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. DDMSW Training Workshop

River Mechanics and Storm Drainage Hydraulics
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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
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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:
e 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
® [ OB 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
e | OB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
e 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: 1.50
® D84 (mm) for Study Reach: 10.00
e D16 (mm) for Study Reach: 0.50

1
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' e 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

o The Cross Section “SUPPLYREACHCROSSSECTION”

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

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 D [Tite [4]
AA 122912015 (00153
=
BANKPROTECTION1 02/17/2016 (00173 River Mechanics Example - Bank Protection
BANKPROTECTIONFCD 02/10/2016 |00055 River Mechanics Example - Bank Protection
BRIDGEPIER1 02/17/2016 |00172 Tutorial #2 - River Mechanics
ERIDGEPIERFCD 02/10/2016 |00056 River Mechanics Example - Bridge Pier
DAGGS 12/22/2015 |00174 Daggs Wash Dec 2015
EMF_HYDROLOGY i 00020 Hydrolagic Analysis for East Maricopa Floadway - FCD 2012C
EMF_HYDROLOGYCCC 11 00016 Hydrologic Analysis for East Maricopa Floadway - FCD 2012C
EXAMPLE1 02/10/2016 [00057 Clark, Green Ampt. Single, 6 Hour
EXAMPLE2 02/10/2016 | 00058 S-Graph, Green-Ampt. Single, 24 Hour
EXAMPLE3 02/10/2016 {00170 S-Graph, Green-Ampt. Multiple, 6 Hour
EXAMPLE4 12/29/2015 | 00060 Clark, Init and Uniform, Single, 6 Hour
EXAMPLE4_WITH_HYDATA 02/10/2016 |00171 Clark, Init and Uniform, Single, 6 Hour
EXAMPLES_COPY 02/08/2016 |00168 Rational Method example
EXAMPLES_V332 02/10/2016 |00169 Rational Method example -
<« | »
Modification Date [02222015 =) pint. | Delete | ada | 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 ProlJecT 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.

() 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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List Details
I Project Reference ~ |1 Project Defaul

et [oms7___ rotorenc EARGECTOMI
— [
Ti Sails | FCDMC -~
Land Use | FCDMC >~

itle | Scour for Bank Protection at a Bend Tutorial

‘ Location | Maricopa County }
[ Agency | Flood Control District of Maricopa County |‘
| |
» |
| |
, l

|

J

[V River Mechanics Only

[

This projectis set up to give a step-by-step instruction on how to use _~_|
DDMSW to perform scour analysis for bank protection design.

&l
Modification Date [06/042014 Qo | print. | petete | s | 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! Flood Control District of Maricopa County - BANKPROTECTION1 - Network

File Edit | River Mechanics Help

Scour

Riprap
Launchable Riprap

Lateral Erosion

108000

5
s

Sediment Yield 4

Cross Section Hydraulics

Cross Section Geometry
Import Cross Sections from Another Project

XX &

(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) Typein “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.

s - ) R S
Section ID Entire Cross Section -
Source ICalculate Data 'I ¥ Design ¥ Dominant
Flow Rate (cfs) | 3200 800

Slope () [ 0015000

Manning’s n Channel 0.035 0.030 _

‘ Manning's n LOB 0.035 0.030

| Manning's n ROB 0.035 0.030
} Wetted Area (sq ft)
Wetted Perimeter (ft)
Average Width (ft)
Top Width (ft)
Hydraulic Depth (ft)
| Normal or Max Depth (ft)

Velacity (f'sec)
Main Ch | (Bedform Scour)
Same as Entire Cross Section  Design ¥ Dominant ¥

‘ Hydraulic Depth (ft)

IL'j;L

Velocily (f'sec)
L‘ ‘ Froude Number

necRas | @ino | Print. | copy | Detete | aco |JGi@pRI x Section| Detail | 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 »

SI0000

Cross Section Hydraulics

Cross Section Geometry

X

Import Cross Sections from Another Project

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

‘ E Natural Cross Sections _[O] %]
X Y 4l  Overbank [
| AT |
| Left |
g —
| Right o]
031 [
000 |
r
031 [
!
062 |
083
124
155‘L
I Graph e
raph current record f :
560 1760 - =407 =20 - 0 5 20'3 540 260 80
 Adj [rCross Section
|
| AutoIncrementX (R) 500 || |p|STUDYREACHCROSSSECTION E
Elevation Adjustment () !x(n) Detete and Confirm
‘
| N —
o L
Oversank Qo | prnt. | pelete | pss | 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.
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' (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 g5
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.

100.00 100.00

106.00 98.00 s fl RO T

156.00 98.00 Right #|(| 10100 |

166.00 95.00 100.00 |

191.00 95.00 .00 | \ /
201.00 98.00 BSE

25100 98.00 o
] e
L
E

93.00 [
I” Graph currentrecord | g5 - ‘ T Gl
€0 80 100 120 140 160 180 200 220 240 260 280

Adjustments | Cross Section
Auto Increment X () 0.00 ! |0 STUDYREACHCROSSSECTION |2
oo x| oo
ol oro s
-
Overtark Onnto | pPrnt. | pelete | 2sd | 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 —
Cross SEcTION HybrauLics 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 UpDATE CROSS SECTION HYDRAULICS form to continue.

Update Cross Section Hydraulics
Option - (@ This will update the hydraulic parameters for the current Cross
- { ! Section.
Th: ] Mai - B : If 'Enter Data' is selected as the Source, data will NOT BE
is Major Basin ol iy

All If 'Calculate Data' is selected as the Source, the disabled fields

(shown in yellow) will be updated if 'Design’ andfor 'Dominant’
arefis checked.

Do you want to continue?

Yes ' No I

After the update, the RIVER MECHANICS — CROSS SECTION HYDRAuULICS form
should look like the following figure.
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Entire Cross Section

Source [Calculate Data _»| ¥ Design ¥ Dominant
Flow Rate (cfs) 3200 | 800
Slope (fUft) 0.015000 0.015000
Manning's n Channel 0.035 0.030 -
Manning's n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Wetted Area (sq ft) 32850 83.96
Wetted Perimeter (ft) 155.36 4251
Ayerage Wiath (ft) 73.00 33.32
} Top Width (ft) 153.99 41.77
Hydraulic Depth () 213 2.01 {
_ Normal or Max Depth () 450 252 :’
" L’j Velocity (Risec) 974 9.53
Main Channel (Bedform Scour)
=] Same as Entire Cross Section  Design ¥ Dominant ¥
Hydraulic Depth (ft) 213 201
Velocity (ftisec) 974 953
Ll Froude Number 1.18 1.18

HecRas | @into | Prnt. | copy | Detete | ace |[EEEHRNY x Section| Detai ok |

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).

E! Flood Control District of Maricopa County - BANKPROTECTION1 - Network
File Edit | River Mechanics Help
Scour
(=
(-] Riprap
Launchable Riprap
®
& Lateral Erosion
x ‘; Sediment Yield »
o Cross Section Hydraulics
-’
X

(v) On the ImMPORT 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
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‘ e Option:

e |mport Cross Section ID:

Specific Cross section

SUPPLYREACHCROSSSECTION

Import Cross Sections From Another Project I

Import Project Reference | PROJECTXSECTIONS

Import Cross Section ID lSUPPLYREACHCROSSSECTION

Option [Speciﬂc Cross Section Ll

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

Geometry).
@r&aturaICross Sections !El!:{
X Y = i’ Overbank T
100.00 100.00 [ 4sa 00 BAIN
Left 156.00 ||
106.00 9800 || ————;——-—:‘l | SL200F o a
156.00 gapo | |Riom| 20100 ] |oro0 [ S8
166.00 95.00 | 10000 F
| 191.00 95.00 ‘ 99.00 \
] | 98.00 [
251.00 98.00 3
| 700 f
257.00 100.00 ‘ :
96.00 |
) | es00f
| s400f

I~ Graph current record | .

! 93.00 |

l

00 F 4 .
60 &0 100 120 140 160 180 200 220 240 260 280

Overbank

- Adj ts Cross Section
Elevation Adjustment () { ID[ STUDYREACHCROSSSECTION
xm| 20100

|2

@it | pont. | Delete | pga |

OK

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

|
Compare the geometric data of the “SUPPLYREACHCROSSSECTION” on the
|

100

100

Revision Date: February 29, 2016
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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 Cross
SEcTION HYDRAULICS form (River mechanics = Cross Section Hydraulics). To
compare, make sure that the Section ID is set to
“SUPPLYREACHCROSSSECTION”.

e Cross Section ID: SUPPLYREACHCROSSSECTION
e Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
e Design Slope (ft/ft): 0.010
e Dominant Slope (ft/ft): 0.010
e Design Manning’s n (Channel, LOB, and ROB): 0.035
. e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
Emver Mechanics - Cross Section Hydraulics _ o] x]
ion 1D Entire Cross
Source ICaIcuIate Data ~| ™ Design  Dominant
Total Scour [~ Flow Rate (cfs} 3200 800
Cross Section ID = Stope @m) [ 0.010000 [ 0.010000
Manning's n Channel 0.035 0.030 -
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) 20584 4454
Average Width () 91.71 3436
Top Width (ft) 204.45 4372
Hydraulic Depth (f) 205 221
| Normal or Max Depth (f) 458 2381
: : l_l' Velocity (fUsec) 7.63 8.29
= |
=
@into | Prnt. | copy | pelete | Ao |JEREBAN x Section| Detail | upcate | 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
09“0" = . This will update the hydraulic parameters for the current Cross
___l ! 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’ and for ‘Dominant’
arefis checked.

Do you want to continue?

w ]

(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 Edi | River Mechanics Help
. R

Riprap

e e B R e e T o e e ®)
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ETMBI Scour - MB: 01 - ID: g@@
i
D Cross Section  Long Term General  Local Bedform Bend LowFlow Total ~l B
D Scour Scour Scour Scour Scour Scour Scour |
£
v
. = it ol 2
Qino [(add [ w8 ] wpeate [ 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 SeELect METHOD window and to select
the method to use for Long-term scour analysis.

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

Select Method I

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.

Select Method

Neill
Blench

OK I Cancel l

(i) Click the Save button to save the entered data. The ToTAL Scour form

should look like the following figure.

¥ Total Scour - MB: 01 - ID: AZRIVER (O]
List Total | Long Term | General I Local | Becform | Low Flow
1D
| Major Basin ID | 01
% D 7 R
| Scour Depth
Custom
| Include Calc FES lue Calc FS Metho
‘ Long Term v 523| 13 680 [~ [ |Equilibrium Slope for Sediment-Laden Flow P
| General v 268 | 13 348 | I ' |Lacey >~
‘ Local |
| Bedom [ 128[ 13[ 188 I I =
| Lowklow v [ 630[ 13[ 831 I I
i Headeut [~
j failcut [~ ;l
| Total (ft) I 20.25
Qrelp | @0 | Prnt. | petete | ada | we | 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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%1 Total Scour - MB: 01 - ID: AZRIVER

List Total General | | Bedform

Equilibrium Slope Sediment-Laden (use Dominant flow rate)

Study Reach Cross Section ID

Supply Reach Cross Section ID

Study Supply Eaquilib Study

Supply Equilib

Flow Rate (cfs) T Gradation Coefiicient |

Slope (fff) Total Bed Mat Q (cfs) J
Manning's n Scour Depth ()

Wetted Area (sq fi) = ;
Hydraulic Depth (ft)
Width (ft)
Average Velocity (fis)
D50 (mm)
D84 (mm)

D16 (mm)
Lengthto Pivat Pt () [ |

fii

G i s o S

[@rep |[ @ino |[ 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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=10l x]

List Total Long Term General Local l Bedform ] Low Flow

- Equilibrium Slope Sediment-Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION >~
-

Study

Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION

Study Supply  Equilib Supply Equilib

Flow Rate (cfs) | Gradation Coefficient
Slope (fif) Total Bed Mat1Q (cfs)
Manning's n Scour Depth (ft)
Wetted Area (sq ft)
Hydraulic Depth (ft)
Width (ft)
Average Velocity (fls)
D50 (mm) 2.000
D84 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Length to Pivot Pt (ft) 800
@neip | Qo | Pnt. | petete | 2ga | wme | upsae | 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 I

Option 2
| f e “ This will calculate the Long Term Scour for the current record.
S —  If you want to calculate the Total Scour, Click 'Update’ on the
Al Total Tab.

Do you want to continue?

Cancel I Yes J| MNo I

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

T e e e e e R S e e e R e e e S e
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1#! Total Scour - MB: 01 - ID: AZRIVER _Tofx]|

pet | L Lonngnnd General | i | Besom | LowFlow

Equilibrium Slope Sediment-Laden (use Dominant flow rate)

Study Reach Cross Section ID | STUDYREACHCROSSSECTICN >~
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTICN -~

Study Supply  Equilib Study Supply Equilib
Flow Rate (cfs) 800 800 800 Gradation Coefficient 483 400 483
Slope (ff)| 0.015000 | 0.010000 | 0.0084657 | Total Bed Mat1Q (cfs) 9.49 397 397
Manning's n 0.030 0030 [ 0030 ScourDepth () [ 523
Wetted Area (sq ft) 83.81 96.46 | 10222
Hydraulic Depth (ft) 201 221 229
Width (fty 3337 3436 | 3433
Average Velocity (fis) 9.55 8.29 783
D350 (mm) 1.500 2.000
D84 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Length to Pivot Pt (ft) 800
Qtep | Qo | Print. | petete | ada | B | upeate | 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 I Cancel I

(e) Click the Save button to save the entered data.
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. The following figure shows what the window looks like after the data entry.

1% Total Scour - MB: 01 - ID: AZRIVER I8 [=] B3
List l Total I Long Term General I Laca I Bedform | Low Flow

Lacey Par —— e ;
Manual Input Parameters [~ ]
Cross Section ID [ STUDYREACHCROSSSECTION - |§
Design Flow Rate {cfs) ;
‘ 050 (mm) [IEERE 1
| BendFactorz [ o050 | {
Scour Depth {including bend) (ft) | [
|

Qnelp | @into | pPrint. | petete | poa | me | update | ok |

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

. Calculate General Scour I
Option =
| f . | This will calculate the General Scour for the current record.

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

Al Total Tab.

Do you want to continue?

Cancel I Yes J No I

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

_—— e s e
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. %] Total Scour - MB: 01 - ID: AZRIVER =[O] ]

List | Total I Long Term rﬁenfﬁ_il | Bedform | AR
Lacey Parameters = e e E e S e T e ey
Manual Input Parameters [~
Cross Section ID | STUDYREACHCROSSSECTICN ,—/I
[ Design Flow Rate (cfs) 3200
| D50 (mm) |  1.500
Bend Factor, Z 0.50 ,Jl
Scour Depth (including bend] (ft) 268
@tep | @into | print. | petete | poa | me | upsate | 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 IS [=] B3 |
List I Total | Long Term l General I Laca Bedform | Low Flow
Bedform Par S

Manual Input Parameters [~
Cross Section ID | STUDYREACHCROSSSECTION il
Main Channeal Hydraulic Depth (ft)
Main Channel Average Velocity (ft/s)
Main Channel Froude Number

Dune HeightDepth | | 0.20 5:

Dune Scour Depth (ft)

Final Scour Depth (ft) |

Ohelp | Qo | Prnt. | petete | asa | wB | upsate | ok |
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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
OrpTiON window. Click Yes to continue.

