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DDMSW 4.8.0 Training Workshop
. Hydrology

Training Dates: June 9, 2014 (Monday)
June 18, 2014 (Wednesday)
June 23, 2014 (Monday)

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

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

This training class 1s designed for hydraulic and hydrologic engineers interested
in learning DDMSW, an application program that implements
the District’s Design Methodologies and Standards.

Agenda

8:30 — 9:30 Training Overview

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

9:30 -10:30 Hydrology Overview
Agency Defaults, Project Defaults, Rainfall, Soils, Land Use
10:30 -10:45 Morning Break
10:45-12:00 HEC-1 Program Overview

Major Basins, Sub-Basins, Diversions, Routing, Storage, Network, Modeling,
Graphs

Rational Method Overview

Major Basins, Sub-Basins, Diversions, Storage, Hydraulics, Network,
Modeling

12:00 —1:00 Lunch Break

1:00 — 2:30 Tutorial — Clark Unit Hydrograph

2:30 - 12:45 Afternoon Break

2:45— 3:30 Tutorial — Rational Method

3:30 — 4:15 Tutorial — S-Graph Unit Hydrograph
‘ 4:15- 4:30 Questions
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This document contains step-by-step tutorials on standard Hydrologic methods used by
the District that are implemented in DDMSW. The three tutorials were designed to
encapsulate the capabilities and features of DDMSW to build hydrologic models such as
HEC-1 and the implementation of the Rational Method. Two tutorials are for the
development of HEC-1 models using two different transform methods, namely, CLARK UNIT
HYDROGRAPH and S-GRAPH. The third tutorial is for the development of hydrologic model
using RATIONAL METHOD.

Table of Contents

1.0 HYDROLOGY ..uiuuiieuiiiuiiieniiiiiiiniiiiniiin it sea e e ssassassssnssenssens 1-4
1.1 HEC-1 MODELING USING CLARK UNIT HYDROGRAPH .....ccevererrnenrnrnncnnnnnns 1-4
1.1.1 Problem StatemMent. . wwusssmmsnmmsimsmnmmnivsm s eaisississasaesmimmio 1-4

1.1.2 Step-by-Step ProCEAUIES .....ccoiuveee ettt e eeennaee s 1-4

(A) Step 1-Establish a New Project and Defaults Set-Up.......ccccevvevueeeneenneene. 1-5

(B) Step 2-=Set Model RUNS Path....cssmmmmssemmansssasssssmmssssssssmsssmsmmsssa 1-7

(C) Step 3 -Prepare ESRI Shape FileS.....c.cciiiriieniiriiiiieniesiee e 1-8

(D) Step 4 - Establish Rainfall Data from GIS ........ccevveviinieieiieree e, 1-12

(E) Step5 - Establish Sub-Basin, Land Use and Soils Data from GIS............ 1-15

(F) Step 6 - Review Established Sub-Basin, Land Use and Soils Data........... 1-17

(G) Step 7 - Establish Storage Facilities Data .......c.cccceevveevieeieeenieeieceeeene 1-19

(H) Step 8 - Establish ROUting Data......ccccueeueeieeiieieciieeieeee e 1-21

(I) Step 9 - Develop Hydrology NEtWOrk ........ccccevveveeviierieeniieecieieeieeie e 1-23

(J) Step 10 = Run HEC-1 MOl ..cccvsssmmssmssammmsnsssosnssnssemmssissimssmvsssmasssss 1-26

(K) Step 11 - Review Model RESUILS.......ccurueriirieiiieiesesereeee e 1-28

(L) Step 12 - Backup ProJECE .ocerieieiieeieeieeie st 1-31

1.2 HEC-1 MODELING USING S-GRAPH....uueeeeeiereeeeererrnsnsessssssnseeesseeeessnnes 1-34
120, PrOB) ST S U A ST, c:cmsssmsnmsnsssnsssesramsisens s msi TS S S b s S s 1-34

1.2.2 Step-by-Step ProCEAUIES: ....iicciiieeeieee ettt et e e e 1-34

(A) Step 1 - Establish a New Project and Defaults Set-Up ......ccccceveenveennnnnn 1-35

(B) Step 2-Set Model Runs Path.aswswswssssusssmmsmvsmsmsmmsassassies 1-37

(C) Step 3 -Prepare ESRI Shape FileS.....ccceevuieiiiniiiniiicnieniee e 1-38

(D) Step 4 - Establish Rainfall Data from GIS ........ccooeiiiiiieceiene, 1-43

Section 1.0 - Hydrology 1-2




(E) Step 5 - Establish Sub Basin, Land Use and Soils Data from GIS............. 1-46

. (F) Step 6 - Review Established Sub Basin, Land Use and Soils Data ........... 1-48
(G) Step 7 - Establish Storage Facilities Data .........cccceverereennieneneneeiennne 1-50

(H) Step 8-Establish ROUING DAES c.ccsswneisssssanssmsvssusassnssanssnnprmmsshasnsansnussnn 1-52

(I) Step 9 - Develop Hydrology NEtWOrK ........cc.coeeveeeeeeieeieeeieceeecreeeeeenen 1-54

(J)  Step 10 - RUN HEC-1 MOGEl..cueeieeeieieeiieienieciire et 1-58

(K) Step 11 - Review Model RESUltS,ussusmmsnmmsmssssmmesumssmssasassess 1-60

(L) Step 12 - BaCKUP PrOJECt...cciiciiciieieereecte ettt ettt e 1-63

1.3 RATIONAL METHOD icwsemsessimmmmsmmssimmmsesaissaiensssmmss e 1-66

1.3:1. Problem STatemEnt: . ic s msmimensmersonrirssntivesonsmusisinrinissmssssavssmsmssmanrrronnemns 1-66

1.3.2 Step-by-Step Procedures: ...« s s s 1-66

(A) Step 1-Establish a New Project and Defaults Set-Up......ccccceeveveeennen. 1-67

(B) Step 2 - Prepare ESRI Shape Files......ocmsesssussssssmsnssnsnassesnsinnansssasnsnssonsnns 1-69

(C) Step 3 - Establish Rainfall Data from GIS ...csceerusmssasssussssessssasansssnssssass 1-73

(D) Step 4 - Establish Sub Basin and Land Use Data from GIS ............ccue...... 1-75

(E) Step5-Review Established Sub Basin and Land Use Data...........c......... 1-77

. (F) Step 6 - Establish Conveyance Facility Data......ccccoceeveeveeieneeiieeieeienne 1-78
(G) Step 7 - Develop Rational Method Network...........cccceeiieiiiiiiiciicnnnnne. 1-83

(H) Step 8-Run Rational Method Model ..........ccccoiiiiniiniscnnnnisccsensenennes 1-85

(I)  Step 9 -Review Model ReSUILS...........couvuiiiieiiiieiiiiceicece e 1-87

(J)  Step 10-Backup Project.......ccccoeviiiiiciiniiiiiiiiiniccicssee e 1-88

APPENDIX A — DDMSW USER’S MIANUAL. sscresssssnsrossessessrnssnssanssensnensssnesens 1-91

Section 1.0 - Hydrology




1.0 HYDROLOGY

1.1 HEC-1 Modeling Using Clark Unit Hydrograph

1.1.1 Problem Statement

To estimate the 100-year design discharge using GIS data for sub basins, land use,
soils and time of concentration with the following given conditions:

*>

HEC-1 Model
FCDMC Soils

FCDMC Land Use

NOAA14 Rainfall

MCDOT Roads (not applicable)
Clark Unit Hydrograph
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Tab Interval: 5 Minutes
Number of Ordinates: 2000
Output: 5

e
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1.1.2 Step-by-Step Procedures

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

Step 2: Set Model Runs Path

Step 3: Prepare Maps

Step 4: Establish Rainfall Data from GIS

Step 5: Establish Sub-Basin, Land Use and Soils Data from GIS
Step 6: Review Established Sub-Basin, Land Use and Soils Data
Step 7: Establish Storage Facilities Data

Step 8: Establish Routing Data

Step 9: Develop Hydrology Network

Step 10: Run HEC-1 Model

Step 11: Review Model Results

Step 12: Backup Project
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(A) 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 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. 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 acceptance of this disclaimer.

KVL Consultants, Inc. Cancel

automatically opened as is shown in the following figure.

|
After the DDMSW is launched, the SeLEct PROJECT window is
|
|

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

Reference Date D Title el
BANKPROTECTION3 06/06/2014 (00033
BANKPROTECTIONFCD 01/01/2012 {00010 River Mechanics Example - Bank Protection i
BRIDGEPIERFCD 01/01/2012 {00011 River Mechanics Example - Bridge Pier
EXAMPLE1 01/01/2010 |00001 Clark, Green Ampt, Single, 6 Hour
EXAMPLE2 01/01/2010 (00002 S-Graph, Green-Ampt, Single, 24 Hour
EXAMPLE3 01/01/2010 |00003 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 01/01/2010 |00004 Clark, Init and Uniform, Single, 6 Hour ‘
KVLEXAMPLE1 01/01/2011 00005 Example 1 HEC-1 tutorial project
KVLEXAMPLE10 01/10/2014 |00025 HEC-1 Tutorial - Import HEC-1 File ‘
KVLEXAMPLE11 01/10/2014 |00029 FCDMC Hydraulics Manual Design Example 4.6
| KVLEXAMPLE12 01/10/2014 {00030 Street Drainage Example }
KVLEXAMPLE2 01/01/2011 | 00021 Example 2 using Shape files and NOAA 14 |
KVLEXAMPLE3 01/01/2011 |00024 Example 3 Rational Method tutorial project |
K) 3 01/01 e TL lark Unit Hydrograph B
KVLEXAMPLE® 01/01/2011 |00018 HEC-1 Tutorial - S-Graph Unit Hydrograph ‘
KVLEXAMPLE7 01/01/2011 |00019 Rational Method Tutorial -
<] I 3 ‘
Modification Date[ 011012011 &) pint. | Detete | add | ox | |
|
|
|

Section 1.0 - Hydrology 1-5




(c) Type “KVLEXAMPLE5A” 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.

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

(e) Type into the Location textbox the location of this project. (Optional)

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

(g) Type a detailed description of this project into the textbox on the
bottom left side of the window. (Optional)

(h) Under HEC-1 Defaults frame, change the default Storm from
“Multiple” to “Single” by clicking on the magnifying glass.

(i) Under HEC-1 Defaults frame, change the default Duration from “6
Hour” to “24 Hour” by clicking on the magnifying glass.

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

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

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

Select Project CAENE Ty
’ List Details
~ Project Ref ~ Project Defaults
Project ID | 00034 Reference |KV|.EXAIIPLE5A Model | HEC1 7
Title | HEC-1 Tutorial - Clark Unit Hydrograph Soils | FCDMC P
Location | Maricopa County, AZ Land Use | FCDMC P
Agency | Flood Control District of Maricopa County Rainfall | NOAA14 P
I~ River Mechanics Only I~ Custom Storm Event Roads [MCDOT )=
I Imported Hec-1 File
 Return Periods to Model ~ HEC-1 Defaults
2l 2 3 45 5. 6. Unit Hydrograph | Clark P
|2 L" 5 l" 10 Z." 25 _'." 50 L" 100 L' Loss Method | Green-Ampt »~
Storms | Single o)
This project is set-up to give step-by-step instructions on how to use ;I Duration | 24 Hour ﬂ
DDMSW to build a HEC-1 model. Tab Interval (NMIN) 5 =
No. Ordinates (NQ) 2000 =
5 Output (10) 5=
Modification Date [06/0222014 3] ©info | prnt. | petete | add | ok |

Note: the Project ID “00034” 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.

. _ ]
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(B) Step 2 - Set Model Runs Path

When running the HEC-1 model in DDMSW, the names of the input and output
files are automatically established. The basic file format is XX-YYY where XX is
the name of the major basin and YYY is the return period. So for Major Basin 01
and Return Period 100-years, the file name would be 01-100. The input file
uses *.dat as the file extension and the output file uses *.out as the extension.
Because the file names for all projects are the same, it is necessary to establish
unique folders for the model runs for each project.

(@) From the menu bar of the main application window, click File =»
Project Paths as shown in the following figure and PROJECT PATHS
window opens.

1% Flood Control District of Maricopa County - KVLEXAMPLESA

[Fle Edt Hydrology Hydrauics RiverMechanics Maps Tools Admin Submittals Help
Select Project ) % QJI
New Project

Update Project Defaults
| eoearove |
Reports
Project Management
Import Data
o Eomton

Exit

(b) Click the browse button [:] to the right of Model Runs Path
textbox.

(c) Navigate to the “Modlruns” folder and highlight “Modlruns” folder.
Click Make New Folder button the BROWSE FOR FOLDER window and
enter “KvlExample5A”.

(d) After setting the project path, click the OK button to close the
BROWSE FOR FOLDER window.

(e) Click Save and then click OK to close the PROJECT PATHS window.

Machine ID |FC6W92430755 # CARRIAGAC
Agency | Flood Control District of Maricopa County
Project | HEC-1 Tutorial - Clark Unit Hydrograph
Model Runs Path | C:\FCDMC\DDMSW480\WMODLRUNS\KVLEXAMPLESA\ ;J
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(C) Step 3 - Prepare ESRI Shape Files

This step is only for information purposes. There is no action required for the
tutorial user in this step. Several ESRI shape files must be prepared. They are,
Rainfall, Sub-Basin, Land Use, Soils and Tc. As part of the shape files, the table
structures must include specific fields. For the purposes of this tutorial, all
these shape files have already been prepared. This tutorial does not cover the
creation of the shape files. For tutorials on how to create ESRI shape files,
please refer to “How To PREPARE ESRI SHAPE FiLEs FOR DDMSW” document that
can be downloaded from http://www.fcd.maricopa.gov/Software/ ddms.aspx.
The following section describes the general requirement for the required shape
file table. Specific file names for the shape files are not necessary however for
the purpose of this tutorial the following map files will be used. However the
field names inside the tables must be fixed and are shown in the following
section.

\Q Uovted - Axkap - Al

Fle [dt Yoew fockmarks Jret Selectica Jook Window Lielp

Deda |ax « & |13 S &0 QQUULHPEH B o RONLET @

Ean ] b | # 7 Tk [Camoraee )  — G|

TLI06099 957587 921 Feet

(C.1) Rainfall

The Rainfall map (Rainfall.shp) will contain a single polygon and have a field
named RAINID which is defined as Character 8 data type, that is, a Text data
field of 8 characters long. The Rainfall map can be created after the Sub-Basins
map (SubBasins.shp) has been prepared and is basically the combined polygon
areas of the modeled Sub-Basins.

e _____________________________________________________________________________ ]
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(C.2) Sub-Basins

The Sub-Basins map (SUBBASINS.shp) will contain one polygon for each Sub-

Basin in the project. The required fields include:

K/
0.0
\/
°o
\/
0.0

AREAID Character 6
BASINID Character 2
AREASF Numeric12.0

Enter unique Sub-Basin ID

Enter Major Basin ID

Data entered into this field will be
overwritten internally DDMSW. This field
contains the Sub Basin area in square feet.
The data for this field is calculated
automatically when the Update button is
clicked in the Update from GIS form in
DDMSW.

S -
1 Geoprocessing Customze Windows Help
+= |[i3:000 A DEEEO ey & GNEZEME ., CBWMBARES cc D@ e ¥
RO FBILASS DR

010010
ool ud] 1 g |

(C.3) Land Use

The Land Use map (Landuse.shp) will contain polygons for land use data.

There can be more than one polygon with the same land use ID. It is vitally

necessary that the land use coverage extends beyond the extent of all Sub-

Basins. The required fields include:
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+* LUCODE Character 15 LUCODE values should be consistent with
the values in the DDMSW land use defaults
table.

gfissn C4|&OR N [ QRAXZOPEPI R ROM L LT B
= =T | Torget | BRI
‘ =l
= oy H
/ / \
/ \
/ / \
s
/
/
[ 150 LI

el
0) Aral “[[0 -] B 7 u|lA~ &~ 4~ o~

718078.028 957424 367 Feet

(C.4) Soils

The Soils map will contain polygons for soils data. A GIS map for soils data can
be obtained from the Flood Control District. There can be more than one
polygon with the same Soil ID. It is vitally necessary that the soils coverage
extends beyond the extent of all Sub-Basins. The required fields include:

% SOIL_LID Numeric15  SOIL_LID values should be consistent with

eoe | [+
|

|

|

i

|

|

\

\

the values in the DDMSW soil defaults table. }
|

|
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oonowﬂelp
' A AL 1=E LN LR R L -k
=1 | Torget: | < oa|a |

] Attrbutes of Soils NI el o= S|

FID | Shape | SOIL_LID | BUFFER
»[__0] Polygon 64591
1 | Polygon 6453
2 | Polygon 64598
3 [ Polygon 64590

<|=<|<[<

et 1 T o] ow ]

N
20|20 4 I
Awa ][0 5] B Z U A~ &~ L =~
(C.5) Tc
‘ The Time of Concentration map (TC.shp) will contain polylines for Tc data.

There needs to be one Tc polyline for each Sub Basin in the project and each
polyline must be completely contained within its respective Sub Basin. The
required fields include:

% AREAID Character6 This is determined internally by DDMSW,
any data in this field will be overwritten.

