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Small Watershed Hydrology

Introduction

Historical background

Technical Release 55 (TR-55) Urban Hydrology for
Small Watersheds was first issued by the Soil Conser-
vation Service (SCS) in January 1975 as a simplified
procedure for calculating storm runoff volume, peak
rate of discharge, and storage volumes for storm water
management structures. TR-556 was applicable only for
the SCS Type II rainfall distribution and required the
user to perform manual calculations.

In September 1986, SCS released a major revision to
TR-55. This version included three additional rainfall
distributions (Type I, IA, and III) and defined the veloc-
ity method of computing time of concentration by
splitting the time of concentration flow path into three
distinct flow segments for sheet flow, shallow concen-
trated flow, and channel flow. A computer program
was also released that automated the computations.
The wide acceptance and use of TR-55 by public and
private users generated a great deal of feedback used
by SCS to identify where improvements could be made
in the procedures and the computer program.

A WinTR-55 work group was formed in the spring of
1998 to modernize and revise the technical release and
the computer software. The following changes were
made to the program:

e The source code was upgraded to Microsoft®
Visual Basic® 6.0,

e Data input philosophy was changed and the
program revised to use a hydrograph computa-
tional routine instead of generalized tables and
graphs.

¢ A Windows® interface and output post-proces-
sor were developed.

As aresult, the hydrograph generation capability of
the software was greatly enhanced as the user can
now flood route hydrographs through stream reaches
and reservoirs.

The availability and technical capabilities of the per-
sonal computer have significantly changed the phi-
losophy of problem solving for the engineer. Computer
availability eliminated the need for the TR-55 manual

methods, thus the graphs and tables in the older docu-
ments have been eliminated.

This user guide covers the procedures used in and the
operation of the WinTR-55 computer program. Part
630 of the Natural Resources Conservation Service
(NRCS) National Engineering Handbook (NEH) pro-
vides detailed information on NRCS hydrology and is
the technical reference for this document. Appendix
C, which lists all the references, contains a list of the
NEH Part 630 chapters and their subjects. Users who
are not familiar with NRCS hydrologic procedures
should refer to the appropriate chapters for back-
ground information and the details of procedural
techniques.

Program description

WinTR-55 is a single-event rainfall-runoff, small wa-
tershed hydrologic model. The model generates hydro-
graphs from both urban and agricultural areas and at
selected points along the stream system. Hydrographs
are routed downstream through channels and/or res-
ervoirs. Multiple sub-areas can be modeled within the
watershed.

Model overview

A watershed consists of sub-areas (land areas) and
reaches (major flow paths in the watershed). For each
sub-area, a hydrograph is generated based on land
and climate characteristics. Reaches are designated
as either channel reaches, through which hydrographs
are routed based on physical stream characteristics,
or as storage reaches, through which hydrographs are
routed based on reservoir storage and outlet charac-
teristics. Sub-area and reach hydrographs are com-
bined as needed to represent the accumulation of flow
as water moves from the upland areas down through
the watershed reach network. The watershed outlet
represents the location at which all runoff from the
watershed is accumulated.

WinTR-55 uses the WinTR-20 (Version 1.11) compu-
tational routine for generating, routing, and adding
hydrographs. The WinTR-55 system is illustrated in
figure 1. This figure shows the relationship between
WinTR-55 and WinTR-20, as well as the file associa-
tions within the modeling system.
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Figure 1 WinTR-55 system schematic

WinTR-55 System

l Custem E
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WinTR-20
Input Data — Errar  —
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Legend Page
= [Dhara Flow
s Program F low L—s Hydrograph —J

Capabilities and limitations

WinTR-55 hydrology has the capacity to analyze watersheds that meet the criteria listed in table 1.

Table 1 WinTR-55 capabilities and limitations

Variable

Limits

Minimum area

Maximum area
Number of subwatersheds

Time of concentration for any sub-area

Number of reaches
Types of reaches
Reach routing
Structure routing
Structure types
Structure trial sizes
Rainfall depth
Rainfall distributions

Rainfall duration
Dimensionless unit hydrograph

Antecedent runoff condition

Minimum area is 0.01 acre. Carefully examine results from sub-areas less than
1 acre

25 square miles (6,500 ha)

1to 10

0.1 hour < Tc < 10 hours

0to 10

Channel or structure

Muskingum-Cunge

Storage-Indication

Pipe or weir

1to3

Default or user-defined 0 to 50 inches (0 to 1,270 mm)

NRCS Type I, IA, II, III, NM60, NM65, NM70, NM75, or user-defined (See
appendix A, example 4)

24-hour

Standard peak rate factor 484, or user-defined (e.g., Delmarva—see
appendix A, example 3)

2 (average)
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Model input

The user enters data into WinTR-55 through a series
of windows. Figure 2 illustrates a sample watershed
schematic. Figure 3 shows various features of the in-
put windows. Data entry is required only on windows
applicable to the watershed being evaluated.

Minimum data requirements

While WinTR-55 can be used for watersheds with up
to 10 sub-areas and up to 10 reaches, the simplest run
involves only a single sub-area. Data required can be
directly entered on the WinTR-55 Main Window.
These data include:
¢ Project Identification Data

— User

— State

— County

— Project

— Subtitle

¢ Dimensionless Unit Hydrograph
e Storm Data Source
e Rainfall Distribution Identifier

e Sub-area Entry and Summary
— Sub-area Name
— Sub-area Description
— Sub-area Flows to Reach/Outlet
— Area (ac. or sq. mi.)
— Weighted curve number (CN)
— Time of concentration (Tc)

The user should note that sub-area entry and summary
data can be entered directly into the table on the main
window, or computed elsewhere within WinTR-55. If
detailed information is developed through the other
windows, the computational results are displayed
here.

User responsibility

Model results can be sensitive to input data. The user
must ensure that all input data (whether entered di-
rectly or implied through default values for blank data
fields) are appropriate for the watershed and condi-
tions being analyzed.

Watershed sub-areas and reaches

Modeling watersheds properly using WinTR-55 re-

quires understanding the relationship between wa-

tershed sub-areas and reaches within the computer
program. Figure 2 and table 2 show a typical water-
shed with multiple sub-areas and reaches.

Reaches define flow paths through the watershed to its
outlet. Each sub-area and reach contribute flow to the
upstream end of a receiving reach or to the outlet.

Figure 2 Sample watershed schematic

*
. Reach E

el

wle n
Taa,

" Outlet
-

.

Area VII

"y
tEEtaa e

—

“nt D
.
Taaw

PN
3 e,
.

Stream reach

Sub-area

. : Watershed area
Yaggaun®

Table 2 Sample watershed flows

—

Sub-area Flows into Reach Flows into
upstream end upstream end

Areal Reach A Reach A Reach C

Area Il Reach C Reach B Reach C

Area III Reach C Reach C Outlet

Area IV Reach B Reach D Outlet

Area V Reach C Reach E Outlet

Area VI Reach E

Area VII Outlet
Area VIII Outlet
Area IX Reach D
Area X Outlet
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Accumulated runoff from all sub-areas routed through
the watershed reach system, by definition, is flow at
the watershed outlet.

Figures 3 and 4 show some of the features available in
the window entry, with the features labeled.

Figure 3 Window entry features

—
Window __ Bl R I =3 Menu bar
title File Options  ProjectData GlobalData Run Help +— with
— il :
Tool —=(H|S| @[Ty ¥ &¥Hn «| EK| 2| pulldown
buttons WinTR-55 Small Watershed Hydrology
Praject |dentification D ata
User: |th State: |Missouri j combo
Entry box F'fru'al:.l'_)lExampIel County: |Fran|-<|in ﬂ—— entry
Subtitle: |Future Developed Condition Execution Date: 10/2/2008 box
SL{ﬂj-ireas e s i Dimensionless Unit Hydrograph: |<Sfanda['d} j
& * Acres H
Optlon ——F " square Miles Storm Data Source: Franklin County, a0 (MRCS) - — Dlsplay
buttons Rainfall Distribution | dentifier. Type IT data
Sub-area Entry and Summary
T Sub-area Flows to Wigighted
) Sub-area Mame Sub-area bescription - Area (ac) e Te thr)
Entry grid WTract 1 Developed Land Use Basind | 1250 aa 0135
Project &rea; 12 50 (ac)
File: <new filex 1042/2008 B:5E bl ——g— Status bar
Feature Function
Window title Displays title of the window
Tool buttons Quick access to functions or windows
Entry box Enter data into box
Option buttons Select one option of several
Entry grid Enter data into cells
Menu bar with pulldown Select menu options with further sub-options
Combo entry box Select an entry or type in new data
Display data Display only, cannot enter data into a display area
Status bar Displays status information: filename, date, time
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Figure 4 Additional window entry features
|

" Run WinTR-55 X

Run WinTR-55

Check storm(z] to evaluate:

Check Box =t/ z.vr W 25y
[w 5-%r [v S0-¥r
[w 10-¥r [w 100-¥r

v il

Button ——— | chncel| Run |

Feature Function
Check box Click on box to turn an option on or off
Button Click to access named function
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Welcome to WinTR-55 window

Purpose

The Welcome to WinTR-55 window (window 1) dis-
plays introductory information. To skip this window in
the future, check the box in the lower left hand corner.
Additional help can be obtained by clicking on the
New User? button which opens the help for Welcome
to WinTR-55 window (window 2).

Buttons
Exit program
Click Exit program to exit program.

New User?
Click New User? to display introductory help text.

Start
Click Start to begin using WinTR-55 software.

Window 1 Welcome to WinTR-55 window
—

™™ Welcome to WinTR-55

WinTR-55 Small Watershed Hydrology

Disclaimer

Although WinTR-55 has been tested by its developers, NO warranty, expressed
or implied, is made as to the accuracy and functiening of the pregram and related
program material nor shall the fact of distribution constitute any such warranty,
and MO responsibility iz assumed by the developers in connection therewith.

[ Check here to skip thiz introdustion in the future Exit programn Bew Uzer? Start
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Window 2 Help for Welcome to WinTR-55 window
——

< Help for Welcome to WinTR-55

File Fonts Help for...

Help for a Mew User -
Program Description

W inTR-55 is a single-event rainfall-runoff small watershed bydrologic model. The model generates
heyydrographs from both urban and agricultural areas and af selected points along the stream system.
Hydrographs are routed downstrearn through channels and/ar reservoirs. Multiple sub-areas can be modeled
within the watershed.

Mode! Dveryisw

A watershed iz composed of sub-areas (land areas) and reaches (najor flow paths in the watershed). Each
sub-area has a bydrograph generated from the land area based on the land and climate characteristics
provided. Reaches can be designated as either channel reaches (where hydrographs are routed bazed on
physical reach characteristics) ar as storage reaches (where hydrographs are routed through an embankenent
based on temparary storage and outlet characteristics). Hydrographs from sub-areas and reaches are
combingd as needed to accumulate flow as water moves from the upland areas down through the watershed
reach netwark. The accumulation of all runeff from the watershed is represented at the watershed Outlet.
Up to ten sub-areas and ten reaches may be included in the watershed.

WinTR-55 uses the WinTR-20 mode| for all of the hydrograph procedures (generation, channel routing,
storage routing, and addition).

Three different types of Help are available for softwars users.
13 Generalized Help is awailable from the Help pull-down on the Main window menu bar.
2). Window Help is available via the "Help" button on each entry window and most output windows.

3). Yariable help, shown in a box at the bottom of each window, iz available via the "2" buttan.
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WinTR-55 Main Window

Purpose

The user enters basic watershed data on the
WinTR-55 Main Window (window 3). Other win-
dows, data, and settings are accessed through the
menus, buttons, and boxes on the main window (illus-
trated in windows 4-9). As other data input windows
are closed, the program returns to the WinTR-55
Main Window.

Window 3 WinTR-55 Main Window
—

= WinTR-55 Main Window

File Cptions ProjectData GlobalData Run Help

== ER IhE RaR A=

WinTR-35 Small Watershed Hydrology

Project |dentification [ata

Jzer: |KK'u' State: |IIIin|:|is

Project: |.-'-.-'-.in|:|r Lake Detention Check Cairty: |Champaign

Subtitle: |Ana|yze detention basin with histarical starm Execution Date: 441

[

&/ 2002

Sub-areas are exprezsed in:
f* Acres
(" Square Miles

Dimengionlesz Unit Hydroaraph: | <standard:

Storm Data Source:  User-provided custom starm data

Rainfall Distribution [dentfier: Historical Storm

Sub-area Entry and Surnmary

=

o Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description e AE Area (ac) e T ihr)
Minor Lake 0.25 acre lots basin | 2500 75 0450
Project Area: 25 (ac)
File: C:\Documents and Settings\quan. quantApplication DatabwinT B-55%5ample F | 8/27 /2008 3:55 Ak
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Window 4 WinTR-55 Main Window File menu
|

== WinTR-55 Main Window
SIEW Options  ProjectData GlobalData Help

I

= Open

Savehs
B Page Setup
Exit

Ci\Documents and Settingsiguan. quaniapplication DatalWinTR-55Examplel A wS5
Zi\Documents and Settingsiguan.quantApplication DataiWwinTR-551Sample Files\Example2-large. wss
CiDocuments and Settingsiguan. quantapplication Data\winTR-55\Examplel _C.wss
CDocuments and Settingsiquan.quantApplication DatalWwinTR-551Examplel _B.wS5

Menu
The menu bar is located at the top of the WinTR-55 Main Window, just below the dark blue window title.

Menu item Pulldown choice Explanation

File New Create a new input file
Open Open an existing input file
Save Save current input data using current filename
SaveAs Save current input data with different filename
Page Setup Setup printer for page output
Exit Exit software

List of recently accessed files that provides a shortcut to any of them

Window 5 WinTR-55 Main Window Options menu
|

= WinTR-55 Main Window

File Wslslsy= FrojectData  GlobalData Help
v Enich
Metric

Clear Recent Files

Menu item Pulldown choice Explanation
Options Units Allows user to declare measurement system: English or Metric.
Clear Recent Files Clear the list of recently opened files at the bottom of the File menu
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Window 6 WinTR-55 Main Window ProjectData menu
|

™= WinTR-55 Main Window M=
File Options NaiE=a=E=N GlobalData Help

& Land Use Details

Te Time of Concentration Details

B SEructure Data
W Reach Data

' Reach Flow Path

Menu item Pulldown choice Explanation
ProjectData Land Use Details Open Land Use Details window
Time of Concentration Details Open Time of Concentration Details window
Structure Data Open Structure Data window
Reach Data Open Reach Data window
Reach Flow Path Display Reach Flow Path schematic window

Window 7 WinTR-55 Main Window GlobalData menu

= WinTR-55 Main Window
File ©Options ProjectData B =] =l Help

Yl Skarm Data
RIT Custam Rainfall Distributions
| Dimensionless Unit Hydrograph

Menu item Pulldown choice Explanation

GlobalData Storm Data Open Storm Data window
Custom Rainfall Distributions Open Custom Rainfall Distributions window
Dimensionless Unit Hydrograph Open Dimensionless Unit Hydrograph window

10 WinTR-55 User Guide, January 2009



Small Watershed Hydrology

Window 8 WinTR-55 Main Window Run menu

=2 wWinTR-55 Main Window

File ©Options ProjectData  GlobalData F!.urku Help

Menu item Pulldown choice Explanation

Run Analyze watershed using currently entered data

Window 9 WinTR-55 Main Window Help menu

™ WinTR-55 Main Window =13
File Options ProjectData  GlobalData Run Bkl

(& show WinTR-55 Welcame
&P Help For WinTR-55 Main Window F1

Abouk WinTR-55
System Information

Menu item  Pulldown choice Explanation
Help Show WinTR-55 Welcome Display WinTR-55 Welcome window
Help for WinTR-565 Main Window F1  Display help
About WinTR-55 Display program version number and date
System Information Display system information, such as operating system
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Buttons

The button bar near the top of the WinTR-55 Main
Window provides a graphical shortcut for some com-
mon functions described in the preceding menu sec-
tion.

o
Open =

Opens a previously created and saved WinTR-55 input
data file.

Save H

Saves the current data in the file named on the status
bar (bottom left corner of window). This button is not
available until some data have been entered. If the cur-
rent data do not have a filename, a box allowing entry
of a filename is displayed when Save is clicked.

Input Data Printout 5
Prints a brief report of data on the WinTR-55 Main
Window.

Land Use Details .
Displays Land Use Details window to enter or edit
land use data by hydrologic soil group for any sub-
area.

Time of Concentration Details I
Displays Time of Concentration Details window to
enter or edit flow path information used to compute
time of concentration for any sub-area.

Structure Data &
Displays Structure Data window to enter or edit data
for storage ponds with either a pipe or weir outlet.

Reach Data \:F/
Displays Reach Data window to enter or edit reach
data for all reaches in the watershed.

Reach Flow Path %/
Displays Reach Flow Path schematic.

o

Storm Data

Displays Storm Data window to view or edit rainfall
depths and frequency. The associated rainfall distribu-
tion may be changed.

R
Custom Rainfall Distribution -ﬁ:

Displays Custom Rainfall Distribution window to
enter or edit custom rainfall distributions.

Dimensionless Unit Hydrograph I‘&
Displays Dimensionless Unit Hydrograph window to
enter or edit custom dimensionless unit hydrographs.

Run WinTR-55 F;t'r
Uses currently entered WinTR-55 data reformatted
into WinTR-20 input to run the WinTR-20 model. Re-
sults from WinTR-20 are then available to the WinTR—
55 program for output displays and/or reports. Run
WinTR-55 is not available until a minimum amount of
data has been entered.

Output Definition
Gives the reports that are available for printing or view-
ing. Output Definition window is not available until
data have been entered and a run has been completed.

Output Hydrographs i‘

Views output hydrographs at various locations in the
watershed. Output Hydrographs window is not avail-
able until a run has been completed.

Quick Help - Context Sensitive E?
Quick help provides context-sensitive help for most

of the WinTR-55 user interface. Click the large yellow
question mark (?) button to turn on the quick help.
Clicking on any part of the window will display help
information at the bottom of the window. While in help
mode, a large question mark (?) is displayed next to the
cursor. No data entry is allowed while in Help mode.
Clicking ? a second time returns to the standard cursor.

Some help windows will not display completely with a
600x800 screen resolution. For better viewing, change

the monitor’s screen resolution to a higher setting such
as 1024x768.
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Project identification data

The user enters the following information on the
Project Identification Data portion of the WinTR-55
Main Window. Data to be entered are user name,
project name, subtitle, and location of project by state
and county. State and county names may be selected
from pulldown menus. WinTR-55 can be used for loca-
tions outside of the United States by entering a name
for the new location that is not on the pulldown state
names list. This will cause the state and county labels
to change to region and locale (window 24). State and
county names supplied with the program cannot be
edited. User-entered names can be edited. Entering a
single letter jumps to the first match in the list.

Execution date
The execution date shown on the main window is the
current date, or for a saved file, it is the date on which
the file was saved.

Sub-areas are expressed in

Here, the user specifies which units are used for ex-
pressing drainage areas. If English units are used, the
options are acres or square miles. If metric (SI) units
are used, the options are hectares or square kilome-
ters. The user specifies which system (English or
Metric) is used to express drainage area sizes using
the Options—Units menu items.

Dimensionless unit hydrograph

The default dimensionless unit hydrograph is the
NRCS standard dimensionless unit hydrograph with

a peak rate factor of 484 (NEH630.16). A different
dimensionless unit hydrograph may be specified by se-
lecting from the pulldown menu or by creating a new
one through the Dimensionless Unit Hydrograph
window.

Storm data source

Upon opening WinTR-55, storm data used for the pre-
vious run is listed here. The storm data source listed
on the WinTR-55 Main Window is not automatically
changed when new state and county information are
entered. It is very important that the storm data source
displayed is the desired data.

WinTR-55 includes a database of 24-hour rainfall
values for most of the United States. This data can be
viewed or edited through the Storm Data window
(window 22). Data for locations not found in the da-
tabase are entered on the Storm Data window. User-
entered values or modifications to the database values
are indicated by a note User-provided custom storm
data. Use of database values with no modifications is
indicated by the appropriate state and county names
being displayed as the Storm Data source.

Rainfall distribution identifier

Rainfall distribution is included as part of the rainfall
database. However, a different rainfall distribution
may be specified on the Storm Data window (window
22), or by defining a custom rainfall distribution and
entering it on the Custom Rainfall Distribution
window (window 26).

Sub-area entry and selection

Sub-area information is entered or edited on the sub-
area entry and summary table. Sub-area names are up
to 10 characters long with at least one alphabetical
character. A sub-area description (up to 25 characters)
may also be included. The Sub-area Flows to Reach/
Outlet is used to describe the upper end of the reach
into which the runoff from each sub-area flows on its
way to the watershed outlet. The user enters the ap-
propriate reach name (up to 10 alphanumeric charac-
ters) here, or selects from a pulldown menu if reaches
are defined on the Reach Data window.

The reach name Outlet is reserved for the most down-
stream point of the watershed being evaluated and is
always the final reach for every WinTR-55 run. Sub-
area drainage area (Area), weighted curve number
(Weighted CN), and time of concentration (Tc) may
be entered directly into this table or computed using
more detailed information on the Land Use Details
window and Time of Concentration Details win-
dow. Data entered directly into the table will be dis-
played in blue, while data computed within WinTR-55
will be displayed in green.