Calculate Bedform Scour
Option =
| (% This will calculate the Bedform Scour for the current record.
| |

This Major Basin
All

= If youwant to calculate the Total Scour, Click 'Update' on the
Total Tab.

Do you want to continue?

. After the update, the final result of the bedform scour calculation is shown
in the following figure.
%] Total Scour - MB: 01 - ID: AZRIVER I8 [=] B3
List | Total I Long Term I General | Local {:—@@"—5—: l Low Flow
- Bedform Par ters
Manual Input Parameters [~
Cross Section ID | STUDYREACHCROSSSECTION il
Main Channel Hydraulic Depth (ft) 214
Main Channel Average Velocity (ft's) 973
Main Channel Froude Number 1.17
Anti Dune Scour Depth (ft) —-E
Final ScourDepth (M) [ 128

Qtielp | Qinto | print. | petete | asa | wme | upsate | 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.

1% Total Scour - MB: 01 - ID: AZRIVER S[=] B3
List | Total I Long Term I General I Loca I Bedform P L OWFIU—;f_a
Low Flow Rate (cfs)
Channel Material A
Low Flow Incisement (f)
Graph
QHelp | Qinto | Prnt. | petete | ada | we | update | 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.

o

£
s

 Option

This Major Basin
All
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(e) On the CALcuLATE Low FLow Scour form, click Yes to continue.

Calculate Low Flow Scour I

. “ This will calculate the Low Flow Scour for the current record.

= If you want to calaulate the Total Soour, Click 'Update' on the
Total Tab.

Do you want to continue?

T e

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

List I Total I Long Term General _oca af r—Lw Flow y

Low Flow Rate {cfs) 100
Channel Material | liacium Sand 7
Low Flow Incisement (ft) 250

Graph

Onelp | Qo | Print. | petete | asa | wme | update | ok |

B.3.6 Calculate the Total Scour

On the ToTAL Scour form, select the Total tab. The following figure shows what

the form looks like.
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‘ 1% Total Scour - MB: 01 - ID: AZRIVER ISi[=] B3

List Total _j I Long Term I General I Loca l Bedform I Low Flow
rID
Major Basin ID I01 -~
D
Scour Depth ——
include Calc FS Value g:lim;"s Method

Long Term ¥ 5231 13 680 | F Equilibrium Slope for Sediment-Laden Flow -~

General [V 268 | 13 348 [ [ |Lacey P

tocal [~
Bedform v 128 | 13 1.66 1 B

Low Flow ¥ 250 | 13 3268 BN ;I
Heaccut |-
Tailcut [ _'_I
Total (ft) I 15.20
QHelp I &info | Print... | Delete I Add ‘ MB | 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.

e —
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. IR RIVER MECHANICS - TOTAL SCOUR

X 44 1ty u|G&@d|x [ |#  Toar 10

Fiood Comtrol Distact of Maricopa Couny

Drainaoe Desian ManagementSysem

RIVER MECHANICS - TOTAL SCOUR
Pag 1 Project Reterance . BANKPROTECTION?

Major Basin: 01
D:AZRVER Cross Secton ID: STUDYREACHCROSSSECTION
Tipe  Cakc ) ES  Vaweyt)  Method
Long Tern 3 2 63  Eguibrum Siooe for Segiment-Lagen Fiow
General 2 3 3 Lacey
Local
Beatorn 1 2 185  Comments
Low Flow 2 as
Heaocu -
Tancst

Total 22

(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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’ 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:

D The Cross Section “BRIDGECROSSSECTION”

> 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): 0.015
e Channel Slope for Dominant Flow (ft/ft): 0.015
e Channel Manning’s n for Design Flow: 0.035
e 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
e LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030

e 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

X The Cross Section “STUDYREACHCROSSSECTION”

> Parameters for Hydraulics and Geometry:
e Design Flow Rate (cfs): 3200
‘ e Dominant Flow Rates (cfs): 800
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. e Channel Slope for Design Flow (ft/ft): 0.015

® 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
e LOB Manning’s n for Dominant Flow: 0.030
e ROB Manning’s n for Dominant Flow: 0.030
e 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

o 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
e Channel Slope for Dominant Flow (ft/ft): 0.010
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
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

Parameters for the Long Term Scour :

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

Parameters for the General Scour:

e Exponent m:

e Bend Factor, z:

e D50 (mm):

e Bend Angle (Degrees):

Parameters for the Low Flow Scour:

e Low Flow Rate (cfs):

e Channel Material

Parameters for the Local Scour:

e Pier Width, a (ft):

® Pier Length, L (ft):

e Angle of Attack (Degrees):
e D50 (mm):

e D95 (mm):

e Nose Shape Factor, K1:

e Bed Condition Factor, K3:

B. Step-by-Step Procedures

Section 2.0 - River Mechanics
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1.50
10.00
0.50
1250
12.00
1.00

Coarse Gravel (0.85)
Moderate Bend (0.60)
1.50

45.00

100.00
Medium Sand

250

60.00

30.00

1.50

20.00

1.0 (Round Nose)
1.2 (Medium Dune)
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Step 1: Establish a New Project and Defaults Set-up
Step 2: Prepare the Cross Section Hydraulics
Step 3: Import Cross Section and Hydraulic Data
Step 4: 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

Step 5: Report and Document the Results

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

(@) 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.

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.

I ———

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. g

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

List I Details
Lookfotl
Reference Date D Title =
BANKPROTECTIONFCD 01/01/2012 |00035 River Mechanics Example - Bank Protection
]
BRIDGEPIERFCD 03/01/2016 (00133 River Mechanics Example - Bridge Pier
EXAMPLE1 01/01/2010 (00037 Clark, Green Ampt. Single, 6 Hour
EXAMPLE2 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
KVLEXAMPLE1 02/29/2016 |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
KVLEXAMPLE12 02/25/2016 |00044 Street Drainage Example
KVLEXAMPLE2 02/29/2016 |00045 Example 2 using Shape files and NCAA 14
KVLEXAMPLE3 01/01/2011 |00046 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
KVLEXAMPLES 03/01/2016 |00130 HEC-1 Tutorial - S-Graph Unit Hydrograph vI
< [ B
Modficaton Date [02242015 & @into | @io | pont. | peete | asa | ok |

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

(c) Select River Mechanics checkbox and click the OK button on the NEw PROJECT
OPTIONS form.

‘ (d) 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.

(e) Type into the Title textbox a brief descriptive title for 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 PrRoJECT window, and click the OK
button on the pop-up message box. The following figure shows what the
window looks like.
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Select Project l

List Details
- Project Reference " Project Defaults
ProjectID [00057 Reference [BRIDGEPIERT
Title | Total Scour for Bridge Pier Tutorial Sails W——— 7’
Location | Maricopa County, Arizona LandUse [Fcomc -
Agency | Flood Control District of Maricopa County

[V River Mechanics Only

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

=

Modification Date [022015 Pint. | Deete | Aga | 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:

e Bridge Cross Section Data “BRIDGECROSSSECTION”
e 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.

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

Import Project Reference [PROJECTXSECTIONS A
Option | Specific Cross Section  ¥|
Import Cross Section ID | BRIDGECROSSSECTION A

_ 0K |

(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 I

( . This will import Cross Section BRIDGECROSSSECTIOM
! ! from PROJECTXSECTIONS to the current project.
IR - Data with the same ID will be overwritten.

Do you want to continue?

Yes | | 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.

@ Natural Cross Sections - [O] %]
X Y 4l  Overbank
100.00 100.00 Rl 13100
106.00 98.00 1100 Selt e £ @ =
13100 paoa | |Riont]  176.00 ftifi Stor00 S e
141.00 95.00 100.00 |
166.00 95.00 99.00 - \ /
| 98.00 |
201.00 98.00 e
207.00 100.00 gs'm E
95.00 [
9400 |
sa.oot
I~ Graph currentrecord | gy - ‘ | N R A
60 80 100 120 140 160 180 200 220 240

[ Adjustment Cross Section ‘
Elevation Adjustment (1) 10| BRIDGECROSSSECTION =
T R 176.00
Y 98.00
Overbank @into | prnt. | petete | ata | ok |

Section 2.0 - River Mechanics  Revision Date: February 29,2016 I1-34




. 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
1311 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:

e (Cross Section ID: BRIDGECROSSSECTION
e 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
e Design Manning’s n (Channel, LOB, and ROB): 0.035
¢ Dominant Manning’s n (Channel, LOB, and ROB): 0.030
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ion ID Entire Cross Secti
— Source ] Calculate Data v] IV Design ¥ Dominant
Total Scour [~ Flow Rate (cfs) 3200 800
Cross Section ID = | Slope (M) | 0015000 | 0.015000 i
STUDYREACHCROSSSECTION Manningsn Coanne) O o030
SUPPLYREACHCROSSSECTION Manning's n LOB 0.035 0.030
Manning’s n ROB 0.035 0.030
Flow Area (sq ft) 287.18 83.81
= Wetted Perimeter (f) 107.35 4248
Average Width {ft) 59.66 3337
Top Width () 105.88 4174
Hydraulic Depth (/) 27 201
Naormal or Max Depth (ft) 481 251
. ;ﬁl Velocity (ft'sec) 11.14 955
=
J - |
@into | Print. | copy | Delete | aco |JGRERRNY xSection| petail [[Update] ok |

(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

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

e |mport Project Reference: PROJECTXSECTIONS
e Option: Specific Cross section

e Import Cross Section ID: STUDYREACHCROSSSECTION

Import Cross Sections From Another Project |

Import Project Reference | PROJECTXSECTIONS P |
Option |Specific Cross Section _v_l
Import Cross Section ID | STUDYREACHCRCSSSECTICN ,JI

n- OK I
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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.

Question l

4™, This will import Cross Section BRIDGECROSSSECTION
{ I from PROJECTXSECTIONS to the clrrent project.
pae - Data with the same ID will be overwritten.

Do you want to continue?

Yes Il Mo I

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

@ Natural Cross Sections M [=] B3
X Y 2] - Overbank -
100.00 100.00 ot gt
Left 156.00
106.00 98.00 . s 1°z°°F @ @
156.00 93.00 Right 20100 mmE 9 2
. 166.00 95.00 100.00
191.00 95.00 55,00 : \ /
| %.ME
251.00 98.00 A
257.00 100.00 E
96.00E
95.00 |
L. :
9200
[ Graph current record 9200 F 1 1 i Uyt T | B i 0
€0 80 100 120 140 160 180 200 220 240 260 280
Adjustments —— Cross Section I
Elevation Adjustment (f)[ |D| STUDYREACHCROSSSECTION [H
X(f) 201.00
| Y(® 98.00
|
‘ b
| Overbank @into | 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
\

| e ——
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‘ 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 HybrauLics 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:

e (Cross Section ID: STUDYREACHCROSSSECTION
e 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
e Design Manning’s n (Channel, LOB, and ROB): 0.035
e Dominant Manning’s n (Channel, LOB, and ROB): 0.030
ER.iver Mechanics - Cross Section Hydraulics (O] ]
ion ID Entire Cross Secti
Source lCa[m]atg Data v| ¥ Design ¥ Dominant
Total Scour [~ Flow Rate (cfs) 3200 800
Cross Section ID = Slope ) [ 0.015000 [ 0.015000
BRIDGECROSSSECTION
. | Manning’s n Channel 0.035 0.030 -
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) 15535 4248
Average Width (f) 7312 3337
Top Width (f) 153.98 41.74
- Hydraulic Depth () 214 2.01
Normal or Max Depth (f) 450 251
. _"L' Velacity (fRisec) 9.73 9.55
|
| =
| Qinto | Prnt. | copy | Delete | Acc |WGREBAN xSection| Detail [Tlpdate] 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 ‘ Update Cross Section Hydraulics
Option = (O This will update the hydraulic parameters for the current Cross
I—J | ! 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’ andjor 'Dominant’
arefis checked.

Do you want to continue?

Cancel Yes | F—E——I

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

B.2.3 Import the Supply Reach Cross Section Data

(@) To import the “SUPPLYREACHCROSSSECTION” dataset, open the IMPORT
CROSS SECTIONS FROM ANOTHER PRoOJECT form (River mechanics =» Import

. Cross Sections from Another Project).
E Flood Control District of Maricopa County - BANKPROTECTION1 - Network
File Edi | River Mechanics Help
Scour
(=
- Riprap
© Launchable Riprap
(=] Lateral Erosion
= Sediment Yield ¢
%)
. Cross Section Hydraulics
-
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
e |mport Cross Section ID: SUPPLYREACHCROSSSECTION
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. Import Cross Sections From Another Project l

Import Project Reference | PROJECTXSECTIONS P I
Option | Specific Cross Section _ﬂ
Import Cross Section ID | SUPPLYREACHCROSSSECTION ,JI

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

Geometry).
E}l&atural Cross Sections 9 =] B3
X Y 2l [ Overbank
100.00 10000 R o 00
106.00 98.00 —-f‘ et o] @
181.00 B0 fEEN 22000 Sl Notoar e
191.00 95.00 100.00 [
216.00 95.00 99.00 - \ l
l 98.00
301.00 98.00 Lo
. 307.00 100.00 Tk
%.00-:
= 95.00
94.00
93.00
I™ Graph current record gz‘mgm o y wdo o,
60 9C 120 150 180 210 240 270 300 330
rAdjustments —— [ Cross Section
Elevation Adjustment () ID| SUPPLYREACHCROSSSECTION
B x| 22500
Y 98.00
Overtank @into | pont. | peiete | 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.

Station (X) Elevation (Y) Notes
100 100
106 98
181 98 Left Bank Station
191 95

. 216 95

R ] e O T e e RSN N
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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
e Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
e Design Slope (ft/ft): 0.010
e Dominant Slope (ft/ft): 0.010
e 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 _ (O] x] ‘
ion ID Entire Cross Secti

Source | Calculate Data v] IV Design ¥ Dominant

. — | Total Scour [~ Flow Rate (cfs) 3200 800

Slope (fft) 0.010000 0.010000

Manning’s n Channel 0.035 0.030 -

Manning's n LOB 0.035 0.030

Manning's n ROB 0.035 0.030

FlowArea (sq ft) 419.58 96.46

Wetted Perimeter (ft) 205.84 4454

Average Width (ft) 91.71 3436

Top Width (ft) 204.45 4372

Hydraulic Depth (ft) 205 221

i Normal or Max Depth (f) 458 281

" L‘:.I Velocity (ft'sec) 7.63 8.29

B

=
@nto | pint. | copy | Detete | Ao |WGREBAN x Section| Detail | upoate | 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 = R This will update the hydraulic parameters for the current Cross
l_‘ { I 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’ and/or ‘Dominant’
arefis checked.

