditions. Therefore, the design hydraulic conditions for the 10

year event (2,572 cfs based on the PIS hydrology) was used to evaluate the long-term

degradation response of the McMicken Dam Outlet Wash.

Degradation is generally defined as the vertical lowering of the channel bed over

relatively long distances and periods of time. Such changes can be the result of both

natural and man-induced changes in the watershed.

Long-term degradation occurs in response to an imbalance between the sediment

transport capacity and the sediment supply of the channel. When such imbalances occur,

the channel will naturally adjust its slope to restore equilibrium between the transport

capacity and incoming supply of sediment. The sediment continuity concept is the

primary principle applied in both qualitative and quantitative analysis of long-term

degradation. If the transport capacity of the channel exceeds the sediment supply, the

channel will flatten its slope (degrade).

An equilibrium slope analysis was utilized to estimate the long-term degradation of the

wash from the grade control structure/sediment basin upstream to the new culvert site.

The equilibrium channel slope is defined as the slope at which the channels sediment

transport capacity is equal to the incoming sediment supply. Under this condition, the

channel neither aggrades nor degrades. When the present slope of the channel is greater

WOODIPATEL
WP# 052527.03

16 El Mirage Road - Phase B
Final Drainage Report/or

Beardsley Road (0 Deer Valley Drive



•

•

•

than the equilibrium slope, the channel will degrade in order to reach its equilibrium

slope.

The calculation of the equilibrium slope is accomplished using the definition of a channel

in equilibrium. That is, QS in = QS oul> where Qs in represents the upstream sediment

supply rate into the study reach; which is assumed to be in equilibrium; and, Qs OUI

represents the sediment transport rate out of the study reach.

The analytical procedure begins with a determination of the sediment transport rate into

the study reach. The upstream sediment supply was estimated using an equation

developed by Zeller and Fullerton (1983). The representative channel hydraulic

conditions were deterrillned using Manning's equation based on the HEC-RAS results for

the lO-year event. The channel slope and flow depth were varied until the resulting

sediment transport capacity equaled the incorillng sediment supply for that reach. Once a

slope was identified at which the incorillng sediment supply equaled the sediment load in

the channel reach, this slope was assumed to be the equilibrium slope for that reach.

A spreadsheet was developed to perform these calculations and the summary output is

included in Appendix D. With the downstream sediment basin providing the pivot point,

the river's equilibrium slope was used to deterrillne the long-term degradation depth at

the proposed culvert crossing. The sediment basin is approximately 3600 feet

downstream of the proposed culvert crossing and the difference between existing and

equilibrium slopes (0.00089 ftlft) result in approximately 3.2 feet of potential long-term

degradation.

5.3 Low- Flow Incisement

The relatively large width-depth ratio for the design reach of the McMicken Dam Outlet

Wash requires that consideration be given to the development of low-flow channels.

There are no rigorous methodologies for the prediction of low-flow channel incisement.

A review of existing field conditions and experience from previous projects for sirilllar

washes indicate that a low-flow incisement depth of 1.5 feet is reasonable for design as

agreed upon with the FCDMC.
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5. 4 General Scour

General scour refers to the vertical lowering of the channel bed over relatively short time

periods (i.e. the scour that occurs during a single flood event). In this analysis,

procedures as outlined by the Bureau of Reclamation, Computing Degradation and Local

Scour, Neill Equation (Ref. 1I) was used to quantify general scour. A spreadsheet was

developed to perform these calculations and is included in Appendix D.

•

5.5

5.6

Bed-Form Scour

The bed-form scour component was estimated by calculating both dune and antidune

height. Dune height was calculated using a relationship developed by Allen and antidune

height was calculated using a relationship based on work by Kennedy as documented in

the Design Manual for Engineering Analysis of Fluvial Systems (Ref. l2). The actual

type of bed-form present in the design reach is a function of the flow regime. Since the

flow regime will change with the fluctuating discharges of the flood hydrograph, both

types of bed-forms could be present at different locations within the design reach during

the same flood event. Accordingly, the maximum scour depth calculated for the design

hydraulic conditions was used as the bed-form scour depth for the culvert crossing. A

spreadsheet was developed to perform these calculations and is included in Appendix D.

Local Scour

Local scour at the culvert outlet was analyzed for the portion of the SPF flow conveyed

within the culvert. Scour at the culvert outlet was calculated using FCDMC's Drainage

Design Manual for Maricopa County, Arizona: Volume II (Ref 6). The culvert scour

calculations are documented in Appendix D.

•

5.7 Total Design Scour Depth

A summary of the total design scour depths both upstream and downstream of the

proposed box culvert are summarized in Table 2.
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Table 2 - Total Design Scour Depth

Scour Upstream of Culvert

Long
General Bed-form Low Flow

Total Design
Flood Term Scour Factor Scour
Event Scour

Scour Scour Incisement
Depth of Safety Depth

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

(ft) (ft)

SPF N/A 4.7 0.8 1.5 7.0 1.3 9.1

Scour Downstream of Culvert

Long
General Bed-form Low Flow

Total Design
Flood Term Scour Factor Scour
Event Scour

Scour Scour Incisement
Depth of Safety Depth

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

(ft) (ft)

SPF 3.2 4.7 1.0 1.5 10.4 1.3 13.5
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6.0 MAINTENANCE

Ongoing maintenance of the drainage systems presented in this report is required to preserve the

integrity and purpose of the drainage system. Failure to provide maintenance can prevent the

drainage systems from performing to its intended design purpose and can result in reduced

performance. Maintenance within the public right-of-way is the responsibility of the governing

municipality. A regular maintenance program is required to have drainage systems perform to

the level of protection or services as presented in this report and project's plans and

specifications .
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RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI MirageRd Project Description: Phase B - Bell to Deer Valley

Drainage Point: B Location:

Drainage Basin Data

E Channe1200+25

Water Course Length:

High Elevation:

Average Slope:

880.00 ft

1271.00 ft

0.0131 ft/ft

Basin Area: 4.610 acres

Low Elevation: 1259.50 ft

Roughness, Kb: 0.0709 (B)

•
10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.350

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 25-Year 50-Year lOO-Year

Q (cfs) 4 6 7 10 12 15

C 0.350 0.350 0.350 0.385 0.420 0.438

Tc (min) 13.2 11.6 10.9 9.9 9.4 8.9

i (in/hr) 2.6 3.6 4.3 5.6 6.4 7.4

•
Computed by: JMG, Wood, Pale! & Associates
Tuesday, June 23.2009 10:44.050

Au'hor: Frank M. Koo,l'.E.
Email: gufrank@cl1g5oftwarc<:entc:r.com
URL: hup:/lwww.el1gsoflwarecentercom'ralional.html

File: W:\2005ProjeotsI052527.03 . EI Mirnge Rood Phase 8 ronal DosignlProjcct SupponIHydrolRationoMI Mirage Road.ral

RATIONAL fOR WINDOWS·· Ycr.;;on 1.0 Registered to Wood, Patel && Associ.tcs, Inc
2051 We.' Nonhem Ave, Suite 100. Phoenix. AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: El Mirage Rd

Drainage Point: C

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

SD Inlet 193+60

Water Course Length:

High Elevation:

Average Slope:

3800.00 ft

1284.00 ft

0.0066 ft/ft

Basin Area: 63.200 acres

Low Elevation: 1259.00 ft

Roughness, Kb: 0.0552 (B)

10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.350

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year to-Year 25-Year 50-Year tOO-Year

Q (cfs) 31 46 57 83 107 131

C 0.350 0.350 0.350 0.385 0.420 0.438

Tc (min) 37.8 32.4 29.9 26.9 25.2 23.8

i (in/hr) 1.4 2.1 2.6 3.4 4.0 4.7

•
Compuled by_ JMG, Wood. Patel & Assoc;a'es
Tuesday, June 23, 2009 10:44:05 a

Author. Frank M. Keo, P.e.
Email: gufrank@engsoftwarecenler.com
URL: http://www.engsol\warecenter.com.ralional.hlntl

Fife: W-\200,SProjects\O,52521.03 . EI Mir:lge: Road Phase B final Daign\Project SUppot1\Hydn>\It.3Iional\El Miroge Road.rat

RATIONAL FOR WINDOWS -. Version 1.0 R<&~rered '0 Wood. Patel && Associates, Inc
2051 West Nonhem Ave. Suite 100, Phoenix, AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EJ MirageRd Project Description: Phase B - Bell to Deer Valley

Drainage Point: D Location:

Drainage Basin Data

SD Inlet 189+60

Water Course Length:

High Elevation:

Average Slope:

2200.00 ft

1276.00 ft

0.0077 ft/ft

Basin Area: 31.330 acres

Low Elevation: 1259.00 ft

Roughness, Kb: 0.0594 (B)

•
lO-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.350

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year to-Year 2S~Year 50-Year tOO-Year

Q (cfs) 20 28 35 49 63 77

C 0.350 0.350 0.350 0.385 0.420 0.438

Tc (min) 25.4 22.4 20.8 18.9 17.7 16.7

i (in/hr) 1.9 2.6 3.2 4.1 4.8 5.6

•
Computed by. JMG, Wo~ Patel & Associates
Tuesday, June 23. 2009 10:44:05 a

Author: frank M. Koo. P.E.
Email: gutrMk@cngsoftwarC.Cc:nter.com
URL: hrtp:Jlwww.cngsoftwarc:centcr.com.mtional hLml

Fik: W:\2oo5Projects\052527.03 - EI Mirage Road PhilSe B final Design\Project Support\Hydro\RationaJ\EJ Mirage Road.",

RATIONAL FOR WINDOWS -- Veoion 1.0 Registered '0 Wood, Paid && Associates. Inc
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• RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: . EI Mirage Rd

Drainage Point: C & D

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

Storm Drain Junction

Water Course Length:

High Elevation:

Average Slope:

3800.00 ft

1284.00 ft

0.0066 ftlft

Basin Area: 94.540 acres

Low Elevation: 1259.00 ft

Roughness, Kb: 0.0528 (B)

10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.350

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year to-Year 2S-Year 50-Year tOO-Year

Q (cfs) 47 71 87 126 162 198

C 0.350 0.350 0.350 0.385 0.420 0.438

Tc (min) 36.5 31.4 29.0 26.1 24.5 23.1

i (in/hr) 1.4 2.1 2.6 3.5 4.1 4.8

•
Computed by: }MG. Wood. Patel & Associales
TutSday.lune 23. 2009 10:44:05 a

Author: frank: M. Koo. P.E.
Email: gufrank@tngsoftWllJ.CCtfllcr.com
URL: hup;//www.engsoftwaIcccntcr.com.raltonaJ.html.

File: W:l2oo5Proj<ct,1052527.03 • EI Mirage Road Phase B Final DcsignlProject SupportlHydrolRalionallEJ Mirage Rood.ral
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RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: E1 Location:

Drainage Basin Data

E Channel 176+00

Water Course Length:

High Elevation:

Average Slope:

1870.00 ft

1272.00 ft

0.0064 ftlft

Basin Area: 14.790 acres

Low Elevation: 1260.00 ft

Roughness, Kb: 0.0639 (B)

•
10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.370

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year IO-Year 25-Year 50-Year IOO-Year

Q (cfs) 10 14 17 24 31 38

C 0.370 0.370 0.370 0.407 0.444 0.463

Tc (min) 25.9 22.8 21.1 19.3 18.0 17.0

i (in/br) 1.8 2.6 3.1 4.0 4.8 5.6

•
Computed by: JMG, Wood, P.,c1 & Associates
Tuesday, June 23,2009 10:44:05 a

Author: Frank M. )(00, P.E.
Email: gufrank@engsofiwarecenter.com
URL: hnp:llwww.engsoftwarccentCT.comlrational.hlmJ
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RATIONAL FOR WINDOWS -- Version 1.0 Reg~.ered to Wood, Patel && Associates, Inc
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• RATIONAL FOR WINDOWS

Flood Control District of Maricopa County Rational Method

Project Information

Project Name: El Mirage Rd

Drainage Point: E2

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

E Channel 164+00

Water Course Length:

High Elevation:

Average Slope:

2865.00 ft

1272.00 ft

0.0070 ftlft

Basin Area: 41.850 acres

Low Elevation: 1252.00 ft

Roughness, Kb: 0.0577 (B)

•
10-Year Runoff Coefficient:

IO-Year 6 Hour Rainfall Depth:

0.370

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year lO-Year 2S-Year 50-Year lOO-Year

Q (cfs) 25 37 45 62 82 100

C 0.370 0.370 0.370 0.407 0.444 0.463

Tc (min) 31.1 26.9 25.0 22.9 21.3 20.0

i (in/hr) 1.6 2.4 2.9 3.6 4.4 5.1

•
Compuled by: JMG, Wood, Patd & As=ia'es
Tuesday. June 23, 2009 10:44:05 a

Author: Frank M. Koo l P.E.
Email: gufrank@engsoftwllrccenter.com
URl: http://www.engsofiwarcccnlcr.com.ralionaI.html
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RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Projcct Namc: EI Mirage Rd

Drainage Point: E

Projcct Dcscription:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

E Channel 147+00

Water Course Length:

High Elevation:

Avcrage Slope:

4755.00 ft

1272.00 ft

0.0057 ft/ft

Basin Area: 69.020 acres

Low Elevation: 1245.00 ft

Roughness, Kb: 0.0547 (8)

10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.370

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year lO-Year 2S-Year SO-Year lOO-Year

Q (efs) 30 46 57 83 108 132

C 0.370 0.370 0.370 0.407 0.444 0.463

Te (min) 47.0 39.9 36.8 33.0 30.9 29.1

i (infhr) 1.2 1.8 2.2 3.0 3.5 4.1

•
Computed by: JMG. Wood. Patel & Associates
Tuesday. June 23. 2009 10:44:05 a

Author: Frank M. Koo. P.E.
Email: gufrank@engsoftwarecenter.com
URL: http://w\yw.cngsoftwueccnterconV1'3IionaJ.hnnl
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APPENDIXB

On-Site Hydrology, Hydraulics

and First Flush Calculations



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: El MirageRd Project Description: Phase B - Bell to Deer Valley

Drainage Point: A Location:

Drainage Basin Data

E Channel 201 +50

Water Course Length:

High Elevation:

Average Slope:

900.00 ft

1270.20 ft

0.0 119 ftIft

Basin Area: 2.890 acres

Low Elevation: 1259.50 ft

Roughness, Kb: 0.0371 (A)

lO-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.450

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year IO-Year 25-Year 50-Year IOO-Year

Q (ds) 4 5 7 9 11 14

C 0.450 0.450 0.450 0.495 0.540 0.563

Tc (min) 9.3 8.2 7.6 7.0 6.6 6.3

i (in/hr) 3.0 4.2 5.0 6.3 7.3 8.4

!

I.