Double-clicking on a column entry within the Sub-area
Entry and Summary table opens the appropriate data
input window, Land Use Details, Time of Concen-
tration Details, or Reach Data, for additional data
entry or editing.

Total watershed area (Project Area) is displayed in the
lower right hand corner of this table.

Status bar

The path and filename of the current data are dis-
played on the left side of the status bar at the bottom
of the window. If no file name has been assigned to the
current data, <new file> appears in this location. The
remainder of the status bar contains the current date
and time. The same status bar appears on all other
large size data entry windows.
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Land Use Details window

Purpose

The Land Use Details window (window 10) is used
to edit and view the land use description for sub-areas
with detailed land use data.

Data entry and selection

The vertical scroll bar on the right side of the window
allows the user to locate and view any part of the
land use list by dragging the scroll bar up or down to
change the part of the cover description list that is
displayed.

Scrolling from top to bottom may be time consuming
since the table is long. Resizing the window to a larger
window displays more lines of land cover.

Clicking any Land Use Categories option button
causes the displayed portion of the Cover Description
list to jump directly to the beginning of that category’s
cover descriptions. The complete list of the Cover
Descriptions for the Land Use category may be too
long to display at one time. If that is the case, use the
vertical scroll bar to scroll down and view additional
cover descriptions.

Once the desired cover description is in view in the
table, enter the areas in the appropriate Hydrologic
Soil Group columns (A, B, C, or D). Multiple hydro-
logic soil group entries can be made for a single cover
description.

Window 10
—

Land Use Details window

Sub-area Marme
|Minu:|r Lake

¥ | BRename ‘ Clear |

Land Use Cateqories

f* Urban Areq ™ Developing Urban

™ Cultivated Agriculture

Land Use Details

" Other Agriculture € Arid Rangeland

Area (Acres) for Hydrologic Soil Sroups

2000 * off  0On

Cover Description | condition | ] [en] B Jen] c© Jen] o Jen|a
Urban Districls Aurg % Impens ]
Commercial & business 25 9 92 L) 95
Industrial 72 tid ) ] a3 923
Rasidential disteicts Dy average fot size) Aurg % Impeny
148 acre (town houses) 65 7 85 50 92
1/4 acre 35 67 20,000 F5 3 Lirg
103 acre 30 57 72 L) il
142 acre 25 54 ] B0 85
1 acre 20 51 1] 79 &g
2 acre 1z 46 G5 7 82
Wastorn Dosart Urban Araas
Hatural desert (penious areas anly) 63 7 85 it
Arifical desert landseaping 06 96 96 9%
-
Project Areafac) Sumnary Screen Sub-Area

Area (ac) 50 wieighted CN: |75

File: C:\Documents and Settingshquan. quanapplication D ata'WwinTB-5545 ample FileshE x 4-historical wé

Help ‘ Qancel| gccept|

[T

9/3/2008 1:23 PM
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Click on the Sub-area Name combo box in the upper
left corner to select a previously named sub-area and
display its data. To enter a new sub-area, click in the
combo box and type in a new name.

Summary information

The total watershed area accumulated from the sub-
area information is displayed near the bottom left of
the window. This total includes all sub-areas whether
the data for each were entered in the detailed land use
description or as sub-areas on the WinTR-55 Main
Window.

The Summary Screen buttons provide a toggle for
display of the Land Use Summary for Sub-area win-
dow (window 11). Click On to display the summary
window, and click Off to close the summary window.
Information on the summary window is given after this
current window description ends.

The accumulated area and associated weighted CN for
the current sub-area are displayed in the two boxes at
the bottom center of the window. As additional areas
are entered or deleted, the summary values change. If
both boxes are blank, no detailed land use description
data have been entered.

Buttons
Rename
Rename allows the user to rename the sub-area.

Clear
Clear clears all the currently displayed sub-area land
use details.

Help
Opens a new help-text window with an overview of
window purpose and general data entry instructions.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that are clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Window 11  Land use summary for sub-area window
—
Land use for area 1 [ Area | HSG
Paved parking lotz, roofs, driveways 2.100 B
Open space; grass cover < B0% [pom 12.000 C
Commercial & business 5.000 B

Cancel

Click Cancel to lose all data entered or edited since
this window was opened. The window is closed and
the WinTR-55 Main Window redisplayed.

Accept

Click Accept to retain all data entered on the window,
close the window, and to redisplay the WinTR-55
Main Window. The data are retained only in the com-
puter memory and can be lost if the program is ter-
minated prior to saving the data to a user file. To save
data, use either the Save or SaveAs choices from the
File menu, or click the diskette icon on the WinTR-55
Main Window.

Land Use Summary for Sub-area window

Purpose

The Land Use Summary window (window 11) is for
display only and shows the detailed land uses and as-
sociated areas by hydrologic soil group for a sub-area.
The displayed sub-area is the selected sub-area on the
Land Use Details window. The window is activated
or closed from the Land Use Details window. To
move the Land Use Summary window around, right
click on the window and drag.

Custom Curve Number window

Purpose

The average percent impervious areas shown for the Ur-
ban and Residential Districts are those used to develop
the given composite curve numbers (CN). Other as-
sumptions made for urban and residential districts are:

e Impervious areas are directly connected to the
drainage system.

e Impervious areas have a CN=98.

e Pervious area CN is equivalent to pasture in
good hydrologic condition.

Of these assumptions, the only constant is that imper-
vious areas have a CN=98.

If the table CN values do not fit a particular project,
the Custom Curve Number window can be used to
make appropriate adjustments and compute a revised
value.

The Custom Curve Number window (window 12)
allows entry and editing of data to develop a com-
posite urban curve number when the standard Cover
Description assumptions on the Land Use Details
window do not apply. The user can enter appropriate
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numbers into the Custom Curve Number window to
create a Composite CN to fit a specific land cover.
The pervious land use assumption of pasture in good
hydrologic condition may not apply, so the user may
change the pervious CN. The percent of impervious
area in a sub-area may also be changed.

Data entry and selection

To develop a custom curve number, scroll to the user-
defined urban line of the Cover Description (in the
Land Use Details window) and click on the Custom
CN button located at the bottom of the Urban Area
land use section and just above the Developing Urban
land use section.

Land use for setting custom curve numbers is divided
into pervious and impervious areas. Impervious area is

further identified as connected or unconnected.

An impervious area is a connected impervious area if

runoff flows directly into the drainage system or runoff

flows as shallow concentrated flow over a pervious
area and then into a drainage system. Shallow con-
centrated flow velocity is fast enough to allow little or
no infiltration into the pervious area. An example of

a connected impervious area is a residential rooftop
where runoff flows from a roof downspout, across a
paved driveway, into a street gutter, and finally into a
storm sewer drainage system.

An impervious area is unconnected if runoff from it
flows as sheet flow over a pervious area before enter-
ing the drainage system. Sheet flow is slow enough to
presume that some infiltration will occur in the pervi-
ous area. If the water from a roof downspout flows
across a lawn as sheet flow, with an opportunity for

Window 12
—

Custom Curve Number window

w. Custom Curve Number

Custom Curve Number

Hydrologic Soil Sroup
A E © &}

(33 e [E [
[ Jo [ ]
I T
5

Pervious Curve Mumber
% Impervious frea:

% Impervious that iz unconnected:

Fesulting Curve Mumber:

—
E Help | Qancel‘ &ccept‘

some of the water to infiltrate the lawn, the rooftop is
unconnected impervious area. Unconnected impervi-
ous area is only available if impervious area is less
than or equal to 30 percent of the total area.

Enter data for Pervious Curve Number, % Impervious
Area, and % Impervious that is unconnected in the
appropriate entry boxes. A composite curve number
will be calculated using equations in appendix B and
displayed in the Resulting Curve Number box. The Hy-
drologic Soil Group entry indicates which CN column
(Hydrologic Soil Group A, B, C or D) of the user defined
urban cover description line (Land Use Details win-
dow) the computed curve number will be placed in if
the entered data are kept.

Buttons

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Accept

Click Accept to close the Castom Curve Number
window and redisplay the Land Use Details window
with the newly defined composite curve numbers.
Window 13 shows how the resultant text and custom
curve number value of 67 are displayed in the Land
Use Details window for an example with following
conditions:

e 20 acres condos

e Hydrologic Soil Group B

20% of the area is impervious

50% of the impervious area is unconnected

CN for the pervious area is 61

Cancel

Click Cancel to close the Custom Curve Number
window and redisplay the Land Use Details window,
without incorporating the recently defined composite
curve number data.
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Window 13 Land Use Details window with Custom Curve Number
|

Land Use Details g@@|

Sub-area Maome

|Cu:unu:|u:us j Eename| Clear | Lﬂnd USE Detﬂils

Land Use Cateqoriss
f+ Urban Area " Developing Urban © Cultivated Agriculture 0 Other Agriculture O Arid Rangeland

Area [Acres) for Hydrologic Soil Sroups

Cover Description | condition || &  Jew] B Jew] & Jewn] © Jen]=
142 acre 25 54 T 80 85
1 acre 20 57 7] 79 [z )
2 acre 12 46 65 7 82

Western Desert Urban Areas —|

Hatural desert (pervious areas anly) 63 7 #5 88
Arifical desert landscaping 96 98 96 96
Uker defined urban (Click button to define) Custom CH | 20,00 67 74

% Impenious Area: 20

% Unconnected Impervious Araa: 50

FPeriaus Curve Number: 67 74

DEVELCOPING UREAH AREA {Ho Vegetation)

Hewly graded area (pervious only) Frd : il a7 ag

Project Arealac) Sumimary Screen Sub-Area

TR G Off Con || Amat) [ 25 Weighedcn: [z | Hop | Cancel | socent |

File: < e file 3/7/2008 10:04 Abd
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Time of Concentration Details window

Purpose

The Time of Concentration Details window (win-
dow 14) allows entry, editing, and/or viewing of sub-
area flow path segment data and the resulting segment
travel times and time of concentration for sub-areas in
the watersheds that have detailed time of concentra-
tion data. The computed sub-area time of concentra-
tion is displayed in the Tc column of the Sub-area
Entry and Summary portion on the WinTR-55 Main
Window. The sub-area time of concentration can also
be entered directly on the WinTR-55 Main Window.
Data computed from the Time of Concentration
Details window will override any prior time of con-
centration entries on the WinTR-55 Main Window.
Blue boxes on the Time of Concentration Details
window contain computed data, while white boxes
contain user-entered data.

Data entry and selection
Time of concentration is computed by the method in
TR-55 (USDA SCS 1986), chapter 3.

After opening the Time of Concentration Details
window, select the sub-area in the Sub-area Name
combo box. The current 2-year, 24-hour rainfall depth
is displayed. To change the 2-year, 24-hour rainfall
depth, go to the Storm Data window.

Up to five flow segments may be entered: one for
sheet, two for shallow concentrated, and two for chan-
nel flow. For sheet and shallow concentrated flow,
enter the length, slope, and surface type. For channel
flow, either enter length, slope, Manning’s n, flow area,
and wetted perimeter, or enter length and velocity
directly.

The equations used for computing each segment’s
travel time are in appendix B.

Sheet flow length

Sheet flow length in the DOS version of TR-55 was
limited to 300 feet (90 m). Sheet flow for 300 feet is
very unusual because the surface and the correspond-
ing flow would need to be extremely uniform. Gener-
ally, beyond 100 feet the flow becomes concentrated
flow. Therefore, sheet flow length is limited to 100 feet
(30 m) in this version of WinTR-55. For additional

Window 14
—

Time of Concentration Details window

It Time of Concentration Details

Sl 2-Year Rainfall {in)
|Minnr Lake ﬂ Benarme | Clear | 3.01 Tlme Of ConcenT ration Det ﬂlls
Slope . . Welocity |
Flow Type Length (ft) (FHf1) Surface (Manning's nd n Area (T2 | WP () (75) Time fhr)
Sheet 20 0.0050 Srass-Range, Short (0.15) hd 0.081
Shallow Concent rated 10 0.0050  Paved - 0.019
Shallow Concent rated -
Channe| 2000 5.000 0111
Chantel
Tatal 2120 27909 0211
? Help | Cancel | Accept ‘
File: C:ADocuments and Settingshquan, quanhApplication DatabwinT B-55\S ample FilesM\E » 4-hiztarical w55 9/3/2008 1:45 P
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information, see Sheet Flow references (References
on time of concentration with respect to sheet flow
length, Merkel 2001) at http.//www.wst.nrcs.usda.gov/
products/W2Q/H&H/Tools_Models/WinTR55.html.

Buttons
Rename
Rename allows the user to rename the sub-area.

Clear
Clear clears all the currently displayed time of con-
centration details.

Help
Opens a new help-text window with an overview of
window purpose and general data entry instructions.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Cancel

Click Cancel to lose all data entry or revisions since
this window was opened and redisplay the WinTR-55
Main Window.

Accept

Click Accept to retain all data entered or edited on
the window, close the window, and redisplay the
WinTR-55 Main Window. To save the data file, go to
the WinTR-55 Main Window, and click the diskette
icon or Save or SaveAs on the File menu.
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Reach Data window Reach-routing element concept
Reaches can be conceptualized as routing elements
Purpose that exist in two types. The first type of routing ele-
The Reach Data window (window 15) allows editing ment is a channel routing element, which is a stream
and viewing of the stream network, shows whether reach. Data for a stream reach are entered on the
each reach is a channel reach or a storage (structure) Reach Data window.
reach, and provides information on creating a chan-
nel rating if the reach is a channel reach. No data is The second type of routing element is a storage rout-
required in this window if all sub-areas flow directly to ing element, which is a reservoir or structure. If the
the watershed Outlet. Again, WinTR-55 will only run if routing element is a structure, the structure name is
all the flow is directed to the outlet. entered on the Reach Data window. The correspond-
ing data for a structure, however, is entered on the
If the watershed exceeds 10 reaches or the channel or Structure Data window.
structural hydraulics require a complex rating relation-
ship (for example, a principal spillway and an auxiliary Data entry and selection
spillway), another program should be used, such as Each reach must have a unique reach name and a
WinTR-20 (Version 1.11) or SITES (Version 2005.02). receiving reach. Reach names are 1 to 10 characters in

length and may be entered here or previously entered
as Sub-area Flows to Reach/Outlet on the WinTR-55
Main Window.

Window 15 Reach Data window
|

‘Reach Data
Reach Data
Reach ) . Bottom .
Reach Mame Receiving Reach | Length el S Width | Era8e =it Structure Mame
f Slope (Ft/f1) Slopes
(1) ()
R3 R4 Il 1625 0.0a5 0.0240 15.00 301 il
[ ] Il 5980 0.0a5 0.00s0 20.00 281 18]
18] Ra& Il 2050 0.070 0.aiya 20,00 211 152
Ra RT Il 3285 0.070 0.0ova 10,00 201 -
[ hd -
Channel Rating - Rb6 Lelp | Blat | Cance| | Accep] |
Stage Flow End Area Top Width  Yelocity ':? Reach Flaw Path |
1 cfs [F] 1 [F£s]
0.0 0.000 0.00 10.00 0.000
0.5 8.534 10.00 30.00 0.853
1.0 37.879 30.00 50.00 1.263
2.0 190.394 100.00 90.00 1.904
5.0 1854601 550.00 210.00 3.372
10.0 11073.716 2100.00 410.00 5273
20.0 68099804 8§200.00 810.00 8.305
File: C:\Documents and Settingzsquan. guandpplication Data\winT B-5545 ample Files\Ex 3-residuew | 9/16/2008 11:49 AM
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A downstream receiving reach is required for each
reach. A pulldown choice list provides previously en-
tered reach names to chose from along with the water-
shed outlet. If a new name is entered into the receiving
reach box, it will also be added to the reach name list
as long as the current number of reaches is less than
10. If the current number of reaches is 10, then no new
names are accepted in the receiving reach box.

When data are entered on the reach line for one type
of routing, the box(es) for the other routing type will
be grayed out. Data may still be entered in a gray box
but will cause previously entered data on the line of
the other routing type to be lost. Data for only one
type of routing per line is retained.

To channel route, enter data for reach length, Man-
ning’s n, friction slope, bottom width, and side slope.
The reach length will be either the stream channel
length or the flood plain length for the reach. Which
length is used depends on whether expected flows are
within bank or out of bank. The other parameters de-
fine a representative cross section for the reach. Based
on the channel cross section information entered, a
channel rating relationship for the reach is computed
and displayed below the grid. The equations used in
development of the channel rating are in appendix B.

To storage route, enter a structure name, or select
from the choice list (if the structure has been previ-
ously described). To edit or view structure data, dou-
ble click the Structure Name to display the Struc-
ture Data window.

Selecting a representative cross section

A WinTR-55 reach cross section is either a rectan-
gular, triangular, or trapezoidal channel. The rating

is based on the channel bottom width, side slope,
Manning’s n, and friction slope data. The cross section
rating includes Manning’s equation discharges for fixed
depths at the cross section (0.5, 1.0, 2.0, 5.0, 10.0, and
20.0 feet).

The Muskingum-Cunge flood routing method estimates
how the hydrograph changes as it flows through the
reach utilizing this rating information (Chow, Maid-
ment, and Mays 1988; Maidment 1993; or Ponce 1989).
Typically, reach storage reduces and delays the peak
discharge. In addition, the hydrograph peak becomes
more rounded.

During a WinTR-55 run, all selected storms use one
cross section rating for a reach. For this reason, se-
lecting a representative cross section for the reach
is extremely important. Generally, the channel has a

capacity of a 5-year discharge or less (if the channel
has a large capacity, the following information may
not apply). If the peak discharge stays in the channel
banks and the channel dimensions and roughness are
entered, then the routing is reasonable. If the peak
discharge flow overtops the channel banks, the reach
routing is still based on the channel shape extend-
ing the side slopes up to 20 feet, which will not give a
good representative stage-discharge relationship.

Using channel cross-sectional data to represent the
flood plain cross section will generally raise the peak
discharge at the downstream end of the reach and
translate it downstream sooner than if the flood plain
and its storage are considered. The impact varies with
the flood plain width and its associated roughness.

The user must judge what is a reasonable approxima-
tion of the shape of the cross section above the chan-
nel banks. For example, the 2-year channel could be
a 10-foot bottom width stream with 2:1 side slopes
and 0.04 Manning’s n. However, the 100-year flow
area might be represented by a 100-foot bottom width
flood plain with 10:1 side slopes and 0.07 Manning’s
n. However, WinTR-55 only accepts one set of data to
represent the channel reach for all storms.

If the channel-only (no flood plain) approximation is
unreasonable, one alternative is to enter a reach cross
section representative of the flood plain (width, side
slope, and Manning’s n). This alternative neglects the
effect of the channel on the total cross section rating.

A second alternative is to use a hydraulic model, such
as U.S. Army Corps of Engineers HEC-RAS, to de-
velop the total cross section rating to include both the
channel and flood plain. Then use the NRCS WinTR-20
hydrologic model to develop and route the storm
hydrographs.

Buttons

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Plot

Click Plot to produce a graphical representation of the
channel rating (window 16) and end area ratings from
the data entered.
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Cancel Reach Flow Path
Click Cancel to lose all data entry or revisions since Click Reach Flow Path to display the Reach Flow
this window was opened and redisplay the WinTR-55 Path window (window 17).

Main Window.

Accept

This button saves all data, closes the window, and
returns to the WinTR-55 Main Window. To save the
data file, go to the WinTR-55 Main Window, and
click on the Save icon, or select File Save or SaveAs
from the menu.

Window 16 Channel Rating plot
|

ﬁGraphics

H SR %5 @ 2| showpons |
WinTR-55 Reach Rating Project Dad's farm 1212004
Channel Rating - B3
CDocuments and SettingsW@uan Guantapplication DatatMinTR-55Cample Files'Ex 3-residue w55
203787 ' . , . . . . , . A
A RLOW (et
183408 " i i i i v | = —— — EMD AREA (%)
= X ' X ' X P Tmmmmemmm———— TOR WIBTH (f)
T 163030 : | ! ! ! |
= i [ i [l i [l
[ ' . ' . ' .
-3 : i i P i i
o 142651 ' : ' : : :
[w] ' . ' " ' "
= i . i ' i '
e 1zEave ' i ‘ P ‘ P
=L : ' : H : '
w i . i W i W
£ 101009 A
o ' . 1 . 1 .
= : ' X : X '
w ll [
—= 81515 : '
£ ) H
—- : P
E 81138 i
— ll [
[ 'Y ' 1
AOTET
20379
ok ' ==
2 q £ 2 10 12 14 16 1g 20
ELEVATIONM
I File: C:\Documents and Settings\Quan Quantbppcation DataVwinT B-55\Sampk  *: 18.33 e 227663.34
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Reach Flow Path window

Purpose

The Reach Flow Path window (window 17) displays
a reach schematic of the currently entered reach,
sub-area, and structure information. If the user clicks
on Outlet in the Reach Flow Path Diagram, the total
drainage area of the project appears below the Blue -
Reaches label in the window.