Do you want to continue?

Cancel | | e

(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

. (@) 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

River Mechanics WgEs]

Scour

Sediment

Riprap
Update from GIS

Cross Section Hydraulics
Cross Section Geometry

Sails
Soil Defaults

Land Use

Land Use Defaults
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@Tulal Scour - MB: 01 - ID:

~ ID  CrossSection  LongTerm Oeneral Local Bedform Bend LowFlow Total &
D Scour Scour Scour Scour Scour Scour Scour
v
< >
((add ][ w8 ] upsate [ 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 Level |

Equilibrium Slope for Clear Water Flow

[ oK ][ 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
|

[ ok ][ 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 - Schoklitsch

Grade Control or Drop Structure - Veronese

Grade Control or Drop Structure - ZimmermaniManiak

—
R T e—

Y

[ OK ][ gancel] l

ET=—

(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 TOTAL ScOUR — MB: 01
—ID: PIERNO1 window shows up like following figure.
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£} Total Scour - MB: 01 - ID: PIERNO1

List ‘:-,.—_,_:1 ‘ Long Term General Local ‘ :
D o
Major BasinID | 01
o PERNGT ]
P
Scour Depth
Include Calc FS Value cc:[im;?g Method
LongTem @ | o000| 13| o000 00 O |Equilibrium Slope for SedimentLaden Flow
General [ | 000 13| o000/ O O Nl i
Local 1 | 000] 13| om0 0 O Piers {
Low Flow [7] |5 O i
Total () ¥
4
14
=
¢
§
i
i
[ @Hein || @info ][ Print.. ][ Delete |[ add ][ w8 [ update | ok ] |F

RS e

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 “1.5” 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).

(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.

et _
l “ '| This will calculate the Long Term Scour for the current record.
= If you want to calculate the Total Scour, Click 'Update’ on the
All Total Tab.
= Do you want to continue?

Yes No

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

%] Total Scour - MB: 01 - ID: PIERNOL !EE
ust | qota [ LongTem jl general | tgeal | Eecom | LowFlow
[ Equilibrium Slope Sediment.Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION )
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION j
Study Supply  Equilib Study Supply Equilib
Flow Rate (cfs) 800 800 800 Gradation Coefficient 483 475 483
Slope (ff) | 0.015000 | 0.010000 | 0.0099395 | Total Bed Matl Q (cfs) 9.49 511 511
Manning's n 0.020 0030 [ 0030 ScourDepth () [ 405
Wetted Area (sq ft) 83.81 96.46 [ 96.66
Hydraulic Depth (ft) 201 221 221
Normal or Max Depth (ft) 251 281 281
Average Width (f) 3337 3436 3433
Average Velocity (f/s) 9.55 8.29 8.28
D50 (mm) 1.500 1.500
D84 (mm) 10.000 12.000
D16 (mm) 0.500 1.000
Lengthto PivotPta) [ goo
Otep | Qinto | pint. | pelete | asa | mB | upsate | 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 SeEcTION 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 SELect CRrRoss 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
SELECT 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
| | I l I |
|Severe Bend j40 Degrees Centigrade
[ 0K ][ Cancel ] [ OK " 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.

Calculate General Scour I

Option =

This will calculate the General 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 continue?

='Total Scour - MB: 01 - ID: PIERNO1 R 3 =13l x|
ust | Towm LongTerm | Qeneral:]l Local gesorn | LowFlow
- Sections l  Contraction and Bend P
Bridge Section ID| BRIDGECROSSSECTICN Al Upstream Desian
Upstream Section ID| STUDYREACHCROSSSECTION T ’ LI G 3200 200
| Hydraulic Depth (f) 213 213
" Neill Parameters (use Bridge Section) Avg Velocity (Us) 9.74
Design  Dominant Critical Velocity (fUs) 215
Design Flow Rate (cfs) 3200 800 Avg Wicth (ft) 73.00 73.00
Hydraulic Depth () 211 2 Eneray Slope (1) [ 0.015000 [ 0.015000
Avg Width () 59.61 3332 D50 (mm) 1.500 1.500
Exponentm [ 0.85 =] Hl Water Temp (C) 20 ﬁl
BendEarhe 0.60 Contraction Scour (R) 0.00
Scour Depth (Including Bend) () 2.39 Flow Condition [Live Bea
. BendAngle (Degrees) 450
beoupDaptiiiy Normal or Max Depth (ft) 450
Final General Scour (ft) | 264 Bend Scour (f) —“‘m
R Contraction + Bend Scour (ft) 264 |
Otieip | Gt | Pont. | peiste | poa | me | upsate | ok |

w T

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 BEp ConDpITION window. Select “Medium Dunes” item and click OK
button to close the window.

Nose Shape Bed Condition

t = e R
[ | | Clear Water Scour !
%Round Nose i Plane Bed and Antidune Flow *
|Circular Cylinder Small Dunes ;
|Group of Cylinders | [ | '
iSharp Nose | Large Dunes i
| i 3

| ;

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

(I) 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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. %1 Total Scour - MB: 01 - ID: PIERNO1 - (O] x]

List | Total ] Long Term I General :__:ngsj: l Bedforn | Low Flow
r Pier Design Parameters (use Design flow)
Manual Input Parameters [~
Bridge Section ID l BRIDGECROSSSECTICN 7>~ I
Normal or Max Depth (ft) 482 Froude Number 0.89
Average Velocity (f'sec) 11.14 Nose Shape Factor, K1 10 - Il Round Nose
Pier Wicth, a (ft) 250  Angle of Atack Factor, K2 350
Pier Length, L (ft) 60.00 Bed Condition Factor, K3 12 IIMedium Dunes
Angle of Attack (Degrees) 30.00 Armoring Factor, K4 1.00
| D50 (mm) 1.500 Scour Depth (ft) 2517
D95 (mm) 20.000

Orep | @into | Prnt. | petete | 2sa | we | upcate | 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.

2] votal Scour - MB: 01 - ID: AZRIVER [_[O]x]
ust | ot | LongTerm | genea | x| e [ LowFlow |
Low Flow Rate (cfs)
Channel Material 2
Low Flow Incisement (ft)
Graph I
[
i

Qe | Qo | pont. | petete | ada | me | upsate | ok |

= = —— T

(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
OrpTION window. Click Yes to continue.

Select Option ‘ Calculate Low Flow Scour [ x| |

Oplion = B This will calculate the Low Flow Scour for all records in the current
This Record rJ | ! Major Basin.
v If you want to calculate the Total Scour, Click 'Update’ on the

All Total Tab.

Do you want to continue?

l OK I Cancel I Yes | No I

After the update the final result of the low flow scour calculation result

shows in the following figure

I} Total Scour - MB: 01 - ID: PIERNO1L =1 E3
List ] Total I Long Term l General I Local | Beafo 1r LowFlow |
Low Flow Rate (cfs) | 100
Channel Material | Medium Sand ,JI
Low Flow Incisement (ft) 250
Graph |
QHelp | Qo | print.. | Delete Add MB Update ok |

B.3.6 Calculate the Total Scour

(a) Click the Update button to compute the total scour and individual scour
components.

R e e T e e I T e e P ey S o S e e e TR
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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 S [=1E3 I
List Total I Long Term I General I Lacal I Bedform ] Low Flow
~ID
Major Basin ID ID1
D
[ Scour Depth 1
Custom |
Include Calc ES Value Calc ES Method [
Long Term ¥ 405| 13 527 [T [ |Equiliorium Slope for Sediment-Laden Flow -~
General v 264 | 13 343 [0 | |Neill 7>
Local v 2517 13 3272 vV [ |Piers -~
Bedform [© _]
Low Flow ¥ | 250 13 | 3258 BN
Headeut [~
Tailcut [~ =l
Total (ft) I 4467
‘ Qrielp | @into | print. | petete | pse | wme | upsate | 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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‘ B RIVER MECHANICS - TOTAL SCOUR —[o[x]|

X 44 1ot o= |G@&F™ [ A Todt 00z 1o

F10a Control DIt of Markapa County
Dranage Design Managem ant System
RIVER MECHANICS -TOTAL SCOUR

Propct Reference: BRIDGEPIER1

Crss Section ID: STUDYREACHCROSSSECTION
Calo (f) ES Value(f) Method
132 sz Euibrum Snpe forSeamentLacen Fiow
1% Nem
12 272 Puers

13 Comments
13
13
13

(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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' 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
e 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 291 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

e ]
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> Parameters for Wash Load:

Sediment Area (sq mi):

D10 (mm) for channel bed material soil sample:

Slope Length (ft):

e Slope (%):

> Parameters for Bed Load:
e D16 (mm):
e D50 (mm):
e D84 (mm):

> Parameters for Soils:
Sediment Area ID Soil ID
® SED1 6453
° SED1 64590

. ° SED1 64591

® SED1 64598

> Parameters for Land Uses:

Sediment Area ID

Step 1:
Step 2:
Step 3:
Step 4:

Revision Date: February 29, 2016

Section 2.0 - River Mechanics

Land Use Code

SED1 120
SED1 150
SED1 160
SED1 180
SED1 230
SED1 410

| B. Step-by-Step Procedures

Establish a New Project and Default Set-up
Prepare the Cross Section and Hydraulic Data
Import Cross Section and Hydraulic Data

Prepare Sediment and Relevant Data

Step 4.1: Set up Sediment Yield Basic Data

0.3508
0.500
400
2:50

0.800
1.500
10.00

Area

0.0508
0.0447
0.2548
0.0004

Area

0.0022
0.1647
0.0620
0.0296
0.0314
0.0609
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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

(@) 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 L
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 PrRoOJECT window is automatically
opened as is shown in the following figure.
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. Select Project

List I Details
Lookfurl
Reference Date ID Title -
KVLEXAMPLE2 02/29/2016 |00045 Example 2 using Shape files and NOAA 14
KVLEXAMPLE3 01/01/2011 [00046 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
KVLEXAMPLEBA 03/02/2016 |00062 HEC-1 tUTORIAL - S-Graph Unit Hydrograph
KVLEXAMPLET 02/25/2016 {00049 Rational Method Tutorial
KVLEXAMPLE7A 03/02/2016 (00096 Rational Method Tutorial
KVLEXAMPLES 01/01/2011 |00050 Street Drainage Examples
KVLEXAMPLEQ 03/01/2016 [00051 HEC-1 Tutorial - Custom Storm Event
LATERQSIONEXAMPLE 03/31/2014 |00052 Lateral Erosion Example
LAUNCHABLERIPRAP 01/01/2012 (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 02/24/2016 |00058 River Mechanics Cross Section Datasets
RIPRAPSIZINGFCD 01/01/2012 (00054 River Mechanics Example - Riprap Sizing -
< | »
Modification Date [02242016 5 &info Qo | print. | petete | poa | ok |

(b) 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).

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

(d) 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.

(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) Click Save button to save the entered data.

(k) 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 Reference
Title [Seciment Yield Analysis Tutorial sois[Fcomc == D
Location | Maricopa County, Arizona Land Use WZ'
Agency | Flood Control District of Maricopa County

[V River Mechanics Cnly

This is atutorial set-up to give a step-by-step instruction on how to use A|
DDMSW to calculate sediment yield.

| <]
Modiication Date [06/042014 7] Ointo | Prnt. | peete | asa | 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.

e Import Project Reference: PROJECTXSECTIONS
e Option: Specific Cross section
e |mport Cross Section ID: STUDYLOCATIONCROSSSECTION
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. Import Cross Sections From Another Project I

Impaort Project Reference | PROJECTXSECTIONS -~ |
Option | Specific Cross Section _v_I
Import Cross Section ID | STUDYLOCATIONCROSSSECTION ,JI

_ 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 BRIDGECROSSSECTION
I from PROJECTXSECTIONS to the current project.
- Data with the same ID will be overwritten.

Do you want to continue?

Yes Il 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.

E} Natural Cross Sections | (O] x|
X Y = Overbank
100.00 100.00
Left 156.00 -/ SRS TR B RR RN SRR TR
106.00 98.00 e g2 00F @ @
156.00 93.00 Right 20100 A | 101.00 | =) e
166.00 95.00 100.00 |-
191.00 95.00 99.00 \ /
] 98.00 |
251.00 98.00 57.00
257.00 100.00
96.00 |
i 95.00 [
94.00 |
3.00
™ Graph current record 200~ . \ y N : AT
60 80 100 120 140 160 180 200 220 240 260 280

Adj Cross Section

Elevation Adjustment (f) ID| STUDYLOCATIONCROSSSECTION E‘
X(m
Y () 98.00

| Overtank @0 | pPrnt. | petete | s | 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 HybrauLics 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:

e (Cross Section ID: STUDYLOCATIONCROSSSECTION
e 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
e 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 _ (O] x]

D Entire Cross
— Source | Calculate Data -| V¥ Design ¥ Dominant
Total Scour [ Flow Rate (cfs) 3200 800
Cross Section 1D = Slope () | 0.015000 | 0.015000
Manning's n Channel 0.035 0.030 -
Manning’s n LOB 0.035 0.030
Manning's n ROB 0.035 0.030
Flow Area (sqft) 328.86 8381
Wetted Perimeter (ft) 15535 4248
Average Width (ft) 7312 3337
Top Width (ft) 153.98 4174
Hydraulic Depth (ft) 214 201
Normal or Max Depth (ft) 450 251
. ;lj Velocity (fsec) 973 955
|
4|
@into | Prnt. | cory | Detete | aco |[HERERRN x Section| Detail [[Updaie)]| 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.

Select Option I Update Cross Section Hydraulics

Option = @ This will update the hydraulic parameters for the current Cross
___| | ! 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’ and for ‘Dominant’
| arefis checked.

Do you want to continue?

e o[ ]

(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
’ Scour

Riprap
Launchable Riprap
Lateral Erosion
Cross Section Hydraulics Update from GIS
Cross Section Geometry Soils
Import Cross Sections from Another Project i
mtie Soil Defauilts
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 I Wash Load Bed Load Postto GIS
rID Calculate ;]
Major Basin ID |01_ -~ Wash Load v
D Bed Load Vv
el o
 Sediment Yield Parameters —~ Sediment Yield (ac-f) T
e 9 o Uiad * o lam ) e | aoeeedmen
2Year ¥ 277 12.00 || 2Year 0.002 0.003 lach)
5 Year v 486 18.00 || 5Year 0.003 0.006 Cleanout Years [ 3 =]
10 Year ¥ 645 2300 || 10Year 0.004 0.009 ‘ | 0.05
25 Year [V 869 30.00 25 Year 0.006 0.014
50 Year [V 1046 36.00 50 Year 0.008 0.018 B
Annual Sediment
100 Year [V 1231 42.00 || 100 Year 0.008 0.022 | Yield Per Square Mile
Design v 1231 4200 || Design 0.009 0.022 ‘ (ac)
Annual @ [impert | Annual 0.002 0.004 [

Qtep | @0 | prnt. | pelete | aca | grapn |

| Upoate | 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).

