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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 is designed for hydraulic and hydrologic engineers interested 
in learning DDMSW, an application program that implements 

the District's Design Methodologies and Standards. 

Agenda 

8:30- 9:30 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. 
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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 

•!• Green-Ampt Loss Method 

•!• Single Storm 

•!• 24-Hour Duration 

·:· Tab Interval: 5 Minutes 

·:· Number of Ordinates: 2000 

•!• Output: 5 

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 

Section 1.0 - Hydrology 1-4 



• 

• 

• 

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

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

Agreement 

Drainage 
Design 

Management 
System 

This program has been written to aid in the management of drainage design. 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 . 

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

De!ails 

Date ID Trtle 

0610612014 00033 

BANKPROTECTIONFCD 01/0112012 00010 River Mechanics Example· Bank Protection 

BRIDGEPIERFCD 01/0112012 00011 River Mechanics Example· Bridge Pier 

EXAMPLE1 01/0112010 00001 Clark, Green Ampl Single. 6 Hour 

EXAMPLE2 01/01/2010 00002 8-Graph, Green-Ampl Single, 24 Hour 

EXAMPLE3 01/0112010 00003 8-Graph, Green·AmPl Multiple, 6 Hour 

EXAMPLE4 01/0112010 00004 Clark, IM and UMorm, Single, 6 Hour 

KVLEXAMPLE1 01/0112011 00005 Example 1 HEC·1 Moria! project 

KVLEXAMPLE 10 0111012014 00025 HEC-1 Tutorial-lmportHEC-1 File 

KVLEXAMPLE11 01/1012014 00029 FCOMC Hydraulics Manual Design Example 4.6 

KVLEXAMPLE 12 0111012014 00030 street Drainage Example 

KVLEXAMPLE2 01/0112011 00021 Example 2 using Shape files and NOAA 14 

KVLEXAMPLE3 01/0112011 00024 Example 3 Ra~onal Method tutorial project 

::>· . I I Ill 

KVLEXAMPLE6 01/0112011 00018 HEC-1 Tutorial • S-Graph Unit Hydrograph 

KVLEXAMPLE7 01101120 11 00019 Rational Method Tutorial 

Modifi~on Dale I 0110112011 

(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) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

(I) 

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. 

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

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

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

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

Under HEC-1 Defaults frame, change the default Storm from 
"Multiple" to "Single" by clicking on the magnifying glass. 

Under HEC-1 Defaults f rame, change the default Duration from "6 
Hour" to "24 Hour" by clicking on the magnifying glass. 

Click the Save button to save the entered data. 

Click the OK button on the SELECT PROJECT w indow to close the 
window, the following figure shows what the window looks like. 

Click the OK button on the pop-up message box . 

J.isl De!ails 

~~P~ro~ject~R~e~~er~en~ce~~~~~;;~~~===~ Project Defau~lts~=:::=:::::=~~~ 
Project ID I 00034 Reference IKVI..EXAMPLESA Model I HEC1 ;:> 

Tille I HEC-1 Tutorial · Clark Unrt Hydro graph Soils li-=-FC:-:-D--:MC------:¥;;=-1-

Location I Mari copa County . ~ Land Use I FCDMC 

Agency I Flood Control District of Maricopa County_ Rainfall lf-N-OAA-14~=~·~ 
· er Mechanics Only Custom Storm Event Roads I MCDOT 

Return Periods to Model 
L ~ ~ !, ~ Q, 

Efi~~Efl~ 100 • 

This project is set-up to give step-by-step instructions on how to use 
DDMSW!o build a HEC-1 model. 

Mocification Date ~14 

HEC-1 Defaults 

Unrt Hydrograph 

Loss Method ;-I G-re~en=-Ann=pt = 

Storms I Single 

Duration i-12-4 H- o-ur--

Tab Interval (NMIN) I 5 ~ 

No. Ordinates (NO) I 2000 ~ 

Oillpmoo>l 5~ 

Qelete 1\dd QK 

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. 

{a) From the menu bar of the main application window, click File + 
Project Paths as shown in the following figure and PROJECT PATHS 

window opens. 

m Flood Control District of 1-taricopa County- KVlEXAI-IPLESA 

. Hycrology Hycridcs River Med1anics Maps Tools AdnWl Stbmittas ~ 

!::l,ew Project 

~te Project DefaUts 

~ro)ect Paths 

Project Management 

[mportData 

~tData 

El!jt 

{b) Click the browse button [] to the right of Model Runs Path 

text box. 

{c) Navigate to the "Mod/runs" folder and highlight "Mod/runs" folder. 

Click Make New Folder button the BROWSE FOR FOLDER window and 

enter "Kv!Example5A". 