** BASINID Character2  This is determined internally by DDMSW,
any data in this field will be overwritten.

% LENGTH Numeric 12.0 This is determined internally by DDMSW,
any data in this field will be overwritten.

<  USGE Numeric9.2  Enter the upstream ground elevation.

% DSGE Numeric9.2  Enter the downstream ground elevation.

The data for AREAID, BASINID and LENGTH are populated automatically when
the Update button is clicked in the UppATE FROM GIS form and any data
entered will be over-written.
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ocols Window Help
A Sl =R HERNT LR R LT
=1 | ogex SR

f
e |
S
S
™ [* i
S - g
W'USGE DSGE | LENGTH AREAIDIMSIHI}I
Polyine | 1600 1550 3769 010010 |01 |
Polyine | 1588 | 1550 | 1360 | 010005 |01 ]
20| llﬂ
7 Anal “][f0 -] Bz u|lA~v &~ 4~ =~
7168319 95855452 Feet =

(D) Step 4 - Establish Rainfall Data from GIS
(D.1) Rainfall Ids

In DDMSW, different major basins can have different rainfall data. If there is
only one major basin then the program will use the “DEFAULT” as rainfall.

(@) From the menu bar of the main application window, click
Hydrology = Rainfall Ids as shown in the following figure and the
RAINFALL IDS window opens.

53 Flood Control District of Maricopa County - KVLEXAMPLES
File Edit lHydrology Hydraulics River Mechanics Maps Tools Admin Submittals Window Help

| @ O (_ Rainfal @ |
= Rainfall Ids SO SN N <

Soils
Soil Defaults

Land Use
Land Use Defaults

|
Major Basins

Sub Basins

v

HEC-1

Land Use Impacts 4

(b) Select the Source (can be “GIS” or “Manual”). Since a rainfall map
has been established, select “GIS”.
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(c) Entering a description is optional.
. (d) After the data entry, click the Save button.
(e) Click the OK button to close the window.

¥ Rainfall 1ds Ve 5[] |
Lookfor |
D Source  [Description =]
Gis Default Rainfall ID. '
£
4 | o
~Rainfall ID
Rainfall ID SourceIGIS vI
Description | Default Rainfall ID =
=
©info | print. | Detete | add [ ok |

‘ (D.2) Rainfall

(@) From the menu bar of the main application window, click
Hydrology =» Rainfall as shown in the following figure and the
NOAA 14 RAINFALL ID: DEFAULT window opens.

%1 Flood Control District of Maricopa County - KVLEXAMPLESA
File Edi [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

[ EECEE

Rainfall Ids

Soils
Soil Defalts

Land Use
Land Use Defaults

Major Basins
Sub Basins

HEC-1 »

Land Use Impacts »

e
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I%* NOAA 14 Rainfall ID: DEFAULT — Edit

Rainfall Map
| C:\FCDMC\DDMSW480\MAPS\KVLEXAMPLESARAINFALL SHP

- Average Rainfall Data for ID: DEFAULT
2yr 5w 10y 25y 50w 100w

5 Min
10 Min
15 Min
30 Min
1 Hour
2 Hour
3 Hour
6 Hour

12 Hour
24 Hour

save | cancel [ Fint. || Gpdzte [Rammiin| ok |

(b) Click on the button in the Rainfall Map box and select the
Rainfall map (Rainfall.shp) file established earlier. It may be
necessary to migrate to the folder that the shape file is in.
(c) After selecting the rainfall map, click the Save button.
(d) Click Update to create the NOAA14 rainfall data from the GIS map.
An UprpAaTE NOAA14 RAINFALL USING GIS dialog box similar to the
' figure below will appear.

Update NOAA14 Rainfall using GIS

& This will update all the rainfall return periods and durations
) for Rainfall ID: DEFAULT

The update will be based on the following Shape file:
C:\FCDMC\DDMSW 480 \MAPS \KVLEXAMPLESA\RAINFALL . SHP

Do you want to continue?

Yes | No

(e) Click the Yes to proceed.

(f) After the update is completed, the NOAA 14 RAINFALL ID:
DEFAULT window will then have the updated data in the Average
Rainfall Data for ID: DEFAULT frame as shown below.

(g) Click the OK button to close the window.

e
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-0 x

E!NOAA 14 Rainfall ID: DEFAULT

Rainfall Map

| C:AFCDMCIDDMSWAB0WMAPS\KVLEXAMPLESARAINFALL SHP =
Required Map Fields

r Average Rainfall Data for ID: DEFAULT
2yt Syr  10yr 25yt 50y 100w
5Min| 0264 | 0357 | 0.427 | 0.521 | 0.593 | 0.666
10Min | 0.402 | 0543 | 0.650 | 0.793 | 0.903 | 1.015
15Min | 0499 | 0673 | 0.806 | 0983 | 1.119| 1.258
30Min | 0672 | 0907 | 1.085| 1324 | 1507 | 1.694
1Hour| 0.831| 1122 | 1343 | 1639 | 1.865| 2.096
2Hour | 0964 | 1281 | 1524 | 1854 | 2102 | 2360
3Hour | 1.045| 1365 | 1.618 | 1971 | 2252 | 2542
6Hour | 1.237 | 1577 | 1.848 | 2218 | 2505 | 2.804
12Hour | 1.414 | 1784 | 2075 | 2467 | 2.768 | 3.080
24Hour | 1679 | 2174 | 2569 | 3.121 | 3.559 | 4.018

Log | @info | prnt. [[Update |RaintaiiD| ok |

(E) Step 5 - Establish Sub-Basin, Land Use and Soils Data
from GIS

The project’s Sub-Basin, land use and soils data can be populated in DDMSW
from the maps created earlier.

(@) From the menu bar of the main application window, click Maps =
Update Hydrology as shown in the following figure to open the
UPDATE FROM GIS window.

E Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit Hydrology Hydraulics RNerMed’laIcsqu:s Tools Admin Submittals Help

J I I IIORHY I % rj )| Update Hydrology i

Post to GIS

(b) In Update Options data frame, check the Land Use, Soils and Tc
check boxes.

(c) In Map File Key Field Name, enter “LUCODE” for Land Use Code.

(d) Inthe Sub Basins Default frame, select “Urban” from the drop-down
list items for the Time-Area.

(e) Click the button to the right of the Sub Basins and select the Sub-
Basins map (SUBBASINS.shp). It may be necessary to migrate to the
appropriate folder.

(f) Click the button to the right of the Land Use and select the Land
Use map (Landuse.shp).

(g) Click the button to the right of the Soils and select the Soils map
(Soils.shp).
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&) to the right of the Tc and select the Tc map

(h) Click the button
(TC.shp).

(i) Click Save.
() Click Update. An UpDATE HYDROLOGY FROM GIS dialog box will appear.

This will update the Major Basin data from GIS shape files as
follows:

Sub Basin data will be updated.
Land Use data will be updated.
Soils data will be updated.

Tc data will be updated.

Do you want to continue?

(k) Click Yes to continue. After the update, the UPDATE HYDROLOGY FROM
GIS form should look like the figure shown below:

(I) Click the OK button to close the UPDATE HYDROLOGY FROM GIS window.

- ___________________________________ |
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(F) Step 6 - Review Established Sub-Basin, Land Use and
' Soils Data

The Sub-Basin, Land Use and Soils data has been developed from the GIS. It is
necessary to review the data to make sure everything looks “OK”.

(F.1) Sub-Basins

(@) From the menu bar of the main application window, click
Hydrology =» Sub Basins as shown in the following figure to open
the Sus BASINS window.

%" Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

[P O |
S Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins

T

' %7 Sub Basins - MB: 01 (O] x]

List Details
7 Sub Basin r Rainfall Losses - Green-Ampt =
Value Default Custom
Major Basin I 01 ,Jl BT e
; 1A(in) 023 023 r
Sub Basin [010005
sot| 03] DTHETA 029 0.20 Y
- PSIF (in) 275 275 I
~ Sub Basin P ters - Clark XKSAT | 1358 1358 T
Areasam)| 0019 RTIMP (%) 50 50 | (S
Length (mi)| 0292 XKSAT (Bare Ground) [ 0.930 ____]omm
usee| 15880 G 515 o
DSGE i
1 1°°00 e Return Period Paramet
siope@mi)[ 1201 130.1 2w 5w 10w 25w 50y 100w
Time-Area | Urban vI CustomTc I I I L I~ -
Tc (hrs
e (rs)| 0271 | 0253 0235 0214 0202 [ 0.192
Vel 1. i R 1.99 21 s
P 0033| o0 T @) 157 188[ 181 222
R(hrs)[ 0309 [ 0286 | 0263 [ 0238 [ 0223 0210
@0 | Resot | Prnt. | petete | add | we | update | ok |

(b) Click the OK button to close the SuB BAsINS window.

R B B B e e R T ey e e e e e e e T R T
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(F.2) Land Use

(@) From the menu bar of the main application window, click
Hydrology = Land Use as shown in the following figure to open
the LAND Use window.

E Flood Control District of Maricopa County - KVLEXAMPLESA
File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
| & Roufc O

Rainfall Ids

Soils
Soil Defaults

A

Land Use Defaults

Major Basins
Sub Basins

It and Use - MB:01 i T I8 [=] B3|
List Details
r Land Use
Major Basin ID |01 S| area (sq mi) [IEEER]
Sub Basin ID | 010005 P Area (%) 847
. Land Use Code [ 180 ,Jl High Density Residential - Multi Family (10-15 du per acre)
[ Land Use Data
Value Default Custom
Initial Loss (IA) 025 0258 ;I
Percent Impenious (RTIMP) 45 45 00
Vegetation Cover 50.0 500 [
Moisture Deficit (OTHETA) | NORMAL ¥ || NORMAL -
Resistance Coefficient (Kb) [MIN | LY r
@inio | copy | Prnt. | peete | add [ w8 | ok |

(b) Click the OK button to close the LAND USe window.
(F.3) Soils
(@) From the menu bar of the main application window, click

Hydrology = Soils as shown in the following figure to open the
SoiLs window.
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E Flood Control District of Maricopa County - KVLEXAMPLESA
File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

J 2 Rainfall [ ]l
S Rainfallds

Soils l
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins

¥ Soils - MB: 01 (Ol x]
List Details

Value Default Custom
SoE ] 01 P XKSAT| 0930 0930 I
Sub Basin ID [010005 ) Rk Ouac 00 =

Soil ID 64591 | 100

Area (sq mi)

Area (%) 100.0

" Sub Basin Soil Data

r Soil Description

Book Number | 645 Map Unit |91

Description | Momoli-Carrizo complex

E

|

©ino | copy | Pont. | pelete | asd | wB | ok |

(b) Click the OK button to close the SoiLs window.

(G) Step 7 - Establish Storage Facilities Data
To enter Storage Facility data, do the following:

(@) From the menu bar of the main application window, click Hydrology
= HEC-1 =» Storage as shown in the following figure to open the
HEC-1 STORAGE FACILITIES window.

e T O T e e e e e e Sy Sy
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(b)

(c)
(d)

(e)

%! Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

B nel
T Rainfall Ids

Soils

Soil Defaults

Land Use

Land Use Defaults

Major Basins

Sub Basins

e

Land Use Impacts » Netwrk
Data
ImportHEC-1HlE
Flow Summary
Import Runoff Summary
View Output
Schematic
Graphs
Graph Hydrographs
Diversions
Routing

N

M‘ co‘k
Hydrograph Ids
Hydrograph Data

Click Add to add a record and check the Spillway (SS) and Top of
Dam Overflow (ST) checkboxes in the Options frame. Also, ensure
that the Generate New Discharge Data check box is checked. Ignore
the Warning messages.

For the Storage ID, enter “ST0010”.

For the Spillway Characteristics (SS) data card, enter the following:

e Spillway Crest Elevation: 95.00
® Spillway Length: 20.00
® Discharge Coefficient: 3.00
e Weir Equation Exponent: 1.50

For the Top of Dam Overflow (ST) data card, enter the following:

® Elevation Top of Dam: 100.00
® Length Top of Dam: 50.00
® Discharge Coefficient: 3.00
e Weir Equation Exponent: 1.50

e T R T i e i S e e
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(f) Click Save to save the data entered. The data from should look like

‘ the following figure.
e} HEC-1 Storage Facilities - 1B: 01 -- Edit S o [=] B
List Details Storage/Elevation/Discharge
r Storage Facility Option Details — | Peak Storage and Stage
MBID |01 Year Volume Stage Q
_il (act) (fty (cfs)
Storage ID | ST0010
2 2.00 97.00 5.00
5 240 97.40 7.00
; Options 2
Canarts N 280 97.80 9.00
Discharge Data | Spillway Characteristics (SS) 25 3.40 98.20 12.00
Low-Level Outlet (SL) I |  Spillway Crest Elevation 95.0 50 400 | 9850 15.00
Spillway (SS) ¥ Spillway Length | 20.00 || 100 440 9870| 17.00
Top of Dam Overflow (ST) ¥ Discharge Coefficient 3.00
Weir Equation Exponent 150 =
Top of Dam Overflow (ST)

Elevation Top of Dam 100.0
Length Top of Dam 50.00
Discharge Coefficient 3.00
Weir Equation Exponent 1.50 L]

save [ cancel | Finte |oere e[ wE e ok |

(g) Click Storage/Elevation/Discharge tab to enter the rating data
shown below.

I HEC-1 Storage Facilities - MB: 01 — Edit IS [=] B3
' List I Details Storage/Elevation/Discharge
| Storage/Discharge Data
Storage Elevation Discharge Storage Elevation Discharge
ac-t) () (cfs) (ac-ft) () (cfs)

1z 0.0) 95.0 0 1.
2 1.00 95.00 3 12.
3 200 97.00 5 |
4. 3.00 98.00 10 14.
5 5.00 99.00 20 15.
6. 8.00 100.00 35 16.
T 25.00 105.00 200 17
8. 18. ‘
9. 19. \

10. 20. ‘

|

Storage ID ISTOOW Use Surface Area [~

Save lgancell Prnt | Delete I Add I B | Graph I 0K I

(h) Click the Save button to save the entered data.
(i) Click the OK button to close the HEC-1 STORAGE FACILITIES window.

(H) Step 8 - Establish Routing Data

’ To enter Routing data do the following:
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(@) From the menu bar of the main application window, click Hydrology
. = HEC-1 = Routing as shown in the following figure to open the
HEC-1 RouTING DATA window.

E!Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

[0 e SICH
~— Ranfallds

Soils

Soil Defaults

Land Use
Land Use Defaults

Major Basi
Sub Basins

e

Land Use Impacts 3 e

Data
IMporeHEC-1FIE

Flow Summary
Import Runoff Summary

View Output
Schematic

Graphs
Graph Hydrographs

Diversi

T
Storage
Spedal Code

‘ Hydrograph Ids
Hydrograph Data

(b) Click Add to add a record and enter the following data:

° Route ID: 010010
° Type: Kinematic Wave
° Shape: CHANNEL
° Length (ft): 800.00
° Slope (ft/ft): 0.0100
° Manning’s N: 0.040
3 Width (ft): 100.00
° Side Slope (h:v): 1.00

L.is———— ]
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13 HEC-1 Routing Data - MB: 01 = fa=s
' Look for
D~ Type 5 Route ""
|~ | MajorBasiniD [01 i
| Route ID | 010010
=| Type | KINEMATIC WAVE
| Ki ic Wave
Shape | CHANNEL  [~]
Length®| 8000
Slope (M)  0.0100
MangN| 0040
widh@®| 10000
. g Side Slope (hV)|  1.00
[ @ || copy ][ Pant.. J[ Detete ][ add [ mB ][ oK

(c) Click the Save button to save the entered data.
(d) Click the OK button to close the HEC-1 RouTING DATA window.

(I) Step 9 - Develop Hydrology Network

To develop the Model Network, do the following steps:

‘ (@) From the menu bar of the main application window, click Hydrology
= HEC-1 = Network as shown in the following figure to open the
HEC-1 MobpEeL NETWORK window.

E Flood Control District of Maricopa County - KVLEXAMPLESA

File Edi [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

|97 anc 0J|
| Rainfalids

Soils

Soil Defaults

Land Use

Land Use Defaults

Major Basins

Sub Basins

o0

PO o |
Data
ImportHEG=1HIE
Flow Summary
Import Runoff Summary
View Output
Schematic
Graphs
Graph Hydrographs
Diversi
Routing
Storage
Spedial Code
Hydrograph Ids
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(b) On the HEC-1 MobpEeL NETWORK window, click Add to add a record
. and select “Basin” from the SELECT TYPE window.

(c) Click OK to close the SELECT TYPE window.

(d) Click the “Magnifying Glass” button to the right of ID and select Sub
Basin ID “010005”

(e) Click OK to close the SELECT ID window.
(f) Click Save to save the entered data.

(g) Click the Basin button to add another Sub Basin and select “010010”
from the SELECT ID window.

(h) Click OK to close the SELECT ID window.

(i) Click the Combine button to combine the preceding two (2) Sub
Basins.

(j) Click Storage to add a Storage Facility and select “ST0010” from the
SELECT ID window.