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

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

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 IMECHANICS — SEDIMENT
YieLp form should look like the following figure.
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oy [=] 5|
List | Total Wash Load BedLoad Postto GIS
i Wash Load | | Wash Load Parameters ‘
| secimentreald [se07 | | Seil and Erosion Factors Value Default Custom ‘
\ e Soil Eroditility Factor (K) r ‘
| SDR (%) ‘ Erosion Control Factor ®) [ 10| 10 I |
‘ Specific Weight (Io/cu ft) = |
LGNSR SR | Land Use Factors (
RO e Effects of Canopy Cover (Ci) y |
HemOdlChannel Bed Material Soil Sample :] | Effects of Vegetation (Cil) r
B 0500 Effects of Tilage (Cii) r
— Cover Management Factor (C) y
Percent Impenvious y |
| Topographic Factors Ltk |
‘ SiopeLength M [ 200
i Slope (%) [ 250 ‘
\ TopographicFactor@S) [ | T ‘
QHelp | Sinfo | Print... | Delete | Add Graph ] MB | 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.

. (q) 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 I[=] B3

List | Total | Wash Load Bed Load I Postto GIS
[ Cross Section Bed Load P
| Cross Section ID | STUDYLOCATIONCROSSSECTION ,Jl Slope () | 0.01500 D16 (mm)

Sneiics Man’s n Channel 0.035 D50 (mm) 1500 |
~ Man'snlOB| 0035 D84(mm)| 10.000
Man's n ROB 0.035

- |
| T on & Total Sed‘i;lﬂ
Q Avg Area Top Normal Bed -
Vel Width Depth  Load Channel
(cfs) (tis) (s () (®) (cfs) CLoB
2 Year 277 246 893 | 2728 034 | 0046 " ROB

5 Year 486 293| 1193| 2800 045 ) 0.091
10 Year 645 340 | 1530| 2879 057 | 0.163
25 Year 869 386 | 19.15| 2967 070 | 0273
50 Year 1046 418 | 2201 | 3021 080 | 0373

100 Year 1231 445| 2470| 30.89 0.88 | 0483
Design 1231 445 | 2470 | 3089 088 | 0483

Otiep | Qo | Pont. | petete | aca | grapn | wme | upsate | 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 — SoILs window opens.

@Flood Control District of Maricopa County - SEDIMENTYIELD1 - Network
File £ | River Mechanics Help
Ji S
Riprap
Launchable Riprap
Lateral Erosion
Sediment Yield ’ Model Sediment Yield
Cross Section Hydraulics Update from GIS
SETee [isaeRuibda i s 71 )
S0IS
t Cross Sechi from Another ject -
Import Cross ons from Ano Projt 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.

BEEE ~loix]
List I Datails
Look for I
Sediment =
A D Area Area % Soil ID K SW

v
4 »

@j'ﬂc I capy | Print I Delete Me | OK I

(c) On the Details tab of the RIVER MECHANICS — SoiILs 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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[Ever echaricsSols o
List Details
SedimentArea | [ Soil Data ‘
Major Basin ID |01 ) _ Value  Default Custom |
SedimentArea ID [SED1 w| | | ErcdbiliyFacoe()]  0.20 020 B TR
Soil ID 6453 ,J|Z Specific Weight (Ibicf)| 8659 | 8659 I ‘
|
Area (sq mi)
Area (%) 100.0
~ Soil Description - —
Book Number |645 Map Unit r:i————___
Description | Antho-Carrize-Waripo complex
Qinfo | Copy | Print.. I Delete | Add I WB I 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.

S —
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. I*%1 Flood Control District of Maricopa County - SEDIMENTYIELD1 - Network

File Edi | River Mechanics Help
Scour

> S RED
Riprap
Launchable Riprap
Lateral Erosion
Moce sedinent 1
Cross Section Hydraulics Update from GIS
Cross Section Geometry Sois
Cross Sections from Another Proj 2
Import Cross Project Soi Defaults
Land Use Defaults
8 [=] B3
e = mrea| mrea%| ci|  ci|  cill Ptimp =
@i | cop | et | peee | aa | we | ok |

(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 SeELecT 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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-0l x|
List Details
[ Sedil t Area
Majer BasinID |01 | Area(sqmi)
SedimentArea D | SED1 P Area (%) 100.0
Land Use Code | 120 ,JI Estate Resicential (1/5 cu per acre to 1 du per acre)
[ Land Use Data
Value Default Custom ;l
Effects of Canopy Cover (Ci) 0.84 0.84 -
Effects of Vegetation (Cii) 0.92 0.92 w
Effects of Tillage (Ciii) 0.38 0.38 o
Percent Impenious 5 5 j
Qinfo | Copy | Print... I Delete | Add J WB I 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 (sq 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.

B e e T e L e L SR T e T S SO e e s e e e o e
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-|of x|
List Total | Wash Load Bed Load Postto GIS
rID Calculate ;I
Major Basin ID I 01 pol Wash Load ¥
D BedlLoad ¥
Retumn Periods I All
for Analysis 2 =
. Sediment Yield Parameters -  Sediment Yield (ac-ft)
Volume Wash Bed Total
Include  (cfs) (acft) Load Load Yield

2Year ¥ 277 12.00 2 Year

5Year ¥ 486 18.00 5 Year
10 Year ¥ 645 23.00 10 Year
25Year Vv 869 30.00 25 Year
50 Year v 1046 36.00 50 Year

Annual Sediment
100 Year [V 1231 42.00 || 100 Year Yield Per Square Mile

Design v 1231 42.00 Design ach)

Annual ¥ Annual [

@nelp | @into | Prnt. | petete | ada | graph | me | upcae | ok |

(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.

Option -
This Record

This will calculate the Total Sediment Load for the selected Return
Periods for the current record and will indude:

Wash Load
Bed Load

Do you want to continue?

Yes | No

(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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. ] River Mechanics - Sediment Yield - MB: 01

List Total | Wash Load BedLoad Postto GIS
- C; f
D r ‘ =l
Major Basin 1D [01 ~ Wash Load ¥ ;
D Bedload ¥ [
— 1| RetumPeriods I—N' |
| foranalysis ﬁ' =
- Sedi Yield P [ Sedit Yield (ac-ft)
Q Volume Wash Bed Total Required Sediment
Include  (cfs) (ach) Load Load Yield Basin Volume
2Year [ 277 1200 || 2Year 0013 0.077 0.090 (ac)
5Year 7 486 1800 || SYear[ 0022 0.141 0153 | Cleanoutvears[ 3=
| 10Year @ 545 2300 || 10Year 0.029 0.199 0228 I i
25Year ¥ 869 3000 || 25Year 0.040 0288 0326
50 Year ¥ 1046 36.00 || 50 Year 0.049 0.268 0417
1 1 = Annual Sediment
| 100 Year 1231 4200 | 100 Year 0.059 0.450 0509 | Yield Per Square Mile
Design ¥ 1231 42.00 ‘ Design 0.059 0.450 0509 {ach)
Annual [ | | Annual 0.015 0.099 0.114 | 032

QHeip | Qinto | pint. | petete | pge | craph | we  [[Upsale )] ok |

] River Mechanics - Sediment Yield - MB: 01 M [=] B3
List | Total Wash Load ] BedLoad | Postto GIS
Wash Load —— |  Wash Load P
SedimentArealD [[sep1 || Soiland Erosion Factors Volue () Defaull - Cuslom
I Areasami)| 03508 Soil Erodisility Factor (K) 0.12 012
[ SOR%) [ o738 Erosion Control Factor (P) 1.0 10 &
| 3 SpecificWeight (loicuft) [ 0435 [ 9435 I
Land Use Factors
- Specific Weight Method
P el Effects of Canopy Cover (Ci) 0.69 06 I
‘ Method [ Channel Bed Material Soil Sample ¥ | Effects of Vegetation (Cli) | 085 085 I
ey g bl [ o500 Effecs of Tillage (Cii) | 031 021 I
i 4 Cover Management Factor (C) 0.18 018 I
Percent Impervious 46 6 I
Topographic Factors Jrm——
Slope Length () 400
Slope (%) 250
=l Topographic Factor (LS) 037 I 037 I

Orep | it | pont. | petete | acc | Grapn | wme | upcate | ok |

'E:RNPI Mechanics - Sediment Yield - MB: 01 _[0] x]
List | Total | Wash Load BedLoag | Postto GIS
[ Cross Section Bed Load P:
Cross Section ID ISTUDYLOCATTONCROSSSECT!ON ,Jl Slope () | 0.01500
Man’'s n Channel 0.035 D50 (mm) 1.500
e Man's n LOB 0.035 D84(mm)| 10.000
Ll Man's n RCB 0.035
rTotal Section ——=—==—r T T ST
{ g |
‘ Q Ag  Aea Top Normal Bed 2 L b
Vel Width Depth  Load Channel

 LoB |
€ ROB

(ds) _ (Us) (s0 (U] m (cfs)
| 2Year| 277 | 6.42| 4528| 3505 151| 1768

5 Year 486 734| 6617 | 3882 207 | 3809

| 10 Year 845 803 | 8034 4119 243 | 5572
| 25Year 869 880 | 9878 | 4407 286 | 8282
2 50 Year 1046 8.55 | 122.38 | 14572 3.12| 10705
1100 Year 1231 827 | 14885 | 146.80 330 | 13.180
Design 1231 8.27 | 14885 | 146.80 330 | 13.180

QHeip | @ino | Print. | Detete | ass | Grapn | we | upsate | ok |

S T e S e b e e
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B.5 Step5 - 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.

B9 RIVER MECHANICS - SEDIMENT _[O] x]

X 4 4 101 y ¥ o= | B &S| -1[:|u Totat!  100% 1ot

10: DAMY
Return Periods for Anaiysis: A%

JBEERER
PEEEEEGE |24

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

(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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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
e 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:
e 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
Step 4:  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.

Agreement

KVL Consultants, Inc.

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.

Drainage
Design
Management

System

After the DDMSW is launched, the SELECT PROJECT window is automatically

opened as is shown in the following figure.

Select Project

I Details
Lookforl

Reference Date D Title =
KVLEXAMPLE7A 03/02/2016 |00096 Rational Method Tutorial
KVLEXAMPLES 01/01/2011 | 00050 Street Drainage Examples
KVLEXAMPLES 03/01/2016 |00051 HEC-1 Tutorial - Custom Storm Event

~USIU b 2 = | ~ I

LAUNCHABLERIPRAP 01/01/2012 |00053 River Mechanics Example - Launchable RipRap
MCMICKENDAM - RUN 3 11/24/2015 |00033 sediment yield analysis J
MCMICKEN_SY_464D 11/24/2015 |00034 sediment yield analysis
PROJECTXSECTIONS 02/24/2016 |00058 River Mechanics Cross Section Dalasets
RIPRAPSIZING1 03/03/2016 |00134 River Mechanics Example - Riprap Sizing
RIPRAPSIZINGFCD 01/01/2012 {00054 River Mechanics Example - Riprap Sizing
SEDIMENTYIELD1 03/03/2016 {00060 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 02/29/2016 |00080 Assignment No. 4 - Task 1.1.11_Import Total Scour
TASK1112_LRIPRAP 02/29/2016 [00091 Assignment No. 4 - Task 1.1.12_Launchable Riprap -

<

Modﬁmﬁonoate|o3/31f2014 T @i |

7 Poot. | Delete | aca | 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
PRrRoJECT 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) Onthe Modification Date, use the current date.
(k) 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. The following figure shows what the window looks
like.

List Details

- Project Ref e - Project Defaults —
ProjectiD [00040  Reference [RERTcrANe] '
Title | Riprap Sizing Tutorial Soils | FCDMC -
Location | maricopa County, Arizona Land Use WZ‘

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 ;_l
DDMSW to evaluate riprap materials for bank protection projects.

J <]

Modification Date [06/052014 7] @inio | pint. | petete | aga | 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.

(@) 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.

e Import Project Reference: PROJECTXSECTIONS
e QOption: Specific Cross section
. ® Import Cross Section ID: STUDYLOCATIONCROSSSECTION
[mport Cross Sections From Another Project |
Import Project Reference | PROJECTXSECTIONS LJ_I

Option | Specific Cross Section LI
Impaort Cross Section ID | STUDYLOCATIONCROSSSECTION ,)I

[fpern| o |

(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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‘ Question I

™% This will import Cross Section BRIDGECROSSSECTION
'»\ I from PROJECTXSECTIONS to the current project.
e - 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.

1;luatural Cross Sections H[=] 3
X Y = Overbank
100.00 100.00 T
Left 156.00 o T T S B N G Faste b

106.00 98.00 ——:l el o @
156.00 98.00 Right 201.00 A~/ | 101.00 f 9 e
166.00 95.00 100.00 |
191.00 9500 99.00 \ I

1 8.00
251.00 98.00 B
257.00 100.00 e

96.00

__j 95.00
92.00 -

I~ Graph current record 92,00

60 B0 100 120 140 160 180 200 220 240 260 280

Adj Cross Section
(" ion Adjustment ()| [m|smouoc;moncaosssscnou |2
PR 20109
Y 98.00
l
Overtank @ino | prnt. | petete | agd | 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

156 98 Left Bank Station

166 95

191 95

201 98 Right Bank Station
' 251 98

L. ]
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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 HybrauLics 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.

&! River Mechanics - Cross Section Hydraulics - [O]x]
Section ID Entire Cross Section
e Source [W ¥ Design [~ Dominant
Flow Rate (cfs)

Slope (ftft)

Manning’s n Channel
Manning’s n LOB

| Manning's n ROB
Wetled Area (sqft)
Wetted Perimeter (ft)
Average Width ()

Top Width (ft)

Hydraulic Depth (/)
Normal or Max Depth ()

. ;_’l‘ Velocity (fisec)
Main Channel (Bedform Scour)

= Same as Entire Cross Section  Design ¥ |
Hydraulic Depth (ft)
‘ Velocity (ft/'sec)

L] | Froude Number |

gecRas | @into | Prnt. | copy | Detete | aco |EEERAN x Secton| Detan | upoate | ok |

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

e Cross Section ID: STUDYLOCATIONCROSSSECTION
e Design Flow Rate (cfs): 3200
e Design Slope (ft/ft): 0.015
e 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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Select Option I Update Cross Section Hydraulics

Opﬁon = 0 This will update the hydraulic parameters for the current Cross
_J | ! Section.
All If 'Enter Data' is selected as the Source, data will MOT BE
updated.

