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TOTAL SCOUR ANALYSIS FOR BANK PROTECTION

DATE UPDATED: MAY 7, 2024

TUTORIAL TIME: 40 MINUTES

1.0 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:

o The Cross Section “STUDYREACHCROSSSECTION”

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

100 100

106 98

156 98 Left Bank Station

166 95

191 95

201 98 Right Bank Station

251 98

257 100
e D50 (mm) for Study Reach: 1.50
e D84 (mm) for Study Reach: 10.00
e D16 (mm) for Study Reach: 0.50
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® There is a grade control structure located at 800 feet
downstream of the channel location for bank protection
(cross section “STUDYREACHCROSSSECTION”)

e Distance to Pivot Point (ft): 800

o> The Cross Section “SUPPLYREACHCROSSSECTION”

> Parameters for the Hydraulics and Geometry:
® Design Flow Rate (cfs): 3200
e Dominant Flow Rate (cfs): 800
e Channel Slope for Design Flow (ft/ft): 0.01
® Channel Slope for Dominant Flow (ft/ft): 0.01
® 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
® 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
® D16 (mm) for Supply Reach: 1.00

2.0 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

2.1 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.

Agreement

Drainage
Design
Management
System

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

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

Continuing signifies your acceptance of this disclaimer.

KVL Consultants, Inc. Cancel

After the DDMSW is launched, the SELECT PROJECT window is automatically
opened as is shown in the following figure.
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List Details
Group  River Mechanics P
Project Group ID Reference Title
River Mechanics (00106 |BANKPROTECTIOMFCD River Mechanics Example - Bank Protection

River Mechanics (00109

BRIDGEFPIERFCD

River Mechanics Example - Bridge Fier

River Mechanics (00056

GUIDEBAMNK_NCHRP

Guide Bank Scour using HEC-18 NCHRF Procedure

River Mechanics (00055

GUIDEBANK_MNCHRP2

Guide Bank Scour using HEC-18 NCHRPF Procedure

River Mechanics (00112

LATEROSIONEXAMPLE

Lateral Erosion Example

River Mechanics (00111 |[LAUNCHABLERIFPRAP River Mechanics Example - Launchable RipRap
River Mechanics (00148 |LJ
River Mechanics (00117 |MODELTHALWEG Sedimentation Model Examples

River Mechanics (00054

PIER_INFLUENCE

Pier Influence Zone calculation using HEC-18 Procedure

River Mechanics (00053

PRESSURE_SCOUR

Pressure Flow Scour using HEC-18 Procedure

River Mechanics (00107 |PROJECTXSECTIONS River Mechanics Cross Sections

River Mechanics |00110 |RIPRARPSIZINGFCD River Mechanics Example - Riprap Sizing

River Mechanics (00081 |SCOURTUTORIAL River Mechanics Example

River Mechanics 00108 |[SEDIMENTYIELDFCD River Mechanics Example - Sediment Yield

River Mechanics |00125 |(SEDMODELS Import Sediment Transport Model Long Term Scour
River Mechanics (00136 |TEST

<

Date | 05/07/2024 =

Update Defaults

Default Versions

@mfo

Print...

Delete Add K

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

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

(d) Type in “BANKPROTECTION1” into the Reference textbox. This is the name
of this newly created project. The users can choose the name if 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) Setthe Modification Date using today’s date by clicking on the Calendar icon.

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

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

Select Project

List

Project Reference

ProjectID | 00157 REE Y BANKPROTECTION

Dietails

Project Defaults

Title Soils | FCDMC -
Location Land Use | FCDMC -~
Agency | Flood Control District of Maricopa County
[JHydrology and Hydraulics Only
] River Mechanics Only
L]
W
Date g5/07/2024 ]E] Update Defaults | Default Versions @mfn Print... Delete DK

Note: the Project ID “00157” in the above figure is the database records unique
read-only identifier in each computer 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.

2.2 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.
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l‘@ Flood Control District of Maricopa County Version: 6.8.0 - BANKPROTECTION1
File Edit  River Mechanics Admin  Project Defaults  Help

Scour

Thalweg Elevation Comparison

Riprap
Launchable Riprap

Lateral Erosion
Sediment Yield ¥

Sediment Size from Pebble Count and Sieve Analysis
Granular Filter Design

Headcut Estimation

Stepped Spillway Design
Rock Chute Design

Cross Section Hydraulics

Cross Section Geometry

Import Cross Sections from Another Project

Import Cross Sections from a CSV File

Manning's Calculator

(b) Click the Add button on the RIVER MECHANICS — CROSS SECTION HYDRAULICS
window to activate all the necessary data entry fields.