Computed by: JMG. Wood, Patel & Associates
Tuesday. June 23, 2009 10:44:05 a

AUlhor: Frank M. Koo. P.E.
Email: gufrank@engsoftwarecenlcr.com
URL: htlp:II\VMv.engsoftwarcccnler.comlrlltton31.hlml
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• RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: F1

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

M Channel 200+50

Water Course Length:

High Elevation:

Average Slope:

900.00 ft

1265.00 ft

0.0078 ftlft

Basin Area: 1.414 acres

Low Elevation: 1258.00 ft

Roughness, Kb: 0.0391 (A)

•
10-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.625

2.08 inches

Hydrological Summary Table

Parameter 2-¥ear 5-¥ear lO-¥ear 25-Year 50-Year IOO-¥ear

Q (cfs) 2 3 4 6 7 9

C 0.625 0.625 0.625 0.688 0.750 0.781

Tc (min) 11.2 9.9 9.2 8.4 8.0 7.6

i (in/hr) 2.8 3.9 4.7 5.9 6.8 7.9

•
Computed by: JMG. Wood, Patel & Associatcs
Tue>day, lune 23. 2009 10:44:05 a

AUlhor. Frilnk M. KOD, P.E.
Email: gufr3l\k@cngsofiwarccent(.r.com
URL: hup:llwww,cngsoftwarecenter.tom'rationaLhtml
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• RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EIMirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: F2 Location:

Drainage Basin Data

M Channel 200+70

Water Course Length:

High Elevation:

Average Slope:

890.00 ft

1270.00 ft

0.0135 ft/ft

Basin Area: 0.866 acres

Low Elevation: 1258.00 ft

Roughness, Kb: 0.0404 (A)

•
10-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.411

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year to-Year 2S-Year SO-Year tOO-Year

Q (cfs) 1 2 2 2 3 4

C 0.411 0.411 0.411 0.452 0.493 0.514

Tc (min) 9.2 8.2 7.6 7.0 6.6 6.3

i (inlhr) 3.0 4.2 5.0 6.3 7.3 8.4

•
Computed by. JMG, Wood. Patel & Associ3les
Tuesday. June 23. 1009 10:44:05 a

Author Fr:lJlk M. Koo. P.E.
Email: gufrank@engsoftwMt:center.com
URL: Nlp:!lwww.engsoftwarccenter.com.rationalhtmJ
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RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: £1 Mirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: F Location:

Drainage Basin Data

M Grate 200+60

Water Course Length:

High Elevation:

Average Slope:

855.00 ft

1270.20 ft

0.0125 ft/ft

Basin Area: 2.280 acres

Low Elevation: 1259.50 ft

Roughness, Kb: 0.0378 (A)

10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.555

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 25-Year 50-Year lOO-Year

Q (efs) 4 5 6 9 11 13

C 0.555 0.555 0.555 0.611 0.666 0.694

Tc (min) 8.9 7.9 7.3 6.7 6.4 6.1

i (in/hr) 3.1 4.3 5.1 6.4 7.4 8.5

•
Computed by: JMG, Wood, Patel & As,cciate,
Tuesday, June 23. 2009 10:44:05 a

Author: l;rank M Koo. P.E.
Email: gufTank@t:ngsoftwaTccenter.com
URL http://www.t:ngsoftwareccntcrcom'ralionaf.hlml
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RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: GI

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

M Channel 181+65

Water Course Length:

High Elevation:

Average Slope:

1013.00 ft

1265.29 ft

0.0052 ft/ft

Basin Area: 1.630 acres

Low Elevation: 1260.00 ft

Roughness, Kb: 0.0387 (A)

•
10-Year Runoff Coefficient:

IO-Year 6 Hour Rainfall Depth:

0.625

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year to-Year 2S-Year 50-Year IOO-Year

Q (cfs) 3 4 4 6 8 9

C 0.625 0.625 0.625 0.688 0.750 0.781

Tc (min) 13.9 12.2 11.4 lOA 9.8 9.3

i (in/hr) 2.5 3.5 4.3 5.5 6.3 7.3

•
Computed by: JMG, Wood. Patel & Associates
Tuesday, June 23, 2009 10:44:05 a

Author: Frank M. Koo, P.E.
Email: gufrank@engsoftwarecenler.com
URL: http://www.engsoftwarecenter.comlrtltiooOllhlmi
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RATlONAL FOR WINDOWS - Version 1.0 Registered to Wood. Patel && Assoeiates, Inc
2051 West Northern Ave, SuilC 100, PhocniJC, AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: G

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

M Grate 147+90

Water Course Length:

High Elevation:

Average Slope:

4390.00 ft

1265.29 ft

0.0055 ftlft

Basin Area: 4.580 acres

Low Elevation: 1241.15 ft

Roughness, Kb: 0.0359 (A)

•
to-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.450

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year IO-Year 25-Year 50-Year IOO-Year

Q (cfs) 3 5 6 8 11 13

C 0.450 0.450 0.450 0.495 0.540 0.563

Tc (min) 32.9 28.4 26.3 24.1 22.4 21.1

i (in/hr) 1.6 2.3 2.8 3.5 4.3 5.0

•
Computed by; JMG, Wood, Pmd & Associates
Tuesday. June 23, 2009 10:44:05 a

Author: Frank M. Koo, P.E.
Email gu&anl.:@cngsoftwarecentcr.rom
URL: hUp:lJwww.engsoftwart:ccntcr.com.ralion3.l.html

Fife: W:\2005Projecl$\0.12527.03 . £1 Mirage Road Phase B Final Dt:sign\Projc:cl SuppOrt\Hydto\R.alionaI\EI Mirage Road.tat

RATrONAL FOR WINDOWS - Version 1.0 Registered to Wood. Patel && Associates, rnt:
2051 West Northern AVl!, Suite 100, Phoc:nix~ AZ 8502)



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: E1 Mirage Rd

Drainage Point: E & G

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

E Channel 144+60

Water Course Length:

High Elevation:

Average Slope:

4755.00 ft

1272.00 ft

0.0057 ftift

Basin Area: 73.600 acres

Low Elevation: 1245.00 ft

Roughness, Kb: 0.0543 (B)

•
10-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.377

2.08 inches

Hydrological Summary Table

Parameter 2-Year S-Year to-Year 2S-Year 50-Year tOO-Year

Q (cfs) 33 50 62 91 118 144

C 0.377 0.377 0.377 0.415 0.452 0.471

Tc (min) 46.8 39.7 36.6 32.9 30.7 29.0

i (in/hr) 1.2 1.8 2.2 3.0 3.6 4.1

•
Compuled by: lMG, Wood, Patd & Associ.l<s
Tu<sday. lUll<: 23,2009 10:44:05 a

Author: Frank M. Koo. P.E.
Email: gulTank@engsortw:JJ.ccentcr.com
URL. hftp l/\Vw\V.engsofiwarecetlter.comlnl.rion;)Lht~

File: W:\200SProj«ls\OS2527.03 - EI Mirnge Rood Phose B final DesignIProje<:t SupponlHydroIRa'ional\E1 Mirage Roadrat

RATIONAL FOR WINDOWS .. Vmion 1.0 Regist<T<d to Wood, Palel && Associ.t... Inc
2051 West Northern Ave. Suite 100. Plx>cTIix. AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd Project Description: Phase B • Bell to Deer Valley

Drainage Point: H Location:

Drainage Basin Data

M Channel 144+40

Water Course Length:

High Elevation:

Average Slope:

350.00 ft

1240.98 ft

0.0042 ftlft

Basin Area: 0.462 acres

Low Elevation: 1239.50 ft

Roughness, Kb: 0.0421 (A)

•
10-Year Runoff Coefficient:

to-Year 6 Hour Rainfall Depth:

0.622

2.08 inches

Hydrological Summary Table

Parameter 2~Year 5-Year lO-Year 25-Year 50-Year lOO-Year

Q (cfs) 1 1 2 2 3 3

C 0.622 0.622 0.622 0.684 0.746 0.778

Tc (min) 8.4 7.4 6.9 6.3 6.0 5.7

i (in/hr) 3.2 4.4 5.3 6.5 7.5 8.7

•
Computed by: JMG. wood. P.tel & Associates
Tuesd.y. June 23, 2009 10.44:05 a

Author: Frank M Koo, P.E.
Email.gu&allk@en~softwarccen(er.com

URL: http://www.engsoftwarecentercom/rationalhtml

File: W \2005ProjCCls\o52527.03 - EI Mir.ge Road Phase B Final D<:signlProject Support\Hydro\R.tiono~EI Mirage Road.rat

RATIONAL FOR WlNDOWS - Version 1,0 Registered 10 Wood, 'Patel && Associates. Inc
1051 West Northern Ave, Suite 100. PhoeniJ(, AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: El Mirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: 11 Location:

Drainage Basin Data

W Channel 206+50

Water Course Length:

High Elevation:

Average Slope:

280.00 ft

1270.00 ft

0.0071 ftlft

Basin Area: 0.380 acres

Low Elevation: 1268.00 ft

Roughness, Kb: 0.0426 (A)

•
10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.580

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 25-Year 50-Year tOO-Year

Q (cfs) 1 1 1 2 2 2

C 0.580 0.580 0.580 0.638 0.696 0.725

Tc (min) 6.1 5.4 5.0 5.0 5.0 5.0

i (in/hr) 3.6 4.9 5.9 7.0 8.0 9.1

•
Computed by: ]MOl Wood, Patel & Associates
Tuesday. June 23.2009 10:44:05 a

Author: Frank M. Koo. P.E.
Email: gufrank@c:ngsoftwarcccnlcr.com
URL: hupd/w\Vw.engsofiwarctemer,comlrational.htrnl

File: W:12005ProjeclsIOS2527.03· EI Mirage Road Phase B Finol Design\Project SupportlHydrolRaliona~EIMirage Road.rat

RATIONAL fOR WINDOWS - Version 1.0 Registered 10 Wood. Patel && Associates. Inc
2051 West Nonhero Ave. Suire 100, Phoenix, A7.. 85021



• RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rationa) Method

Project Information

Project Name: E1 Mirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: I Location:

Drainage Basin Data

W Channel 200+70

Water Course Length:

High Elevation:

Average Slope:

750.00 ft

1270.00 ft

0.0160 ftlft

Basin Area: 1.610 acres

Low Elevation: 1258.00 ft

Roughness, Kb: 0.0387 (A)

•
10-Year Runoff Coefficient:

IO-Year 6 Hour Rainfall Depth:

0.580

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year to-Year 25-Year 50-Year tOO-Year

Q (cfs) 3 4 5 7 9 10

C 0.580 0.580 0.580 0.638 0.696 0.725

Tc (min) 7.6 6.8 6.3 5.8 5.5 5.2

i (in/hr) 3.3 4.5 5.4 6.7 7.8 8.9

•
Computed by: JMG, WClod. Patel & Associates
Tuesday. June 23. 2009 10:44:05 a

Author. Frank M. Koo. P.E
Email: gufrank@engsoftw3.rcccnlcr.com
URL: http://www.c:ngsoftw:m:ccntcr.comfrationalhtml

Fi.'<: W:\2005P,oj«,s\o52527.03 - El MiJ~8e Road Phose 8 Fin,l ~;gn\P'Oj<CI Support\HydrolRational\El Mirage Road. rot

RATfONAL FOR WINDOWS - Y=ion 1.0 RegistCTCd 10 Wood. Patd && Associates. fne
2051 West Nonhero Ave, Suite 100, Phoenix, AZ 85021



RATIONAL FOR WINnOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: J

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

W Channel 200+50

Water Course Length:

High Elevation:

Average Slope:

460.00 ft

1262.50 ft

0.0120 ft/ft

Basin Area: 1.120 acres

Low Elevation: 1257.00 ft

Roughness, Kb: 0.0397 (A)

10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.560

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 25-Year 50-Year lOo-Year

Q (cfs) 2 3 4 5 6 7

C 0.560 0.560 0.560 0.616 0.672 0.700

Tc (min) 6.5 5.7 5.4 5.0 5.0 5.0

i (in/hr) 3.5 4.8 5.8 7.0 8.0 9.1

•
Computed by: !MG. Wood, Patel & Associates
Tuesday, Jone 23, :2009 10:44:05 a

Author: ffilnk M. Koo, P.E
Email: &!Jrrank@engsoftwarccenter.com
URL: h.tpJlwww.cngsoftwarccentc:r.com.nnional.htmJ

File: W:\200SProjccts\OS2527.03 ~ Et Mirage Road Phase B Final Dcsign\Project Support\Hydro\R.atioflOl\El Mimge Road,rat

RATIONAl FOR WINDOWS - Vet,;on 1.0 Registered to Wood. Patel && Associates, Inc
2051 West Northern Ave, Su;te 100, Phoenix, AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd Project Description: Phase B - Bell to Deer Valley

Drainage Point: K Location:

Drainage Basin Data

W Channel 193+00

Water Course Length:

High Elevation:

Average Slope:

245.00 ft

1265.00 ft

0.0327 ftlft

Basin Area: 0.680 acres

Low Elevation: 1257.00 ft

Roughness, Kb: 0.0410 (A)

•
10-Year Runoff Coefficient:

10-Year 6 Hour Rainfall Depth:

0.620

2.08 inches

Hydrological Summary Table

Parameter 2~Year 5-Year lO-Year 25-Year 50-Year lOO-Year

Q (cfs) 2 2 3 3 4 5

C 0.620 0.620 0.620 0.682 0.744 0.775

Tc (min) 5.0 5.0 5.0 5.0 5.0 5.0

i (in/hr) 3.8 5.1 5.9 7.0 8.0 9.1

•
Computed by. JMG, Wood, Patel & Associates
Tuesday. June 23, 2009 10:44:05 a

Author: Frank M. Koo, P.E.
Email: gllrratlk@engsoftwarecentcr.com
URL: hup:llwww.cngsoftw3feccnter.comlrationalhlml

File: W;\2005Projects\OS2527.0J - EI Mirage Road Phase 9 Final Design\Projetl Support\Hydro\R3tionaJ\El Mirage Road.rat

RATIONAL FOR WlNDOWS - Versioo 1.0 Registered to Wood, Patel &.&. Associates, foe
2051 West Northern Ave, Suile 100, Phccnix, AZ 8~21



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: L

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

W Channel 189+50

Water Course Length:

High Elevation:

Average Slope:

450.00 it

1262.00 ft

0.0111 ftlft

Basin Area: 0.835 acres

Low Elevation: 1257.00 ft

Roughness, Kb: 0.0405 (A)

•
lO-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.640

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year to-Year 25-Year 50-Year tOO-Year

Q (cfs) 2 3 3 4 5 6

C 0.640 0.640 0.640 0.704 0.768 0.800

Tc (min) 6.6 5.9 5.5 5.1 5.0 5.0

i (in/hr) 3.5 4.8 5.7 7.0 8.0 9.1

•
Computed by. JMG, wood, Patel & Associates
Tuesday. June 23, 2009 10:44:0S a

Author: Frank M. Koo, P.E.
Email: gufrank@engsofiwll1cccnter.com
VRL: hup:/lwww.engsoftwarcccntcr.com/rational hrml