If 'Calaulate 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?

w | ]

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

¥ River Mechanics - Cross Section Hydraulics ISi[=1 B3
ion ID Entire Cross
Source W ¥ Design [~ Dominant
Total Scour [~ Flow Rate (cfs) |
Slope (ftft) 0.015000
Manning’s n Channel 0.035 -
Manning’s n LOB 0.035
ManningsnROB [ 0.035
FlowArea (sqft) —EW
Wetted Perimeter (ft) _1-5—5—3?
| Average Width (f) 7312
Topwicth @ | 15398
HydraulicDepth () [ 214
Normal or Max Depth (ft) _—_A—SF
. ;Iﬂ Velocity (fisec) [ 973
=
H

o | Prnt. | copy | petete | pco |JGRBAN xSecion| Detail | upsate | 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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. %] Flood Control District of Maricopa County - RIPRAF
Fle = | River Mechanics Help =

Launchable Riprap

Lateral Erosion

Sediment 3

Cross Section Hydraulics
Cross Section Geometry

=10l x|

D Cross Section ID D50 Type
)

. < | _’lj

& Help I & nic | Print J Delete | Add | Update l 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 TypPE 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 (lb/cu ft) textbox

e —
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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.

Option ‘

—rr . 40l This will calculate the Riprap size for the current record.
This Major Basin | |

All -
Do you want to continue?

Yes No

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

. Emver Mechanics - Riprap _[O] x]
List { Details |
1D
i ¢ - ¥ Use Cross Section ID

Type | Channel Banks on Curved Reach ,Jl
Section ID | STUDYLOCATIONCROSSSECTION ,JI

! Location ID |GHNL
i
|
|

[ Channel Banks on Curved Reach Gradation (ft) | | Safety Factor
Avg Velocity (fts) | 973 pis| 132 Type [Anguiar %]
[ Bank Slope (H:V) 31 pso| 264 valwe | 1.00
Specific Weight Stone (Ib/icu) [ 150.00 pss[ 343 Default [ 1.00
Specific Weight Water (Ib/cu ft) 62.40 ‘ D100 422 Custom [~
D50 (1) 264

Otelp | Qinio | Prnt. | pelete | ada [ upaate | 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.

Project Refe mnce: RIPRAPSIZING1
Desgn ot Wol  Avenge  Spechc Spe

ofc  Sam  3anf O
Wekpt Wegmt  Asge  Facor MM

v Y vewer
23 ms Sione  Water@egrees:

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

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

(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.

B P e e e S R R R T
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‘ 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:
e 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
e 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

L ]
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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
e 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
e Scour Depth, Zt (ft): 12.0
. e Left Historical Lateral Erosion Distance, Lh (ft) 85.0

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

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

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

e 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 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 k

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 i
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. e

— = = = E———r——

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

e e e S T e e
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. Select Project

List I Details
Lookforl

Reference Date D Title =
RIPRAPSIZINGFCD 01/01/2012 (00054 River Mechanics Example - Riprap Sizing
SEDIMENTYIELD1 03/03/2016 (00060 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 02/29/2016 (00090 Assignment No. 4 - Task 1.1.11_Import Total Scour o
TASK1112_LRIPRAP 02/29/2016 {00091 Assignment No. 4 - Task 1.1.12_Launchable Riprap
TASK1112_RIPRAP 02/29/2016 |00092 Assignment No. 4 - Task 1.1.12_Import Riprap and Scour Vali—
TASK1112_SCOUR 02/29/2016 |00093 Assignment No. 4 - Task 1.1.12_Import Riprap and Scour
TASK1113_RIPRAP 02/29/2016 |00099 River Mechanics Example - Riprap Sizing
TASK1113_SCOUR 02/29/2016 (00097 Assignment No. 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_EXAMPLE1 02/29/2016 |00103 Assignment No. 4 - Task 1.1.18_Q Format and NSTPS Correc
TASK1119_CALCULATOR 02/29/2016 (00104 Assignment No. 4 - Task 1.1.19_Street Drainage Calculator
« | »
Modification Date [03/032016 =1 Pnt. | Detete | 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 Refe e " Project Defaults
ProjectID | 00175 Reference W= RNk
Title | Lateral Erosion Analysis Tutorial Soils [FCDMC >~
Location | Maricopa County Land Use |FCDMC z'

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 ;]
DDMSW to perform lateral erosion analysis.

| -|
Modification Date [02/182015 Ot | prnt. | petete | poa | 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.

(@)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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- ' — . . 4 vavaves e

¥ Flood Control District of Maricopa County - LATEROSION1 - Network

File Edt | River Mechanics Help

Scour
=)
- ] Riprap
| @ Launchable Riprap
= Lateral Erosion
; ‘1 Sediment Yield »
1y
I . Cross Section Hydraulics
=
| X
I

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

® Import Project Reference: PROJECTXSECTIONS
® Option: Specific Cross Section
® Import Cross Section ID: LATEROSXSECTION
mport Cross Sections From Anotherproject |
Import Project Reference | PROJECTXSECTIONS !il
Option [:Specific Cross Section j
Import Cross Section ID | LATERCSXSECTION LJJ

MQK|

(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 I

- . This will import Cross Section BRIDGECROSSSECTION
\ | from PROJECTXSECTIONS to the current project.
i - Data with the same ID will be overwritten.

Do you want to continue?

Yes I l 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).

%1 Flood Control District of Maricopa County - LATEROSION1 - Network

File Edi | River Mechanics Help

‘ Scour

Riprap
Launchable Riprap

Lateral Erosion

I 0000

s
s

Sediment Yield >

Cross Section Hydraulics

Cross Section Geometry
Import Cross Sections from Another Project

P

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

¥ natural Cross Sections O] %]
. X Y ~l  Overbank
0.00 165.00 BT
200.00 164.90 i ﬂf’ paso alo
215.00 15450 | | Riaht 380.00 | | 166.00 =
275.00 164.30 165.00 |
318.00 164.10 164.00 o~
320.00 163.90 162.00
321.00 163.85 e
325.00 163.80
340.00 163.60 o100,
345.00 160.00 160.00.
350.00 150.90 159.00 © :
355.00 159.60 158.00 ©
365.00 159.70 I Graph current record | 4g7.0g " b s o i s
370.00 160.00 0 100 200 200 400 S00 600 700 800 900
375.00 161.00
A
390.00 16320 [ S_—_— Adjustment )]
420.00 164.00
515.00 15230 ||
500.00 16460 |
900.00 165.00
=
Overbark @into | Pont. | pelete | psd | 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 Edif | River Mechanics Help

Scour
=)
° Riprap
I Launchable Riprap
(=] Lateral Erosion
i "f Sediment Yield »
=
| ‘. Cross Section Hydraulics
; Cross Section Geometry
Se Import Cross Sections from Another Project
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. I#¥1 River Mechanics - Cross Section Hydraulics _1o1]|

e - (Entire Cross
Source W‘H [V Design [~ Dominant
/' Total Scour ™ Flow Rate (cfs) 3200

Cross Section ID - N 015000
Manning’s n Channel 0.035 -

ManningsnloB | 0045

& ManningsnROB [ 0050

FlowArea(sqfy |  557.04

Wetted Perimeter®) [ 001.70

Average Width (ft) —ﬂW

Topwicth () | 900.00

HyaraulicDepth () [ 062

NormalorMaxDepth®) [ 541

. ‘,,11 Velocity fsec) [ 574

Lateral erosion first cross section ;l

=
Qo | Pant. | copy | Delete | poa | PSRRI x section| Detai

(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:

e Design Flow Rate (cfs): 3200
e 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
e 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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@
Option I:J
N

This Major Basin
All

() 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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. ] River Mechanics - Lateral Erosion -- Edit - [O]x]
List Delails
-ID | - Available Data
C o | Scour [~
| Historical Phato [~
‘ Cross Secfion [~
| Lateral Erosion TR TR R e TS
Channel Depth, D () 450
Lateral Erosion Distance, L (/) [
Comments =
/|
Save | Cancel | Fani. | Dslele | Add | Updete | Ok |

(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.

Select Option l

‘ Option =

| |

This Major Basin
All

] _cance |

(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.

e e e e R e S T T e e e PR
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g} River Mechanics - Lateral Erosion
List Details
ID £ 1 e
‘ Location ID _ Scour [~
‘ Historical Photo [~
Cross Section ™
i Lateral Erosion =1
| Channel Depth, D (f) 450
|
| Lateral Erosion Distance, L (ft) 81.0
|
i
Comments =
J - |
Qnelp | Qinto | prnt | pelete | poa [(Upsate ] ok |

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.
@River Mechanics - Lateral Erosion (O] x]
List | Details |
~ID "“ ilable Data
i \ Scour ¥
Historical Photo I
Cross Section [~ |
" Lateral Erosion
Channel Depth, D (ft) 450
Scour Depth, Zt () | 12.00 ,JI
Lateral Erosion Distance, L (ft)
Comments =
).-|
@Heip | @into | Prnt. | petete | ace [ upsate | ok |

(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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. orTioN 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:

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

Total scour Checkbox Check
mport TotalScour Froma project |

Import Project Reference | BANKPROTECTIOMNA >~

ImportID | AZRIVER s

Total Scour (ft) 16.09

Automatically Update Scour Depth (Zt) v
to Total Scour

. @lnfo I Cancel |

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

ok |

g} River Mechanics - Lateral Erosion M [=] B3

List i Details |

Available Data

Scour v
Historical Photo [~
Cross Section [~

[ Lateral Erosion

Channel Depth, D (ft) 450 1

Scour Depth, Zt(f) | 16.09 ,JI

Lateral Erosion Distance, L (ft)

1B G |
Comments ;l

<]

Otiep | Qinio | print. | petete | aga | 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.

selectoption
Option =
=
This Major Basin
All

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 (2t) to Total Scour” is
Checked.

Do you want to continue?

Yes I | No 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.

Section 2.0 - River Mechanics  Revision Date: February 29, 2016 [1-96




. E River Mechanics - Lateral Erosion M [=] B3 '

List Details
D it Available Data J
Location ID _ ‘ Scour ¥ |
’ | Historical Photo I~ |
| ‘ | Cross Section ™ |
- Lateral Erosion —
Channel Depth, D () 450 ‘
Scour Depth, Zt(ft) | 16.09 ,J’ |
Lateral Erosion Distance, L (ft) 1235 ‘
\
|
|
|
|
Comments ;]

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.
Emver Mechanics - Lateral Erosion _[O] x]
List Details
(Available Data ]
Scour ¥ ’
{ Historical Photo V¥
J Cross Section [~ |

Channel Depth, D (f)

Scour Depth, 2t (ft)

Left Historical Lateral Erosion Distance, Lh (ff)
Right Historical Lateral Erosion Distance, Lh (ft)

Comments =
El

Qhep | Qo | Prnt. | petete | acs | upsate | ok |

(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.

e —
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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.

E River Mechanics - Lateral Erosion (O] x] I
List ] Details |

Scour ¥
Historical Photo ¥
Cross Section [~

Locatonto [[SBBTTT

I S e s | ‘f‘ ilable Data
|
|
\

[ Lateral Erosion
Channel Depth, D) [ 450
Scour Depth, 2t [ 15.00 |

| LeftHistorical Lateral Erosion Distance, Lh (ft) 85.0
| Right Historical Lateral Erosion Distance, Lh @) [ 85.0
' Left Lateral Erasion Distance, LI (f
Right Lateral Erosion Distance, Lr (ft)

Comments =
-]
OHep | @into | Prnt. | petete | ada | upsate | ok |

‘ Select Option I

Option =
B
This Major Basin
All

....................................

Cancel

(d) Click Yes when the CALCULATE LATERAL EROSION form opens.
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. Calculate Lateral Erosion E2

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

= Scour Depth (Zt) will be updated from Total Scour Analysis if

"sutomatically Update Scour Depth (Zt) to Total Scour”is
Checked.

Do you want to continue?

Yes l I 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.

%] River Mechanics - Lateral Erosion _[O] x|
List Details
FiD——————————"" - Availahle Data
| Location ID Scour [V
Historical Photo [V
Cross Section [~

~ Lateral Erosion
. Channel Depth, D @®) [ 250
1 Scour Depth, 2t () [ 16.09 >~ I
Left Historical Lateral Erosion Distance, Lh (ft) 85.0
Right Historical Lateral Erosion Distance, Lh (%) [ 85.0
Left Lateral Erosion Distance, LI [ 1468
{ Right Lateral Erosion Distance, Lt (f) 145.8
Comments =
=

@Heip | Qo | Prnt. | petete | ada

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.

e e R e e e B e e s S ]
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@ River Mechanics - Lateral Erosion - [O] x] I

List
SRR L e
Location 1D [E8@IBLL 1
" Lateral E r Cross Section Data
ChannelDepth,D(®) [ 290 Overbank Station (f) Elevation (f)
Scour Depth, Zt () | 16.09 ,JI Left 3180 164.10
Left Historical Lateral Erosion Distance, Lh (ft) 85.0 Right 3800 163.00
Right Historical Lateral Erosion Distance, Lh (®) [ 85.0 FEMA Floodway
LeftLateral Erosion Distance, LIty [ Left 215.0 16450
Right Lateral Erosion Distance, Lr (ft) Right 4200 164.00
LeftLateral Erosion Station(®) [ Thalweg
Right Lateral Erosion Station (f) | 385.0 | 159.60 [
Opposite Side {
Comments = ] 5717 16450
=

@nelp | Qinto | print. | petete | ada | update | 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 Erosicn Cross Sectien IDs
Look for
D Description %
[
1
4
< | [T " » "
Cross Section ID
Section ID [LATI ] |
Description | Lateral erosion first cross section X 3
[
i
[ @info |[ Prnt. [ copy | Delete || Ada ][ Update | oKk |

(c) Click OK to close the SELECT CROSS SECTION ID form.
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Emver Mechanics - Lateral Erosion O] x|

List Details
-ID Available Data - Cross Section
Location 1D [EBGIBII] Scour || SectionID [LATEROSXSECTION P
Historical Photo ¥
Cross Section ¥ __l—
" Lateral Ei r Cross Section Data
Overbank Station (ft) Elevation (ft)
. - . Left 2180 164.10
Left Historical Lateral Erosion Distance, Lh (ft) 85.0 Right 380.0 163.00
Right Historical Lateral Erosion Distance, Lh ) [ 85.0 FEMA Floodway
Lef Lateral Erosion Distance, LI [ Left 2180 [ 16450
Right Lateral Erosion Distance, Lr®) [ Right 4200 164.00
Left Lateral Erosion Station () [ Thalweg —
Right Lateral Erosion Station @) [ [ 3
Opposite Side
Comments =] | 5717 | 16450

|
@nelp | @inio | prnt. | pelete | poa | upsate | 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 _[O] ]

X 4 4]l [ Overbank
0.00 165.00 Let 31800 2| | 15700

200.00 164.90 F——— 5 t 5{ =

215.00 16450 | | Rioht 380.00 K 195‘0"% 3 8

275.00 164.30 16500 | ———ud

318.00 18410 - FEMA Floodway 16400 -_f—\‘

320.00 163.90 Left 21500 A1 a0 F g

321.00 16385 | | Rignt 2000 B0l | et

325.00 163.80 I

340.00 16360 | ~Thah B

345.00 160.00 = 160.00 |

5 E

350.00 150.90 [ 35500 I | 10000 E

355.00 159.60 158.00 |

365.00 159.70 ¥ Graph current record 157.00‘# . it [ e i sl
370.00 160.00 0 100 200 300 400 500 600 700 800 900
375.00 161.00

380.00 163.00_|  Adjustments —— [ Cross Section

390.00 163,2o| Elevation Adjustment ()] e 8| ATEROS1

515000 16430 B | <] 2000

600.00 164.60 Y (@)

900.00 165.00 »

=
— - Qinto | Prnt. | petete | asa | 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.