{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. 

t:Project Paths . '"). · '{;' 

Machine 10 I FC6W92430755 # CARRIAGAC 

Agency I Flood Control District of Maricopa County 

Projed I HEC-1 Tutorial- Clark Unit Hydro graph 

Model Runs Palh @i@ciDOMSW480WODLRUNS\KVLEXAMPLE5AI 
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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, 
Rainfan Sub-Basin, Land Use, Soils and Tc. As part of the shape files, the table 
structures must include specific f ields. 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. 

[JI(dil~-~~~looll:t{No.Jidp 

D ,;; g 5 liP .-. · <!> lll.loo ::J ·' • 0 ~ I? ~ €l ::' ;: <") . ... r." :l I 0 lit :. ; I ;I fi:l 
• . .. :J :l 

(C.l) Rainfall 

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

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 . 
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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: 

•:• AREAID Character 6 

•:• BASINID Character 2 

Enter unique Sub-Basin ID 

Enter Major Basin ID 

•:• AREASF Numeric 12.0 Data entered into this field will be 

~~~'M'dc:aows~ 

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. 

. . P·3.ooo ~u~ EE Ciir:;;l (iil i!J > .IJ i lll ;wE fitfiiiii i .. T" ~ !:B'fii ••" EC <D I ~ 
~ O , ~ .:.:i ft o5.'~ G!l 

(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. 

180 

\ill) AttnDutes of Lancfuse 

fl) Shape lUCODf BUFFER 

I OPottgonHID y 
1 Polygon 150 y 

(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 requ ired fields include: 

•!• SOIL_LID Numeric 15 

Section 1.0 - Hydrology 
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---------------~~~ X 

- - - - -- --- - - ----

ools ~ndow !::!elp 

~ I I' 12 .... 

::::J I Targ~t: 

J !i21.l05.549 957081.757 F«t 

(C.S) 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 Character 6 This is determined internally by DDMSW, 
any data in this field will be overwritten. 

•!• BASINID Character 2 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 Numeric 9.2 Enter the upstream ground elevation. 

•!• DSGE Numeric 9.2 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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(D) Step 4- Establish Rainfall Data from GIS 

(D.l) 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 " DEFAUL r' as rainfall. 

(a) From the menu bar of the ma in appl ication window, click 
Hydrology+ Rainfall Ids as shown in the following figure and the 
RAINFALL IDS window opens. 

Hydraulics River Mechanics .Maps Tools Admin Submittals Window Help 

Ramfalljds 

.Soils 

Soil Qefaults 

!,and Use 

Land Jlse Defaults 

.Major Basins 

Sub ~as ins 

!::!EC-1 

!,and Use Impacts 

(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. 

~RaonfaDids .. ,':WI 

Look for 

Description 
I· . " . I 

RainfaiiiO 

RainfaJIID r=ll=!#=i'=ili=j- ..,1source I GIS 

Description Defau~ Rainfall ID 

(D.2) Rainfall 

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

Hydrology -+ Rainfall as shown in the following figure and the 

NOAA 14 RAINFALL 10: DEFAULT window opens. 

It Flood Control District of Maricopa County- KVLEXAMPLESA 

Rainfal !ds 

~ 
Soi QefaUts 

!,_and Use 

Land !J_se DefaUts 

!:!EC-1 • 

!,_and Use Ill1)aCts • 
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t!NOAA 14 RamfaU ID: DEFAUlT-- Edat ~ ·.~ .. ~tfi~:f:t' 

C:IFCDMC\DDMSW480\MAPS\KVLEXAMPLE5A\RAINFALL SHP 

Average Rainfall Data for ID: DEFAULT _,_,,..,...,===u 

2..n ~ N1!: ~ 

5 Min r--r--r--r--r--
10 Min r--r--r--r--r--r--
15 11in r--r--r--r--c-r--
30 11in r---r---r---r---r---r---
1 Hour r--r--r--r--r--r--
2Hour r--r--r--r--r--r--
3 Hour r--r--r--r--r--r--
6Hour r--r--r--r--r--~ 

12Hour r--r--r--r--c= 
24Hour r=r=r=r=r= 

(b) Cl ick 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 UPDATE NOAA14 RAINFALL USING GIS dialog box similar to the 
figure below will appear. 

Update NOAA14 Rainfall using•(i:iS . 
....-; ..... 

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

The update INill be based on the follolh•ing Shape file: 
C: \fCDMC\pDMSW480'fv1APS\J<VLEXAMPLESA \ftAINFALL. SHP 

Do you want to continue? 

Yes No 

(e) Click the Yes to proceed . 

(f) After the update is completed, the NOAA 14 RAINFALL 10: 
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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' NOAA 14RamfaiiiD:OEfAUlT ' •', ,• ~-'!T.' 

C:\FCDMC\DDMSW480\MAPS\KVLEXAMPLE5AIRAINFALLSHP 

Required Map Fields 

(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 to open the 
UPDATE FROM GIS window. 

m Flood Control District of 1'1aricopa County- KVLEXAMPLESA 

!:!Pdate Hydrology 

E_ost 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) In the 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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