Fi1c: W·l2ooSProjectsIOS2S27.03 • E1 Mirage Rood Phase B Fin,l DcsignlProjcet Suppon\llydro\Ration.~EIMirage Rood.,ot

RATIONAL FOR WINDOWS .. Version 1.0 Regist...cd 10 Wood. P,«I&& Aswciares, lnc
20S1 W",t Northcnt Ave. Sui,e 100, Phoenix. AZ 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: El MirageRd Project Description: Phase B - Bell to Deer Valley

Drainage Point: Ml Location:

Drainage Basin Data

W Channel 178+00

Water Course Length:

High Elevation:

Average Slope:

950.00 ft

1262.00 ft

0.0061 ftlft

Basin Area: 1.380 acres

Low Elevation: 1256.25 ft

Roughness, Kb: 0.0391 (A)

•
10-Year Runoff Coefficient:

IO-Year 6 Hour Rainfall Depth:

0.640

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year 10~Year 25-Year 50-Year tOO-Year

Q (cfs) 2 3 4 5 7 8

C 0.640 0.640 0.640 0.704 0.768 0.800

Tc (min) 12.7 11.2 10.4 9.5 9.0 8.5

i (in/hr) 2.6 3.7 4.4 5.6 6.5 7.5

•
Compured by: JMG. Wood, Patel & AS50ci~tes

Tucsday. June 23, 2009 10:44:05 a

Author. Frank: M. Koo. P.E.
Email: gufrank@engsofiwaree:enter.c:om
URL: http://www.e:ngsoftwarcc:cntcr.com.raIKmal.hlml

File: W:U005Projects\052527.03 . EJ Mirage Road Pll:lse B Final Design\Project Support\Hydro\Ralional\El Mimgc Road.rat

RATIONAL FOR WINDOWS - Version 1.0 Registered to Wood. Patel &&. Associates, Inc
2051 West Northern Ave, Suite 100, Phoenix. A:z. 85021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage Point: M2

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

W Channel 164+00

Water Course Length:

High Elevation:

Average Slope:

2170.00 ft

1262.00 ft

0.0067 ftJft

Basin Area: 3.240 acres

Low Elevation: 1247.50 ft

Roughness, Kb: 0.0368 (A)

•
lO-Year Runoff Coefficient:

lO-Year 6 Hour Rainfall Depth:

0.630

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 25-Year 50-Year lOo-Year

Q (cfs) 4 6 7 10 13 16

C 0.630 0.630 0.630 0.693 0.756 0.788

Tc (min) 19.6 17.2 16.0 14.5 13.7 12.9

i (in/br) 2.1 3.0 3.6 4.7 5.4 6.3

•
Computed by: ./MG. Wood, POle! & Associatcs
Tuesday, June 23,2009 10:44:05 a

AUloor: Frank M. Koo. P.E.
Email gufrank@engsoftwarecenter.com
UJlL: 'nllpJ/www.engsofiwarecenlcr.cotnlnltlonal.html

File: W:I2005ProjeclS\052S27.03 • EI Mirage Road Phase B Final DesignlProjeel Support\Hydro\R3Iiona~EIMomse Road.rat

RATIONAL FOR WINDOWS _. Version 1.0 Registered to Wood. Patel &&. Associatcs, Inc
20S1 W~l Nonbem Ave. Suite 100, Phoenix, AZ gS021



RATIONAL FOR WINDOWS
Flood Control District of Maricopa County Rational Method

Project Information

Project Name: EI Mirage Rd

Drainage PoInt: M

Project Description:

Location:

Drainage Basin Data

Phase B - Bell to Deer Valley

W Channel 144+60

Water Course Length:

High ElevatIon:

Average Slope:

4150.00 ft

1262.00 ft

0.0063 Nft

Basin Area: 6.440 acres

Low Elevation: 1236.00 ft

Roughness, Kb: 0.0349 (A)

•
10-Year Runoff Coefficient:

to-Year 6 Hour RaInfall Depth:

0.620

2.08 inches

Hydrological Summary Table

Parameter 2-Year 5-Year lO-Year 2S-Year 50-Year lOO-Year

Q (cfs) 7 10 12 17 22 26

C 0.620 0.620 0.620 0.682 0.744 0.775

Tc (min) 29.4 25.5 23.7 21.7 20.2 19.0

j (in/hr) 1.7 2.5 3.0 3.8 4.5 5.3

•
Compuled by, JMG. Wood, Pale! & Associates
Tuesday. June 23. 2009 10:44:05 a

Author: Frank M. Koo. P.E.
Email: gufrank@cngsoftwarecentcr.com
URL: htt.t.:lIwww.cngsoftware:cenlcr.com.ralional.hlml

File: W:\200SPl'Ojc,ts\052527.03 - EJ Mirage Road Phase B Final Design\Project Support\Hydro\Rational'l£1 Mirage Road.rat

RATIONAL FOR WINOOWS -- Venion 1.0 Registered to Wood. Patel &8l. Associmes,/ne
20S I West Northern Ave, Suite 100, Phoenix, AZ 85021
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•

•

CATCH BASIN HYDRAULICS



• Weir/Orifice Flow Capacities of Single Grate Inlet

Project: EJ Mirage Road, Median Catch Basins
Date 04/22/09-Weir EQ. Qj =CwPd1

.
5 (Ct) Orifice EQ. q =CcA(2gd)o.5(Cf)

Where: Cw =3.0, Co =0.67, and Ct =clogging factor =0.5

Single Grate (ADOT C-15.80) • 3'X2' Grate
P = 10.00 ft P =Perimeter of Catchbasin
A = 4.90 sq.ft. A = Total area of grate minus

Weir Orifice area of longitudinal & lateral bars
Depth (ft) 01 (cfs) Oi (cfs)

0.00 0.00 0.00
0.05 0.17 2.95

Single Grate Inlet0:10 0.47 4.17
0.15 0.87 5.10
0.20 1.34 5.89
0.25 1.88 6.59 45
0.30 2.46 7.22
0.35 3.11 7.79
0.40 3.79 8.33 40
0.45 4.53 8.84• 0.50 5.30 9.31
0.55 6.12 9.77

35
0.60 6.97 10.20
0.65 7.86 10.62
0.70 8.78 11.02
0.75 9.74 11.41 30

0.80 10.73 11.78
0.85 11.75 12.14
0.90 12.81 12.50 f25
0.95 13.89 12.84
1.00 15.00 13.17 a

3:
1.05 16.14 13.50 ~20
1.10 17.31 13.82
1.:1.5----~0--

1.20 19.72 14.43
1.25 20.96 14.73 15

1.30 22.23 15.02
1.35 23.53 15.31
1.40 24.85 15.59 10
1.45 26.19 15.86
1.50 27.56 16.13
1.55 28.95 16.40 5
1.60 30.36 16.66
1.65 31.79 16.92
1.70 33.25 17.18
1.75 34.73 17.43
1.80 36.22 17.67 0 0.1 0.3 0.4 0.6 0.7 0.9 1.0 1.2 1.3 1.5 1.6 1.8

Flow Depth (ft)
1.85 37.74 17.92

]-WierFlow -+-Orifice FlowI1.90 39.28 18.16

•



•

•

•

STORMCAD OUTPUT

AND INLET CALCULATIONS



•

•

•

Scenario: 100-year SO, 10-year Wash

0-1 P-3 J-2

Outlet into McMicken Wash Box Culvert

EL Mirage Road Offsite Storm Drain System

Title: EI Mirage Road
el mirage rd offsite storm drain (box culvert).stm Wood Patel and Assoc
06/22109 08:10:39 mBentJey Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA

1-2

1-1

J-1

Project Engineer: jtaillon
StormCAD v5.6 [05.06.012.00)

+1-203-755--1666 Page 1 of1



e e
Scenario: 100-year SO, 1O-year Wash

Pipe Report

•
Label UpstrealT Jownstrearr Total Length ponstructec Section Manning! Full ~pstrearrpownstrean ~pstrealTJownstrean Upstrearr pownstrearr Hydraulic Hydraulic Velocity Velocity

Node Node System (ft) Slope Size n Capacity Invert Invert Ground Ground Cover Cover Grade Grade In Out
Flow (ftlft) (crs) Elevation Elevation Elevation Elevation (ft) (ft) Line In Line Out (ftls) (ftls)
(cfs) (ft) (ft) (ft) (ft) (ft) (ft)

P-5 1-1 J-1 77.00 g.OO 0.011111 48 inch 0.013 151.41 1,255.00 1,254.90 1.261.60 1,263.68 2.60 4.78 1,261.13 1.261.10 6.13 6.13
P-1 J-1 1-2 77.00 427.00 0.003981 48 inch 0.013 90.63 1,254.80 1,253.10 1,263.68 1,263.08 4.88 5.98 1,260.64 1.259.41 6.13 6.13

P-2 1-2 J-2 198.00 501.00 0.003992 60 inch 0.013 164.54 1,252.10 1,250.10 1,263.08 1,260.50 5.98 5.40 1,258.15 1,255.25 10.08 10.08
P-3 J-2 0-1 198.00 145.00 0.003448 60 inch 0.013 152.93 1,250.00 1,249.50 1.260.50 1,258.50 5.50 4.00 1.254.76 1,253.52 10.27 11.71

Title: EI Mirage Road
el mirage rd offsite storm drain (box culvert).stm Wood Patel and Assoc

06/22/09 08:11 :17 PM © Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666

Project Engineer: jtaillon
StormCAD v5.6 [05.06.012.00]

Page 1 of 1
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e e e
Profile

Scenario: 100-year SO, 10-year Wash

Profile: Upstream Inlet

Elevation (ft)
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@ S = 0.011111 ftlft

Station (ft)
Title: EI Mirage Road
el mirage rd offsite storm drain (box culvert),stm Wood Patel and Assoc
06/22109 08:12:59 PM © Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666

Project Engineer: jtaillon
StormCAD v5.6 [05.06.012.00]
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•
Wood/Patel EI Mirage Road - Phase B

Bell Road to Deer Valley Drive
Project No. TI103 TI104

6/20/2009

•

•

Offslte Storm Drain Inlets at EI Mirage Road

Inlet C - Junction Structure/Inlet
Offsite 0 100 131 cfs

Rim 1259.5
SO Tailwater (a) 1259.4
Head Required at Inlet (D) 2.10 ft
Highwater Elev at Grate ~~~"'6l.~.~j

Inlet 0 - Drop Inlet
Offsite 0 100 77 cfs

Rim 1260.33
SO Tailwater (a) ~1Iil~~~
Head Required at Inlet (b) 1.00 ft
Hiahwater Elev at Inlet 1261.33

Notes:
(a) - HGL elevation from Storm CAD Model
(b) - Flow Capacities from Inlet Spreadsheets

\lServerlw-drive\2005Projects\052527.03 - EI Mirage Road Phase B Final DesignlProject Support\HydrolSpreadsheets\Grate Calc - Stonn Drain
Inlets.xls



Wood/Patel EI Mirage Road - Phase B
Bell Road to Deer Valley Drive

Project No. TT103 TI104

6120/2009

Weir/Orifice Flow Capacities at Junction Structure Grate Inlet

Project:
Date

EI Mirage Road
06/20/09

Where: Cw =3.0, Co =0.67, and C, =clogging factor = 0.5

Junction Structure
P = 29.18 ft
A = 54.74 sq.ft.

Weir Orifice
Depth (ft) QJ (cis) Qi (cis)

where.
P =Perimeter of Catchbasin

A =Total area of grate minus
area of longitud inal & lateral bars

•

0.00 0.00 0.00
0.10 1.38 46.54 Junction Structure Grate Inlet
0.20 3.91 65.81
0.30 7.19 80.60
0.40 11.07 93.07 250.00

0.50 15.48 104.06
0.60 20.34 113.99 200.00
0.70 25.63 123.12
0.80 31.32 131.62
0.90 37.37 139.61 i 150.00
1.00 43.77 147.16
1.10 50.50 154.34 a
1.20 57.54 161.21 ~ 100.00
1.30 64.88 167.79 u::
1.40 72.51 174.12
1.50 80.41 180.23 50.00

1.60 88.58 186.15
1.70 97.02 191.87
1.80 105.70 197.44 0.00

1.90 114.63 202.85 0.00 0.50 1.00 1.50 2.00 2.50

2.00 123.80 208.12 Flow Depth (ft)
2.10 133.20 213.26
2.20 142.83 218.27 I--Wier Flow -+-Orifice Flow I

1IServerlw-r!ri,·eI1005Proj.cISIOJ2J27.03 - EI Mirage Road Phase B Finnl DesignIProjec/ Suppor/lHydrolSpreadsheelS\Gra/e Calc- Storm DraIn [nlelS.xu
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WoodfPatel EI Mirage Road - Phase B

Bell Road to Deer Valley Drive
Project No. TT103 TT104

6120/2009

Weir/Orifice Flow Capacities at Drop Inlet

Project: EI Mirage Road
Date 06/20109

Where: Cw :;; 3.0, Co =0.67, and Cf = clogging factor = 0 (Drop inlet WIO Grate)

Junction Structure where.

p= 25.74 ft P =Perimeter of Catchbasin

A= 34.61 sq.ft. A =Total area of opening

Weir Orifice area of longitUdinal & lateral bars

Depth (ft) Qi (ets) Qi (ds)

0.00 0.00 0.00
0.05 0.86 41.61 Drop Inlet With Handrails
0.10 2.44 58.85
0.15 4.49 72.07 250.00
0.20 6.91 83.22
0.25 9.65 93.04
0.30 12.69 101.92 200.00

i 0.35 15.99 110.09
I 0.40 19.54 117.69

• 0.45 23.31 124.83 i 150.00
0.50 27.30 131.58 a
0.55 31.50 138.01

~ 100.00I 0.60 35.89 144.14I u::, 0.65 40.47 150.03
0.70 45.22 155.69 50.00
0.75 50.16 161.16
0.80 55.25 166.44
0.85 60.51 171.57 0.00
0.90 65.93 176.54 0.00 0.50 1.00 1.50 2.00 2.50
0.95 71.50 181.38

Flow Depth (ft)
1.00 77.22 186.09
1.05 83.08 190.68 ' ......Wier Flow -<>-Orifice Flowl
1.10 89.09 195.17

•
IlServerh,,(/rive\2005ProjeclS\052527.03 - EIMirage Road Phase B Fblal DesignlProjecl SupportlHydrolSpreadsheetslGrat< Colc - Storm Drain Inlels.xu
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STREET CAPACITY CALCULATIONS



• Street Capacity Computations 6" Vertical Curb with Dry Lane

Description: Calculation of 10-Year Street Flow Conveyance Capacity for EI Mirage Road S8 at 206+50
Maintains one 12' lane and 2' shoulder dry

References:

Date:

Federal Highway Administration, Hydraulic Engineering Circular No. 22,
"Drainage of Highway Pavements", November 1996

07/06/09

Known Values:
Depth of Flow =

Cross Slope =

Street Width (F/C to F/C) =
Manning's On" Value=

035 ft

0.02 "I"

63 ft

0.015

Calculated Values:
Referenced Equations:

Q = 0.56 • (s,.,.67). (So.") • (T2-67) I n for now below crown (FHWA Procedure)

Q = 1.486 • A • (Ru,,,) • (Su.) I n for flow above crown (Manning's equation)

where Q = now rate, cfs

S, =cross slope, ftlft

S =longitudinal slope. ftllt

T = width of tlcw, It

A = conveyance area. sq It

R =hydraulic radius. ft

fps

LongitUdinal Conveyance Velocity

Slope Area

ft/ft sq ft

Full Street 1/2 Street 1/2 Street

Flow Capacity(f) Flow Without Flow with

cfs Overtopping, cfs (1}IZ) Overtopping, cfs (1}(3)

W:\200SProjeds\OS2527.03 - EI Mirage Road Ptlase B Fin;!! Oesign\ProJact Suppor1U-lydro\Spte.xlsheets'lStreet Capacity Cales

Notes:

1.) Street now capacity does not include local guller depression effecl.
2.) Half-street flow capacity is limited to the lower or Ihe crown elevation or top of curb elevation.