(k) Click OK to close the SELECT ID window.

(I) Click Route to add a Route and select “010010” from the SELECT ID
window.

(m) Click OK to close the SELECT ID window.
(n) Click ReSort to provide more room for inclusive records if needed.
‘ (0) Click Create Draft to create the draft HEC-1 model.

Create HEC-1 Draft Model |

B This will ceate a draft network model and override the existing
! network model (HEC-1 Data and input file)!

Generally, dummy data will be used to build appropriate records
with the following exceptions:

Number of Basin Areas to Combine (HC cards) will be saved.
Actual data for Storage Fadilities (SL, S5, and ST cards) will be
used.

Do you want to continue?

Yes II No I

(p) Click Yes to continue and to close the CREATE HEC-1 DRAFT MODEL
window.

e e e e e T e W e e e S|
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Draft HEC-1 Model Network Created

A draft HEC-1 Model Network has been created with assumed
data!

Run the HEC-1 model without updating the data to make sure the
HEC-1 network is correct, then run the model and check "Update
HEC-1",

If the model does not run without updating the data, then there is
a network problem.

If the model does not run after updating the data, then thereis a
data problem!

G

(q) Click OK to continue and to close the DRAFT HEC-1 MODEL NETWORK
CREATED window.

B¢ Programmer’s File Editor
File Edit Options Template Execute Macro Window Help

N & RNEIE EE|ENE
\FCDIMC\DDMSW480\MODLRUNS \KVLEXAMPLESA\01.Dat e - BEE
1D Flood Control District of Maricopa County a
1D KULEXAMPLESA - HEC-1 Tutorial - Clark Unit Hydrograph
D 180 Year
ID 24 Hour Storm
p 1D Unit Hydrograph: Clark
1D Storm: Single
1D 86/02/2814
*DIAGRAM
IT 5 2008
10 5
IN 15
=
=
KK@810805 BASIN
BA 1.8
PB 4.8
PC 8.068 08.882 08.005 6.008 8.0811 8.614 08.617 08.6828 08.623 0.826
PC 0.829 0.832 8.835 08.0838 8.641 8.044  0.048 9.852 8.056 08.868 \
PC 8.864 0.0868 08.872 8.076 0.088 8.685 08.098 6.895 8.188 8.105
PC 8.118 8.115 8.128 8.126 8.133 8.148 8.147 8.155 8.163 8.172
PC B8.181 8.191 8.203 8.218 8.236 8.257 8.283 8.387 8.663 8.707 ‘
PC 8.735 08.758 8.776 8.791 0.804 8.815 8.825 8.834 8.842 08.849 ‘
PC 8.856 8.863 08.869 08.875 08.881 8.887 8.893 8.898 8.983 8.968
PC 8.913 8.918 8.922 8.926 8.938 8.934 08.938 8.942 8.946 8.958
PC 8.953 8.956 08.959 08.962 8.965 08.968 8.971 08.974 8.977 6.980 ‘
PC 8.983 8.986 8.989 8.992 8.995 0.998 1.000 ‘
LG 8.15 8.25 4.50 8.58 58 !
uc 1.8 1.8 |
ua ] 5 16 38 65 77 84 98 o4 97
uR 180 ;
- i
KK818818  BASIN |
BA o ‘
LG 98.15 8.25 4.50 8.58 58
uc 1.8 1.8
ua 8 5 16 38 65 77 84 98 94 97
ua 108 \
. |
KK818818 COMBINE
HC 2 ‘
, \
KKST8818 STORAGE
Ko
RS 1 STOR
su 8.8 16.8 188 1008 18088
sqQ 8.8 16.8 188 1008 50088
SE 8.8 1.8 5.8 18.8 28.8
SS 95.8 28.68 3.680 1.58
ST 100.8 50.68 3.00 1.58
=
KK@18018 ROUTE
RK 1088 8.865 8.825 TRAP 168 8
=
22
-
KIE] > /)
' Gl [ 5 [ WA|  FecOf NoWioplOOS INS | |
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(r) Close the PROGRAMMER’S FILE EDITOR.

13 HEC-1 Model Network - MB: 01

Lookfor|| || O] Exclude
[ sort D Type Divert Retrieve Combine Area || Model Network ——

D D [
20 010010 |Basin } S
30 010010 |Combine 2 i Type Basin
140 ST0010 |Storage ‘ ID| 010005
50 010010 [Route | kooutput|

\

[ Basin J[ Divert ]{ Comment]

[ Combing ][ Retrieve ][_IgKComment]
[ Route " Storage J[ D ]

Hydrograph ||Special Code

[ @info ][ Resort || Copy | Prnt. J[ Delete || Add | MB |[CreateDraf ]| oK

(s) Click the OK button to close the window.

(J) Step 10 - Run HEC-1 Model

To run the HEC-1 model, do the following steps:

(@) From the menu bar of the main application window, click Hydrology
= HEC-1 = Model as shown in the following figure to open the
RuN HEC-1 MoDEL window.

7 Flood Control District of Maricopa County - KVLEXAMPLESA

Fie Edi [ Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

e ] )
~——  RainfalIds

Soils

Soil Defaults

Land Use

Land Use Defaults

Major Basins

Sub Basins

Land Use Impacts 4 =

Data

ImportHEG-1 e

Flow Summary
Import Runoff Summary
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(J.1) Run Draft Model

‘ Initially the model will be run with the “dummy” data developed for the draft
input file. If the model runs without errors, then it can be assumed that the
network has been developed correctly.

(a) Uncheck all return periods except for the 100-year
(b) Uncheck Update HEC-1

(c) Check Delete Prior Results

(d) Uncheck Select Custom Folder

(e) Uncheck Update Conveyance Flows

() Click the Save button to save the entered data

(g) Click Run Model to run the draft model

i Run HEC-1 Model - MB: 01 = |2 ]
r Return Period —  Options
712 Year ‘ [ Multiple Basins
[C15Year Major Basin | 01
E b [7 Update HEC-1
125 Year ‘ [7] Delete Prior Results
': 50 Year [T] Select Custom Folder
(¥1100 Year [F]Update Conveyance Flows

| @info |[schematic| Output ][ Results |[RunModel | OK |

(J.2) Run Model

If no errors were generated when running the Draft Model, then do the
following steps:

(a) Check all return periods

(b) Check Update HEC-1

(c) Click Save button to save the entered data
(d) Click Run Model to run the models

L.
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Question

\ You are about to run 6 models!
" Do you want to continue?

(e) Click Yes to run the models

'% Run HEC-1 Model - MB:0OT ' =REEE
r Return Period [ Options
[¥]2 Year [T Multiple Basins
[¥]5 Year Major Basin | 01
10 Year
o5 Year Update HEC-1
[V] Delete Prior Results
[¥]50 Year
[[] select Custom Folder
100 Yo [T]Update Conveyance Flows

[ @Lnfo ”‘_c.;_chematic][ Output “ Results HRunModel][ OK ]

(K) Step 11 - Review Model Results

To view the HEC-1 model flow and volume results do the following:

(@) From the menu bar of the main application window, click Hydrology
= HEC-1 = Flow Summary as shown in the following figure and
HEC-1 FLow SUMMARY window opens.

%7 Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

| » Renfal 0 J|

Rainfall Ids

Soils

Soil Defaults

Land Use

Land Use Defaults

Major Basins

Sub Basins

o

Land Use Impacts > Ne
Data
IMPOrLHEG-1HIE

Import Runoff Summary
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[*? HEC-1 Flow Summary - FLOWS - MB: 01 ; o . i5 (ol x|

. Look for |

Sort Type 25Yr
010005 (10 |Hydrograpi T -
010010 |20 Hydrograph 0.0400 27 37 46 61 73 85
010010 (30 Combined 0.0500 33 45 58 78 95 112
ST0010 (40 Routed 0.0500 29 40 52 71 86 101
010010 (50 Routed 0.0500 29 39 50 67 82 98

v
< | »

@0 | Ewport | Storagepetail | Prnt. | view | w8 | ok |

(b) To view model volume results, click View button on the HEC-1 FLow
SUMMARY — FLOWS window to open the MobeL ViEw window. Click the
“Magnifying Glass” button to the right of View to open the SELecT
View window. Select “Volumes (AF)” from the list.

Fe — =
. Model View

r View Option
\

view Flows ()]
‘ Option | All

| @ | oK ]1

st

. Model N
‘Flows
Volumes (IN)

|

Attenuation/Velocity

[ OK ][ Cancel
®

e e e e e e e e N R ey R T S I
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‘ (c) Click OK to close the SELECT VIEW window
(d) Click OK to close the MopEL ViEw window

EHEC-l Flow Summary - VOLUMES (AF) - MB: 01 : ; i '__\ i —(of x|
Look for I
D Sort Type 2Yr 10 Yr 25Yr 50 Yr 100 Yr &
010010 |20 Hydrograph 0.0400 2.37 3.08 3.69 457 5.25 5.98
010010 |30 Combined 0.0500 3.22 418 5.04 6.30 7.28 8.31
ST0010 |40 Routed 0.0500 324 420 5.06 6.32 7.29 8.33
010010 |50 Routed 0.0500 3.24 4.20 5.06 6.32 7.29 8.33

Kh| | ,'_ILI

@0 | Ewort | Storage Detail | Print. e | ok |

‘ (e) Click OK to close the HEC-1 FLow SUMMARY — VOLUMES (AF) window.
(f) To view the Model Storage results, click Hydrology = HEC-1 =»
Storage to open the HEC-1 STORAGE FACILITIES window.

121 Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

| o Ranfal O3 |
et Rainfall Ids

Soils

Soil Defaults

Land Use

Land Use Defaults

Major Basins

Sub Basins

todel
Land Use Impacts » Ne
- - Data

IMportHEGC-1Hle
Flow Summary
Import Runoff Summary
View Output
Schematic
Graphs
Graph Hydrographs
Diversi
Routing
Storage I
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(g) Click the Details tab to view the storage volume and stage results.

%" HEC-1 Storage Facilities - MB: 01 ] wihie 5 S B [= B
List Details I Storage/Elevation/Discharge
i Storage Facility Option Details ——— [ Peak Storage and Stage
MBID |01 > Year \Volume Stage Q
(ac-ft) () (cfs)
Storage ID | ST0010
2 5.80 99.27 24.00
- Opti 5 7.60 99.87 33.00
Conarats Naw : 10 882 | 10024 43.00
Discharge Data Spillway Characteristics (SS) 25 10.58 | 100.76 60.00
Low-Level Outlet (SL) [~ | Spillway Crest Elevation 95.0 50 12.02 | 101.18 74.00
Spillway (SS) V' SpillwayLength | 2000|| 100| 1346 10161 8800
Top of Dam Overflow (ST) ¥ Discharge Coefficient | 3.00
Weir Equation Exponent 1.50 =
Top of Dam Overflow (ST)
Elevation Top of Dam 100.0
Length Top of Dam 50.00
Discharge Coefficient 3.00
Weir Equation Exponent 150 ;I
@into | Resot | copy | Prnt. | petete | asd | me | eraph [ ok |

(h) Click OK to close the HEC-1 STORAGE FACILITIES window.

(L) Step 12 - Backup Project
' To backup your project do the following:

(@) From the menu bar of the main application window, click File =»
Project Management as shown in the following figure to open the
PROJECT MANAGEMENT window.

% Flood Control District of Maricopa County - KVLEXAMPLESA

File Edit Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

Select Project D
New Project

Update Project Defaults
Project Paths

Reports

|
Project Management i ;

Import Data
Export Data

|

Exit |
, ' |

\

e e e e e T Y e e e o e P O TR ST
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Action ;
v From Project | KVLEXAMPLESA ) |

¥ Backup Project
" Import Project
¢ Clean Up Orphan Records

@info | gackup | ok |

(b) Check Backup Project

(c) Click the “Magnifying Glass” button to the right of From Project to
open the SELECTION window.

Select ID

Lookforl
Reference ID Title -
BRIDGEPIERFCD 00011 River Mechanics Example - Bridge Pier
RIPRAPSIZINGFCD 00012 River Mechanics Example - Riprap Sizing
KVLEXAMPLES 00017 HEC-1 Tutorial - Clark Unit Hydrograph
. KVLEXAMPLES 00018 HEC-1 Tutorial - S-Graph Unit Hydrograph
KVLEXAMPLE7 00019 Rational Method Tutorial
KVLEXAMPLES 00020 Street Drainage Examples
KVLEXAMPLE2 00021 Example 2 using Shape files and NOAA 14
KVLEXAMPLES 00023 HEC-1 Tutorial - Custom Storm Event
KVLEXAMPLE3 00024 Example 3 Rational Method tutorial project
KVLEXAMPLE10 00025 HEC-1 Tutorial - Import HEC-1 File
LAUNCHABLERIPRAP 00027 River Mechanics Example - Launchable RipRap
KVLEXAMPLE11 00029 FCDMC Hydraulics Manual Design Example 4.6
KVLEXAMPLE12 00030 Street Drainage Example
LATEROSIONEXAMPLE 00031 Lateral Erosion Example |
EXAMPLEGA 00035 HEC-1 Tutorial - S-Graph Unit Hydrograph
hd
oKk | cancel |

(d) Select “KVLEXAMPLE5A” and click the OK button to close the
SELECTION window.

(e) Click Save on the PROJECT MANAGEMENT window to save the data.
(f) Click Backup.

(g) Select a folder for your backup zip file (defaults to Backup sub
directory)
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‘ Select Directory

= j: FCDMC -
., DDMSE 478b
. DDMSW460
., DDMSW460_Website
, DDMSW460b
, DDMSW464
, DDMSW464c =
, DDMSW464d
, DDMSW477
. DDMSW473c
, DDMSW47%h
. DDMSW430
) Backup
. Data
) Help
# . Maps

, Models =
< | LIJ
Make New Foider | ok | cance |

[N I R = R = i = S 2 B e

(h) Click OK.

' This now concludes this tutorial.

e e e e e O S T e R A e T e i e IR s
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1.2 HEC-1 Modeling Using S-Graph

1.2.1 Problem Statement

To estimate the 100-year design discharge using GIS data for sub basins, land use,
soils and Lag with the following given conditions:

3

8

HEC-1 Model

FCDMC Soils

FCDMC Land Use

NOAA14 Rainfall

MCDOT Roads (not applicable)
S-Graph Unit Hydrograph
Green-Ampt Loss Method

X3

*

/7
X4

L)

J
X4

L)

*
e

7
°

53

*

33

*¢

Single Storm

3

*

24-Hour Duration

5

*¢

Tab Interval: 5 Minutes
Number of Ordinates: 2000
Output: 5

3

*

K/
°

‘ 1.2.2 Step-by-Step Procedures:

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

Step 2: Set Model Runs Path

Step 3: Prepare Maps

Step 4: Establish Rainfall Data from GIS

Step 5: Establish Sub Basin, Land Use and Soils Data from GIS
Step 6: Review Established Sub Basin, Land Use and Soils Data
Step 7: Establish Storage Facilities Data

Step 8: Establish Routing Data

Step 9: Develop Hydrology Network 1
Step 10: Run HEC-1 Model |
Step 11: Review Model Results
Step 12: Backup Project

e D S e T R SR = - e et
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‘ (A) 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 “OK” to accept the software disclaimer as is
shown in the following figure.

Agreement

Drainage
Design

 Management

System

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

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

Continuing signifies your acceptance of this disclaimer.

' KVL Consultants, Inc. Cancel | OK

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

Select Project
List l Details
Look for
Reference “ D Title -
BANKPROTECTIONFCD 00010 River Mechanics Example - Bank Protection
BRIDGEPIERFCD 00011 River Mechanics Example - Bridge Pier
EXAMPLE1 00001 Clark, Green Ampt, Single, 6 Hour i
EXAMPLE2 00002 S-Graph, Green-Ampt, Single, 24 Hour
EXAMPLE3 00003 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 00004 Clark, Init and Uniform, Single, 6 Hour |
KVLEXAMPLE1 00005 Example 1 HEC-1 tutorial project :
KVLEXAMPLE2 00006 Example 2 using Shape files and NOAA 14 |
KVLEXAMPLE3 00007 Example 3 Rational Method tutorial project =
KVLEXAMPLE4 00020 Import HEC-1 file and build data ‘
KVLEXAMPLES 00021 HEC-1 Tutorial - Clark Unit Hydrograph |
KVLEXAMPLE7 00023 Rational Method Tutorial
RIPRAPSIZINGFCD 00012 River Mechanics Example - Riprap Sizing ;
SEDIMENTYIELDFCD 00009 River Mechanics Example - Sediment Yield F ;
- \
s s semnmee s Wi . d » |
|
(@info | Prnt. |[ Delete [ add ][ oK ‘

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

(c) Type “KVLEXAMPLE6A” 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.

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

(e) Type into the Location textbox the location of this project. (Optional)

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

(g) Type a detailed description of this project into the textbox on the
bottom left side of the window. (Optional)

(h) Under HEC-1 Defaults frame, change the default Unit Hydrograph
from “Clark” to “S-Graph” by clicking on the magnifying glass.

(i) Under HEC-1 Defaults frame, change the default Storm from
“Multiple” to “Single” by clicking on the magnifying glass.