ERiver Mechanics - Lateral Erosion _[O] %]
List Details
"D Ve Available Data Cross Section
Location ID [LOGID. | Scour || Section ID [LATEROSXSECTION A
Historical Photo ¥
Cross Section ¥ _—_
 Lateral Erosion - Cross Section Data
Channel Depth, D (ft) ST Overbank Station (f) Elevation (ft)
Scour Depth, 2t (®) [ 16.00 ,_)I Left 318.0 164.10
Left Historical Lateral Erosion Distance, Lh (ft) 85.0 Right 380.0 163.00
Right Historical Lateral Erosion Distance, Lh () [ 850 FEMA Floodway
LeftLateral Erosion Distance, Li®) [ Left 2150 16450
Right Lateral Erosion Distance, Lr () Right 4200 164.00
Left Lateral Erosion Station (®) [ Thalweg
Right Lateral Erosion Station (f) | 3550 | 159.60
Opposite Side
Comments = m |—1645$
H
Oteip | Qo | pPrnt. | pelete |

(g) When the SELecT OpTION form appears, highlight “This Record” and click OK
to close the form.
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‘ Select Option l

Option =

This Major Basin
All

Cancel I

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

Calculate Lateral Erosion I

.‘ 0' 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.

. Do you want to continue?
ves | N |

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:

e |eft Lateral Erosion Distance, LI (ft): 148.0
e Right Lateral Erosion Distance, Lr (ft): 148.0
e |eft lateral Erosion Station (ft): 67.0
® Right Lateral Erosion Station (ft): 719.7

R e e e e S e s 1 ey T e S,
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k_“mver Mechanics - Lateral Erosion

S [=] B3
List Details
rD S, o[ Available: Data r Cross Section
Location ID [LBGIBL 1 Scour[7 | Section ID [LATEROSXSECTION A
Historical Photo [V
Cross secton | | SECHGRORE) ISEGGHoS INCEGH
" Lateral Erosion ; Cross Section Data
Channel Depth, D (ft) 490 QOverbank Station () Elevation (ff)
Scour Depth, Zt (1) | 16.09 ’JI Left 318.0 164.10
Left Historical Lateral Erosion Distance, Lh (f) 85.0 Right 380.0 163.00
< stance [___ss50 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
3550 [  159.60
Opposite Side
Comments [ 5717 | 16450

|om

A% |

\

1€7.00

Flood Control District of Maricopa Gounty
Lateral Erosion Cross Section: LA S1

1€6.00

F loodway

1€5.00

164.00

-
&
=3
=]

162.00

Elevation (ft)

161.00

160.00

158.00

158.00

157.00

200 400
Station (

Floodway

S00 600 700 800 900

ft)

OK I
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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.

LOCID  LATEROS1 4,90 16,09 8.0 850 1480 1480 67.0 net

(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.

TABLE OF CONTENTS

I Storm Drainage Hydraulics .......cciuuiiiiiiiiiiiiiiiirii s s s seas s sansennns -3
3.1 . Street Drainage’Example i vl A B L it s i i e e T -3

(A) Step 1-—Set Project Defaults (File =» Select Project).......ccceeeveeieieiienciieiescene I1-3

(B) Step 2 —Develop the Rainfall Data (Hydrology = Rainfall) .........ccccooeviveiiiiieiicnee, -4
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111 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.

CB0050 010045 010035

CB0040 €B0030 010025  CB0020 010015

ST0010

ST0050 CB0010 010005

ST0045

ST0025 ST0005
€B0045 CB0035 CB0025 CB0015 CB0005

] Inlet
Street

Pipe

(A) Step 1 - Set Project Defaults (File = Select Project)

For this example, select the data (KVLExAmPLE12) as shown on the following

screen.
List Details
Lookforl
Reference Date D Title =
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
EXAMPLE2 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
KVLEXAMPLE1 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
KVLEXAMPLE2 01/01/2011 | 00045 Example 2 using Shape files and NOAA 14
KVLEXAMPLE3 01/01/2011 | 00046 Example 3 Rational Method tutorial project
KVLEXAMPLES 01/01/2011 |00047 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLES 01/01/2011 |00048 HEC-1 Tutorial - S-Graph Unit Hydrograph
KVLEXAMPLE7 01/01/2011 |00049 Rational Method Tutarial
KVLEXAMPLES 01/01/2011 |00050 Street Drainage Examples v
<] [ »
Modification Date [02252015 ) Print. | pelete | Ada | ok |

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

List Details
" Project Refé e ~ProjectDelaulss——+——-
Project ID | 00044 Reference PLE oWy ModelIRaﬁonal ,./l
Title | Street Drainage Example

Location | maricopa County Land Use [PHOENIX -
Agency | Flood Control District of Maricopa County Rainfall | NOCAA14 >~
[V Hydrolagy and Hydraulics Only: Roads | PHCENIX >~

Inlets | PHCENIX o

~ Min/Max Tc (minutes)
Minimum Tc 5
Maximum Tc 90
=

Modification Date [02252015 5] save | cancel | Frnt | pefete | gad | ok |

(B) 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
Marps folder (C:\FCDMC\DDMSW505\Maps\KVLExamplel2). 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.

e e S T e et e e e |
Section 3.0 - Storm Drainage Hydraulics I11-4




. {®!n0AA 14 Rainfall —Tofx]|

Rainfall Map Data S

| HAFCDMCIDDMSW505WMaps\KVLEXAMPLE 12\Rainfall.shp El Source |Em |

- Average Rainfall Data for Project ——————
2y 5w 10w 25w 50w 100w
SMin| 0245 | 0331 0398 | 0.488 | 0557 | 0.628
10Min | 0372 | 0504 | 0.606 | 0.743 | 0.848 | 0.957
15Min | 0.461| 0625 | 0751 | 0921 | 1.051| 1.186
30Min | 0621 | 0842 1.011| 1240 | 1416 | 1597 ;
1Hour | 0769 | 1042 | 1252 | 1535 | 1.752 | 1.976 .
2Hour | 0886 | 1.183 | 1410 | 1721 1956 | 2202
3Hour | 0969 | 1268 | 1507 | 1.841| 2107 | 2.383
6Hour | 1.150 | 1472 | 1728 | 2.077 | 2350 | 2.634
12Hour | 1279 | 1618 | 1.884 | 2243 | 2517 | 2802
24Hour | 1520 | 1968 | 2321 | 2814 | 3203 | 3.608

Log | @ | Pont. | upsate | ok |

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

13 Rainfall Intensity =% ECH ==
. List | Details
Look for |

Tc 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year -
|
51 292 3985 475 582 6.65 7.50 ]
52 291 393 472 579 6.61 7.45
53 2.89 391 470 576 6.58 7.41
54 288 3.89 467 573 6.54 AT
55 286 3.87 465 570 6.50 723
56 284 384 462 5.67 6.47 7.29
L 283 3.82 460 564 6.43 7.25
58 281 3.80 457 561 6.40 722
59 280 378 455 558 6.36 7.18
6.0 278 3.76 452 5.55 6.33 7.14
6.1 277 374 450 551 6.29 7.10
6.2 275 372 447 5.48 6.26 7.06
6.3 274 370 445 5.46 6.23 7.02
6.4 272 3.68 442 543 6.19 6.98
6.5 271 366 440 540 6.16 6.95 -
< »
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E! Rainfall Intensity (O] x|

—
o
[

A

Flood Control District of Maricopa County
Rainfall Intensity
Project ID: KVLEXAMPLE12

T
///5
/

£ | |
S 05 5 20 25 - 30 - 35 .40 45 ' 5055 60 85 F0Lu75 80 L85 00

Duration (minutes)
- 100 Year -~ 50 Year k- 25 Year =+ 10 Year -~ 5Year 4~ 2Year

(C) 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 UPDATE HYDROLOGY
FROM GIS form (Maps =» 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 - O] x| I

Name and Path of Maps for Hydrology

Sub Basins |H:FCDMC\DDMSW505\aps\KVLEXAMPLE 12\SubBasins.shp =
Land Use |H:FCDMC\DDMSW505\Maps\KVLEXAMPLE12\Landuse shp =
Tc | HAFCDMC\DDMSW505\Maps\KVLEXAMPLE 12\Te.shp =

[ Update Options — | | Major Basin
¥ Sub Basin
Major Basin l 01 -~
[V Land Use “‘J
vV Tc

Map File Key Field Name

Land Use Code I LUCODE!

@info |CheckLog| update | ok |

After update, close the form by clicking OK. Check to see if all the Sub Basin
parameters have been evaluated on the SuB 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 338 990 107 42 7.8 15.3
30 010015 289 831 127 40 72 137
40 010020 2.86 850 124 36 54 124
50 010025 229 760 13.9 33 5.1 114
50 010030 244 807 131 31 57 10.9
70 010035 1.99 720 147 29 53 10.1
80 010040 232 760 139 33 8.0 1.8
a0 010045 144 585 18.1 23 42 82
100 010050 2.03 666 15.9 31 56 10.9
‘< ¢
[ @info |[ Resont |[ Print. |[ Delete || ada ][ MB | Update | oK

On the SuB BASINS form, select the Details tab.

T e e e e e T e Y e e
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I Sub Basins - MB: 01 =R
List Details
Sub Basin Sub Basin Hydrology Summary
Major Basin | 91 @ 241 S5yr 10 yr 25yr 50 yr 100 yr
Sub Basin _ Q (cfs) 43 6.2 77 1086 131 15.2
Sort 10 = CA(ac) 268 268 268 288 301 3.01
Custom Tc L |
Sub Basin Parameters Te (min) 207 179 16.5 15.0 141 133
Area (acres) 331 i (infhr) 159 232 289 368 435 5.06
Length () 956
USGE 96.0
DSGE 940
Slope (f/mi) 1.0
Value  Default Custom x5
Ko 0037 0.037
[ @mnfo || Resont || Prnt. | Detete || Acd ][ wB [ Update || oKk |

(D)

Conveyance Facilities)

Step 4 - Update Conveyance Facilities Data (Hydraulics=»

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”.

-10] x|
List Details
~ID - Section Type - Calculations
e 1D [01 _'_)_] Section | Pipe -] Capacity (cfs) 786
Facility ID | 010005 Length (ft) 166.70 Slope ()|  0.0030
g & e Manningsn[ 0,013 /)| Velacity (fps) 6.3
Sort 10 = Diameter (m) 48
No. of Barrels 1=
" Model Options
RE(15) gt LJJ- No.ofManholes| Oa: o UP:‘(‘;T_E'"
Cust
Q(cfs)| 537 I” Custom ) @™
Model Road ™ 2Yr 313 85.60
FirstPipe [~ Outfall ¥ 5Yr 440 85.93
DIS Pipe IDI ,J| 10Yr 537 86.15
C nts
- Elevations | 25Yr 713 86.51
UsS(®) DIS(®) 50Yr 86.2 86.78
Ground | 9400 9500 100 Yr 973 86.97
Invert| 8400 | 8350
=
@into | Resort | Prnt. | pelete | add | Grapn | we | update | ok |
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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

lllll.
1D Model Options Elevations Section
Facility |, . Model First DS .
D LineID Sort| RP Road Pipe Outfall Pipe ID USGE DSGE USIE DSIE |Length Dia Manholes
010005 | 100 10 10 X 9400 9500 8400 8350 [166.70 48
010015 | 100 20 10 9500 9400 8500 8400 [100.00 48 1
[ 010025 [ 100 30 10 9600 9500 8650 8550 |829.30 42 1
[ 010035 | 100 40 10 9700 9600 8800 8700 |761.10 36 1
[ 010045 | 100 50 10 X 98.00 9700 8950 8850 |[727.10 30 1
(E) Step 5 - Develop Rational Method Network
(Hydrology=»Rational Method =»Network)
Enter the data as shown below:
i Rational Method Network - MB: 01 [o @ =
. Look for First Pipe
Sort D Type Combine .
[ Network
20 |010045 |SubBasin , _
30 [010045  |Combine 2 L Major Basin ID| 01 B
32 [010045  |Convey 1 Sort 10
40 010040 Sub Basin % —
50 [010035  |SubBasin Type | S0 Hasla B

70 [010035  |Combine 3 ID 010050
72 010035 Convey

80 010030 Sub Basin
100 (010025 Sub Basin
120 [010025 Combine 3

130 |010025 Convey ‘SubBasiﬂlgombine] Convey Divert ]
1400 - 10190200 iaub Basin ( Hold IRecei\_/e ” Retrieve Diversion ]

150 [010015 Sub Basin

160 |010015 |Combine 3 Storage

162 010015 Convey (R a o T s == G i
Check Network

164 [010010  |SubBasin g ih

166 010005 Sub Basin

168 |010005 Combine 3 e
170 |010005 Convey

< ) -

| @info | Resont || Prnt.. | Delete | Add | MB | ok |
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‘ (F) Step 6 - Run Rational Method Model (Hydrology =
| Rational Method = Model)

Enter the data as shown below and then click Run Model.

i3 Run Raticnal Method Model - MB: 01 o |[@ ][5
Return Period | Options
V]2 Year Multiple Basins ||
V|5 Year Major Basin 01 @
/|10 Year Design RP 10 E]
V125 Year
[ 5
/150 Year Update Rational Method [7]
71100 Year Update Conveyance Flows [V]
I glnfo H Results ” Run Model ][ OK
. (G) 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.

T S Y R T T S S
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. rl'a* StormPro Lines - MB: 01 ‘i E

Main Line

>

Line Downstream Starting Starting Starting Starting Starting Starting
ID D HGL2 HGL5 HGL10 HGL25 HGL50 HGL 100 Major Basin ID | 01

[ Line ID 100

m

Main Line (v

Starting HGL

2 Year

5 Year
10 Year
25 Year
50 Year
100 Year
Design

[ @ | Pint. ][ mB | Update || oK

(H) Step 8 - Run StormPro Model (Hydraulics = StormPro
. Backwater = 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.

