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DDMSW Training Workshop

River Mechanics and Storm Drainage Hydraulics

Training Dates: March 10, 2016 (Thursday)
March 15, 2016 (Tuesday)

Location: Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, Arizona 85009

Instructor: Kenneth V. Lewis, P.E.
DDMSW Developer

This training class is designed for hydraulic and hydrologic engineers interested
in learning DDMSW, an application program that implements
the District’s Design Methodologies and Standards.

Agenda

8:30— 9:00 Training Overview

System Overview, Program Installation, General Features,
Files, Tools, Administration, Help, Register Controls

9:00-10:00 River Mechanics Overview
10:00 - 10:15 Morning Break
10:15-11:00 River Mechanics Examples

Scour, Sediment Yield, Riprap Sizing, Launchable Riprap,
Lateral Erosion

11:00 -12:00 Tutorial #1 — Scour Analysis
12:00 - 1:00 Lunch Break
1:00 — 2:00 Tutorial #2 — Sediment Yield Analysis
2:00 — 2:30 Tutorial #3 — Riprap Sizing
2:30 — 2:45 Afternoon Break
2:45 — 4:30 Storm Drainage Hydraulics Examples

Conveyance Facilities, Street Drainage, StormPro Backwater
Module



DDMSW 5
Training Workshops
RIVER MECHANICS

Engineering Application Development and River Mechanics Branch
Engineering Division
Flood Control District of Maricopa County
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This document contains step-by-step tutorials for the River Mechanics module of DDMSW.
The five tutorials for the River Mechanics cover the computations of total scour for bank
protection at a bend, total scour for bridge pier, sediment yield analysis for a watershed,
riprap sizing for bank protection at a straight channel, and lateral erosion.
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I River Mechanics

2.1 Calculate Total Scour for Bank Protection at a Bend

A. Problem Statement

To estimate the total scour depth for a channel bank protection at a mild or
moderate bend (use “Equilibrium Slope for Sediment-Laden Flow” method for

long-term scour, use “Lacey” method for general scour including bend) with the

following given conditions:

<> The Cross Section “STUDYREACHCROSSSECTION”

> Parameters for the Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs) : 800
® Channel Slope for Design flow (ft/ft): 0.015
e Channel Slope for Dominant Flow (ft/ft): 0.015
e Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
e ROB Manning’s n for Design Flow: 0.035
® Channel Manning’s n for Dominant Flow: 0.030
e LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
® The geometry (station and elevation) of this cross section:
Station (X) Elevation (Y) Notes

100 100

106 98

156 98 Left Bank Station

166 95

191 95

201 98 Right Bank Station

251 98

257 100

e D50 (mm) for Study Reach:
e D84 (mm) for Study Reach:
e D16 (mm) for Study Reach:

1.50
10.00
0.50
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® There is a grade control structure located at 800 feet
downstream of the channel location for bank protection
(cross section “STUDYREACHCROSSSECTION”)

e Distance to Pivot Point (ft): 800

< The Cross Section “SUPPLYREACHCROSSSECTION”

> Parameters for the Hydraulics and Geometry:
e Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
® Channel Slope for Design Flow (ft/ft): 0.01
e Channel Slope for Dominant Flow (ft/ft): 0.01
® Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
e ROB Manning’s n for Design Flow: 0.035
e Channel Manning’s n for Dominant Flow: 0.030
® LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030

® The geometry (station and elevation) of this cross section:

Station (X) Elevation (Y) Notes

100 100

106 98

181 98 Left Bank Station

191 95

216 95

226 98 Right Bank Station

301 98

307 100
e D50 (mm) for Supply Reach: 2.00
e D84 (mm) for Supply Reach: 12.00
e D16 (mm) for Supply Reach: 1.00

B. Step-by-Step Procedures

Step 1: Establish a New Project and Default Set-up

Step 2: Prepare the Cross Section Hydraulics
Step 3: Compute Total Scour

Step 3.1: Set up Total Scour Basic Data
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Step 3.2: Calculate the Long Term Scour
Step 3.3: Calculate the General Scour
Step 3.4: Calculate the Bedform Scour
Step 3.5: Calculate the Low Flow Scour

Step 3.6: Calculate the Total Scour

Step 4: Report and Documentation of Results

B.1 Step 1- Establish a New Project and Defaults Set-up

(a) Click the DDMSW icon on the Desktop or Program menu to launch the
DDMSW. Click OK to accept the software disclaimer as is shown in the
following figure.

Drainage
Design
Management
System

This program has been written to aid in the management of drainage design. It is provided as
a public service to aid in implementation of the technical information data, and procedures,
presented in the Drainage Design Manuals. The user of this infermation releases, indemnifies
and holds free the Flood Control District of Maricopa County and KVL Consultants, Inc. from
any and all liabilities, damages, lawsuits and causes of action that result as a consequence of
their reliance on and use of the DDMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user.

Many of the default values provided are generic and serve to guide users in their modeling.
Users must exercise judgement to evaluate and modify default values based on the specific
watershed. An approval for default table values for a specific watershed must be obtained
from the appropriate agency

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc. Cancel

After the DDMSW is launched, the SeLect PRoOJECT window is
automatically opened as is shown in the following figure.
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Select Project

List | Details
Lookforl

Reference Date ] Title l;

AR 12/29/2015 (00153
I_

BAMKPROTECTIONA 021712016 |00173 River Mechanics Example - Bank Protection
BAMKPROTECTIONFCD 02M10/2016 |00055 River Mechanics Example - Bank Protection
BRIDGEPIER1 021712016 (00172 Tutorial #2 - River Mechanics
BRIDGEPIERFCD 02/10/2016 00056 River Mechanics Example - Bridge Pier
DAGGS 12/22/2015 |00174 Daggs Wash Dec 2015
EMF_HYDROLOGY N 00020 Hydrologic Analysis for East Maricopa Floodway - FCD 2012C
EMF_HYDROLOGYCCC N 00016 Hydrologic Analysis for East Maricopa Floodway - FCD 2012C
EXAMPLE1 0210/2016 |00057 Clark, Green Ampt, Single, 6 Hour
EXAMPLEZ 02M10/2016 |00058 S-Graph, Green-Ampt, Single, 24 Hour
EXAMPLE3 0210/2016 | 00170 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 12/29/2015 | 00060 Clark, Init and Uniform, Single, 6 Hour
EXAMPLE4_WITH_HYDATA 0210/2016 | 00171 Clark, Init and Uniform, Single, 6 Hour
EXAMPLES_COPY 02/08/2016 |00168 Rational Method example
EXAMPLES_V332 02M10/2016 |00169 Rational Method example - |
4] I o[
Modification Date [ 02/22/2016 | Pont. | Delete | add | ok |

(b) Click the Add button on the SELECT PROJECT window to start a new project
(Or File = New Project = Add).

(c) On the New ProJect OpTIONS form, select River Mechanics checkbox and
click the OK button to close the form.

(d) Type in “BANKPROTECTION1” into the Reference textbox. This is the name
of this newly created project. The users can choose the name as long as it
does not exist in the DDMSW database.

(e) Type into the Title textbox a brief descriptive title of this project (Optional).
(f) Type into the Location textbox the location of this project (Optional).

(g) Type into the Agency textbox the agency or company name (Optional).

(h) Check River Mechanics Only checkbox for this project.

(i) Type a detailed description of this project into the comment area under the
Project Reference frame (Optional).

(j) Set the Modification Date using today’s date by clicking on the Calendar
icon.

(k) Click the Save button to save the entered data.

(I) Click the OK button on the SELECT PROJECT window to close the window, the
following figure shows what the window looks like.

(m)Click the OK button on the pop-up message box.
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selectpropect

List Details
 Project Reference  Project Defaults
Project ID | 00037 Reference IBNHKF‘ROTECTIOM
Title | Scour for Bank Protection at a Bend Tutorial Soils |FCDMC P
Location | Maricopa County Land Use |FCOMC Zl
Agency | Flood Control District of Maricopa County

¥ River Mechanics Only

This projectis setup to give a step-by-step instruction on how to use ;l
DDMEW to perform scour analysis for bank protection design.

[ |
Modification Date [06/04/2014 | 5] @nio | Pont. | Detete | g | ok |

Note: the Project ID “00037” in the above figure is the database records
unique read-only identifier of the project, which is automatically generated by
the program when a new project is created. When the users create a new
project, the Project ID of this new project will not be the same as the Project
ID shown in the above figure.

B.2 Step 2 - Prepare the Cross Section Hydraulics
(a) From the menu bar of the main application window, click River Mechanics

=>» Cross Section Hydraulics to open the RIVER MECHANICS — CROSS SECTION
HYDRAULICS window.

E!Flo-cd Control District of Maricopa County - BANKPROTECTIONL - Network

File Edit | River Mechanics Help

Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield »

ction Hydraulics

Cross Section Geometry
Import Cross Sections from Another Project

XL SN0000|

(b) Click the Add button on the RIVER MECHANICS — CROSS SECTION HYDRAULICS
window to activate all the necessary data entry fields.
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(c) Select the “Calculate Data” for the Source (“Enter Data” can also be
selected for the Source if the hydraulic results for a cross-section are
available.)

(d) Type “STUDYREACHCROSSSECTION” into the Cross Section ID textbox

(e) By default, both the Design and Dominant textboxes in the Entire Cross
Section frame are checked. If not, please check these two checkboxes.

(f) Type in “3200” and “800” into the Flow Rate (cfs) textboxes for Design and
Dominant, respectively

(g) Type in “0.015” and “0.015” into the Slope (ft/ft) textboxes for Design and
Dominant, respectively

(h) Type in “0.035” and “0.030” into the Manning’s n Channel textboxes for
Design and Dominant, respectively. Use the same values (“0.035” and
“0.030”) for the Manning’s n LOB and Manning’s n ROB textboxes.

(i) Check Same as Channel Cross Section checkboxes for both Design and
Dominant in the Main Channel (Bedform Scour) frame (Note: These boxes
are checked if the bedform scour computation is based on the Channel
cross-section hydraulics).

(j) After the data entry, click the Save button. The form should look like the
following figure.

i
Section ID Entire Cross Section
[STUDYREACHCROSSSECTION Source [Calculate Data ¥ ¥ \Design I Dominant

Flow Rate (cfs) I 3200 800

Cross Section ID [-] siope () [ENEER | 0.015000
| Manning's n Channel 0.035 0.030  Man'sn

Manning's n LOB 0.035 0.030

Manning's n ROB 0.035 0.030

Wetted Area (sq fi)
Wetted Perimeter (ft)
Average Width (ft)

Top Width (ft)

Hydraulic Depth (ft)
Maormal or Max Depth (ft)

Velocity (ft'sec)
Main Channel (Bedform Scour)
Same as Entire Cross Section  Design ¥ Dominant W

Hydraulic Depth (ft)

ILtlLI_

Velocity (ft'sec)
LI Froude Number
uecras | @info | Prnt. | copy | Detete | Ada | Grapn |xsection| Detai | upaate | ok |
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(k) Click the OK button to close the window.

(I) From the menu bar of the main application window, click River Mechanics
=» Cross Section Geometry to open the RIVER MECHANICS — CROSS SECTION
GEOMETRY form.

E Flood Control District of Maricopa County - BANKPROTECTION1 - Network

File Edit | River Mechanics Help

Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield 3

Cross Section Hydraulics

Cross Section Geometry

Import Cross Sections from Another Project

¥4 SW0000|

(m)Click the “Magnifying Glass” on the right side of the ID textbox in the Cross
Section frame to open the SELECT CRosS SECTION ID form. Highlight Cross
Section ID “STUDYREACHCROSSSECTION” and click OK to close the form.

E!MaturalCrossSections O] x|
X Y l;l Overbank
| Left
J — o 0.83 [
Right 7~ 062 E
0.31 ¢
0.00 |
031 |
082 -
093 -
124 F
-1.55 ©
[~ Graph current record =T g | | | | | | | |
80 60 -40 20 0 20 40 60 80
Adj ts Cross Section
Auto Increment X (ft) 5.00 |D| STUDYREACHCROSSSECTION ,J|
Elevation Adjustment (ft) X(m _Delete and Confirm |
Adjust | Y(ﬂ)l Save & Add Record
Overbank @lnfo I Print... | Delete | Add | oK |

(n) Click the Add button on the NATURAL CROSS SECTIONS form and type “100”
and “100” into the X (ft) and Y (ft) textboxes, respectively. Click the Save &
Add Record button.

Section 2.0 - River Mechanics I1-9



(o) Repeat the above step (n) for the rest of pairs of X and Y values provided

below.
Station (X) Elevation (Y) Notes
106 98
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
257 100

After all the X and Y values are entered, the NATURAL CROSS SECTIONS form
should look like the following figure.

-1oix
X Y [+] overbank
100.00 100.00 -
Left
106.00 98.00 . —fl 1200
156.00 gsoo | | Rignt || 10100 :
166.00 95.00 100.00
191.00 95.00 s F \ /
201.00 98.00 o E
251.00 98.00 a7.00 E
96.00 E
85.00 :
94.00 :
93.00
I Graph current record gZ_ME TR ERTE RETE FETE FET EET N RN T FET e A A
60 80 100 120 140 160 180 200 220 240 260 280
J Adj t Cross Section
Auto Increment X (ft) 0.00 |0 | STUDYREACHCROSSSECTION ng
Elevation Adjustment (ft) X (f) 257.00  Delete and Confirm
Adjust | Y () 100.00 | Save &Add Record
Ovetcank @nio | Pint. | Deete | asa | ok |

Cross-section data can be imported into DDMSW. However, the XY data
must be prepared based on DDMSW XY data format before the cross-
section is imported. To know the DDMSW XY data format, export the data
of an existing cross-section (File =» Export Data =» select “Crosssections”
under “Hydraulics” Section on the SELECT A TABLE TO EXPORT form. Click the
Export button and on the SELECT FIELDS TO EXPORT form, select “XLS” as the
Export Type. Click Save to save the setting, and click Export. On the SAVE As
form, navigate to where you want to save the exported file and click the
Save button. Finally, click OK. Once the file is created, the format can be
examined. The format could be used as template for creating importable
* XLS files to DDMSW).
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(p) To define the Left Bank Station, select “156.00” on the XY grid table and
click the “Magnifying Glass” on the right side of the Left Overbank textbox.

(q) To define the Right Bank Station, select “201.00” on the XY grid table and
click the “Magnifying Glass” on the right side of the Right Overbank
textbox.

(r) Click OK to close the NATURAL CROSS SECTIONS form.

(s) Go back to the main application window, and click River Mechanics =
Cross Section Hydraulics from the menu bar to open the RIVER MECHANICS —
CRrRoss SECTION HyDRAuLics form. Click the Update button to update the
hydraulic parameter listed on the form by performing a hydraulic analysis
using the geometric data provided. The textboxes with yellow highlights
will be populated with results from the analysis.

(t) Highlight “This Record” and click the OK button to close the SELECT OPTION
form. Click Yes on the UpPDATE CROSS SECTION HYDRAULICS form to continue.

m Update Cross Section Hydraulics

Dl}tiﬂﬂ I:I 'o' This will update the hydraulic parameters for the current Cross

| | Section.
- . - —I If ‘Enter Data' is selected as the 5 , data will NOT BE
This MEI]UT Basin updgtegl, ata' is selected as the Source, data wi

All

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ and/or ‘Dominant’

arefis checked.
=

Do you want to continue?

QE[FI cel Yes | Mo I

After the update, the RIVER MECHANICS — CROSS SECTION HYDRAuULICS form
should look like the following figure.
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Entire Cross Section
[sTUDYREACHCROSSSECTION Source [ Calculate Data_[v]| [ Design 7 Dominant
Flow Rate (cfs) 3200 300
Cross Section ID [+] Slope (M) | 0.015000 |  0.015000
| Manning’s n Channel 0.035 0.030 || Man'sn
Manning's n LOB 0.035 0.030
Manning’'s n ROB 0.035 0.030
Wetted Area (sq fi) 328.50 83.96
Wetted Perimeter (ft) 155.36 42 51
Average Width (ft) 73.00 33.32
Top Width (ft) 153.99 4177
Hydraulic Depth (ft) 213 20
_| Mormal or Max Depth (ft) 4.50 252
. LILI Velocity (f'sec) 974 9.53
Main Channel {Bedform Scour)
;l Same as Entire Cross Section  Design ¥ Dominant W
Hydraulic Depth (ft) 213 20
Velocity (ft'sec) 974 53
j Froude Mumber 1.18 1.18
tecras | @info | Pont. | cooy | Delete | Ada | Grapn |xsection| Detail

=101 ]

To create the supply reach cross section data for the project, the user can
manually enter the dataset using the same procedure [i.e., Step 2, from (a)
to (t)]. In this tutorial, since the data have already been created in another

project, the “SUPPLYREACHCROSSSECTION” dataset will be imported.

(u) To import the “SUPPLYREACHCROSSSECTION” dataset, open the IMPORT
CROSS SECTIONS FROM ANOTHER PROJECT form (River Mechanics = Import

Cross Sections from Another Project).

510000 |

i
he

XX s

(v) On the IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form, use the data
provided below. Click Import to import the cross section data into the

Scour

File Edit | River Mechanics Help

Riprap

Launchable Riprap

Lateral Erosion

Sediment Yield

Cross Section Hydraulics

Cross Section Geometry

Import Cross Sections from An

project. Select Yes to continue, and hit OK to close the form.

® Import Project Reference:

Section 2.0 - River Mechanics
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e Option: Specific Cross section
® Import Cross Section ID: SUPPLYREACHCROSSSECTION

Import Cross Sections From Another Project |

Import Project Reference | PROJECTXSECTIONS r‘l
Option |Specific Cross Section j
Import Cross Section ID | SUPPLYREACHCROSSSECTION d,x_-‘I

mpot | ok |

(w) To check if the cross section data has been successfully imported, open the
NATURAL Cross SecTions form (River Mechanics =» Cross Section

Geometry).
EuaturaICrossSections _ O] =
X Y l;l Overbank
100.00 100.00
Left 156.00
106.00 98.00 _ —ﬂ 10200 ¢ o m
156.00 ggoo | |Riont] 20100 ) q01.00 £ S &
166.00 95.00 100.00
191.00 95.00 99.00 - \ /
| 98.00
251.00 98.00 97,00 E
257.00 100.00 s
96.00 |
= 95.00 [
9400
93.00 [
I~ Graph current record 9200 "o oo Lo Lo Lol ARIERRIRERIRRRINEN]
60 80 100 120 140 160 180 200 220 240 260 280
Adjustments —— 1 Cross Section
Elevation Adjustment (ft) ID| STUDYREACHCROSSSECTION ng
adust | ||x @ 20100 | Delete and Confirm
Y (i) 98.00 Save &Add Record
Jod
Cverbank &} nfo | Print... | Delete | Add | oK |

Compare the geometric data of the “SUPPLYREACHCROSSSECTION” on the
NATURAL CROSS SECTIONS form against the tabulated data listed below.
“SUPPLYREACHCROSSSECTION” can be selected by clicking on the
magnifying icon next to Cross Section ID text box. Make necessary data
edits or adjustments on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
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Station (X) Elevation (Y) Notes
106 98
181 98 Left Bank Station
191 95
216 95
226 98 Right Bank Station
301 98
307 100

(x) To check if the imported data has all the correct Flow Rates (cfs), Slopes
(ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the CROSsS
SecTION HyDRAULICS form (River mechanics = Cross Section Hydraulics). To
compare, make sure that the Section ID is set to
“SUPPLYREACHCROSSSECTION”.

® Cross Section ID: SUPPLYREACHCROSSSECTION
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
® Design Slope (ft/ft): 0.010
e Dominant Slope (ft/ft): 0.010
® Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
E! River Mechanics - Cross Section Hydraulics M= [
Section 1D Entire Cross Section
[SUPPLYREACHCROSSSECTION Source | Calculate Data =| |dEessn dEmes
Total Scour [ Flow Rate (cfs) 3200 300
Cross Section ID |l:| Slope () | 0.010000 | 0.010000
Manning's n Channel 0.035 0.030 Man's n
Manning's n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Flow Area (sq ft) 41958 96.46
Wetted Perimeter (ft) 205.84 44 54
Average Width () 91.71 3436
Top Width (ff) 204.45 4372
Hydraulic Depth (ft) 205 2
_| Mormal or Max Depth (ft) 458 281
. _’ILI Velocity (fsec) 7.63 8.29
[
E
@lnfo | Print... | Copy | Delete | Add | Graph |zSec1i0n| Detail |gpdate | oK |

(y) If everything checks out, click the Update button to update the hydraulic
analysis results.
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(z) On the SeLect OpTION form, select “This Record” and click OK. Hit Yes to

continue.
Select Option I Update Cross Section Hydraulics E
Option I;I & This will update the hydraulic parameters for the current Cross
I_I J) Section,
Al If 'Enter Data' is selected as the Source, data will NOT BE

updated.

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ andor ‘Dominant’
arefis checked,

=l

Do you want to continue?

Qancel | Yes | No I

(aa) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

Creating the two cross sections and evaluating their respective hydraulics in Step 2
are essential steps before proceeding to Step 3 of this tutorial.

B.3 Step 3 - Compute Total Scour

B.3.1 Set up Total Scour Basic Data

(a) From the menu bar of the main application window, click River Mechanics
=» Scour, to open the TOTAL SCOUR form.

E Flood Control District of Maricopa County - BANKPROTECTION1

File Edit | River Mechanics Help

J ; Scour

Riprap I
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] Total Scour - MB: 01 - ID:

1] Cross Section Long Term  General Local Bedfarm Bend Low Flow  Total ~
D Scour Scour Scour Scour Scour Scour Scour
v
4 >
@info add [ mB Undate oK

(b) Click the Add button on the ToTAL Scour form to activate the data entry
fields.

(c) Type “AZRIVER” into the ID textbox.

(d) Check the checkboxes for Long Term, General, Bedform, and Low Flow
(Note: Do not check Local)

(e) Click the browse button in the Method column across Long Term
checkbox on the Total tab to launch SeLect METHOD window and to select
the method to use for Long-term scour analysis.

(f) On the SeLect MeTHOD form, select the “Equilibrium Slope for Sediment-
Laden Flow”, and click OK to close the SELEcT METHOD form.