(j) Under HEC-1 Defaults frame, change the default Duration from “6
Hour” to “24 Hour” by clicking on the magnifying glass.

(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.

L Details
" Project Reference rProject Defaults = —are -
Project ID | 00035 Reference | Model |HEC1 -~
Title | HEC-1 Tutorial - S-Graph Unit Hydrograph Soils |[FCDMC »~
Location | Maricopa County Land Use | FCDMC P
Agency | Flood Control District of Maricopa County Rainfall | NOAA14 >~
I™ River Mechanics Only I Custom Storm Event Roads |MCDOT <
™ Imported Hec-1 File
 Return Periods to Model r HEC-1 Defaults
L 2 3 £ > o Unit Hydrograph [s-Graph A
|2 :” 5 :” 10 :” 25 L" 50 L” 100 :I Loss Method | Green-Ampt i
Storms | Single P
This projectis set-up to give a step-by-step instruction on how to use = Duration |24 Hour >~
DDMSW to build a HEC-1 model. Tab Interval (NMIN) 5 = T
No. Ordinates (NQ) 2000 =
o Output (10) 5=
Modification Date [ 0610222014 = @inio | Pint. | petete | agd | ok |
‘ Note: the Project ID “00035” in the above figure is the database records

unique read-only identifier of the project, which is automatically
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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) Step 2 - Set Model Runs Path

When running the HEC-1 model in DDMSW, the names of the input and output
files are automatically established. The basic file format is XX-YYY where XX is
the name of the major basin and YYY is the return period. So for Major Basin 01
and Return Period 100-years, the file name would be 01-100. The input file
uses *.dat as the file extension and the output file uses *.out as the extension.
Because the file names for all projects are the same, it is necessary to establish
unique folders for the model runs for each project.

(@) From the menu bar of the main application window, click File =»
Project Paths as shown in the following figure and PROJECT PATHS
window opens.

E’, Flood Control District of Maricopa County - EXAMPLEGA

File Edit Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

Select Project Ux 0w
New Project

Update Project Defaults
Project Paths l

Reports

Project Management

Import Data
Export Data

Exit

(b) Click the browse button [:] to the right of Model Runs Path
textbox.

(c) Navigate to “Modlruns” folder and highlight “Modlruns” folder.
Click Make New Folder button the Browse for folder window and
enter “KvliExample6A”.

(d) After setting the project path, click the OK button to close the
BROWSE FOR FOLDER window.

(e) Click the OK button to close the PROJECT PATHS window.

L.iss——————— ]
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=" Project Paths

Machine ID
Agency

Project

Model Runs Path

=10l

FCE6W92430755 # CARRIAGAC

Flood Control District of Maricopa County

HEC-1 Tutorial - S-Graph Unit Hydrograph

C:\FCDMC\DDMSW480\MODLRUNS\KVLEXAMPLEGAL

@lnfo |

ok |

(C) Step 3 - Prepare ESRI Shape Files

This step is only for information purposes. There is no action required for the
tutorial user in this step. Several ESRI shape files must be prepared. They are
rainfall, sub-basins, land use, soils, and Tc. As part of the shape files, the table
structures must include specific fields. For the purposes of this tutorial, all these
shape files have already been prepared. This tutorial does not cover the creation
of the shape files. For tutorials on how to create ESRI shape files, please refer to
“How TO PREPARE ESRI SHAPE FILEs FOR DDMSW” on http://
www.fcd.maricopa.gov/Software/ddms.aspx. The following section describes
the general requirement for the required shape file table. Specific file names for
the shape files are not necessary however for the purpose of this tutorial the
following map files will be used. However the field names inside the tables must
be fixed and are shown in the following section.

(C.1) Rainfall

The Rainfall map (Rainfall.shp) will contain a single polygon and have a
field named “RAINID” which is defined as Character 8 data type, that is,
a Text data field that is 8 characters long.

!lMXﬁWWARFWEM:ﬁMﬂM
DEUdS 8> @ - $[1®W L E&9DR N QAQUUDGEFPIROALSS =B
b= > 2~ [[Creste Toew Featore =] [ K | <

7 Layens | 7

L Fairtal

o
| | -
) v e i
Dewmng v R 7|0~ A~ a
T13906.000 957587 901 Feet
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The Rainfall map can be created after the Sub Basins map has been
. prepared and is basically all of the Sub Basins combined.

(C.2) Sub Basins

The Sub Basins map (Subbasins.shp) will contain one polygon for each
Sub Basin in the project. The required fields include:

/7
°

AREAID Character 6 Enter unique SubBasin ID

** BASINID Character2 Enter Major Basin ID

AREASF  Numeric 12.0 Data entered into this field will be
overwritten internally DDMSW. This
field contains the Sub Basin area in
square feet. The data for this field is

0

/7
L X4

calculated automatically when the
Update button is clicked in the UPDATE
FROM GIS form in DDMSW.

‘ools Window Help

& |[14335 &N  QQANIOPED VO ROM LT A

| [ o] | X ==

/010005 ~
010010 “

| bz [ Attributes ofsusansms--c! e
/ , | Fip | shape | AREAID [ BASINID | AREASF
/ z ®[__0] Polygon [010010__| 01 | 2045085 —J
' 1 [ Polygon [010005 |01 | 1719233

30 >w4 | o
0) Anal ~I[0 ~] Bz g A~ &~ 8~ =~

715480.787 957699.714 Feet
—

(C.3) Land Use j

The Land Use map (Landuse.shp) will contain polygons for land use data.
There can be more than one polygon with the same land use ID. It is
vitally necessary that the land use coverage extends beyond the extent
of all Sub Basins. The required fields include:

e R e e Y e e e o e T ST
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** LUCODE Character 15 LUCODE values should be consistent
‘ with the values in the DDMSW land
use defaults table.

‘ools Window Help

s S Zeenn v aar teesBo NoRias Am|
r i=] [ | & |:aa |
—li
=]
so 2w Lo
gm0 X1 B 7z u|A~ &~ L -~

718078.028 957424367 Feet
—

(C.4) Soils

The Soils map (Soils.shp) will contain polygons for Soils data. A GIS map

' for Soils data can be obtained from the Flood Control District. There
can be more than one polygon with the same soil ID. It is vitally
necessary that the Soils coverage extends beyond the extent of all Sub
Basins. The required fields include:

% SOIL_LID Numeric15 SOIL_LID values should be consistent
with the values in the DDMSW soil
defaults table.

L...siv— |
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b [z desnr @@V eesRokon sl 28]

=T | eaee | cIECIEIED

Attributes of Soils -M

FID | Shape | SOIL_LID | BUFFER
Polygon 64591
Polygon 6453
Polygon 64598
Polygon 64590

>

Y
Y
¥
Y

wln|=]o)

et s T n] s o]

20> 4] >

3) Adal Jid <] B 7 u A~ &~ 4+ =~

721305549 957081.757 Feet

(C.5) Length (L)

The Length map (L.shp) will contain polylines for Sub Basin Length and
slope data. There needs to be one Length polyline for each Sub Basin in
the project and each polyline must be completely contained within its
respective Sub Basin. The required fields include:

R/

<+ AREAID Character6 This is determined internally by
DDMSW, any data in this field will be
overwritten.

«* BASINID Character2 This is determined internally by
DDMSW, any data in this field will be
overwritten.

% LENGTH Numeric12.0 This is determined internally by

DDMSW, any data in this field will be

overwritten.

% USGE Numeric 9.2 Enter the upstream ground elevation.
s DSGE Numeric9.2 Enter the downstream ground
elevation.

The data for AREAID, BASINID and LENGTH are populated
automatically when the Update button is clicked in the UPDATE FROM
GIS form and any data entered will be over-written.

.
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ools Window Help

v S48 nr N /Qanuo@esNorom el ig|
)| S EGE RN EEEEE el LI
|

[ Attributes of L__ L
Shape | USGE | DSGE | LENGTH]| AREAD | BASND |
Polyine | 1600 | 1550 | 1212010010 |01 |
Polylne | 1588 | 1550 |  1543[010005 |01 |

‘ Record: 14| <[ 1 »[n|  Show:[Al selected | ecords v lf

20 |2 m 4 | o
2] Aal ~j0 <] B r u A~ &~ S o~

(716543923 957363957 Feet

(C.6) Lag (Lca)

The Lag map (Lca.shp) will contain polylines for Lag data. There needs
to be one Lag polyline for each Sub Basin in the project and each
polyline must be completely contained within its respective Sub Basin.
The required fields include:

*

< AREAID Character6 This is determined internally by
DDMSW, any data in this field will be
overwritten.

« BASINID Character2 This is determined internally by
DDMSW, any data in this field will be
overwritten.

% LENGTH Numeric12.0 This is determined internally by

DDMSW, any data in this field will be

overwritten.

The data for AREAID, BASINID and LENGTH are populated
automatically when the Update button is clicked in the UPDATE FROM
GIS form and any data entered will be over-written.

... ]
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ools Window Help

b [[as JZ&0R R Q@QQANINPEINVOI ROB LS 28
re =] | Target: [Nodes x| a| 2@ B RBE B[ S|EE|m
o
S
$
Q
o
2
=
=4
2
o
[ Attributes of LCA =l = |
FID Shape * USGE | DSGE | LENGTH | AREAID BASINID
» 0 | Polyline 1575 | 1550 3769 | 010010 | 01
T[Polyine | 1560 | 1550 1360010005 |01
Record: 14 «| T o[m|  show:[Al selected |  Records (v
R |
302w 4 | il
2) Adal S0 -] B Z U A~ &~ S o~
[ 716430057 957587115 Feet =

(D) Step 4 - Establish Rainfall Data from GIS
(D.1) Rainfall Ids

In DDMSW, different major basins can have different rainfall data. If

there is only one major basin then the program will use the “DEFAULT”
as rainfall.

(@) From the menu bar of the main application window, click Hydrology

=» Rainfall Ids as shown in the following figure and RAINFALL IDS
window opens.

E Flood Control District of Maricopa County - EXAMPLEGA
File Edit | Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
J M Rainfal |_J o)

Rainfall Ids

Soils

Soil Defaults

(b) Select the Source (can be “GIS” or “Manual”). Since a rainfall map
has been established, select “GIS”.

(c) Entering notes on the Description textbox is optional.

Laaaaeee———— ]
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(d) After the data entry, click the Save button. The RAINFALL IDs window
‘ should look like what is shown below.

(e) Click the OK button to close the RAINFALL IDS window.

%7 Rainfall 1ds 3 e =10l x|

| | B
r Rainfall ID
Rainfall ID l Source IGIS v]
Description | Default NOAA14 Rainfall ;l
H
@ino | Pant. | petete | asd | ok |

(D.2) Rainfall

(@) From the menu bar of the main application window, click Hydrology
=>» Rainfall as shown in the following figure and RAINFALL window
opens.

1@ Flood Control District of Maricopa County - KVLEXAMPLEG
File Edit | Hydrology | Hydraulics River Mechanics Maps Tools Admin Submittals Help

|
2 o (IEZZN) o

: Rainfall Ids

Soils
Soil Defaults

|
‘ Land Use
| Land Use Defaults

(b) Click on the button in the Rainfall Map box and select the
Rainfall shape file established earlier. It may be necessary to
migrate to the folder that the shape file is in.

T s e T s M R S s MOV s i e | 5 N e o S o S i, e S M S i P esone
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13 NOAA 14 Rainfall ID: DEFAULT =R

[ Rainfall Map
\ Required Map Fields

r Rainfall Depth (in)

2y 5yr 10w 25yt 50w 100w

5Min | I | | . f
o 4 Sl sl a1
15Min |
| 3omin|
; 1Hour[ . | ; | |

2 Hour L W: r | R
3 Hour [ R WRTERON B

|
|

6 Hour
12 Hour |
24 Hour |

[ Log | @info |[ Prnt. ][ Update |[RainfalliD][ oK

(c) After selecting the rainfall map, click the Save button.

(d) Click Update to create the NOAA14 rainfall data from the GIS map.
An UpDATE NOAA14 RAINFALL USING GIS dialog box will appear
requesting you to review the data and proceed.

Update NOAA14 Rainfall using GIS . e %]

& This will update all the rainfall return periods and durations
J for Rainfall ID: DEFAULT

The update will be based on the following Shape file:
C:\FCDMC\DDMSW4S0\MAPS \KVLEXAMPLEGA\RAINFALL . SHP

Do you want to continue?

(e) Click the Yes button to proceed.

(f) After the update is completed, the NOAA 14 RAINFALL ID: DEFAULT
window will then have the updated data in the Average Rainfall
Data for ID: DEFAULT frame as shown below.

(g) Click the OK button to close the window.
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I¥=!h0AA 14 Rainfall ID: DEFAULT e R =10 x|

Rainfall Map
I C:\FCDMC\DDMSW480\WMAPS\KVLEXAMPLEGSARAINFALL SHP

r Average Rainfall Data for ID: DEFAULT
2yt 5y 10yr  25yr  50yr  100wr
S5Min| 0264 | 0357 | 0427 | 0521 | 0593 | 0.666
10 Min | 0.402 | 0543 | 0650 | 0793 | 0.903 | 1.015
15Min | 0.499 | 0673 | 0806 | 0983 | 1119 | 1.258
30Min | 0.672| 0907 | 1.085| 1324 | 1507 | 1.694
1Hour| 0.831| 1122 | 1343 | 1639 | 1.865| 2.096
2Hour | 0964 | 1281 | 1524 | 1854 2102 | 2360
3Hour | 1.045| 1365 1618 | 1971 | 2252 | 2542
6Hour | 1237 | 1577 | 1848 | 2218 | 2505 | 2804
12Hour | 1.414 | 1784 | 2075 | 2467 | 2768 | 3.080
24Hour | 1679 | 2174 | 2569 | 3.121| 3559 | 4.018

tog | @i | print. [[Tpdats |

(E) Step 5 - Establish Sub Basin, Land Use and Soils Data
from GIS

The project’s Sub Basin, Land Use and Soils data can be populated in DDMSW
from the maps created earlier.

‘ (a) From the menu bar of the main application window, click Maps =
Update Hydrology as shown in the following figure and UPDATE FROM
GIS window opens.

H’ Flood Control District of Maricopa County - KVLEXAMPLEG
File Edit Hydrology Hydraulics River Mechanics | Maps | Tools Admin Submittals Help

(0000RY s, xDa| IEENDN

b) In Update Options, check the Land Use, Soils, L and Lca boxes.

(
(c) In Map File Key Field Name, enter LUCODE for Land Use Code.
(d) In Sub Basins Default, select Valley for the default S-Graph.

(

e) Click the button to the right of the Sub Basins and select the Sub
Basins shape file. It may be necessary to migrate to the appropriate
folder.

(f) Click the button to the right of the Land Use and select the Land
Use shape file.

. (g) Click the button # to the right of the Soils and select the Soils
shapefile.
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(h) Click the button to the right of the L and select the L shape file.

‘ (i) Click the button ® to the right of the Lca and select the Lca
shapefile.

(j) Click Save.
(k) Click Update. A UppATE HYDROLOGY FROM GIS dialog box will appear

requesting you to review the data and proceed.

Update Hydrology from GIS - %]

B This will update the Major Basin data from GIS shape files as

follows:

o

Sub Basin data will be updated.
Land Use data will be updated.
Soils data will be updated.

Tc data will be updated.

Lca data will be updated.

Do you want to continue?

Yes No

‘ (I) Click Yes. After completion, the form should look as follows:

EUpdtate hydrology from GIS - MB: 01 e i LK’" R =10/ x|

~ Name and Path of Maps for Hydrology

Sub Basins | C\FCDMC\DDMSW480WAPS\KVLEXAMPLEGA\SUBBASINS.SHP ﬁ
Land Use | C:AFCDMC\DDMSW480\MAPS\KVLEXAMPLESALANDUSE.SHP ﬁ

Soils | CAFCDMC\DDMSW480WAPS\KVLEXAMPLEGASOILS.SHP
C:\FCDMC\DDMSW480WAPS\KVLEXAMPLEGALL SHP
Lca | CAFCDMC\DDMSW480WAPS\KVLEXAMPLEBAILCA SHP ﬁ

-

 Update Options Major Basin — 7 [ Sub Basins Default
¥ 'Sub Basin . ;
Major Basin I 01 7 S-Graph | vall -
[V Land Use ‘—J L
Jv Soils
4 ~Map File Key Field Name
- LandUse Code [LUCODE

@info [CheckLog| Update | ok |

(m) Click the OK button to close the UPDATE HYDROLOGY USING GIS
window.
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(F) Step 6 - Review Established Sub Basin, Land Use and
Soils Data

The Sub Basin, Land Use and Soils data has been developed from the GIS maps.
It is necessary to review the data to make sure everything looks “OK”.

(F.1) Sub Basins

(@) From the menu bar of the main application window, click Hydrology
=» Sub Basins as shown in the following figure and SuB BASINS
window opens.