E Run StormPro Model - MB: 01 _ O] x|
~ Return Period | [ Options S
v 2 Year All Lines ¥ —_—
¥ 5 Year Lol 100 PBJ B SRS
Input File
I 10 Year Delate Al PiorHasuie T | |I1a| oaLEse 1]
[V 25 Year
¥ 50 Year
¥ 100 Year =

Results RunModelI OK l

T T e e S e e v T e I
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E Project Paths _ O] x]

Machine ID
Agency
Project

Madel Runs Path

FCBW92800902 # CARRIAGAC

Flood Control District of Maricopa County

Street Drainage Example

HAFCDMC\DDIMSW505Modlruns\KVLEXAMPLE12\

i

Qo | ok |
E"StormPro Results - MB: 01 _[O] x|
List I Details
,_—_[ Equivalent Box Section

Line ID | RP ID Size Station Flow Velocity Inv HGL GE HGL>GE [«
100 10 |010005 48" Dia Pipe 6.87 51.6 7.12 83.52 85.76 94.96
100 10 [010005  |48" Dia Pipe 61.78 51.6 6.79 83.69 86.02 9463
100 10 |010005 48" Dia Pipe 166.70 51.6 6.69 84.00 86.36 94.00
100 10 |010015  |48" Dia Pipe 171.70 388 3.76 84.00 87.06 94.05
100 10 |010015  |48" Dia Pipe 183.75 388 3.95 84.13 87.05 94.17
100 10 |010015  |48" Dia Pipe 194.53 38.8 414 8424 87.03 94.28
100 10 |010015 |48 Dia Pipe 20413 38.8 434 8434 87.02 9437
100 10 |010015  |48" Dia Pipe 21272 38.8 456 84.43 87.00 94.45
100 10 |010015  |48" Dia Pipe 220.48 38.8 478 84.51 86.98 9454
100 10 |010015  |48" Dia Pipe 227.26 38.8 5.01 84.58 86.95 94.61
100 10 [010015  |48" Dia Pipe 233.32 388 5.26 8465 86.92 94.67
100 10 |010015  |48" Dia Pipe 237.18 38.8 5.46 84.69 86.90 9470
100 10 |010015  |48"Dia Pipe 237.62 38.8 8.62 84.69 86.24 94.71
100 10 |[010015  |48" Dia Pipe 250.65 38.8 8.22 8483 86.44 9484
1r]n 10 [010015  [48" Dia Pine 258 Al Iza ] 784 8491 RA AR 94 92 _},Ll
<

@Qito | & | Pint. | Grapn | view | me | ok |
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. 2] SstormPro Hydraulic Grade Line JS[=] B3

e ;
J_‘ & 1 A |
StormPro Hydraulic Grade Line
KVLEXAMPLE12
Model Run: 01-00100-010
el [%} 0 &
114.00 =1 & 8 g
o l=1 = g
10900+ 5} — 35} sl - .
£ 10400
=
2 99.00 b ot B W g RS
s e cpp B aaa®nanos®m ‘.__--___-___-_-_--.._-_.-‘-
3 9400+ - |
ru- 5 - f———— = TN S
i e e i i
84.00 -
79.00- | 2 .
74.00 - |
0 1000 2000
Station (ft)
— Invert — Soffit -~ HGL -~ Ground

(I) Step 9 - Analyze Street Drainage Hydraulics
‘ (Hydraulics=»Street Drainage=»Network 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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I Street Drainage - MB: 01 o[ 3]
List Details
Loaok for
Sort  Street  Sub Inlet Inlet Bypass Allowable Spread TotalQ Intercepted Bypass
ID Basin ID Type To Spread (ft) (ft) (cfs) (cfs) (cfs)
20 ST0040 (010040 |CB0040 |P1569-M1-10 |ST0030 2200| 1877 6.9 5.6 1.3
30 ST0030 |010030 (CB0030 [P1569-M1-10 |ST0020 22.00] 19.01 7.0 5.6 1.4
40 ST0020 (010020 |CBOO20 |P1569-M1-10 |ST0010 2200| 1996 78 6.1 17| |=
50 ST0010 |010010 |CBO010 [P1569-M2-17 22.00 8.69 95 95
60 ST0045 [010045 |CBO045 (P1569-M1-10 |ST0035 2200 1480 42 39 0.3
70 ST0035 (010035 |CB0035 |P1569-M1-10 |ST0025 2200 17.31 5.6 48 08
80 ST0025 |010025 |CB0025 (P1569-M1-10 |ST0015 2200| 1847 6.9 5.0 19| -
90 [sT0015 [010015 |CBO015 |P1569-M1-10 [ST0005 2200 2127 9.1 6.1 3.0
100 (STO005 |010005 |CBOOOS (P1569-M2-17 22.00 975 10.7 107
< »
[ @info || Resott | copy |[ Prnt. |[ Detete || Add || mMB |[ Update || ok |
Estreet Drainage Network Model - MB: 01 (O] x]
List Details
~ID - Street  Design Discharge
Major Basin ID[ 01 A slope () [ 0.0034 rRrors) | 10 | iRE
Street Section ID [GIEL | Manningsn [ 0016 SubBasin(dfs) [ 5.60
Sub Basin ID| 010050 Cross Slope (ft/ft) 0.0200 From Bypass (cfs) 0.00
Bypass To Street| ST0040 Allowable Spread (ft) 22.00 Total Q (cfs) 5.60
Sort Spread (ft) 16.56 CustomQ [~ Uncheck for RP
¥ Inlet Depth x Velocity 0.83
" Inlet - Curb and Gutter " Inlet Interception
1D | ceo0s0 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 ,J| Curb Height (in) 6.00 Qlntercepted (cfs) | 4.70
Type | Curs Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 0.90
Capaciy Eacans) Depth at Curb (ft) 0.41 Comments
Curb Opening| 0.80 ™ Custom Average Velocity (fps) 2.00 j
Flow Ratio (Eo) 0.25
©into | Resot | copy | Print. | petete | ada | w8 | update | ok |
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] Street Drainage Network Model - MB: 01 _ (O] x]

List Details
“ID - Street " Design Discharg
Major Basin u:)]oT— = slope (R) [ 0.0027 rRPors) [ 10 | iRE|
Street Section 1D [f Manning’s n 0.016 Sub Basin (cfs) 6.00
subBasinib[o10040 ) Cross Slope () [ 0.0200 | | FromBypass(cts)[ 0.0
Bypass To Street[ST0030 | Allowable Spread (ft) [ 2200 Total Q (cfs) [ 690
Sort spread(®) [ 1877 CustomQ I~ Uncheck for RP
M Inlet Depth x Velocity | 0.88
|
[ Inlet “Curband Gutter — | rlInletInterception |
[ ceoo4o ’ Gutter Width (f) 1.42 100% Capture (®) [ 21.78

Grade | On Grade ,JI Gutter Depression (in) 1.00 Efficiency (E) 0.81

Spec|P1569-M1-10 ,JI CurbHeight(in)‘ 6.00 Q Intercepted (cfs) 5.60

Type | Curb Opening Inlet Depression (in) 2.00 QBypassed (cfs) | 1.30
Capacity Faﬂor(s) Depth at Curb (f) 046 Comments
Curb Opening| 0.80 I Custom | 193 B
Flow Ratio (Eo) 022
@it | Resot | copy | Pont. | petete | add | we | update | ok |
&!Street Drainage Network Model - MB: 01 _ (O] x]
List Details
- ID [ Street  Design Discharge ———
Major Basin ID[ 01 A 1 slope () [ 0.0028 RPurs) [ 10 | iR
Strest Section ID J'oTuU Manning’s n 0.016 Sub Basin (cfs) 570
Sub Basin ID[ 010030 Cross Slope (fifft) | 0.0200 From Bypass (cfs) 1.30
Bypass To Street| ST0020 Allowable Spread (ft) 22.00 Total Q (cfs) 7.00
Sort Spread (ft) 19.01 Custom Q™ Uncheckfor RP
¥ Inlet Depth x Velocity 0.88
" Inlet I Curb and Gutter — | [ Inlet Interception
ID | CB0030 ’ Gutter Width (ft) 1.42 100% Capture (R) [ 21.77
Grade | On Grade ,J| Gutter Depression (in) 1.00 Efficiency (E) 081
Spec|P1569-M1-10 ,JI Curb Height (in) 6.00 Q Intercepted (cfs) 5.60
Type | Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 1.40
Capacity Factor(s) Depth at Curo (ft) 0.46 | Comments
Curd Opening| 0.80 [~ Custom fwerage Velocty (ips) e L
Flow Ratio (Eo) 0.22
‘ H
@it | Reson | copy | Prnt. | pelete | ada | wmB | upsate | ok |

Section 3.0 - Storm Drainage Hydraulics [1I-15




%] Street Drainage Network Model - MB: 01 M[=1E3 l

List Details
‘ ID - Street - Design Discharge —
Major Basin |D| 01 ,J| Slope () | 0.0025 RP (yrs) 10 S |-
Street Section ID | § Manning's n 0.016 Sub Basin (cfs) 5.40
Sub Basin ID{ 010020 Cross Slope (ftft) 0.0200 From Bypass (cfs) 1.40
Bypass To Street| ST0010 Allowable Spread (ft) 22.00 Total Q (cfs) 7.80
Sort Spread (ft) 19.96 CustomQ [~ Uncheck for RP
¥ Inlet Depth x Velocity 0.93
" Inlet  Curb and Gutter " Inlet Interception
ID | CB0020 Gutter Width (fty 1.42 100% Capture (ft) | 22.90
| Grade | On Grade >~ Gutter Depression (in) | 1.00 Efficiency (E) 0.78
[ Spec|P1569-M1-10 ,Jl Curp Height (in) 6.00 Q Intercepted (cfs) | 65.08
Type | Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 172
Capacity Factor(s) Depth at Curb (ft) 0.48 Comments
Curb Opening| 080 I Custom Average Velocity (fps) 193 |
l Flow Ratio (Eo) 021
@m0 | Resont | copy | Prnt. | petete | pda | wmB | upsate | ok |
] street Drainage Network Model - MB: 01 (O] x]
List Details
rID = I Street  Design Discharge T
Major Basin ID[01 ,JI Slope () | 0.0020 RP(rs)| 10 ,J|
Street Section ID |1 Manning's n 0.016 Sub Basin (cfs) 7.80
Sub Basin ID Cross Slope (fuf) [ 0.0200 From Bypass (cfs) 170
| Bypass To Street Allowable Spread (ft) | 22.00 Total Q (cfs) 950
| Sort| Spread (f) 8.69 Custom Q™ Uncheck for RP
¥ Inlet Depth x Velocity 115
[ Inlet ~Curb and Gutter " Inlet Interception |
| 1D | CB0OO10 Gutter Width (1t} 1.42
\ Grade | Sump ,Jl Gutter Depression (in) 2.00
| ————
\ spec[Pis6o217 | Curb Height(in)|  6.00 QIntercepted (cfs) [ 9.50
‘ Type | Curs Cpening Inlet Depression (in} 1.00
‘ Capacity Factor(s) Depth at Curb {ft) 0.26 Comments
‘ Curb Opening| 0.80 [~ Custom LR R R 185 H
@ito | Resot | copy | pont. | petete | psd | wB | update | ok |
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E} Street Drainage Network Model - MB: 01

List Details
- 1D - - Street - Design Discharge —
MajorBasiniD[or | Slope (M) [ 0.0034 rReurs)| 10 | R
Street Section ID ||S] 5 Manning’s n 0.016 Sub Basin (cfs) 420
Sub Basin ID m Cross Slope (ft/ft) mo— From Bypass (cfs) —000—
Bypass To Street[sT0035 Allowable Spread @) [ 22.00 TotalQ(cls) [ 420
Sort] Spread(®) [ 1480 Custom Q™ Uncheck for RP
IV Inlet Depth x Velocity l 0.71
( Inlet  Curb and Gutter " Inlet Interception
ID | CB0045 Gutter Width (ft) 1.42 100% Capture (ft) | 17.36
Grade‘m;_ ,Jl Gutter Depression (in) 1.00 Efficiency (E) 0.92
Spec|P1569-M1-10 ,JI Curb Height (in) 6.00 Qintercepted (cfs) | 3.85
Type | Curb Opening Inlet Depression (in) 2.00 Q Bypassed (cfs) 0.35
Capacity Factor(s) Depth at Curb (f 038 | Comments
Curb Opening| 080 I Custom Average Velocity (fps)‘ 1.87 _:I
Flow Ratio (Eo) 0.28
- kA
@ito | Regot | copy | Prnt. | petete | add | wmB | upsate [ ok |

E Street Drainage Network Model - MB: 01 M= E3 I

List Details
~ID - Street “Design Discharge |
MajorBasiniDfor | Slope (M) [ 0.0027 Regrs) [ 10 2| S
Street Section ID Manning’s n 0.016 Sub Basin (cfs) 5.30
Sub Basin ID[ 010035 Cross Slope (W) [ 0.0200 | | FromBypass(dis)[ o025
Bypass To Street W Allowable Spread (ft) _—W Total Q (cfs) _EE
Sort spread®) [ 1737 Custom Q™ Uncheck for RP
¥ Inlet Depth x Velocity 0.79
" Inlet (Curb and Gutter “Inlet Interception
ID | CB0035 Gutter Width (ft) 1.42 100% Capture (ft) | 19.48
Grade m—_ _,i' Gutter Depression (in) 1.00 Efficiency (E) 0.86
Spec|P1569-41-10 ,Jl Curb Height (in) 6.00 Qlntercepted (cfs) | 4.87
Type | Curb Opening Inlet Depression (in) 200 Q Bypassed (cfs) 0.78
Capacity Factor(s) Depth at Curbd (f) 043 | comments
Curb Opening| 0.80 [~ Custom Average Velocity (fps) 184 -
Flow Ratio (Eo) 0.24
J -
@0 | Resot | copy | Pont. | petete | asa | we | upsate | ok |
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EStreet Drainage Network Model - MB: 01 _ (O] %]
List Details
rID ’" Street ~ Design Discharge:‘h_
MajorBasinibfo1 | Slope (M) [  0.0027 rRegrs)[ 10 )
Street Section ID || Manning's n 0.016 Sub Basin (cfs) 6.10
Sub Basin ID[ 010025 Cross Slope (t) [ 00200 | | FromBypass(cfs)| o078
Bypass To Street[ sT0015 Allowable Spread () [ 22.00 TotalQ(cfs) [ 688
Son] Spread (ft) [ 1825 CustomQI™ Uncheckfor RP
¥ Inlet DepthxVelocity [ 1.05
" Inlet ~Curb and Gutter ———— “Inlet Interception
ID | CB0025 Gutter Width (ft) 142 100% Capture () | 25.58
Grade T(;ra—de_ ,JI Gutter Depression (in) 2.00 Efficiency (E) 072
Spec|P1569-k11-10 ,JI Curb Height (in) 6.00 Qlntercepted (cfs) [ 4.96
Type‘ Curb Opening Inlet Depression (in} 1.00 Q Bypassed (cfs) ‘ 1.92
Capacity Factor(s) Depth at Curb (ft) 0.54 Comments
Curb Opening| 0.80 |~ Custom Average Velocity (fps) | 1.95 X
Flow Ratio (Eo) 0.25
o
Ointo | Resot | copy | Prnt. | pelete | asd | we | upsate | ok |
E} Street Drainage Network Model - MB: 01 _ O]
List Details
~ID - Street  Design Discharge —
MjorBasinib[or | Slope (M) [ 0.0023 Rers)[ 10 |
Street Section ID Manning's n [ o016 Sub Basin (cfs) 7.20
Sub Basin ID| 010015 Cross Slope (ftft) 0.0200 From Bypass (cfs) 192
Bypass To Street| sT0005 | Allowable Spread (@) [ 2200 Total Q (cfs) 9.12
Sort Spread (ft) [ 2120 Custom Q™ Uncheck for RP
I Inlet DepthxVelocity [ 1.6
" Inlet  Curb and Gutter — " Inlet Interception
D[cBoo1s Gutter Width (f) 1.42 100% Capture (ft) | 28.54
Grade W ,Jl Gutter Depression (in) 2.00 Efficiency (E) 0.67
Spec|P1569-M1-10 ,J| Curb Height (in) 6.00 Q Intercepted (cfs) | 6.07
Type | Curb Opening Inlet Depression (in) 1.00 Q Bypassed (cfs) 3.05
Capacity Factor(s) Depth at Curb (ft) 0.59 Comments
Curb Opening| 0.80 I~ Custom Average Velocity (fps) | 1.96 B
Flow Ratio (Eo) 022
J - |
@into | Reson | copy | Prnt. | petete | add | wB | upsate | ok |
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%] street Drainage Network Model - MB: 01 M [=] B3