3.) Includes flows above the crown elevation up to the specified flow depth elevation.

i
i
i
i
j

i
I•I
I
I
I
f

0.0150 6.13

0.0155 6.13

0.0160 6.13

0.0165 6.13

~::~~~~@}.tQ~~%~t.~l 6.13
0.0175 6.13

0.0180 6.13

0.0185 6.13

0.0190 6.13

0.0195 6.13

0.0200 6.13

0.0205 6.13

0.0210 6.13

0,0215 6.13

0.0220 6.13

0.0225 6.13

0.0230 6.13

0.0235 6.13

0.0240 6.13

0.0245 6.13

0.0250 6.13

0.0255 6.13

0.0260 6.13

0.0265 6.13

0.0270 6.13

0.0275 6.13

0.0280 6.13

0.0285 6.13

0.0290 6.13
0.0295 6.13

4.53

4.60

4.67

4.75

4.82

4.89

4.96

5.03

5.09

5.16

5.23

5.29

5.36

5.42

5.48
5.54

5.60

5.66

5.72

5.78

5.84
5.90

5.96

6.02

6.07

6.13

6.18

6.24

6.29
6.35

28 14 14

28 14 14

29 14 14

29 15 15

30 7-!':·;:'i~l·i!::~fu.~§:t."~:·';;~(~'-,:: 15
30 15 15

30 15 15

31 15 15

31 16 16

32 16 16

32 16 16

32 16 16

33 16 16

33 17 17

34 17 17

34 17 17

34 17 17

35 17 17

35 18 18

35 18 18

36 18 18

36 18 18

36 18 18

37 18 18

37 19 19

38 19 19

38 19 19

38 19 19

39 19 19
39 19 19

WOOD. PATEL ASSOCIATES. INC.. 512005



• Street Capacity Computations 6" Vertical Curb without Overtopping

Description: Calculation of 1OO-Year Street Flow Conveyance Capacity for EI Mirage Road S8 at 206+50
Maintains maximum flow depth at 6" for arterial roadway

References:

Date:

Federal Highway Administration, Hydraulic Engineering Circular No. 22,

"Drainage of Highway Pavements", November 1996

07/06/09

Known Values:
Depth of Flow =

Cross Slope =

Street Width (FIG to F/C) =
Manning's "n" Value=

Calculated Values:
Referenced Equations:

0.50 ft

0.02 "I"

63 ft

0.015

Q = 0.56 • (Sx1.•7) • (S°") • (T".') I n for flow below crown (FHWA Procedure)

Q = 1.486 • A • (Ru,,,) • (SU") I n for flow above crown (Manning's equation)

where Q = flow rate, cfs T =width of flow, ft

Sx = cross slope, ftlfl A = conveyance area, sq t!

S = longitudinal slope, flit! R " hydraulic radius, fl

Longitudinal Conveyance Velocity Fu// Street 1/2 Street 1/2 Street

Slope Area Flow Capacity"} Flow Without Flow with

ft/ft sq ft fps cfs OvertoppIng, cfs (1)(2) OvertoppIng, cfs (1)(3)

• 0.0150 12.50 5.75 72 36 36
0.0155 12.50 5.84 73 37 37

0.0160 12.50 5.94 74 37 37
0.0165 12.50 6.03 75 38 38

i:'t.:},~O;~!jP;:'>:.·:~: 12.50 8.12 78 :',>;:'il:B.':' . ','- 38
0.0175 12.50 6.21 78 39 39

0.0180 12.50 6.30 79 39 39

0.0185 12.50 6.38 80 40 40

0.0190 12.50 6.47 81 40 40

0.0195 12.50 6.55 82 41 41
0.0200 12.50 6.64 83 41 41

0.0205 12.50 6.72 84 42 42

0.0210 12.50 6.80 65 43 43
0.0215 12.50 6.88 86 43 43
0.0220 12.50 6.96 87 44 44
0.0225 12.50 7.04 88 44 44
0.0230 12.50 7.12 89 44 44
0.0235 12.50 7.19 90 45 45
0.0240 12.50 7.27 91 45 45
0.0245 12.50 7.35 92 46 46

0.0250 12.50 7.42 93 46 46
0.0255 12.50 7.49 94 47 47
0.0260 12.50 7.57 95 47 47
0.0265 12.50 7.64 95 48 48
0.0270 12.50 7.71 96 48 48
0.0275 12.50 7.78 97 49 49
0.0280 12.50 7.85 96 49 49

0.0285 12.50 7.92 99 50 50
0.0290 12.50 7.99 100 50 50
0.0295 12.50 8.06 101 50 50

•
Notes:

1.) Stneet flow capacity does not include local gutter depression effect.
2.) Half-street flow capacly is Ijm~ed to the lower of the crown elevation or top of curb elevation.

3.) Includes flows aboue the crown elevation up to the specified now depth elevation.

W:\200SProjet1s\052527.0J - EI Mlritge Road Phase 8 An"l Oeslgrt\ProJectSVppor1\Hyclro\SpmadSheets\Street Capac~CilrC$ WOOD. PATEL ASSOCIATES. INC.• 512005
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FIRST FLUSH CALCULATIONS



•

Wood/Palel 8 Mirage Road ·Phase B. Bell Road to Deer Valley Drive
First Flush Retention Calculations

7/1612009

w tChes anne
CL Station ADOT detail Channel Slope Weir Depth Backwater BollomWidlh Left Side siopel Right Side Slope Area at Weir Area Midway Area End Drainage Area Roadway Width Spacing Volume Required Volume Provided

Dam location fVft It It It ftJft fUn sf sf sf sf It It cf cf
144+51 C03.10 0.0062 1.0 161 0 4 4 4.00 I 1.00 0 5161 31.5 164 215 215
146+15 c.03.10 0.0062 1.0 161 0 4 4 4.00 1.00 0 5.161 31.5 164 21' 21'
147+79 C03.10 0.0062 1.0 161 0 4 4 4.00 1.00 0 5,161 31.5 164 215 215
149+43 C-03.10 0.0062 1.0 161 0 4 4 4.00 1.00 0 5,161 31.5 164 215 215
151+06 C-03.l0 0.0062 1.0 161 0 4 4 4.00 1.00 0 5.161 31.5 164 215 215
152.70 C-03.10 0.0062 1.0 161 0 4 4 4.00 1.00 0 5,161 31.5 164

;~~ - f---
215

154+34 C-03.10 0.0041 1.0 244 0 4 4 4.00 1.00 0 7,805 31.5 248 325
156..82 C03.10 0.0041 1.0 244 0 4 4 4.00 1.00 0 7,805 31.5 248 325 325
159+30 C-03.1D 0.0041 1.0 244 0 4 4 4.00 1.00 0 7aDs 31.5 248

;~~-f- ~161+77 C-03.1D 0.0041 1.0 244 0 4 4 4.00 1.00 0 7,805 31.5 248 325
164+25 e-03.l0 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 141 185 185
165+66 C-03,10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 14' 185 185
167+07 C-03.10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4444 31.5 141 185 185
168+48 C-03.10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 141 185 185
169+90 C-03.10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 141 185 185
171+31 C-03.10 0.0072 1.0 139 0 4 4 4.00 I 1.00 0 4,444 31.5 141 185 185
172+72 C-03.10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 141 185 185
174+13 C-03.10 0.0072 1.0 139 0 4 4 4.00 1.00 0 4,444 31.5 I 141 185 185
175"54 C-Q3.10 0.0072 1.0 220 0 4 4 4.00 1.00 0 7,040 31.5 223 293 293
177+77 C-03.10 0.0037 1.0 270 0 4 4 4.00 1.00 0 8,649 31.5 275 360 360
180+52 C-03.10 0.0037 1.0 270 0 4 4 4.00 1.00 0 8,649 31.5 275 360 360
183+27 C-03.10 0.0037 1.0 270 0 4 4 4.00 1.00 0 8,649 31.5 275 360 360

186+95 E9 0.0013 1.0 800 0 4 4 800 -
190.00 E9 0.0080 1.0 125 0 4 4 125

.-

191+93 E9 0.0060 1.0 167 0 4 4 167

194.43 E9 0.0060 1.0 167 0 4 4 167

198+50 C-03.10 0.0088 1.0 114 0 4 4 4.00 1.00 0 3,636 31.5 115 152 152
197+35 C-03.10 0.0088 1.0 114 0 4 4 4.00 1.00 0 3,636 31.5 115 152 152
196+19 C-03.10 0.0088 1.0 114 0 4 4 4.00 1.00 0 3,636 31.5 115 152_ _152

201+20 C-03.10 0.0033 1.0 140 3 6 4 8.00 2.75 0 10,640 31.5 338 184 443
202+60 C-03.10 0.0110 1.0 76 3 6 4 8.00 2.75 0 5,776 31.5 183 100 241
203+36 C-03.10 0.0152 1.0 60 3 6 4 8.00 2.75 0 4560 31.5 145 79 190
203+96 C-03.10 0.0185 1.0 51 3 6 4 8.00 2.75 0 3,876 31.5 123 668 162

Total of rior four dikes: 1029 1036

W:I2OOSProjectJIOS2S27.03· EI Minlge Road Phase B Final DesignlPrTJjfICt SupporttJiydrolSpreadshee/sIFi'st Flush Rafenlion.x1J
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Wood/Patel EI Mirage Road -Phase B. Bell Road 10 Deer Valley Drive 711612009
First Flush Retention calculations

Median Channel
CL Station ADOT detail Channel Slope Weir Depth Backwater Bottom Width len Side slopel Right Side Slope Area at Weir Area Midway Area End Drainage Area ROadW~y Width I Spacing Volume Required Volume Provided

Dam Location fl/fl fI fI fI run fUft sf sf sf sf fI cf "144+51 C-03.10 0.0062 1.0 '6' 0 6 6 6.00 1.50 0 7742 31.5 246 323 323
147+70 C-03.10 1.0 a 6 6

181+62 C-03.10 0.0037 0.8 216 3.84 0.96 6.642 31.5 211 277 277
183+73 C·03.10 0.0037 0.• 2'6 3." 0.96 6.642 31.5 211 277 277
185+84 C-03.10 0.0037 0.8 2'6 3.84 0.96 6.642 31.5 211 277 277
187+95 C-03.10 0.0037 0.8 2'6 - 3.84 0.96 6642 31.5 211 277 277
190+05 C-03.10 0.0037 0.8 216 3.84 0.96 6642 31.5 211 277 277

195+37 C-03.10 0.0088 0.• 91 3." 0.96 2.793 31.5 89 116 116
194+48 C-03.10 0.0088 0.8 91 3.84 0.96 2793 31.5 89 116 116
193+60 C-03.10 0.0088 0.8 91 3.84 0.96 2.793 31.5 89 116 116
192+71 C-03.10 0.0088 0.8 9' 3.84 0.96 2793 31.5 89 116 116

East Channel
Cl Station ADOT detail Channel Slope Weir Depth Backwater I Bott0":tWidth len Side Slope Right Side Slopej Area at Weir Area Midway I Area End IDrainage Area I Roadway Width I Spacing Volume Required Volume Provided

Dam location fl/fl fI fI fllfl tUft sf sf sf sf ft fI cf 'f
146+40 C-03.10 0.0062 '.0 '6' '0 4 6 15.00 6.25 0 25806 31.5 81. 1075 1075
154+59 C·03.10 0.0041 1.0 244 '0 4 6 15.00 6.25 0 39,024 31.5 1,239 1,626 1,626
166+98 C·03.10 0.0072 1.0 '39 '0 4 6 15.00 6.25 a 22222 31.5 705 926 926
174+04 C-03.10 0.0072 1.0 '39 '0 4 6 15.00 6.25 a 22222 31.5 705 926 926
181+09 C·03.10 0.0037 1.0 270 5 4 6 10.00 3.75 a 27 027 31.5 858 1.126 1126•

•



•
Friction Method

Solve For

Worksheet for East 154+50 • Trapezoidal Channel

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00410 ftlft

Left Side Slope 6.00 ftlft (H:V)

Right Side Slope 4.00 ftlft (HV)

Bottom Width 10.00 ft

Discharge 118.00 ft'/s

Normal Depth 1.90 ft

Flow Area 3716 ft'

Wetted Perimeter 29.43 ft

Top Width 29.04 It

Critical Depth 1.30 ft

Critical Slope 0.01854 ftllt

• Velocity 3.18 ftls

Velocity Head 0.16 It

Specific Energy 2.06 ft

Froude Number 0.49

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0,00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

•6123/2009 10:50:52 AM

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

1.90 ft

1.30 It

0.00410 ftllt

0.01854 ftlft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203·755·1666 Page 1 of



I
I

~
Solve For

Worksheet for East 154+50 - Broad Crested Weir

Headwater Elevation

Discharge 118.00 Wis

Crest Elevation 1.00 ft

Tailwater Elevation 1.90 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 20.00 ft

Headwater Elevation 2.59 ft

Headwater Height Above Crest 1.59 ft

TaiJwater Height Above Crest 0.90 ft

Weir Coefficient 2.95 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.95 US

Flow Area 31.75 ft'

Velocity 3.72 flIs

Wetted Perimeter 23.18 ft

Top Width 20.00 ft

•
Wood, Patel & Associates

6/23/2009 10:50:56 AM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster (08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Worksheet for East 164+00 • Trapezoidal Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00720 ftllt

Left Side Slope 6.00 ftlfl (H:V)

Right Side Slope 4.00 ftllt (H:V)

Bottom Width 10.00 ft

Discharge 82.00 ft'ls

Normal Depth 1.38 ft

Flow Area 23.27 ft2

Wetted Perimeter 24.06 ft

Top Width 23.78 ft

Critical Depth 1.06 ft

Critical Slope 0.01959 ftlft

• Velocity 3.52 ftls

Velocity Head 0.19 ft

Specific Energy 1.57 ft

Froude Number 0.63

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00J

6/23/2009 10:51 :00 AM 27 Slemons Company Drlve Suite 200 W Watertown, CT 05795 USA +1-203-755-1666 Page 1 of

I•
I

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & AssocIates

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

1.38 ft

1.06 ft

0.00720 ftllt

0.01959 ftJlt



Solve For

Worksheet for East 164+00 • Broad Crested Weir

Headwater Elevation

Discharge 82.00 ft'/s

Crest Elevation 1.00 It

Tailwater Elevation 1.38 It

Crest Surface Type Gravel

Crest Breadth 10.00 It

Crest Length 20.00 It

Headwater Elevation 2.27 It

Headwater Height Above Crest 1.27 It

Tailwater Height Above Crest 0.38 ft

Weir Coefficient 2.88 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.88 US

Flow Area 25.30 ft2

• Velocity 3.24 ftIs

Wetted Perimeter 22.53 ft

Top Width 20.00 ft

I
i
I

I
I

•I
I

Wood, Patel & Associates

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMasler [08.01.066.00]
61231200910:51:03 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



•
Friction Method

Solve For

Worksheet for East 176+00 • Trapezoidal Channel

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00370 ftllt

Left Side Slope 6.00 ftllt (H:V)

Right Side Slope 4.00 ftlft (H:V)

Boltom Width 5.00 It

Discharge 31.00 ft'Js

Normal Depth 1.25 ft

Flow Area 14.04 ft2

Wetted Perimeter 17.74 ft

Top Width 17.49 ft

Critical Depth 0.81 ft

Critical Slope 0.02204 ftlft

• Velocity 2.21 ftls

Velocity Head 0.08 ft

Specific Energy 1.32 ft

Froude Number 0.43

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

a

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/23/200910:51:29 AM

0.00 fl

0.00 ft

rnfinity ftIs

Infinity ftIs

1.25 ft

0.81 ft

0.00370 ftIft

0.02204 flIfl

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Discharge 31.00 ff/s

Crest Elevation 1.00 ft

Tailwater Elevation 1.25 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 15.00 ft

j

I.
I

I
i
I
!