(c) Selectthe “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” into the Manning’s n Channel textboxes for Design and
Dominant, respectively. Use the same value (“0.035”) for the Manning’s n
LOB and Manning’s n ROB textboxes.

(i) Check the Total Scour box. This should display the Main Channel (Bedform
Scour) frame. Make sure both Design and Dominant are checked. The form
should look as below.
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'@ River Mechanics - Cross Section Hydraulics E'@
Section ID Entire Cross Section
STUDYREACHCROSSSECTION Source | Calculate Data ~ Design Dominant
Total Scour Flow Rate (cfs) 3200 200
Cross Section ID ~ Slope (M) | 0.015000 |  0.015000
Manning's n Channel 0.035 0.035 | Man'sn
Manning's n LOB 0.035 0.035
Manning's n ROB 0.035 0.035
Flow Area (sq ft)
Wetted Perimeter (ft)
Average Width (i)
Top Width (ft)
Hydraulic Depth (ft)
Mormal or Max Depth (ft)
a > v Total Cross Section Velocity (f'sec)
Main Channel (Bedform Scour)
~ Same as Channel Cross Section  Design Dominant ]
Hydraulic Depth (ft)
Main Channel Velocity (fti'sec)
- Froude Mumber
@mfo Print... Copy Delete Add Graph | X Section | Detail Update oK

(j) After the data entry, click the Save button. The form should look like the
following figure. Click the OK button to close the window.

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

GEOMETRY form.

I Flood Control District of Maricopa County Version: 6.8.0 - BANKPROTECTIOMN1

File Edit River Mechanics Admin Project Defaults  Help

Scour

Thalweg Elevation Comparison

Riprap
Launchable Riprap

Lateral Erosion

Sediment Yield

Sediment Size from Pebble Count and Sieve Analysis

Granular Filter Design
Headcut Estimation

Stepped Spillway Design
Rock Chute Design

Cross Section Hydraulics

Cross Section Geometry

Impert Cross Sections from Another Project
Import Cross Sections from a C5V File

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

Station

‘@ Natural Cross Section

Elevation  a Overbank

| Left

Right

Graph

[Jcurrent Record

[]Lateral Erosion

Adjustments

‘Overbank

-~
Fad

Elevation Adjustment (ft)

100.79
100.48
10017
9986
99.55
99.24
58.93
98.62
98.31

88.00
20 40 60 a0

Cross Section

[= ] 5

100 120 140 180 130

ID| STUDYREACHCROSSSECTION s

Adijust Station (ft)
Elevation (ft)

&info | Prnt.

100.00 Delete and Confirm
100.00 Save & Add Record

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

(n) Repeatthe above step (n) for the rest of pairs of Station and Elevation values

provided below.

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

After all the Station and Elevation values are entered, the NATURAL CROSS
SecTions form should look like the following figure.
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s = =REE
Station Elevation Overbank
100.00 100.00 Left 156.00 [ 2| | 10200
106.00 98.00 . : 8 8
156.00 98.00 Right et 101.00 S 7
166.00 95.00 100.00
191.00 95.00 59.00 \ I
201.00 98.00 AT
251.00 98.00 97 00
95.00
55.00
94.00
Graph 93.00
[]current Record 92.00
i G0 80 100 120 140 160 180 200 220 240 250 280
[] Lateral Erosion
Adjustments Cross Section
Elevation Adjustment (ft) D STUDYREACHCROSSSECTION -~
Adjust Station (ft) 257.00 Delete and Confirm
Elevation (ft) 100.00 Save & Add Record
W
Owerbank @mfo Print... Delete Add 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).

(o) 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.

(p) 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.

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

(r) 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 HyprAuLIcs 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.
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Select Option Update Cross Section Hydraulics

Option

»

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

If ‘Enter Data’ is selected as the Source, data will MOT BE

Al updated.

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

Do you want to continue?

1 1

Cancel
Yes

After the update, the RIVER MECHANICS — CROSS SECTION HYDRAULICS form should
look like the following figure.