Select Method |

Equilibrium Slope for Sediment-Laden Flow
Equilibrium Slope for Clear Water Flow

OK Cancel
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(g) Click the browse button in the method column across General check
box on the Total tab to launch SELect METHOD form.

(h) Select “Lacey” method from the SELEcT METHOD form to identify the method
to use for General scour analysis. Click OK to close the SELECT METHOD form.

Meill
Blench
OK Cancel

(i) Click the Save button to save the entered data. The TOTAL SCOUR form
should look like the following figure.

11 Total Scour - MB: 01 - ID: AZRIVER

List Total | Long Term | General [Local Bedform Low Flow
riD
Major Basin ID |01 P
ID |AZRIVER
 Scour Depth
Custom

Include Calc ES  Value Method

Calc FS
Long Term [# 523| 12 6.80 [T I |Equilibrium Slope for Sediment-Laden Flow
General v 268 13 348 [T T

Local ™

[

Lacey

Bedform v 128 13 166 - T |
Low Flow ¥ 639 13 831 I T
Headcut |-
Tailcut [~ =
Total (ft) | 20.25
@rep | @inio | Print. | Detete | add | wB | upsate | ok |

B.3.2 Calculate the Long Term Scour

(a) Select the Long Term tab as shown in the following figure.
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E! Total Scour - MB: 01 - ID: AZRIVER

General Bedform

Equilibrium Slope Sediment-Laden {use Dominant flow rate)

Study Reach Cross Section D
Supply Reach Cross Section 1D

N

Study Supply Edguilib Study Supply Eqguiliby
Flow Rate (cfs) | Gradation Coefiicient

Slope () | Total Bed Mat! @ (cfs)

Manning's n | Scaur Depth i)

Wietted Area (5o fiy
Hydraulic Depth
Width ()

Average Welocity (ffs)
D50 {mrmy

DE4 {mrm)

D6 {rmmy

Length to Pivot Pt ()

[ @Help || @info |[ Prnt. |[ Detete || add || mB [ Update || ok

(b) Click browse button beside the Study Reach Cross Section ID to select
the cross section ID “STUDYREACHCROSSSECTION”, and click OK to close
the SELECT CROSS SECTION ID form.

(c) Click browse button beside the Supply Reach Cross Section ID to select
the cross section ID “SUPPLYREACHCROSSSECTION”, and click OK to close
the SELECT CROSS SECTION ID form.

(d) Enter the D50 (mm) values “1.5” and “2.0” for Study and Supply,
respectively.

(e) Enter the D84 (mm) values “10” and “12” for Study and Supply,
respectively.

(f) Enter the D16 (mm) values “0.5” and “1.0” for Study and Supply,
respectively.

(g) Enter “800” into Length to Pivot Pt (ft) textbox

(h) Click the Save button to save the entered data. (The form should look like
the following figure).
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18]
List | Total Long Term | General [Logal | Bedform | Low Flow
r Equilibrium Slope Sediment-Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION -
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION j
Flow Rate (cfs) Gradation Coefficient
Slope (ff) Total Bed Matl Q (cfs)
Manning’s n Scour Depth (ft)
Wetted Area (sq ft)
Hydraulic Depth (ft)
Width (ft)
Average Velocity (fis)
D50 (mm) 1.500) 2.000
D84 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Length to Pivot Pt (ft) 200
@rep | @inio | Prnt. | Detete | add | wB | updae | ok |

(i) Click the Update button to start the computation; select “This Record”
from the SELECTION OPTION window, and click Yes to continue.

Calculate Long Term Scour |
Option l;l
N

| This will calculate the Long Term Scour for the current record.

This Major Basin If you want to calculate the Total Scour, Click 'Update’ on the

All Total Tab.

Do you want to comtinue?

Yeg | Mo I

After the update, the final result of the long term scour calculation is shown
in the following figure.
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E_ETotal Scour - MB: 01 - TD: AZRIVER
List | Total General LLacal | Bedform Low Flow
r Equilibrium Slope Sediment-Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION +~
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION El
Flow Rate (cfs) 800 300 200 Gradation Coefficient 483 4.00 4.83
Slope (ff) | 0.015000 | 0.010000 | 0.0084667 | Total Bed Matl Q (cfs) 9.49 3.97 3.97
Manning’s n 0.030 0.030 0.030 Scour Depth (ft) W
Wetted Area (sq ft) 8381 96.46 102.22
Hydraulic Depth (ft) 20 221 229
Width (ft) 33.37 3436 34.33
Average Velocity (fis) 9.55 8.29 7.83
D50 (mm) 1.500 2.000
D&4 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Lengthto Pivot Pt [ 800 |
@reip | @0 | Pont. | Detete | aga | wme | upsate | ok |

B.3.3 Calculate the General Scour
(a) Click the General tab to evaluate the General scour.

(b) Click browse button beside the Cross Section ID to select the cross
section ID “STUDYREACHCROSSSECTION”, and click OK to close the SELECT
CROSS SECTION ID window.

(c) Enter “1.5” into the D50 (mm) textbox.

(d) Click the browse button beside the Bend Factor, Z textbox to open the
SELECT FACTOR window and select “Moderate Bend”.

Straight Reach

Severe Bend
Right Angle Bend
Vertical Rock Bank or Wall

Ok Cancel |

(e) Click the Save button to save the entered data.

Section 2.0 - River Mechanics 11-20



The following figure shows what the window looks like after the data entry.

E!TotalScour - MB: 01 - ID: AZRIVER
List | Total | Long Term General | [ocal | Bedform | Low Flow
r Lacey Par ters
Manual Input Parameters [~
Cross Section ID | STUDYREACHCROSSSECTION ,\Jl
Design Flow Rate (cfs)
D50 (mm)
Bend Factor, Z 0.50 ;Jl
Scour Depth (including bend) (ft)
@Hep | @0 | Point | Deiste | ado | we | upsae | ok |

(f) Click the Update button and select “This Record” from the SELECTION
OrTION window. Click Yes on the CALCULATE GENERAL SCOUR form to proceed.

Calculate General Scour |

Option [+

| This will calculate the General Scour for the current record,

This Major Basi J
1S Major Basin B If you want to calculate the Total Scour, Click "Update’ on the
Al Total Tab.

Da you want to continue?

Cancel | Yes | Mo I

After the update, the final result of the general term scour calculation is
shown in the following figure.
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%] Total Scour - MB: 01 - ID: AZRIVER

_Orew | @i | pont. | pelete | scd | we | upome | ok |

B.3.4 Calculate the Bedform Scour

In this section, a procedure on how to calculate the bedform scour will be

provided.

On the ToTAL Scour form, select the Bedform tab. The following figure shows
what the window looks like before data entry.

1 Total Scour - MB: 01 - ID: AZRIVER

_Qren | Quo | Pnt. | petete | aoa | we | wpome | o |
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(a) Click browse button beside the Cross Section ID to select the cross
section ID “STUDYREACHCROSSSECTION”, and click OK to close the SELECT
CROSS SECTION ID window.

(b) Set the Dune Height/Depth value to “0.20”.
(c) Click the Save button to save the data just entered.

(d) Click the Update button and select “This Record” from the SELECTION
OrTION window. Click Yes to continue.

Calculate Bedform Scour =

Option |;|
| B I.-"'_"‘-.l This will calculate the Bedform Scour for the current record.

This Major Basin k. ' 4
I = If you want to calculate the Total Scour, Click 'Update’ on the

All Total Tab.

Do you want to continue?
|

After the update, the final result of the bedform scour calculation is shown
in the following figure.

E!TotalScour - MB: 01 - ID: AZRIVER
List | Total | Long Term General | acal Low Flow
r Bedform Parameters
Manual Input Parameters [
Cross Section ID [ STUDYREACHCROSSSECTION ,,\Jl
Main Channel Hydraulic Depth (ft) 214
Main Channel Average Velocity (ft's) 973
Main Channel Froude Number 117
Anti Dune Scour Depth (ft) 1.28
Final Scour Depth (ft) 1.28
@neip | @0 | Pont. | petete | aga | we | upsae | ok |
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B.3.5 Calculate the Low Flow Scour

In this section, a procedure on how to calculate the low-flow scour will be
provided.

On the ToTAL Scour form, select the Low Flow tab. The following figure shows
what the window looks like before data entry.

ETotal Scour - MB: 01 - ID: AZRIVER

List | Total | Long Term | General | Lacal Bedform

Low Flow Rate (cfs)
Channel Material dJl

Low Flow Incisement (ft)

@rep | @inro | prnt | Detete | adda | wB | upsate | ok |

(a) Enter “100” into the Low Flow Rate (cfs) textbox.

(b) Click browse button beside the Channel Material to select the channel
material data. Choose “Medium Sand” and click OK to exit the SELECT
CHANNEL MATERIAL form.

(c) Click the Save button to save the data just entered.

(d) Click the Update button and select “This Record” from the SELECT OPTION
form. Click OK.

Option I;l
|
This Major Basin J
All
|
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(e) On the CALcuLATE Low FLow Scour form, click Yes to continue.

Calculate Low Flow Scour

This will calculate the Low Flow Scour for the current record,

If you want to calculate the Total Scour, Click 'Update’ on the
Total Tab.

Do you want to continue?

After the update, the final result of the low flow scour calculation is shown
in the following figure.

e sans )

—

_Ore | Qo | Pont. | petete | sod | we [ upsme | ok |

B.3.6 Calculate the Total Scour

On the ToTALScouR form, select the Total tab. The following figure shows what
the form looks like.
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¥ Total Scour - MB: 01 - ID: AZRIVER

List Long Term | General Local Bedform Low Flow
1D
Major Basin 1D |01 -~
ID |AZRIVER
r Scour Depth
Custom
Include Calc ES \Value Calc ES Method
Long Term W 523 13 680 [ [T |Equilibrium Slope for Sediment-Laden Flow -~
General @ 268 13 348 T [ |Lacey -
Local T
Bedform @ 128/ 13 166 [T -
Low Flow @ 250 1.3 aze [ [T
Headcut [~
Faileut || =
Total (ft) I 15.20
@reip | @nfo | Pont. | Deete | acd | wB | update | ok |

As shown, the analysis results for the total scour which is the combination of
the individual scour components previously analyzed are displayed.

B.4 Step 4 - Report and Documentation of Results

In this section, procedures will be given on how to view, print, and export the
calculation results for the total scour analysis.

The total scour is the sum of the long term scour, general scour, local scour,

bedform scour and low flow scour. In this tutorial, only the following four

scours are covered, that is, the long term scour, general scour, bedform scour

and low flow scour.

Make sure all the four scours listed above are checked in the Total tab and all
the listed scours are updated.

(a) To view the results on the screen, click the Print ... button on the ToTAL
SCOUR — MB: 01 — ID: AZRIVER form, a report will be generated as shown
in the following figure.
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R RIVER MECHANICS - TOTAL SCOUR

| 1 af 1 == N EPaE |:|M

Flood Control District of Maricopa County
Cralnage Cesign Management Sysiem
RIVER MECHANICS - TOTAL SCOUR

L UR
Page 1 Project Referance: BANKP RO TECTIONT

Tatal1

100%

Major Basin: 01
D:AZRVER Cross Section ID: STUDYREACHCROSSSECTION
Typs  Cak (ft) F3  valus [ty Mathod
Long Temm 523 3 630 Equilibrum Siope for Sediment-Laden Flow
Cenerzl 268 3 345 Lacey
Local 3
Bedfam 128 3 166 Comments
Low Flow 639 k. axn
Hezoout - -
Talicut

Total N2

=13

1of1

(b) To print out the results on a printer, click the printer symbol ( & ).

(c) To export the results in PDF format or other formats, click the export

symbol ( ;)

(d) The individual scour components results and cross section hydraulics
results can also be viewed, printed, and exported by clicking the Print...
button under individual component scour menus and Cross Section

Hydraulics menu.

This concludes this tutorial for scour evaluation for bank protection involving

mild bends.
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RIVER MECHANICS

SCOUR ANALYSIS
FOR BRIDGE PIERS

KVL Consultants, Inc.
HEC-1 Import Hydrographs
H:AFCDMC\DDMSW505\MODLRUNS\KVLEXAMPLE101-100.0UT

¥ Graph current record ;¢

Adjustments

Elevation Adjustment () 0.00

Project Defaults

. —
T
240 B0 40 60
Time (minutes)

@@= @ O r
— 010105-Basin ~— 010105-Combine ~ — 010105-Route

Maricopa County Department of Transportation (MCDOT)
Computer Training Room
2919 W Durango St, Phoenix, Arizona 85009

Presented by:
Kenneth Lewis, P.E.
KVL Consultants, Inc.



2.2 Calculate Total Scour for Bridge Pier

A. Problem Statement

To estimate the total scour depth for a bridge pier (use “Equilibrium Slope for
Sediment-Laden Flow” method for long-term scour, use “Neil” method for general
scour including a moderate bend, and use the local scour at the piers) with the
following given conditions:

< The Cross Section “BRIDGECROSSSECTION”

> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
e Dominant Flow Rates (cfs): 800
e Channel Slope for Design Flow (ft/ft): 0.015
e Channel Slope for Dominant Flow (ft/ft): 0.015
e Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
e ROB Manning’s n for Design Flow: 0.035
e Channel Manning’s n for Dominant Flow: 0.030
® LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
® The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes

100 100

106 98

131 98 Left Bank Station

141 95

166 95

176 98 Right Bank Station

201 98

207 100

> The Cross Section “STUDYREACHCROSSSECTION”

> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
e Dominant Flow Rates (cfs): 800

Section 2.0 - River Mechanics 11-28



e Channel Slope for Design Flow (ft/ft): 0.015
e Channel Slope for Dominant Flow (ft/ft): 0.015
e Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
® ROB Manning’s n for Design Flow: 0.035
® Channel Manning’s n for Dominant Flow: 0.030
® LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
® Length to Pivot Point (ft): 800
® The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes

100 100

106 98

156 98 Left Bank Station

166 95

191 95

201 98 Right Bank Station

251 98

257 100

< The Cross Section “SUPPLYREACHCROSSSECTION”

> Parameters for Hydraulics and Geometry:
e Design Flow Rate (cfs): 3200
e Dominant Flow Rates (cfs): 800
e Channel Slope for Design Flow (ft/ft): 0.010
® Channel Slope for Dominant Flow (ft/ft): 0.010
® Channel Manning’s n for Design Flow: 0.035
® LOB Manning’s n for Design Flow: 0.035
® ROB Manning’s n for Design Flow: 0.035
® Channel Manning’s n for Dominant Flow: 0.030
e LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
® The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes
100 100
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Station (X) Elevation (Y) Notes
106 98
181 98 Left Bank Station
191 95
216 95
226 98 Right Bank Station
301 98
307 100
X Parameters for the Long Term Scour :
e D50 (mm) for Study Reach: 1.50
e D84 (mm) for Study Reach: 10.00
e D16 (mm) for Study Reach: 0.50
e D50 (mm) for Supply Reach: 1.50
e D84 (mm) for Supply Reach: 12.00
e D16 (mm) for Supply Reach: 1.00
X Parameters for the General Scour:
e Exponent m: Coarse Gravel (0.85)
e Bend Factor, z: Moderate Bend (0.60)
e D50 (mm): 1.50
e Bend Angle (Degrees): 45.00
X Parameters for the Low Flow Scour:
® Low Flow Rate (cfs): 100.00
® Channel Material Medium Sand
X Parameters for the Local Scour:
® Pier Width, a (ft): 2.50
® Pier Length, L (ft): 60.00
® Angle of Attack (Degrees): 30.00
e D50 (mm): 1.50
e D95 (mm): 20.00
® Nose Shape Factor, K1: 1.0 (Round Nose)
e Bed Condition Factor, K3: 1.2 (Medium Dune)

B. Step-by-Step Procedures
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Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

Establish a New Project and Defaults Set-up

Prepare the Cross Section Hydraulics

Import Cross Section and Hydraulic Data

Calculate Total Scour at Bridge Piers

Step 4.1: Set up Total Scour Basic Data
Step 4.2: Calculate the Long Term Scour
Step 4.3: Calculate the General Scour
Step 4.4: Calculate the Local Scour

Step 4.5: Calculate the Low Flow Scour
Step 4.6: Calculate the Total Scour

Report and Document the Results

B.1 Step 1- Establish a New Project and Defaults Set-up

(a) Click the DDMSW icon on the Desktop or Program menu to launch the
DDMSW. Click the OK button to accept the software disclaimer as shown
in the following figure.

Agreement

Drainage
Design
Management
System

This program has been written to aid in the management of drainage design. Itis provided as
a public service to aid in implementation of the technical infermation data, and procedures,
presented in the Drainage Design Manuals. The user of this information releases, indemnifies
and helds free the Flood Contrel District of Maricopa County and KVL Consultants, Inc. from
any and all liabilities, damages, lawsuits and causes of action that result as a consequence of
their reliance on and use of the DDMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user.

Many of the default values provided are generic and serve to guide users in their modeling.
Users must exercise judgement to evaluate and modify default values based on the specific
watershed. An approval for default table values for a specific watershed must be obtained
from the appropriate agency

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc.

After the DDMSW is launched, the SELECT PROJECT window is
automatically opened as shown in the following figure.
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(b)

(c)

(d)

(e)
()

(g)
(h)

)

(k)
(1)

Select Project

List | Details
Lookforl

Reference Date D Title ﬁ

BANKPROTECTIOMFCD 01/01/2012 {00035 River Mechanics Example - Bank Protection
|

BRIDGERIERFCD 03/01/2016 |00133 River Mechanics Example - Bridge Pier
EXAMPLE1 01/01/2010 {00037 Clark, Green Ampt, Single, 6 Hour
EXAMPLEZ 02/29/2016 (00038 S-Graph, Green-Ampt, Single, 24 Hour
EXAMPLE3 01/01/2010 {00039 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 01/01/2010 {00040 Clark, Init and Uniform, Single, 6 Hour
KVLEXAMPLE 02/29/2016 (00041 Example 1 HEC-1 tutorial project
KVLEXAMPLE10 01/10/2014 |00042 HEC-1 Tutorial - Import HEC-1 File
KVLEXAMPLE 11 01/M10/2014 (00043 FCDMC Hydraulics Manual Design Example 4.6
KVLEXAMPLE12 02/25/2016 (00044 Street Drainage Example
KVLEXAMPLE2 02/29/2016 |00045 Example 2 using Shape files and NOAA 14
KVLEXAMPLES 01/01/2011 |00045 Example 3 Rational Method tutorial project
KVLEXAMPLES 02/25/2016 |00047 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLESA 03/02/2016 (00061 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLEG 03/01/2016 {00130 HEC-1 Tutorial - S-Graph Unit Hydrograph -
< | ol
Modification Date [ 02242016 | 5 &info | @iro | Print. | Detete | agd | ok |

Click the Add button on the SELECT PROJECT window to start a new project
(Or File = New Project = Add).

Select River Mechanics checkbox and click the OK button on the NEwW PROJECT
OPTIONS form.

Type “BRIDGEPIER1” into the Reference textbox. This is the name of this
newly created project. Users can choose any name for the Reference
textbox as long as it does not exist in the current DDMSW project
database.

Type into the Title textbox a brief descriptive title for this project.
(Optional)

Type into the Location textbox the location of this project. (Optional)
Type into the Agency textbox the agency or company name. (Optional)
Check River Mechanics Only checkbox for this project.

Type a detailed description of this project into the comment area under
the Project Reference frame. (Optional)

Set the Modification Date using today’s date by clicking on the Calendar
icon.

Click the Save button to save the entered data.

Click the OK button on the SeLEcTt PROJECT window, and click the OK
button on the pop-up message box. The following figure shows what the
window looks like.

Section 2.0 - River Mechanics 11-32



Select Project

List Details
r Project Reference  Project Defaults
ProjectiD [00057  Reference [BRIDGEPIERT
Title | Total Scour for Bridge Pier Tutorial Soils W >~
Location | Maricopa County, Arizona Land Use WE’
Agency | Flood Control District of Maricopa County

¥ River Mechanics Only

This is a tutorial project that provides a step-by-step instruction on how to ;I
use DDMSW to calculate total scour for bridge piers.

||
Modification Date [J02/02/2016 | 51 Pont.. | Detete | ads | ok |

Note: the Project ID “00057” in the above figure is the unique database record
identifier for the project, which is automatically generated by the program when
a new project is created. When users create a new project, the Project ID of the
new project will not be the same as the Project ID shown in the above figure.

B.2 Step 2- Prepare the Cross Section Hydraulics

All the three (3) cross section data that will be used for this tutorial will be
imported from another project. These cross section data are:

® Bridge Cross Section Data “BRIDGECROSSSECTION”
® Study Reach Cross Section Data “STUDYREACHROSSSECTION”
® Supply Reach Cross Section Data “SUPPLYREACHCROSSSECTION”

B.2.1 Import the Bridge Cross Section Data
(a) To import the first cross section data (Bridge Cross Section Data), open the

IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form (River Mechanics =
Import Cross Sections from Another Project). Use the following data on

the form.

® Import Project Reference: PROJECTXSECTIONS
® Option: Specific Cross section
® Import Cross Section ID: BRIDGECROSSSECTION
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Import Cross Sections From Another Project

Import Project Reference

Import Cross Section 1D

Option

PROJECTXSECTIONS ,J|
Specific Cross Section v
BRIDGECROSSSECTION ,J|

impot | oK

(b) Once the specified data have been selected, click the Import button. Select
Yes to proceed, and hit OK to close the IMPORT CROSS SECTION FROM
ANOTHER PROJECT form.

e E— |

This will import Cross Section BRIDGECROSSSECTION

.:' from PROJECTXSECTIONS to the current project.

- Data with the same ID will be overwritten.

Do you want to continue?

Yes I Mo I

(c) To check if the bridge cross section data has been successfully imported,
open the NATURAL CRosS SECTIONS form (River Mechanics = Cross Section
Geometry). For the Cross Section ID, select “BRIDGECROSSSECTION” by
clicking the Selector button at the right side of the ID textbox.