Buttons

Detarl

This button toggles between displaying detailed infor-
mation with labels as shown in window 17 or display-
ing labels only in the schematic.

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (2)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Close
This button closes the Reach Flow Path window and
returns to the previously displayed window.

Window 17 Reach Flow Path window

= Reach Flow Path

Project (Example 27 Flow Path

Reach Flow Path

Cutlet
wainStemz {Length=640 ft}
MainSteml {Length=540 1}

EastReach {Length=£85 ft}

WestReach {Length=510ft}

Elue - Reaches

Click on "Outlet” for more information.

Upperthain {Area = 175 ac, CW =77, Te = 0,423}

CountyRoad {Area = 200 ac, M = T35, Te = 45}

UpperEast {Area = 1304, M =77, Tc

Upperiifest {Area = 65 ac, OM =77, To

Middlestain {Area = 70ac, CM = &6, Te = 211}

LowerEost {Area= 1100, CM =70, Te = 373}

Lowerd'est {Area = T8 ac, Ok = 81, To = 169]
Lowersain {Area = 130ac, SR =79, Te = 0.424]

iSreen - Subareos

287}

542}

Fed - Structures

fﬁ"| Qemil‘ Help | Cloze |
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Structure Data window

Purpose

The Structure Data window (window 18) allows data
entry and editing for the pond’s surface area, structure
outlet type and dimensions, and structure rating re-
lationship for a structure. Three different outlet sizes
(trials) may be defined for each structure. No data is
required for this window if there are no structures in
the watershed.

If the temporary ponding storage or structure hydrau-
lics require a complex rating relationship, another
routing method should be used, such as WinTR-20
(Version 1.11) or SITES (Version 2005.02).

Alternate outlet sizes for multiple structures
Three outlet sizes may be entered for any structure.
If the watershed has multiple structures and multiple
outlet sizes, WinTR-55 will only compute up to three
trials. Alternative one will combine the Trial #1 outlet
sizes of each structure, alternative 2 will combine the
Trial #2 outlet sizes of each structure, and alternative
3 the Trial #3 outlet sizes. Otherwise, the statistically
possible number of alternatives with 10 structures
and 3 outlet sizes is 319 (greater than 59,000). Since
WinTR-55 only computes three trials, computation
time is much faster and there are only three alterna-
tives to review and evaluate.

Window 18
—

Structure Data (pipe outlet) window

B Structure Data Q@E|

Structure Mame
| BasinA j CLear | Delete | Rename | ST ructure DU,T a
Pond Surface Area Accept
@ zpillway crest | 0.517 acres
{opticnal) 077 feet above spillway | 0543 acres
Discharge Description
Spillway Type Dianeter(in oo inv;‘ftl?gtsiﬁljwa Help
& pipe Trial #1 Trial #2  Trial #3 § B
Fwer | [T 35 [ a2 [ s s | 9|
--- Orifice flow assumed ---
Pipe Flow Rating - BasinA
Diameterl J6[in] Diameter2 42(in] Diameterd 48(in) Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[ [ft] cls [t cfs [ft] cls [ac-ft]
0.00 6.500 0.000 6.250 0.000 6.000 0.000 0.00
1.50 8.000 95.966 7.750 128.564 7.500 165.1839 0.82
3.00 9.500 104.577 9.250 140.455 9.000 180.956 1.74
6.00 12.500 119.958 12.250 161.635 12.000 208.950 3.85
15.00 21.500 157.323 21.250 212.886 21.000 276 414 12.43
File: C:A\Documents and Settingz'helen. moody'application D ata\WwinT B-55\Sample File | 6/26/2008 10:29 Ak

24

WinTR-55 User Guide, January 2009



Small Watershed Hydrology

Data entry and selection

Enter the structure name (1 to 10 characters) or select
from the choice list in the combo box. If data have
been previously entered for the structure name, it will
be displayed in the combo boxes in the window. If no
data have been previously entered, all other entries
will be blank. The first eight characters in structure
names must be unique in each file. For example, Struc-
turel and Structure2 are invalid names because the
first eight characters of the name are not unique. How-
ever, Structl and Struct2 are valid structure names.

Enter the pond surface area at the spillway crest eleva-
tion and, optionally, a height above the spillway crest
and the pond surface area at that height. The pond
area and height data are used to calculate temporary
storage volumes for the ponded area. If surface area
at the spillway crest elevation is entered without an
optional second surface area, the pond is assumed to
have vertical sides, and volume is based upon a con-
stant surface area. If a second area at some elevation
above the principal spillway crest elevation is given, it
is assumed the pond cross section is trapezoidal and
incremental storage volume is computed based upon a
variable surface area.

Select the Spillway Type (Pipe or Weir). The default is
pipe.

Pipe outlet

If pipe is selected, one to three pipe diameters may be
specified along with the height from the outlet invert
to the spillway inlet crest for each diameter. WinTR-55
will compute pipe head from the entered data. The
minimum pipe diameter is 6 inches (1562.4 mm). To
satisfy the short-tube flow assumptions as described in
the next section, the minimum height (outlet to spill-
way) should be at least twice the largest pipe diameter
being evaluated. The discharge equations used in the
structure rating are in appendix B. Once the first pipe
diameter and height are entered, a pipe rating table is
generated using the pipe discharge equations in appen-
dix B and displayed below the Outlet Description on
the Structure Data window. The table is updated as
additional information is entered or is revised.

Short-tube flow assumptions

At any given stage, WinTR-55 assumes short-tube flow
for the computed pipe head based on pipe diameter.
This is a reasonable assumption for the riser and pipe
configuration (fig. 5 bottom schematic). However, this
assumption may be unreasonable for large, straight
pipes (fig. 5 top schematic).

The short-tube approximation uses an assumption of
orifice flow at the pipe outlet. Therefore, this assump-

tion is best based on full-pipe flow occurring. Full-pipe
flow may or may not occur, but the condition is never
checked in the program. A coefficient of 0.6 is reason-
able for normal conditions. It is assumed that the pipe
outlet is not submerged.

For example, if the structure outlet is a 36-inch

(0.91 m) diameter pipe culvert and the maximum
computed stage is 1.5 feet (0.46 m), then the pipe has
never been more than half-full (fig. 6). In this case,

the short-tube flow assumption has not been satisfied,
and WinTR-55 should not be used for structural analy-
sis. Other routing software, such as SITES (Version
2005.02), is necessary to analyze these cases.

Weir outlet

If weir is selected, one to three weir lengths may be
specified. The entry of a zero weir length indicates a
V-notch weir while all other lengths are for rectangu-
lar broad-crested weirs. Once the first weir length is
entered, a weir rating table is generated using the weir
discharge equation in appendix B, and displayed below
the Outlet Description on the Structure Data win-
dow. Figure 7 shows the weir diagram.

The table on the Structure Data window is updated
as additional information is entered or is revised. Win-
dow 19 shows weir outlet data entry.

Additional items to note about entry on the Structure
Data window are:

e Toggling between the two different outlet types
clears the outlet dimension values.

e Minimum data for a valid run is surface area at
the spillway crest, outlet type, and one outlet
size. If the outlet is a pipe, height must also be
entered.

Buttons
Clear
Clears all data for existing structure.

Delete
Deletes current structure data and name.

Rename
Renames current structure.

Accept
Accepts current data, closes the window, and returns
to WinTR-55 Main Window.

Plot
Click Plot to produce a graphical representation of the
structure rating as shown in windows 20 and 21.
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Figure 5 Pipe outlet schematics
——

Pond surface at distance above spillway

Distance Y T

Pond surface at distance above spillway

Distance }
Stage
Pond surface at spillway crest

Figure 6 Short-tube flow assumption not valid

Maximum stage 4
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Figure 7 Weir outlet schematic
|

Pond surface at distance above spillway

Distance

Weir crest

Pond surface at spillway crest

Window 19  Structure Data (weir outlet) window
|

[NStructure Data

Structure Mame

weir MIETS | | Structure Data
Pond Surface Area Accept
@ spillway crest 5 acres
Plat
(optional) | o feet dbove spillway 33 ACres
Cancel
Bizcharge Description
Spillway Type Lengthift) Help

~ Bipe Trial &1 Trial #2 Trial #3

T | 3 | 10 | 13 E

Weir Flow Rating - Weir
h[f] 10[k) 15(Ft) Temporary

Stage Trnal #1 Flow Trial #2 Flow Trial #3 Flow Storage

[ft] cls cls cfs ac-ft

0.00 0.000 0.000 0.000 0.00

0.50 4 950 9.899 14.849 1.52

1.00 14.000 28.000 42 000 3.08

2.00 39.598 ¥9.196 118.794 6.30

5.00 156.525 313050 469.574 16.88
10.00 442 713 885 438 1328157 37.50
20.00 1252198 2504396 3756594 90.00

File: C:5\Documents and Settingshguan. quaniapplication DatabwinTR-5255 ample Files*| 94942008 1:56 P
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Cancel

Click Cancel to lose all data entry or revisions since
this window was opened and redisplay the WinTR-55
Main Window.

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Window 20
—

Structure Rating plot (pipe outlet)

i Graphics

H SR %k E & 7| showpons
WINTR-55 Structure Rating Projer;t; Examme 1 6/26/2008
Pipe Flow Rating - BasinA
ChDocuments and Settings\helen moody b pplication DataWvinTR-55Wsample Files'Examplet -C was

Trial #1+ Z6cin)

=at : : : : — —— —— Trigl #2+ 42im

P e e Trinl #3+ 43(in)

E E E HiE ‘E" ] TR T e Temporary Storage

: : I . . g
08 : s B : : gomEsy
1 b 1 1 1 e | 1 1
— 1 et 1 ' " 1 1
b0 P : i : e : ‘
g : L paan S : :
w o : T : : : !
2 160 ' : ' : ! : :
% : : : : : , :
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-2 100 . : : : : : :
= : : ' . : : :
(] : ; : i ! : i
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50 : : : : : : :
0 e o _— : : :
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File: C:A\Documentz and S ettingzhhelen. moodyApplication DatabwinT B-55h5amp |+ -2.36 vA0.24
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Structure Rating plot (weir outlet)

Window 21

29

12
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Storm Data window

Purpose

The Storm Data window (window 22) is used to
specify rainfall data for the desired location. Storm
data consists of at least one 24-hour rainfall amount,
its return period, and associated rainfall distribution.

A rainfall database containing the 24-hour rainfall
amounts by return period and associated rainfall
distributions for many counties in the United States is
included with WinTR-55.

Sometimes it is desirable to modify the database
values with different amounts or rainfall distribu-
tions. Users are prevented from making changes to

the database itself, but the data can be revised for
individual WinTR-55 runs. Such modifications can be
made on the Storm Data window. Revisions are saved
only with the specific project data and not saved to the
database.

Some states chose not to submit data for the database.
It is the user’s responsibility to ensure that WinTR-55
is using the proper rainfall data set for database values
and provide appropriate 24-hour rainfall amounts, re-
turn periods, and distributions for values not included
in the database.

Since local design requirements may supersede NRCS
provided information, it is the user’s responsibility to
verify the appropriateness of all rainfall data inputs,
including database values.

Data entry and selection

Watersheds inside United States—When the
Storm Data window opens, the data displayed is

for the previous WinTR-55 run. This may not be the
correct data for the desired location of the current
project. To update the data from displayed values to
the desired location values from the WinTR-55 rainfall
database, click on the NRCS Storm Data button. If
no data are available for the current state and county
information entered on the main window, this button
is temporarily disabled, and the rainfall volumes, re-
turn periods, and distributions must be user specified.

Watersheds outside United States—No rainfall
data are provided for areas outside the United States
(window 23). For example, for a watershed in Duran-
go, Mexico, the WinTR-55 Main Window combo box
entry labels change from State and County to Region
and Locale, as shown in window 24. Since the program
retains previously used rainfall data until the user
changes it, all watersheds outside of the United States
require the user to work through the Storm Data win-
dow to enter the appropriate 24-hour rainfall volumes,
return intervals, and distributions.

Window 22  Storm Data window

MRCS Starm Data

Please zelect a rainfall distribution tppe from the list below,

The ligt includes the standard #inT R-20 / inTR-B5
tupes and any number of uzer-defined distibutions.

Storm Data
Champaign County, IL [MRCS]
To replace these storm data with thoze compiled by Rainfql!
the MRCS far Charnpaign County, 1L, click on the Return Period
command button below. {yrl

CEERE

2 .04
Rainfall Bistribution Type:
5 583
Type IT j
100 &6l
1 247
E? Help ‘ Cancel ‘ Accept |
File: C:\Documents and Settingzhguan quantApplication Dal | 8/27/2008 1004 Ak

Amount (in)

3.01
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Window 23  Storm data for areas outside the United States

Storm Data

Uszer-provided custom storm data

MWRCS does not provide storm data for regions £ Ramfal! 2_4-Hr
locales. Therefare, the command button below has Return Period  Rainfall
been temporarily dizabled. [yr) Amount (in)

Flease select a rainfall distribution type from the list below.
The ligt includes the standard WinTR-20 / WinTR-55
types and any number of user-defined distributions.

Rainfall Distribution Type:

Type IT ~|

TTTTTT
AT

C? Help | Cancel ‘ ﬁCCEpT‘

File: <new filex 3/17/2008 1:23 P

Window 24  Watersheds outside of the United States
—

inTR-55 Main Window
File Options ProjectData  GlobalData Help

=|W|S| @k v Gl5rln] | L] 2
WinTR-53 Small Watershed Hydrology

Froject Identification Data

Uzen |KK'u' Fegion: |Mexico ﬂ
Froject: ||:uu'rside; usa Locale: |Durangu ﬂ
Subtitle: |n0 nres-provide data Execution Date: 5427/ 2008

Sub-areaz are expressed in:
¥ Acres
™ Square Miles

Dimensionless Unit Hedrograph: | cctandards ﬂ

Storm Data Source:  Champaign County, IL (MRCS)
Rainfall Distribution |dentifier. Type IT

Sub-area Entry and Summary

T Sub-area Flows to Wreighted
Sub-area Mame Sub-area Description Reach Outlet Area (ac) e T thrd
Project Area:  (ac)
File: <new file: 84272008 10:08 AM
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The user must enter all the rainfall return period data
and 24-hour rainfall amounts because the NRCS
Storm Data button on the Storm Data window is dis-
abled (window 23). The user must also select a rainfall
distribution from the Rainfall Distribution Type combo
entry box or develop a custom rainfall distribution.

Rainfall distribution—To change the associated
rainfall distribution type displayed on this window,
click on the pulldown menu to select any previously
entered distribution. To enter a new rainfall distribu-
tion, click Cancel to return to the WinTR-55 Main
Window, and select Custom Rainfall Distributions
from the Global Data pulldown menu.

When File-New is selected from the WinTR-55 Main
Window, all the project data (Land Use, Tc, Structure,
and Reach) are cleared. However, the global data
(Storm Data, Rainfall Distribution, and Dimension-
less Unit Hydrograph) are not changed. Furthermore,
the global data are not changed even if the state and
county are changed on the WinTR-55 Main Window.

Window 25 shows that the Project Identification Data
are for Maui, Hawaii. However, the storm data source
lists Franklin County, Missouri. Obviously, the Mis-
souri data are not appropriate for Hawaii. The user
must verify that the storm data for each project are
accurate and appropriate.

Window 25
—

=2 WinTR-55 Main Window

Differing state/county and storm data source example

ProjectDiaka  GlobalData Run Help

File Options

=S @ T k| ¥ wlkrlle] £ =

Pl

Project |dentification Data

WinTR-355 Small Watershed Hydrology

I zer: |Llser Id State: | Haueaii

B

Project: ||:||.|Tsi|:|e continent 1S County: |.-'-.-'-..:u_|i

H

Subtitle; |r'u:| nres-provided starm data

Sub-areas are expreszed in:
(* Acres

" Square Miles Storm Data Source:

Sub-area Entry and Summary

Dimenszionless Unit Hydrograph:

Franklin County, MO (MRCS)
Fainfall Distribution |dentifier.  Type IT

Ewxecution Date: 241052006

B

«standard:

- Sub-areqa Flows to Weighted
Sub-area MHame Sub-area Description Rl Area (A N T thrd
Tractl Ceveloped Land Uze Basin A x| 1280 a8 0.135
Project Area: 12 50 (ac)
File: <new files 241042006 922 AM
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Template files for storm data—Some users may
use the same storm data set or sets repeatedly. If
these data sets are not NRCS storm data sets, it would
become tedious to re-enter the same rainfall data for
each project. To create a template file, click File-
New on the WinTR-55 Main Window to clear all the
project data. Then enter the desired custom storm
data. All the project data (Land Use, Tec, Structure, and
Reach) have been cleared in the file. Save this file with
a filename descriptive of the storm data.

To use this storm data for future projects, open this
template file with the storm data first. Then proceed
by entering project data (Land Use, Tc, Structure, and
Reach). Make sure to save the project file with a differ-
ent name so the template file is not overwritten.

Buttons

NRCS Storm Data

This button retrieves NRCS rainfall data if available. If
the button is not available, the rainfall is not available
in the database. Therefore, the user must supply all the
rainfall data.

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Cancel

Click Cancel to lose all data entry or revisions since
this window was opened and redisplay the WinTR-55
Main Window.

Accept

Accept applies all new data, closes the window, and
returns to the WinTR-55 Main Window. To save the
data file, go to the WinTR-55 Main Window, and
click Save or select File Save from the menu.

Custom Rainfall Distribution window

Purpose

The Custom Rainfall Distribution window (window
26) allows the user to input and revise nonstandard 24-
hour rainfall distributions. The standard rainfall distri-
butions in WinTR-55 may not be edited or deleted.

The first point of each distribution is 0.00000, and

the last point should be 1.00000. No blank points are
allowed. Each successive point must be equal to or
larger than the previous one. Data are read left to
right, starting at the top line and continuing to the bot-
tom line. A maximum of 500 data points is allowed.

Data entry and selection

To enter a new distribution, type the name into the Lo-
cal Distribution(s) entry box. To delete a distribution,

select the distribution name from the pulldown menu,
and then click Delete.

As rainfall distribution data are entered, WinTR-55
automatically displays the number of points entered
and adjusts the time increment in hours for that num-
ber of points.

To view the Edit menu, right-click the mouse when the
cursor is on a data point. The Edit menu allows the
user to create and revise data points for the current
rainfall distribution. Insert Point inserts a blank data
point before the current point. Delete Point removes
the current data point and moves successive points up.
Click within a cell to edit the data in that cell.

Insert Point
Delete Poink

Buttons

Rename

Rename is used to rename the currently displayed
rainfall distribution.

Delete
This button deletes the current distribution.

Plot

Clicking on Plot produces a graphical representation
of the current rainfall distribution (window 27). Only
one distribution may be displayed at a time.

Done

Done on the Custom Rainfall Distribution window
prompts WinTR-55 to save the distribution and re-
turn to the WinTR-55 Main Window. Note that this
process is different than saving project-specific data,
such as Land Use Details, which only updates data in
memory.
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Window 26  Custom Rainfall Distribution window
——
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Dimensionless Unit Hydrograph window

Purpose

The Dimensionless Unit Hydrograph window
(window 28) is used to input and revise nonstandard
dimensionless unit hydrographs. The standard dimen-
sionless unit hydrograph (peak rate factor = 484) in
WinTR-55 may not be edited or deleted.

No blank points are allowed in the dimensionless unit
hydrograph data table. Each point must increase from
0.00000 to 1.00000, then decrease to 0.00000. Data are
read left to right, starting at the top line and continuing
to the bottom. A maximum of 500 data points is al-
lowed. For further information on dimensionless unit
hydrographs, see NRCS NEH 630.16.

The user-defined dimensionless unit hydrographs can
be entered and revised. To access this feature, right
click in the Dimensionless Hydrograph Points area

of the Dimensionless Unit Hydrograph window.
Insert Point inserts a blank data point before the
current point. Delete Point removes the current data
point and moves successive points up. Click within an
individual cell to edit data in that cell.

Window 28 Dimensionless unit hydrograph window

@A Dimensionless Unit Hyd... E@@

Dimensionless Unit Hydrograph
Local Hydrograph(s)

|delmarva w | Bename | Delete |

delmarya:
& Points 30

Diensionless Hydrograph Points
0.33100 | 029600  0.26500  0.23700 | 021200 [
012000 | 017000 | 015300 0 013800 | 012300
0.10200 | 0.09700  0.03500 0.07&400  0.06400
0.05700  0.04%00  0.04100  0.03300  0.02700
0.0z2400  0.02100 | 0.01800 | 0.01300 | 0.01500
0.01200 | 0.01100  0.00200 | 0.00800 | 0.00800
000500 0.00600  0.00300  0.00300  0.00000

f? Help | Flat | Done |

C:A\Documents and Settingshguan. quan'dpplication DatakwinT B-

Data entry and selection
To enter a new dimensionless unit hydrograph, type
the name into the Local Hydrograph(s) entry box.

As dimensionless unit hydrograph data are entered,
WinTR-55 automatically displays the number of
points entered. To delete a local dimensionless unit
hydrograph, select the dimensionless unit hydrograph
name from the pulldown list, and click the Delete
button.

Buttons

Rename

Rename is used to rename the currently displayed
dimensionless unit hydrograph.