!} Flood Control District of Maricopa County - KLVEXAMPLES
File Edit |Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

J DD Rainfall id
Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins

T

Manual S-Graph

HEC-1 >

13 Sub Basins - MB: 01 oo /=
List Details

~Sub Basin — ] rRainfall Losses - Green-Ampt ———

Value Defauit Custom

Major Basin | 01 [ e

‘ | ] 1A(in) 025! 025
Sub Basin |010005 ‘ HRER-AS TR s
— 1 DTHETA 029! 029

Sort 10 B e

PSIF (in) 275 2715
XKSAT| 1339 1339
RTIMP (%) 43 43

XKSAT (Bare Ground) |~ 0.930

Avg Vegetation (%) 50.0

Ooood

 Sub Basin Parameters - S-Graph

| Area(sqmi)| 0019 S-Graph | Valley ] E]

| Length(mi)| 0292 Lca (mi) 022] ]

1 USGE| 15880  Lag(min) | 40 \
DSGE| 15500 Velocity(@s) | 639 Default Custom

' Siope (Wmi) 1301 kn| 0020 0020 [ |

[ @info || Resort || Prnt. || Detete || Add || mB ][ Update || oK |

(b) Click the OK button to close the Sus BAsINS window.

Section 1.0 - Hydrology 1-48




(F.2) Land Use

(@) From the menu bar of the main application window, click Hydrology
=» Land Use as shown in the following figure to open the LAND UsE
window.

I Flood Control District of Maricopa County - KVLEXAMPLEG
File Edit [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

J D D Rainfall 9
oo A Rainfall Ids

Soils
Soil Defaults

Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

HEC-1 »
" Land Use - MB: 01 (ol x|
List Details
rLand Use
Major Basin ID | 01 S| area (sq mi) [IEDERER
Sub Basin ID | 010005 s Area (%) 153
Land Use Code | 150 ,JI Small Lot Residential - Single Family (4-6 du per acre)
" Land Use Data
Value Default  Custom
Initial Loss (IA) 0.25 025 & :I
Percent Impenvious (RTIMP) 30 30 [
Vegetation Cover 50.0 500 I
Moisture Deficit (DTHETA) [NORMAL  ~|[NORMAL X
Avg Channel Mann'g (Kn) 0.020 0020 I
@inio | copy | pnt. | petete | add | wB | ok |

(b) Click the OK button to close the LAND USe window.

(F.3) Soils

(@) From the menu bar of the main application window, click Hydrology
=>» Soils as shown in the following figure to open the SoiLs window.
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!s¥ Flood Control District of Maricopa County - KVLEXAMPLEG

‘ File Edit [Hydrology | Hydraulics River Mechanics Maps Tools Admin Submittals Help
i D O Rainfall O

—_— Rainfall Ids

Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

HEC-1 »
1% Soils - MB: 01 == EEE <"
List Details
- Sub Basi r Soil Data ‘
[ - S Value Defaull Custom |
Major Basin ID 01‘ ik ; XKSAT o 0‘93 *093 A i
SubBaswlD 010005 | Rokowmpe | D ‘
Sol 1D i 3 Eflecive (%) 100 ‘
Area (sq mi) 0.0190 : | e
Area (%) 100.0
r Soil Description" N I e
Book Number | 645 Map Unit | 91
Description | Momoli-Carrizo complex
[ @info | Copy | Prnt. || Delete || add | MB ][ oK |

(b) Click the OK button to close the SoiLs window.

(G) Step 7 - Establish Storage Facilities Data
To enter Storage Facility data do the following:

(a) From the menu bar of the main application window, click Hydrology
. =» HEC-1 =» Storage as shown in the following figure and HEC-1
STORAGE FACILITIES window opens.
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1% Flood Control District of Maricopa County - KLVEXAMPLEG
File Edit |Hydro!ogy Hydraulics River Mechanics Maps Tools Admin Submittals Help

‘ J D O Rainfall 9

— Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual 5-Graph

I -

Network
Data

Flow Summary
View Output
Schematic

Graphs

Diversions
Routing

fispaies s v

Hydrograph Ids
Hydrograph Data

(b) Click Add to add a record and check the Spillway (SS) and Top of
‘ Dam Overflow (ST) checkboxes in the Options frame. Ignore the
Warning messages. Also, make sure that the Generate New

Discharge Data checkbox is checked.

(c) For the Storage ID, enter “ST0010”.
(d) For the Spillway Characteristics (SS) data, enter the following:

e Spillway Crest Elevation: 95.00
® Spillway Length: 20.00
® Discharge Coefficient: 3.00
® Weir Equation Exponent: 1.50
(e) Forthe Top of Dam Overflow (ST) data, enter the following:
e Elevation Top of Dam: 100.00
® Length Top of Dam: 50.00
® Discharge Coefficient: 3.00
® Weir Equation Exponent: 1.50

(f) Click Save to save the data entered.

e e e e T B e s T
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Y HEC-1 Storage Facilities - MB: 01 -- Edit ; e e =0 x|

. List Details i Storage/Elevation/Discharge
r Storage Facility — 7 Option Details  Peak Storage and Stage

MBID Year Volume Stage Q
El_ﬁl (ac®) (@) (cfs)

Storage ID | ST0010

2 2.00 97.00 5.00
- Obfi 5 240 97.40 7.00
Cotonto New 10 280 97.80 9.00
Discharge Data " || Spillway Characteristics (SS) 25 340 9820| 1200
Low-Level Outlet (SL) ™ |  Spillway Crest Elevation 95.0 50 400| 9850 | 15.00
Spillway (SS) ¥ spillwayLength | 20.00 || 100 4.40 9870 | 17.00

Top of Dam Overflow (ST) Discharge Coefficient | 3.00

Weir Equation Exponent 150 =
Top of Dam Overflow (ST)

Elevation Top of Dam 100.0
Length Top of Dam 50.00
Discharge Coefficient 3.00
‘Weir Equation Exponent 150 LI

Save |ganoel ' Prnt.. I QeleteJ Add ' B | Graphi I 0K I

(g) Click Storage/Elevation/Discharge tab to enter the data shown

below.
%Y HEC-1 Storage Fadilities - MB: 01 — Edit
List Details Storage/Elevation/Discharge
r Storage/Discharge Data
Storage Elevation Discharge Storage Elevation Discharge
(ac-) () (cfs) (ac-) () (cfs)
3 1 | 95.0 Ly
28 1.00 95.00 3 12.
38 200 97.00 5 13.
4. 3.00 98.00 10 14.
5. 5.00 99.00 20 15.
6. 8.00 100.00 35 16.
T4 25.00 105.00 200 17.
8. 18.
9. 19
10, 20.
Storage ID IST0010 Use SurfaceArea |
save | Cancel | Pnt. | Deete | Add [ wE | cEpn | ok

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

(i) Click the OK button to close the HEC-1 STORAGE FACILITIES window.

(H) Step 8 - Establish Routing Data

To enter Routing data for the model, do the following steps:
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(@) From the menu bar of the main application window, click Hydrology
. =» HEC-1 =» Routing as shown in the following figure and HEC-1
STORAGE FACILITIES window opens.

13 Flood Control District of Maricopa County - KLVEXAMPLEG
File Edit [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

j 5 QD Rainfall O
CIECIE o S Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

HEC-1 » Model

Network
Data

Elow Summary
View Output
Schematic

Graphs

Diversions

Storage

‘ Hydrograph Ids
| Hydrograph Data

(b) Click Add to add a record and enter the following data:

e Route ID: 010010
® Type: Kinematic Wave
e Shape: CHANNEL
® Length: 800.00
® Slope: 0.0100
® Manning’s N: 0.040
e Width: 100.00
e Side Slope: 1.00

Section 1.0 - Hydrology 1-53




1 HEC-1 Routing Data - MB: 01 g P EEE

. Lookforf ]
1 D ~ Type .| [Route

|- | majorBasiniD [01

Route ID | 010010

Tipe | KINEMATIC WAVE
L [ Kinematic Wave
Shape | CHANNEL  [+]
Length (@) | 800.0 |
Slope@m)| 00100
MangN| 0.040
width @ 100.00
= 4 SideSiope (W) 1.00]

[ @ |[ copy [ Pont. || Detete || add J[ mB ][ oK

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

(d) Click the OK button to close the HEC-1 RouTING DATA window.

‘ (I) Step 9 - Develop Hydrology Network

To enter Network data do the following:

(@) From the menu bar of the main application window, click Hydrology
=» HEC-1 =» Network as shown in the following figure and the HEC-
1 MoDEeL NETWORK window opens.

#¥ Flood Control District of Maricopa County - KLVEXAMPLEG
File Edit {Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
| \

| D D Rainfall 9
b Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

EEE o

]w Data
|

| Elow Summary
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(b) Click Add to add a record and select Basin from the SELECT TYPE

‘ window.

(c) Click OK to close the SELeCT TYPE window.

(d) Click the “Magnifying Glass” button to the right of ID and select Sub
Basin ID “010005”

(e) Click OK to close the SELECT ID window.
(f) Click Save to save the entered data.

(g) Click Basin to add a Sub Basin and select “010010” from the SELECT
ID window.

(h) Click OK to close the SELECT ID window.
(i) Click Combine to combine the preceding Sub Basins

(j) Click Storage to add a Storage Facility and select “ST0010” from the
SELECT ID window.

(k) Click OK to close the SELECT ID window.

(I) Click Route to add a Route and select “010010” from the SELECT ID
window.

(m) Click OK to close the SELECT ID window.
‘ (n) Click ReSort to provide more room for inclusive records if needed.

(o) Click Create Draft to create the draft HEC-1 model.

Create HEC-1 Draft Model |

B This will create a draft network model and override the existing
p| network model (HEC-1Data and input file)!

Generally, dummy data will be used to build appropriate records
with the following exceptions:

Number of Basin Areas to Combine (HC cards) will be saved.
Actual data for Storage Fadlities (SL, 55, and ST cards) will be
used.

Do you want to continue?

Yes II No I

(p) Click Yes to continue and close the CReATE HEC-1 DRAFT MODEL
window.
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Draft HEC-1 Model Network Created

v A draft HEC-1 Model Network has been created with assumed
)| data!

Run the HEC-1 model without updating the data to make sure the
HEC-1 network is correct, then run the model and check "Update
HEC-1".

If the model does not run without updating the data, then there is
a network problem.

If the model does not run after updating the data, then thereis a
data problem!

e

(g) Click OK to continue and close the DRAFT HEC-1 MoODEL NETWORK
CREATED window.
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Programmgr‘s File Edito

‘ File Edit Options Template Execute Macro Window Help

1 2 [ P B | SN [ | | T Y

@ \APPS\FCDMC\ST\MODLRUNS\KVLEXAMPLE6\01.Dat

ID Flood Control District of Maricopa County
ID KULEXAMPLE6 - HEC-1 Tutorial - S-Graph Unit Hydrograph
1D 188 Year

1D 24 Hour Storm

1D Unit Hydrograph: S-Graph

ID Storm: Single

1D 89/18/2012

IT 5 a8 [§] 20088

IN 15

I0 5

*DIAGRAM

*

3*

KK 8180865 BASIN

BA 1.8

PB 4.0

PC ©.088 8.082 8.885 6.0808 8.811 8.014 8.017 6.820 08.023 8.826
PC 0.029 8.832 8.835 6.838 8.841 0.0844 0.848 8.852 8.0856 8.860
PC 0.864 0.068 8.872 8.876 6.080 08.085 8.098 8.0895 g.180 8.1685
PC B8.118 8.115 8.128 8.126 8.133 8.148 8.147 8.155 8.163 8.172
PC 8.181 8.191 8.283 8.218 0.236 8.257 8.283 0.387 8.663 8.787
PC 8.735 8.758 8.776 8.791 6.8064 8.815 68.825 0.834 0.842 0.849
PC 8.856 0.863 8.869 8.875 8.881 0.887 8.893 8.898 8.983 g.988
PC 8.913 8.918 8.922 8.926 8.930 0.934 8.938 8.942 8.946 8.958
PC 8.953 8.956 8.959 8.962 8.965 0.968 8.971 8.974 8.977 8.980
PC B8.983 8.986 8.989 8.992 8.995 0.998 1.668

LE 8.15 8.25 4.50 8.50 50

uI 0 59 100 158 2080 259 3080 358 480 450

Ul see 558 600 650 7080 750 800 850 900 950
‘ Ul 1888 1858 1188 1158 1280 1258 13886 1350 1400 1450

UI 1588 1458 1480 1358 1388 1258 1160 1888 900 880

ur 7ee 600 500 480 380 200 1080 8 9 8

*

KK818818  BASIN

BA 1.8

LE 8.15 8.25 4.50 8.50 58

uI 0 50 100 150 200 250 300 350 400 450

Ul see 550 600 650 708 758 800 850 900 950

Ur 1eee 1658 1188 1158 1280 1258 1380 13580 1460 1450

UI 1580 1458 1488 1358 1368 1258 1166 1660 980 800

ur  7oee 600 500 480 300 2080 180 0 9 8

*

KK8186818 COMBINE

HC 2

*

KKSTB810 STORAGE

KO

RS 1 STOR

SU 8.8  108.0 100 1088 10080

sqQ 9.8 16.9 188 1688 58008

SE 8.8 1.8 5.8 18.8  20.0

ST 28.8 150.0 3.0 1.5

*

KK818618  ROUTE

RK 1860 ©.865 0.825 TRAP 100 8

*

22z

(r) Close the PROGRAMMER’S FILE EDITOR
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i e L e Y " T e
‘ Look for | tiij | [] | Exclude
| Sort b D Type Divet Retrieve Combine Area || Model Net‘"{?r'f
.., E G

120 010010 |Basin ‘ .

130 010010 |Combine 2 Type|Basin_ |

|40 ST0010 |Storage ‘ ID| 010005

%50 010010 |Route | Koompu‘;‘ *

| |
%
] [ Basin ” Divert ][ Comment]
: [ Combine ” Retrieve ][_ISKComment]

| [ Route ][ Storage ][ D ]

\ | [ Hydrograph ][§pecial Code]

‘ i

[ @nnfo || Resort || Copy |[ Print. | Detete || Add || MB | CreateDraft| ok |

(s) Click the OK button to close the HEC-1 MoDEL NETWORK window.

‘ (J) Step 10 - Run HEC-1 Model

To run the HEC-1 model, do the following:

(a) From the menu bar of the main application window, click Hydrology
= HEC-1 = Model as shown in the following figure to open the RuN
HEC-1 MODEL WINDOW.

3 Flood Control District of Maricopa County - KLVEXAMPLES
File Edit IHydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

J 2 O | Rainfall di
R Rainfall Ids

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

i Network
\ Data

Flow Summary

‘ | View Qutmit
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(J.1) Run Draft Model

Initially the model will be run with the “dummy” data developed for the draft
input file. If the model runs without errors, then it can be assumed that the
network has been developed correctly.

(@) Uncheck all return periods except for the 100-year

(b) Uncheck Update HEC-1

(c) Check Delete Prior Results

(d) Uncheck Select Custom Folder

(e) Uncheck Update Conveyance Flows

(f) Click the Save button to save the entered data

(g) Click Run Model to run the draft model

p —
1 Run HEC-1 Model - MB: 01 =N SR =
r Return Period — E Options S |

[F]2 Year ‘ [T Multiple Basins

15 Year , Major Basin |01

% opeiom [7] Update HEC-1

= 25 Year [¥] Delete Prior Results

:] 50 Year [ [T]Select Custom Folder

[¥1100 Year | [[JUpdate Conveyance Flows

[ @info |schematic|[ Output |[ Resuts |[RunModel| ok

(J.2) Run Model
If there are no errors running the Draft Model, then now do the following:

(@) Check all return periods
(b) Check Update HEC-1
(c) Click Save button to save the entered data

(d) Click Run Model to run the models

e s e e e e e T e e S
D0 R PR EEEEE———————————————"
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Question

I.v"-.‘ You are about to run 6 models!
‘€Y' Do you want to continue?

(e) Click Yes to run the models

'3 Run HEC-1 Model - MB:0O1 R
r Return Period — r Options
[¥] 2 Year [ Multiple Basins
[¥]5 Year Major Basin | 01 :
[¥]10 Year

[[]Update HEC-1

(V125 Year Delete Prior Results
50 Year []Select Custom Folder
[¥]100 Year [[]Update Conveyance Flows

| @info |[Schematic|| Output || Results ||RunModel || 0K ]:

(K) Step 11 - Review Model Results
To view the HEC-1 model flow and volume results do the following:

(@) From the menu bar of the main application window, click Hydrology
= HEC-1 = Flow Summary as shown in the following figure and
HEC-1 FLow SUMMARY window opens.

'3 Flood Control District of Maricopa County - KVLEXAMPLES
File Edit Hydrology] Hydraulics River Mechanics Maps Tools Admin Submittals Help

2 O | Rainfall 9 ‘
L | Rainfalllds J ~ S
Soils
Soil Defaults
Land Use
Land Use Defaults
Major Basins
Sub Basins
HEC-1 3 Model )
Land Use Impacts > Network
Special Code
Data
| Import HEC-1 File
Flow Summary
Import Runoff Summary
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=7 HEC-1 Flow Summary - FLOWS - MB: 01

‘ Lookfor |
Sort Type Area 2Yr 5Yr 10 Yr 25Yr 50 Yr 100 Yr -
010010 |20 Hydrograph 33 47
010010 |30 Combined 0.0500 52 74
ST0010 |40 Routed 0.0500 34 53
010010 |50 Routed 0.0500 34 52

B
| | »

@ | Export | storageDetail | Print. | view | w8 | ok |

(b) To view model volume results, click the View button on the HEC-1
FLow SuMMARY — FLOWS Window to open the MoDEL VIEw window.