I
I

I

Solve For

Worksheet for East 176+00 • Broad Crested Weir

Headwater Elevation

Headwater Elevation 1.82 ft

Headwater Height Above Crest 0.82 ft

Tailwater Height Above Crest 0.25 ft

Weir Coefficient 2.79 US

SUbmergence Factor 1.00

Adjusted Weir Coefficient 2.79 US

Flow Area 12.29 ftz

Velocity 2.52 ftls

Wetted Perimeter 16.64 ft

Top Width 15.00 ft

•
Wood, Patel & Associates

6/23/200910:51:36 AM

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive SUite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



•
Friction Method

Solve For

Worksheet for East 199+50 • Triangular Channel

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00880 ftllt

Left Side Slope 6.00 ftjlt (H:V)

Right Side Slope 4.00 ftjft (H:V)

Discharge 12.00 1t3Js

Normal Depth 0.99 It

Flow Area 4.89 IP

Wetted Perimeter 10.09 It

Top Width 9.89 ft

Critical Depth 0.81 ft

Critical Slope 0.02475 flIft

Velocity 2.46 flIs

Velocity Head 0.09 ft

Specific Energy 1.08 ft

Froude Number 0.62

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 It

0.00 It

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood. Patel & Associates

6/23/200910:51:48 AM

0.00 It

0.00 fI

Infinity flIs

Infinity fils

0.99 It

0.81 It

0.00880 fIIlt

0.02475 fIIlt

Bentley Systems, Inc. Haestad Methods Solution center Bentley FlowMaster [08.01.066.00)
27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 ot



• Worksheet for Median 144+40 • Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00620 ftlft

left Side Slope 5.00 ftlft (H:V)

Right Side Slope 6.00 flIft (H:V)

Discharge 3.00 W/s

Normal Depth 0.59 ft

Flow Area 2.05 ft2

Wetted Perimeter 7.12 t!

Top Width 7.02 ft

Critical Depth 0.43 ft

Critical Slope 0.03023 flit!

Velocity 1.46 flIs

• Velocity Head 0.03 ft

Specific Energy 0.62 ft

Fraude Number 0.48

Flow Type Subcritical

Downstream Depth

length

Number Of Steps

0.00 ft

0.00 fI

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood. Patel & Associates

61231200910:48:41 AM

0.00 ft

0.00 it

Infinity ftis

Infinity ftls

0.59 ft

0.43 ft

0.00620 ftift

0.03023 flIft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Slemons Company Drive SUite 200 W Watertown, CT 06795 USA +1.203.75S-1666 Page 1 of



•
Solve For

Worksheet for Median 144+40· Broad Crested Weir

Headwater Elevation

Discharge 3.00 fl'/s

Crest Elevation 1.00 fl

Tailwater Elevation 0.59 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 12.00 ft

Headwater Elevation 1.21 ft

Headwater Height Above Crest .0.21 ft

Tailwater Height Above Crest -0.41 ft

Weir Coefficient 2.59 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.59 US

Flow Area 2.53 fl'

• Velocity 1.19 ftls

Welted Perimeter 12.42 ft

Top Width 12.00 ft

•
Wood, Patel & Associates

6/23/200910:48:48 AM

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-155-1666 Page 1 of



Worksheet for Median 154+35 . Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00410 ftIlt

Left Side Slope 6.00 ftIft (H:V)

Right Side Slope 6.00 ftIft (H:V)

Discharge 11.00 flo/s

Normal Depth 1.03 ft

Flow Area 6.36 ft2

Wetted Perimeter 12.52 fl

Top Width 12.35 ft

Critical Depth 0.73 ft

Critical Slope 0.02543 ftIft

Velocity 1.73 ftIs

• Velocity Head 0.05 ft

Specific Energy 1.08 fl

Froude Number 0.43

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/23/2009 10:49:00 AM

0.00 ft

0.00 ft

Infinity ftIs

Infinity ftIs

1.03 ft

0.73 ft

0.00410 ftlft

0.02543 ftIft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Slemons Company Drive Suite 200'W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Worksheet for Median 181 +65 ~ Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00370 ftlft

Left Side Slope 6.00 ftlft (H:V)

Right Side Slope 6.00 ftfft (H:V)

Discharge 8.00 ft'/s

Normal Depth 0.93 ft

Flow Area 5.20 ft2

Wetted Perimeter 11.33 ft

Top Width 11.18 ft

Critical Depth 0.64 ft

Critical Slope 0.02653 ftfft

Velocity 1.54 ftfs

• Velocity Head 0.04 ft

Specific Energy 0.97 ft

Froude Number 0.40

Flow Type SubcriticaI

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/23/2009 10:49:11 AM

0.00 ft

0.00 It

Infinity ftfs

Infinity ftfs

0.93 ft

0.64 ft

0.00370 ftfft

0.02653 ftJft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1656 Page 1 of



Worksheet for Median 181 +65 • Broad Crested Weir

Solve For Headwater Elevation

Discharge 8.00 ft'/s

Crest Elevation 0.80 It

Tailwater Elevation 0.93 fI

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 9.60 ft

Headwater Elevation 1.26 ft

Headwater Height Above Crest 0.46 ft

Tailwater Height Above Crest 0.13 ft

Weir Coefficient 2.68 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.68 US

Flow Area 4.41 ft2

• Velocity 1.82 ftIs

Wetted Perimeter 10.52 ft

Top Width 9.60 ft

•
WoOd, Patel & Associates

61231200910:49:16 AM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



• Worksheet for Median 200+40 • Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope

Left Side Slope

Right Side Slope

Discharge

0.035

0.00880

6.00

6.00

7.00

Nfl

Nft (H:V)

Nfl (H:V)

W/s

Normal Depth 0.75 It

Flow Area 3.40 It'

Wetted Perimeter 9.16 ft

Top Width 9.03 ft

Critical Depth 0.61 ft

Critical Slope 0.02701 ftIfi

Velocity 2.06 ftIs

• Velocity Head 0.07 fl

Specific Energy 0.82 ft

Froude Number 0.59

Flow Type Subcrilical

Downstream Depth

Length

Number Of Steps

D.DD ft

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/23/2009 10:49:21 AM

0.00 rt

0.00 rt

Infinity ftIs

Infinity ftIs

0.75 fI

0.61 fI

0.00880 flirt

0.02701 flirt

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster (08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



•
Solve For

Worksheet for Median 200+40 - Broad Crested Weir

Headwater Elevation

Discharge 7.00 ft'/s

Crest Elevation 0.80 ft

Tailwater Elevation 0.75 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 9.60 fl

Headwater Elevation 1.22 fl

Headwater Height Above Crest 0.42 fl

Tailwater Height Above Crest -0.05 fl

Weir Coefficient 2.67 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.67 US

Flow Area 4.04 ft2

• Velocity 1.73 ftIs

Wetted Perimeter 10.44 ft

Top Width 9.60 fl

•
Wood, Patel & Associates

61231200910:49:24 AM

Bentley Systems, Inc. Haestad Methods SOlution Center Bentley FlowMaster [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for Median 200+80 • Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.02430 ftlft

Left Side Slope 6.00 ftlft (H:V)

Right Side Slope 6.00 ftlft (H:V)

Discharge 3.00 ft'/s

Normal Depth 0.45 ft

Flow Area 1.23 ft·

Wetted Perimeter 5.51 ft

Top Width 5.43 ft

Critical Depth 0.43 ft

Critical Slope 0.03023 ftlft

Velocity 2.44 ftls

• Velocity Head 0.09 ft

Specific Energy 0.55 ft

Froude Number 0.90

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

a

•

Upstream Depth

Profile Descriplion

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6123/2009 10:49:27 AM

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

0.45 ft

0.43 ft

0.02430 ftlft

0.03023 ft/ft

Bentley Systems, rnc. Haestad Methods Solution Center Bentley FlowMaster {OB.O U)66.001

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for Median 200+80 • Broad Crested Weir

Solve For Headwater Elevation

Discharge 3.00 ftSts

Crest Elevation 0.90 ft

Tailwater Elevation 0.45 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 10.80 ft

Headwater Elevation 1.13 ft

Headwater Height Above Crest 0.23 ft

Tallwater Height Above Crest -0.45 ft

Weir Coefficient 2.60 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.60 US

Flow Area 2.43 ft2

• Velocity 1.23 fils

Wetted Perimeter 11.25 ft

Top Width 10.80 ft

•
Wood, Patel & Associates

6/23/2009 10:49:31 AM

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster 108.01.066.00]
27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for West 154+50 . Triangular Channel

Friction Method

Solve For
Manning Formula

Normal Depth

Roughness Coefficient
0.035Channel Slope

0.00410 ftlftLeft Side Slope
4.00 ftlft (H:V)Right Side Slope
4.00 ftlft (H:V)Discharge

22.00 ft'fs

Normal Depth
1.56 ftFlow Area
9.74 ft·Wetted Perimeter

12.87 ftTop Width
12.49 ftCritical Depth
1.13 ftCritical Slope

0.02245 ftlftVelocity

2.26 ftls

\

Velocity Head
0.08 ft

I

Specific Energy
1.64 ft

I
I

Froude Number
0.45

I

Flow Type
Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity
Upstream Velocity
Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

• • 6/23/2009 10:53:35 AM

0.00 ft

0.00 ft
Infinity ftls

Infinity ftJs

1.56 ft

1.13 ft

0.00410 ftJft

0.02245 ftlft

Bentley Systems,lnc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.ooJ
27 SiemonS Company Drive Suite 200 W Watertown, CT 06195 USA +1-203-755-1886 Page 1 of



Solve For

Discharge

22.00 ft3/s
Crest Elevation

1.00 ft
Tailwater Elevation

1.56 ft
Crest SUrface Type

GravelCrest Breadth

10.00 ft
Crest Length

8.00 ft

Headwater Elevation

1.98 ft
Headwater Height Above Crest

0.98 ft
Tai/water Height Above Crest

0.56 ft
Weir Coefficient

2.82 US
Submergence Factor

1.00Adjusted Weir Coefficient

2.82 US
Flow Area

7.86 ft·e Velocity

2.80 ftls
Wetted Perimeter

9.96 ft
Top Width

8.00 It

----------
Boo'",S"~m•• ",. H,,,,.. ""hod. """"M c,,~, Boo,,,, flow""", [08.01.....0.

" "'mM. Com""" -. S'i~ 200 .. "'''''ow,. cr0""5 USA ""~'55-"" Pog. ''''

WOOd, Pate/&Assoclates•612312009 10:53:39 AM



Friction Method

Solve For

Worksheet for West 164+00 - Triangular Channel

Manning Formula
Normal Depth

Roughness Coefficient
0.035Channel Slope

0.00720 ftlltLeft Side Slope
4.00 ftlft (H:V)Right Side Slope
4.00 ftlft (H:V)Discharge

13.00 ft·}s

Normal Depth
1.15 ftFlow Area

5.32 ft·Wetted Perimeter
9.51 ftTop Width

9.22 ftCritical Depth
0.92 ftCritical Slope

0.02408 ftlftVelocity
2.44 ftlsVelocity Head
0.09 ftSpecific Energy
1.25 ftFroude Number
0.57Flow Type

Subcritical

Downstream Depth
Length

Number Of Steps

0.00 ft

0.00 ft

o

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity
Upstream Velocity
Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Assocrates

• 6/2312009 10:53:42 AM

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

1.15 ft

0.92 ft

0.00720 ftlft
002408 ftlft

Bentley Systems. Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Headwater Elevation

Worksheet for West 164+00 - Broad Crested Weir
Solve For

Discharge

13.00 fiSts
Crest Elevation

1.00 ft
Tailwater Elevation

1.15 ft
Crest Surface Type

GravelCrest Breadth

10.00 ft
Crest Length

8.00 ft

Headwater Elevation

1.70 ft
Headwater Height Above Crest

0.70 ft
Tailwater Height Above Crest

0.15 ft
Weir Coefficient

2.75 US
Submergence Factor

1.00
Adjusted Weir Coefficient

2.75 US
Flow Area

5.63 ft2
Velocity

2.31 ftIs
e Wetted Perimeter

9.41 ft
Top Width

8.00 ft

Wood, Patel & Associates

.200910:53:45 AM
Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMasler [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for West 176+00 • Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient
0.035

Channel Slope
0.00370 ftJft

Left Side Slope
4.00 fllfl (H:V)Right Side Slope
4.00 ftJft (HV)Discharge
7.00 tr/s

Norma) Depth
1.04 ftFlow Area
4.29 ft·

Wetted Perimeter
8.54 ftTop Width
8.28 ft

Critical Depth
0.72 fI

Critical Slope
0.02616 fllfl

Velocity
1.63 fils

Velocity Head
0.04 fI• Specific Energy
1.08 ft

Froude Number
0.40

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 fI

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood. Patel & Associates

612312009 10:53:48 AM

0.00 II

0.00 II
Infinity fils
Infinity fils

1.04 ft

0.72 ft

0.00370 fllfl

0.02616 fllfl

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster I08.01.066.00]27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for West 176+00 - Broad Crested Weir