E Natural Cross Sections

Mi[=1E3

X Y l;l Overbank
100.00 100.00 T
Left 131.00
106.00 93.00 _ —fl e o m @
13100 ggoo | |Rioht] 17800 || 10100 o 5 g
141.00 95.00 100.00 |,
166.00 95.00 99.00 \ f
| 98.00 |-
201.00 98.00 o700 |
207.00 100.00 -
96.00 -
95.00 |
94.00 |
93.00
I” Graph currentrecord | gogg Fooo ol od oo o el Lo
60 80 100 120 140 160 180 200 220 240
Adj t Cross Section
Elevation Adjustment () 10| BRIDGECROSSSECTION |
adiost | {x @ 176.00 | | Delete and Confirm
¥ (ft) 98.00 Save & Add Record
Overank @no | pont. | Detete | Agg | ok |
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Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments
on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
106 98
131 98 Left Bank Station
141 95
166 95
176 98 Right Bank Station
201 98
207 100

(d) To check if the imported hydraulic data has all the correct Flow Rates (cfs),
Slopes (ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the
Cross SECTION HyprauLics form (River mechanics = Cross Section
Hydraulics). Make sure that the Cross Section ID is set to
“BRIDGECROSSSECTION” and compare the data on the form and the
following data:

® Cross Section ID: BRIDGECROSSSECTION
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
e Design Slope (ft/ft): 0.015
e Dominant Slope (ft/ft): 0.015
® Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
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E River Mechanics - Cross Section Hydraulics

Section ID Entire Cross Section
IEIRIDGECROSSSECTION Source | Calculate Data - ¥ Design W Dominant
Total Scour ™ Flow Rate (cfs) 3200 800
Cross Section ID [«] Slope () | 0.015000 [ 0.015000
STUDYREACHCROSSSECTION | LEIIEB T E e 0035 0030 |
SUPPLYREACHCROSSSECTION Manning’s n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Flow Area (sq ft) 28718 83.81
= Wetted Perimeter (ft) 107.35 42 48
Average Width (ft) 59.66 33.37
Top Width (ft) 105.88 4174
Hydraulic Depth (ft) 271 201
Mormal or Max Depth (ft) 481 251
. LILI Velocity (f'sec) 1114 9.55
[—|
| |
@lnfo | Print... | Copy | Delete | Add | Graph |5 Secﬁonl Detail

(e) If everything checks out, click the Update button to update the hydraulic
analysis results. On the SELECT OPTION form, select “This Record” and click
OK. Hit Yes to continue.

(f) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.
B.2.2 Import the Study Reach Cross Section Data

(a) To import the second cross section data (Study Reach Cross Section Data),
open the IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form (River
Mechanics = Import Cross Sections from Another Project). Use the
following data on the form.

® Import Project Reference: PROJECTXSECTIONS

e Option: Specific Cross section

® Import Cross Section ID: STUDYREACHCROSSSECTION
Import Project Reference |PROJECTXSECTIONS il

Option | Specific Cross Section j
Impaort Cross Section ID | STUDYREACHCROSSSECTION d,;JI

mpot | oKk |
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(b) Once the specified data have been selected, click the Import button. Select
Yes to continue, and hit OK to close the IMPORT CROSS SECTION FROM
ANOTHER PROJECT form.

e E— |

Do you want to continue?

% This will import Cross Section BRIDGECROSSSECTION
§.-' from PROJECTXSECTIONS to the current project.
- Data with the same ID will be overwritten.

Yes

L |

(c) To check if the study reach cross section data has been successfully
imported, open the NATURAL CRoss SECTIONS form (River Mechanics =

Cross

Section

Geometry).

For the

Cross

Section 1D,

select

“STUDYREACHROSSSECTION” by clicking the Selector button at the right
side of the ID textbox.

E! Natural Cross Sections M=
X Y l;l Overbank
100.00 100.00 T
Left 156.00
106.00 98.00 . —fl 102.00° m m
156.00 ggoo | Rist] 20000 7|1} 10100 S &
166.00 95.00 100.00 -
191.00 95.00 99.00 © \ /
58.00 [
251.00 98.00 o700 -
257.00 100.00 s
95.00
I 95.00 [
94.00 [
93.00 |
I~ Graph current record el ETARRTARRTARTERRET |ENTHENE] TR T AR AR,
60 &0 100 120 140 160 180 200 220 240 260 280
Adjustments Cross Section
Elevation Adjustment (ft) |D| STUDYREACHCROSSSECTION fJI
adst | ||x @ 20100 | Deleie and Confirm
Y (ft) 98.00 Save & Add Record
hd
Overbank @0 | Pont. | peete | paga | ok |

Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments

on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
106 98

Section 2.0 - River Mechanics

[1-37



Station (X) Elevation (Y) Notes
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
257 100

(d) To check if the imported hydraulic data has all the correct Flow Rates (cfs),
Slopes (ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the
Cross SECTION Hybpraulics form (River mechanics = Cross Section
Hydraulics). Make sure that the Cross Section ID is set to
“STUDYREACHCROSSSECTION” and compare the data on the form and the
following data:

® (Cross Section ID: STUDYREACHCROSSSECTION
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
® Design Slope (ft/ft): 0.015
e Dominant Slope (ft/ft): 0.015
® Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
E River Mechanics - Cross Section Hydraulics S [=]
Section ID Entire Cross Section
[STUDYREACHCROSSSECTION Source | Calculate Data | die=er e
Total Scour [~ Flow Rate (cfs) 3200 200
Cross Section ID [+] Slope () [ 0.015000 [ 0.015000
BRIDGECROSSSECTION
| Manning's n Channel 0.035 0.030  Man'sn
SUPPLYREACHCROSSSECTION Manning's n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Flow Area (sq ft) 32886 83.81
Wetted Perimeter (f) 155.35 42.48
Average Width (f) 7312 33.37
Top Width (ft 153.98 4174
U Hydraulic Depth (ft) 214 201
Mormal or Max Depth (ft) 450 251
. _’ILI Velocity (f'sec) 973 9.55
=l
Jid|
@ino | prnt. | copy | Delete | Ada | @raph |xsection| petai oK
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(e) If everything checks out, click the Update button to update the hydraulic
analysis results. On the SELecT OPTION form, select “This Record” and click
OK. Hit Yes to continue.

Select Option I Update Cross Section Hydraulics E
Option I:I @B This wil update the hydraulic parameters for the current Cross
| | .
I—I | y Section.
All If ‘Enter Data' is selected as the Source, data will NOT BE
updated.

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ andor ‘Dominant’
arefis checked,

=

Do you want to continue?

(f) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

B.2.3 Import the Supply Reach Cross Section Data

(a) To import the “SUPPLYREACHCROSSSECTION” dataset, open the IMPORT
CROSS SECTIONS FROM ANOTHER PROJECT form (River mechanics = Import
Cross Sections from Another Project).

E Flood Control District of Maricopa County - BANKPROTECTIONL - Network
File Edit | River Mechanics Help

a Scour

D Riprap

° Launchable Riprap

= | Lateral Erosion

‘r_i Sediment Yield »

)

. Cross Section Hydraulics

- Cross Section Geometry

: Import Cros tions fr
x

(b) On the IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form, use the data
provided below. Click Import to import the cross section data into the
project. Select Yes to continue, and hit OK to close the form.

e Import Project Reference: PROJECTXSECTIONS
e Option: Specific Cross section
® Import Cross Section ID: SUPPLYREACHCROSSSECTION

Section 2.0 - River Mechanics 11-39



Import Cross Sections From Another Project |

Import Froject Reference | PROJECTXSECTIONS le
Option | Specific Cross Section j
Import Cross Section ID | SUPPLYREACHCROSSSECTION dp\-«‘I

mpot | ok |

(c) To check if the cross section data has been successfully imported, open the
NATURAL Cross SecTions form (River Mechanics =» Cross Section

Geometry).
E!hlatural(rossf»ections =] F3
X ¥ [+] -overbank
100.00 100.00 [ g1
Left 181.00
106.00 98.00 . —:l 102.00 7 EE
181.00 98.00 nght 226.00 d") 101_[}0; = i
191.00 95.00 100.00 |
216.00 95.00 99.00 © \ /
| 98.00 ©
301.00 98.00 aro0
307.00 100.00 E
95.00 ©
_ 95.00 ©
94.00 |
83.00
™ Graph current record [\ | <RTRRATYYRT RRYYRAIRNRTH IRYRRY LT YR TYRTA NNV UL RNTRANTY

60 90 120 150 180 210 240 270 300 330

Adjustments Cross Section
Elevation Adjustment (ft) ID| SUPPLYREACHCROSSSECTION |
adust | || x @ 22600 | Delete and Confirm
Y (ft) 98.00 Save &Add Record
Overbank @info | Pont. | petete | ada | ok |

Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments
on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
106 98
181 98 Left Bank Station
191 95
216 95
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Station (X) Elevation (Y) Notes
226 98 Right Bank Station
301 98
307 100

(d) To check if the imported data has all the correct Flow Rates (cfs), Slopes
(ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the CROSS
SecTION HyDRAULICS form (River mechanics = Cross Section Hydraulics). To
compare, make sure that the Cross Section ID is set to
“SUPPLYREACHCROSSSECTION”.

® Cross Section ID: SUPPLYREACHCROSSSECTION
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
® Design Slope (ft/ft): 0.010
e Dominant Slope (ft/ft): 0.010
® Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
E! River Mechanics - Cross Section Hydraulics M =13 |
Section ID Entire Cross Section
[supPLYREACHCROSSSECTION Souree | Calculate Data || W Design [¥Dominant
Total Scour ™ Flow Rate {cfs) 3200 300
Cross Section ID |l:| Slope (fuft) [ 0.010000 | 0.010000
Manning's n Channel 0.035 0.030 Man's n
Manning's n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Flow Area (sq ft) 41958 96.46
Wetted Perimeter (ft) 205.84 44 54
Average Width (ft) 91.71 3436
Top Width (ft) 204 .45 4372
Hydraulic Depth (ft) 205 2
_| Mormal or Max Depth (ft) 458 281
. _’ILI Velocity (ft/sec) 7.63 8.29
[
| |
@lnfo | Print... | Copy | Delete | Add | Graph |zSec1i0n| Detail |gpdate | oK |

(e) If everything checks out, click the Update button to update the hydraulic
analysis results.

(f) On the SELEcT OPTION form, select “This Record” and click OK. Hit Yes to
continue.
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Select Option I Update Cross Section Hydraulics

Option I;I @ This will update the hydraulic parameters for the current Cross

| Section.

Al If 'Enter Data' is selected as the Source, data will NOT BE
updated.

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ andor ‘Dominant’
arefis checked.

Do you want to continue?

=52 cancel | ves [ mne |

(g) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

Creating the three cross sections and evaluating their respective hydraulics in Step
2 are essential steps before proceeding to Step 3 of this tutorial.

B.3 Step 3 - Calculate Total Scour
B.3.1 Set up Total Scour Basic Data

(a) From the menu bar of main application window, click River Mechanics =
Scour, to open the TOTAL SCOUR form.

% Flood Control District of Maricopa County - BRIDGEPIER1

Sediment

Riprap
Update From GI5

Cross Section Hydraulics

Cross Section Geomekry

Soils
Sail Defaulks

Land Use

Land Use Defaults
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¥ Total Scour, - MB: 01 - ID: FEx

1] Cross Section Long Term | General | Local | Bedform | Bend | Low Flow  Total -~
] Scour Scour Scour Scour Scour Scour Scour

add [ ma Update oK

(b) Click the Add button to activate the necessary data entry fields.
(c) Type “PIERNO1” into the ID textbox (this ID indicates that it is for Pier No.1).

(d) Check the checkboxes Long Term, General, Local, and Low Flow (Bed Form
is not computed because it will be part of pier local scour computation
where the K3 factor, the Bed Condition Factor, will be used).

(e) Click the browse button in the Method column across Long Term check
box to launch long term scour method select menu.

Select Method

State Standard Lewvel |

Equilibrium Slope far ClearWater Flow

QK ][ Cancel

Select the “Equilibrium Slope for Sediment-Laden Flow” from the SELECT
MEeTHOD window, and click OK to close the SELECT METHOD window.
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(f) Click the browse button in the Method column across General check
box to launch general scour method select menu.

Select Method

Lacey

Blench

[ Dk ][ Cancel ]

(g) Select the “Neil” from the SELect METHOD window, and click OK to close the
SELECT METHOD window.

(h) Click the browse button in the Method column across Local check box
to launch local scour method select menu.

Select Method

Abutments

Culvert Outlet

Guide Banks

Grade Control or Drop Structure - Schoklitzch

Grade Control or Drop Structure - Yeronese

Grade Cantral ar Drop Structure - fimmermanlaniak

ak ][ Cancel

(i) Select the “Piers” from the SELecT METHOD window, and click OK to close
the SELECT METHOD window.

(j) Click the Save button to save the entered data. The TOoTAL ScourR — MB: 01
—ID: PIERNO1 window shows up like following figure.
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E!Total Scour - MB: 01 - ID: PIERND1

List l Long Term General Local l
(1]
Major Basin 1D | 01
D' PIERMOT
Scour Depth
Custom
Include Cale  FE Walue calc S Method
Lang Term [] ooof 13 0,00 [0 [0  Equilibtium Slope for Sediment-Laden Flow
general [@ | 000| 13| o000 O O | meil
Local @ | ooo| 13| o000 [0 [0 Piers
M
Lo Flows [v] 13 O
Total ifty
b
[ @Heip || @m0 |[ Prnt. | Delete [ agd | mB [ Update | ok |

B.3.2 Calculate the Long Term Scour

(a) Click the Long Term tab.

(b) Click browse button beside the Study Reach Cross Section ID to select
the cross section ID “STUDYREACHCROSSSECTION”, and click OK to close

the SELECT CROSS SECTION ID window.

(c) Click browse button beside the Supply Reach Cross Section ID to select
the cross section ID “SUPPLYREACHCROSSSECTION”, and click OK to close

the SELECT CROSS SECTION ID window.

(d) Enter the D50 (mm) values “1.5” and
respectively.

(e) Enter the D84 (mm) values “10” and
respectively.

(f) Enter the D16 (mm) values “0.5” and
respectively.

(g) Enter “800” into Length to Pivot Pt (ft).

“1.5” for Study and Supply,

“12” for Study and Supply,

“1.0” for Study and Supply,

(h) Click the Save button to save the entered data.
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(i) Click the Update button to update the data.

(j) Select “This Record” from the SELECTION OPTION window, and click the Yes
button on the CALCULATE LONG TERM SCOUR dialog box to proceed.

Select Optic Calculate Long Term Scour %]
Option |;|

This Major Basin If you want to caloulate the Total Scour, Clidk 'Update' on the
All Total Tab.

F ) This will calculate the Long Term Scour for the current record.

_| Do you want to continue?

Cancel Yes Mo

After the update, the result of the long term scour calculation shows in the
following figure.

E!Total Scour - MB: 01 - ID: PIERNO1

List | Total General Local | Bedfarm Low Flow
r Equilibrium Slope Sediment-Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION P
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION Zl
Study Supply  Equilib Study Supply Equilib
Flow Rate (cfs) 500 500 800 Gradation Coefficient 483 475 483
Slope (ff) [ 0.015000 | 0.010000 | 0.0099296 | Total Bed Matl Q (cfs) 9.49 5.11 5.11
Manning's n 0.030 0030 0030 ScourDepth (1) [ 405
Wetted Area (sq ft) 83.81 96.46 96.66
Hydraulic Depth (ft) 201 221 2.21
Mormal or Max Depth (ft) 251 281 281
Average Width (ft) 33.37 34.36 34.33
Average Velocity (fis) 9.55 8.29 8.28
D50 (mm) 1500 1500
D84 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Length to Pivat Pt () | @00
@rep | @nio | Pint. | Detete | 2dd | wB | Update | ok |

B.3.3 Calculate the General Scour

(a) Click the General tab.
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(b) Click the browse button beside the Bridge Section ID textbox to open
the SELECT CROSs SEcTION ID window. Select the “BRIDGECROSSSECTION”
and click OK to close the window.

(c) Click the browse button beside the Upstream Section ID textbox to
open the SeELect CROsS SEcTION ID  window. Select the
“STUDYREACHCROSSSECTION” and click OK to close the window (Note:
Upstream section is for the area upstream of the bridge contraction. It can
be generally represented by the study reach cross-section. The supply
reach cross-section is not used as the upstream section because it is
upstream of the study reach and is generally far away upstream from the
bridge).

(d) Click the browse button beside the Exponent m textbox to open the
SeELECT EXPONENT window. Select the “Coarse Gravel”, and click OK to close
the window.

(e) Click the browse button beside the Bend Factor, Z textbox to open the
SELECT FACTOR window. Select the “Moderate Bend” bend factor and click
OK to close the window.

(f) Click the browse button beside the Water Temp (C) textbox to open
the SELECT TEMPERATURE window. Select the “20 Degrees Centigrade” and
click OK to close the window.

Select Exponent Select Temperature

Sand Straight Reach 0 Degrees Centigrade
| | | | | |
Severe Bend 40 Degrees Centigrade
[ ok ][ Cancel ] [ o l[ Cancel ] [ ok ][ Cancel ]

(g) D50 (mm): Use the default value of “1.5” in the textbox (the default value
is from the D50 value entered in study reach under Long Term scour menu
for Supply). Or enter a value directly in this box. (Note: if a different value
is entered here, the D50 value in Long Term for Supply will be changed).

(h) Enter “45” into the Bend Angle (Degrees) textbox

(i) Click the Save button to save the entered data.
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(j) Click the Update button on the General tab to update the data.

(k) Select “This Record” from the SeLecTioN OPTION window, and click the Yes
button on the CALCULATE GENERAL SCOUR dialog box to proceed.

Select Optic Calculate General Scour |

Option I;l

This Major Basin If you want to caloulate the Total Scour, Click 'Update’ on the
All Total Tab.

& This will calculate the General Scour for the current record.
|

LI Do you want to continue?

Cancel Yes | | Mo I

The following figure shows what the window looks like after the data entry.

-loix
List | Total | Long Term Local Bedform | Low Flow
r Sections  Contraction and Bend Parameters
Bridge Section ID| BRIDGECROSSSECTION - il i
Upstream Section ID| STUDYREACHCROSSSECTION Z PRI EIRERED) S0 5200
Hydraulic Depth (ft) 213 213
- Neill Parameters (use Bridge Section) ——— Avg Velocity (fi/s) 9.74
Design ~ Dominant Critical Velocity (ftis) 215
Design Flow Rate (cfs) 3200 500 Avg Width (ft) 73.00 73.00
Hydraulic Depth (f) 271 2.01 Energy Slope ()| 0.015000 [ 0.015000
Avg Width (f) 59.61 33.32 D50 (mm) 1500 1500
Exponent m Wf’ Water Temp (C) —2U£|
Bend Factor 2 0.60 |~ Contraction Scour (f) 0.00
Scour Depth {Including Bend) (ft) 239 Flow Condition | Live Bed
Bend Angle (Degrees) 45.0
[ Scour Depth (ft Normal or Max Depth (&) 450
Final General Scour (ft) W Bend Scour (ft) W
Contraction + Bend Scour (ft) 264
@rep | @inro | Prnt. | Delste | add MB | updats | ok |

B.3.4 Calculate the Local Scour
(a) Click the Local tab.
(b) Click the browse button beside the Bridge Section ID textbox to open

the SELECT CROSS SECTION ID widow. Select the “BRIDGECROSSSECTION” and
click the OK button to close the window.
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(c) Enter “2.5” into the Pier Width, (ft) textbox.

(d) Enter “60” into the Pier Length, L (ft) textbox.

(e) Enter “30” into the Angle of Attack (Degree) textbox.
(f) Enter “1.5” into the D50 (mm) textbox.

(g) Enter “20.0” into the D95 (mm) textbox.

(h) Click the browse button beside the Nose Shape Factor, K1 textbox to
open the Nose SHAPE window. Select “Round Nose” item, and click OK
button to close it.

(i) Click the browse button beside the Bed Condition Factor, K3 textbox to

open the BED CONDITION window. Select “Medium Dunes” item and click OK
button to close the window.

Nose Shape Bed Condition

| | Clear Water Scour
Round Mose Plane Bed and Antidune Flow
Circular Cylinder Srmall Dunes
Group of Cylinders
Sharp Mose Large Dunes
Ok Cancel

(j) Click the Save button to save the entered data.
(k) Click the Update button to update the data.

() Select “This Record” from the SELECTION OPTION window, and click Yes from
the confirmation message to proceed.

After the update the window looks like what is shown in the following
figure.
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lf___f_:Tn:ntaI Scour - MB: 01 - ID: PIERNO1

Qe | Qo | Pont | petete | s | we [ upsme | ok |

B.3.5 Calculate the Low Flow Scour

On the ToTAL Scour form, select the Low Flow tab. The following figure
shows what the window looks like before data entry.

ET-:-ta\ Scour - MB: 01 - ID: AZRIVER

Oren | Qo | pont | peete | aga | ws | wpase | ok |

(a) Enter “100” into the Low Flow Rate (cfs) textbox.

(b) Click browse button beside the Channel Material to select the channel

material data. Choose “Medium Sand” and click OK to exit the SELECT
CHANNEL MATERIAL window.
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(c) Click the Save button to save the data just entered.

(d) Click the Update button and select “This Major Basin” from the SELECTION
OrT1iON window. Click Yes to continue.

select OuIR | Calculate Low Flow Scour Ed |

il I;I Cl This will calculate the Low Flow Scour for all records in the current
This Record ’—I | || Major Basin.
Al If you want to calculate the Total Scour, Click 'Update’ on the
! Total Tab.
;I Do you want to continue?

oK I Cancel | Yes | Mo I

After the update the final result of the low flow scour calculation result
shows in the following figure

E:Total Scour - MB: 01 - TD: PIERNO1
List | Total | Long Term | General | Local | Bedform
Low Flow Rate (cfs) 100
Channel Material | Medium Sand ;Jl
Low Flow Incisement (ft) 2.50
Graph |
@rep | @ino | Print. | Delete Add 1) Update oK

B.3.6 Calculate the Total Scour

(a) Click the Update button to compute the total scour and individual scour
components.
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(b) Select “This Record” from the SELECTION OPTION window to proceed.