[ Model View )
‘ (View Option
| view[Flows
Option | All
[ B =

| @i || ok |

(c) Click the “Magnifying Glass” button to the right of View to open the
SELECT VIEW window and select “Volumes (AF)”.

-~

Select View

Model l

Flows
Volumes (IN)

Attenuation/Velocity

[ OK ][ gancel]
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(d) Click OK to close the SELECT VIEW window
. (e) Click OK to close the MobEL ViIEw window

I¥=? HEC-1 Flow Summary - VOLUMES (AF) - 118: 01 e s [ S

D Sort Type Area 2Yr 5Yr 10 Yr 25Yr 50 Yr 100 Yr -

0° a 002000 072 o84l BB R
rap! 0.0400 0.93 1.28 1.67 5 4 3.04
010010 Combined 0.0500 1.65 222 2.84 372 4.40 511
ST0010 Routed 0.0500 1.67 223 2.85 373 4.42 512
010010 Routed 0.0500 1.67 224 285 373 441 512

v
< | »

@info | Bport | StorageDetail | Pint. [ view | w8 | ok |

(f) Click OK to close the HEC-1 FLow SUMMARY window.

(g) To view the Model Storage results, click Hydrology = HEC-1 =
. Storage to open the HEC-1 STORAGE FACILITIES window.

1% Flood Control District of Maricopa County - KVLEXAMPLEG
File Edit | Hydrology | Hydraulics River Mechanics Maps Tools Admin Submittals Help

2 O | Rainfall O]
S Rainfall Ids F—

Soils
Soil Defaults

Land Use
Land Use Defaults

Major Basins
Sub Basins
Manual S-Graph

HEC-1 3 Model

| N
Land Use Impacts 4 L,m,,, _—

Special Code
Data
Import HEC-1 File

Flow Summary
Import Runoff Summary

View Output
Schematic

Graphs

Diversions
Routing

(h) Click the Details Tab to view the storage volume and stage results.
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%Y HEC-1 Storage Facilities - MB: 01 2 i T i =15
' List Details Storage/Elevation/Discharge
r Storage Facility Option Details — | Peak Storage and Stage
MBID |01 ”~ Year Volume Stage Q
(ac-ft) (ft) (cfs)
Storage ID | ST0010
; 2 3.80 98.40 14.00
 Ooti 5 540 99.13 22.00
Generate New 10 7.80 99.93 34.00
Discharge Data | Spillway Characteristics (SS) 25| 985| 10055| 53.00
Low-Level Outlet (SL) |~ Spillway Crest Elevation 95.0 50 11.50 101.03 69.00
Spillway (SS) V' SpillwayLength | 20.00 100| 1315 10152 85.00
Top of Dam Overflow (ST) V' Discharge Coefiicient | 3.00.
Weir Equation Exponent 150 = |
Top of Dam Overflow (ST)
Elevation Top of Dam 100.0
Length Top of Dam 50.00
Discharge Coefficient 3.00
Weir Equation Exponent 1.50 Ll
@info | Resot | copy | prnt. | Detete | Add | mB | Grapnh | ok |

(i) Click OK to close the HEC-1 STORAGE FACILITIES window.
(L) Step 12 - Backup Project

To backup your project, do the following steps:

‘ (a) From the menu bar of the main application window, click File =
Project Management as shown in the following figure and the
PROJECT MANAGEMENT window opens.

13 Flood Control District of Maricopa County - KVLEXAMPLEG
Edit Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
Select Project P( _’J 9

New Project

Update Project Defaults
Project Paths

Reports

Project Management

Section 1.0 - Hydrology 1-63




Project Management @

‘ r Actio

|
! @ Backup Project
|
|

FromProject [KvLEXAMPLES (2]

) Import Project ;
() Clean Up Orphan Records §

[ @info || Backup || oOK

(b) Check Backup Project i

(c) Click the “Magnifying Glass” button to the right of From Project to
open the SELECTION window.

Select 1D

Look for

Reference ID B
EXAMPLE1 00001 | |
EXAMPLE2 00002
EXAMPLE3 00003
EXAMPLE4 00004
KVLEXAMPLE1 00005
KVLEXAMPLE2 00006
KVLEXAMPLE3 00007 A
SEDIMENTYIELDFCD 00009 3
BANKPROTECTIONFCD 00010
BRIDGEPIERFCD 00011
RIPRAPSIZINGFCD 00012
KVLEXAMPLE4 00020
KVLEXAMPLES 00021 ‘
KVLEXAMPLE7 00023 P

(d) Select “KVLEXAMPLE6A” and click the OK button to close the
Selection window.

(e) Click Save on the PrRoJECT MANAGEMENT window to save the data.
(f) Click Backup

(g) Select a folder for your backup zip file (defaults to Backup sub
directory)
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' Select Directory

Bl Desktop
> 4l Libraries
> & Kenneth V. Lewis
48 Computer
4 &, Local Disk (C))
b L A-Data
4 | Apps
b4 Apps
' Burec
. Cerfed

> L. common

. Fedmc

kst

© 1, Backup
.. Data
. Help

v L. Maps

Make New Folder

(h) Click OK.

This now concludes this tutorial.

. _ _ ]
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1.3 Rational Method

1.3.1 Problem Statement:

Estimate the 10-year design discharge using GIS data for Sub Basins, Land Use and

Time of Concentration (Tc) with the following given conditions:

/
p 4

5

S

X3

*

X3

*

/7
°

J
L4

Rational Method Model
FCDMC Land Use
NOAA14 Rainfall
MCDOT Roads
Minimum Tc

Maximum Tc

1.3.2 Step-by-Step Procedures:

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:

Step 9:

Establish a New Project and Default Set-up.
Prepare Maps

Establish Rainfall Data from GIS

Establish Sub Basin and Land Use Data from GIS
Review Established Sub Basin and Land Use Data
Establish Conveyance Facility Data

Develop RATIONAL METHOD Network

Run RATIONAL METHOD Model

Review Model Results

Step 10:  Backup Project
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‘ (A) 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 OK to accept the software disclaimer as is shown
in the following figure.

Agreement

Drainage
Design
Management
System

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

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

Continuing signifies your ptance of this di

KVL Consultants, Inc. cancel [ OK |

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

Select Project
List | Details
Look for
Reference ~ D Title N
BANKPROTECTIONFCD 00010 River Mechanics Example - Bank Protection
BRIDGEPIERFCD 00011 River Mechanics Example - Bridge Pier
EXAMPLE1 00001 Clark, Green Ampt, Single, 6 Hour
EXAMPLE2 00002 S-Graph, Green-Ampt, Single, 24 Hour E
EXAMPLE3 00003 S-Graph, Green-Ampt, Multiple, 6 Hour
EXAMPLE4 00004 Clark, Init and Uniform, Single, 6 Hour
KVLEXAMPLE1 00005 Example 1 HEC-1 tutorial project
KVLEXAMPLE2 00006 Example 2 using Shape files and NOAA 14
KVLEXAMPLE3 00007 Example 3 Rational Method tutorial project =
KVLEXAMPLE4 00020 Import HEC-1 file and build data
KVLEXAMPLES 00021 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLES 00022 HEC-1 Tutorial - S-Graph Unit Hydrograph
RIPRAPSIZINGFCD 00012 River Mechanics Example - Riprap Sizing |
SEDIMENTYIELDFCD 00009 River Mechanics Example - Sediment Yield —
< " m R——— - »
[ @info | Print.. |[ Delete || Add | ok |

(b) Click the Add button on the SELECT PROJECT window to start a new
. project (Or File & New Project = Add).
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(c) Type “KVLEXAMPLE7A” 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.

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

(e) Type into the Location textbox the location of this project. (Optional)

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

(g) Type a detailed description of this project into the textbox on the
bottom left side of the window. (Optional)

(h) Under Project Defaults frame, change the default Model from “HEC1”
to “Rational” by clicking on the magnifying glass.

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

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

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

List Details

r Project Reference r Project Defaults ————————
ProjectiD [00036 | Reference Model [Rational ]
‘ Title [Rational Method Tutorial
Location | aricopa County, Arizona Land Use | FCDMC 7~
Agency | Flood Control District of Maricopa County Rainfall | NOAA14 o
Roads | MCDOT 2
Inlets | MCDOT -

r Min/Max Tc (minutes)

Minimum Tc 10 |
Maximum Tc 90

This projectis set up to give a step-by-step instruction on how to use ;I
DDMSW to build a rainfall-runoff model using Rational Method.

|
Modification Date [06/032014 5} @i | pint. | petete | agsa | ok |

Note: the Project ID “00038” 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.

Section 1.0 - Hydrology 1-68




(B) Step 2 - Prepare ESRI Shape Files

This step is only for information purposes. There is no action required for the
tutorial user in this step. Several ESRI shape files must be prepared. They are
rainfall, sub basin, land use and Tc. As part of the shape files, the table
structures must include specific fields. For the purposes of this tutorial, all
these shape files have already been prepared. This tutorial does not cover the
creation of the shape files. For tutorials on how to create ESRI shape files,
please refer to “How TO PREPARE ESRI SHAPE FILES FOR DDMSW” on
http://www.fcd.maricopa.gov/Software/ddms.aspx. The following section

describes the general requirement for the required shape file table. Specific
file names for the shape files are not necessary however for the purpose of this
tutorial the following map files will be used. However the field names inside
the tables must be fixed and are shown in the following section.

ocs. Window Help
y ez ] [Z|&90 N QA0 E@ RO k0N
g 2 @B

=T [ oo | EERIEIE

T Acvibutes ofRanfall QR P

FID | Shape | RamiD | BASINID
» 0 | Polygon [DEFAULT] 01

20|24
9) Aal J0 ~] B 7 g A~ &~ S~ o~

697860911 926266.654 Feet

(B.1) Rainfall

The Rainfall map (Rainfall.shp) will contain a single polygon and have a field

named “RAINID” which is defined as Character 8 data type, that is, a Text data

field that is 8 characters long. The Rainfall map can be created after the Sub
’ Basins map has been prepared and is basically all of the Sub Basins combined.

e e o R e e S e e e e e e e e e e e e AT N
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(B.2) Sub Basins

The Sub Basins map (Subbasins.shp) will contain one polygon for each Sub
Basin in the project. The required fields include:

*

*
*

AREAID Character 6 Enter unique SubBasin ID
BASINID Character2 Enter Major Basin ID

*

3

8

«* AREASF Numeric12.0 Data entered into this field will be
overwritten internally DDMSW. This
field contains the Sub Basin area in
square feet. The data for this field is
calculated automatically when the
Update button is clicked in the UPDATE
FROM GIS form in DDMSW.

Tools Window 7*_"4‘__“—""'7'7”7 e
$[e | [Z]|&0+ R QAN VI NON LT 58
=1 | Torget: | EERIEIEIEEE EEEEIEE e T
x =]
010205
AREAID AREASF
010105 010110 1094203
010205 1322704
010105 1186333
010110
Recnrd:_l_i]_ij l_vlﬂ Show: ITJﬂ

:(35 & ||_4J I;]'
0] Al <o -] Bz u Ar &~ Ev =~ ‘

[ (695008922 926282721 Feet
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(B.3) Land Use

The Land Use map (Landuse.shp) will contain polygons for Land Use data.
There can be more than one polygon with the same Land Use ID. It is vitally
necessary that the Land Use coverage extends beyond the extent of all Sub
Basins. The required fields include:

<+ LUCODE Character 15 LUCODE values should be consistent
with the values in the DDMSW Land
Use defaults table.

ools Window Help

N el EELACCE M LI X Y YT Ya L]
re _:_] ] _-J‘_' DR l= =] @ @@ B O [l ooz ~||m |

Attributes of Landuse A —
FID | Shape *| LUCODE
0 | Polygon | 170
1 | Polygon | 150
2 | Polygon | 180
3 | Polygon | 200
4 | Polygon | 150

»

recrs 1 [T o] v =]

Jeoje L
0) Aial ~0 <] Bsr oA~ &~y S~ o~ I

| [701662.286 925874177 Feet l

(B.4) Tc

The Time of Concentration map (Tc.shp) will contain polylines for Tc data.
There needs to be one Tc polyline for each Sub Basin in the project and each
polyline must be completely contained within its respective Sub Basin. The
required fields include:
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*,
°e

AREAID Character6 This is determined internally by
DDMSW, any data in this field will be
overwritten.

s+ BASINID Character2 This is determined internally by

DDMSW, any data in this field will be
overwritten.

“* LENGTH Numeric12.0 This is determined internally by

DDMSW, any data in this field will be

overwritten.

<  USGE Numeric 9.2 Enter the upstream ground elevation.
% DSGE Numeric9.2 Enter the downstream ground
elevation.

The data for AREAID, BASINID and LENGTH are populated automatically when
the Update button is clicked in the UpDATE FROM GIS form and any data
entered will be over-written.

[ools Window Help

& |[176565 T &snkw | @anu@earRo hon s’ 2
=] | Target [ IR =D REFEEDD | e[ o |® ®| g
< =
4
8
FID Shape * AREAID BASINID | LENGTH | USGE | DSGE
> 0 | Polyiine 010110 01 1520 | 1001.5 997 I
1 | Polyline 010205 01 1818 939 996 ‘
| 2 | Polyiine 010105 01 1537 | 9965 993
|
Record: _':J‘_‘_J 1 j:] Show:,T Selected i:ordsj
Jaoja D |
0) Aal ~fo < Bz g Av &~ 4~ o~ |

| 698110.532 925960.455 Feet
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(B.5) Layout

. This map is just for information only. It shows the layout of the Pipes (Pipes.shp)
and Sub Basins. Use this map as a guide when establishing the model network

(later in this tutorial).

J File Edit View Bookmarks Insert Selection Tools Window Help

DFEs e x |- - [¢[Em ] L/d80R N [@RQAEZOPEIIEI R OM 24

‘Editog;l | Task ICrealeNeerature ]| T *[ j‘ iﬂ‘:‘ | @ @SB R G ,“g; [ [10

B & Layers
= Nodes

°
=] Pipes

=0 010205

= 0O Landuse
O
= O Rainfall

= SUBBASINS
a

010205

010110 ... 010105
16

816465

Dsply [Source] Secion] [ 2w o
|| Drawing~ Kk ) & | O~ A~ /< o aa S0 -l B7Uu A~ &~ _ 4~ o~
[ 698049.248 926521330 Feet

(C) Step 3 - Establish Rainfall Data from GIS
(C.1) Rainfall

(@) From the menu bar of the main application window, click Hydrology
=» Rainfall as shown in the following figure to open the NOAA 14
RAINFALL window.

L..i————————— ]
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lb Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit [Hydrology, Hydraulics River Mechanics Maps Tools Admin Submittals Help

[0 0 I o

Land Use
Land Use Defaults

Major Basins
Sub Basins

Rational Method 3

(b) Ensure that the Data Source is set to “G/S”. If the Data Source is not
set to “GIS” then select “GIS” from the pull down menu

(c) Click on the button in the Rainfall Map textbox and select the
Rainfall (Rainfall.shp) established earlier. It may be necessary to
migrate to the folder that the shape file is in.

(d) After selecting the rainfall map, click the Save button.

(e) Click Update to create the NOAA14 rainfall data from the GIS map.
An UpDATE NOAA14 RAINFALL USING GIS dialog box will appear as

shown below.

Update NOAA14 Rainfall using GIS E2 l

B This will update all the rainfall return periods and durations
J| for Rainfall ID: DEFAULT

The update will be based on the following Shape file:
C:\FCDMC\DDMS\W 480 \MAPS\KVLEXAMPLE7A\RAINFALL. SHP

Do you want to continue?

No |

(f) Click Yes to proceed.
(g) When the update is finished, you will see the following:
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I="NOAA 14 Rainfall g ol

Rainfall Map Data Source
IC:\FCDMC\DDMSW480\MAPS\KVLEXAMPLE7A\RNNFALL.SHF' I Source | GIS M

r Average Rainfall Data for Project
2yt 5yr 10yt 25yr  50yr 100vr

S5Min| 0245) 0331 | 0398 | 0488 | 0557 | 0.629
10Min | 0.372 | 0504 | 0.606 | 0.743 | 0.848 | 0.957
15Min | 0.462 | 0.625| 0.751 | 0.921 | 1.051 | 1.186
30Min | 0.621 | 0.842| 1.011 | 1240 | 1416 | 1597
1Hour| 0.769 | 1.042| 1252 | 1535 1752 | 1.976
2Hour | 0.885| 1.182| 1409 | 1.719 | 1.954 | 2200
3Hour | 0966 | 1.265| 1504 | 1.837 | 2103 | 2379
6Hour | 1.147 | 1.469 | 1.724 | 2.073 | 2345 | 2.630

12Hour | 1.276 | 1615 | 1.881| 2239 | 2513 | 2797
24Hour | 1519 | 1.967 | 2320 | 2813 | 3202 | 3.607

Log | @0 | Prnt.