Solve For Headwater Elevation

Discharge 7.00 ft'/s

Crest Elevation 1.00 ft

Tailwater Elevation 1.04 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 8.00 ft

Headwater Elevation 1.47 ft

Headwater Height Above Crest 0.47 ft

Tailwater Height Above Crest 0.04 ft

Weir Coefficient 2.68 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.68 US

Flow Area 3.79 ft2

Velocity 1.85 fils

Wetted Perimeter 8.95 ft

Top Width 8.00 ft

•
Wood, Patel & Associates

612312009 10:53:51 AM
Bentley Systems, Inc. Haestild Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203-755·1666 Page 1 of



Worksheet for West 189+50 ~ Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00130 ftIft

Left Side Slope 4.00 ftlft (H:V)

Right Side Slope 4.00 ftllt (H:V)

Discharge 5.00 W/s

Normal Depth 1.11 It

Flow Area 4.93 ft2

Wetted Perimeter 9.16 It

Top Width 8.88 ft

Critical Depth 0.63 ft

Critical Slope 0.02736 ftlit

Velocity 1.01 ftls

Velocity Head 0.02 It

Specific Energy 1.13 ft

Froude Number 0.24

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

612312009 10:54:08 AM

0.00 ft

0.00 ft

Infinity ftls

Infinity ftls

1.11 ft

0.63 ft

0.00130 ftllt

0.02736 ftllt

Bentley Systems, Inc. Haeslad Methods Solution Center Bentley FlowMaster (08.01.066.00]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for West 193+00 - Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.00500 flIfl

Left Side Slope 4.00 flIfl (H:V)

Right Side Slope 4.00 flIfl (H:V)

Discharge 4.00 W/s

Normal Depth 0.79 ft

Flow Area 2.52 fl'

Wetted Perimeter 6.54 fl

Top Width 6.35 fI

Critical Depth 0.57 fI

Critical Slope 0.02818 flIfi

Velocity 1.59 flIs

Velocity Head 0.04 fl

Specific Energy 0.83 ft

Froude Number 0.44

Flow Type SubcrilicaJ

Downstream Depth

Length

Number Of Steps

0.00 fl

0.00 fl

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/23/200910:54:15 AM

0.00 ft

0.00 ft

Infinity flIs

Infinity flIs

0.79 fI

0.57 fl

0.00500 ftIft

0.02818 ftIft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00)

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755·1666 Page 1 ot



Worksheet for West 198+50· Triangular Channel

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope

Left Side Slope

Right Side Slope

Discharge

0.035

0.00880 ftIft

4.00 ftllt (HV)

4.00 ftllt (H:V)

6.00 tt'/s

Normal Depth 0.83 ft

Flow Area 2.76 ft·

Wetted Perimeter 6.85 ft

Top Width 6.65 It

Critical Depth 0.67 ft

Critical Slope 0.02670 ftlft

Velocity 2.17 ftls

• Velocity Head 0.07 ft

Specific Energy 0.90 ft

Fraude Number 0.59

Flow Type Subcritical

Downstream Depth

Length

Number Of Steps

0.00 ft

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

7'/1312009 5:32:22 PM

0.00 ft

0.00 It

Infinity ftls

Infinity ftls

0.83 ft

0.67 ft

0.00880 ftllt

0.02670 Wit

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.001

27 Siemons Company Drive Suits 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for West 198+50 - Broad Crested Weir

Solve For Headwater Elevation

Discharge 6.00 fP/s

Crest Elevation 1.00 ft

Tailwater Elevation 0.83 ft

Crest Surface Type Gravel

Crest Breadth 10.00 ft

Crest Length 8.00 ft

Headwater Elevation 1.43 It

Headwater Height Above Crest 0.43 It

Tailwater Height Above Crest -0.17 It

Weir Coefficient 2.67 US

Submergence Factor 1.00

Adjusted Weir Coefficient 267 US

Flow Area 3.43 ft2

• Velocity 1.75 ftIs

Wetted Perimeter 8.86 ft

Top Width 8.00 ft

•
Wood, Patel & Associates

7/13/20095:32:27 PM

Bentley Systems,lnc. Haestad Methods Solution Center Bentley FlowMasler [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Friction Method

Solve For

Worksheet for West 201 +20 - Trapezoidal Channel

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.02430 ftllt

Left Side Slope 4.00 ftlft (H:V)

Right Side Slope 6.00 ftllt (H:V)

Bollom Width 3.00 ft

Discharge 9.00 ft'/s

Normal Depth 0.50 ft

Flow Area 2.78 ft'

Wetted Perimeter 8.14 ft

Top Width 8.04 ft

Critical Depth 0.50 ft

Critical Slope 0.02598 ftlft

• Velocity 3.24 ftls

Velocity Head 0.16 ft

Specific Energy 0.67 ft

Froude Number 0.97

Flow Type Subcritical

Downsueam Depth

Length

Number Of Steps

0.00 ft

0.00 ft

a

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

7/13/20095:32:35 PM

0.00 ft

0.00 It

Infinity ftls

Infinity ftls

0.50 ft

0.50 ft

0.02430 ftIft

0.02598 ftIft

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of



Worksheet for West 201 +20 - Broad Crested Weir

Solve For Headwater Elevation

Discharge 9.00 Wls

Crest Elevation 1.00 ft

Tailwater Elevation 0.50 fl

Crest Surface Type Gravel

Crest Breadth 10.00 It

Crest Length 13.00 ft

Headwater Elevation 1.41 ft

Headwater Height Above Crest 0.41 ft

Tailwater Height Above Crest -0.50 ft

Weir Coefficient 2.66 US

SUbmergence Factor 1.00

Adjusted Weir Coefficient 2.66 US

Flow Area 5.30 ft·'. Velocity 1.70 ftIs

Wetted Perimeter 13.81 fl

Top Width 13.00 ft

•
Wood. Patel &Associates

7/13/20095:32:32 PM

Bentley Systems, Inc. Haestad Methods Solutlon Center Bentley FlowMaster [08.01.066.00)

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Friction Method

Solve For

Worksheet for West 206+50 • Triangular Channel

Manning Formula

Normal Depth

Roughness Coefficient 0.035

Channel Slope 0.02430 ftIft

Left Side Slope 4.00 ftIft (H:V)

Right Side Slope 4.00 ftIft (H:V)

Discharge 2.00 W/s

Normal Depth 0.45 ft

Flow Area 0.83 ft2

Wetted Perimeter 3.75 ft

Top Width 3.64 ft

Critical Depth 0.43 ft

Critical Slope 0.03091 ftllt

Velocity 2.42 ftIs

Velocity Head 0.09 ft

Specific Energy 0.55 ft

Froude Number 0.89

Flow Type Subcritical

Downstream Depth

length

Number Of Steps

0.00 ft

0.00 ft

o

•

Upstream Depth

Profile Description

Profile Headloss

Downstream Velocity

Upstream Velocity

Normal Depth

Critical Depth

Channel Slope

Critical Slope

Wood, Patel & Associates

6/2312009 10:54:42 AM

0.00 ft

0.00 ft

Infinity ftIs

Infinity ftIs

0.45 ft

0.43 ft

0.02430 ftIft

0.03091 ftIft

Bentley Systems,lnc. Haestad Methods Solution Center Bentley FlowMaster [08.01.066.00]

21 Siemons Company Drive Suite 200 W Watertown, CT 06195 USA +1-203-155-1666 Page 1 of
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APPENDIXC

McMicken Dam Outlet Wash

HEC-RAS Output



Wood/Palel

HEC-RAS Modeling Results Comparison

Comparison of 1OO-yr water-surface elevations from Corrected Effective FIS, Pre-Project Condition and Post·Project Condition (with box culvert and channelization) models

712012009

Corrected Co"ected P~Project Pre-Project Post-Project Post-Project Post FP minus PostFP Post FW minus PostFW
Effective ModeJ Effective Model DELTA Condition Model Condition Model DELTA Condition Model Condition Model DELTA Corrected minus Pre- Corrected minus Pre-

(floodplain) (floodway) WSEL (floodplain) (floodway) WSEL (floodplain) (floodway) WSEL EffectiveFP ProjectFP EffectiveFW ProjectFW
McMick.enCor.ori McMickenCor.prj McMickenPre.or: McMickenPre.prj McMicl<enPost.ori McMickenPost.prj

RiverSta W.S. Elev W.S. Elev (ft) RiverSla W.S. Elev W.S. Elev (ft) River Sta W.S. Elev W.S. Elev W.S. Elev (ft) (11) (11) (11)

2.588 1273.79 1274.27 0.48 2.588 1273.79 1274.27 0.48 2.588 1273.79 1274.27 0.48 0.0 0.0 0.0 0.0
2.486 1270.72 1270.94 0.22 2.486 1270.72 1270.94 0.22 2.486 1270.73 1270.94 0.21 0.0 0.0 0.0 0.0
2.395 1268.36 1268.79 0.43 2.395 1268.36 1268.80 0.44 2.395 1268.34 1268.80 0.46 0.0 0.0 0.0 0.0
2.310 1265.98 1266.19 0.21 2.31 1265.96 1266.11 0.15 2.310 1266.07 1266.11 0.04 0.1 0.1 -0.1 0.0
2.208 1263.87 1264.43 0.58 2.208 1263.59 1263.81 0.22 2.208 1262.58 1263.25 0.67 -1.3 -1.0 -1.2 -0.6
2.118 1261.87 1262.13 0.26 2.118 1260.01 1260.41 0.40 2.118 1259.63 1260.19 0.56 -2.2 -0.4 -1.9 -0.2
2.034 1258.61 1258.61 0.00 2.034 1258.33 1258.36 0.03 2.034 1258.13 1258.13 0.00 -0.5 -0.2 -0.5 ·0.2

2.020 1257.59 1257.78 0.19
2.01 1255.57 1255.58 0.01 2.010 1257.02 1257.26 0.24
1.99 1255 1255.00 0.00 1.990
1.97 1253.74 1253.74 0.00 1.970 1253.62 1253.81 0.19

1.949 1252.46 1252.46 0.00 1.949 1252.32 1252.32 0.00 1.949 1252.22 1252.22 0.00 -0.2 ·0.1 ·0.2 -0.1
1.858 1249.50 1249.50 0.00 1.858 1249.5 1249.50 0.00 1.858 1249.50 1249.50 0.00 0.0 0.0 0.0 0.0

Note: The hydraulic model is based on lhe National Geodetic Vertical Datum of 1929 (NGVD 29). The EI Mirage Road project is designed on the North American Vertical Datum of 1988 (NAVD 88).
To convert hydraulic model results from NGVD 29 datum to NAVD 88 datum, 2.04 feet should be added to calculated elevations based on National Geodetic Survey points in the area.
Datum Equation: (NGVD 29) + 2.04' = (NAVD 88) or (Hydraulic Elev) + 2.04· = (Plan Elev)

Model pescription

Corrected Effective Model:
Pre-Project Condition Model:
Post·Project Condition Model:

Model Name
McMickenCor.prj
McMickenPre.prj
McMickenPost.p~

•
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McMlcken FIS· EI Mirage Road CLOMR Plan: Proposed Grading Model 6/1512009
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HEC-RAS Ptan' PrOpoSed River. RIVER-l Reach: Reach-1

Reaeh River Sl.a

.Reach-1 '0
Reach·1 0

100·YRFP

100·YR.FW

5522.00 1172.00 1175.54 1175.49 1176.79 0.002765 3.15 2067.97 1007.30

6522.00 1172.00 1176.98 1175.49 1177.09 0.001850 2.70 2413.02 1010.32
0.39

0.31

.Reach-1
Reach-1

Reach·'
Reacl1-1

Reach-1

Reach-'1

Reach·1

Reaeh-1

0.107
0.107

0.159

0.159

O.~

0.238

0.35

1oo-YRFP
100-YRFW

1oo·YRFP
1oo-YRFW

100-YRFP
100-YRFW'

1oo·YRFP

100·YRFW..

6522.00

5522.00

6522.00
6522.00

6522.00

6522.00

6522.00

6522.00

1176.00

1176.00

1178.00
1178.00

1180.00

1180.00

1164.50

1164.50

1181.02
1181.02

1183.64
1183.64

1186.21

1186.21

1190.91

1190.92

1181.02

1181.02

1182.99
1182.99

1181.68
1181.68

1164.13
1164.13

1166.56

1186.56

1191.62

1191.54

0.023083
0.023083

0.004599
0.004599

0.007486

0.007466

0.009481

0.009535

6.51
6.51

4.29

4.77

4.77

6.78

8.81

1001.59
1001.59

1521.04
1521.04

1366.61

1366.61

990.70

957.31

806.95

806.95

683.81

683.81

754.34

754.34

446.35

370.69

1.03
1.03

0.51

0.51

0.62

0.62

0.74

0.75

. 0:527--:

Read.·1

100-YR F~:' __

Joo.-YR FW: ...

100·YR F.P-__ ~.

6522.00

6522.00

6522.00

6522.00

1188.00

1188.00

1193.00

1193.00

1194.66
1194.67

1198.15

1198.14

1197.34

1197.34

1195.13
1195.14

1198.77

1198.77

0.006240

0.006147

0.009134

0.009216

5.51
5.48

6.35

6.37

1164.15

1189.58

1027.58

1023.55

458.27

458.31

429.23

427.92

0.60

0.60

o.n
0.73

•

Reach-1

Reach·1.
Reach-l

Roac.h-'
Reach:1

Reach-1

Reach,1

Reach-1:
Reaeh-1

0.579

0.647

0.946
0.948.'

1.058

.1.058

U69'

;, 1OO-YR F/f.·:. ';

100-YR FP ':~

100·YRFW .~

lDO-YR FP .. ~,

1DO-YR FW..'$

loo-YR FW. ,':;

6522.00
6522.00

6522.00

6522.00

6522.00

6522.00

6522.00

6522.00

6522.00
6522.00

6273.00

6273.00

6273.00

6273.00
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1205.00
1205.00
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1212.09
1212.09
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1202.97
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1207.89
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1212.75

1214.25

1214.25

0.007162
0.007137

0.004378

0.004381

0.006042
0.006041

0.003526
0.003526

0.004347

0.004347

0.004054

0.004054

0.001601

0.001601

5.65

5.65

5.58

5.56

7.91

7.91

6.34
6.34

6.88

6.68

6.52

6.52

7.88

7.88

1153.87
1155.16

1173.05
1172.71

824.59

824.61

1027.90
1027.90

948.57

948.57

961.39

961.39

796.27

796.27

477.19

477.25

344.17
344.10

180.98
180.98

209.79

209.79

200.73

200.73

208.81

208.81

183.76

183.76

0.64

0.64

0.53
0.53

0.65

0.65

0.51

0.51

0.56

0.58

0.54

0.54

0.67

0.67

6273.00

6273.00

1208.50

1206.50

1216.07

1216.07
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1216.07

1217.67

1217.67

0.004122

0.004122

10.13

10.13

619.22

619.22
197.92

197.92
1.01
1.01

•

Reach,1.