After the update the window, the total scour results and individual scour
components are displayed as shown in the following figure.

1 Total Scour - MB: 01 - ID: PIERNO1 O] x|
List Total | Long Term | General | Local | Bedform | Low Flow
riD
Major Basin 1D |01
D
r Scour Depth
Custom
Include Calc FS  Value Calc FS Method
Long Term ¥ 405 1.3 527 I I |Equilibrium Slope for Sediment-Laden Flow s
General ¥ 264 | 13 343 T 1 |Neil »
Local 2517 | 13 3272 I [ |Piers -~
Bedform [ _|
LowFlow ¢/ | 250 13| 325 I I
Headcut ™
Taicut T =
Total () | 44 B7
@reip | @i | Pont. | petete | ada | wB | updae | ok |

B.4 Step 4 - Report and Document the Results

In this section, the instruction will be given on how to view, print, and export
the calculation results of the total scour.

The total scour is the sum of the long term scour, general scour, local scour,
bedform scour and low flow scour. In this tutorial, these scour components are
covered.

(a) To view the results on the screen, click the Print ... button on the ToTAL
Scour — MB: 01 - ID: PIERNO1 window, a report will be generated as is
shown in the following figure.
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L R RIVER MECHANICS - TOTAL SCOUR !E
X W4 1 » s |G&&|Er F| [ | Tad o 1o

Flood Control District of Maricopa County
Dralnage Design Managem enf System
RIVER MECHANICS -TOTAL SCOUR
Page 1 Projct Reference: BRIDGEPIER1

Major Basin: 01
D: PIERNG1 Cross Seclon 1D STUDYREACHCROSSSECTION

Type  Calc(ft} ES Value [ft} Method
Long Term 405 3 527 Equilorum Skpe far Sedment-Laden Fow
General 284 3 345 Nell

Local =07 3 2] Pers
Bedrom 3 Comments
Low Flow 50 3 325
Headout -
Talkcut

Total

(b) To print out the results on a printer, click the printer symbol (&} ).

(c) To export the results in PDF format or other formats, click the export
symbol (¥)

(d) The individual scour components results and cross section hydraulics
results can also be viewed, printed, and exported by clicking the Print...
button under individual component scour menus and Cross Section
Hydraulics menu.

This concludes this tutorial for bridge pier scour evaluation.
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RIVER MECHANICS
SEDIMENT YIELD ANALYSIS

KVL Consultants, Inc.
HEC-1 Import Hydrographs
H:AFCDMC\DDMSW505\MODLRUNS\KVLEXAMPLE101-100.0UT

¥ Graph current record ;¢

Adjustments

Elevation Adjustment () 0.00

Project Defaults

. —
T
240 B0 40 60
Time (minutes)

@@= @ O r
— 010105-Basin ~— 010105-Combine ~ — 010105-Route

Maricopa County Department of Transportation (MCDOT)
Computer Training Room
2919 W Durango St, Phoenix, Arizona 85009

Presented by:
Kenneth Lewis, P.E.
KVL Consultants, Inc.



2.3 Calculate Sediment Yield for a Watershed

A. Problem Statement

To estimate the sediment yield for a watershed, including wash load and bed load,
with the following given design parameters:

<> The Cross Section “STUDYLOCATIONCROSSSECTION”

> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
e Dominant Flow Rates (cfs): 800
e Channel Slope for Design Flow (ft/ft): 0.015
® Channel Slope for Dominant Flow (ft/ft): 0.015
® Manning’s n (Channel, LOB, ROB) for Design Flow: 0.035
® Manning’s n (Channel, LOB, ROB) for Dominant Flow: 0.030
® The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes
100 100
106 98
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
257 100
> Parameters for Sediment Yield:
Return period Q (cfs) Volume (ac-ft)
2 year 277 12.00
5 year 486 18.00
10 year 645 23.00
25 year 869 30.00
50 year 1046 36.00
100 year 1231 42.00
Design 1231 42.00
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> Parameters for Wash Load:

o Sediment Area (sq mi): 0.3508
® D10 (mm) for channel bed material soil sample: 0.500
® Slope Length (ft): 400
e Slope (%): 2.50
> Parameters for Bed Load:
e D16 (mm): 0.800
e D50 (mm): 1.500
e D84 (mm): 10.00
> Parameters for Soils:
Sediment Area ID Soil ID Area
o SED1 6453 0.0508
o SED1 64590 0.0447
o SED1 64591 0.2548
o SED1 64598 0.0004
> Parameters for Land Uses:
Sediment Area ID Land Use Code Area
o SED1 120 0.0022
o SED1 150 0.1647
o SED1 160 0.0620
o SED1 180 0.0296
o SED1 230 0.0314
o SED1 410 0.0609
B. Step-by-Step Procedures
Step 1: Establish a New Project and Default Set-up
Step 2: Prepare the Cross Section and Hydraulic Data
Step 3: Import Cross Section and Hydraulic Data
Step 4: Prepare Sediment and Relevant Data
Step 4.1: Set up Sediment Yield Basic Data
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Step 4.2: Prepare Land Use and Soil Data

Step 5: Calculate the Sediment Yield
Step 6: Report the Results

B.1 Step 1- Establish a New Project and Default Set-up

(a) Click the DDMSW icon on the Desktop or Program menu to launch the
DDMSW. Click OK to accept the software disclaimer as is shown in the
following figure.

Agreement

Drainage
Design
Management
System

This program has been written to aid in the management of drainage design. Itis provided as
a public service to aid in implementation of the technical infermation data, and procedures,
presented in the Drainage Design Manuals. The user of this information releases, indemnifies
and holds free the Flood Control District of Maricopa County and KVL Consultants, Inc. from
any and all liabilities, damages, lawsuits and causes of action that result as a consequence of
their reliance on and use of the DDMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user.

Many of the default values provided are generic and serve to guide users in their modeling.
Users must exercise judgement to evaluate and modify default values based on the specific
watershed. An approval for default table values for a specific watershed must be obtained
from the appropriate agency

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc.

After the DDMSW is launched, the SELECT PROJECT window is automatically
opened as is shown in the following figure.
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(b)

(c)

(d)

(e)

(f)
(g)
(h)
(i)

)
(k)

Select Project

List | Details
Lookforl

Reference Date D ritle B
KVLEXAMPLEZ2 02/29/2016 |00045 Example 2 using Shape files and NOAA 14
KVLEXAMPLES 010172011 (00046 Example 3 Rational Method tutorial project
KVLEXAMPLES 02/25/2016 |00047 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLESA 03/02/2016 |000671 HEC-1 Tutorial - Clark Unit Hydrograph J
KVLEXAMPLEG 03/01/2016 |00130 HEC-1 Tutorial - 5-Graph Unit Hydrograph
KVLEXAMPLEGA 03/02/2016 |00062 HEC-1 tUTORIAL - S-Graph Unit Hydrograph
KVLEXAMPLET 02/25/2016 |00049 Rational Method Tutorial
KVLEXAMPLETA 03/02/2016 |00096 Rational Method Tutorial
KVLEXAMPLES 01012011 (00050 Street Drainage Examples
KVLEXAMPLES 03/01/2016 |000571 HEC-1 Tutorial - Custom Storm Event
LATEROSIONEXAMPLE 03/31/2014 |00052 Lateral Erosion Example
LAUNCHABLERIPRAP 010172012 (00053 River Mechanics Example - Launchable RipRap
MCMICKENDAM - RUN 3 11/24/2015 |00033 sediment yield analysis
MCMICKEN_SY_464D 11/24/2015 |00034 sediment yield analysis
PROJECTXSECTIONS 0212412016 |00058 River Mechanics Cross Section Datasets
RIPRAPSIZINGFCD 01/01/2012 {00054 River Mechanics Example - Riprap Sizing - |
< | bl |

Modification Date [ 02242016 &1 &info | @0 | Pont. | peiete | pad | ok |

Click the Add button on the SELECT PROJECT window to start a new project
(A new project can also be started by clicking File = New Project under
the menu bar).

On the New Proiect OpTIONS form, select River Mechanics checkbox and
click the OK button to close the form.

Type “SEDIMENTYIELD1” into the Reference textbox. This is the name of
this newly created project. The users can choose the name as long as it
does not exist in the DDMSW database.

Type into the Title textbox a brief descriptive title of this project.
(Optional)

Type into the Location textbox the location of this project. (Optional)
Type into the Agency textbox the agency or company name. (Optional)
Check River Mechanics Only checkbox for this project.

Type a detailed description of this project into the comment area under
the Project Reference frame. (Optional)

Click Save button to save the entered data.

Click OK button on the SELecT PRoJECT window, and click OK button on
the pop-up message box for landuse, soils data, etc. The following figure
shows what the window looks like.
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List Details
 Project Reference " Project Defaults
Project ID (00039 RGN | SEDIMENTYIELDY
Title | Sediment Yield Analysis Tutorial Soils |FCDMC Fad
Location | Maricopa County, Arizona Land Use |FCDMC e
Agency | Flood Control District of Maricopa County
¥ River Mechanics Only
This is a tutorial set-up to give a step-by-step instruction on how to use
DDOMSW to calculate sediment yield.
Modification Date [06/0412014 | 3] @no | Pont. | pDelete | aga | ok |

Note: the Project ID 00039 in the above figure is the database records unique
read-only identifier of the project, which is automatically generated by the

program when a new project is created. When the users create a new project,

the Project ID of this new project will not be the same as the Project ID shown in

the above figure.

B.2 Step 2 - Prepare the Cross Section and Hydraulic Data

Only one (1) cross section data, the “STUDYLOCATIONROSSSECTION”, will be
used for this tutorial. This cross section data will be imported from another

project.

B.2.1 Import the Study Location Cross Section Data

(a) To import the first cross section data (Study Location Cross Section Data),
open the IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form (River
Mechanics = Import Cross Sections from Another Project). Use the

following data on the form.

® Import Project Reference:
e Option:
® Import Cross Section ID:

PROJECTXSECTIONS
Specific Cross section

STUDYLOCATIONCROSSSECTION
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Import Cross Sections From Another Project |

Import Project Reference | PROJECTXSECTIONS ,.u‘l
Option | Specific Cross Section j
Import Cross Section ID [ STUDYLOCATIONCROSSSECTION ,JI

mpot | ok |

(b) Once the specified data have been selected, click the Import button. Select
Yes to proceed, and hit OK to close the IMPORT CROSS SECTION FROM
ANOTHER PROJECT form.

Question

This will import Cross Section BRIDGECR.OSSSECTION
‘ J.-' from PROJECTXSECTIONS to the current project.
— - Data with the same ID will be overwritten.

Do you want to continue?

Yes I Mo I

(c) To check if the bridge cross section data has been successfully imported,
open the NATURAL CROsS SECTIONS form (River Mechanics = Cross Section
Geometry). For the Cross Section ID, select
“STUDYLOCATIONCROSSSECTION” by clicking the Selector button at the
right side of the ID textbox.

ENaturalCross Sections M =] E3
X Y l;l Overbank
100.00 100.00 T
Left 156.00 | 4
106.00 98.00 _ —:l =) @ o
156.00 98.00 Right 201.00 7)1 10100 = = =
166.00 95.00 100.00
191.00 95.00 99.00 © \ I
| 98.00 [
251.00 98.00 —
257.00 100.00 -
96.00 [
| 95.00 -
94.00 [
93.00 [
[~ Graph current record i | RTANRTARRTARRTARRY | FRTARER] FETARETIFRTANTINAT
60 B0 100 120 140 160 180 200 220 240 260 280
Adj t Cross Section
Elevation Adjustment (it} |D|STUDYLOC.»‘\TIONCROSSSECTION r/l
Adjust | X (ft) Delete and Confirm
Y(ﬂII 98.00 Save & Add Record
Overtank @info | Print... | Delete | Add oK
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Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments
on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
106 98
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
257 100

(d) To check if the imported hydraulic data has all the correct Flow Rates (cfs),
Slopes (ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the
Cross SECTION HyprauLics form (River mechanics = Cross Section
Hydraulics). Make sure that the Cross Section ID is set to
“STUDYLOCATIONCROSSSECTION” and compare the data on the form and
the following data:

® Cross Section ID: STUDYLOCATIONCROSSSECTION
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
e Design Slope (ft/ft): 0.015
e Dominant Slope (ft/ft): 0.015
® Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
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E!River Mechanics - Cross Section Hydraulics
Section 1D Entire Cross Section
ISTUDYLOCM‘IONCROSSSECHON Source | Calculate Diata hd ¥ Design ™ Dominant
Total Scour ™ Flow Rate {cfs) 3200 a00
Cross Section ID [+] Slope (M) | 0.015000 | 0.015000
| Manning's n Channel 0.035 0.030 | Mam'sn
Manning's n LOB 0.035 0.030
Manning’s n ROB 0.035 0.030
Flow Area (sq ft) 325.86 8381
Wetted Perimeter (ft) 155.35 4248
Average Width (ft) 73.12 33.37
Top Width (ft) 153.98 4174
Hydraulic Depth (ft) 214 2.0
Mormal or Max Depth (ft) 4.50 251
. _’ILI Velocity (f'sec) 9.73 9.55
[—
H
@info | Prnt. | copy | Detete | Add | Graph |xSection| petail [{UpdaE] ok |

(e) If everything checks out, click the Update button to update the hydraulic
analysis results.

(f) On the SeLect OpTION form, select “This Record” and click OK. Hit Yes to
continue.

seiectoption |l update Cro== Secton Hyiraviics
Option I;l

Al If 'Enter Data' is selected as the Source, data will NOT BE
updated.

This will update the hydraulic parameters for the current Cross
Section.

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ and/or ‘Dominant’
arefis checked.

=l

Da you want to continue?

Qancel | Yes | No I

(g) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

B.3 Step 3 - Prepare Sediment and Relevant Data
B.3.1 Set up Sediment Yield Basic Data

(a) From the menu bar of main application window, click River Mechanics =
Sediment Yield = Model Sediment Yield to open the RIVER MECHANICS —
SEDIMENT YIELD - MB: 01 window.
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E Flood Control District of Maricopa County - SEDIMENTYIELD1 - Network

File Edit | River Mechanics Help

J / Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield Model Sediment Yield
Cross Section Hydraulics Update from GIS
Cross Section Geometry Soils
Import Cross Sections from Another Project Soil Defauls

Land Use

Land Use Defaults

(b) Click Add button to activate the necessary data entry fields.

(c) Type “DAM1” into the ID textbox, a unique ID for the location on the water
course.

(d) Check the Wash Load and Bed Load checkboxes in the Calculate frame.

(e) Click the browse button beside the Return Periods for Analysis textbox in
the Calculate frame to select “All” for the return periods.

(f) Check all the checkboxes in the Sediment Yield Parameters frame to
activate all the discharges and volumes textboxes. Enter the following
discharge and volume values for the sediment yield parameters

Return Period cfs Volume (ac-ft)
2 year 277 12.00
5 year 486 18.00
10 year 645 23.00
25 year 869 30.00
50 year 1046 36.00
100 year 1231 42.00
Design 1231 42.00

(g) Click the Save button to save the entered data. After the data entry, the
window should look like the following figure.
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" River Mechanics - Sediment Yield - MB: 01

List Total | Wash Load Bed Load Postto GIS
rip Calculate ;l
Major Basin ID - Wash Load ¥
ID [DAM1 BedLoad ¥
- Dt -
r Sediment Yield Parameters r Sediment Yield (ac-ft)
Q Valume Wash Bed Total Required Sediment
Include  [(cfs) {ac-ft) Load Load Yield Basin Valume
2 Year [ 277 12.00 2 Year 0.002 0.003 (act)
5 Year ¥ 486 18.00 || BYear 0.003 0.006 Cleanoutvears [ 3=
10 Year 645 23.00 || 410 Year 0.004 0.009 I 0
25 Year ¥ 869 30.00 || 25 Year 0.006 0.014
50 Year |/ 1046 36.00 || 50 Year 0.008 0.018 _
100 Year I 1231 4200 || 100 Year 0.009 0.022 Yi;“.ﬂ”#;' §'§L’;T:ﬂﬁle
Design # 1231 42.00 || Design 0.009 0.022 {actt)
Annual Impart | Annual 0.002 0.004 |
@rep | &0 | Pant. | peiete | ace | crapn | | upsate | ok |

(h) Click the Wash Load tab.

(i) Enter “SED1” into the Sediment Area ID textbox (Sediment Area ID is the
unique ID for the drainage area that contributes sediment to the study
location. This ID is used when land use and soil data are used to compute
the wash load).

(j) Enter “0.3508” in the Area (sq mi) textbox.

(k) Select “Channel Bed Material Soil Sample” as the Specific Weight Method.

(I) Enter “0.50” into the Bed Material Soil Sample D10 (mm) textbox.

(m)Enter “400” into the Slope Length (ft) textbox in the Wash Load
Parameters frame.

(n) Enter “2.50” into the Slope (%) textbox in the Wash Load Parameters frame.

(o) Click the Save button to save data entry. The RIVER MECHANICS — SEDIMENT
YieLb form should look like the following figure.
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-l

List | Total Wash Load Bed Load Postto QIS
Wash Load —— | [ Wash Load Par
SedimentArea 1D |SEDA Soil and Erosion Factors Value  Default Custom

Area (sq mi) m Soil Erodibility Factor (K)

SDR (%) | Erosion Control Factor (P) 10 10
Specific Weight {Ib/cu ft)

Land Use Factors

Specific Weight Method
pec 9 Effects of Canopy Cover (Ci)
Method | Channel Bed Material Soil Sample j Effects of Vegetation (Gii)
Bed Material Soil Sample I 0.500 " -
D10 (mm) Effects of Tillage (Ciii)

Cover Management Factor (C)

J e i i i i i i |

Percent Impenious

Topographic Factors —
Slope Length (ft) 400

Siope (%) [ 250

Topographic Factor (LS) I r

@rep | @nio | Pt | Delste Add Graph me | update | ok |

(p) Click the Bed Load tab and click browse button beside the Cross
Section ID textbox in the Cross Section frame to select
“STUDYLOCATIONCROSSSECTION” as the cross section ID. Click OK to exit
the SELECT CROSS SECTION ID form.

(g) On the Bed Load Parameters frame in the Bed Load tab, enter the
following data:

e D16 (mm): 0.80
e D50 (mm): 1.50
e D84 (mm): 10.00

(r) Click the Save button to save the data entry. The RIVER MECHANICS —
SEDIMENT YIELD form should look like the following figure.
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1 River Mechanics - Sediment Yield - MB: 01

List | Total Wash Load Bed Load | Postto GIS
r Cross Section Bed Load Parameters
Cross Section IDISTUDYLOCATIONCROSSSECTION ﬁl Slope (fuft) [ 0.01500 D16 (mm)
Man's n Channel 0.035 | D50 (mm) 1.500
= Man's n LOB 0.035 | D84(mm)| 10.000
LI Man's n ROB W
jletalsection & Total Section
Q Avg Area T_op Maormal Bed  Channel
Wel Width  Depth Load
(cfs) (fis) (sf) () ) (cfs) LoB
2 Year 277 246 893| 2728 034 | 0.046  ROB
5 Year 486 293 1193 | 2800 045 0091
10 Year 645 340 | 1530 2879 057 [ 0163
25 Year 869 386 1915 2967 070 0273
50 Year| 1046 418 | 2201 3031 080 0373
100 Year| 1231 445| 2470|| 3089 088 | 0483
Design| 1231 445| 2470|| 3089 088 | 0483
@rep | @inro | Pt | Deiste | add | Graph | wB | Update | ok

(s) Click OK to close the window.

B.3.2 Prepare Land Use and Soil Data

In this section, procedures will be provided on how to prepare the landuse and

soil data for the project area.

B.3.2.1 How to Prepare Soil Data

(a) Click River Mechanics = Sediment Yield =» Soils from the menu bar on
the main application window as is shown in the following figure and a

blank RIVER MECHANICS — SoOILS window opens.

E: Flood Control District of Maricopa County - SEDIMENTYIELD1

File Edit | River Mechanics Help

- Network

J 4 Scour

Riprap
Launchable Riprap

Lateral Erosion

diment Yield

Model Sediment Yield

Cross Section Hydraulics

Update from GIS

Import Cross Sections from Another Project

ot o et =]

Soil Defaults

Land Use
Land Use Defaults
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(b) Click the Add button on the RIVER MECHANICS — SoiLs window to activate
the data entry.

lojx|
List Details
Lookforl
Sediment ; =]
Area ID Area Area % Soil ID K SwW

@i | e e PoEEE [

(c) On the Details tab of the RIvER MECHANICS — SoiLs window, click the browse

button beside the Sediment Area ID textbox in the Sediment Area
frame. On the SELECT ID window, highlight “SED1” and click OK to close the
window.

(d) Click the browse button beside the Soil ID textbox in the Sediment
Area frame. On the SELECT ID window, highlight Soil ID “6453” and click OK
to close the window.

(e) Enter “0.0508” into the Area (sq mi) textbox in the Sediment Area frame.

(f) Click the Save button to save the data just entered. The window should
look like the following figure.
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=il

List Details
r Sedi t Area Soil Data
Major Basin ID |01 e Value Default Custom

SedimentArea ID |SEDA B Erodibility Factor (K) 0.20 oz0 [T
Soil ID Specific Weight (Ib/cf) 86.59 se59 [

Area (sq mi)

Area (%) 100.0
r Soil Description

Book Number | 545 Map Unit |3

Description | Antho-Carrizo-Maripo complex

A

J |

@ro | copy | Pant. | Detete | aga | we | ok |

Repeat the above five steps to enter the rest of the soils data for this
sediment area.

Sediment Area ID Soil ID Area (sq mi)
SED1 64590 0.0447
SED1 64591 0.2548
SED1 64598 0.0004

(g) After the data entry, click OK to close the window.

B.3.2.2 How to Prepare Land Use Data

(a) Click River Mechanics = Sediment = Land Use from the menu bar on the
main application window as is shown in the following figure and the blank
RIVER MECHANICS — LAND USE window opens.
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E Flood Control District of Maricopa County

- SEDIMENTYIELD1 - Network

File Edit | River Mechanics Help

Scour

Riprap

Launchable Riprap

X [ d

Lateral Erosion

Sediment Yield

Model Sediment Yield

Cross Section Hydraulics Update from GIS
Cross Section Geometry il
oils
Impaort Cross Sections from Another Project -
- =t Soil Defaults

Land Use Defaults

SER
List Details
Luukforl—
:f:;"l'g"' (':jz:”"’e Area|  Area% ci cii ciil| Petimp j
« m
Al (e I e e e I e |

(b) Click the Add button to activate the data entry.