(h) Click the OK button to close the NOAA 14 RAINFALL window.

(D) Step 4 - Establish Sub Basin and Land Use Data from
GIS

The project’s Sub Basin and Land Use data can be populated in DDMSW from
the maps created earlier.

(a) From the menu bar of the main application window, click Maps =
Update Hydrology as shown in the following figure to open the
UPDATE HYDROLOGY FROM GIS window.

F

s Flood Control District of Maricopa County - KVLEXAMPLE7

File Edit Hydrology Hydraulics River Mechanics [ Maps | Tools Admin Submittals Help

(0000EY22XDA@ ; Update Hydrology

(b) In Update Options, check the Land Use and Tc check boxes.
(c) In Map File Key Field Name, enter “LUCODE” for Land Use Code.
(d) Click the button to the right of the Sub Basins and select the

SUBBASINS.shp file. 1t may be necessary to migrate to the
appropriate folder.
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(e) Click the button &
Landuse.shp file.

to the right of the Land Use and select the

(g) Click Save

(h) Click Update. An UPDATE HYDROLOGY FROM GIS dialog box will appear
as shown below.

This will update the Major Basin data from GIS shape files as
follows:

to the right of the Tc and select the TC.shp file.

Sub Basin data will be updated.
Land Use data will be updated.
Tc data will be updated.

Do you want to continue?

(i) Click Yes. After the update is finished, the form should look like the
figure below.

(j) Click the OK button to close the UpDATE HYDROLOGY FROM GIS
window.
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(E) Step 5 - Review Established Sub Basin and Land Use

. Data

The Sub Basin and Land Use data has been developed from the GIS maps. Itis
necessary to review the data to make sure everything looks “OK”.

(E.1) Sub Basins

(@) From the menu bar of the main application window, click Hydrology
=» Sub Basins as shown in the following figure and SuB BASINS
window opens.

L Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
J D O Rainfall @ |

|

- ] Land Use
Land Use Defaults

Major Basins

Rational Method >
‘ (b) Click on the Details tab to view the data
13 Sub Basins - MB: 01 =N SR T2
List Details

rSubBasin ————— r Sub Basin Hydrology Summary
| MajorBasin [01 || e o¥ Hx X I 0w
| SubBasin (010105 | ; Q(cfs) 282 420] 528 744 949 1147 ;
; sot| 10 1= %‘ CA(ac)| 19.61| 1961 1961| 2151| 2342 2451 |
‘ | CustomTc [ B ) B B B |
[ Sub Basin Parameters | Te(min) 243 209 | 19.2 174 16.4 | 155 |
| Area(acres) 2723 | iGnmn|  144] 214] 269] 346] 405] 468
| Length@@) 1537 1

USGE 996.5 .

DSGE 993.0
| Slope (ft/mi) 12.0
‘ Value Default Custom ) e o L)
| kb | 0031] 0031] [

[ @info |[ Resort || Prnt. | Delete || Add || mB | Update || oK ]

(c) Click the OK button to close the Sus BAsINS window.
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(E.2) Land Use

(@) From the menu bar of the main application window, click Hydrology
=» Land Use as shown in the following figure and LAND USe window
opens.

!4 Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit IHydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help

J DD Rainfall 3

Land Use Defaults

Major Basins

Sub Basins

Rational Method >

(b) Click on the Details tab to view the data

13 Land Use - MB: 01 oo =)
List Details
[ Land Use
. 1 Major Basin ID 61 : Area (acres) | IR |
{ Sub BasinID | 010105 Area (%) 348
| LandUse Code | 150 Small Lot Residential - Single Family (4-6 du per acre) ‘
[ Land Use Data
Value Default Custom S S SR
2-YearC | i 065, [ .
5-YearC 065| [
10-YearC | 065 [
! 25YearC | 072 072 [
i 50-Year C 078}y o078 [
; 100-Year C 082 o082 [
| Resistance Coefficient (Kb) |MIN |~ | MIN O

[ @i || copy ][ Prnt. [ Detete [ add | mB [ oK ]

(c) Click the OK button to close the LAND USE window.

(F) Step 6 - Establish Conveyance Facility Data

To enter Conveyance Facility data, do the following steps:
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(@) From the menu bar of the main application window, click Hydraulics
=» Conveyance Facilities to open the CONVEYANCE FACILITIES window.

b Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit Hydrology [Hydraulics| River Mechanics Maps Tools Admin Submittals Help

| @

s O EJ Conveyance Facilities

Natural Cross Section IDs
Natural Cross Sections

Roadway IDs
Roadway Cross Sections

(b) Click the Add button to add a record and enter the following data:

Facility ID:
Line ID:

RP (yrs):
Model Road:

First Pipe:

Outfall:

D/S Pipe ID:

Ground U/S (ft):
Ground D/s (ft):

Invert U/S (ft):
Invert D/s (ft):
Section:

Length (ft):

Manning’s n:

Diameter (in):
No. of Barrels:

No. of Manholes:

Enter “010105”
Enter “100”

Select “10” from the RP (yrs) drop down
by clicking on the magnifying glass.
Uncheck the Model Road checkbox in the
Model Options frame.

Uncheck the First Pipe checkbox in the
Model Options frame.

Check the Outfall checkbox in the Model
Options frame. This is the outfall for the
Main Pipe.

Leave the D/S Pipe ID textbox blank.
Enter “993.00” in the Elevations frame
Enter “988.00” in the Elevations frame
Enter “988.00” in the Elevations frame
Enter “984.00” in the Elevations frame

Select “Pipe” from the pull down in the
Section Type frame

Enter “1323.00” in the Section Type
frame

Select “Concrete Pipe for closed conduit”
in the Section Type frame by clicking on
the magnifying glass.

Enter “54” in the Section Type frame
Enter “1”
Enter “1”
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(c) Click the Save button to save the entered data. The completed data
‘ form for Facility ID “010105” should look like the following figure.
EConvevance Fadilities - MB: 01 _..I_'- jm] _x.’
List Details
r1D [ Section Type  Calculati
81D [o1 P Section | Pipe | Capacity (cfs)
Facility ID | Length (ft) 1323.00 Slope (i)
Line ID 100 Manningsn|  0.013 ﬁl Velocity (fps)
Sort ? Diameter (in) 54
No. of Barrels 1:|
~ Model Options
R0 iy ﬁlﬂ No. ofMa.nholesl 1 3: . Up'itéeLam
Q(cfs) I” Custom ) @
Model Road I~ 2Yr
FirstPipe [ Outfall ¥ 5Yr
DIS Pipe 1D [%] e
7 Elevations £ = 2
us@ DIS(f) 50 Yr
Ground | 993.00 | 988.00 100 Yr
invert | 98s.00 [ 984.00 o
@inio | Resort | prnt. | Detete | add | craph | wB | upaate | ox |

(d) Click Add to add a new record and enter the following data:

® Facility ID: Enter “010110”

® LlinelD: Enter “100”

® Model Road: Check the Model Road check box in the
Model Options frame

® First Pipe: Check the First Pipe check box in the
Model Options frame

e Qutfall: Uncheck the Outfall checkbox in the
Model Options frame.

® Ground U/S (ft):  Enter “997.00” in the Elevations frame

® Ground D/S (ft):  Enter “993.00” in the Elevations frame

® |nvert U/S (ft): Enter “990.00” in the Elevations frame

® Invert D/S (ft): Enter “988.00” in the Elevations frame

® Section: Select “Pipe” from the pull down in the
Section Type frame

e Length (ft): Enter “1348.00” in the Section Type
frame

® Manning’s n: Select “Concrete Pipe for closed conduit”
in the Section Type frame by clicking on
the magnifying glass

e Diameter (in): Enter “48” in the Section Type frame

® No. of Barrels: Enter “1”

L _ |
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® Road ID: Select “MC-RMAR” in the Section Type
' frame by clicking on the magnifying glass

® No. of Manholes: Enter “1”

(e) Click the Save button to save the entered data. The completed data
form for Facility ID “010110” should look like the following figure.

E!Conveyance Facilities - MB8: 01 : pEs __Jg’ ﬁl
List i Details
7D  Section Type ~Calcul
MBID [01 A Section | Pipe | s es | R
Facility ID |010110 Length (ft) 1348.00 Slope (ftft)
Line ID 100 Manningsn[ 0013 _,_fJ Velodily fps)
Sort 4 a: Diameter (in) 48
No. of Barrels 1 3:
~ Model Options T ey W‘-,—J]
By 10 .__J___I') i No. of Manholes _—1'3 Road Upstream
Q (cfs) ™ Custom Q Depth  HGL
(cfs) () )

Model Road v
FirstPipe ¥V Outfall ™

Comments

2Yr
5Yr
10Yr
25Yr

~El

L=
U/S (ft DJS (f)

Ground | 997.00 | 993.00

Invert | 990.00 [ 988.00

;] 50 Yr

100 Yr

J /|

@inio | Resort | Prnt. | pelete | Add | Graph | w8 | update | ok |

(f) Click Add to add another record and enter the following data:

® Facility ID:
® Model Road:

® First Pipe:
e Qutfall:
e D/S Pipe ID:

e Ground U/S (ft):
e Ground D/S (ft):

e [nvert U/S (ft):
® Invert D/S (ft):
e Section:

Enter “010205”

Check the Model Road in the Model
Options frame

Check the First Pipe in the Model Options
frame

Check the Outfall checkbox in the Model
Options frame. This is the outfall for the
lateral pipe.

Click the “Magnifying Glass” on the right
of the D/S Pipe ID textbox and select
“10105”.

Enter “996.00” in the Elevations frame
Enter “993.00” in the Elevations frame
Enter “992.00” in the Elevations frame
Enter “988.50” in the Elevations frame

Select “Pipe” from the pull down in the
Section Type frame
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® Length (ft): Enter “1318.00” in the Section Type
‘ frame
® Manning’s n: Select “Concrete Pipe for closed conduit
in the Section Type frame by clicking on
the magnifying glass

7”7

® Diameter (in): Enter “42” in the Section Type frame
® No. of Barrels: Enter “1”
® RoadID: Select “MC-RMAR” in the Section Type

frame by clicking on the magnifying glass
® No. of Manholes: Enter “1”

(g) Click the Save button to save the entered data. The completed data
form for Facility ID “010205” should look like the following figure.

E:Conveyance Facilities - MB: 01 ; i 'i“f;_i'. ; =10 x|
List Details
1D ~ Section Type ~Calcul
uBID [01 A Section| Pipe | Capacity (cfs)
Facility D (KNG Length (f) 1318.00 Slope (f/f)
Line ID 100 Manningsn| 0013 H| Velocity (fps)
Sort 4 3: Diameter (in) 42
No. of Barrels 1 3:
~ Model Options — Road D[NORWAR ’)l
RP (yrs) 10 ,Jl AlRP l No. of Manholes ? - goad Upstream
) Q (cfs) " Custom () zgm %;)L
Model Road ¥ 2Yr
FirstPipe ¥ Outfall v 5Yr
D/S Pipe ID|010105 ,JI 10Yr
S C t 25Yr
7 A
US® DS 50Yr
Ground | 996.00 | 993.00 100 Yr
Invert | 992.00 988.50 LI
@info | Resont | Print. | pelete | Add | Grapn | mB | upgate | ok |

(h) Click the Update button to perform hydraulic analysis for the
conveyance facilities.

Select Option

All
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(i) Select “This Major Basin” from the SELECT OPTION window

‘ (j) Click OK to continue

EConveyance Fadilities - MB: 01 ; [ _|D]l|
List | Details :
71D I Section Type r Calculationsi=—r=rars

MBID [01 el Section | Pipe | Capacity (cfs) 518

Facility ID | 010205 Length () 1318.00 Slope (ftft)] 0.0027

Line ID Manning’s n 0.013 ﬁl Velocity (fps) 54

Sort 6 3: Diameter (in) 42

No. of Barrels 1£=

r Model Options Road ID W ﬁl
RP (yrs) 10 12 |{—W§L§ ] No. of Manholes 0= Road Upstream
) W ) ar
Model Road v ovr
First Pipe ¥ Outfall [~ 5Yr
10Yr
Elevati Comments 25Yr
us@ DS 2 50 Yr
Ground | 996.00 993.00 100 Yr
Invert | 992.00 988.50 LI

@info | Resont | Print. | Detete | Add | Grapnh | wmB | upsate | ok |

(k) Click the OK button to close the CONVEYANCE FACILITIES window.

. (G) Step 7 - Develop Rational Method Network

To enter Network data do the following:

(a) From the menu bar of the main application window, click Hydrology
=» Rational Method =» Network to open the RATIONAL METHOD
NETWORK window.

! Flood Control District of Maricopa County - KVLEXAMPLE7

File Edit [_HW Hydraulics River Mechanics Maps Tools Admin Submittals Help
% DO Rainfall P a
Land Use

Land Use Defaults

Major Basins
Sub Basins

Ratlonal Method » Model

Flow Summary

Diversions

| Rainfall Intensity

L
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(b) Click Add to add a record and select Sub Basin from the SELECT TYPE

' window.

(c) Click OK to close the SELECT TYPE window.

(d) Click the button “Magnifying Glass” to the right of ID and select Sub
Basin ID “010205”.

(e) Click OK to close the SELECT ID window.
(f) Click Save to save the entered data.
(g) Click Convey and select “010205” from the SELECT ID window.
(h) Click Hold and select “010205” from the SELECT ID window.
(i) Click OK to close the SELEcT ID window.
(j) Click Sub Basin and select “010110” from the SeLecT ID window.
(k) Click OK to close the SELECT ID window.
(I) Click Convey and select “010110” from the SeLecT ID window.
(m) Click OK to close the SELecT ID window.
(n) Click Receive and select “010205” from the SELecT ID window.
(o) Click OK to close the SELECT ID window.
) Click Sub Basin and select “010105” from the SeLecT ID window.
) Click OK to close the SeLecT ID window.

r) Click the Combine button and change the Combine value from “2” to
“3”in the Network frame.

(s) Click Save to save the data.
(t) Click Convey and select “010105” from the SeLeCT ID window.

(u) Click ReSort to resort the data in increments of “10”.
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(1 Rational Method Network - MB: 01 e : e )

‘ Look for| ] First Pipe

Sort~ ID Type Combine -

10 010205 Sub Basin  Network
‘20 010205 Convey ‘ Major Basin ID (0; N
30 010205  |Hold e |
40 [010110 _ [SubBasin ‘ i .
50 [010110 _ [Convey i Type Comvey [/
60 010205  |Receive Jilens | ID 010105 [,2] [IFirstPipe
70 010105 Sub Basin | | N
80 010105  |Combine 3
|
_‘ Sub Basin [ Combine ][ Convey }[ Divert }
1 [ Hold ][ Receive ][ Retrieve Diversion ]
Check Network
§ ot — ‘1
< ' v,j

Sot ) Prnt. [ Detete || Add | mB | oK }

(v) Click the OK button to close the RATIONAL METHOD NETWORK window.

(H) Step 8 - Run Rational Method Model

‘ To run the model, do the following steps:

(a) From the menu bar of the main application window, click Hydrology
=» Rational Method = Model to open the RUN RATIONAL METHOD
MODEL window.

! Flood Control District of Maricopa County - KVLEXAMPLE7

File Edit [m Hydraulics River Mechanics Maps Tools Admin Submittals Help
J D O Rainfall O
] Land Use

Land Use Defaults

Major Basins

Sub Basins
Rational Method > m
Land Use Impacts » Network

Flow Summary

Diversions

Rainfall Intensity
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(b) Using a 10-Year Return Period, and with the Update Conveyance
‘ Flows check box checked, run the model by clicking the Run Model
button.

(H.1) Run Model

If there are no errors running the Draft Model, then do the following:

(@) Check all return periods

(b) Check the Update Rational Method check box
(c) Check the Update Conveyance Flows check box
(d) Click Save

(e) Click Run Model.

I¥? Run Rational Method Model - MB: 01 -1o] x|

~ Return Period [ Options
¥ 2 Year Multiple Basins I~
¥ 5 Year Major Basin | 01 |
¥ 10 Year Design RP 10 )
' [V 25 Year Update Rational Method ¥ T
¥ 50 Year Update Conveyance Flows ¥
[+ 100 Year

@info | Resuts | Runmodel| ok |

(f) Click Yes to continue.

Run Rational Method Model Ui i |

B This will run the Rational Method Model for the selected Major
Basin(s) and Return Period(s).

If Update Rational Method is checked, all parameters for the
model will be updated from the appropriate tables.

If Update Conveyance Flows is checked, the resultant design
discharges will be placed in the appropriate Conveyance Fadlities
records.

Do you want to continue?

Yes No
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(I) Step 9 - Review Model Results

To view the model results from the Rational Method analysis, do the
following steps:

(@) From the menu bar of the main application window, click Hydrology
= Rational Method = Flow Summary to open the RATIONAL
METHOD FLOW SUMMARY window.