@ River Mechanics - Cross Section Hydraulics E@
Section ID Entire Cross Section
~ o i ] i
STUDYREACHCROSSSECTION Source | Calculate Data Design Dominant
Total Scour [] Flow Rate (cfs) 3200 a00
Cross Section ID ~ Slope () 0.015000 |  0.015000
SUPPLYREACHCROSSSECTION Manning's n Channel 0.035 0.035 | [Hansn
Manning's n LOB 0.035 0.035
Manning's n ROB 0.035 0.035
Flow Area (sq ft) 32886 9326
Wetted Perimeter (ft) 15656.35 44.03
Average Width (ft) 7312 3411
Top Width (ft) 153.98 43.23
Hydraulic Depth (ft) 214 216
] Mormal or Max Depth (ft) 450 273
i B Total Cross Section Velocity (fisec) 973 8.58
sl
L
glnfo Print... Copy Delete Add Graph X Section  Detail 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.

(s) To import the “SUPPLYREACHCROSSSECTION” dataset, open the IMPORT
CROSS SECTIONS FROM ANOTHER PROJECT form (River Mechanics = Import
Cross Sections from Another Project).
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File Edit = River Mechanics Project Defaults  Help
Scour

Thalweg Elevation Comparison

Riprap
Launchable Riprap

Lateral Erosion
Sediment Yield 3

LCross Section Hydraulics

Cross Section Geomnetry

Impert Cross Sections from Another Project

Import Cross Sections from a C5V File

Manning's Calculator

(t) 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.

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

Import Cross Sections From Another Project

Import Project Reference | PROJECTXSECTIONS e
Option | Specific Cross Section |~
Import Cross Section ID | SUPPLYREACHCROSSSECTION

&@info | Import oK

(u) To check if the cross section data has been successfully imported, open the
NATURAL CrROsS SECTIONS form (River Mechanics = Cross Section Geometry).
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'@ Matural Cross Section EI@
Station Elevation Overbank
100.00 100.00
Left 181.00
106.00 98.00 _ 21| 0200 = RE
181.00 98.00 Right 226.00 [l#4| | 101.00 ]
191.00 95.00 100.00
216.00 95.00 59.00 \ l
226.00 98.00 -
301.00 98.00 97 00
95.00
55.00
94.00
Graph 93.00
[] Current Record 92.00
i g0 S0 120 150 180 210 240 270 300 330
[] Lateral Erosion
Adjustments Cross Section
Elevation Adjustment (ft) ID| SUIPPLYREACHCROSSSECTION
Adjust Station (ft) 307.00 Delete and Confirm
Elevation (ft) 100.00 Save & Add Record
W
Cverbank &> nfo Print... Delete Add oK

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

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

(v) 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”. Make any changes necessary to match the
form below.

® Cross Section ID: SUPPLYREACHCROSSSECTION
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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
'@ River Mechanics - Cross Section Hydraulics EI@
Section 1D Entire Cross Section
SUPPLYREACHCROSSSECTION Source | Calculate Data w~ Design Dominant
Total Scour [] Flow Rate (cfs) 3200 800
Cross Section ID 2 Slope (W) | 0.010000 |  0.010000
STUDYREACHCROSSSECTION ;
Manning's n Channel 0.030 0.030 || Man'sn
Manning's n LOB 0.045 0.045
Manning's n ROB 0.045 0.045
Flow Area (sq ft) 419.52 96.46
Wetted Perimeter (ft) 20584 44 54
Average Width (ft) 91.70 3436
Top Width (ft) 204.45 43.72
Hydraulic Depth (ft) 205 221
Mormal or Max Depth (ft) 4 57 281
< s ¥ Total Cross Section Velocity (ft'sec) 7.63 8.29
L
W
@Lnfo Print... Copy Delete Add Graph X Section | Detail Update OK

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

(x) On the SELECT OpTION form, select “This Record” and click OK. Hit Yes to
continue.
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Select Option Update Cross Section Hydraulics

Option - o This will update the hydraulic parameters for the current Crass
Section.

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

All

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

Do you want to continue?

Cancel

4 m

(y) 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.

2.3 Step 3 - Compute Total Scour
23.1 Set up Total Scour Basic Data

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

Total Scour - MB: 01 - 1D:
(1] Cross Section Long Term General Local Bedform Bend LowFlow  Total
D Scour Scour Scour Scour Scour Scour Scour
<
@Help Infa Print... Delete Add MB LUpdate OK
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(b) Click the Add button on the ToTAL Scour form to activate the data entry fields.
(c) Type “AZRIVER” into the ID textbox.