(c) Click the browse button beside the Sediment Area ID textbox in the
Sediment Area frame to open the SELECT ID window. Highlight “SED1” and
click OK to select and close the window.

(d) Click the browse button beside the Land Use Code textbox in the
Sediment Area frame to open the SELECT ID window. Highlight code “120”
and click OK to select and close the window.

(e) Enter “0.0022” into the Area (sq mi) textbox in the Sediment Area frame of
the RIVER MECHANICS — LAND USE window.

(f) Click the Save button. The window should look like the following figure.
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=21
List Details
r Sediment Area
Major BasinID | 01 | Area(sgmi)
SedimentArealD |SEDA -~ Area (%) 100.0
Land Use Code [120 ,\Jl Estate Residential (1/5 du per acre to 1 du per acre)
r Land Use Data
Value Default Custom ;I
Effects of Canopy Cover (Ci) 0.84 0.84 r
Effects of Viegetation (Cii) 0.92 0.92 w
Effects of Tillage (Ciii) 0.38 0.38 r
Percent Impenvious 5 5 r
@lnfo | Copy | Print... | Delete | Add | MB oK |

(g) Repeat the above five steps to enter the rest of the land use data for this
sediment area.

Sediment Area ID Land Use Code Area (sg mi)

SED1 150 0.1647
SED1 160 0.0620
SED1 180 0.0296
SED1 230 0.0314
SED1 410 0.0609

(h) After the data entry, click OK to close the window.

B.4 Step 4 - Calculate the Sediment Yield

In this section, a step-by-step instruction will be provided how to calculate the
sediment yield. Open the RIVER MECHANICS — SEDIMENT YIELD form from the menu
bar (River Mechanics = Sediment Yield = Model Sediment Yield and click the
Total tab.
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(a) Click the Update button on the RIVER MECHANICS — SEDIMENT YIELD form to
compute the sediment yield. A new window SELECT OPTION opens, select
“This Major Basin”, and click OK to close it.

4
- This will calculate the Total Sediment Load for the selected Return
Periods for the current record and will indude:
This Major Basin
Wash Load
Bed Load

Do you want to continue?

(b) On the CALcULATE TOTAL SEDIMENT LOAD dialog box, click Yes to continue.

The following three figures show the results in the Total, Wash Load and Bed
Load tabs when the “Channel Bed Material Soil Sample” method is used in
Wash Load.
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ERiuer Mechanics - Sediment Yield - MB: 01

AT A

import_| O:ﬂ 14
_Drew | Ourio | pint. | peste | ads | Gn | we | [ >« |

Channel Bed Material Soil Sample

_Oren | Qo | pane | poiete | asa | Gupn | we | wpawe | ok |

¥ River Mechanics - Sediment Yield - MB: 01

STUDYLOCATIONCROSSSECTION

@it | o | pin | peee | o0 | Gen | w6 | wowe | o< |
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B.5 Step 5- Report and Document the Results

In this section, the instruction will be given on how to view, print, and export the
calculation results of the sediment yield.

(a) Report the results for Total Sediment Yield: Click the Print ... button on the
Total tab of the RIVER MECHANICS — SEDIMENT — MB: 01 window to generate
a report like the following figure.

B RIVER MECHANICS - SEDIMENT 1 [ =] B3

x| 4 4 tat bW oe [ &&&|[ [ )M Teat oz 1of1

an
Poge 1 Projoct Raferencs : SEDIMENTYIELD1 ey
= 7 o B =

= =y Loza Load e

fasg sty ey

ID: DA M1 2 Year Fdd 1200 ao13 oo L2
Rsturn Pancos for Anansie: A1l 5 Year = 1200 a2z ot [2ET
10Yaar B = (=) onis ez
25Ysar £ 000 a0 LR L
50ear; 1085 =0 L) oz e
100 Year: 1231 4200 aos esar o8zt
Design: 1231 20 oo oss oz
annuzl ao1s [+ [2E)

(b) To print the results, click the printer symbol (&5 ).

(c) To export the results in PDF format or other formats, click the export
symbol (& )

(d) More detailed information for wash load, bed load, and Cross Section
Hydraulics can also be viewed, printed, and exported by clicking the Print...
button under Wash Load, Bed Load and Cross Section Hydraulics menu.

This concludes this tutorial for sediment yield analysis.
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RIVER MECHANICS
RIPRAP SIZING ANALYSIS

KVL Consultants, Inc.
HEC-1 Import Hydrographs
H:AFCDMC\DDMSW505\MODLRUNS\KVLEXAMPLE101-100.0UT
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| I
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[
F7 Graph current record
o fo0 200 30 400 SO0 00

Adjustments

Elevation Adjustment () 0.00

. —

T

240 B0 40 60 72
Time (minutes)

— 010105-Basin ~— 010105-Combine ~ — 010105-Route

Maricopa County Department of Transportation (MCDOT)
Computer Training Room
2919 W Durango St, Phoenix, Arizona 85009

Presented by:
Kenneth Lewis, P.E.
KVL Consultants, Inc.



2.4 Calculate Riprap Size for Bank Protection

A. Problem Statement

To estimate the riprap sizing for bank protection using “Channel Banks on Curved
Reach” type with the following given design parameters:

<> The Cross Section “STUDYLOCATIONCROSSSECTION”

> Parameters for Hydraulics and Geometry:
e Design Flow Rate (cfs): 3200
e Channel Slope (ft/ft): 0.015
® Design Manning’s n (Channel, LOB, ROB): 0.035
> The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes
100 100
106 98
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
257 100
> Parameters for Channel Banks:
® Bank Slope Angle (Degrees): 45.00
e Specific Weight for Stone (Ib/cu ft): 150.00
e Specific Weight for Water (Ib/cu ft): 62.40

B. Step-by-Step Procedures

Step 1:  Establish a New Project and Default Set-up

Step 2:  Prepare the Cross Section Geometry
Step 3:  Calculate Riprap Sizing
Step4: Report and Document the Results

B.1 Step 1- Establish a New Project and Defaults Set-up
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(a) Click the DDMSW icon on the Desktop or Program menu to launch the
DDMSW. Click OK to accept the software disclaimer as is shown in the
following figure.

Drainage
Design
Management
System

This program has been written to aid in the management of drainage design. Itis provided as
a public service to aid in implementation of the technical information data, and procedures,
presented in the Drainage Design Manuals. The user of this information releases, indemnifies
and holds free the Flood Control District of Maricopa County and KVL Consultants, Inc. from
any and all liabilities. damages. lawsuits and causes of action that result as a consequence of
their reliance on and use of the DDMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user.

Many of the default values provided are generic and serve to guide users in their modeling.
Users must exercise judgement to evaluate and modify default values based on the specific
watershed. An approval for default table values for a specific watershed must be obtained
from the appropriate agency

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc.

After the DDMSW is launched, the SELECT PROJECT window is automatically
opened as is shown in the following figure.

Select Project

List | Details
Lookforl

Reference Date (] Title l;l
KVLEXAMPLETA 03/02/2016 |00095 Rational Method Tutorial
KVLEXAMPLES 01/01/2011 {00050 Street Drainage Examples
KVLEXAMPLES 03/01/2016 |00051 HEC-1 Tutorial - Custom Storm Event

|

LAUNCHABLERIPRAP 01/01/2012 {00053 River Mechanics Example - Launchable RipRap
MCMICKENDAM - RIUN 3 11/24/2015 (00033 sediment yield analysis J
MCMICKEN_SY_454D 11/24/2015 (00034 sediment yield analysis
PROJECTXSECTIONS 02/24/2016 |00058 River Mechanics Cross Section Datasets
RIPRAPSIZINGA 03/03/2016 |00134 River Mechanics Example - Riprap Sizing
RIPRAPSIZINGFCD 01/01/2012 |00054 River Mechanics Example - Riprap Sizing
SEDIMENTYIELDA 03/03/2016 (00060 River Mechanics Example - Sediment Yield
SEDIMEMTYIELDFCD 01/01/2012 (00055 River Mechanics Example - Sediment Yield
TASKA110_LATEROSION 02/29/2016 [00088 Assignment Mo. 4 - Task 1.1.10_Lenth to Distance Labeling
TASKA111_LATEROSION 02/29/2016 [00089 Assignment Mo. 4 - Task 1.1.11_Lateral Erosion Project
TASKA111_SCOUR 02/29/2016 (000590 Assignment Mo. 4 - Task 1.1.11_Import Total Scour
TASK111Z2_LRIPRAP 02/29/2016 |00091 Assignment Mo. 4 -Task 1.1.12_Launchable Riprap vI
< | Ol |
Modification Date [0313112014 | 5 @info | Pint. | Delste | add | ok |

(b) Click the Add button on the SELECT PROJECT window to start a new project
(or you can start a new project by File = New Project = Add).
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(c) Select River Mechanics checkbox and click the OK button on the New
PROJECT OPTIONS form.

(d) Type “RIPRAPSIZING1” into the Reference textbox. This is the name of this
newly created project. Users can choose any name for the Reference
textbox as long as it does not exist in the current DDMSW project database.

(e) Type into the Title textbox a brief descriptive title of this project. (Optional)
(f) Type into the Location textbox the location of this project. (Optional)

(g) Type into the Agency textbox the agency or company name. (Optional)

(h) Check River Mechanics Only checkbox for this project.

(i) Type a detailed description of this project into the comment area under the
Project Reference frame. (Optional)

(j) On the Modification Date, use the current date.
(k) Click Save button to save the entered data.

(I) Click OK button on the SELecT PROJECT window, and click OK button on the
pop-up message box. The following figure shows what the window looks

like.
Select Project
List Details
r Project Reference  Project Defaults
Project [T | 00040 GEEEIER RIPRAPSIZING

Title | Riprap Sizing Tutorial Soils |FCOMC e

Location | Maricopa County, Arizona Land Use |FCOMC pel
Agency | Flood Control District of Maricopa County

¥ River Mechanics Only

This tutorial is set-up to give a step-by-step instruction on how to use ;I
DDMSW to evaluate riprap materials for bank protection projects.

| -
Modification Date [06/0512014 1 @o | Pont. | pete | ama | ok |
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Note: the Project ID 00040 in the above figure is the database records unique
read-only identifier of the project, which is automatically generated by the
program when a new project is created. When the users create a new project,
the Project ID of this new project will not be the same as the Project ID
shown in the above figure.

B.2 Step 2 - Prepare the Cross Section and Hydraulic Data

Only one (1) cross section data, the “STUDYLOCATIONROSSSECTION”, will be
used for this tutorial. This cross section data will be imported from another
project.

(a) To import the first cross section data (Study Location Cross Section Data),
open the IMPORT CROSS SECTIONS FROM ANOTHER PROJECT form (River
Mechanics = Import Cross Sections from Another Project). Use the
following data on the form.

® Import Project Reference: PROJECTXSECTIONS
e Option: Specific Cross section
® Import Cross Section ID: STUDYLOCATIONCROSSSECTION
Lmport Cross Sections From AnotherProject |
Import Project Reference |PROJECTXSECTIONS il

Option |Specific Cross Section j
Import Cross Section ID | STUDYLOCATIONCROSSSECTION ,\JI

mport | oK |

(b) Once the specified data have been selected, click the Import button. Select
Yes to proceed, and hit OK to close the IMPORT CROSS SECTION FROM
ANOTHER PROJECT form.
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& This will import Cross Section BRIDGECROSSSECTION
‘ §.-' from PROJECTXSECTIONS to the current project.
— - Data with the same ID will be overwritten.

Do you want to continue?

Yes I Mo I

(c) To check if the bridge cross section data has been successfully imported,
open the NATURAL CROss SECTIONS form (River Mechanics = Cross Section
Geometry). For the Cross Section ID, select
“STUDYLOCATIONCROSSSECTION” by clicking the Selector button at the
right side of the ID textbox.

%" natural Cross Sections M=l B3
X ¥ l;l Overbank
100.00 100.00
Left 156.00
106.00 98.00 —f’ 102.00 ¢ @ @
156.00 98.00 o 201.00 | 10100 £ S 2
166.00 95.00 100.00
191.00 95.00 99.00 © \ I
| 98.00 [
251.00 98.00 a7.00 E
257.00 100.00 -
96.00 [
] 95.00 [
9400 |
93.00 [
[~ Graph current record oty | SETARTARETARRTAREY |RRTH TR e
60 B0 100 120 140 160 180 200 220 240 260 280
Adj Cross Section
Elevation Adjustment (ft) |D|STUDYLOCATIONCROSSSECTION y-’l
Adjust | X () Delete and Confirm
Y(ﬂ)l 98.00 Save & Add Record
=]
Owverbank @lnfo | Print... | Delete | Add | 0K |

Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments
on the form, if necessary. Click OK to close the form.

Station (X) Elevation (Y) Notes
100 100
106 98
156 98 Left Bank Station
166 95
191 95
201 98 Right Bank Station
251 98
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Station (X) Elevation (Y) Notes
257 100

(d) To check if the imported hydraulic data has all the correct Flow Rates (cfs),
Slopes (ft/ft), and Manning’s n (Channel, LOB, and ROB) data, open the
Cross SEcTION HyprAuLics form (River mechanics = Cross Section
Hydraulics). Make sure that the Cross Section ID is set to
“STUDYLOCATIONCROSSSECTION” and only the “Design” checkbox is
checked. Please note the dominant flow event will not be used in the
Riprap Sizing analysis.

1 River Mechanics - Cross Section Hydraulics M=l
Section ID Entire Cross Section
ISTUDYLOCATIONCROSSSECTION Source | Calculate Data = ¥ Design ™ Dominant
Flow Rate (cfs) IW
Cross Section ID l;l Slope (ff)
| Manning's n Channel 0.035 Man's n |
Manning's n LOB 0.035
Manning’s n ROB 0.035
Wetted Area (sq fi)
Wetted Perimeter (ft)
averagewisthy [
Topwigth ) |
= HydraulicDeptn () [
Mormal or Max Depth (ft) |
- _’lll Velocity (see) |
Main Channel (Bedform Scour)
;I Same as Entire Cross Section  Design ¥
Hydraulic Depth (ft)
Velocity (f'sec)
Ll Froude Number [ |
wecrAS | @pinfo | Prnt. | copy | Detete | add | Graph |xsection| Detail | update | ok |

Compare the imported data on the form against the actual data as follows:

® Cross Section ID: STUDYLOCATIONCROSSSECTION
® Design Flow Rate (cfs): 3200
® Design Slope (ft/ft): 0.015
® Design Manning’s n (Channel, LOB, and ROB): 0.035

(e) If everything checks out, click the Update button to update the hydraulic
analysis results.

(f) On the SELecT OPTION form, select “This Record” and click OK. Hit Yes to
continue.
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seicctoption |l update Cro== Secton Hyravics
Option I;l

Al If 'Enter Data' is selected as the Source, data will NOT BE
updated.

B This will update the hydraulic parameters for the current Cross
I/ Section,

If 'Calculate Data' is selected as the Source, the disabled fields
(shown in yellow) will be updated if 'Design’ andor ‘Dominant’
arefis checked.

=l

Do you want to continue?

Qancel | Yes | No I

After the update, the RIVER MECHANICS — CROSS SECTION HYDRAULICS window
looks like the following figure.

E River Mechanics - Cross Section Hydraulics O] x|
Section ID Entire Cross Secti
|STUDYLOCJ\TIONCROSSSECHON Source | Calculate Data - I Design [~ Dominant
Total Scour [T Flow Rate (cfs)
HiiEs SERNIT LY [+] Slope () |  0.015000
| Manning's n Channel 0.035 ﬂl
Manning's n LOB 0.035
Manning’s n ROB W
Flow Area (sq ft) m
Wetted Perimeter () | 155.35
| Average Width @) | 7312
TopWidth (&) [ 15398
HydraulicDepth () [ 214
Mormal or Max Depth (ft) 450
. _’|LI Velocity (isec) | 973
=
| |
@ino | Pont. | cory | pelete | aca | oraph |xsection| petai | Update | ok |

(g) Click OK to close the RIVER MECHANICS — CROSS SECTION HYDRAULICS form.

B.3 Step 3 - Calculate Riprap Size

(a) From the menu bar of main application window, click River Mechanics
=» Riprap to open the RIVER MECHANICS - RIPRAP window.
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E Flood Control District of Maricopa County - RIPRAP

File Edit | River Mechanics Help

J

ol

Launchable Riprap

Lateral Erosion

Sediment »

Cross Section Hydraulics
Cross Section Geometry

Datalle

=lolx|

D Cross Section ID

D50
()

Type

4

i

& Heln | & lnfo | Print.. | DEleta | Add | Update |

oK

(b) Click Add button on the RIVER MECHANICS - RIPRAP window.

(c) Enter “CHNL1” into the Location ID textbox

(d) Browse for “Channel Banks on Curved Reach” in the Type textbox

(e) Click OK on the SELEcT TYPE dialog box.

(f) Check Use Cross Section ID check box

(g) Browse for “STUDYREACHCROSSSECTION” in the Section ID textbox.

(h) Click OK on the SELECT CROSS SECTION ID dialog box.

(i) Enter “3” into the Bank Slope (H:V) textbox

(j) Enter “150.00” into the Specific Weight Stone (Ib/cu ft) textbox

(k) Enter “62.40” into the Specific Weight Water (Ib/cu ft) textbox
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() Select “Angular” from the drop down for Riprap Type in the Safety Factor

frame.

(m)Click the Save button.

(n) Click Update button to compute riprap median size D50 (ft).

(o) Highlight “This Record” in the SELECTION OPTION window and click OK. Click
Yes when the CALCULATE RIPRAP SiZE dialog box opens.

Dpt Calculate Riprap size

Option -

This Major Basin
All

Cancel

| This will calculate the Riprap size for the current record.

Do you want to continue?

Yes

%

After the update process is finished, the window looks like what is shown in
the following figure. Click OK to close the window.

Egmver Mechanics - Riprap

List
1D

Details

Location ID | CHMNLA ¥ Use Cross Section ID

Type [ Channel Banks on Curved Reach

Section ID | STUDYLOCATIONCROSSSECTION “’Jl

2l

Channel Banks on Curved Reach

Gradation (ft) Safety Factor
Avg Velocity (fifs) 973 15 1.32 Type |Angular 'l
BankSlope (HV) [ 31 psa| =264 vawe [ 1.00
Specific Weight Stone (blcu ft) | 160,00 pas| 243 Default [ 1.00
Specific Weight Water (Ibieufy [ 62,40 pioo| 422 Custom I~
D50 (ft) 254
@He|p| &P Info | Print.. | Delete | Add | Update | oK |

B.4 Step 4 - Report and Document the Results

In this section, the instruction will be given on how to view, print, and export
the calculation results of the riprap sizing.
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(a) Click the Print ... button on the RIVER MECHANICS — RIPRAP window. A report
will be generated as is shown in the following figure.

F10T Contral DiLrat of Manko b3 County
Dranage Deskn Management Sy siem
RIVER ME CHANICS - RE RAR
Page 1 Project Refe rence: RIFRAPSIZING1 BR2014
D Tipe Seqton 1D Design Sipe WK Average  Spesfk Speofk  Bank  Sately D80
Q ve) MM VvewoRy  Wekni Wegnt  Angle  Fadtor ()
et (W) Stone  Water(degrs)
(blou ) (biou M

CHNL1  Channel S2nks on Cumed Rezcn STUDYLOCATIONCROSSSECTION 3200 a2 7300 e 15000 6243 4500 100 3%

(b) To print the results, click the printer symbol (& ).

(c) To export the results in PDF format or other formats, click the export
symbol (&4 )

(d) More detailed information for cross section hydraulics can also be viewed,
printed, and exported by clicking the Print... button under Cross Section

Hydraulics menu.

This concludes this tutorial for sediment yield analysis.
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RIVER MECHANICS
LATERAL EROSION ANALYSIS

KVL Consultants, Inc.
HEC-1 Import Hydrographs
H:AFCDMC\DDMSW505\MODLRUNS\KVLEXAMPLE101-100.0UT

¥ Graph current record ;¢

Adjustments

Elevation Adjustment () 0.00

Project Defaults

. N
T
240 B0 40 60
Time (minutes)

@@= @ O r
— 010105-Basin ~— 010105-Combine ~ — 010105-Route

Maricopa County Department of Transportation (MCDOT)
Computer Training Room
2919 W Durango St, Phoenix, Arizona 85009

Presented by:
Kenneth Lewis, P.E.
KVL Consultants, Inc.



2.5 Lateral Erosion Analysis

A. Problem Statement

To estimate the lateral erosion corridor for a watercourse as a basis to protect the

public from potential flood encroachments caused by unmitigated lateral bank

migration.