Delete
This button deletes the current dimensionless unit
hydrograph.

Plot
Click Plot to produce a graphical representation of the
dimensionless unit hydrograph (window 29).

Done

Clicking Done prompts WinTR-55 to save the dimen-
sionless unit hydrograph and return to the WinTR-55
Main Window. Note that this process is different
from saving watershed-specific data, such as Land Use
Details, which only update data in memory.

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (?)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Graphics windows

Purpose and description

The Graphics windows for various functions (dimen-
sionless unit hydrograph, rainfall distribution, reach
rating, an output hydrograph) show graphically how
two or more variables relate to one another. For ex-
ample, the plot in window 30 shows how discharge or
stream flow, end area, and top width vary with eleva-
tion for a channel reach section.
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Dimensionless unit hydrograph plot

Window 29

82772008

Dimensionless Unit Hydrograph

£
3
i
m
il
—
m
[=
o
o
in
c
o
m
=
o
0
g
I
x
c
S
1
"
o
C
e
in
C
]
[
=
=
i
o
s
-
[=
=
m
T
a
c
e
T
=
W
c
m
3
o
c
i
3
o
n
o
=
iy
g
C
m
"
T
]
(S
3
0
o
]
=
i

Ly
=
=9
-
=
=

n
L
=
z
]
[
r

1.0
=]
g

T T T
o 1 gl

O — O I L W

DIMENSIONLESS TIME UNITS

mr
|
.
Q
-]
i
fog
o
0
il
(=

"
-
=
=B
-}
e
2
3

112

= 8.039

File: <new file:

WinTR-55 User Guide, January 2009

36



Small Watershed Hydrology

Window 30  Typical Graphics window plot
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Buttons

SaveAs H
Saves the current plot to a bitmabp file.

Print 5

Prints the current plot to a selected printer.

Copy to Clipboard %
Copies the plot to the system clipboard for later inser-
tion into other software, such as word processors.

Zoom In {ﬂ
Using the Zoom In feature allows the user to zoom
into a selected area of a plot by selecting a portion of
the plot that includes two or more data points. Zoom
In neither plots data points, nor does it extrapolate
outside the data set.

Zoom Out El
Restores the view of the full plot.

Line Attributes %
Through Line Attributes, the user can change the plot-
ted graphic by selecting various line widths, colors,
and types.

Grid Lines

Toggles between no grid lines, horizontal grid lines
only, vertical grid lines only, and both horizontal and
vertical grid lines.

Help - Context Sensitive @
The help data window is displayed below the data grid
at the bottom of the window.

Quick Help (2) ?
Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Show Points

Clicking on Show Points causes the individual points
to be plotted on the hydrograph line.

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

Closes the Graphics window and returns to the previ-
ous window.
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Running WinTR-55

To run the WinTR-55 model, click Run on the menu
bar, or click the Run WinTR-55 button. When the Run
WinTR-55 window opens, choose which storm fre-
quencies to run by checking the appropriate boxes,
and click the Run button. A WinTR-20 input data file
is prepared, and the WinTR-20 model is run produc-
ing hydrographs for all of the sub-areas and reaches
(upstream and downstream), as well as for the water-
shed outlet. If the run is successful, the Hydrograph
Peak/Peak Time table is displayed in the File Display
window. If the run is unsuccessful, the Error file from
WinTR-20 is displayed in the File Display window.
Any data errors need to be corrected before another
run is attempted.

Disclaimer

Although WinTR-55 has been tested by its develop-
ers, NO warranty, expressed or implied, is made
as to the accuracy and functioning of the program
and related program material nor shall the fact of
distribution constitute any such warranty, and NO
responsibility is assumed by the developers in con-
nection therewith.

WinTR-55 processes

WinTR-55 preprocesses data during data entry for
WinTR-20 hydrograph computations. The preprocess-
ing computations are time of concentration, land use
parameters, channel rating table, and structure rating
table.

Time of concentration (Tc)

Sub-area Tc may be entered directly on the Sub-area
Entry and Summary portion of the WinTR-55 Main
Window, or it may be computed from the detailed flow
path data entered on the WinTR-55 Time of Concen-
tration Details window. Data entry and computations
are subdivided into three types of flow (sheet, shallow
concentrated, and channel flow). While data for only
one sheet flow segment can be entered, one or two
segments of data can be entered for both the shallow
concentrated and channel flows. The total computed
travel times for each flow path segment are indicated
on the entry window as is the Tc (sum of the travel
times). The equations used to compute the various
travel times for each segment type are in appendix B.
Tc values in the Sub-area Entry and Summary portion
of the WinTR-55 Main Window are coded in either
green or blue text. Green text indicates a value com-
puted on the WinTR-55 Time of Concentration
Details window, while the blue text indicates a value
that was entered directly.

Land use parameters

A sub-area drainage area and weighted runoff curve
number may be entered directly on the Sub-area Entry
and Summary portion of the WinTR-55 Main Win-
dow or computed from land use data entered on the
Land Use Details window. For each hydrologic soil
group land cover complex, the area covered is entered
on the Land Use Details window by individual sub-
areas in the watershed. The land use areas entered

are summed to determine the sub-area drainage area.
They are also used to weigh the applicable runoff curve
numbers for the land use hydrologic soil group combi-
nation to produce a sub-area weighted curve number.
The equation used in the curve number weighting is

in appendix B. Curve number values in the Sub-area
Entry and Summary portion of the WinTR-55 Main
Window are coded in either green or blue text. Green
text indicates a value computed on the Land Use
Details window, while blue text indicates a value that
was entered directly.

The optional Custom CN button on the land use details
table allows the user to compute a weighted curve
number for a cover description that is not covered by
the standard cover description assumptions on the
Land Use Details window. Custom curve numbers
are computed based upon a given pervious area curve
number (from one of the standard table values), the
percentage of the impervious area in the sub-area
(CN=98), and the percentage of the impervious areas
that are not directly connected to the flow path.

Channel rating table

A channel rating table is generated for each reach with
channel information entered. The rating table consists
of discharge, cross section end area, top width, and
velocity for depths from 0 to 20 feet (0-6.1 meters).
This range should cover all WinTR-55 applications. The
rating table data are displayed below the entry portion
of the Reach Data window when sufficient data are
entered to perform the calculations. The equations used
for each of the rating parameters are in appendix B.

Structure rating table

For each reach that has structure information entered,
a structure rating table is generated. The information
in the rating table depends on the structure outlet type
(pipe or weir). The pipe outlet rating table consists

of stage, pipe head, pipe flow, and temporary storage.
The weir table consists of stage, weir flow, and tem-
porary storage. One to three pipe diameters or weir
lengths can be entered. A set of seven stages, based on
multiples of the smallest pipe diameter, is computed
for pipes, and similarly, a set of seven stages from 0

to 20 feet (0-6.1 meters), is computed for weirs. The
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rating table data are displayed below the entry portion
of the Structure Data window when sufficient data
are entered to perform the calculations. The equations
used for each of the rating parameters are in appendix
B.

WinTR-20 processes

WinTR-55 relies on the WinTR-20 model for all
hydrograph processes. These include hydrograph gen-
eration, combining hydrographs, channel routing, and
structure routing. A brief description of each of these
processes follows.

Hydrograph generation

Hydrographs are generated from sub-areas using the
appropriate rainfall depth (for a specific frequency),
rainfall distribution, sub-area drainage area, time of
concentration (Tc), and curve number using the NRCS
hydrograph generation technique. The sub-area Tc is
used to establish the time interval for the spacing of
points in the dimensionless unit hydrograph. This time
interval defines the generated hydrograph time incre-
ment. The rainfall distribution is linearly interpolated
to develop mass rainfall values to use at the time incre-
ment needed.

Combining hydrographs

Two hydrographs are combined using the first
hydrograph time increment and linearly interpolating
the second hydrograph. Next, the two hydrographs are
combined again using the time increment from the sec-
ond and linearly interpolating the first. The combined
hydrograph with the highest peak is the one retained
along with the appropriate time increment.

Channel routing

The program uses a Muskingum-Cunge method of
channel routing (Chow, Maidment, and Mays 1988;
Maidment 1993; or Ponce 1989). The rating table
generated by WinTR-55 for each reach is used to
represent flow in that reach. The unique feature of the
Muskingum-Cunge routing is the calculation of the
length of a routing reach step based on inflow peak
discharge and cross section information. If the rout-
ing reach step length is shorter than the reach length,
the reach is sub-stepped. For example, if there are
two steps, the routing is accomplished by solving the
routing equation twice: the outflow hydrograph for the
upper half of the reach becomes the inflow hydrograph
for the lower half of the reach. If there are less than

10 points from the beginning of the hydrograph to the
peak of the inflow hydrograph, the inflow hydrograph
is interpolated at a time interval to allow 10 points, the
routing computed, and the outflow hydrograph inter-
polated to return it to the original time increment.

Structure routing

The storage-indication method (NEH630.17) is used
to route structure hydrographs. While the routed
hydrograph time increment (downstream end of
reach) is the same as the increment at the upstream
end, the actual routing may sub-step the increment
during the routing. The routing time step is based on
the smallest time to empty the reservoir at each of the
structure rating points. The time to empty the reser-
voir is computed as the structure rating storage vol-
ume divided by the average outflow (rating outflow/2).
The hydrograph time increment is compared to a per-
centage (currently 50%) of the smallest emptying time
to determine the number of time steps to use between
hydrograph points.
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Viewing Output

File Display window

The File Display window (window 31), also referred
to as the Report Viewer, displays various WinTR-55
reports. This window opens after a WinTR-55 run. If
there are any errors in the WinTR-55 run, this window
opens with the Error File displayed. Carefully examine
the error messages, and/or modify the input data to
correct the errors.

If no errors are discovered in the data set, the
WinTR-55 run is executed, and the File Display
window opens with the Hydrograph Peak/Peak Time
Table. Additional reports may be selected from the
WinTR-20 reports and/or the WinTR-55 reports listed
in the File Display menu or from the Qutput Defini-
tion window (window 32).

Scroll through the reports using the viewer, or select
individual reports on the File Display window menu.
A brief description of the File Display window menu
items are in table 3.

Window 31
—

File Display window

88 File Display

Print Edit WinTR-20 Reports  WinTR-55 Reports  Help

Hydrograph Peak/Peak Time Table

FEY Hinor Lake Ietention Check L
hnalyze detention basin with historical storm
I1linois

Peak Flow and Peak Time (hr) by BRainfall BReturn Period

Champaign County,
Hydrograph PeakfPeak Time Table
Sub-Area
or Reach 110-¥r
Identifier {cf=)
(hy)
SUBEARERS
Minor Lake 18.09
13.04
BERCHES
ba=sin 18.09
13.04
Towm 12 28
14.20
OUTLET 12.28

C:ADocumentz and Settingshguan. quantdpplication DatabwinT B-554tr5B5mpts. aut

210/2006 9:24 Ak
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Window 32  Output Definition window

£ Output Definition

<]

Startm Data

L < I

<

Output Definition

Available Reports:

[v cCurrent data description

Sub-Area Sumimary Table
Reach Summary Table
Sub-Area Time of Concentration Details

Sub-Area Land Use and Curve Mumber Details

<

Reach Channel Rating Details!

I |

Print Tao:

v Printer/File " Report Wiewer

Help | ﬂeset| Print | Qluse|

Table 3 WinTR-55 file display

|
Menu
Menu Item Pulldown Choice Explanation
Print Print Prints the displayed report(s).
Page setup Define target printer, page size, and orientation.
Edit Copy to clipboard Copies the displayed report(s) to the Windows® system clipboard.
Find Find a specific text or number. Helpful for navigating large output
reports.
Find next Repeats a previously defined search.
WinTR-20 reports Input file View the WinTR-20 input file created from WinTR-55 input data.
Printed page file View the WinTR-20 output file.
Error file View WinTR-20 error file. The error messages are found in the
WinTR-20 user’s guide.
Debug file View WinTR-20 debug file. This contains any messages or warnings gener-
ated by the run.
WinTR-55 reports See table 4 for available reports.
Help None Displays File Display window help text.
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Buttons

Close

Click Close to close the File Display window. If you
were using the report viewer, you will be returned to
the Output Definition window. Otherwise you will be
returned to the WinTR-55 Main Window.

Output Definition window

Once rainfall data are entered, the Output Definition
button on the WinTR-55 Main Window is enabled.
Prior to executing a WinTR-55 run, it is possible to
select reports for viewing. However, some report op-
tions may be grayed out, indicating that reports are not
available for viewing until an error-free WinTR-55 run
is executed.

Click the Output Definition icon to open the Output
Definition window (window 32). Specify output by
clicking the box to the left of the desired report. Out-
put may be sent to a file or to the report viewer, de-
pending on which option is selected.

Available reports
Available reports shown in the Output Definition
window are summarized in table 4.

Buttons

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

All/Reset

If no report boxes are checked, the button label is All.
Click All to check all the reports that are available. If
all the report boxes are checked, the label toggles to
Reset, which will clear all the check boxes.

View/Print

This button label toggles between View and Print,
depending on which option button is selected, either
Printer/File or Report Viewer.

Close
Click Close to close the Output Definition window
and return to the WinTR-55 Main Window.
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Table 4 WinTR-55 reports
|

Report Name

Description

Current data description

Storm Data

Watershed Peak Table

Hydrograph Peak/Peak Time Table

Structure Output Table

Sub-Area Summary Table

Reach Summary Table

Sub-Area Time of Concentration Details

Sub-Area Land Use and Curve Number Details

Reach Channel Rating Details

Structure Description

Structure Rating Tables

Lists the current user input data

Lists the rainfall depth by rainfall return period information. Also shows
Storm Data source, Rainfall Distribution, and the Dimensionless Unit
Hydrograph

Not available until an error-free WinTR-55 run is executed. Upon completion
of an error-free WinTR-55 run, this option will give a listing of peak dis-
charges, by reach, for each storm evaluated

Not available until an error-free WinTR-55 run is executed. Upon completion
of an error-free WinTR-55 run, this option gives a listing of peak discharge
and time by sub-area or reach identifier, for each storm evaluated

Not available until an error-free WinTR-55 run is executed. Upon completion
of an error-free WinTR-55 run, this option gives a listing of peak flow (PF),
storage volume (SV), and maximum stage (STG) for structures included in
the WinTR-55 run. If there are no structures in the run, this table option is
grayed out

A listing by sub-area of drainage area, time of concentration, runoff curve
number, receiving reach, and sub-area description

Identifies, by reach, the receiving reach, reach length, and routing method
used

A listing, by sub-area, of flow length, slope, Manning’s n value, end area,
wetted perimeter, velocity and travel time for time of concentration flow
path segments along with the total time of concentration

A listing, by sub-area, of land use, hydrologic soil group, and area for each
particular land use in a sub-area. Also lists the total area and weighted
curve number for each sub-area

Identifies, by reach, the reach length, Manning’s n value used for that reach,
friction slope, bottom width, and side slope. Also includes the computed
channel rating for each reach. Channel ratings are in the WinTR-55 input
data format: Stage — Flow — End Area. Rating tables also include top width
and friction slope

Provides a summary of the entered structure data by reach. If there are no
structures in the run, this table option is grayed out

Provides a summary of the computed structure ratings: stage, storage, and
flow. If there are no structures in the run, this table option is grayed out
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Plotting and viewing hydrographs

Output Graphics window

Click the Hydrographs icon to open the Output
Graphics window (window 33), and specify hydro-
graphs to plot or view. Select either sub-areas or
reaches, and then check the box next to the name of
the sub-area or reach for the desired hydrographs. For
reach hydrographs, the hydrograph may be viewed

at the upstream or downstream or both ends of the
reach. Select storm event hydrographs by checking the
appropriate box.

It is possible to plot all the hydrographs for all the sub-
areas or reaches for all of the available storm events
on one plot. However, be aware that selecting several
hydrographs to view at once makes the hydrographs
that much more difficult to read.

Window 33
|

Output Graphics window

N Output Graphics

Output Graphics

Select Seqgment Type
o Subareais)

Select Subareals)

[~ Reachles)

Alternatives
v Trial &1
w

Select Storm(z)

[ shinor Lake
] outlet

[ 1104

-

Reach Hedrograph

-
-
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Buttons

Plot

Once the desired hydrographs have been specified,
click Plot and a Graphics window opens showing the
desired plot (window 34).

Close
Click Close to close this window and redisplay the
main window.

Help

Opens a new help-text window with an overview of
window purpose and general data entry instructions.
Close the help-text window to return to data entry.

Quick Help (2)

Click ? to provide context-sensitive help for any data
that is clicked on next. To replace the help question
mark cursor with the standard cursor, click ? again.
Help is displayed at the bottom of the window.

Output Graphics window

Click Plot on the Output Graphics window to plot
selected hydrographs. Use the zoom button to enlarge
portions of the plot as shown in window 35. Either
save the plot to a file or print directly to a printer.

Click the Close button to close this window.

Window 34
——

Graphics window output plot

i Graphics
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Output plot zoom feature
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Appendix C  References

Determining Runoff From a Single Sub-area for the Existing
and Developed Conditions and Sizing a Detention Basin
Evaluating Larger Watersheds and User-defined Storm Data
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Examples

Example 1 Determining Runoff From a Single Sub-area for the
Existing and Developed Conditions and Sizing a
Detention Basin

Backg round It is desirable to limit peak discharge from a 25-year

An industrial development is planned on a 12.5-acre
site in Franklin County, Missouri. The land is pres-
ently being used for corn production and is planted
in straight rows. There are no special conservation
practices being used, and the vegetative cover is typi-
cally in good condition. The soils on this property are
hydrologic soil group B.

There is no defined channel running through the
property, but there is evidence of sheet flows and shal-
low concentrated flows. The sheet flow path has been
determined to be 25 feet long at a slope of 0.8 percent.
The shallow concentrated flow path has been deter-
mined to be 825 feet long at a slope of 0.8 percent.

storm for the developed condition so that it does not
exceed the peak discharge from a 50-year storm for
the undeveloped condition. Therefore, it is necessary
to design some type of stormwater detention structure
to control the runoff.

Solution

The design of the stormwater detention structure will
be handled in three parts. Part A will be to determine
the peak discharge and runoff volume for the existing
condition. Part B will be to determine the peak dis-
charge and runoff volume for the developed condition.
Part C will focus on sizing the stormwater detention
structure and analyzing its effects.
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Part A Determine existing condition peak discharge and runoff volume

Step 1: Start the WinTR-55 program and enter User ID, Project name, Subtitle, State, and County. Specify Sub-
area units (default is acres). Use the Storm Data Source default values based on the state and county
specified. To make certain the correct Storm Data Source and Rainfall Distribution Identifier are selected,
the user MUST complete step 2.

= WinTR-55 Main Window
File ©Options ProjectData  GlobalData Help

|2 @ Ty ] @bl 2 mlh] 2
WinTR-53 Small Watershed Hydrology

Project |dentifization Data

Ilzer: |Llser Il State: |.-'-.-'-.issu:uur'i j
Fraject: |Example 1 Cavnty: |Frc|nklin j
Subtitle: |Exi51ing Condition Execution Date: 5/28/ 2006

Sub-areas are expreszed in:
i+ Acres
(" Square Miles

Dirmengionless Unit Hudragraph: |<51m.;|ar.j> j

Storm Data Source: Franklin County, M0 (MRES)
Rainfall Distribution |dentifier: Twpe IT

Sub-area Entry and Surmmary

- Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description Pl Area (ac) AN Te thrl
Froject Area:  (ag)
File: <new file 3/28/2008 11:00 AR
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Step 2: From the WinTR-55 Main Window menu, select GlobalData. From that drop-down menu, select
Storm Data. On the Storm Data window, click the NRCS Storm Data button if the user decides to use
the default database values for the county-state combination being modeled. Clicking the Accept button
accepts the data and returns the user to the WinTR-55 Main Window.

Storm Data

Storm Data

Franklin County, MO [MRCS]

Rainfall Gistribution Type:

|

| |

| |

| 50 |

Type LT | | |
| |

To replace theze storm data with thoze compiled by Rﬂ.iﬂfﬂ.u 2.4-Hr
the MRCS for Franklin County, MO, click on the Return Period  Rainfall
command buttan below. () Amount (in)

z2 3.9

MNRCS Starm Data |

5 4.3
Fleaze select a rainfall diztibution type from the list belov,
The ligt includes the standard *WinTR-20 /wWinTR-55 10 5.1
twpes and any number of uzer-defined distributions.

20 9.8

6.5
10n0 7.2
1 3
fﬁ" | Help | Accept |
File: <new filex A28/2006 11:02 Ak
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Step 3: Enter Sub-area Name, Sub-area Description, and where the water leaving this sub-area flows in the Sub-
area Flows to Reach/Outlet box.