Reach-1

Reach-1

Re3j:.h-1
Reach-1

Reach-1 ,

Reach-l

Reach-1

Reach·)

Reach.l

Reach-;
Reach-l

Reach-1

Reach-1

Reach."j

1.21.3'

.1,213'

1.251

1.268
1.286

1.307
1.307

'1.381
1.381

1,479

1.479

1.593
1.593

1.706
1.706

1.788

100>YR-fP ':/.:

100-YR FP... ;~

10Q-YRFP
1OO-YRFW'

1DO-YR FP
1DO-YRFW

100-YRFf?
lOD-YREW

l00-YR F,P

100-YRFW

100-YRFP

100·YRFW

l00-YR FP
1DO-YR FIN

1oo-YR.FP

6273.00
6273.00

6273.00
6273.00

6273.00
6273.00

6273.00

6273.00

6273.00
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6273.00

6273.00

6273.00

6273.00

6273.00
6273.00

6273.00

1209.00
1209.00

1219.00
1219.00

1231.00
1231.00

1232.30
1232.30

1233.50
1233.50

1235.50
1235.50

1237.50
1237.50

1240.00
1240.00

1242.00

1217.59

1217.59

1222.80

1222.80

1234.89
1234.89

1238.70
1238.70

1239.35
1239.36

1240.99
1241.00

1243.09
1243.09

1245.39
1245.39

1247.52

1222.80
1222.80

1234.89
1234.69

1238.26
1236.26

1217.88
1217.88

1224.38
1224.38

1236.33
1238.33

1237.83
1237.83

1239.89

1239.89

1241.59

1241.59

1243.88

1243.66

1248.13
1248.13

1248.35

0.000291

0.000291

0.004065
0.004065

0.016796

0.016796

0.010290

0.010351

0.003044
0.003033

0.003506
0.003519

0.003440
0.003426

0.004643
0.004643

0.005780

4.34
4.34

10.03
10.03

9.63
9.63

6.53

8.53

5.88

5.67

6.20

6.19

6.18
6.17

6.67
6.87

7.30

1448.35

1446.35

525.62
625.62

651.53
651.53

739.38
735.56

1057.05
1058.34

1015.60
1012.82

1015.61

1016.98

913.19
913.17

859.39

226.33
226.33

202.41

202.41

230.06

230.06

226.91
215.00

218.50
218.56

220.77

212.98

211.48

211.54

202.94
202.93

205.83

0.30
0.30

1.01

1.01

1.01
1.01

0.61

0.81

0.47
0.47

0.50

0.50

0.50
0.50

0.57
0.57

0.63



• HEC-RAS Plan: Proposed River. RIVER-I Reach' Reach·1 (Continued)
Reach Ri~e'rSla Profile" f.'·Q'!TQ!ai. WfCh:EC ;jY~S:.Be\6'·U:cl'iI·W:S;'·'... E:G. Ei~;"':i rE:GLSIOpe

.. , •.i~fs) ';.:: 'eft) : ..": rin· .,:: •. 2.;C....,(ft) '.: 'C' (itC .. (/tIfl)' ,

Reach-l' 1..788 100-YR FW 6273.00 1242.00 1247.52 1248.35 0.005780

\I~ Cl\rii' •'J:ioW:~'
..·;(fti~) .. '(sqllY;
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Reach-1"

Reach-1

Reach-l

Reach-l

Reach·l

Reach-1

Reach-l

Reach-1
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1.949
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1.97
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14000.00 1232.30 1238.41 1238.41 1240.81 0.012862 1161.24 260.16 0.97
14000.00 1233.50 1242.19 1243.22 0.003278 8.17 1761.76 286.62 0.52

14000.00 1235.50 1243.93 1245.00 O.oo:lS04 8.35 1720.13 258.61 0.55

14000.00 1237.50 1246.12 1247.18 0.003805 8.27 1693.05 237.86 0.54

14000.00 1240.00 1248.40 1249.66 0.004480 8.99 1559.71 237.54 0.60

14000.00 1242.00 1250.37 1251.77 0.005338 9.49 1485.35 260.92 0.65

14000.00 1243.80 1252.43 1253.53 0.004126 8.40 1669.40 284.91 0.57

14000.00 1246.08 1254.77 1254.77 1257.69 0.020039 13.74 1026.99 216.85 0.99

14000.00 1246.26 1256.44 1256.44 1261.53 0.016830 18.10 n3.33 217.74 1.00

Culvert

14000.00 1246.56 1260.04 1256.74 1262.67 0.006172 13.22 1302.74 400.52 0.63

14000.00 1246.61 1262.13 1263.21 0.002498 9.24 2256.20 452.94 0.41

14000.00 1246.86 1263.06 1263.56 0.001533 5.80 2763.87 409.11 0.30

14000.00 1250.00 1263.96 1264.30 0.001807 4.n 3100.90 640.06 0.31

14000.00 1253.00 1264.84 1266.41 0.010363 12.78 1832.77 501.15 0.76

14000.00 1255.50 1269.35 1270.13 0.004739 9.70 2749.89 660.47 0.53• 14000.00 1258.50 1271.44 1272.39 0.005137 9.89 2840.91 863.56 0.55

14000.00 1263.00 1273.92 1274.53 0.003762 7.53 3073.68 820.24 0.46
14000.00 1265.50 1276.35 12n.32 0.006897 10.76 2876.61 1008.00 0.62
14000.00 1269.00 1279.52 1280.33 0.004617 8.33 2905.33 1017.n 0.51

14000.00 1270.50 1281.93 1282.63 0.005490 8.90 3123.22 1010.76 0.55
14000.00 1274.00 1284.31 1284.87 0.004229 7.34 3289.56 1130.69 0.47

14000.00 1276.00 1286.14 1286.63 0.004948 8.41 3141.04 750.60 0.52

14000.00 1277.00 1288.18 1288.60 0.004699 8.07 3271.42 794.63 0.50

14000.00 1280.30 1290.98 1291.38 0.004185 7.86 3785.90 1103.81 0.48

14000.00 1282.30 1293.75 1294.85 0.007957 11.85 2577.40 803.83 0.67
14000.00 1266.30 1297.28 1297.80 0.003587 7.69 3283.83 765.45 0.45
14000.00 1288.50 1299.71 1300.17 0.004444 8.16 3549.90 983.92 0.49

14000.00 1290.50 1302.08 1302.75 0.005933 9.85 317&34 979.32 0.57
14000.00 1292.00 1304.82 1305.26 0.004397 7.82 3470.26 910.62 0.48
14000.00 1294.50 1307.00 1307.58 0.006386 9.79 3279.65 1053.58 0.58
14000.00 1296.50 1309.44 1309.96 0.004638 8.72 3629.65 1151.83 0.51
14000.00 1299.00 1310.88 1311.94 0.006587 9.43 2458.44 1005.37 0.60

14000.00 1302.00 1312.84 1313.68 0.003295 9.28 3223.17 999.64 0.60
14000.00 1303.00 1314.29 1314.29 1316.50 0.005826 12.29 1318.82 402.42 0.79
14000.00 1303.50 1316.68 1317.13 0.001224 5.90 3689.41 891.67 0.37
14000.00 1304.50 1317.28 1317.39 0-000219 2.84 7438.92 1145.18 0.16
14000.00 1304.80 1317.39 1317.83 0.000708 4.36 5186.45 1146.58 0.28

14000.00 1305.00 1317.77 1317.66 0.000241 2.86 8809.77 1487.80 0.17
14000.00 1305.50 1317.89 1317.98 0.000244 2.83 8743.14 1463.10 0.17
14000.00 1305.80 1318.00 1318.15 0.000375 3.71 6976.17 1192.79 0.21

•



•

•

APPENDIXD

Box Culvert Protection



e
Wood/Patel

e

EI Mirage Road Culvert VIS Scour Summary for SPF Flow
Final Drainage Report

Scour

Components Depth

(ft)

General (Neill) 4.7

Bedform 0.8

Low Flow Incisement 1.5

Total 7.0

Total with 1.3 FS 9.1

e
6/17/2009

W:\2005ProjectsI052527.03" £1 Mirage Road Phase B Final DesignlProject SupportlHydrolScourlScour Final\SPF Scour US ofBox.xls
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WoodIPatel

Reference:

Scour Computation Sheet Using Neill's Equation

US Department of the Interior Bureau of Reclamation, January 1984

Computing Degradation and Local Scour.

6/1712009

Project Name: EI Mirage Road Phase B

Bell Road to Deer Valley Drive

Location: McMicken Dam Outlet Wash

North Crossing

•

Application: Natural channel for restrictions and bends (Type A) and bankline

structures (Type B). Examples - siphon crossing or any buried

pipeline, stability study of a natural bank, waterway for one-span

bridge, abutments to bridge, bank slope protection such as riprap,

spur dikes, groins, pumping plants, and canal beadworks.

Equation:

Neill (1973):

Where: Zl = Neill Eq. factor from Table 7 (P36);

Di = average depth at bankfull flow (Qb) (ft);

Qf= Q/B (efs/ft); Qi = Qb/b (cfs/ft);

Q = total design flow (efs);

B = channel top width (ft);

m = 0.67 for sand to 0.85 for coarse gravel

Input Data - SPF Flow

Input Data:

Computed Scour Depth:

Q=

Qb=

Zl=

Ds =

cfs B=

efs b =

Di=

m =

4.73 ft

ft

ft

ft

(SPF)

W:12005ProjectsI052527.03 - £1 Mirage Road Phase B Final DesignlProject SupportlHydrolScour\Scour FinallSPF Scour US ofBox.xls



•HEC RAS Plan' Proposed River. RIVER 1 Reach' Reach 1

Reach RlverSla Profile QTotal Min Ch EI W.S. Elev CritW.S. I E.G. Elev E.G. Slopo Vel Chnl FlowAr.a TopWidlh Froude # Chi Hvdr Depth

(cfs) (ft) 1ft) (ft) I 1ft) (fl/fl) IfVsl (sq ft) (It) (ft)

Reach-l 1.97 SPF (Q 14000.00 1246.26 1256.« 1256.«1 1261.53 0.016830 18.10 773.33 l~ 217.74 1.00 10.18

Reach-l 1.97 10·YR rh. 2876.00 1246.26 1251.76 I 1252.50 0.005510 6.88 418.26 h 100.24 0.52 n' 5.50
f.)

•

•



WoodIPatel

Bed-Form Trough Computation Sheet

Reference: Drainage Design Manual for Maricopa County - Hydraulics, September 2003.

6/17/2009

Project Name: El Mirage Road Phase B

Bell Road to Deer Valley Drive

Depth of Antidune Troughs

Location: McMicken Dam Outlet Wash

North Crossing

•

Kennedy (1963) developed the following equation based on laboratory flume studies
to estimate the maximum depth of antidune troughs (below the existing challl1el bed)

Da = Yz Ha = Yz*0.281tYhFr2 (= 0.0135v2
)

Where: Ha = depth ofantidune height (ft);
Da = depth of antidune trough « 0.5 Yo (nonnal flow depth» (ft);

v = mean velocity of the channel (fils);
Yh == hydraulic depth (ft) and Fr = Froude No;
Yo = normal depth of flow (ft) .

Depth of Dune Height

Simons and Senturk (1977) developed the following relationship to estimate the

depth of dune height.

Dd = Y, Hd = Y,*0.066YhI.21 (= 0.033YhI.21)

Where: Hd = depth of dune height (ft);
Dd = depth of dune troughs (ft);
Yh = hydraulic depth (ft).

Input Data - SPF

Q=
Yh=

Da =
Dd=

14000 (cfs)
8.85 (ft)

Computed Depths

0.79 (ft)
0.46 (ft)

v =
Yo=

7.64 (fils)
11.8 (ft)

•
Recommended Value = 0.79 (ft) (greater ofDa and Dd)

W;l2005ProjeCisI052517.03. EI Mirage Road Phase B Final DeslgnlProject SupportVfydra'Scour'Scaur Final'SPF Scour US afBox.xis



Plan: Proposed RIVER-1 Reaeh-1 RS: 2.208 Profile: SPF

•

•

E.G. Elev (ft) 1266.41 Element Left 08 Channel RightOB

Vel Head (tt) 1.57 WI. n-Val. 0.070 0.050 0.070

W.S. Elev (tt) 1264.84 Reach Len. (ft) 525.00 475.00 435.00

Crit W.S. (tt) Flow Area (sq ft) 828.26 539.93 464.57

E.G. Slope (ftIft) 0.010363 Area (sq tt) 828.26 539.93 464.57

Q Total (cfs) Q14000.00 Flow (ds) 5747.63 6898.91 1353.46

Top Width (ft) 501.15 Top Width (ft) 143.44 61.00 296.71

Vel Total (ftIs) V- 7.64 Avg. Vel. (Ns) 6.94 12.78 2.91

Max ChI Dpth eft) 'Y",- 11.84 Hydr. Depth eft) 5.77 (h 8.85 1.57

Conv. Total (cfs) 137524.6 Cony. (ers) 56460.1 67769.2 13295.3

Length Wtd. (ft) 483.28 Wetted Per. (ft) 143.93 62.21 296.78

Min Ch EI (tt) 1253.00 Shear (Ib/sq tt) 3.72 5.62 1.01

Alpha 1.73 Stream Power (lblft s) 25.84 71.75 2.95

Frctn Loss eft) 1.74 Cum Volume {acre-ttl 10.70 457.12 11.85

C &E Loss (tt) 0.37 Cum SA (acres) 5.07 92.98 7.00



e
Wood/Patel

e

EI Mirage Road Culvert DIS Scour Summary for SPF Flow
Final Drainage Report

Scour·
Components Depth

(ft)

Long-term 3.2

General (Neill) 4.7

Bedform 1.0

Low Flow Incisement 1.5

Total 10.4

Total with 1.3 FS 13.5

e
6/17/2009

W:\2005Projects\052527.03 - El Mirage Road Phase B FIlial DesignlProject SupportlHydrolScourlScour FinallSPF Scour DS ofBox.xls
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Equilibrium Slope Computation Sheet (Supply Section)

6/17/2009

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985.

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels.

Project Name: EI Mirage Road Phase B
Bell Road to Deer Valley Drive

Section Name: McMicken Dam Outlet Was
North Crossing

Sediment Transport Equation

Zeller and Fullerton (1983) developed the following equation based on the Empirical
Power Relationship qs;;; aYhDye by Simons, Li, and Fullerton (1981);

qs
0.0064 n 1.77 V 4.32 G 0.45

Y 0.30 D 0.61
h 50

Where: qs ;;; bed-material discharge in cfs per unit width;

n ;;; Manning's roughness coefficient;
V;;; mean velocity (tus);
G ;;; gradation coefficient;;; 0.5(08J0 50+0 5010 16);

Yh ;;; hydraulic depth (ft);

0 50 ;;; median diameter (mm);

B ;;; top width of the cross section (ft).