List Details
1D - Street - Design Discharge TOUERTTT
Major Basin ID[ 01 A Stope () [ 0.0021 rRPors)[ 10 0| il
Street Section ID |G Manning’s n 0.016 Sub Basin (cfs) 7.70
SubBasinID[010005 Cross Slope () [ 00200 | | FromBypass (cfs)|[  3.00
Bypass To Street :-{ Allowable Spread (ft) 22.00 Total Q (cfs) 10.70
Sort 100 = Spread (ft) 975 CustomQT™ Uncheck for RP
IV Inlet Depth x Velocity 123
" Inlet Curb and Gutter ———| [ Inlet Interception ]
ID | CB0005 Gutter Width (ft) 142

Grade | Sump ,)I Gutter Depression (in} 2.00
Spec|P1569-M2-17 ,JI Curb Height (in} 6.00 Q Intercepted (cfs) | 10.70

Type | Curb Opening Inlet Depression (in) 1.00
Capacity Factor(s) Depth at Curd () 028 | comments
Curb Cpening| 0.80 [~ Custom Average Velocity (fps) 1.96 ﬂ
@jnfo I ReSort | Copy l Print... I Delete | Add I MB | Update I OK I

i ———— ]
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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
0
=S
=v°
LS
Sia
010110 010105
© o ® — # Qutfall
Line 100 Line 100

KvlExample7 Pipe Network

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

For this example, a new folder (H:\FCDMC\DDMSW505\ModIruns\kvlExample7)
was created.
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. ¥ project Paths - Edit I [=] B3 I

Machine ID |FCBW92430755 # CARRIAGAC
Agency |Flood Control District of Maricopa County
Project |Rational Method Tutorial
Model Runs Path |C\FCDMC'DDMSW480\MODLRUNS\KVLEXAMPLET\

save | cancet | or |

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

In addition to the data previously entered (in the RATIONAL METHOD IMIODELING
TUTORIAL) for the Conveyance Facilities, the following data needs to be entered
on the CONVEYANCE FACILITIES form on the List tab:

%] conveyance Facilities - MB: 01 O] x| l
List l Details
Look f°"l | First Pipe Outfall Sonl 10 3: m
Sort Facility | Line Size Length Slope RP Q Capacity e
ID ID
20 010110 |100 (48" Dia Pipe 1348.00 0.0015| 10 514 53
. 30 010205 (200 |42"DiaPipe 1318.00 0.0027| 10 53.9 51.8

Print. | Delete | add | Graph | w8 | Update | ok |

Line ID: STORMPRO models each line separately starting with the lowest Line
ID. Itisimportant 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
the Main Line (that goes to an Outfall) are labeled Line ID “100”. The
upstream Line in this example is labeled Line ID “200”.
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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. In the case of Facility ID “010205” for Line ID “200”, enter Pipe ID
010105 (of Line ID “100”) as the D/S Pipe ID.

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

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

I*®? Conveyance Facilities - MB: 01 s =10l x|
List Details
1D " Section Type - Calculations
MB ID |o1 ,./| Section | Pipe | Capacity (cfs)|  108.0
Facility ID Length (f) 1323.00 Slope (fift)| 0.0020
Line ID Manning's n 0.013 ,Jl Velocity (fps) 6.8
Sort W Diameter (in} 54
No. of Barrels 1 3;
~ Model Options -
Reors)[ 10 | iR No. of Manholes| 0 =] Upstream
Q(cfs)| 1459 I Custom Q HGL
(cfs) ()
Model Road [™ 2Yr 782 990.64
FirstPipe [~ Qutfall ¥ 5vr 1157 99155
DIS Pipe |D| -’ I 10Yr | 1459 993.77
Comments
- Elevations T 5 25Yr | 2033 1000.2
UsS( DS 50Yr | 2566 1008.2
Ground | 993.00 988.00 100 Yr 308.9 10229
Invert | 988.00 984.00 Ll
@lnfo I ReSort I Print... I Delete ] Add J Graph I MB l Update I OK I
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. E!Conveyance Facilities - MB: 01 !E] m

List Details
~ID - Section Type - Calculations
weio[or LJJ Section | Pipe ~| Capacity (cfs)| 512
Length (ft) 1218.00 Slope (ftft)| 0.0027
LineD| 200 Manningsn[ 0013 | Velociy (ps)| 5.4
Sort 30 = Diameter (in) 42
No. of Barrels 1=
~ Model Options Road ID MIAR— ij
Reors) [ 10 | Y No. ofManholes| 0 = Road Upstream
afs)[ 539 I custom tc?s) D;gfh F(*f%'—
ldodel Road V¥ 2Yr 281 | 092 88
FirstPipe ¥  Outfall ¥ 5Yr 125 992.88
ity 'Dmﬁl 10y [ 539 99288
- Elevations ol - 25ve [ 775[ o086 99288
us@ DS 50Yr [ e36[ 108 992388
Ground | 996.00 | 993.00 100 Yr 1196 120 | 99288
invert [ 99200 [ 988.50 o
@into | Resort | Prnt. | petete | ada | rapn | we | updae | ok |

(C) Step 3 - Establish Line IDs (Hydraulics = STORMPRO
. Backwater = 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 Qutfall). 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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' i i =]
Main Line
Line [Downstream Starting | Starting | Starting | Starting | Starting | Starting |
ID HGL2 | HGL5 |HGL 10 |HGL 25 |HGL 50 |HGL 100 MajorBasiniD [01
| RRAFEN S ULk : | Line ID 100
200 010105 990.64| 991.55| 993.00| 993.00| 993.00( 993.00
Main Line v
- Starting HGL
2 Year
5 Year
10 Year
25 Year
50 Year |
100 Year
Design
q Ll_l
& | Pint. | wme | upsate | ok |
=" StormPro Lines - MB: 01 35 B =10l x|
| Main Line
Line |Downstream Starting | Starting | Starting | Starting | Starting | Starting |
ID HGL2 | HGL5 [HGL 10 |HGL 25 [HGL 50 |HGL 100| Major Basin ID [01
e OUTFAFL e [ o | Line ID 200
: DownStream ID 010105
Main Line ™
- Starting HGL
Custom

2vear [ 09054

5Year [ 99155
10Year [ 99300
25 Year m
50 Year m
100 Year 993.00
pesion [

LB W

& | Pint. | wme | upsate | ok |

This is a view after the model has been run (Starting HGL is automatically loaded
from results).
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. (D) Step 4 - Run Model (Hydraulics = STorRMPRO Backwater
= Model)

%! Run StormPro Model - MB: 01 P[] B |

~ Return Period -| [ Options

sl sl Error File

v 5 Year Line ID I 100 ﬂl B v
Input File

¥ 10 Year Delete All Prior Results ¥ S

[V 25 Year

IV 50 Year

Results | Run Modell OK I

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 I

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

—~ Number of Lines = 2
MNumber of Return Periods =6

Do you want to continue?

Click Results to view the model results.

e —
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{¥! StormPro Results - MB: 01 o =] |
List Details
Equivalent Box Section
Line ID |RP ID Size Station | Flow | velocity | Inv HGL GE  [HGL>GE [«
100 [10 [010105 [54" Dia Pipe 742] 1459] 1035 984.02] 987.75| 988.03
100 [10 [010105 [54"DiaPipe 3764 1459 985 98411 0988.08] 988.14
100 [10 [010105 [54"Dia Pipe 11514] 1459 940 98435 908358] 988.44 0.14
100 [10 [010105 [54" Dia Pipe 21366] 1459 917 98465 98915 988.81 0.34
100 [10 [010105 [54"Dia Pipe 132300] 1459 917 98800 99525 993.00 225
100 [10 [010110 [48" Dia Pipe 1328.00 51.4 400 o98so0] 99774 993.01 473
100 [10 [010110 [48" Dia Pipe 2671.00 514 409 99000 99945 997.00 245
¥
«| | »
©Ono | & | Pont. | Graph | view | me | ok |
Click Graph to view the graph of the model results.

p

i#b StormPro Hydraulic and Energy Grade Line o [ ® ===

R

1014.00
1009.00

=
=]
=]
o
=3
=}

Elevation (ff)

= nvert

’

StormPro Hydraulic and Energy Grade Line
KVLEXAMPLE7
Model Run: 01-00100-010

8 o
Z 5
5 5
L ..-;----m:-_-_-::_-_'guulw-
0 1000 2000
Station (ft)
— Soffit --= HGL -.-EGL -~ Ground

To view another line and/or return period, click the View button.
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Model View
View Option
Line ID 100 ‘Z‘
Return Period 10 [Z‘
File Type Results
Graph EGL [ -
[emo |_ox |

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:
w
M Flood Control District of Maricopa County
r2 File: 01-00100-010.SP1
3 Major Basin: 81 - Line ID: 166 - RP: 10
0 0.00 984.00 2
{ 1323.00 988.00 2 .013 8 0.000
X 1328.00 988.00 1 1 .000 95.5 988.00 90.0
? 2671.00 990.00 1 .03 0 0.800
sH 2671.00 990.00 1 0.00
1 4.00
2 4 5.50
1 51.4

e ——
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OUTPUT FILE:

Flood Control District of Maricopa County
File: ©1-09108-010.5P1
Major Basin: ©1 - Line ID: 100 - RP: 18

| STATION INUERT DEPTH V.S, Q VEL VEL ENERGY SUPER CRITICAL HET/ BRSE/ 2L N0  AUBPR
ELEV  OF FLOW ELEV HEAD GRD.EL. ELEV DEPTH Din ID HO. PIER
| L/ZELEM S0 SF AVE HF HORM DEPTH 2R
wans sessssssennna
1 0.00 984 00 3.5% 987.55 1859 10.85 1.83 3.55 5.50 0.00 o 000
1 7.12 0.08302 0._nasa6 4.50
| 7.12  98h.82 3.7 987.75 145.9 10.35 1.66 3.5% 4.50 0.00 o e.00
| 30.52 0.00302 0.00518 .50
| 3.95 988.06 145.9 9.86 1.51 3.55 5.50 0.00 o o090
| 0. 00486 5.50
! 4.23 988.58 145.9 9.40 1.37 3.55 4.50 0.00 o e.00
| 0.005190 .50
' 5.50 989.15 185.9 9.17 1.0 3.55 5.50 0.00 0 0.00
| 0.00547 4.50
1 7.25 995.25 145.9 9.17 1.0 3.55 4.50 0.00 ¢ 6.00
0.08393
9.7n 997.78 51.4% N.09 0.26 2.1% 5,00 0.00 o 0.00
0.00128 3.08
9.45 999.45 51.4 409 0.26 2.15 .00 0.00 .00

e e e e e e T e e e e
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WARNING FILE

" Fload Contrel District
T2 File: 01-00100-010.5P1
13 Major Basin: @1 - Line
so 98A. 2
L] 988 2
ax - T |
R 2671.00 1
SH  2671.80 990 1
CARD SECT CHN NO OF AUE PIER
cove L IYPE PIERS VIDIH
co 1 Ll
co 2 .
EADING LINE MO 1 IS -
EADING LINE MO 2 IS -
EADING LINE MO 3 IS -
ELEMENT WO 1 1S A SYSTEM DUTLEY
U/S DATR STAT
ELEMENT O 2 IS & REACH
U/s DATR STAT
13
ELEMENT N0 3 IS A JUNCTION
u/s DATA STAT
13,
THE ABOVE FLEMENT CONTAINED AN TMUER

of Maricopa County

ID: 188 - RP: 18
o e
945 98300 909
o o.000
000
P

VATER SURFACE PROFILE - CHANMEL DEFINITION LISTING PRGE 1
HEICHT 1 BASE 2 2R INU V(1) ¥(2) ¥(3) Y(A) Y(5) Y(6) ¥(7) ¥(®) ¥(9) ¥(19)
DIAMETER  WIDTH DROP

h.00

5.50

Flood Control District of Maricopa County

File: 00-010.5P1

Major Basin: 01 - Line 1D: 100 - RP: 10
108 INVERT  SECT v S ELEV
o.00 9Ev.00 2 o.ue
108 IMUERT  SECT RADIUS AMGLE ANG_PT MAN_H IMINORL
23.00 988 2 o800 0.0 .00 ° Ll

- . . . . . .
10N INUERT SECT LAT-1 LAT-2 (5] [0 INUERT-3 TMUERT-A PHI 3 PHI &
28.00 988 ° 4.5 0.0 0.00 9 L] .00
T ELEU UMICH UAS NOT GREATER THAM THE PREUIOUS INUERT FLEU -URRNING

THE ABOVE ELEMENT CONTAINED AN INVERT ELEV WMICH WAS NOT CREATER THAN THE PREVIOUS
ELEMENT N0 4 IS A REACH - - -
U/S DATA  STATION INVERT SECT
2671.mm 970 1
ELEMENT NO 5 IS A SYSTEM HEADWORKS -
u/s PATA SIATION IMVERT  SECT
2671.00 99 1

INVERT ELEV ~WARNINCG

RADIUS ANCLE ANC PT MAN M IMINORL
u.ee L] ] "

VS ELEV
0.0

CHMINORL
L

CMINORL
L L]
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