= WinTR-55 Main Window
File ©ptions ProjectData  GlobalData Run Help

=S| @[Ty ] Gl 2 mA] 2
WinTR-55 Small Watershed Hydrology

Project Identification [ata

Uzer: |Llser Ik State: |.-'-.-'-.issu:uuri j
Project; |E>c:ample 1 County: |Franl<|in j
Sublitle: |Existing Condition Execution Date: 3/28/2006

Sub-areaz are expreszed in:
* Acrez
" Square Miles

Dimenzionless Lnit Hydrograph: |<S1‘gn|jar|j> j

starm Data Source: Franklin County, o (MRCS)
Rainfall Distribution |dentifier: Twpe IT

Sub-area Entry and Surmmary

- Sub-area Flows to Weighted
Sub-area Marne Sub-area Description e Ared (ac) - Tz thrd
Tract 1 Existing Land Use Outlet i 0.00
Froject &rea:  fac)
File: <new file: 3/28/2006 17:03 Ak
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Step 4: Click Land Use Details button to open the Land Use Details window. In this window, enter the area
of the sub-area in the appropriate location. Click the Accept button to accept the data and return to
the WinTR-55 Main Window.

Land Use Details E@E|

Sub-area Mame

|Tract1 j Eename| Clear ‘ Lﬂ.ﬂd USE DE'I'D.“S

Land Use Categories
™ Urban Area " Developing Urban @ Cultivated Agriculture  © Other Agriculture {7 Arid Rangeland

Area (Acres) for Hydrologic Soil Groups

Cower Desoription | condition || & Jew] 8 Jen] e Jew] v Jen]=-
CULTIVATED AGRICULTURAL LANDS
Fallow Bare zoil 7 86 97 9y
F allow Crop residue (CR) poor TG &5 90 93
Fallaw Crop residue (CR) good 74 83 7] a0
Raw crap  Straight row (SR poar 72 8y i a7
Straight raw (SR) goaod 67 12,500 7@ : 85 B9 [—
SR+ Crop residue poor 7T 1] 87 90
SR+ Crop residue goad [T} 75 g2 85
Contoured (C) paar 7o 79 iz i)
Cantourzd (2] goad 65 75 g2 i1
C+ Crop residue paar 69 78 83 87
C+ Crop residue good (%) 7 iz ) 85
Cont & terracediCET) poar 111 74 &0 82
Cont & terraced(C&T) good 62 7y 7o i)
C&T + Crop residue paar 65 73 73 L 2
Project Arealas) Summary Screen Sub-Area

IW f« Ooff 1 On Area (ac) IW Weighted Ch: ,ﬁ Help ‘ Eancel| 5CCEF“|

i

File: <rew file: 3428/2006 11:04 Ak
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Small Watershed Hydrology

The sub-area area and runoff curve number now appear in the Sub-area Entry and Summary portion of

the WinTR-55 Main Window.

T2 WinTR-55 Main Window

File ©ptions

= H S @ Tkl ¥ e 1 5

ProjectData  GlobalData Rum Help

Project |dentifization D ata

WinTR-55 Small Watershed Hydrology

Ilzer: |Llser Ik

State: |.-'-.-'-.issnuri

E

Project: |E::<ample 1

Counky: | Franklin

Subtitle: |E::<isting Condition

Sub-areas are expressed in:
(¢ Acres
" Square Miles

Sub-area Entry and Summary

Execution Date: 3428/ 2006

B

Dimenzionless nit Hydrograph: |<s1‘.:|ndard> j

Starm Data Source:

Rainfall Diztribution |dentifier: Type IT

Franklin County, MO (RRCS)

- Sub-area Flows fo Wieighted
Sub-area Mame Sub-area Description R e Area, [ac) N Te thr)
Tract 1 Existing Lond Use Ot let - 12.50 7a
Project Area: 12,50 fac)
File: <rnew file: 3428/ 2006 11:05 AM

WinTR-55 User Guide, January 2009



Small Watershed Hydrology Appendix A: Examples

Step 5: Click Time of Concentration Details button to open the Time of Concentration Details window. In
this window, enter the appropriate information to compute the sub-area time of concentration. Click the
Accept button to accept the data and return to the WinTR-55 Main Window.

¢ Time of Concentration Details

ibeeatane 2-¥ear Raintall {in
[Troct 1 =] Rename | Cear | 35 Time of Concentration Details
Slope . o Welocity |
Flow Type Length (ft) (F1oF) Surfase (Manning's n) n Area (Tt5) | WP FH (/) Time thr)

Sheet 25 0.0080 Cultivated <= Z20% residue (D.Déjl 0.03a
Shallow Concentrated [peda 0.0080  Unpaved - 0159
Shallow Concent rated : -

Channe|

Channe|

Total a0 1.2108 0195

f? Help | Cancel | Accept ‘

File: <new files 32842006 | 11.06 Ak
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Small Watershed Hydrology

The sub-area time of concentration now appears in the Sub-area Entry and Summary portion of the

WinTR-55 Main Window.

=2 winTR-55 Main Window

File Options

=|H| S| @ Tc|h)¥| ¥ Rl £

ProjectDiata  GlobalData Run Help

N

Project |dentification Data

WinTR-55 Small Watershed Hydrology

Izer: |Llser Ik

State: |Missu:uuri

E

Project: |E>-cc|mp Iz 1

Courty: |Franl<|in

Sublitle: |Existing Candition

Sub-areas are expressed in:
* Acres
" Square Miles

Sub-area Entry and Summary

E

Execution Date: 3£28/ 2006

Dimengionless Unit Hydrograph: |{51.:|n|:|a,r|:|}

Starm D ata Source:;

Rainfall Distribution |dentifier: Type IT

Franklin County, MO (RRCS)

5

. Sub-area Flows o Wreioghted
Sub-area Mame Sub-area Description S ma Area (ac) N T thrl
Tract 1 Existing Land Use Ot let - 1250 7a 0.195
Project Area: 1250 (ac)
File: <new filex 342842008 171:0E AM
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Step 6: Click the Run button to open the Run WinTR-55 window. Select the 50—year storm event for this ex-
ample. Once the storm events have been selected, click the Run button to execute the run.

" Run WinTR-55 [x]

Run WinTR-55

Check storm(z] to evaluate:

[ 2-%r
[ 5-%r
[ 10-¥r
[ 1-¥r
Help | Cancel | Run |

Step 7: When the run is complete, the File Display window opens showing the Hydrograph Peak/Peak Time
Table. To review other output, click Win TR-20 Reports or WinTR-55 Reports, and select the reports
to view. When complete, click the Close button to close the File Display window and return to the
WinTR-55 Main Window.

88 File Display El@@

Print  Edit WinTR-20 Reports  WinTR-55 Reporks  Help
Hydrograph Peak/Peak Time Table
U=zer ID Example 1
Existing Condition
Franklin County, Missouri
Hydrograph PeakfPeak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall BReturn Period
or Reach 50-Tr
Identifier {cf=s)
(hr)
EUBRRERS
Tract 1 6681
12_01
RERCHES
OUTLET 66 81
O
m]
O
C:ADocurnents and Settingshquan. quanhapplication DatabwinTB-555tr55mpts. out 3/28/2006 171:07 A
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Step 8: To save the data, click File and SaveAs. In the Save a WinTR-55 data file as ... popup window, specify
a location and file name, and click Save. The data are now saved, the popup window closes, and WinTR-
55 Main Window is redisplayed.

Save a WinTR-55 data file as ...

Save ir: |Lf' S ample Files j e e B3

3

ky Recent
Documents

©,

Desktop

-~

7

by Documents

59

ty Computer
. File narme: |E:-:am|:|le-'l.-i'-. j
Py Metwark: Save as type: |WinTF|-55 D ata Files(*.whE] ﬂ Cancel

Flacez
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Part A Results

50-year Pre-Development Discharge = 66.8 ft3/s
50-year Pre-Development Runoff Volume = 4.023 in (watershed-inches) = 4.19 acre-ft

(% ft](12.50 ac)=4.19 ac-ft

The runoff volume can be accessed on the File Display window by selecting the WinTR-20 Printed Page File.

89 File Display
Print Edit ‘WinTR-20 Reports  ‘WinTR-55 Reparts  Help

WinTR-20 Printed Page File | Glose
Example 1 L
Existing Condition
Name of printed page file:
TRZ0.out
ETOEM 50-¥r
Area or Drainage Rain Gage Buwnoff -----------—- Peak Flow —————————--—-—
Reach Area I or Tomount Elevation Time Rate Rate
Tdentifier (=g md) Location {in) (£t ) (hr ) {cf=) { oSy
Tract 1 0_o0zo 4.023 12.01 66. 81 3421.06
Line

ftart Time -————------—"——- Flowr Yalues E time increment of 0.012 v ———-—----—-
thr) {cEz) {cfz) (cfg) (cfg) {cEz) {cfz) (cfg)
&_ 887 0. 0% 005 005 006 006 0_06 006
6_973 0.06 0.06 0.07 o_o7 o.07 0.07 0.07
7059 0.07 0.0%8 0.08 0_o0g .08 0.0%8 0.09
7145 .09 0.0% 0.0%2 o_o% 0.0% 0.10 0.10
T.231 o_10 o_10 o_10 o_11 o_11 011 011
7318 0,11 0.12 0.12 0_12 o.12 0.12 0.12
7404 0.13 0.13 0.13 0_13 0.13 0.14 0.14

7 Aan n_14 n_14 n_14 n_1K n_1K n_1% n_15 b

C:ADocuments and Settingsguan. quantApplication Data'tinT B-55420. out /2842006 11:10 Ak
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Part B Determine developed condition peak discharge and runoff volume

Rather than beginning with a new file to determine the peak discharge and runoff volume for the developed condi-
tion, it is possible to edit the existing condition file previously created.

Step 1: Start the WinTR-55 Program, and open the Existing Conditions file by selecting Open from the File
menu and locating the file using the Open a WinTR-55 data file window.

Open a WinTR-55 data file

Laak i |l.ﬂ Sample Files j = |=_°F e

" E ™ Example-14.wS5

My Recent
Documents

&)

Dezktop

P

(7

My Documents

tdy Computer

-

by Hetwork  File name: |E:-cample-1.-’-‘-..w55 ﬂ Open
Places

i

Files of type: [WinTR-55 Data Files [*.w55) | Cancel
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Appendix A: Examples

Step 2:

Edit the User I.D., Project Name, and Subtitle, as appropriate. Edit Sub-area Name, Sub-area Description,
and where the water leaving this sub-area flows in the Sub-area Flows to Reach/Outlet box, as appropri-
ate. Since this example uses the same county-state combination established previously, there is no need
to work through the Global Data selection process to change the Dimensionless Unit Hydrograph, Storm

Data Source, and Rainfall Distribution Identifier information.

= WinTR-55 Main Window
File Options ProjectData GlobalData Runm Help

2|3 @7 k5] ¥ e’ x| SR 2

WinTR-35 Small Watershed Hydrology

Praoject ldentification Data

Uszer: |Llser I Shate: |Missu:uuri j
Froject: |E>c:am|:||e 1 County: |Franl-:|in j
Subtite: |Fu1ure or Developed Condition Execution Date: 3/28/ 2006

Sub-areas are expressed in:
f* Acres
" Square Miles

Dimenzionless nit Hedrograph: |<smnu:|ard}

Storm Data Source: Franklin County, MO (MRCS)
Rainfall Distribution [dentifier:  Type 1T

Sub-area Entry and Surmmary

[~

- Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description Sl e Ared (ac) - Te thrl
Tract 1 Developed Land Use Outlet x| 1250 Ta 0.195
Project Area; 1250 fac)
File: C:%wfinT B-55M\5 ample FileshE xarmple-14. w55 A28/2006 11:12 Ak
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Step 3: Click Land Use Details button to open the Land Use Details window. In the Land Use Details win-
dow, edit the land use, as appropriate, and click Accept to accept the changes and return to WinTR-55
Main Window.

Land Use Details Q@E|

Sub-area Mame

[Tract 1 v Bename | car | Land Use Details

Land Use Categories
+ Urban Area " Developing Urban ° Cultivated Agriculture € Other Agriculture O Arid Rangeland

Area (Acres) for Hydrologic Soil Sroups

Cover Description | condition [] & Jew] & Jen] & Jen] v Jen]«
Streets and roads:
Pawved; curbs and storm sewers 98 98 2% 98
Faved; open ditches (wright of-uway 83 59 92 93
Gravel (ww right-ofway) 76 85 0 of [ |
Dirt (o rightof-way) 72 52 87 i3]
Urban Districis Aug % Impens
Commercial & businass 25 80 92 L2 95

Industrial 72 87 12,500 §8 : 97 93

Residential districls by average fot size) FAorg % Imperny

148 acre (town houses) 65 7 85 m 92
174 acre 38 67 75 83 &7
143 acre 20 57 72 ) &6
142 acre 25 54 70 #0 85
1 acre 0 57 68 79 i I
Project Areafas) Summary Screeh Sub-Area

1250 o off  on Area (ac] 12,50 Weighted CM: | g3 Help | E‘5'”'3'3|| EI3'3'31:'t|

hd

File: C:\WinTR -85S ample Filez\Evample-14. w55 3/28,/2008 17:13 AM
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The sub-area and runoff curve number now appear in the Sub-area Entry and Summary portion of the
WinTR-55 Main Window.

= WinTR-55 Main Window

File ©Options ProjectData  GlobalData Run Help

=S| @ T/l | @l ]
WinTR-55 Small Watershed Hydrology

Froject |dentification Data

Izer: |Llser Il State: |Missuuri j
Praoject: |Examp|e 1 Counby: |Franl<|in j
Subtitle: |F|_|Ture or Developed Condition Execution Date: 3/25/2006

Sub-areas are exprezsed in:
v Acres
" Square Miles

Dimengionlezs Unit Hydrograph: | estondard:

Storm Data Source: Franklin County, sd (MRCS)
Raintall Distribution |dentifier:  Type 1T

Sub-area Entry and Summary

B

- Sub-area Flows to Weighted
Sub-area Mame Sub-area Dezcription Rl s Area (ac) N Te thrl
Tract 1 \beveloped Land Lize | Dutlet x| 1250 ga 0.195
Froject Area: 1250 fac)
File: C:\winT R-55h5 ample FileshE Rample-14. w55 3/28/ 2006 11:14 Ak
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Small Watershed Hydrology

Step 4:

Click Time of Concentration Details button to open the Time of Concentration Details window. In
the Time of Concentration Details window, edit the appropriate information to compute the developed

condition sub-area time of concentration. The path of the flow for the Time of Concentration Details will
be the same and have the same slope, but the surface itself will be paved and smooth. Click Accept to
accept the changes and return to the WinTR-55 Main Window.

¢ Time of Concentration Details

Sub-area Marme

2-¥ear Rainfall {in)

Time of Concentration Details

Chantiel
Chantiel
Total

Shallow Concentrated :

|Tra.ct1 j Bename | Clear ‘ 35
Slope Aot . Yelocity |
Flow Type Length (ft) (F1F surface (Manning's nl il Area (T2 | WP () o Time thrl
Sheet 25 0.0030  Stnooth Surface (0.011) 0.o00%
Shallow Concentrated gz25 0.0080  Paved 0126

Lede]e

1.74%0 0135

File: C:\NwiinT R-5545 ample FileshE wample-14. w55

? Help ‘ Eancel| ﬁccept|

3282006 | 11:14 AM
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The sub-area time of concentration now appears in the Sub-area Entry and Summary portion of the
WinTR-55 Main Window.

== WinTR-55 Main Window
File ©Options ProjectData  GloballData Run Help

|| S| @Tc ||y ] &3]l 2| A 2
WinTR-55 Small Watershed Hydrology

Froject |dentification [ata

Izer: |Llser Ik State: |Missauri j

Project: |E::<n:|m|:||e 1 County: |Frc|nklin j

Subtitle: |Fu1ur-e or Developed Condition Execution Date: 3/28/2004

Sub-areas are expressed in: Dimenzionless Unit Hydograph: | <standard: j
f* Acres

" Square Miles Storm Data Source:  Franklin County, so (MRCS)

Rainfall Distribution |dentifier.  Type 1T

Sub-area Entry and Summary

- Sub-area Flows to Weighted
Sub-area Mame Sub-area Dezcription e Area (ae) AN T (hrl
Trast 1 Weveloped Land Use | Ot let x| 1280 as 0.135
Project Area: 12 50 (ac)
File: C:A\WinT R-55845 ample FileshERample-14 whE 3/28/2006 11:15 A
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Step 5: Click on the Run icon to open the Run WinTR-55 window. Select the 25—year storm event for this ex-
ample. Once the storm event has been selected, click the Run button to execute the run.

" Run WinTR-55

Run WinTR-55

Check ztorm(z] to evaluate:

[ 2-¥r [w 25-%r
[ 5-¥r
[ 10-¥r [~ 100-¥r
[ 1-¥r
Help | chncel| Run |

Step 6: When the run is complete, the File Display window opens showing the Hydrograph Peak/Peak Time
Table. To review other output, click WinTR-20 Reports or WinTR-55 Reports, and select the reports
to view. Click the Close button to close the File Display window and return to the WinTR-55 Main
Window.

%8 File Display E| @| E|

Print Edit ‘WinTR-20 Reparts  ‘WinTR-55 Repaorts  Help
Hydrograph Peak/Peak Time Table e
Uzer I Example 1
Future or Developed Condition
Franklin County, Missouri
Hydrograph PeakfPeak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall BReturn Period
or Reach 25-Tr
Identifier (cf=)
(hr)
EUBARERS
Tract 1 7. 54
11956
RERCHES
OUTLET 7754
[m}
[m}
O
C:ADocuments and Setiingslguan. quantdpplication D ata'winT B-55455pts. out 3/28/ 2006 11:19 Ak
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Step 7: To save the data, click File and SaveAs. In the Save a WinTR55 data file as ... popup window, specify
alocation and a NEW FILE NAME, and click Save. The data is now saved, the popup window closes, and
the WinTR-55 Main Window is redisplayed.

Save a WinTR-hb data file as ...

Sawve in; |Lﬂl Sample Files j |'=_'3TE "
2_ EaExamplel-4.wsS
ky Recent
Documents
?L_:
Deszkiop

>

My Documents

al

My Computer

.% File name: |E:-:am|:|le1 B ﬂ Save
My Metwork  Save az type: |"-.-'-.."inTF|-55 D ata Files(". whE) ﬂ Cancel

Flaces
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Part B Results

25-year Post-Development Discharge = 77.5 ft3/s

2b-year Post-Development Runoff Volume = 4.432 in (watershed-in) = 4.62 acre-ft

(% ft)(12.50 ac)=4.62 ac-ft

The Runoff Volume can be accessed on the File Display window by selecting the WinTR-20 Printed Page File.

881 File Display
Print Edit “WinTR-20 Reports  WinTR-55 Reports  Help

WinTR-20 Printed Page File b
Example 1 L
Future or Developed Condition
HName of printed page file:
TRZ20_out
STORM 25-¥r
Area or DIrainage Rain Gage Punoff ---—————--—- Peak Flow ———————-—----—-—
Reach Area I or Toount Elevation Time Rate Rate
Tdentifier (sg md) Location {in) (£t ) thr) {cf=s) {Ccsm)
Tract 1 0_020 4.432 11.95 77.54 3270.46
Line
ttart Time ---—-—-—-----—- Flow Values E time increment of 0.00% ¥ - --———-—-----—-
thy) {cf=) {cfs) {cfs) {cf=) {cf=) {cfs) {cfs)
4 441 0.05 0. 05 0.05 0_05 0.06 0.06 0.06
4_501 0. 06 0. 06 0.06 0_06 0. 06 0. 06 0.07
4_ 561 o.07 o.07 0.07 o_07 o.07 o.07 0.07
4_620 o.07 n.og 0.08 0o_o08 0.0g n.og 0.08
4_ 680 0.0g n.0g 0.0%9 o_o09 o.0%9 .09 0.0%9
4. 7140 0o.0% 0.0% 0.0% o_09 0. 10 0. 10 0.10
4_799 0.10 0. 10 0.10 o_10 0.10 o.11 0.11
4 RKRaQ n_11 n 11 n_11 n_11 n_11 n_ 11 n_12 ¥
C:ADocuments and Settingzhguan. guandpplication DatahwinT B-55%20.out 328/ 2006 17:20 AW

A-20 WinTR-55 User Guide, January 2009



Small Watershed Hydrology Appendix A: Examples

Part C Sizing the detention basin

Two approaches can be used to size the detention basin. The first approach is to maximize the storage volume
while minimizing the pipe size. Using this approach, the entire runoff volume from the 25-year post-development
storm would be stored and released at a slow rate over a long period of time using a small diameter pipe. The sec-
ond approach is to minimize the storage volume while maximizing the pipe size. Using the second approach, water
is released at the maximum rate possible (in this case, the 50-year pre-development peak discharge), thereby mini-

mizing the volume of water that must be stored.

The following table offers a summary of some of the advantages and disadvantages of each approach.

Method

Advantages

Disadvantages

Approach 1

1. Maximize storage volume

2. Minimize pipe size

Approach 2

3. Minimize storage volume

4. Maximize pipe size

Smaller diameter pipe is less
expensive.

Storage benefits for more frequent
storm events are realized because
increased runoff for the smaller
events is also stored.

Size of area required for detention
basin is not as large.

Lower construction costs for smaller
storage basin.

Size of area required for deten-
tion basin is large.

Cost of constructing a large
storage basin can be expensive.

Larger diameter pipe is
more expensive than that for
approach 1.