The following data are provided for this tutorial:

< The Cross Section “LATEROSXSECTION”

> Parameters for Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
® Channel Slope (ft/ft): 0.015
e Design Manning’s n for Main Channel: 0.035
e Design Manning’s n for LOB: 0.045
® Design Manning’s n for ROB: 0.050
> The geometric data (station and elevation) of the cross section:
Station (X) Elevation (Y) Notes

0 165.0
200 164.9
215 164.5 FEMA Floodway Left Station
275 164.3
318 164.1 Left Bank Station
320 163.9
321 163.85
325 163.8
340 163.6
345 160.0
350 159.9
355 159.6 Thalweg Station
365 159.7
370 160.0
375 161.0
380 163.0 Right Bank Station
390 163.2
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Station (X) Elevation (Y) Notes
420 164.0 FEMA Floodway Right Station
515 164.3
600 164.6
900 165.0
> Data for Alternative Analyses

(a) Alternative Scenario #1: No Data Available

® Channel Depth, D (ft): 4.5

(b) Alternative Scenario #2: Scour Data Available

e Channel Depth, D (ft): 4.5

® Scour Depth, Zt (ft): 12.0
(c) Alternative Scenario #3: Scour and Historical Data are

Available

e Channel Depth, D (ft): 4.5

® Scour Depth, Zt (ft): 12.0

e Left Historical Lateral Erosion Distance, Lh (ft) 85.0
® Right Historical Lateral Erosion Distance, Rh (ft) 85.0

(d) Alternative Scenario #4: Scour, Historical Data and Cross
Section Data are Available

® Cross Section ID: LATEROSXSECTION
® Scour Depth, Zt (ft): 12.0
e Left Historical Lateral Erosion Distance, Lh (ft) 85.0
® Right Historical Lateral Erosion Distance, Rh (ft) 85.0

® FEMA Floodway Left Station 215.0
e FEMA Floodway Right Station 420.0
® Thalweg Station 355.0

B. Step-by-Step Procedures

Step 1: Establish a New Project and Default Set-up

Step 2: Prepare the Cross Section Geometry

Step 3: Import Cross Section and Hydraulic Data
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Step 4: Calculate Lateral Erosion Distance
4.1 Scenario #1 — No Data Available
4.2 Scenario #2 — Scour Data Available
4.3 Scenario #3 — Scour and Historical Data Available
4.3 Scenario #4 — Scour, Historical and Cross Section Data

Available

Step 5: Report and Document the Results

B.1 Step1- Establish a New Project and Defaults Set-up

(a) Click the DDMSW icon on the Desktop or Program menu to launch the
DDMSW. Click OK to accept the software disclaimer as is shown in the
following figure.

Agreement

Drainage
Design
Management
System

This program has been written to aid in the management of drainage design. Itis provided as
a public service to aid in implementation of the technical information data, and procedures,
presented in the Drainage Design Manuals. The user of this information releases, indemnifies
and holds free the Flood Control District of Maricopa County and KVL Consultants, Inc. from
any and all liabilities, damages, lawsuits and causes of action that result as a consequence of
their reliance on and use of the DDMSW computer program and the data supplied with it. The
use of this program and the results developed are the responsibility of the user.

Many of the default values provided are generic and serve to guide users in their modeling.
Users must exercise judgement to evaluate and modify default values based on the specific
watershed. An approval for default table values for a specific watershed must be obtained
from the appropriate agency

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc.

After the DDMSW is launched, the SELECT PROJECT window is automatically
opened as is shown in the following figure.
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Select Project

List | Details
Lookforl

Reference Date ID Title ;I
RIPRAPSIZINGFCD 01/01/2012 |00054 River Mechanics Example - Riprap Sizing
SEDIMENTYIELDA 03/03/2016 |0D00GO River Mechanics Example - Sediment Yield
SEDIMENTYIELDFCD 01/01/2012 00055 River Mechanics Example - Sediment Yield
TASK1110_LATEROSION 02/29/2016 |00088 Assignment No. 4 - Task 1.1.10_Lenth to Distance Labeling
TASK1111_LATEROSION 02/29/2016 |00089 Assignment No. 4 - Task 1.1.11_Lateral Erosion Project
TASK1111_SCOUR 02/28/2016 [00090 Assignment Mo. 4 - Task 1.1.11_Impor Total Scour e
TASK1112_LRIPRAP 02/28/2016 |00091 Assignment Mo. 4 - Task 1.1.12_Launchable Riprap
TASK111Z2_RIPRAP 02/29/2016 (00082 Assignment Mo. 4 - Task 1.1.12_Import Riprap and Scour Vall—
TASK1112_SCOUR 02/28/2016 (00093 Assignment Mo. 4 - Task 1.1.12_Import Riprap and Scour
TASK1113_RIFPRAP 02/28/2016 00099 River Mechanics Example - Riprap Sizing
TASK1113_SCOUR 02/28/2016 |00097 Assignment Mo. 4 - Task 1.1.13_Import Riprap and Scour
TASK1114_SYIELD 02/29/2016 |00100 Assignment No. 4 - Task 1.1.4_Add Comment Box to the Was
TASK1115_SYIELD 02/29/2016 |00101 Assignment No. 4 - Task 1.1.4_Add Comment Box to the Was
TASK1116_NEWPROJ2 02/29/2016 |00102 Task 1.1.16 - Import HEC-1 File
TASK1118_EXAMPLEA 02/29/2016 |00103 Assignment No. 4 - Task 1.1.18_Q Format and NSTPS Correc
TASK1119_CALCULATOR 02/28/2016 (00104 Assignment Mo. 4 - Task 1.1.19_5Street Drainage Calculator vI
dl I B
Wodification Date [03/032016 | =1 Pint. | Delste | ada | ok |

(b) Click the Add button on the SELecT PROJECT window to start a new project
(or you can start a new project by File = New Project).

(c) On the New ProJecT OPTIONS form, select River Mechanics checkbox and
click the OK button to close the form.

(d) Type “LATEROSION1” into the Reference textbox. This is the name of this
newly created project. The users can choose the name as long as it does
not exist in the DDMSW database.

(e) Type into the Title textbox a brief descriptive title of this project. (Optional)
(f) Type into the Location textbox the location of this project. (Optional)

(g) Type into the Agency textbox the agency or company name. (Optional)

(h) Check River Mechanics Only checkbox for this project.

(i) Type a detailed description of this project into the Comment Box under the
Project Reference frame. (Optional)

(j) Click the Save button to save the entered data.

(k) Click the OK button on the SELECT PROJECT window, and then click OK on the
pop-up message box. The following figure shows what the window looks
like.
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Select Project

List Details
 Project Reference  Project Defaults
Project D [ 00175
Title | Lateral Erosion Analysis Tutorial Soils |FCDMC

Location | Maricopa County Land Use | FCDMC
Agency | Flood Control District of Maricopa County

L]

¥ River Mechanics Only

This tutorial is set up to give a step-by-step instruction on how to use ;l
DDOMSW to perform lateral erosion analysis.

o
Modification Date [ 02182016 =} @i | Pont. | Detete | aga | ok |

Note: the Project ID 00175 in the above figure is the database records unique
read-only identifier of the project, which is automatically generated by the
program when a new project is created. When the users create a new project,
the Project ID of this new project will not be the same as the Project ID
shown in the above figure.

B.2 Step 2 —Prepare the Cross Section and Hydraulics Data

To develop the cross section and hydraulic data to be used for this project, the
“LATEROSXSECTION” dataset will be used which will be imported from another
project.

(a)From the menu bar of main application window, click River Mechanics =
Import Cross Sections from Another Project to open the IMPORT CROSS
SECTIONS FROM ANOTHER PROJECT form.
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I*? Flood Control District of Maricopa County - LATEROSION1 - Network

File Edit | River Mechanics Help

Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield »

Cross Section Hydraulics

Cross Section Geometry

Import C ions from An

. a &uuﬁeoﬂ

(b) On the ImPORT CROSS SECTIONS FROM ANOTHER PROJECT form, select the
following settings:

® |Import Project Reference: PROJECTXSECTIONS
® Option: Specific Cross Section
® Import Cross Section ID: LATEROSXSECTION
Import Project Reference | PROJECTXSECTIONS il
Option [Specific Cross Section j
Import Cross Section ID | LATEROSXSECTION ﬁl
mpont | ok |

(c) Once the specified data have been selected, click the Import button. Select
Yes to proceed, and hit OK to close the IMPORT CROSS SECTION FROM
ANOTHER PROJECT form.

Question

This will import Cross Section BRIDGECR.OSSSECTION
‘ J.-' from PROJECTXSECTIONS to the current project.
— - Data with the same ID will be overwritten.

Do you want to continue?

Yes I Mo I
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(d) To check if the lateral erosion cross section data has been successfully
imported, open the NATURAL CRoss SECTIONS form (River Mechanics =
Cross Section Geometry).

I¥? Flood Control District of Maricopa County - LATEROSION1 - Network

File Edit | River Mechanics Help

Soour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield k

Cross Section Hydraulics

ection Geometry

Import Cross Sections from Another Project

¥ ¢ ST06000|

(e) On the form, select “LATEROSXSECTION” for the Cross Section ID by
clicking the Selector button at the right side of the ID textbox.

E! Matural Cross Sections M=l E3
X ¥ l;l Overbank
0.00 165.00 T
200.00 164.90 =<t ﬂf’ ] g gl
215.00 164.50 Right 38000 || 186.00 | 1 I
275.00 164.30 165.00
318.00 164.10 164.00 [ "~
320.00 163.90 16300 -
321.00 163.85 200
325.00 163.80 E
340.00 163.60 KLJI8
345.00 160.00 o |5
350.00 159.90 158.00 - =
355.00 159,50 158.00 -
365.00 159.70 [ Graph currentrecord | 4z7.qg PR Y R ) O O P e A
370.00 160.00 0 100 200 300 400 500 600 700 @200 900
375.00 161.00
Adjustments
390.00 163.20 || Ejeyation Adiustment () 0.00
420.00 164.00
515.00 164.30 S | au SU-U0 L
500.00 164.50 ¥ (i) 163.00 | Save &Add Record
900.00 155.uu_l —
Overtank @nio | Pt | petete | aga | ok |

Compare the geometric data on the NATURAL CROSS SECTIONS form against
the tabulated data listed below. Make necessary data edits or adjustments
on the form, if necessary. Click OK to close the form.
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Station (X) | Elevation (Y) Notes
0 165.0
200 164.9
215 164.5 FEMA Floodway Left Station
275 164.3
318 164.1 Left Bank Station
320 163.9
321 163.85
325 163.8
340 163.6
345 160.0
350 159.9
355 159.6 Thalweg Station
365 159.7
370 160.0
375 161.0
380 163.0 Right Bank Station
390 163.2
420 164.0 FEMA Floodway Right Station
515 164.3
600 164.6
900 165.0

(f) Edit the cross section geometry, if necessary, and click Save to save all
changes and revisions. Click OK to close and exit the NATURAL CROSS SECTION

form.

(g) To view the cross-section hydraulic data for this cross-section, open the
Cross SEcTION HyprAuLIcs form (River Mechanics = Cross Section
Hydraulics) and on the form select “LATEROSXSECTION” from the Cross

Section ID listing.

¥ Flood Control District of Maricopa County - LATEROSION1 - Network

File Edit | River Mechanics Help

?wooom[

&
St

e

XX

Scour

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield

Cross Section Hydraulics

Cross Section Geometry

Import Cross Sections from Another Project
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E River Mechanics - Cross Section Hydraulics —|O0]

w Entire Cross Secti
ILATEROS)(SECTION Source | Calculate Data - ¥ Design [~ Dominant
Total Scour ™ Flow Rate (cfs) 3200
Cross Section ID Slope (ft) | 0.015000
| Manning's n Channel 0.035 M
Manning's n LOB 0.045
J Manning's n ROB W
Flow Area (sq ft) m
Wetted Perimeter () | 90170
Average Width (ft) 102.90
Top Width (ft) 900.00
Hydraulic Depth ) [ 0.02
Mormal or Max Depth (ft) 5.41
‘ _’|:I Velocity (fisec) [ 574
Lateral erosion first cross section ;I
H
@info | Pont. | copy | Delete | Add | Graph |xSection| Detail

(h) On the Cross SecTioN HYDRAULICS form, ensure that the Source is set to
“Calculate Data”. Check to ensure that the imported data values for Flow
Rate (cfs), Slope (ft/ft), and Manning’s n (Channel, LOB, and ROB) are the
project values specified for this project, otherwise, edit and modify them.

The project data are provided below:

® Design Flow Rate (cfs): 3200
e Channel Slope (ft/ft): 0.015
® Design Manning’s n for Main Channel: 0.035
® Design Manning’s n for LOB: 0.045
® Design Manning’s n for ROB: 0.050

(i) Click Save to save the edits, if you have made any.
(j) To recalculate or update the hydraulic analysis on this form, click Update.

(k) Select “This Record” from the SELECT OPTION form. Click OK to close the form.
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selectoption
Option L;|
N

This Major Basin
All

=l
Cancel |

(I) Click Yes on the UppATE CROSS SECTION HYDRAULICS form to continue.

(m)Click OK to close the form.

B.3 Step 3 - Calculate Lateral Erosion Distance

Four (4) analysis scenarios will be presented in this tutorial. These different
scenarios are dependent on availability of data for analysis. These scenarios
include: (a) no data; (b) with scour data; (c) with scour and historical data; and (d)
with scour, historical, and cross section data.

B.3.1 Scenario #1 - No Data

(a) On the RIVER MECHANICS — LATERAL EROsION form (River Mechanics =
Lateral Erosion =» Details tab), make sure that all the check boxes in the
Available Data frame are unchecked.

(b) Click Add to enter a new data and type in “LOCID” on the Location ID
textbox.

(c) Type in “4.5” into the Channel Depth, D (ft) textbox. This information is
assumed to be the field estimate made on the channel depth.
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Eﬂiver Mechanics - Lateral Erosion -- Edit

List Details
51— Available Data
Location ID [LOCID Scour [~
Historical Photo [~
Cross Section [~
. Lateral Erosion
Channel Depth, D (ft) 4490
Lateral Erosion Distance, L (ft)
Comments =
Save | Cancel | Brint: | Delete | Add | Updzie | 0K |

(d) Click Save to save the data entered.

(e) To calculate the Lateral Erosion Distance, L (ft), click the Update button
and select “This Record” from the SELecT OPTION form. Click OK to close the

form.
Selectoption |
Option L;l
N

This Major Basin
All

I

Cancel |

(f) Click Yes when the CALCULATE LATERAL EROSION form opens.

The following screen capture below shows the results of the analysis. The only

data used was a field estimate of the Channel Depth, D (ft) at the location of
interest.
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ERNEr Mechanics - Lateral Erosion

B.3.2 Scenario #2 — Scour Data Available

(a) On the RIVER MECHANICS — LATERAL EROsION form (River Mechanics =

Lateral Erosion), check the Scour checkbox and leave the other two
checkboxes unchecked.

(b) Type in “12.00” into the Scour Depth, Zt (ft) textbox, while keeping the
value of the Channel Depth, D (ft) at “4.50”. Click Save.

E:Riuer Mechanics - Lateral Erosion

(c) To calculate the Lateral Erosion Distance, L (ft) for the manually entered
data, click the Update button and select “This Record” from the SELECT
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orpTioN form. Click Yes to continue. Note that the estimated Lateral Erosion
Distance, L (ft) is 99 ft.

(d) As an alternative to the manual entries made, DDMSW has the capability
to import the value from a scour analysis project. To use this import
feature, click the magnifying glass across the Scour Depth, Zt (ft) textbox.

(e)On the IMPORT TOTAL SCOUR FROM A PROJECT form, use the following data:

® Import Project Reference: BANKPROTECTION1
e ImportID: AZRIVER
e  Automatically Update Scour Depth (Zt) to

Total scour Checkbox Check

Import Total Scour From a Project

Import Project Reference | BANKPROTECTIONA -~
Import ID | AZRIVER -
Total Scour (ft) 16.09

Automatically Update Scour Depth (21) v
to Total Scour

@mfo | Cancel | Ok |

Click OK to close the form. [Note that the Scour Depth, Zt (ft) value has
changed from “12.00” to “16.09”].

E! River Mechanics - Lateral Erosion [0 x| [
List Details
rD————————————— Available Data
Location ID ILOCID Scour ¥

Historical Photo [~
Cross Section [~

r Lateral Erosion

Channel Depth, D (ft) 4,50
Scour Depth, Zt (ft) | 16.09 yJI
Lateral Erosion Distance, L (ft)

Comments =
E

&rep | @inio | Prnt | Delete | dd | Update | ok |
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(f) To calculate the Lateral Erosion Distance, L (ft), click the Update button
and select “This Record” from the SeLect OpTION form. Click OK to close the
form.

Option l;|
L

This Major Basin
All

=l

Cancel |

(g) Click Yes when the CALCULATE LATERAL EROSION form opens.

Calculate Lateral Erosion |

. This will calculate the Lateral Erosion for the current record.

. Scour Depth (Zt) will be updated from Total Scour Analysis if
“Automatically Update Scour Depth (Zt) to Total Scour™ is
Chedked.

Do you want to continue?

Yes | Mo I

The screen capture below shows the results of the lateral erosion analysis
where scour data is available, in addition to the field estimate of Channel
Depth, D (ft) at “4.50” ft.
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ERiuer Mechanics - Lateral Erosion

B.3.3 Scenario #3 — Scour and Historical Data Available

(a) On the RIVER MECHANICS — LATERAL EROsION form (River Mechanics =
Lateral Erosion), make sure that the Scour and Historical Photo
checkboxes are checked. Leave the Cross Section checkbox unchecked.

ERiuer Mechanics - Lateral Erosion

(b) Type in “85.0” into the Left Historical Lateral Erosion Distance, Lh (ft) and
the Right Historical Lateral Erosion distance, Lh (ft) textboxes. Leave the
Channel Depth, D (ft) value at “4.50” and the Scour Depth, Zt (ft) at “16.09”
unchanged. Click Save to save the data.
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(c) To calculate the Lateral Erosion Distance, L (ft), click the Update button
and select “This Record” from the SELECT OPTION form. Click OK to close the
form.

ERiver Mechanics - Lateral Erosion

_@vit | Qo | pine [ poie | faa [ s | o |

Select Option

This Record
This Major Basin
All

(d) Click Yes when the CALCULATE LATERAL EROSION form opens.
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Calculate Lateral Erosion EZ |

. This will calculate the Lateral Erosion for the current record.

. Scaour Depth (Zt) will be updated from Tatal Scour Analysis if
“Automatically Update Scour Depth (Zt) to Total Scour™ is
Checked.

Do you want to continue?

Yes | Mo I

The screen capture below shows the results of the lateral erosion analysis
where scour and historical data are available, in addition to the field estimate
of Channel Depth, D (ft) at “4.50” ft.

E!River Mechanics - Lateral Erosion [0

List Details

riD Available Data

Location ID ILOCID Scour [+

Historical Phota ¥
Cross Section [~

" Lateral Erosion
Channel Depth, D () [ 450
Scour Depth, Zt () [ 16.09 ,J|

Left Histarical Lateral Erosion Distance, Lh (ft) 850
Right Historical Lateral Erosion Distance, Lh () [ 85.0
Left Lateral Erosion Distance, LI (ft) W

Right Lateral Erosion Distance, Lr (ft) 146.8

Comments =
J |

@nep | @inro | Prnt. | Delete | ada [TUpdste] ok |

B.3.4 Scenario #4 — Scour, Historical and Cross Section Data Available

(a) On the RIVER MECHANICS — LATERAL EROSION form (River Mechanics = Lateral
Erosion), make sure that all the checkboxes (i.e., Scour, Historical Photo,
and Cross Section) are checked.
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E River Mechanics - Lateral Erosion

List Details
r1D
Location ID [LOCID Section ID ILATEROS)(SECTION e J
Historical Photo W
Cross Section ¥ X Section IDs
r Lateral Erosion r Cross Section Data
Channel Depth, D (ft) ﬂ Overbank Station (ft) Elevation (ft)
Scour Depth, Zt (@) | 16.00 | 'JI Left 318.0 164.10
Left Historical Lateral Erosion Distance, Lh (fi 85.0 Right 380.0 163.00
Right Historical Lateral Erosion Distance, Lh (ft) W FEMA Floodway
Left Lateral Erosion Distance, LI @) [ Left 215.0 164.50
Right Lateral Erosion Distance, Lr (ft) Right 4200 164.00
Left Lateral Erosion Station (ft) | Thalweg
Right Lateral Erosion Station () [ [ 3550 15960
Opposite Side
Comments = | 5717 | 16450
H

@neip | @no | Pint. | Detete | ada | upoae | ok |

(b) To access the Cross Section Data for this project, click the Selector button
(Magnifying glass) to the right of the Section ID textbox. On the SELECT
CRross SECTION ID form, select the “LATEROSXSECTION” from the list.

Lateral Erosion Cross Section IDs @
Look for
(0] Description -

€ | (11} 2
Cross Section ID
Section ID |LATEROSA
Description | Lateral erosion first cross section -

| @info | Prnt. || copy || Delete || Add || Update |[ ok |

(c) Click OK to close the SELECT CROSS SECTION ID form.
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E! River Mechanics - Lateral Erosion

List

riD Available Data

Location ID | LOCID Scour ¥
Historical Photo W

Details

ISi[=1 E3

 Cross Section

Section ID | LATEROSXSECTION

=

Cross Section ¥ X Section IDs Graph |
r Lateral Erosion  Cross Section Data
Cormevemon] ) Overbank _Staton ) _Elsvstin
500 o) Left 318.0 164.10
Left Historical Lateral Erosion Distance, Lh (ft) 35.0 Right 380.0 163.00
Right Historical Lateral Erosion Distance, Lh (ft) W FEMA Floodway
Left Lateral Erosion Distance, LI () | Left 214p 16450
Right Lateral Erosion Distance, Lr (ft) Right 420.0 164.00
Left Lateral Erosion Station (ft) Thalweg
Right Lateral Erosion Station (ft) | 35‘(‘0 | 159.60 )
Opposite Side
Comments =] | 5717 | 16450
-
@nep | @0 | pont. | petete | ade | updste | ok |

Note that by using the Cross Section Data, the “Channel Depth, D (ft)”
textbox becomes “inactive” and a new value of the Channel Depth had
replaced the manual data entered. This new value of the Channel Depth is
the difference between the FEMA Floodway Elevation and the Thalweg

Elevation (i.e., 164.50 -159.60 = 4.90 ft).

(d) On the RIVER MECHANICS — LATERAL EROSION form, click on the X Section
Data button to view the LATERAL EROSION CROSS SECTION form that shows
the cross section data and plot identifying the location of the banks and the

FEMA Floodway limits.
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E Lateral Erosion Cross Section ]

X ¥ [«] -overbank
0.00 165.00 e
Left 218.00

200.00 164.90 _ —fl “m“]t A =2

215.00 164.50 Right 380.00 | Bl 135-WE -

275.00 164.30 16500 | =

318.00 16410 | [ FEMA Floodway BT : i

32000 163.90 Left 215.00 | ) 153_qu |

321.00 163.85 Right 420.00 | 152.CH]E

325.00 163.80 E

340.00 16350 | Thalweg gy ;

345.00 160.00 5500 160.00 E

350.00 150.90 : _|'J 159.DDE

355.00 159,60 158.00

365.00 159.70 ¥ Graph currentrecord | 47 gg E...... T YR T AR e an e e
370.00 160.00 0 100 200 300 400 500 600 700 200 %00
375.00 161.00

320.00 162.00_|  Adjustments — - Cross Section

390.00 153-2”| Elevation Adjustment (f)] 0.00 o[ LATEROS

£15.00 15430 _Adust | | xm) 42000 | | Delete and Confirm
500.00 164.60 ¥ (ft) Save & Add Record
900.00 165.00

Floctusy Ovarbank Traiueg @info | print. | Delete | adg | ok |

(e) Click OK to close the LATERAL EROSION CROSS SECTION form.