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

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

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

(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.

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

Total Scour - MB: 01 - 1D: AZRIVER

List Total ‘ Long Term l General l l Bedform Low Flow
1D
Major Basin ID | 01 -~

gl A7RIVER

Scour Depth

include Calc  FS Value ﬁmg_s Methad
Long Term 0000 1.3 0.00 0 OO |Equilibrium Slope for Sediment-Laden Flow pe
General 000 13 o000 O O |Lacey >~
Local [
Bedform 1.3 O O
Low Flow 1.3 poo O O
Headcut []
Tailcut [ “
Total (ft)
PierInfluence [

@info | Prnt. | Delete Add B Update oK

TUTORIAL # 10 — TOTAL SCOUR ANALYSIS FOR BANK PROTECTION PAGE 15



2.3.2 Calculate the Long Term Scour

(a) Select the Long Term tab as shown in the following figure.

Total Scour - MB: 01 - ID: AZRIVER
List l Total Long Term ‘ General l l Bedform l Low Flow l

Equilibrium Slope Sediment-Laden (use Dominant flow rate)

Study Reach Cross Section ID | STUDYREACHCROSSSECTION &+
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION -~
Flow Rate (cfs) 2300 200 Gradation Coefficient
Slope (M) | 0.010000 0.015000 Total Bed Mat] Qi (cfs)
Manning's n 0.030 0.035
Wetted Area (sq ft) 06.46 93.26 Scour Depth (ft)
Hydraulic Depth (ft) 221 216
Normal or Max Depth (ft) 2.81 273
Average Width (ft) 3436 N
Average Velocity (ft/s) 8.29 5.58

D50 (mm) 1.500

D&4 (mmy) 12.000 10.000

D16 (mm) 1.000 0.500
Length to Pivat Pt (ft) a00

@inio | Pont. | Delete Add B 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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Total Scour - MB: 01 - ID: AZRIVER
List Total Long Term General Bedform Low Flow

Equilibrium Slope Sediment-Laden (use Dominant flow rate)

Study Reach Cross Section ID | STUDYREACHCROSSSECTION &+
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION -~
Flow Rate (cfs) 2300 200 Gradation Coefficient
Slope (fft)| 0.010000 0.015000 Total Bed Mat] Qi (cfs)
Manning's n 0.030 0.035
Wetted Area (sq ft) 06.46 93.26 Scour Depth (ft)
Hydraulic Depth (ft) 221 216
Normal or Max Depth (ft) 2.81 273
Average Width (ft) 3436 341
Average Velocity (ft/s) 8.29 5.58

D50 (mm) 1.500

Da4 (mmy) 12.000 10.000

D16 (mm) 1.000 0.500
Length to Pivat Pt (ft) 200

@info | Prnt. | Delete Add MB Update oK

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

Select Option Calculate Long Term Scour

Qption -

— o This will calculate the Long Term Scour for the current record.

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

Al Total Tab.

) Do you want to continue?

After the update, the final result of the long term scour calculation is shown
in the following figure.
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Total Scour - MB: 01 - ID: AZRIVER
List Total General Bedform Low Flow
Equilibrium Slope Sediment-Laden (use Dominant flow rate)
Study Reach Cross Section ID | STUDYREACHCROSSSECTION &+
Supply Reach Cross Section ID | SUPPLYREACHCROSSSECTION -~
Flow Rate (cfs) 200 800 800 | Gradation Coefficient 4.00 483 483
Slope (ftft)| 0.010000 0015000 001067268 | Total Bed MatlQ (cfs) 398 7.84 459
Manning's n 0.030 0.035 0.035
Wetted Area (sq ft) 96.46 93.26 104.99 Scour Depth (ft) .46
Hydraulic Depth (ft) 221 216 233
Marmal or Max Depth (ft) 2.81 273 3.00
Average Width (ft) 34.36 4N 4.1
Average Velocity (ft/s) 8.29 8.58 762
D50 (mm) 2.000 1.500
Da4 (mm) 12.000 10.000
D16 (mm) 1.000 0.500
Length to Pivat Pt (ft) 200
@Help | @info Print... Delete Add MB Update oK

2.3.3 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”.