Because pipe diameter is so
large, there may not be a reduc-
tion in peak discharge for more
frequent storm events.
Increased runoff volume from
those more frequent events
may pass through the basin
without any portion of the
increased runoff for those
storms being stored.

Note that many storm water management ordinances require a combination of storage volume and reduction in
peak discharge. If that is the case, both requirements must be met. However, for this example, a minimum storage
volume requirement does not apply. Therefore, to size the basin, one must look only at ways of reducing the peak

discharge.

There was not a large increase in peak discharge or storage volume for the developed condition. Peak discharge
increased 16 percent from Q5()pre = 66.8 cubic feet per second to Q25post = 77.5 cubic feet per second. Runoff volume
increased 10.2 percent from Q50pre = 4.023 inches (4.19 acre-ft) to Q%post =4.432 inches (4.62 acre-ft).

The detention basin will have a base area at the spillway crest elevation of 150 feet on a side with side slopes of
3 foot horizontal to 1 foot vertical. This results in a base area of approximately 0.517 acres at the basin bottom. At
.77 foot depth in the detention basin, the surface area of the water is 154.6 feet on a side, or 0.549 acre.

Note: The WinTR-55 Structure Data window assumes a standard riser / conduit configuration or
a straight pipe configuration for evaluating detention basins with pipes. The only other option is a
weir configuration. If either of these configurations is unacceptable, use another method to size the

detention basin.

WinTR-55 User Guide, January 2009
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A standard riser configuration is chosen for the outlet device. Based upon the amount of control desired in the
initial problem statement, it is necessary only to use a pipe of sufficient diameter to reduce the peak discharge from
77.5 cubic feet per second for the post-developed condition to 66.8 cubic feet per second for the pre-developed con-
dition.

Again, rather than beginning with a new file, it is possible to edit the existing developed condition data file created
in determining the future (or developed) condition discharge and volume.

Step 1: Start the WinTR-55 Program, and open the Developed Conditions file by selecting Open from the file
menu and locating the file using the Open a WinTR-55 data file window.

= WinTR-55 Main Window
File ©Options ProjectData  GlobalData Run Help

EIER R e A A= d

WinTR-55 Small Watershed Hydrology

Project Identification Data

|Jzer: |Llser Ik State: |.-'-.-'-.issu:uuri j
Praject: |E>c:ample 1 County: |Franl<|in j
Subtitle: |Fu1ure or beveloped Condition Execution Date: 5/7/2001

Sub-areas are expreszed in:
f* Acres
" Square Miles

Dimensionlezs Lnit Hedrograph: |<S1‘an|jar|j> j

Storm Data Source:  Franklin County, MO (MRCS)
Rairfall Distribution |dentifier: Type IT

Sub-area Entry and Summary

- Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description B Area (a8) = T thrl
Tract 1 Developed Land Use Cutlet - 1250 ad 0.135

Project &rea; 12,50 (ac)

File: C:A\Documentz and Settingsihelen. moodyhapplication DatabwinTB-5545ample | B/25/2008 10:07 Abd
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Step 2:

Edit the User ID, Project name, and Subtitle, as appropriate. Edit Sub-area Name, Sub-area Description,
and where the water leaving this sub-area flows in the Sub-area Flows to Reach/Outlet box, as appropri-
ate. In the situation where water flows into a detention basin, the name of the reach containing the struc-

ture is entered in the Sub-area Flows to Reach/Outlet box.

= WinTR-55 Main Window

File Options ProjectData  GlobalData Run Help

== =K e SRR b a =N

WinTR-55 Small Watershed Hydrology

Praoject |dentification Data

O]

User: |Llse;r Ik Shate: |.-'u'-.iss-:uuri ﬂ
Froject: |E>-<am|:||e 1 Courity: |Franl<|in j
Subkitle: |Fu1ure or Developed Condition Execution Date: 3/7/ 2001

Sub-areas are expressed in:
(* Acres
" Square Miles

Dimenzionless Unit Hydrograph: |{S1‘cu“||jﬂ['|j}

Storm Data Source: Franklin County, MO0 (MRES)
Raintall Distribution |dentifier:  Type 1T

Sub-area Entry and Summary

=

T Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description ol B Ared, (ac) e Te thrl
Tract 1 Developed Land Uze Enzind - 12.50 g 0.135
Froject Area: 1250 fac)
File: C:A\Documents and Settingzh\quan. quantapplication D ata\WwinT B-55\Sample F | 5/19/2008 3:53 A
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Step 3: Click on the Structure Data button to open the Structure Data window. Enter the Structure Name, the

A-24

surface area at the spillway crest elevation, and the surface area at an elevation above the spillway to
define the storage characteristics of the basin. Note: If no surface area above the spillway is entered, the
program assumes the basin has vertical sides. Enter the desired pipe sizes for initial evaluation of the

structure ratings and the height in feet from the centerline of the outlet pipe to the spillway crest eleva-

tion. Note: For the standard riser configuration, this height should be approximately two times the largest

pipe diameter evaluated. As pipe diameters are entered, the structure ratings are computed and shown
at the bottom of the Structure Data window. Upon completion of this data, click Accept to accept the
data and return to the WinTR-55 Main Window.

[NStructure Data

Structure Mame

CLear | Delete | Rename | ST I‘UCTUI‘E Dﬂtu
Pond Surface Area Accept
@ cpillway crest 0517 acres
Plot
(optional) 077 feet above spilluay 0549 acres
Cancel
Gischarge Description
Spillway Type Diameteriin) o inv:ftl?gfsiﬁljwa Help
& bipe Trial #1 Trial#2  Trial #3 : P

cwer (s [ e | e 9|

--= Orifice flow assumed ---

Pipe Flow Rating - BasinA

Diameterl 36[in] DiameterZ 42[in] Diameterd 48[in] Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[ft] [ft] cls [ft] cls [ft] cls [ac-Ft]
0.00 6.500 0.000 6.250 0.000 6.000 0.000 0.00
1.50 8.000 95.966 7.750 128.564 7.500 165.189 0.82
3.00 9.500 104 577 9.250 140455 9.000 180956 1.74
6.00 12.500 119.958 12.250 161.635 12.000 208950 3.85
15.00 21.500 157.323 21.250 212 886 21.000 276414 12.43

File: C:A\Documents and Settingzhgquan. quantapplication D atabwinT B-55h5ample Files* | 541942008 10:36 Ak
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Step 4: Click the Reach Data button to open the Reach Data window. The name of the Sub-area Flows to Reach/
Outlet name as entered on the WinTR-55 Main Window is shown in the Reach Name column. In this
case, the sub-area was defined to flow to BasinA. Since the structure is located at the outlet of the water-
shed, the receiving reach is Outlet. Also, since the sub-area runoff flows through a structure, the Struc-
ture Name is entered instead of reach data. This tells the program that the water from the sub-area flows
through the structure to the outlet. Click Acecept to accept the data and return to the WinTR-55 Main
Window.

' Reach Data

Reach Data
Reach g ke Bottom ;
Reach Mame Receiving Reach | Length iz ullieR R width | YErase Sfetz Structure Mame
h Slope (ft/1) Slopes
(£t (ft)
BazinA ot let (il BazinA -
Help | | Cancel | Accept
f? | Reach Flow Path
File: C:%afinTH-5545 ample FileshE sample-18 . wB5 37282006 11:25 AW
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Step 5: Click the Run menu option from the WinTR-55 Main Window. On the Run WinTR-55 window, select
the storm to evaluate. Click the Run button to execute the run.

" Run WinTR-55 x|

Run WinTR-55

Check storm(z] to evaluate:

[ 2-¥r v Z5-¥r
[ 5-¥r [~ 50-¥r
[~ 10-¥r [~ 100-¥r
[ 1-¥r
Help | |icanceli]  Run

Step 6: Upon successful execution of the run, the File Display window opens showing the Hydrograph Peak/
Peak Time Table report. By scrolling down through the window, results of the runs for the different pipe
sizes selected can be viewed. To review other output, click WinTR-20 Reports or WinTR-55 Reports,
and select the reports to view. When complete, click the Close button to close the File Display window
and return to the WinTR-55 Main Window.

50 File Display

Print  Edit ‘WinTR-20 Reports \WinTR-55 Reparts  Help
Hydrograph Peak/Peak Time Table Close
User ID Example 1 S
Future or Developed Condition
Franklin County, Mizsouri
Hydrograph PeakfPeak Time Table (Trial #1)
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 25-Yr
Identifier (cfz)
(hr)
SUBRBRERS
Tract 1 1754
11.35
BERCHES
Basinh .54
11.95
Dom 6404
12.04
OUTLET 64_04
(u]
(u]
(u]
User ID Example 1
Future or Developed Condition
Franklin County, Missouri
v
C:\Documents and 5 ettingsguan. quan®Application D atainT R-55455mts. out 3/13/2008 10:13 A
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Step 7: To save the data, click File and SaveAs. In the Save a WinTR55 data file as ... window, specify a loca-
tion and a new file name, and click Save. The data are now saved and the user returns to the WinTR-55
Main Window.

Save a WinTR-55 data file as ...

Save it |L§ Sample Files

2_ o Eocamnple- 14,455
: o Eample-16,wS5
My Recent
Documents

Dezkiop

T

|7

My Documents

or

ty Computer

File narne: |E:-:am|:|le-1 C

by Mebwork, Save az type: |WinTF|-55 Drata Files(" whb)
Flaces
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Part C Results

Peak discharges for the three pipes evaluated are as follows:
36-inch diameter 64 ft?/s
42-inch diameter 67.72 ft3/s
48-inch diameter 70.25 ft3/s

Since the limiting discharge value is 66.8 cubic feet per second, the 36-inch diameter pipe may be used since the
pipe discharge does not exceed the limiting value.

From the Structure Output Table window, it can be seen that the maximum volume of water stored will be 0.55
acre-foot. This translates to a maximum depth for the 25-year storm event of 1.00 feet.

% File Display

Print Edit WinTR-20 Reports  WinTR-55 Reports  Help

Structure Qutput Table Close

User ID Example 1 S
Future or Developed Condition
Franklin County, Missouri

Etructure Output Table

Beach Peak Flow (PF), Storage Volume (5V), Stage (5TG)
Identifier by Rainfall Return Period

Structure

Identifier 25-¥r

Reach: Basin R

Pipe : Ba=zin R
36(in)
PF {cEz) 6104
ETY {ac ft) 1]
T (£t} 1.00
42{in)
PFE {cEg) [0 B 'S
E¥ {ac ft) .43
5T [ B ) Y ]
48({in)
PF {cE=) 0,25
5T {ac ft) .35
IT: (£t} .64
u]
O w
C:ADocuments and Settingzhquan, quantdpplication Data'winT B-55455pts. out B/9/2003 10:19 Ak

A-28 WinTR-55 User Guide, January 2009



Small Watershed Hydrology Appendix A: Examples

Example 2 Evaluating Larger Watersheds and
User-defined Storm Data

Background the upper reaches of the watershed. A schematic of
the watershed appears below.

A small community in Any County, Any State, has

flooded multiple times in the last several years. The Note: Since there is no listing in the rainfall database
community wants to reduce flood damages and has for a location called Any County, Any State, the user
requested assistance in evaluating peak discharges in must input custom storm data for this job.

7/

County Road Branch Sub-area
(stream embedded in sub-area)

Upper Main Creek Sub-area
(stream embedded in sub-area)

/

Upper East Trib Sub-area
(stream embedded in sub-area)

AN

Upper West Branch Sub-area
(stream embedded in sub-area,)

Middle Main Creek Sub-area
Main Stem 1 Reach

\

Lower West Branch Sub-area
West Reach

Lower East Trib Sub-area
East Reach

Lower Main Creek Sub-area
Main Stem 2 Reach
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Watershed Data

Land Use Details

Sub-area Land Use Area by hydrologic soil group (acres)
A B C D
Upper Main Creek Residential districts, 2-acre lots 40
Pasture, fair condition 80
Woods, fair condition 55
County Road Branch Residential districts, 2-acre lots 30
Meadow, cont. grass 60
Woods, fair condition 110
Middle Main Creek Farmsteads 10
Pasture, good condition 30 10
Woods-Grass, fair condition 20
Upper East Tributary Residential districts, 2-acre lots 60
Woods-Grass, fair condition 40 10
Woods, fair condition 10 10
Lower East Tributary Farmsteads 10
Pasture, fair condition 25 5
Woods-Grass, fair condition 45 25
Upper West Branch Industrial 15
Pasture, fair condition 10 20
Woods, fair condition 15 5
Lower West Branch Impervious, paved parking lots 5
Industrial 15
Residential districts, 1-acre lots 10
Pasture, fair condition 20
Woods, fair condition 25
Lower Main Creek Open space, lawns, fair condition 15
Impervious, paved parking lots 15
Commercial and business 15
Residential districts, 0.25-acre lots 85

Where do the Land Use Details data come from?
The land use data for the watershed may be derived using GIS, if GIS coverages exist for the watershed area, devel-

oped from current aerial photographs, or be determined from a watershed site visit. The hydrologic soil group data
may be obtained from the current soil survey for the county or counties in which the watershed is located.
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Time of concentration details

Sub-area @ === 0@c---------- Sheet Flow - ---------- - - Shallow concentrated flow - - Open channel flow
length slope surface length slope surface length velocity
(ft) (ft/ft) description (ft) (ft/ft) description (ft) (ft/s)
Upper Main Creek 75 0.047 Dense grass 425 0.047 Unpaved 2,500 2.66
County Road Branch 75 0.067 Light woods 425 0.067 Unpaved 2,100 2.30
Middle Main Creek 65 0.052 Short grass 385 0.052 Unpaved 925 2.40
Upper East Tributary 50 0.110 Smooth surface 285 0.110 Unpaved 1,465 1.53
Lower East Tributary 100 0.051 Light woods 825 0.051 Unpaved 740 2.73
Upper West Branch 60 0.092 Smooth surface 340 0.092 Unpaved 1,705 1.50
Lower West Branch 100 0.045 Smooth surface 1,000 0.045 Unpaved 510 1.51
Lower Main Creek 100 0.036 Smooth surface 1,465 0.036 Unpaved 1,100 1.10

Where do time of concentration details data come from?

Time of concentration data should be carefully estimated for each sub-area. Length and slope for individual flow
types (sheet, shallow concentrated, and open channel) can be obtained from USGS topographical maps, aerial
photographs, and field observation.

Sheet flow and shallow concentrated flow lengths may be difficult to develop. The best way to estimate these val-
ues is to visit the site and determine the actual flow paths. However, these values can also be estimated from topo-
graphical maps and aerial photos.

Open channel flow paths typically appear as blue lines on USGS topographical maps or as obvious ditches or
stream channels on aerial photographs and, therefore, are much easier to determine.

Surface codes for sheet flow are best determined by making a site visit. Carefully examine the land use along wa-
tershed divides. Surface codes for shallow concentrated flow are simply paved or unpaved. This is the simplest to
determine.

The flow velocity must be determined for open channel flows. Either take bankfull velocity information from a
previously developed water surface profile model, or entering the Manning’s n value, use survey data to develop
cross-sectional flow area, wetted perimeter, and slope for the stream length in question. Experienced users may
simply estimate the flow velocity in the channel. Make certain that selected values are representative of the entire
open channel flow length and not just one segment of the open channel flow path.
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Reach data

Reach name Receiving Reach Reach length Manning’s n Slope Bottom width Side slope

(ft) (ft/ft) (£t) (Z:1)
Main Stem 1 Main Stem 2 540 0.065 0.003 20 55
East Reach Main Stem 2 685 0.065 0.006 30 33
West Reach Main Stem 2 810 0.065 0.011 35 40
Main Stem 2 Outlet 640 0.065 0.007 45 86

Where do reach data come from?

Reach data must be derived for each stream segment that receives water from an upstream sub-area or another
reach.

Rating curves are developed for the reaches that describe the flow characteristics of the reaches. A particular
cross section surveyed within the reach in question is picked to be representative of the entire reach, and the data
for that cross section is used. That cross section may be located anywhere within the reach, but will represent the
entire length of that reach.

Ratings for the reach are developed using the Manning’s n values, slope, bottom width of the cross section, and
side slopes. It is important to estimate these values for the overall valley cross section and not just the channel sec-

tion. These values may differ drastically between the channel and the valley. The goal is to estimate a rating curve
that represents both.

Rainfall data

The user must enter Any State and Any County in the state and county entry boxes on the Main Window, or the
Main Window will not match the second Main Window on the next page.

Rainfall data for the watershed in Any County, Any State, is:

24-hour precipitation amount (in) by return period

1-year 2-year b-year 10-year 25-year 50-year 100-year
3.0 3.5 4.5 5.1 5.8 6.5 7.2

Entering storm data
Step 1: Select Global Data from the WinTR-55 Main Window menu.
Step 2: Under Global Data, select Storm Data.

Step 3: When the Storm Data window opens, enter the rainfall amount by return frequency for the desired
storms, and select the appropriate rainfall distribution from the drop-down menu.

Step 4: Once the rainfall distribution type is selected (Type II rainfall distribution is applicable for this location)
and the rainfall amounts have been entered, click Accept to accept the data and return to the main win-

dow.

Note: The user should enter the state and county name on the main window BEFORE going to the Storm Data
window to enter the custom rainfall amount.
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For this example problem, the Storm Data window appears as follows upon completion of data entry. Note: Since
Any County, Any State, is not listed in the rainfall database included with WinTR-55, and the user entered those
names on the WinTR-55 Main Window forcing the switch to Region / Locale, the NRCS Storm Data button on
the Storm Data window is disabled, and the note indicates data is not provided for regions / locales.

Click the Accept button to return to the WinTR-55 Main Window.

Storm Data E|E| g|
Storm Data

zer-provided custom storm data

MRCS does not provide storm data for regions # Ralnfal! 2_4-Hr
locales. Therefore, the command button below has Return Period  Rainfall
been tempoararily dizabled. Iyl Amaunt (in)

Please select a rainfall distribution type from the list below.
The list includes the standard WinTR-20 / WinTR-55
twpes and any number of user-defined distributions.

o
HN

Rainfall iztribution Type:

Type IT -]

—
=

EOCERRE
REEECEE

Cﬂ? Help | Cancel | ﬁccept|

File: <news file> 3/30/2007 344 AM

WinTR-55 Main Window
File Options ProjectData  GlobalData Help

=S| ®T k¥ v 5 < =i 2|
WinTR-55 Small Watershed Hydrology

Project |dentification Data

User: |ccs Region: |,‘1.n\3.r State j
Praject: |Examp|8 z Locale: |Any County j
Subtitle: |‘resi Execution Date: 5/50/2007

Sub-areas are expreszed in:
(v Acres
" Square Miles

Dimensionless Unit Hedrograph: | <standard: j

Storm Data Source:  User-provided custom storm data

Rainfall Distribution |dentifier. Type IT

Sub-area Entry and Surmary

- Sub-area Flows to Wieighted
Sub-arga Mame Sub-area Dezcription Bl E: Area (ac) i Te thr)
Project &rea:  {as)
File: <new filex 3743042007 9:48 AM
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Upon completion of data entry, the WinTR-55 Main Window should appear as follows:

= WinTR-55 Main Window
File ©ptions ProjectData  GlobalData Run Help

=S| @7l ] &l x| =la] 2
WinTR-55 Small Watershed Hydrology

Praoject |dentifization Data

User |ccs Region: |ﬂ.ny State j
Fraject: |E::<ample 2 Locale: |,ém~:,r Caunty j
Suibtitle: |Test Execution Date: 2/11/ 2003
SUb'EE?E.:ﬂrE expressed in: Dimenzionless Unit Hydrograph: | <standard: j
(* iAcres
¢ Square Miles Storm Data Source:  User-provided custom starm data

Rainfall Distribution |dentifier.  Type 1T

Sub-area Entry and Summary

. Sub-area Flows to vieighted

Sub-area Mame Sub-area Description S B Area, (ac) CQN Te thrl
Upperftain AhainSteml x| 1¥5.00 iT 0423
CountyRoad Ahainsteml x| Z00.00 73 0.450
iddletdain Main Stem2 x| F0.on A 0.211
UpperEast EnstReach | 130.00 iT 0.287
LowerEazt Mhainstems x| uo.oo i 0.373
Upperidest WreztReach x| a5.00 iT 0.342
Lowerdiest Mhainstems x| T5.00 gl 0.15%
Laweratain Ot let | 130,00 79 0426

Froject Area: 955 (ac)

File: C:A\Documents and Settingzhquan. quantapplication D ata'WwinT B-55Sample Fil 3/30/2007 346 Ak
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The 2-, 5-, 10-, 25-, 50-, and 100-year storm events were analyzed and peak discharges obtained for each sub-area
and reach. The Hydrograph Peak/Peak Time Table contains a listing of peak discharges for each of the sub-areas
and reaches.