(f) To calculate the Left Lateral Erosion Distance LI (ft), and the Right Lateral
Erosion Distance, Lr (ft), click the Update button.

E River Mechanics - Lateral Erosion O]
List Details
D Available Data — | Cross Section
LocationID [LOCID Scour v || Section ID [LATEROSXSECTION -~
Historical Photo ™ .
Cross Section ¥ X Section IDs Graph |
r Lateral Erosion  Cross Section Data
Channel Depth, D (ft) 490 Overbank Station (f) Elevation ()
Scour Depin, 2t () [ 1600 ] Lef 318.0 | 16410
Left Historical Lateral Erosion Distance, Lh (ft) 85.0 Right 380.0 163.00
Right Historical Lateral Erosion Distance, Lh (ft) W FEMA Floodway
Left Lateral Erosion Distance, LI () [ Left 215.0 164.50
Right Lateral Erosion Distance, Lr ) [ Right 4200 164.00
Left Lateral Erosion Station (ft) | Thalweg
RightLateral Erosion Station () [ | 355.0 | 159.60
Opposite Side
Comments =] | 5717 | 18450
E

@ten | @inio | Prnt. | Delete | adf i Update i EK |

(g) When the SELecT OPTION form appears, highlight “This Record” and click OK
to close the form.
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selectOption
Option |;|
N

This Major Basin
All

=
Cancel |

(h) Click Yes when the CALCULATE LATERAL EROSION form opens.

Calculate Lateral Erosion |

. This will calculate the Lateral Erosion for the current record.

- Scour Depth (Zt) will be updated from Total Scour Analysis if
“Automatically Update Scour Depth (Zt) to Total Scour™is
Checked.

Da you want to continue?

Yes | | Mo I

The screen capture provided below shows the results of the lateral erosion
analysis where scour depth, historical data, and cross-section data are
available. The summary of the results are:

® Left Lateral Erosion Distance, LI (ft): 148.0
® Right Lateral Erosion Distance, Lr (ft): 148.0
® Left lateral Erosion Station (ft): 67.0
® Right Lateral Erosion Station (ft): 719.7
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E River Mechanics - Lateral Erosion M =]
List Details
riD Available Data r Cross Section
Location 1D [LOCID Scour ¥ Section ID IL-‘\TEROSXSECTION il
Historical Photo ¥
e g X Section Data | X Section IDs Graph |
" Lateral Erosion r Cross Section Data
Channel Depth, D (ft) 490 Overbank Station (ft) Elevation (ft)
Scour Depth, Zt (ft) | 16.09 ,JI Left 318.0 164.10
Left Historical Lateral Erosion Distance, Lh (ft) 85.0 Right 380.0 163.00
Right His FEMA Floodway
Left Lateral Erosion Distance, LI (ft) Left 215.0 164.50
Right Lateral Erosion Distance, Lr (ft) Right 4200 164.00
Left Lateral Erosion Station (ft) Thalweg
Right Lateral Erosion Station (ft) | 3650 | 15060
Opposite Side
Comments | 5717| 16450

&Hen | @i \F‘ﬂm_.. | peiete | ada [fUpdat] o |

button. As shown on the r
left bank is at Station 67.0 ft and the later

To view the plot of the Lajeral Erosion\analysis results, click the Graph
sults plot, the\extent of lateral erosion on the
| erosion on the right bank is at

Station 719.7 ft. To exit fhe RIVER MEcHANICS GRAPHS form, click the OK

button.

E__'-"ijer Mechanics Graphs
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B.4 Step 4 - Report / Document the Results

In this step, the instruction will be given on how to view, print, and export the

calculation results of the lateral erosion analysis.

(a) To view the Lateral Erosion report, click the Print ... button on the RIVER

MECHANICS — LATERAL EROSION form.

21902016

[ Cross Section ID Ghannel Depth Scour Depth e
() () L] L] ()

Historical Lateral Erosion Length Lateral Erosion Length
) 2 Lei ah

Lateral Erosion Station

()

LOCID LATEROST 4,90 16,09 850 85,0 1480

a7

(b) To print the report, click the printer symbol (& ) at the top of the form.

(c) To export the report to a PDF file or other file formats, click the export

symbol (& ) at the top of the form.

This concludes the tutorial for the Lateral erosion Analysis.
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This document contains step-by-step tutorials for the Storm Drainage Hydraulics module

of DDMSW. The two tutorials for the Storm Drainage Hydraulics cover the computations of

street surface drainage and storm drainage system for hydraulic grade line analysis.
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I11 Storm Drainage Hydraulics

3.1 Street Drainage Example

This tutorial provides a Street Drainage working example using DDMSW (KVLEXAMPLE12).
The layout of the system is shown below.

010
cBopso 010045 cRopap 010039 CB0030 010025 CBO0O20 010015
$T0040 $T0030 $T0020 $T0010

CBOO1D  py0005

STDO50

ST0045

ST0035 ST0025 ST0015

$T000
CBO045 CBO035 CBOG25 CBOG15

CB0005

] Inlet
Street

Pipe

A. Problem Statement

To develop the Hydraulic Grade Line (HGL) of a storm drainage system as shown in
the Figure above. The drainage system is comprised of ten (10) drainage areas
represented by half-streets. The surface flows from the half-street drainage areas
are draining respectively to their catch basins. From the catch basins, the flows are
conveyed through the collector pipes connected to the main pipes. The collected
flows are eventually discharged to the outlet downstream of Pipe “010005”.

go from the east enters the that are draining into contributing

B. Step-by-Step Procedures
Step 1: Establish a New Project and Default Set-up
Step 2: Develop the Rainfall Data
Step 3: Develop Sub Basin Data (Using GIS)
Step 4: Update Conveyance Facilities Data
Step 5: Develop Rational Method Network
Step 6: Run Rational Method Model
Step 7: Update StormPro Lines
Step 8: Run StormPro Model
Step 9: Analyze Street Drainage Hydraulics
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(File = Select Project)

following screen.

Step 1 - Set Project Defaults

List Details
Lookforl

Reference Date ID Title l;l
BRIDGEPIER1 02/24/2016 |00057 Tutorial #2 - River Mechanics
BRIDGEPIERFCD 01/01/2012 |00036 River Mechanics Example - Bridge Pier
EXAMPLE1 01/01/2010 |00037 Clark, Green Ampt, Single, 6 Hour
EXAMPLEZ2 01/01/2010 (00038 S-Graph, Green-Ampt, Single, 24 Hour
EXAMPLE3 01/01/2010 |00039 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 01/01/2010 |00040 Clark, Init and Uniform, Single, 6 Hour
KVLEXAMPLEY 01/01/2011 |00041 Example 1 HEC-1 tutorial project
KVLEXAMPLE10 01/10/2014 |00042 HEC-1 Tutorial - Import HEC-1 File
KVLEXAMPLE11 01/10/2014 |00043 FCDMC Hydraulics Manual Design Example 4.6

l_

KVLEXAMPLEZ 01/01/2011 |00045 Example 2 using Shape files and NOAA 14
KVLEXAMPLEZ 01/01/2011 (00046 Example 3 Rational Method tutorial project
KVLEXAMPLES 01/01/2011 |00047 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLESR 01/01/2011 |00048 HEC-1 Tutorial - 3-Graph Unit Hydrograph
KVLEXAMPLET 01/01/2011 |00049 Rational Method Tutorial
KVLEXAMPLES 01/01/2011 (00050 Street Drainage Examples vI
l I ol |

ModiﬁcaﬁonDatelDQ.fESiED‘lE 5Ei

pint. | Delete pdd | oK

For this example, select the KVLExaMPLE12 project as shown on the

On the same form (SELECT PROJECT) select the Details tab.
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Select Project -- Edit

List Details
 Project Reference  Project Default:
ProjectiD [00044  Reference [KVLEXAWPLE12 wodel [Ratonal ]
Title | Street Drainage Example
Location | Maricopa County Land Use | PHOEMIX -~
Agency | Flood Control District of Maricopa County Rainfall | NOAA14 -
¥ Hydrology and Hydraulics Only: Roads [PHOENIX e
Inlets | FHOENIX >

r Min/Max Tc (minutes)

Minimum Tc 5 ([
Maximum Tc 90 || o

[ |

-
IloﬁcaiunDate|02s’25I201B _E] Save | Cancel | Ehmt | Delete Add

=
=

D. Step 2 - Develop the Rainfall Data
(Hydrology = Rainfall)

For this example, NOAA14 Rainfall shall be used and be developed using GIS. The
GIS Shape file (“Rainfall.shp”) is included in the KVLExAmPLE12 subfolder in the
Maps folder (C:\FCDMC\DDMSW505\Maps\KVLExamplel12). Your path to this file
may be different to that shown in this example. Enter the data as shown on the
following screen and then click Save. Click Update to develop the rainfall data.
Click Yes to continue and to exit the UPDATE NOAA14 RAINFALL USING GIS window.
Click OK to exit the NOAA 14 RAINFALL window.
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*InoAA 14 Rainfall

R -ruMap

I HAFCODMC\DDM3W505\Maps \KVLEXAMPLE12\Rainfall.shp

Required Map Fields |

Data Source

Source I vl

IS [=] E3

 Average Rainfall Data for Project
2ur Sur 10yr 25w S0wr  100wr
SMin| 0245 0331 | 0398 | 0488 | 0557 | 0628
10Min | 0372 ) 0504 | 0606 ( 0743 | 0.848 | 0957
15Min | 0.461 | 0.625 | 0751 | 0921 1.051| 1.186
30Min | 0.621 | 0842 ) 1011 1.240 | 1.416 | 1.597
A1Hour | 0769 | 1.042 )| 1252 | 1535 | 1.752 | 1.976
2Hour | 0886 1183 1410 1721 | 1.956 | 2202
3Hour | 0969 | 1.268 ( 1507 | 1.841 | 2107 | 2383
BHour | 1.150 | 1472 | 1.728 || 2.077 | 2350 | 2.634
12Hour | 1.279 | 1.618 | 1.884 | 2243 | 2517 | 2.802
24Hour | 1.520 | 1968 [ 2321 | 2.814| 3.203 | 3.608
Log | @0 | Pont. | update | ok |

To see a graph of the IDF (rainfall intensity-duration-frequency)
(Hydrology =»Rational Method =» Rainfall Intensity) and click Graph.

curves, go to

l‘@ Rainfall Intensity EI@
List ‘ Details
Look for ||
Tc 2-Year S-Year 10-Year 25-Year 50-Year 100-Year

5.1 292 395 475 582 6.65 7.50
52 291 393 472 579 6.51 7.45
53 239 301 470 576 6.58 741
54 238 389 4 57 573 6.54 737
55 286 387 4 55 570 6.50 7.33
5.6 2384 384 452 567 6.47 7.29
57 283 382 450 5654 5.43 725
58 281 3.80 457 5.61 6.40 722
5.9 230 378 455 558 6.36 7.18
6.0 278 376 452 5.55 6.33 714
6.1 277 374 450 5.51 5.29 7.10
5.2 275 372 4.47 548 6.26 7.06
6.3 274 370 4.45 5.46 6.23 7.02
6.4 272 368 4.42 543 6.19 6.98
6.5 271 366 4.40 5.40 6.16 6.95
]
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E! Rainfall Intensity =]
=0 -;l|
Flood Control District of Maricopa County
Rainfall Intensity
Project ID: KVLEXAMPLE12

5 9.00
£ 800-F

N
= 7.00
= B.ﬂﬂ“
Qiﬂﬂ: \\
2 4_[,,”_?\ :\}\n-_
2 N —_
Ea.m; gy
E2m e
= 1.00-

D_m:llll L] L [ L] IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII [
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Duration (minutes)

- 100 Year - 50 ear i 25 Year —— 10 ear 5¥ear - 2% ear

E. Step 3 - Develop Sub Basin Data (Using GIS)
(Maps = Update Hydrology)

The Sub Basin and Land Use data will be developed using GIS. The shape files
include SubBasins (“SubBasins.shp”), Landuse (“Landuse.shp”) and Tc (“Tc.shp”)
which are all located in the KVLExamplel2 folder
(C:\FCDMC\DDMSW505\Maps\KVLExample12\). Open the UpPDATE HYDROLOGY
FROM GIS form (Maps =2 Update Hydrology) to select the shapefiles. Again, your
path to these files may be different. Enter the data shown below and click Save.
Click Update to recalculate the sub basin parameters in the model.
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E Update hydrology from GIS - MB: 01

Name and Path of Maps for Hydrology

Sub Basins
Land Use
Ti

L]

HAFCDMC\DDMEWS05\Maps\KVLEXAMPLE12\3ubBasins.shp

HAFCDMCI\DDMSWS05Maps\KVLEXAMPLE12\Landuse.shp

HAFCDMCI\DDMSWS05 Maps\KVLEXAMPLE1 2 Te.shp

Required Map Fields |

Update Options

[¥|sub Basin MajorElasinlEl'I— "Jl

[¥ Land Use

¥/ Tc

Major Basin

Map File Key Field Name

Land Use Code LU JE|

@lnfo |CheckL0g| Update |

oK

After update, close the form by clicking OK. Check to see if all the Sub Basin
parameters have been evaluated on the Sus BAsiNs form (Hydrology = Sub

Basins).

b Sub Basins - MB: 01 [ ][ =] ]

List Details
Look for | |

Sort Sub Basin Area Length Slope Q2 Q10 Q100 -

20 010010 3.38 990 107 42 7.8 153

30 010015 2.89 831 127 40 7.2 137

40 010020 2.86 B50 124 35 54| 124

50 010025 229 760 139 33 5.1 114

60 010030 244 807 131 31 5.7 109

70 010035 1.99 720 147 29 5.3 10.1

80 010040 232 760 139 33 5.0 118

90 010045 144 585 181 23 42 B2

100 010050 2.03 B66 159 34 55 109

a4 2
| @info || Resort || Prnt. || Delete || Add || mB || Update || ok

Section 3.0 - Storm Drainage Hydraulics I11-8



On the SuB BASINS form, select the Details tab.

ks Sub Basins - ME: 01 = >
List Details
Sub Basin Sub Basin Hydrology Summary
Major Basin | g1 Igl 2yr Syr A0yr 25yr 50yr 100 yr
Sub Basin |GHE Q (cfs) 43 6.2 77 10.6 131 15.2
Sort 1012 CA(ac) 2.68 2,68 268 288 3.01 3.01
Custom Tc
Sub Basin Parameters Tc (min) 207 179 16.5 15.0 14.1 133
Area (acres) 1.3 i (infhr) 159 232 289 168 435 5.06
Length (ft) 956
USGE 96.0 -
DSGE 94.0
Slope (ft/mi) 11.0
Walue  Default Customn i
Kb 0.037 0.037
| @info || Resort || Print.. || Delete || Add || wmB || Update || oK

F. Step 4 - Update Conveyance Facilities Data
(Hydraulics 2 Conveyance Facilities)

For this example, the STORMPRO backwater model will be used to develop the
hydraulic grade line (HGL). Therefore, it is necessary to sort the conveyance
facilities in the correct order and establish the Line ID for each Conveyance Facility.
This is done by clicking the ReSort button at the bottom of the form. With respect
to the Figure (i.e., configuration of the drainage system) shown on the first page,
all Conveyance Facilities will be Line “100”.
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——
List Details
riD r Section Type r Calculations ————
MB ID |01 ,J| Section | Fipe 'I Capacity (cfs) 78.6
Facility ID | 010005 Length (ft) 166.70 Slope (ftft)| 0.0030
Line ID 100 Manningsn|  0.013 aJ| Velocity (fps) 6.3
Sort W Diameter (in) 48
Mo. of Barrels 1 3:
r Model Options
RPors) [ 10 ke No. of Manholes [ 0 =] Upstream
- Q HGL
Qefs)| 527 [ Custom . ®
Model Road ™ 2¥r 113 85,60
FirstPipe [~ Outfall ¥
5Yr 440 85.93
Dfspipeml _lfJ 10¥r 537 86.15
Comments
r Elevation | 25Yr 713 86.51
uis (fty  DIS(f) 50¥r 86.2 86.78
Ground [ 94.00 95.00 100 Yr 97.3 86.97
Invert | 24.00 83.50
=
@inio | Resort | Prnt. | petete | add | Grapn | w8 | update | ok

The following table presents the input data for all Conveyance Facilities. Common
to all are the following: All “Pipe” Section; Manning’s n is “0.013”; No of Barrels is

Ill”
1D Model Options Elevations Section
Faciity f e D sot| mp  Model First o e DS | USGE DSGE  USE  DSIE |Length Dia  Manholes
D Road Pipe Pipe 1D
010005 [ 100 10| 10 X 9400 9500 8400 8350 [166.70 48
(010015 | 100 20 [ 10 9500 9400 8500 B84.00 |100.00 48 1
(010025 | 100 30 | 10 96.00 9500 8650 8550 |829.30 42 1
(010035 | 100 40 [ 10 97.00 9600 88.00 87.00 |761.10 36 1
[ 010045 | 100 50 | 10 X 98.00 97.00 8950 88.50 |727.10 30 1
G. Step 5 - Develop Rational Method Network
(Hydrology =®Rational Method =»Network)
Enter the data as shown below:
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L Rational Method Network - MB: 01 =N e =
Look for First Pipe

Sort ID Type Combine A

| Network

20 010045  |Sub Basin Maror Basin ID

30 [010045  |Combine 2 - ajor basin 11| 01

a2 010045 Convey Sort 10 =

40 |010040  |Sub Basin : 2]

50 |010035  |Sub Basin Type | Sub Basin E

70 010035 Combine 3 D 010050

72 010035 Convey

80 |010030  |Sub Basin

100 |010025  |Sub Basin

120 [010025 Combine 3

130 (010025 |Convey ISubBasiﬂlgombine " Convey ][ Divert ]

140 1010020 Sub Basin l Hold lRecei!e " Retrieve Diversion I

150 |010015  |Sub Basin

160 |010015  |Combine 3

162 |010015 Convey

164 |010010  |Sub Basin | CheckNetwork |

166 |010005  |Sub Basin

168  |010005 Combine 3 i

170 |010005  |Convey

< s i
| @info | ReSort | Prnt.. | Delete | Add | mB | oK

H. Step 6 - Run Rational Method Model
(Hydrology = Rational Method = Model)

Enter the data as shown below and then click Run Model.
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[l Run Rational Method Model - ME: 01 = ||-E‘E-|ﬁ

Return Period [ Options

| 2 Year Multiple Basins

| 5 Year Major Basin | 01 |E|
7110 Year Design RP 10 ([ 2
| 25 Year

| 50 Year

Update Rational Method |+

/1100 Year Update Conveyance Flows [/

| @info || Results ||RunModel| 0K

I. Step 7 - Update StormPro Lines

(Hydraulics = StormPro Backwater = Lines)

It is necessary to establish the starting water surface elevation for Line ID “100”. If
left blank, the value will default to (D+Dc)/2, where D is the depth of the facility,
and Dc is the critical flow depth. For Line ID “100”, check that it is a Main Line.

1@ StermPro Lines - MB: 01 EI@

Main Line

Line Downstream Starting Starting Starting Starting Starting Starting  »

D ID HGL2 HGL5 HGL10 HGL25 HGLS50 HGL 100 Major Basin ID | 04

| Line ID 100

m

Main Line [V

Starting HGL

2 Year

5 Year

10 Year

25 Year

50 Year

100 Year

Design

-

4 3

[ @ | Pant. || mB | Update || ok |
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J. Step 8 - Run StormPro Model
(Hydraulics @ StormPro Backwater =9 Model)

Select all Return Periods, check All Lines checkbox and check Delete All Prior
Results. Please note that it is necessary to establish a folder for the model results.
The results can be viewed by clicking Results and can be graphed by clicking Graph

on the STORMPRO RESULTS window.