Input Data - 10-year Flow

(lb/ftA3)

(ft)b=

r ;;;s

Q= (cfs)

n;;;

Yh ;;; (ft)
v;;; (tus)

B= (ft)
Avg. B = (ft)

Computed Sediment Discharge

c =

0.04458
9.37
5193

(cfs/ft)

(cfs)
(ppm by weight)

•
W:12005ProjectsI052527.03 - El Mirage Road Phase B Final DesignlProject SupportlJlydrolScourlScour FinallSPF Scour DS ofBox.xls
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Equilibrium Slope Computation Sheet (Study Section)

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985.

6/17/2009

Calculation: Total Bed-Material Discharge.

Project Name: EI Mirage Road Phase B
Bell Road to Deer Valley Drive

Application: Sand-Bed Channels.

Section Name: McMicken Dam Outlet Was
North Crossing

Sediment Transport Equation

Zeller and Fullerton (1983) developed the following equation based on the Empirical
Power Relationship qs =aYh°V' by Simons, Li, and Fullerton (1981):

qs
o.0064 n 1.77 V 4.32 G 0.45

Y 0.30 D 0.61
h 50

•
Where: qs = bed-material discharge in cfs per unit width;

n = Manning's roughness coefficient;
V =mean velocity (ftIs);
G = gradation coefficient = 0.5(DsJDso+D501D16);

Yh = hydraulic depth (ft);

0 50 = median diameter (mm);

B = top width of the cross section (ft).

Input Data - 10-year Flow

Q= 2876 (cfs) D50 = 6.5 (mm)

n= 0.04 D84 = 55 (mm)

Yh = 2.65 (ft) D16 = 0.075 (mm)

V= 5.65 (ftIs) G= 47.56

B= 192.48 (ft) r = 100 (lb/ft"3)s

Avg. B = 181.24 (ft) b= 170 (ft)

Computed Sediment Discharge

•

q -s -

Qs =
c =
Se=

0.05168

9.37
5192

0.00635

(cfs/ft)

(cfs)
(ppm by weight)

(Equilibrium slope)

W:\1005ProjectsI052527.03 - EI Mirage Road Phase B Final DesignlProject SupportlHydro\ScourlScour FinallSPF Scour DS ofBox.xls
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WoodlPatel 6/17/2009

Long-Term Equilibrium Slope Data

0.02
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.05

1.9
1.81
2.24
3.41
3.04
3.18
2.88
2.67
3.01
3.03

5.5

1.251 10-YR
1.286 10-YR
1.307 10-YR
1.38! 10-YR
1.479 10-YR
1.593 10-YR
1.708 10-YR
1.788 10-YR
1.858 10-YR
1.949 10-YR

1.97 10-YR

Reach-1
Reach-!
Reach-!
Reach-l
Reach-1
Reach-!
Reach-1
Reach-l
Reach-!
Reach-1
Reach-l

HEC-RAS Plan: Proposed River: RIVER-1 Reach: Reach-1 Profile: 10-YR
Reach River Sta Profile QTotal Min Ch E1 W.S. E1ev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # ( Hydr Dept Mann Wtd

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (ft)
2876 1219 1221.48 1221.48 1222.44 0.0048 7.89 364.62 191.82 1.01
2876 1231 1233.62 1233.62 1234.55 0.019515 7.71 372.91 205.7 1.01
2876 1232.3 1235.47 1235 1236.05 0.009223 6.09 472.02 211.02 0.72
2876 1233.5 1237.51 1237.78 0.002531 4.22 681.49 200.07 0.4
2876 1235.5 1239.03 1239.38 0.003743 4.75 604.9 199.24 0.48
2876 1237.5 1241.17 1241.5 0.003304 4.61 624.31 196.21 0.46
2876 1240 1243.51 1243.95 0.004941 5.28 544.98 188.9 0.55
2876 1242 1245.8 1246.28 0.006081 5.57 516.43 193.22 0.6
2876 1243.8 1247.7 1248.05 0.003792 4.76 603.76 200.27 0.48
2876 1246.06 1250.45 1249.94 1251.42 0.016147 7.88 364.84 120.46 0.8
2876 1246.26 1251.76 1252.5 0.00551 6.88 418.26 100.24 0.52

Average 0.00724 5.97 506.23 182.47 0.64 2.97 0.04

V s = ~(L)

Where: Vs = Long-term degradation, feet
b.S = Difference between existing and equilibrium slope
L = Distance from control point, feet (sediment basin)

0.00089
3600 feet

Vs = 3.2 ft

W:\2005ProjeclsI052527.03 - EI Mirage Road Phase B Final Design\Projecl Support\HydrolScollrlScollr FinallSPF Scour DS ofBox.xis
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Reference:

Scour Computation Sheet Using Neill's Equation

US Department of the Interior Bureau ofReclamation, January 1984

Computing Degradation and Local Scour.

6/17/2009

Project Name: El Mirage Road Phase B

Bell Road to Deer Valley Drive

Location: McMicken Dam Outlet Wash

North Crossing

•

Application: Natural channel for restrictions and bends (Type A) and bankline

structures (Type B). Examples - siphon crossing or any buried

pipeline, stability study of a natural bank, waterway for one-span

bridge, abutments to bridge, bank slope protection such as riprap,

spur dikes, groins, pumping plants, and canal headworks.

Equation:

Neill (1973):

Where: Zl = Neill Eq. factor from Table 7 (P36);

Di = average depth at bankfull flow (Qb) (ft);

Qf= QIB (cfs/ft); Qi = Qb/b (cfs/ft);

Q = total design flow (cfs);

B = channel top width (ft);

m = 0.67 for sand to 0.85 for coarse gravel

Input Data - SPF Flow

•

Input Data:

Computed Scour Depth:

Q=

Qb=

Zl=

Ds =

cfs B=

cfs b =

Di=

m=

4.73 ft

ft

ft

ft

(SPF)

W:\2005Project.sI052527.03 - El Mirage Road Phase B Final Design\Project SupportlHydrolScourlScour Flnal\SPF Scour DS ofBox.xls



EC·RAS Plan: Proposed River: RIVER-l Reach: Reach·l

Reach River Sl<l Ptolile Q Tolat Min Ch EI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi H)'dr Depth

(dsl (It) (It) (ft) (It) (Mil (ft/51 (5qlt) If!) (ItI
Reach-l 1.97 SPF (-> 14000.00 1246.26 1256.44 1256.44 1261.53 0.016830 18.10 773.33 .Jt'1 217.74 1.00 10.18

Roach-l 1.97 10·YR t":b, 2876.00 1246.26 1251.76 1252.50 0.005510 6.88 418.26 h 100.24 0.52 n' 5.50
"-'

•

•
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Bed-Form Trough Computation Sheet

Reference: Drainage Design Manual for Maricopa County - Hydraulics, September 2003.

6/17/2009

Project Name: El Mirage Road Phase B

Bell Road to Deer Valley Drive

Depth of Antidune Troughs

Location: McMicken Dam Outlet Wash

North Crossing

•

Kennedy (1963) developed the following equation based on laboratory flume studies
to estimate the maximum depth of antidune troughs (below the existing channel bed)

Da = Y2 Ha = Y2*0.281tYbFr' (= O.0135v2
)

Where: Ha = depth of antidune height (ft);
Da = depth ofantidune trough « 0.5 Yo (normal flow depth» (ft);

v = mean velocity of the channel (ft/s);
Yh = hydraulic depth (ft) and Fr = Froude No;

Yo = normal depth of flow (ft).

Depth of Dune Height

Simons and Senturk (1977) developed the following relationship to estimate the

depth of dune height.

Dd:=: Y2 Hd = Y2*0.066YhL21 (= 0.033YhI.21)

Where: Hd = depth of dune height (ft);
Dd = depth of dune troughs (ft);
Yh = hydraulic depth (ft).

Input Data - SPF

Q=
Yh=

Da =

Dd=

14000 (cfs)

6.65 (ft)

Computed Depths

0.95 (ft)
0.33 (ft)

v=
Yo=

8.4 (ft/s)

8.6 (ft)

•
Recommended Value = 0.95 (ft) (greater of Da and Dd)

W:\2005Pro}ecI.s1052527.03 • EI Mirage Road Phase B Final Des/gnIPro}ec, SupporclHydrolScourlScour Final'SPF Scour oS ofBox.:x/s



• Plan: Proposed RIVER-1 Reach-1 RS: 1.858 Profile: SPF

.::

•

•

E.G. Elev (tt) 1253.53 Element Lett OB Channel RightOB

Vel Head (tt) 1.10 Wt. n-Val. 0.040 0.060

W.S. Elev (tt) 1252.43 Reach Len. (tt) 425.00 370.00 320.00

Crit W.S. (tt) Flow Area (sq tt) 1666.35 3.05

E.G. Slope (ttlft) 0.004126 Area (sq tt) 1666.35 3.05

Q Total (cts) IQ,14000.00 Flow (cfs) 13998.26 1.74

Top Width (tt) 264.91 Top Width (tt) 250.72 14.19

Vel Total (ftls) '\j- 8.39 Avg. Vel. (ttls) 8.40 0.57

Max Chi Dpth (tt) ,,= 8.63 Hydr. Depth (tt) Yh ~ 6.65 0.22

Cony. Total (cfs) 217947.8 Cony. (cfs) 217920.7 27.1

Length Wtd. (tt) 370.01 Wetted Per. (tt) 252.27 14.20

Min Ch EI (tt) 1243.80 Shear (Ib/sq tt) 1.70 0.06

Alpha 1.00 Stream Power (Ib/tt 5) 14.29 0.03

Fretn Loss (ft) 1.73 Cum Volume (acre-ft) 3.14 384.67 0.74

C & E Loss (ft) 0.03 Cum SA (acres) 2.84 83.83 1.08



•
Wood/Patel

Estimating Erosion at Culvert Outlet

6/17/2009

Project NaEI Mirage Road Phase B

Bell Road to Deer Valley Drive

Location: McMicken Dam Outlet Wash

North Crossing

•

Reference: FCDMC, January 1996. Drainage Design Manual for Maricopa County,

Arizona, Volume IT - Hydraulics. P5-65 to p5-70.

Equations: For Cohesionless Material:
1. Depth HsNe = 0:(Q/(g"0.5Ye"2.5)",B(t/316)"8

2. Width WsNe= 0: (Q/(g"0.5Ye/\2.5)",B(t/3 16)"8

3. Length LsNe = 0: (Q/(g"0.5Ye/\2.5)/\,B (t/3 16)"8

4. Volume VsNel\3 = 0: (Q/(gAQ.5Ye/\2.5)/\,B(t/316)/\\:)

Ye = (A/2)"0.5 for noncircular, Ye = D for circular.

0= (d84/dI6)"0.5, t = peak flow duration and to = 316 min from Table 5.4.

When A = culvert flowing area for noncircular shape;

D = culvert diameter for circular shape;

d16, d84 = soil grain size from gradation curve;

0= soil gradation standard deviation, <= 1.5, Uniform, >1.5 Graded;

Hs, Ws, Ls, Vs = Maximum scour depth, width, length, and volwne;
0: .,B .8 = equation coefficients from Table 5.4.

If it is noncircular, 0: is replaced by 0: e.

. Input Data: Q=

d16 =

d84=

Coefficients

Depth

Width

Length

Volume

cfs Ye or D=

mrn d50=

mrn (J=

ft time t =

mm time to
27.1 '\~~~~~~:ii~im:mJt!

8 From Table 5.4 (P5-68)

mID

min

Use the portion of SPF flow through the culvert from HEC-RAS (7177cfs)

7177cfs/7bbl=1025cfs/bbl

Estimated Scour Depth =•
Results: DepthHs=

Width Ws=

Length Ls =

VolumeVs=

7.1 ft

43.5 ft

92.5 ft

305.6 CY

7.1 ft

W:\2005Projects\052527. 03 - £1 Mirage Road Phase B Final DesignlProject SupportVfydro\ScourlScour FinallSPF Scour DS ofBox.xls
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(HAy.::, ;FL.CJ0/ IN ;(3<:::' >c )
Culv Group: Culvert #1 Profile: SPF

168.28

14.65
14.65

1246.56

1246.26

1.05
0.24

1.33
6823.07

949.00

1577.23

0.00

3.41

2.39
1500.16

1258.75
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Grain Size (mml

Sample Source: 1(O~5J

% Gravel: 54.4% Liquid Limit: ._-
% Sand: 31,5% Plasticity Index: NP

% Clay and Silt: 14.1 % USCS Classification: SM
0 10: 0.057 Cc: 0.37
0 30: 0.281 Cu: 65.9
0 60: 3.740

EL MIRAGE ROAD BRIDGE (NORTH)
Western Technologies Inc.

Job No.: 2126JA167I Plate: 8-4

I

I

I

I

I

I

I



CHK'O BY _

•

•
.Of

•

WOOD/PATEL
LAND DEVELOPMENT • WATER REsOURCES • WATER/WASTEWATF:R • TRANSPORTATION/TRAFFIC • SURVEYING • CONSTRUCTION MANAGEMENT

PROJECT GL. j--f(I2A-Ct £ RciA-CJ No. 0 S 2 S 27..0.:3

CALC'O By J G T
SHEET .7' OF DATE _~----L;'-"--!L-Z.L...~-J.1__

~)c CiltVt!?p( INLer !O{fTlj?i (,..AL/NCkLl13c£

6ecx..P/2 D15P7rf -= /3..,S /

LALfMCHA13L6 S'tfl p6':- :2 f /

~JP/2A-rP if-IICk/V&5S(tJso " 12/) ;; /10 /

.Yt:'LL./('-1& ;:-([6C~;>fiT(13.5'Z.+ (13,'5" ZYZ)J·I, sJIz7 ~ !,(1J$ C<-rAr
INazGA-se t.AUNC-WA13L6VOLU/~C13'7 6q%;; /; ~8~ ~0';: Z,:5.2c..7/0 ;·

('&8 C:-P/L.~)

3
--, I,

S c..e£/K' ;06.?T~/ :: 9, / /
~i-!/(/c./-;/Aet..6 5c..OP6 ~ '2.'/

. ;f?/r'£/IF 7rl/CkNG5S (oso::'tZ~::;;,S /

:~/JUIVC H-tJeL6 OGPTH::: (9. / - 4) :: 6 II ~-t4t//L/t;/~/.~~C£r:.~p ,/382//,!I '

4 / 5GLO.?-V6 /LA-OC

VCJLUr-7;:;:(rSQrz--I (S,/z·.;-{S,I/2)'Z.)l'/J)/Jl1:; 0;(2;3 c-f/c..r= .
/Nc fZ(§-;l~~C- t.A LI/lJc,L-/A8~ r;: voc.c--1.A-46 61" S-()~ .: O/!$'6 Y /<.-p • I

Z' (2 (/)' . C+-4F)
USG -I-IG-{C?H/CJ,~ p~ . 2,'{ cr:!,~() H~3 I

i-6A.J6-;1.-,1 Or PA DC" -Z y,,A ~ CJ I



•

•

•

APPENDIXE

Electronic Files (CD)