3 Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit [Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
J D D Rainfall ) &

Land Use
Land Use Defaults

Major Basins

Sub Basins
Rational Method » Model
l Network
| FElow Summary
‘ Diversions
Rainfall Intensity
‘ {*" Rational Method Flow Summary - MB: 01 e e o [=] P9
List Details
Lookfor [ | First Pipe
Sort D Type RP |Combine CA | Qpeak
20  [010205 |Convey 10 20.65 487
30 010205 [Hold 10 20.65 487
40 010110 |Sub Basin 10 16.58( 283 46.9
50 010110 |Convey 10 16.58 469 44 1348 51 22
60 010205 |Receive 10 20.65 48.7 28
70 010105 |[SubBasin 10 19.61 269 528 19
80 010105 [Combine 10 3 56.84 131.2 22
90 010105 |Convey 10 56.84 1312 6.8 1323 33 25
4 5

_Ewot | | Epottyaroaraph | Do | ot | Punt. | Grapn | vew | ws | ok |

(b) To view model conveyance results, click Hydraulics = Conveyance
Facilities to open the CONVEYANCE FACILITIES window.
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3 Flood Control District of Maricopa County - KVLEXAMPLE7
File Edit Hydrology [Hydrauﬁcs] River Mechanics Maps Tools Admin Submittals Window Help

EXXERER covoorncroiie |

Natural Cross Section IDs
Natural Cross Sections

Roadway IDs

Roadway Cross Sections

(c) Migrate to Facility ID “010205” and click the Details Tab to view the

results.
EConveyance Facilities - MB: 01 % ;lglﬂ
List Details
1D  Section Type i Calculations
MBID |01 ,)| Section | Pipe 'I Capacity (cfs) 51.8
Facility ID | 010205 Length (ft) 1318.00 Slope (ftft)|  0.0027
Line ID 100 Manningsn|  0.013 /JI Velocity (fps) 54
Sort 4= Diameter (in) 42
No. of Barrels 1=
~ Model Options R0ad ID [MCRMAR ’Jl
RP (yrs) All RP No. of Manholes 1= Road Upstream
a(ds)[ 487 I Custom “?s) D(eﬂl;“’ "(’1%*-
Model Road v/ 2Yr 250
FirstPipe ¥ Outfall ¥ 5vr 382
DISPipelD|010105 ,J| 10Yr T
Comments
. - Elevations | 25Yr 711 0.86
US@® DIS() 50 Yr 90.9 1.08
Ground | 996.00 | 993.00 100Yr | 1107 1.20
Invert | 99200 | 98850 o
@ino | Resort | Prnt. | Detete | add | Graph | me | update | ok |

(d) Click OK to close the Conveyance Facilities window.

(J) Step 10 - Backup Project

To backup your project, perform the following steps:

(@) From the menu bar of the main application window, click File =
Project Management as shown in the following figure and the
PROJECT MANAGEMENT window opens.
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E Flood Control District of Maricopa County - EXAMPLE7A

' File Edit Hydrology Hydraulics River Mechanics Maps Tools Admin Submittals Help
Select Project xOuo
New Project

Update Project Defaults
Project Paths

Reports

Project Management I

Project Management : ; gltr, 7 x|

From Project | EXAMPLET7A ﬁl

' Backup Project
¢ Import Project
" Clean Up Orphan Records

&ino | Backup | ok |

(b) Check Backup Project

‘ (c) Click the “Magnifying Glass” button to the right of From Project to
open the SELECT ID window.

Reference ID Title -
BRIDGEPIERFCD 00011 River Mechanics Example - Bridge Pier
RIPRAPSIZINGFCD 00012 River Mechanics Example - Riprap Sizing
KVLEXAMPLES 00017 HEC-1 Tutorial - Clark Unit Hydrograph
KVLEXAMPLE® 00018 HEC-1 Tutorial - S-Graph Unit Hydrograph
KVLEXAMPLE7 00018 Rational Method Tutorial
KVLEXAMPLES 00020 Street Drainage Examples
KVLEXAMPLE2 00021 Example 2 using Shape files and NOAA 14
KVLEXAMPLEQ 00023 HEC-1 Tutorial - Custom Storm Event
KVLEXAMPLE3 00024 Example 3 Rational Method tutorial project
KVLEXAMPLE10 00025 HEC-1 Tutorial - Import HEC-1 File
LAUNCHABLERIPRAP 00027 River Mechanics Example - Launchable RipRap
KVLEXAMPLE11 00029 FCDMC Hydraulics Manual Design Example 4.6
KVLEXAMPLE12 00030 Street Drainage Example
LATEROSIONEXAMPLE 00031 Lateral Erosion Example -
KVLEXAMPLESA 00034 HEC-1 Tutorial - Clark Unit Hydrograph
EXAMPLEGA 00035 HEC-1 Tutorial - S-Graph Unit Hydrograph
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(d) Select “KVLEXAMPLE7A” and click the OK button to close the SELECT
. ID window.

(e) Click Save on the ProJEcT MANAGEMENT window to save the data.

(f) Click Backup.

(g) Select a folder for your backup zip file (defaults to Backup sub

directory)
Directory for Backup L x|
Select Directory
. DDMSW477 b
. DDM5W478c
, DDMSW475h
= . DDMSWA430
., Backup
, Data
, Help
, Maps £
. Models

J Modlruns
. . Reports
, Temp

, FCDTools

) ST
. FloodExerdse
, Fortran
| HEC Data -
«| | »
Make New Folder | ok | conel |

(h) Click OK

This concludes this tutorial.
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Chapter 1 Introduction

System Overview

The Drainage Design Management System for Windows (DDMSW) has been
written to facilitate data management and computational procedures required for
drainage analysis. This manual serves as a guide in the use of the program and
is intended to be used in conjunction with the Agency’s Drainage Design
Manuals.

The program is written in Microsoft Visual FoxPro and generally includes
modules for File, Edit, Hydrology, Hydraulics, Tools, Admin, Agency and Help.
Agency is only available with a password.

DDMSW is a relational database that can manage multiple projects from one
single location. The System is a multi-tasking window based application that
enables the user to open several ‘windows’ simultaneously. New features
include pull-down menus, user-friendly screens which the user can arrange on
the desktop, and windows editing tools to facilitate data entry. DDMSW utilizes a
relational database that includes tables for data entry and editing. Each table
appears as a separate .DBF’ file on disk. The tables are related to each other
based on the key field ‘ProjectID’ which is established when starting a new
project. Model runs are automated from a menu and the data for running the
‘ models is extracted from the various tables in the database.

. Basic Database Terminology

The application stores data (values) in a relational Database. This data is
organized into tables, fields, and records to make it more meaningful. For
example, 01 by itself is meaningless. However, in a table called ‘Basins’, in a
field called ‘Basinld’, in a record corresponding to ‘EXAMPLE1’, we now
understand that 01 is a major basin in project EXAMPLE1.

A table is a grouping of data. The data is dynamic because it can be modified,

deleted, added to and used in other relations. The following is an example of a
table:

Table: Basins

ProjectiD BasinlD Description Sort
00002 01 Major Basin 01 10
00002 02 Major Basin 02 20

A table is composed of one or more fields. In the example, the fields are
ProjectID, BasinID, Description, and Sort. Fields are similar to columns in a

’ spreadsheet. All fields in a table have the same format (e.g. text of maximum 70
characters, numeric 12 places with 2 decimals) and they share the same
characteristics.
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A table also consists of one or more records. Records are similar to rows in a
spreadsheet. In the example, “00002, 01, Major Basin 01, 10’ compose one
record in the table ‘Basins’. The example shows a total of two records and four
fields.

In DDMSW, the database is composed of tables that organize and store
information. A common field in each table, ProjectID, ties all the table data
together for each individual project.

Program Installation

o DDMSW
The software used in DDMSW requires:

DDMSW Compiled application
Acrobat Reader PDF file reader

All required software for DDMSW (including models and other external
programs) is included except Acrobat Reader, which can be downloaded from
the Web.

Generally, the software comes as a self-extracting executable file. The setup
files should be extracted to a temp directory. Then by running Setup.exe, the
program can be installed. As it is installing, follow the instructions on the screen.

The user can choose the program’s location, but assuming C:\DDMSW\ST\ the
following directory structure will be created:

C:\DDMSW\ST Program files

C:\DDMSW\ST\Backup Directory for archiving data
C:\\DDMSW\ST\Data Data Files

C:\DDMSW\ST\Help  Help files

C:\DDMSW\ST\Maps Example map files
C:\DDMSW\ST\Models Model programs
C:\DDMSW\ST\ModIRuns Directory for example model runs
C:\DDMSW \ST\Reports Reports

C:\DDMSW\ST\Temp Directory for temp files

The procedure will notify the user when the installation is complete.

® Adobe Acrobat Reader

Adobe Acrobat Reader is required to print the user manual and view other files.
If Adobe Acrobat Reader is not currently installed on your computer, then it will
be necessary to install the program. The latest version can be downloaded from
Adobe’s website at www.Adobe.Com. Follow their instructions to download and
install ‘Acrobat Reader’.
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Starting the Software

DDMSW is started by running ‘STL.EXE’. The program can be accessed from the
Windows Startup menu or other selected folder or by double-clicking on the icon.

The Startup directory should be 'C:\DDMSW\ST\Data' or wherever the data files
are located.

When the software is first installed, it is necessary to access:

1. ‘File/Select Project to establish project defaults.
2. ‘File/Project Paths to establish project paths.
3. ‘Tools/Options’ to establish system settings and paths.

The following is a sample of the desktop icon to run the application and the
properties of the program. These may vary depending on the installation directory
selected.

DDMSW Properties
. | General W!MI

3
@ DDMSW

Target type: Application

Target location: St

Target: ‘ C:ADDMSWAS st eve ]

Start in: |C:\DDMSW\St'\D ata ‘

Shartcut key: ' Naone J

Rur: i MNormal window ho ‘

Comment; [ Launch Visual FoxPro |

[ Find Target... J [ Change lcon... ] [ Advanced... ]

® [

0K ]r Cancel ][ Apply J
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NOTE
If the startup icon is lost from the system and needs to be reconstructed do the
following:

1. Create a shortcut on the desktop for the file STL.EXE (located in the ST
directory)

2. Right click on the icon and open properties.

3. Change the “Start in” to the data directory (ST\Data)

Network Installation

For Users wishing to manage their projects on a network, the following procedure
should be followed:

1. Install the application on all computers that will be running the application.

2. Install the application on the network drive (Shown as K: on the figure
below).Right click on the icon used to start the software and select properties.

3. Modify the Start in property to point to the “Data” subdirectory on the Network
Drive. For example, assume that the network installation for DDMSW is
located at “K:\DDMSW\ST” where “K” is a mapped directory to the local
network, and then modify the “Start in:” field of the DDMSW properties to
“‘K\DDMSW\ST\Data”.

DDMSW Properties

| General | Shortcut [Compatibilityi

5_”
@ DDMSW

Target type: Application

Target location: St

Target: IC:'\DDMSW\St\stLexe

Start in: ’Kl'\DDMSW\S tData

Shortcut key: ‘ None

Run: 1 MNormal window

Comment; I Launch Visual FoxPro

[ Find T arget... ] [ Change lcon... ] [ Advanced... ]

][ Cancel Jr.&pply
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When software patches become available, it is ONLY NECESSARY TO UPDATE
THE NETWORK INSTALLATION. When individual users access the network
data, a check of the Network’s application version, reports, models and help files is

‘ carried out and any necessary updates to the local machine are carried out
automatically.

Drainage Design Management System for Windows - Users’ Manual 1-5




Chapter 2 General Features

Main Menu

o e R S e s, S s e
File Edit Hydrology Hydraulics Maps Tools Admin  Submittals  Window Help
| D00 0EHY 2, x0E

The Main Menu is the center of the application. This is the screen that is
displayed when the user starts the application. It is also the screen the user is
always returned to after closing a submenu or screen.

Specific actions can be accessed through the pull-down menus shown on the Main
Menu bar. This manual will explain the functions available on each menu and will
describe the individual elements shown on data entry screens. Depending on the
type of application installed, some of these menu options may not be available.

Standard Buttons

There is a toolbar of standard buttons, which is identical on each data entry
screen.  The buttons become available/unavailable depending on the current
action.

) Goes to the first record in the table.

¢ Movesto the previous record.

,.a Moves to the next record.

9 Goes to the last record in the table.

H Save the changes to the current record.

i) Undoes the last command or action.

.2y Prints areport of the current table to the screen.

- Searches for the first record based on the typed selection criterion.

p e Deletes the current record. Use this with caution! Deleted records cannot be retrieved.

D Use this to add a new record. When this button is clicked, a bla'nk record appears for the
user to enter values. Select Save to keep the data, or Cancel to discard the addition.

@ Closes the current screen and returns the user to the Main Menu or previous screen.

Pressing [Esc] will also close the screen and return the user to the previous screen.
However, changes to the current record may not take effect.
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Common Buttons

The following buttons appear on several forms and basically perform the same

function:

Copy

o

Update

ReSort

Print...

Save

Cancel

& Info

Al e B

Copies the existing record to a new record so that only changes need
to be edited.

Shows a screen of all available major basins in the current project.
Data on open forms will be filtered to the selected major basin.

There are two types of update:

On a default form, it updates default data from agency data. Check
the options to be updated. On a non-default form, it updates the data
by performing calculations. The user selects the This Record, This
Major Basin or All for the entire project to be updated.

Select Option

Option 2

|

This Majar Basin
All

w
| Cancel

This renumbers the current 'sort' data in tens.

Prints the corresponding report for this data.

Saves the record with the current edits. This is only visible in “Edit”
mode.
Discards all current edits. This is only visible in “Edit” mode.

Shows instructions for the currently opened form.

Data Screens

Screens display multiple records on a grid and details of the current record. Only
data for the current record can be edited. Use the vertical scroll bar to move
through records on the grid and highlight a record to edit.

The user can move and resize screens according to preference. Changes made
to window position are retained in the application.
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Detailed information is available on the Info Button on each form.

Edit Menu

The Edit menu is available to the user during data entry or editing. The menu
comprises the following functions. Some or all may be available depending on the
action currently being executed.

Undo Undoes the last command or action.

Redo Repeats the last command or action.

Cut Removes the selection and places it onto the Clipboard.

Copy Copies the selection onto the Clipboard.

Paste Pastes the contents of the Clipboard.

Clear Removes the selection and does not place it onto the Clipboard.
Select All  Selects all text or items in the current window.

Find Not available

Replace Not available

Window

This menu item is available when a screen is opened.

Arrange All Arranges the open screens tiled on the desktop.
Cascade Arranges the open screens in a cascading from left to right on the desktop.
Close All Closes all open screens.

1 Rainfall Data LiSts all open screens with a checkmark next to the current one.

[w 2Sails - MB: 01

Printing

Select the report to be printed, and choose the output location (Screen or Printer),

and click  Fint. |

FCOMC
Drainage Design Management System
$01LS
Page 1 Project Reference: EXAMPLE1
Area 1D Soil ID Area Area KKSAT Rock Effective
(sq mi) (%) Percent Rock (%)
(%)
14 64512 1.720 25.70 0.0 - 100
64619 0.450 6.70 0.14 - 100
64612 0.270 4.00 0.01 - 100
64672 0.890 13.30 0.09 30.00 100
4622 0.670 10.00 0.04 - 100
64677 0.220 3.30 0.05 - 100
64622 1.120 16.80 0.04 - 100
64624 1.340 20.10 0.02 - 100
1B 64512 1.380 24.20 0.01 - 100
64519 1.230 21.50 019 - 100
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Keep in mind that when a report outputs to the screen, the user is able to select to
print or export it by using the Reports toolbar at the top of the report. By clicking

ﬁ, the user can choose to print all or selected pages of the report. Click the
Export Icon g&|to select a format and destination for the export file. This enables

the user to exchange project data with other applications. Always close the
current report view when you are finished, otherwise the report generator will
remain open.

Graphs Toolbar

When graphs are opened the following tools are commonly available on the graph
screen:

B Copies the graph to the clipboard as a bitmap, metafile, text or OLE
object.
sz Data Editor. This displays the data values at the bottom of the screen.
Es These values can be edited, and the graph dynamically reflects these
changes.
1 2 3 4 5 & 7 8
— 510 1510 1585 1596 1600 1612 1662 2262
99.70 94.10 9360 9220 9220 9360 9490 99.70
. Zoom tool. Click this icon and draw an area of the graph to be
magnified.
L Prints the graph.

Please note that the data for the graphs has been rounded to facilitate the
graphing function. Therefore the data is not as precise as the data in the
application.

Reindex Data

Caution: Reindexing and packing tables take a few minutes to complete.
Interrupting the process once it has begun will result in data

¢ corruption.

This function can only be used when there are no other users accessing the
application. The option is used for two purposes. In the event of a corrupt index,
the administrator needs to reindex tables and rebuild the table indexes.
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The option also packs all tables in the database. When a record is deleted, it is
not physically erased from disk until the database is packed. Packing permanently
removes deleted records and restores disk space occupied by those deleted
records. The database should be packed occasionally to restore disk space.

Agency Password

Access to the Agency menu is restricted. Enter the password to access the
Agency menu.

Change Agency Password

This is only visible if an appropriate Agency password has been entered. This
enables the user to change the password. A window appears confirming the new
password. [f this is correct, click OK to confirm the change.

Drainage Design Management System — User’s Manual 2-5