" Run StormPro Model - MB: 01

~ Return Period —
¥ 2 Year

¥ 5 Year

¥ 10 Year

V¥ 25 Year

¥ 50 Year

¥ 100 Year

Options
All Lines ¥

Lned [ 100 B

Delete All Prior Results ¥

S [=] S

Error File

Qutput File
Input File

Manual | Tutorial | Resutts | Runmoder| oK

E Project Paths

Machine ID
Agency

Project

Model Runs Path

I [=1 S

FCEWI3800802 # CARRIAGAC

Flood Control District of Maricopa County

Street Drainage Example

HAFCDMC\DDMSWS05 ModirunstKVLEXAMPLE 12\

ok |
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E!Stormpro Results - MB: 01 =] E3
List | Details
|:| Equivalent Box Section
LinelD | RP D Size Station Flow Velocity Inv HGL GE HGL}GE[;
100 10 (010005 48" Dia Pipe 6.87 51.6 7.2 8352 85.76 94 .96
100 10 (010005 48" Dia Pipe 61.78 51.6 6.79 8369 86.02 94 53
100 10 |010005 48" Dia Pipe 166.70 51.6 6.69 84.00 86.36 94 .00
100 10 (010015 48" Dia Pipe 171.70 LR 376 84.00 87.06 94.05
100 10 010015 48" Dia Pipe 18375 8.8 3.95 8413 87.05 9417
100 10 (010015 45" Dia Pipe 194 53 388 414 84 24 a7.03 94 28
100 10 |010015 48" Dia Pipe 20413 38.8 434 8434 a87.02 94 37
100 10 (010015 48" Dia Pipe 21272 LR 4.56 84.43 87.00 94 .48
100 10 (010015 48" Dia Pipe 22048 388 478 84 51 86.98 94 54
100 10 |010015 48" Dia Pipe 227 26 38.8 501 8458 86.95 94 61
100 10 (010015 48" Dia Pipe 23332 LR 5.26 8465 86.92 94 67
100 10 010015 48" Dia Pipe 23718 8.8 5.46 84.69 86.90 94.70
100 10 (010015 45" Dia Pipe 23762 388 8.62 284 69 86.24 9471
100 10 |010015 48" Dia Pipe 250.65 38.8 8.22 84.83 86.44 94 .84
1rin 10 010015 48" Nia Pine 258 AN IRHH 7 A4 A4.91 AR 58 94 97 _l;l
4 »
& Info | & | Print... Graph View MB | oK |
E_!StormPro Hydraulic Grade Line M= B3
[[Ss
StormPro Hydraulic Grade Line
KVLEXAMPLE12
Model Run: 01-00100-010
- w W W Ly
14005 = 5 =
= =} =} =}
108.00 -5 = = =
E jpa00-
= C
._‘E_ 99.00 -+ p——
" C e mmEmm————— b e o F======="
3 9400 = E—
(1T vl S I E— - T T = =T -
F e Sl el
84.00-
79.00+
?’40& F 1 1 1 1 1 1 1 1 1 1
0 1000 2000
Station (ft)
— nvert — S it --= HGL == Ground
Ok
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K. Step 9 - Analyze Street Drainage Hydraulics
(Hydraulics PStreet Drainage @PNetwork Model)

There are 10 street sections that need to be modeled as shown on the Figure in
the first page of this tutorial. A summary of the data is shown below and details
for each section are shown on the figures that follow. It is important that the
records are sorted in the order they need to be modeled. After entering all the
data, click Update to run the Model.
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l‘@ Street Drainage - MB: 01 EI@
List Details
Look for
Sort Street Sub Inlet Inlet Bypass Allowable Spread TotalQ Intercepted Bypass »
ID Basin D Type To Spread () (ft) (cfs) (cfs) (cfs)

20 ST0040 |010040 (CBOO40 |P1569-M1-10 [STOD20 22000 1877 6.9 56 13
30 ST0030 |010030 (CBOO3D |P1568-MA1-10 |[STOODZ20 22000 19.01 7.0 56 14
40 STO020 |010020 |CBOO20 |P1569-M1-10 |[STOO10 2200 19.96 7.8 6.1 17| |=
50 ST0010 |010010 |CBOO1O |P1568-M2-17 22.00 8.69 95 95

60 STO0045 |010045 (CBOO45 |P1569-M1-10 [STOD35 22.00] 1480 42 39 0.3
70 STO035 |010035 |(CBOO35S |P1569-M1-10 [STODZ2S5 22000 173 56 48 0.8
an ST0025 |010025 (CBOOZ25 |P1569-M1-10 [STOD1S 22000 1847 6.9 5.0 19
a0 ST0015 |010015 |(CBOO1S |P1569-M1-10 [STODOS 22000 2127 91 6.1 30
100 |STOOOS (010005 |CBOOOS [P1569-M2-17 2200 975 107 107

] r

| @mro || Resort || copy | Prnt. || Delete || add || wB | Update || oK

E_EStreet Drainage Network Model - MB: 01

Details

riD - Street r Design Discharge ———
Major Basin ID Slope () [ 0.0034 rRPurs) [ 10 0| aire]
Street Section 1D |5 Manning’s n 0.016 Sub Basin (cfs) 5.60
Sub BasinID[010050 | Cross Slope (%) | 0.0200 | | From Bypass (cfs) 0.00
Bypass To Street m Allowable Spread (ft) W Total Q (cfs) W
Sort Spread(®) | 1656 Custom Q™ Uncheck for RP
W Inlet Depth x Velocity 0.83
" Inlet r Curb and Gutter [ Inlet Interception
ID | CBOO0SD Gutter Width (ft) 1.42 100% Capture (ft) [ 20.44
Grade | On Grade ,\Jl Gutter Depression (in) 1.00 Efficiency (E) 0.84
Spec|P1569-M1-10 ,Jl Curb Height (in) W Q Intercepted (cfs) 4.70
Type | Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 0.90
Capacity Factoris) Depth at Curb (f) 041 | comments
curb Opening[ 0.80 I Custom Auerage Velodity (fps) 200 L
Flow Ratio (Eo) 0.25
| -
@info | Resort | copy | Pint. | petete | 2dda | wB | update | ok |
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E:Street Drainage Network Model - MB: 01

=
P1569-M1-10 _.ﬂ_i
Curb Opening

s

i1 Street Drainage Network Model - MB: 01

a
P1569-M1-10 _.ﬂ_i
Curb Opening

| 080 |

_@uo | Reson | co | oot | pete | soa | we | wpoa |
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Estreet Drainage Network Model - MB: 01

=
P1569-M1-10 .J!"
Curb Opening

s

_@uo | Reson | copy | Punt. | peete | ao | we | upome | o< |

Section 3.0 — Storm Drainage Hydraulics I11-18



¥ Street Drainage Network Model - MB: 01

x
P1560-M2-17 |
Curk Opening

| 080 T

_Duto | Regont | copy | Pur | Delete | acs | we | updste |
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¥ Street Drainage Network Model - MB: 01

=

P1569-M1-10 |
Curb Opening

| 080 T

#
P1569-M1-10 .1!
Curb Opening

r
_@into | Resot | Copy | Punt. | poete | ass | ws | wpoae |
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E.‘treet Drainage Network Model - MB: 01

[ 080 [T

_ Do | Reson | copy | Prmt. | petste | sso | we | upate |
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i1 Street Drainage Network Model - MB: 01

CBO015

*
P1569-M1-10 |
Curb Opening

r
_@Quio | Regont | copy | Pomt. | peite | so0 | we [ upost |
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Estreet Drainage Network Model - MB: 01

[ 0.80 [T

_ @it | Reson | copy | Pont. | peete | acs | we | uposte |
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STORM DRAINAGE HYDRAULICS

STORMPRO BACKWATER
MODELING

KVL Consultants, Inc.
HEC-1 Import Hydrographs
H:AFCDMC\DDMSW505\MODLRUNS\KVLEXAMPLE101-100.0UT

F7 Graph current record
o fo0 200 30 400 SO0 00

Adjustments

Elevation Adustment (1) 0.00

Project Defaults
ogel [iECT L)
i —
%) 480 600
Time (minutes)
— 010105 Basn  — 010105-Combine  — 010105-Route:

T @info @into_ | Print.. | Delete

Maricopa County Department of Transportation (MCDOT)
Computer Training Room
2919 W Durango St, Phoenix, Arizona 85009

Presented by:
Kenneth Lewis, P.E.
KVL Consultants, Inc.



3.2 STORMPRO Backwater Model Tutorial

This tutorial provides a working example for the use of the STORMPRO Backwater Model.
For this example, KVLEXAMPLE7 will be used. Before developing the backwater model, it
is necessary to develop the hydrology using the Rational Method and enter the data for all
conveyance facilities. The detailed procedure for the Rational Method and Conveyance
Facilities for this tutorial is provided in TUTORIALS FOR DDMSW HYDROLOGY MODELING —
TuToRIAL 3 RATIONAL METHOD MODELING. This tutorial starts after the RATIONAL METHOD
MODELING TUTORIAL has been completed.

The specific requirements for running STORMPRO using the pipe network shown below

include:
1. Establishing a folder for the model runs
2. Modifying the Conveyance Facilities
3. Establish the details for the Line IDs
4. Run Model
L]
=3
Y3
S&
010110 010105
® b " — ¢ Qutfall
Line 100 Line 100

KviExample7 Pipe Network

A. Step 1 - Establish a Folder for Model Runs
(File = Project Paths)

For this example, a new folder (H:\FCDMC\DDMSW505\ModIruns\kvIExample7)
was created.
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¥ Project Paths -- Edit (O] ]

Machine ID | FCEW92430755 # CARRIAGAC

Agency |Flood Control District of Maricopa County

Project |Rational Method Tutorial
Model Runs Path | C\FCOMC\DDMSW430WMODLRUNSWKYLEXAMPLET

Save Cancel | oK

B. Step 2 - Modify Conveyance Facilities
(Hydraulics 2 Conveyance Facilities)

In addition to the data previously entered (in the RATIONAL METHOD MODELING

TUTORIAL) for the Conveyance Facilities, the following data needs to be entered
on the CONVEYANCE FACILITIES form on the List tab:

E!Canveva nce Facilities - MB: 01

List | Details
Lookfor | | |FirstPipe | |Outfall Son| 10| Tem |
Sort Facility | Line Size Length Slope RP Q Capacity -
D D
20 010110 (100 |48 Dia Pipe 1348.00 0.0015| 10 514 55.3
30 010205 |200 42" Dia Pipe 1318.00 0.0027| 10 5349 518

@mfo

Print... Delete Add Graph MB Update | oK |

Line ID: STORMPRO models each line separately starting with the lowest Line
ID. Itis important to enter the Line ID’s in the order that the model should
run. This is to establish the starting water surface elevation for Lines
entering another Line. In the above network, all conveyance facilities in
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the Main Line (that goes to an Outfall) are labeled Line ID “100”.

upstream Line in this example is labeled Line ID “200”.

The

Sort: For STORMPRO to run correctly, the Facility ID’s must be sorted in the
order from Downstream to Upstream. Use the Sort field to force the
correct order. This is critical.

Outfall: If a Facility ID is an Outfall, then check the Outfall checkbox. In this
case, there are two outfalls. They are Facility IDs “010105” and “010205”

for Line IDs “100” and “200”, respectively.

D/S Pipe ID: If a Facility ID enters a downstream Line, then enter the D/S Pipe

ID.

010105 (of Line ID “100”) as the D/S Pipe ID.

Manholes: Enter the number of manholes in each Facility ID.

In the case of Facility ID “010205” for Line ID “200”, enter Pipe ID

Form screen captures for Facility ID “010105” and “010205” are shown below.

SI=E
List Details
riD - Section Type  Calculations
MBID |01 ‘,J| Section | Pipe j Capacity (cfs) 108.0
Facility ID (010105 Length (ft) 1323.00 Slope (fft)| 0.0030
Line ID 100 Manning'sn|  0.013 f| Velocity (fps) 5.8
Sort W Diameter (in) 54
Mo. of Barrels q 3:
~ Medel Options
RPgrs) [ 10 0| miee | No. of Manholes [ 0= Upstream
Q(cfs) | 1459 I Custom Q HGL
(cfs) (ft)
Model Road [~ 2Yr 78.2 990.64
FirstPipe [~ OQuffall ¥ 5 ¥ — = -
DiS Pipe IDI ,\Jl 10¥r 145.9 98377
Comments
- Elevations - 25¥r | 2023 1000.2
Uisifty DS 50Yr 256 6 1008.2
Ground | 993.00 | 988.00 100¥r [ 2089 1022.9
Invert | 983.00 984.00 _I
& nfo | ReSort | Print... | Delete | Add | Graph | MB | Update | oK |
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E!Convevance Facilities - MB: 01

List Details
riD - Section Type r Calculations
MB ID |u1 ,J| Section | Fipe j Capacity (cfs) 51.8
Facility ID ||010205 Length (ft) 1318.00 Slope (ftft)| 0.0027
Line ID 200 Manning'sn| 0013 le Velocity (fps) 5.4
Sort a0 3: Diameter (in) 42
Ma. of Barrels 1 3:
[lhies itis Road ID [C-RMAR f|
RP (yrs) 10 ilﬂl No. of Manhaoles UE Road Upstream
™ Cust Q Depth HGL
Gfds)] 53.9 8 Lusiom (/=) m @®)
Wodel Road 2¥r [ 281 992,88
FirstPipe v Qutfall ¥ 5Yr 425 992,88
DIS Pipe IDIU'1U'1US ,\J| 10%r 53.0 992,88
Comments
= E TS = 251 771.5 0.86 | 99288
Uis ity DIS ) 50T 98.6 1.08 | 99288
Ground | 996.00 993.00 100 Y1 1196 120 | 99288
Invert | 992.00 | 988.50 H
& info | ReSort | Print... | Delete | Add | Graph | MB | Update | oK |

C. Step 3 - Establish Line IDs
(Hydraulics @ StormPro Backwater =9 Lines)

When first going into this form, there will be no data and there will not be an Add
button. The data for the Lines is established when clicking the Update button. In
this case a warning will be given that there is no Downstream ID for Line ID “100”
(because it is an Outfall). For this Line ID “100”, check Main Line. It is important
to note that if the Conveyance Facilities are modified, then the STORMPRO Lines
should be updated before running a STORMPRO Model.

For a Main Line, the Starting Hydraulic Grade Line for each return period can be
entered. If left blank, the model uses the formula (Dc+D)/2, where Dc is the
critical depth and D is the height of the Facility ID.

For Lines that are not a Main Line, a Starting Hydraulic Grade Line can be entered
by checking the appropriate Custom for each return period. If left blank, the
model establishes the value from the modeled Line that this Line enters.
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rmprg ines -1t 01 ——
|:| Main Line
Line [Downstream Starting | Starting | Starting [ Starting | Starting | Starting j
ID HGL2 | HGL5 |HGL 10 [HGL 25 |HGL 50 |HGL 100 Major Basin ID [ 01
| Line ID 100
200 010105 990.64| 991.55| 993.00| 993.00| 993.00| 993.00
Main Line v
r Starting HGL
2 Year
5Year
10 Year
25 Year
50 Year
100 Year
Design
q >|
& | Pint. | me | updgate | ok |
rmprg ines 01 —
I:l Main Line
Line |Downstream Starting | Starting | Starting | Starting | Starting | Starting ;I
ID HGL2 | HGL5 |HGL 10 [HGL 25 |HGL 50 [HGL 100 Wajor Basin ID [01
100 |OUTFALL tneo [ 200
| DownStream 1D W
Main Line [~
r Starting HGL
Custom
| | 2Year | 09064 [
SYear | 99155 [
10Year | 99300 I
25Year | 99200 [
80 Year | 993.00 [
100 Year [ 09300 I
Design 'l
-
q ¥
& | Pint. | we Update oK
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This is a view after the model has been run (Starting HGL is automatically loaded
from results).

D. Step 4 - Run Model
(Hydraulics @ StormPro Backwater =9 Model)

I Run StormPro Model - MB: 01 O] |

- Return Period | [ Options ;
: Errar File
v 2 Year All Lines W ——
¥ & Year tneid [ 100 B | CURutEEE
Input File
¥ 10 Year Delete All Prior Results 7 IALCAE R
¥ 25 Year
¥ 50 Year

Wanual | Tutorial | Resuts |Runmodel| oKk |

Options when running a STORMPRO Model include Return Period, Line ID and
Delete Prior Results. If All Lines is checked, then STORMPRO will model all the

selected return periods for Line “100” then model all the selected return periods
for Line “200” (in that order).

Click Run Model to run the model. Click Yes to continue.

Run StormPro Model E2 |

| You are about to run 12 models and delete all prior results!

. Mumber of Lines = 2
Mumber of Return Periods = 6

Do you want to continue?

Click Results to view the model results.
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~ia(x]
List Details
|:| Equivalent Box Section
Line D | RP D Size Station Flow Welocity Inv HGL GE HGL=GE [;
100 10 010105 54" Dia Pipe 7.12 145.9 10.35 98402 987.75 988.03
100 10 (010105 54" Dia Pipe 37.64 145.9 9.86 984 11 988.06 98814
100 10 (010105 54" Dia Pipe 115.14 145.9 9.40 984.35 988.58 988.44 0.14
100 10 (010105 54" Dia Pipe 213.66 145.9 9.17 984 65 989.15 988.81 0.34
100 10 (010105 54" Dia Pipe 1323.00 145.9 9.17 988.00 995.25 993.00 2.25
100 10 (010110 48" Dia Pipe 1328.00 514 4.09 9388.00 99774 993.01 473
100 10 |010110 48" Dia Pipe 2671.00 514 4.08 990.00 999.45 997.00 2.45
4| | i
& info | & | Print... | Graph | View | MB | oK |
Click Graph to view the graph of the model results.
'é’ StormPro Hydraulic and Energy Grade Line E'@
—j E 4 .
StormPro Hydraulic and Energy Grade Line
KVLEXAMPLET
Model Run: 01-00100-010
1014.00-—2 =
[=] o
1009.00 —5 5
£ 1004.00
[ =
S 989.00
= - i ime R
3 99400 B e ==
W 9go.00 (ISEE S e
924.00
979.00
974.00
0 1000 2000
Station (ft)
— Invert — Soffit =-=HGL == EGL == Ground
QK
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To view another line and/or return period, click the View button.

Model View
View Option

Line ID 100 o
Return Period | 10 j

Ry

File Type  Results

Graph EGL #

[omo | ok

Options include selecting the Line ID, Return Period, File Type and an option to
graph the Energy Grade Line (Graph EGL). When selecting a File Type the
following options are available:

Results will select the data from the STORMPRO RESULTS filtered for the selected
Line ID and Return Period.

HGL>GE will select the data from the STORMPRO RESULTS filtered for the selected
Line ID, Return Period and sections where the hydraulic grade line is above the
ground elevation.

Input, Output and Warning will open the model Input, Output and Warning files,
respectively (See below for examples of the Input File, Output File, and Warning
File).

INPUT FILE:
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M Flood Control District of Maricopa County
r2 File: 01-00100-010.SPI
ra Major Basin: @1 - Line ID: 100 - RP: 10
30 0.60 984.080 2
t 1323.00 988.00 2 .013 8 0.000
JX 1328.00 988.00 1 1 .000 94.5 988.00 90.0
] 2671.00 998.80 1 .813 ] 0.000
sH 2671.00 990.00 1 0.00
H 1 4 4.00
H 2 4 4.58
1 51.4
OUTPUT FILE:
Flood Control District of Maricopa County
File: 01-00108-9810.SPI
Major Basin: 01 - Line ID: 100 - RP: 10
) STRATION  INUERT  DEPTH w.s. Q VEL VEL  ENERGY SUPER CRITICAL HGT/ BASE/ 2L NO AUBPR
ELEU  OF FLOW ELEV HEAD  GRD.EL. ELEU  DEPTH DIA 1D NO. PIER
| L/ZELEM so SF AVE HF MORM DEPTH 2R
' 0.00 984.00 3.55  987.55 145.9  10.85 1.83  989.38 0.00 3.55 4.50 0.00 0.00 © ©0.00
' 7.12  0.90302 0.00566 0.0 5.50 0.00
) 7.12  984.82 3.73  987.75 145.9  10.35 1.66  989.42 0.00 3.55 4.50 0.00 0.00 © 0.00
| 30.52 0.08302 0.00518 0.16 5.58 0.00
| 37.6%  984.11 3.95  988.06 145.9 9.86 1.51  989.57 0.00 3.55 4.50 0.00 0.00 © ©0.00
} 77.50 0.98302 0.00486 0.38 5.50 0.00
) 115.14  984.35 4.23  988.58 145.9  9.%0 1.37  989.95 0.00 3.55 4.50 0.0 0.00 © ©0.00
| 98.52 0.08302 0.00518 0.50 4.50 0.00
| 213.66 984.65 5.50  989.15 w59 9.17 1.31  990.45  0.00 3.55 4.50 0.00 0.00 © ©0.00
| 1109.3% ©.00302 0.00547 6.907 5.50 0.00
) 1323.00 988.00 7.25  995.25 5.9 9.17 1.31  996.56 0.00 3.55 4.50 0.00 0.00 © ©0.00
WUNCT STR  ©.00000 9.00393 0.02 0.00
| 1328.00 988.00 9.7%  997.7% S1.%  4.09 8.26  998.00 ©.00 2.15 4.00 0.00 0.00 © ©0.00
)} 1343.00 0.00149 0.00128 1.72 3.04 0.00
| 2671.00  990.00 9.45  999.45 51.%  4.09 0.26  999.71 0.00 2.15 4.00 0.00 0.00 0 0.00
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WARNING FILE

m Flood Contr
T2 File: 91-88100-010.5PI
sin:

13 Major Ba:
00

I CARD SECT CHN NO OF
CODE NO

TYPE PIERS
co 1 -
co 2 5

EADING LINE NO 1 IS -
EADING LINE MO 2 IS -

EADING LINE NO 3 IS -

ELEMENT NO 1 IS A SYSTEM OUTLET
U/S DATA

ELEMENT NO IS A

2
2
1
1
1

ELEMENT N0 2 IS A REACH
U/S DATA

ELEMENT NO 3 IS A JUNCTION
U/S DATA

THE ABOVE ELEMENT CONTAINED AN INVERT ELEV
THE OUE ELEMENT CONTRINED AN INVERT ELEV

H
U/sS DATA

ELEMENT NO S IS A SYSTEM HEADWORKS
U/s DATA

AVE PIER HEIGHT 1
DIAMETER WIDTH

Major Basin: @1 - Line ID: 100 -

trict of Maricopa County

100 - RP: 18
LI N L
988.00 90.9
L] 8.000
8.00

sP
VWATER SURFACE PROFILE - CHANNEL DEFINITION LISTING
ASE 2L 2R INU ¥(1) ¥(2) Y(3) Y(8) Y(5) Y(6) Y(7) Y(8)
DROP

500
4.50

Flood Control District of Maricopa County

File: 91-80100-010.5P1

- -
INVERT  SECT V'S ELEV
985.00 2 0.00
- -
TNVERT SECT N RADIUS
988.00 2 8.913 8.00
- - - - -
INVERT SECT LAT-1 LAT-2 N Q3 o INVERT-3 INVE 5
988.00 1 018 95.5 0.0 988.00 o.00

1 . -
WHICH WAS NOT GREATER THAN THE PREVIOUS INVERT ELEV -WARNING
VHICH WAS NOT GREATER THAN THE PREVIOUS INVERT ELEV -WARNING

- -

INVERT SECT N RADIUS

990.00 1 8.013 8.00
- =

INVERT  SECT V'S ELEV

990.00 1 e.00

PHI 3
90.00

ANGLE
8.00

PAGE 1
Y(9) v(Qe)

PHI &
0.00

ANG_PT
L]

MAN_H  IMINORL CMI
° °

MAN_H  IMINORL CMI
° .
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