WinTR-55 provides the following output data by sub-area and reach:

1281/ File Display

Print  Edit WinTR-20 Reports  WinTR-55 Reports  Help
{=lal-] Example 2 Y
test
Region: Any State Locale: Any County
Hydrograph PeakfPeak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach Z-Tr 5-Tr 10-¥r 25-Tr 50-Yr 100-Tr
Identifier (cf=z) (cf=) (cf=z) (cfz) (cf=z) (cfz)
thr) (hx) thr) (hy) thy) (hy)
SUBABERS
UpperMain 238 6% 371415 461._00 56370 667_55 T71.28
12_16 12.15 12_14 12 .14 12_14 1z2.12
CountyRoad 210_65 349_176 435_14 548 08 659 _56 T72_67
12_17 12 16 12_15 12 16 12_15 12 16
MiddleMain [ 19 1] 123.68 161,717 208.63 257.82 30830
12.05 12.03 12.03 12.03 12.02 1z2.02
UpperEast 216 21 338_62 414 _28 505._19 598_04 69170
12_07 12.07 12_07 12 06 12_06 12.05
LowerEast 106_90 186._20 238_00 300._97 366_78 432 173
12_14 12.13 12_13 12 11 12 11 12 410
Tpperifest 899_73 156_06 191._43 233_60 276_23 319. 14
12.10 12.10 12.10 12.10 12.10 1z.08
Lowerifest 172.92 257.14 20928 370.29 432, 3¢ 49433
12_01 12.01 12_00 12.01 12_00 12.00
LoverMain 195_22 299 62 36391 441_53 518_9& 599._27
12_14 12 14 12_13 12 14 12_13 12 14
REACHES
MainSteml 148,17 123. 38 898.13 1107.33 1324 .56 1541. 931
12.1¢ 12.15 12.14 12.14 12.14 1z2.15
Dowm 427 .46 694.49 86271 1067.59 1277.21 1487. 27
12_24 12.21 12_20 12.19 12_20 1220 hd
C:\Documents and Settingshguan.guaniapplication DatadwinT B-555r55rpts. out 3/30,/2007 3:49 AM
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Results

To evaluate the output results and make a judgment
as to whether results are reasonable, it is beneficial
to understand how WinTR-55 processes the data,
and in particular, how the hydrographs are added in
WinTR-55.

In the Watershed Peak Table, peak discharges are
listed by sub-area and by reach. The Sub-Area Peak
Discharges represent the peak discharge values ob-
tained in determining the runoff contributed solely by
a particular sub-area. So, for this example, the peak
discharge for the UpperMain sub-area for the 5-year
storm event is listed at 375 cubic feet per second. This
peak is that obtained for the UpperMain sub-area,
solely. Likewise, for the MiddleMain sub-area, the
5-year storm event peak discharge is 124 cubic feet per
second. Again, this represents only the peak discharge
produced by the rainfall falling on the MiddleMain
sub-area. Obviously, the MiddleMain sub-area also
receives water from the UpperMain and CountyBranch
sub-areas; but the sub-area peak discharge, as listed in
the Watershed Peak Table, is that produced by rainfall
on the MiddleMain sub-area and to this point does not
include water coming from outside of that sub-area. In
short, the sub-area peak discharges are independent
peaks and have not been routed or added to produce
any composite hydrographs.

The peak discharges by reach are added and routed
and represent composite hydrographs. However, it

is necessary to take a close look at these peaks to
understand how the WinTR-55 routing procedure
works. As stated previously, the peak discharge for
the UpperMain sub-area for the 5-year storm event

is 375 cubic feet per second. The peak discharge for
the CountyRoad sub-area for the same storm event is
350 cubic feet per second. Runoff from both of these
hydrographs flow through the MiddleMain sub-area via
MainStem1 reach. The peak for MainStem1 reach in
the Watershed Peak Table has a value of 723 cubic feet
per second. This peak represents the peak of the add-
ed hydrographs for the UpperMain and CountyRoad
sub-areas. That is, the hydrographs for UpperMain
and CountyRoad sub-areas added together produce a
peak of 723 cubic feet per second for the 5-year storm
event. Notice, also, that there is a Peak Discharge of
694 cubic feet per second listed on the Watershed
Peak Table for the Downstream end of MainStem1

reach. This value represents the peak discharge for the
routed hydrograph resulting from the runoff from the
UpperMain and CountyRoad sub-areas. In summary,
the runoff from UpperMain and CountyRoad produced
hydrographs that when added together produced a
peak of 723 cubic feet per second at the upper end

of the MainStem1 reach. When this hydrograph was
routed through the MainStem1 reach, a hydrograph
with a peak discharge of 694 cubic feet per second
resulted. At this point, the runoff from the MiddleMain
sub-area is not yet included.

For this example, the peaks listed for MainStem?2
reach become somewhat more complicated because
two tributaries enter the system. However, applying
the concepts of adding the hydrographs and develop-
ing peaks as explained in the previous paragraph, it
should be obvious to the user that the peak discharge
at the upper end of the MainStem2 reach represents
the combination of the following:

¢ Resultant hydrograph obtained from the runoff
produced by the UpperMain and CountyBranch
sub-areas routed through MainStem1 reach.

¢ Runoff hydrograph produced by MiddleMain sub-
area.

¢ Runoff hydrograph produced by UpperWest sub-
area routed through WestReach reach.

¢ Runoff hydrograph produced by LowerWest sub-
area.

¢ Runoff hydrograph produced by UpperEast sub-
area routed through EastReach.

¢ Runoff hydrograph produced by LowerEast sub-
area.

From the Watershed Peak Table, the peak at this
point for the 5-year storm event is 1,529 cubic feet per
second. Notice at the downstream end of this reach
that the peak is reduced to 1,518 cubic feet per second.
The 1,518 cubic feet per second represents the peak
of the hydrograph as it is routed downstream through
MainStem2 reach. The only thing left at this point is to
add the runoff produced by the LowerMain sub-area.
The hydrograph for the LowerMain sub-area produces
a peak discharge of 300 cubic feet per second. When
these final two hydrographs are added, the resultant
peak at the watershed outlet is 1,808 cubic feet per
second.
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Example 2—Hydrology Peak/Peak Time Table

Region: Any State, Locale: Any County
Hydrograph Peak/Peak Time Table

Sub-area @ =0 ----------- Peak Flow and Peak Time (hr) by rainfall return period - - - - - - - - - - -
or Reach 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr
(£t3/s) (£t3/s) (ft3/s) (ft3/s) (ft3/s) (ft3/s)
(hr) (hr) (hr) (hr) (hr) (hr)
SUB-AREAS
Upper Main 238.68 374.75 461.00 563.70 667.55 771.28
12.16 12.15 12.14 12.14 12.14 12.12
CountyRoad 210.65 349.76 439.14 548.08 659.56 772.67
12.17 12.16 12.15 12.16 12.15 12.16
MiddleMain 66.78 123.68 161.77 208.63 257.83 308.30
12.05 12.03 12.03 12.03 12.02 12.02
UpperEast 216.21 338.62 414.28 505.19 598.04 691.70
12.07 12.07 12.07 12.06 12.06 12.05
LowerEast 106.90 186.20 238.00 300.97 366.78 432.73
12.14 12.13 12.13 12.11 12.11 12.10
UpperWest 99.73 156.06 191.43 233.60 276.23 319.74
12.10 12.10 12.10 12.10 12.10 12.08
LowerWest 172.93 257.14 309.28 370.29 432.36 494.33
12.01 12.01 12.00 12.01 12.00 12.00
Lower Main 195.22 299.62 363.91 441.53 518.96 599.27
12.14 12.14 12.13 12.14 12.13 12.14
REACHES
MainStem1 448.17 723.38 898.13 1,107.93 1,324.56 1,541.91
12.16 12.15 12.14 12.14 12.14 12.15
Down 427.46 694.49 863.71 1,067.569 1,277.31 1,487.27
12.24 12.21 12.20 12.19 12.20 12.20
MainStem2 928.30 1529.20 1912.16 2375.30  2849.98 3328.69
12.16 12.13 12.13 12.12 12.12 12.12
Down 920.08 1517.87 1898.20 2357.34  2826.53 3303.47
12.22 12.19 12.18 12.17 12.17 12.15
EastReach 216.21 338.62 414.28 505.19 598.04 691.70
12.07 12.07 12.07 12.06 12.06 12.05
Down 210.62 329.64 404.58 494.83 585.57 678.49
12.16 12.14 12.13 12.13 12.11 12.11
WestReach 99.73 156.06 191.43 233.60 276.23 319.74
12.10 12.10 12.10 12.10 12.10 12.08
Down 98.51 154.48 189.71 231.77 274.49 317.10
12.19 12.19 12.17 12.17 12.17 12.17
OUTLET 1103.46 1808.47 2255.51 2793.31  3342.75 3898.08
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Example 3

Custom Dimensionless Unit

Hydrograph

This example demonstrates the use of a custom Di-
mensionless Unit Hydrograph (DUH) instead of the
standard one preloaded in the program. In certain
areas of the country, different DUH’s are applicable
due to variations among geomorphic regions and dif-
ferences in urbanization, channelization, and available
storage (in wetlands, flood plains, and/or reservoirs) in
watersheds. Users should contact the NRCS state con-
servation engineer if they have questions on whether
to use the standard DUH in a location. This example
uses the Coastal Delmarva DUH named for Delaware,
Maryland, and Virginia.

This Delmarva DUH is currently part of the program
install package, but example 3 describes it as though it
is being entered for the first time for illustrative pur-
poses.

Background

Owen Davies owns a 12.5-acre site in Talbot County
on Maryland’s eastern shore. Forest covers 1.5 acres
of the property, and the remaining 11 acres are pres-
ently in Silver Queen sweet corn production, planted
in straight rows. He uses conventional tillage with
no special conservation practices, and the vegetative
cover is typically in good condition. The soils on the
cropland portion of the property are hydrologic soil
group C. Hydrologic soil group D soils underlie the
wooded part.

His plot is almost rectangular, with the cropland
located on higher ground and the wooded part in a
forested stream corridor, although the stream itself
lies outside of his property. No defined channels run
through his property, but there is evidence of sheet

flows and shallow concentrated flows. The sheet flow
path is 100 feet long with a slope of 10 percent. The
shallow concentrated flow path through the cornfield
is 858 feet long, also at a slope of 10 percent. The path
of the flow through the woods is 131 feet long at a
slope of 9.5 percent.

Owen has considered leaving crop residue on his field
to reduce erosion and pollutant discharge into the
stream. His daughter Branwen wants to show him
what a difference crop residue can make. She will
use WinTR-55 to calculate the peak discharge from

a range of storms for his land. She will also use the
Delmarva Unit Hydrograph (Welle, Woodward, and
Fox Moody 1980), which applies to the eastern shore
of Maryland, instead of the standard NRCS one. The
Delmarva Unit Hydrograph was developed specifically
for this area and reflects the discharge measured by
USGS stream gages over years of monitoring.

Solution

This analysis has three parts. First, enter the Delmarva
DUH into the data file. Second, determine the peak
discharge and runoff volume for the present field till-
age condition. Third, determine the peak discharge
and runoff volume for the future condition with crop
residue. Since the pollutants are carried by the runoff
from the fields, reducing runoff results in a reduction
in soluble pollutant load, if other factors are constant.
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Part 1 Enter custom dimensionless unit hydrograph

Step 1:

A—40

Branwen starts the WinTR-55 program, and selects New from the pulldown choice list for File. She
enters User ID, Project Name, Subtitle, State and County, and specifies sub-area units as acres. The Di-
mensionless Unit Hydrograph, the Storm Data Source and the Rainfall Distribution identifier have default
values given when the program starts up, based on the last file used. The default DUH is the standard
NRCS one, with a peak factor of 484.

= WinTR-55 Main Window =13

File Options ProjectData  GlobalData Help
=W 8Tk v Glra) «f mi] 7
WinTR-35 Small Watershed Hydrology

Froject Identification Data

User: |I:|m|:| State: |Maryland ﬂ
Project: |Dad 'z farm Couriby: |Ta||:u:-1 j
Subtite: |Cu:urnﬂeld near Bug Creek| Execution Date: 5719/ 2008

Sub-areaz are expressed in:
f* Acres
" Square Miles

Dimengionless Unit Hydrograph:  |<standard: ﬂ

Starm Data Source: Franklin County, 0 (RRCS)
Rainfall Distribution [dentifier.  Type 1T

Sub-area Entre and Surmmary

S Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description RO iR Area (ac) o T thrl
Project Area;  (ae)
File: <new files 5/19/2008 10:45 Akd
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Branwen can click on GlobalData in the WinTR-55 Main Window menu bar and then on Storm Data

in the pulldown choice list (a) or on the Storm Data icon (b) on the button bar to bring up the Storm

Data window.

15/ Stormn Data
RiT Custom Fainfall Distributions
| Dimensionless Unit Hydrograph

(b)

(a) Pulldown choice list

i Storm Data

Storm Data
Franklin County, MO [MRCS]
To replace theze storm data with thoze compiled by

the HRCS for Talbat County, MDD, click on the
command button befow,

MRCS Storm D ata

Fleaze select a rainfall diztibution type from the list belov.,

Storm Data icon

Raintall 24-Hr
Return Period  Rainfall
[Tl Amount {ind
3.8

| 2
E3

| 4.3
a.1

The list includes the standard WinTR-20 / WinT F-55 | 10 |
twpes and any number of uzer-defined distributions.
| 25 | 5.5
Rainfall istribution Type:
50 6.5
Type IT j | |
| 100 | 7.2
|1 |
& | Help | Accept |
File: <new files 94172008 934 Ak
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Clicking the NRCS Storm Data button will fill in the data for Talbot County, Maryland. Maryland uses
the Type II Rainfall Distribution.

Storm Data

Storm Data

Talbot County, MO [MRCS]

Toreplace these storm data with those compiled by Ralnfal! 2.4-Hr
the NRCS for Talbot County, MD, click on the Return Period  Raintall
command buttan below, (T Amount {in)

:

MRCS Storm Data E
5

Pleasze zelect a rainfall distribution tupe from the list below.

The list includes the standard WinT R-20 / WinTR-55 | 10 | 5.3
twpes and any number of user-defined distributions.
| 25 | 6
Rainfall istribution Type:
a0 6.8
Type II - | |
| 100 | 7.6
| 1 | 2.3
E? | Help | Cancel | Accept |
File: <new filex 3/29/2006 338 AM
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By clicking the Accept button, Branwen selects this as the Storm Data Source, which reflects on the
WinTR-55 Main Window. She is ready to concentrate on the DUH.

= WinTR-55 Main Window
File Options

ProjectData  GlobalData

== IER T SRR e

Help

Froject |dentification D ata

WinTR-35 Small Watershed Hydrology

Idzer: |I:|m|:|

Froject: |D-cu:| 'z farm

v Acres
(" Sguare Miles

Sub-area Entry and Sunrnary

State: |Mar}fland j

Conty: |Ta||:u:uT j
Subtitle: |Cu:|rnﬂelu:| near Bug Creck Execution Date: &/25/2008
Sub-areas are expressed in: Dimensionless Unit Hedrograph: |{g1‘ﬂndﬂ[‘d} j

storm Data Source: Talbat County, D (NRCS)
Rainfall Distribution Identifier. Type I1

. Sub-area Flows to Wieighted
Sub-area Mamme Sub-area Description Reachs Outlet Area (ae] e Te thrl
Froject &rea:  {az)
File: <rew file: E/25/2008 1212 PM
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Step 2: Branwen visited the Talbot County Agricultural Service Center and has a table with the values for the
Delmarva DUH. She can click on GlobalData in the WinTR-55 Main Window menu bar and then on
Dimensionless Unit Hydrograph in the pulldown choice list (a) or click on the icon for the dimensionless
unit hydrograph (b) on the button bar to bring up the Dimensionless Unit Hydrograph window.

Help Ll.r_\,'l
gl Stormn Data

RiT Custom Rainfall Distributions (b)
| Dimensionless Unit Hydrograph

(a) Pulldown choice list

Dimensionless Unit Hydrograph icon

A Dimensionless Unit Hydrograph E| [E|E|

Dimensionless Unit Hydrograph
Local Hydrographis)

| E| |

Limensionless Hydrograph Paints
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Step 3:

The Dimensionless Unit Hydrograph window allows entry of a custom DUH. Branwen enters Delmar-
va for the DUH in the Local Hydrograph combo entry box. She then enters the points that define the DUH
in the Dimensionless Hydrograph Points grid. The points should begin and end at 0.0 and should be no
greater than 1.0. The program will calculate and show the number of points automatically.

A Dimensionless Unit Hydrograph E] @| E|

Dimensionless Unit Hydrograph
Local Hydrographi(s)

|de|marva vl Eename| Delete |

delmarva:
# Points G0

Ditnensionless Hydrograph Paints
0533100 022600 0264500 | 023700 021200 | -
012000 017000 015300 | 013300 012300 |—
010900  0.0%700 003400 | 0.07400  0.0&400
005700  0.04200  0.04100 | 0.03300  0.0=2700
0.0z400  0.0Z100 | 0.01800 | 0.015300  0.01500
0.0Z00  0.01100  0.00200 | 0.00800  0.00800
0o0a00  0.00&400  0.00300 | 0.00300  0.00000

E?| Help | Elat | Daone |

C:A\Documents and Settingshguan. quantapplication DataiwinT B-E
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plot the DUH. The second line of the title gives the path

she can click on the Plot button and

If she wants,

Step 4:

where her work is located. Closing the plot returns her to the Dimensionless Unit Hydrograph window,

and she can click on the Done button to save the h;

ydrograph and return to the main window.
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Step 5: After returning to the WinTR-55 Main Window, she must select the Delmarva Dimensionless Unit
Hydrograph from the choices displayed by the DUH pulldown for the program to actually use the Del-
marva hydrograph in its calculations. After highlighting Delmarva in the pulldown choice list, she double
clicks on it to enter it as her choice for use. If she wants to use this DUH in another job, all she needs to
do is click on its name in the hydrograph list during the other job's data entry.

=" WinTR-55 Main Window

File Options

ProjectData  GlobalData

=S| @ Tc[ly| ¥ w5l £

Help

Project |dentifization Data

Izer: |I:|rn|:|

Froject: |Dcu:| 'z farm

WinTR-35 Small Watershed Hydrology

State; |Mar';,flr:|nd

County: |Ta||:u:-1

Suibtitle: |C|:|rnfield near Bug Creek

Sub-areas are expressed in:
i Acres
(" Square Miles

Sub-area Entry and Surmmary

Execution Date: &/25/ 2008

Dimenzionless [nit Hydrograph:

«standard:

=

Starm Dnata Source:;

R ainfall Digtribution ldentifier:  Twre

Talbot coud <standard:

L Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description Reachs Outlet Ared (ac) e T thrl
Project Area:  ac)
File: <new file: B/25/2008 1224 PM
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Part 2 Determine peak discharge and runoff volume for the present field tillage conditions.

Step 1: Branwen now enters the Sub-area Name, Sub-area Description, and where the water leaving this sub-area
flows in the Sub-area Flows to Reach/Outlet box to set up her watershed, ready to do her land use and
time of concentration calculations.

= WinTR-55 Main Window
File Options ProjectData  GlobalData Run Help

=EIER e R =N d

WinTR-355 Small Watershed Hydrology

Project [dentification D1ata

Uzer: |I:|rn|:| State: |Marylanu:| j
Project: |I::-m:| 'z farm County: |Ta||:u:ut j
Subtitle: |Cu:|rnfielu:| near Bug Creelk Execution Date: &/25/ 2008

Sub-areas are expressed in:
v Acres
" Square Miles

Dimenszionlezs Unit Hydrograph: |.;|g|mapm j

Starm Data Source: Talbot County, Ml (MRCS)
Rainfall Distribution |dentifier: Type IT

Sub-area Entry and Summany

_— Sub-ared Flows to Wigighted
Sub-area Mame Sub-area Description e Area (oc) o Te thrd
cornl field by Bug Creesk Ot let (5= 0.00
Froject &rea fac)
File: <rnew filex B/25/2008 12:33 P
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Step 2: Branwen can double click on the Area (ac) label, the Weighted CN label, or on either of the two blank
cells in the entry grid below them to open the Land Use Details window. In the Land Use Details win-
dow, for each land use, she enters the area involved under the appropriate hydrologic soil group. She can
click the Summary Screen On to see all her land use categories. Clicking Accept returns the program to
the WinTR-55 Main Window.

Land Use Details [:J@El

Sub-area Mame

|cnrn1 j EenamE‘ Clear | Land Use Details

Land Uze Categories
" Urban Area " Developing Urban & Cultivated Agriculture ¢ Other Agriculture O Arid Rangeland

Area (Acres) for Hydrologic Soil Sroups

Ca Land use for comnl | Aea | HSG B | I:Nl C | CH | o | CH | =
CULTIVATED AGRRow Crop  Straight row [SR] [good] 11.000 C
F alloi Bare s{Woods [good] 1.500 D 86 97 oy
F allaw Crop residue (CR) poor 76 85 an 23
Fallaw Crap residue (CR) good ke 83 fili] a0
Row crop  Straight row (SR) paor 72 87 B8 97
Straight row (SR good 67 il 11.000° 85 #3 |—
SR+ Crop residue poar ) 80 87 a0
SR+ Crop residue good (%) 75 82 5
Contoured (C) poor 7 79 i) it
Contoured (C) good 65 5 82 36
C+ Crop residue poar (] e 83 &7
C+ Crop residue good [ %} 74 87 85
Cont & teracediC&T) poor 66 74 il #2
Cont & terace diCE&T) good 62 77 e &7
CE&T + Crop residue paar 65 73 79 Br |-
Project Arealoc) Summary Screen Sub-Area

12 50 = off & On Area () 12 50 Wzighted Ch: |§ Help | Eancel‘ EI3'3'31:'t|

hd

File: <new file: 3428/2006 957 A
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The sub-area and runoff curve number now appear in the Sub-area Entry and Summary portion of the
WinTR-55 Main Window.