Select Factor

Straight Reach

Severe Bend
Right Angle Bend
Vertical Rock Bank or Wall

oK ]| Cancel
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(e) Click the Save button to save the entered data.

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

Select Option Calculate General Scour

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 Tatal Tab.

) Do you want to continue?

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

Total Scour - MB: 01 - ID: AZRIVER -- Edit

List ] Total \ Long Term Qenerall \ Bedform Low Flow
Lacey Parameters
Manual Input Parameters [_]
Cross Section ID | STUDYREACHCROSS3ECTION -~

Design Flow Rate (cfs) 3200
D50 (mm) 1.500

Bend Factor, Z 0.50 | | Moderate Bend
Scour Depth (including bend) (ft) 268

Save Cancel Print... Delete

{1
=

=3

=5

MB Update Ok
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2.3.4 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.

Total Scour - MB: 01 - ID: AZRIVER
List l Total I Long Term l General I Low Flow
Bedform Parameters
Manual Input Parameters [_]
Cross Section ID | STUDYREACHCROSSSECTION >~
Main Channel Hydraulic Depth (ft) 3.83
Main Channel Average Velocity (ft's) 1257
Main Channel Froude Mumber 1.13
Anti Dune Scour Depth (/)
Final Scour Depth (ft) 0.00
@Help | @info Print.. Delete Add MB Update oK

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

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

After the update, the final result of the bedform scour calculation is shown in the
following figure.
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Total Scour - MB: 01 - 1D: AZRIVER -- Edit

List I Total I Long Term General . _Bedform i LowFlow
Bedform Parameters
Manual Input Parameters [
Cross Section ID | STUDYREACHCROSSSECTION e
Main Channel Hydraulic Depth (ft) 383
Main Channel Average Velocity (ft's) 1257
Main Channel Froude Mumber 1.13
Anti Dune Scour Depth (ft) 293
Final Scour Depth (ft) 223
Save Cancel Frint... Delete Add MB Update oK
2.3.5 Calculate the Low Flow Scour

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

provided.

On the ToTAL ScOuRr form, select the Low Flow tab. The following figure shows

what the window looks like before data entry.
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Total Scour - MB: 01 - ID: AZRIVER

List l Total l Long Term General Bedform Low Flow

Low Flow Parameters

Low Flow Rate (cfs)
Channel Material ¥a]

Low Flow Incisement (ft)

Graph

@Help | @info Print... Delete Add MB Update oK

(@) 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.

(e) On the CALcULATE Low FLow Scour form, click Yes to continue.

After the update, the final result of the low flow scour calculation is shown
in the following figure.
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Total Scour - MB: 01 - ID: AZRIVER
List l Total l Long Term General Bedform
Low Flow Parameters
Low Flow Rate (cfs) 100
Channel Material | Medium Sand Fad

Low Flow Incisement (ft) 2.50

Graph

@Help | @info Print... Delete Add MB Update oK
2.3.6 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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Total Scour - MB: 01 - ID: AZRIVER

List Tatal I Long Term General Bedform Low Flow
1D
Major Basin ID | 01 e
ID |AZRIVER

Scour Depth

Custom
Include Calc ES  Value Calc FS Method
Long Term 346 1.3 450 [] [ | Equilibrium Slope for Sediment-Laden Flow -~
General 268 1.3 348 [0 O | Lacey -~
Local []
Bedform 223 13 200 [0 O
Low Flow 250 1.3 325 [ O
Headcut
[ Comments
Tailcut [] n
Total (ft) 1413
Pier Influence []
W
@Help | &info | Print. || Delete 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.

2.4 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) Toview the results on the screen, click the Print ... button on the TOTAL SCOUR
— MB: 01 - ID: AZRIVER form, a report will be generated as shown in the
following figure.
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ntrol District of M aricopa County
Cresign Management System
CHAMICS - TOTAL SCOUR
Fage 1 Project Reference: BANKPROTECTION

Major Basin: 01

ID: AZRIVER Cross Section ID: STUDYREACHCROSSSECTION
Calc [ft F5 Value [ft] Method
145 1.30 4.50 Equilibrium Slope for Sediment-Laden Flow
268 1.30 148 Lacey
1.30
213 1.30 27T Comments
250 1.30 3325
000 130 0.00
1.30 -
1.30
Total 14.00

(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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