=2 WinTR-55 Main Window
File Options

ProjectData  GlobalCata Fun Help

= WS @|Tc/h|y| ¥ S5al £ ;

WinTR-55 Small Watershed Hydrology

Project Identification Data

| zer: |I:|m|:|

Praject: |D.:u:| 'z farm

State: |Mar'-,flanl:|

County: |Ta||:n:|T

S ubtithe: |Cu:urn'FieIu:| near Bug Creck

Sub-areas are expreszed in:
(¢ Acres
(" Square Miles

Sub-area Entry and Summary

Execution Date: &f 2552008

=

Dimenzionless nit Hpdrograph: |.;|.3|mﬂwa

Storm Data Source:  Talbot County, Ml (MRCS)
Rainfall Distribution |dentifier: Type IT

E

A-50

-~ Sub-area Flows to Weighted
Sub-area Mame Sub-area Description vl Area (ac) AN Te (hr)
cornl field by Bug Creel: Ot let x| 1250 a4
Project Area: 12,50 {ac)
File: <new filex B/25/2003 12:42 Phd
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Step 3: Branwen opens the Time of Concentration Details window the same way as the Land Use Details
window. She enters the appropriate information to compute the sub-area time of concentration and clicks
Accept to return to the WinTR-55 Main Window. The note below the Time of Concentration Details
window reminds her that since the calculated time of concentration is 0.094 hours, it will be replaced by
the minimum allowed value of 0.1 hour.

[ Time of Concentration Details

ELD-aE T 2-¥ear Rainfall {in)
<] Bename | Cear | 3.4 Time of Concentration Details
Slope A . Yelocity -
Flow Type Length (1) (1) Surface (Manning's n) n Area (23 | WP (1) (/5] Time thr)
Sheet 100 01000 Cultivated <= 20% residue [D.Dﬁujl 0.040
Shallow Concentrated 858 0.1000 | Unpaved - 0.047
Shallow Concentrated 131 0.0950  Unpaved - 0.007
Channe|
Channel
Total Logs 3.2181 0.0%4
*-our compubed subarea T s less than, and will be replaced with, the required minurnurn of 0.7 hors.
E?' Help | Cancel | Accept ‘
File: «new file: 3/23/2006 259 AM
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The sub-area time of concentration now appears in the Sub-area Entry and Summary portion of the
WinTR-55 Main window.

= WinTR-55 Main Window

File Options

= || S| @Tc/ly| o] wl5lln] £

ProjectData  GlobalData Rum Help

id

Project |dentification Data

WinTR-55 Small Watershed Hydrology

Ibrrd

Izer:

State: |."'."'.Cl.l":|-’|l:l.l"|l:|

2

Project: |Dcu:| 's Tarm

Courty: |Ta||:u:|T

Subtitle: |Cu:-rn'FieIu:| hiear Bug Creek

Sub-areas are expreszed in:
(* Acres
" Square Miles

Sub-area Entry and Summary

Dimengionless Unit Hydrograph:

H

Execution Date: &4 2542005

delmarsa,

Starm Data Source: Talbot County, D (RRCS)

Rainfall Distribution |dentifier. Type IT

2

L Sub-area Flows to Wireighted
Sub-area Mame Sub-area Description e Area. [ac) e Te thrd
cornl field by Bug Creel; Outlet >l 1250 a4 0100
Project &rea; 12,50 (o)
File: <new files E/25/2003 1245 Ph
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Step 4: Branwen clicks the Run menu option from the WinTR-55 Main Window, or the Run button, ﬂ, to open
the Run WinTR-55 window and selects the storm events for which she would like output. Then she
clicks the Run button to execute the run. While the program is running, a processing bar appears and dis-
plays the program’s progress as a series of little blue rectangles that runs from left to right. This reassures
Branwen that something is happening, even if she is not sure what. The appearance of this processing bar
excludes user entry of new data.

" Run WinTR-55 X
Run WinTR-55
Check storm(z] to evaluate:
[w 2-¥r [w Z5-¥r
[w B-¥r [w H0-¥r
v 10-¥r [w 100-¥r
v i
Help Cancel Run
Run WinTR-55
Processing...
[ [

[

WinTR-55 User Guide, January 2009 A-bH3



Appendix A: Examples Small Watershed Hydrology

Step 5: When the run is complete, the File Display window opens showing the Hydrograph Peak/Peak Time
Table. Branwen can review other output by clicking WinTR- 20 Reports or WinTR-55 Reports, and
selecting the reports to view. She clicks Close to close the File Display window and return to the Win-
TR-55 Main Window.

89 File Display (=1E3

Print Edit WinTR-Z0 Reports  WinTR-55 Reports  Help
Hydrograph Peak/Peak Time Table
cog Dad's farm
Cornfield near Bug Creek
Talbot County, Maryland
Hydrograph PeakfPeak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 2-Tr 5-Tr 10-Tr 25-Tr 50-¥r 100-Yr 1-Tr
Identifier {cfs) (cf=z) (cfs) {cfs) (cfg) (cfg) {cf=z)
(hr) (hr) (hr) (hr) (hr) (hr) (hr)
SUBARERS
cornl 2884 43 41 5416 63.14 411 &5_710 21.1%
12._01 12 00 1196 11 96 1195 11_95 12.01
RERCHES
OUTLET 2884 43 41 5416 63.14 411 &5_7T0 21.1%
0
0
]
C:A\Documents and 5 ettingzhquan. quanApplication D atakwinT B-555r55rpts. aut 34292006 10:07 Ak
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Step 6: From the WinTR-55 Main Window, Branwen can click on the Output Definition button, ,to geta
list of output summary reports available for printing or viewing. She selects the Watershed Peak Table to
show her Dad.

% Qutput Definition Ellﬁ@
Qutput Definition

Available Reports:

[ Current data description

[ Storm Data

v Watershed Peak Table
Hydrograph Peak/ Peak Titne Table

Sub-Area Sutnmary Table

Sub-Area Time of Concentration Details

Sub-Area Land Use and Curve Muwmber Details

B (NN (RN (N |

Print Ta:
C printer/File @ Report Viewer | Help | Reset| wiew | ciose |
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The menu items of the File Display window will let her view and print various WinTR-20 and WinTR-55
reports.

WinTR-20 Reparks WinTR-55 Reports WglE]
Input File Zurrent data description
! i 4o Storrm Data
Printed Page Filz
W akershed Peak Table
Cebug File Hwdrograph Peak/Peak Time Table

Sub-Area Summary Table

Tc Sub-Area Time of Concentration Details
& sub-Area Land Use and Curve Number Details

&l

8% File Display

Print Edit MWinTR-Z0 Reports  WinTR-55 Reports  Help
Watershed Peak Table | Close
co= Dad's farm
Cornfield near Bug Creek
Talbot County, Maryland
Watershed Peak Table
Sub-Area Peak Flow by Rainfall Return Period
or Reach 2-Yr 5-¥r 10-¥r 25-¥r 50-Tr 100-¥r 1-¥r
Identifier {cf=) {cf=) {cf=) {cf=) {cf=) {cf=) {cf=)
SUBRRERS
cornl 28 84 43 41 54 16 63_ 74 411 85710 21.1%8
BERCHES
OUTLET 2884 43 41 54 .16 6374 411 5.0 21.1%8
O
[m}
[m}
C:ADocumentz and Settingshguan. quantdpplication DatabwinT B-554tr55mpte. aut 3/29/2006 10:44 AW
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Step 7: To save the data, she returns to the Win TR-55 Main Window by clicking Close on the File Display
window and Close on the Output Definitions Summary window. She then clicks File on the Menu
Bar and SaveAs. In the Save a WinTR-55 data file as... popup window, she specifies a file name (Ex
3-till for corn, conventional tillage) and clicks Save. The data are now saved, the popup window closes,
and the WinTR-55 Main Window is redisplayed.

Save a WinTR-55 data file as ...

D

ty Fecent
Documents

=

Desktop

o

=

My D ocuments

5

by Computer

by Metwork,
Flaces

Save in: | | Sample Files

x| e ®E e E-

1B

i Exarnple-16, w5

1R

Zmm Examnple-168.w55

1B

i Ecample-1C, WSS

File name:

Save as type;

|E il | Save |
|WinTH-55 D ata Files(".whE) j Carcel

Part 2 Results

Conventional tillage discharge

Frequency 1-year 2-year 5-year 10-year 25-year 50-year 100-year
Discharge 21.2 ft3/s 28.8 ft3/s 43.4 ft3/s 54.2 ft3/s 63.7 ft3/s 74.7 ft3/s 85.7 ft3/s
Volume* 1.4 in 1.8 in 2.8in 3.5in 4.2in 4.91in 5.71in
* The Runoff Volume is available from the File Display window by selecting View and WinTR-20 Printed Page File.
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Part 3 Determine peak discharge and runoff volume ‘with crop residue management’ condition

Rather than beginning with a completely new file to determine the peak discharge and runoff volume for the crop
residue condition, Branwen decides to edit the existing condition data file previously created and save it under a
different name.

Step 1: She starts the WinTR-55 Program and opens the Existing Conditions file by selecting Open from the File
menu and locating the file using the Open a WinTR-55 data file popup window.

She may also go into the pulldown choice list under File and select Ex 3-till. w55 from the last files used
displayed in the history list.

= WinTR-55 Main Window
#[-8 Options  ProjectData  GlobalData Run Help

i mew

Hisave

Savels

[0 Page Setup
Exik

Z:\Documents and Settingsiquan. quaniApplication DatalWinTR-55YSample FilesiEx 3-tillwss
ZAWinTR-5513ample FilesiExd . wss

ZWinTR-5513ample Files\Ex 3-residue,wss

AN TR-5513ample Files|Ex3-till wss

Open a WinlR-55 data file

Laak, ir; |l.i' Sample Files j - ek -

.

[

by Documents

s

L i 0 3-residue. WSS
k- 5 e Sl 5

My Recent i 0 4-histarical WSS
Documents  hegiFy 4-Type 2.w55
@ s E v amnpled -, WSS
i Ecamplel-B.wS5
Desktop |

i Eocarnplel-CowEs

i Ecample2-large. wss

kdy Computer
My Network — File riame: [E % 3+ill w55 =l
Flaces
Files af type: |'W'inTF|-55 Drata Files [*.wh5) ﬂ Cancel
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Step 2: Branwen edits the Subtitle and the Sub-area Name to reflect crop residue conditions. She will need to

also edit the CN and Tc to account for the new practice. Clicking the Land Use Details button, Iil,

opens the Land Use Details window.

= WinTR-55 Main Window
File ©ptions ProjectData  GlobalData Run Help

=S @ Tky ¥ el | =

WinTR-55 Small Watershed Hydrology

Praoject |dentifization Data

Sub-areas are expressed in:

User: |I:|m|:| State: |s'u'-.ar\,-flclnu:| j
Froject: |Dcu:| ‘s farm Conty: |Ta||:u:uf j
Subitle: |-:|:|rnfie||:| near Bug Creek with crop residue Execution Date: 471772002

Dimenzionless Unit Hydrograph: |.;|g|mapm
o Acres

¢ Square Miles Storm Data Source:  Talbot County, B (MRCS)
Raintall Distribution |dentifier:  Type 1T

Sub-area Entry and Summary

H

- Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description S B Area, (ac) - Te thr)
COrhl nEw field by Bug Creck Outlet x| 1250 g4 0.100
Froject Area: 1250 fac)
File: C:A\Documents and Settingzhquan. quantapplication D ata'WwinT B-55Sample Fil 3/31/2006 308 A
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She edits the land use and clicks Accept to return to WinTR-55 Main Window.

Land Use Details Q@E|

Sub-area Mame

|-:|:|rn1new j Bename‘ Clear | Lﬂ.“d USE DE‘I’CI“S

Land Use Categories
f* Lrban Area " Developing Urban ™ Cultivated Agriculture  © Other Agriculture  © Arid Rangeland

Area (Acres) for Hydrologic Soil Sroups

Cover Description | congition || & Jen] 8 Jen] & Jewn] v Jen]=
CULTIVATED AGRICULTURAL LANHDS
F allaw Bare zoil 7 86 97 94
F allaw Crop residue (CR) poor 76 85 a0 23
Fallow Crop residue (CR) good ke 83 it a0
Row crop  Straight row (SR) paor 72 87 B8 ar [
Straight row (SR good 67 7E 85 it
SR+ Crop residue poar ) 80 87 a0
SR+ Crop residue good (%) 75 82 85
Contoured () poar ] 79 [z ) &8
Contoured (C) good 65 5 82 &6
C+ Crop residue poar (] e 83 &7
C+ Crop residue good (%) 74 87 5
Cont & teracediC&T) poor 66 74 il #2
Cont & terrace diCE&T) good 62 Fil 78 8r |~
Project Areaiac) SURmAry SCreen Sub-Area

1250 o Off  On Area {ac) 12 50 Weighted CH: IE Help | Eancel‘ ECCEI:'t|

hd

File: C:%Documents and Settingst.guan.guantapplication D ata\winTR-5545 ample FileshE x 3-ll.wb5 34312006 9:09 Abd
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The sub-area area and the new runoff curve number now appear in the Sub-area Entry and Summary por-

tion of the WinTR-55 Main Window.

= WinTR-55 Main Window

File Options ProjectData  GlobalData Run Help

S ER & SRR A=

4
WinTR-55 Small Watershed Hydrology

Froject |dentification Data

User: |I:|m|:| State: |Marylanu:| j
Project: |Dad 'z Tarn Couriby: |Ta||:u:uf j
Subtite: |cu:urnﬂeld near Bug Creek with crop residus Execution Date: 4/17 /2002

Sub-areaz are expressed in:
f* Acres
" Square Miles

Dimengionless Unit Hydrograph:  |delmarva,

Starm Data Source: Talbot County, shh (MRCS)
Rainfall Distribution |dentifier: Type 1T

Sub-area Entry and Summary

E

- Sub-area Flows to Wireighted
Sub-area Mame Sub-area Dezcription Rl E Area (ac) o T thrl
cornl new field by Bug Creel; Ot let - 12 50 a1 0.100
Froject Area; 1250 fac)
File: C:A\Documents and S ettingzhguan. quantdpplication DatahwinT B-5585ample Fil 3431 /2006 10 AM
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Step 3: Branwen opens the Time of Concentration Details window and edits the data (assuming her Dad will
have greater than 20% residue) to compute the new sub-area time of concentration. Clicking Accept
returns her to the WinTR-55 Main Window.

[ Time of Concentration Details

pitcizaianz Z-%ear Rainfall {im
|cnrn1 =0 j Rename | Clear | .4 Tlme Of COI'ICEI’I'I’I“CI'I’IOI’I DE'I'CII|S
Slope . o Velocity :
Flow Type Length (1) (FLEF) Surface (Manning's n) mn Area (f123 | WP (TH (F/5) Time thr)
Sheet 100 01000 fcultivated > 20% residue (0171 - 009z
Shallow Concentrated 8535 01000 | Unpawed - 0.047
Shallow Concentrated 151 0.0950  Unpaved - 0.007
Channel
Channel
Total L.0ge 20719 0144
E? Help | Cancel | Accept ‘
File: C:\Documents and Settingzhquan. quanApplication D atabwinT B-5545 ample Files\Ex 3-tll wh5 3431/2006 370 Ak

The sub-area time of concentration now appears in the Sub-area Entry and Summary portion of the
WinTR-55 Main Window.
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Step 4: Branwen saves her data now using SaveAs to give it a new name (Ex3-residue), and then clicks the Run
WinTR-55 button to open the Run WinTR-55 window. The program saves the storm events for which
the last run was made, so she can click Run to execute the run. When the run is complete, the File Dis-
play window opens showing the Hydrograph Peak/Peak Time Table. She can click WinTR-20 Re-
ports or WinTR-55 Reports and select the reports to view. When complete, she clicks the Close button
to close the File Display window and return to the WinTR-55 Main Window.

=2 winTR-55 Main Window

File ©Options ProjectData  GlobalData Run Help

=\ H| S| @ Tc/h¥] | el £

&| 2

Project |dentification Data

WinTR-53 Small Watershed Hydrology

Uzer |I:-rm:| Shate: |Marylcmd

=

Project; |Dcu:|'s farm County: |Ta||:u:ut

Subtitle: |cu:| rifield near Bug Creel with crop residue

Execution Date: 441752002

H

Sub-areas are expressed in:
f* Acres
" Square Miles

Dimensgionless Unit Hydrograph: ||jg [Friarea

Stom Data Source: Talbat County, MDD (NRCS)
Rainfall Distribution |dentifier:  Type IT

Sub-area Entry and Surmmary

=

File: C:\Documents and Settingztquan.quan“bpplication DataWWinT B-554Sample Fi|  3431/2008

- Sub-area Flows to Wieighted
Sub-area MHame Sub-area Description Pl e Area (ac) N T thrd
cornl new field by Bug Creek Outlet x| 1280 81 L0148
Project Area: 1250 (ac)

311 AM
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Part 3 Results

Branwen can now carry these results to her Dad and demonstrate the advantages of residue in reducing flows from

his corn field.

Crop Residue Tillage Discharge

Frequency 1-year 2-year 5-year 10-year 25-year 50-year 100-year

Discharge 15.8 ft3/s 22.4 ft3/s 35.0 ft3/s 44.6 ft3/s 53.0 ft3/s 62.7 ft3/s 72.4 ft3/s

Volume* 1.2 in 1.6 in 2.51in 3.21in 3.9in 4.6in 54 in

* The Runoff Volume is available from the File Display window by selecting View and WinTR-20 Printed Page File.

Step 5: Summary of Results

Crop Residue vs. Conventional Tillage Discharge

Frequency 1-year 2-year 5-year 10-year 25-year 50-year 100-year

Discharge 21.2 ft3/s 28.8 ft3/s 43.4 ft¥/s 54.2 ft¥/s 63.7 ft3/s 74.7 ft3/s 85.7 ft3/s
(conv. tillage)

Volume 1.4in 1.8in 2.81in 3.51in 4.2 in 4.9 in 5.7 in
(conv. tillage)

Discharge 15.8 ft3/s 22.4 ft3/s 35.0 ft3/s 44.6 ft3/s 53.0 ft3/s 62.7 ft3/s 72.4 ft3/s
(residue)

Volume 1.2 in 1.6in 2.51in 3.21in 3.9in 4.6in 5.41in
(residue)

Discharge 5.4 ft3/s 6.4 ft3/s 8.4 ft3/s 9.6 ft3/s 10.7 ft3/s 12.0 ft3/s 13.3 ft3/s
decrease
(w/residue)

Volume 0.21in 0.2in 0.3in 0.3in 0.3in 0.3in 0.3in
decrease
(w/residue)
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Example 4 Custom Rainfall Distribution
Background Watershed and basin data
Minor Lake Subdivision in Champaign County, Illinois, The existing hydrologic design listed the drainage area
has an existing stormwater detention basin designed as 2b acres of 0.25-acre residential lots on hydrologic
with the 100-year rainfall amount and the Type II soil group B soils — curve number 75. The time of
rainfall distribution. A nearby watershed recently concentration had been computed at 0.45 hours. The
experienced a 7-inch, 24-hour storm for which hourly 100-year rainfall depth is 6.61 inches.
precipitation data are available. A local hydraulic engi-
neer estimated the recurrence interval of this event to The existing detention basin has a surface area of
be 110 years. 2.0 acres at the spillway crest. The surface area is

2.4 acres at 3 feet above the spillway crest. The inlet
The local homeowners want to know how their exist- crest of the 15-inch diameter pipe is 3.5 feet above the
ing detention basin would perform during such an outlet.

event. For comparison purposes, the engineer com-
pleted a 100-year Type II distribution design analysis
first. The historical event was analyzed second.
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Existing Conditions — Type II Rainfall Distribution

Step 1: Enter the existing data on the WinTR-55 Main Window, Structure Data window, and Reach Data
window.

= WinTR-55 Main Window
File Options ProjectData  GlobalData Runm Help

2|3 @7 ] ¥ @/l x| IR 2

WinTR-35 Small Watershed Hydrology

Praoject |dentification Data

Uszer: |KK'u' Shate: |IIIir'u:|is j
Fraject: |Minnr Lake Detention Check Covirby: |Champaign j
Subtitle: |ﬂnalyze detention basin with Type II distribution Execution Date: 3/31/ 2006
Sub-areas are expressed in: Dimensionless Unit Hydrograph: | <standard: j
(¥ Acres
" Square Miles Storm Data Source: Champaign County, IL (MRECS)

Raintall Distribution |dentifier.  Type IT

Sub-area Entry and Surmmary

- Sub-area Flows to Wieighted
Sub- I Sub- [ t A T
ub-area. Mame ub-area Cescription S g red (ac) - < thrl
Mhinor Lake |0.25 acre lots bazin hd 25.00 7S 0450

Project &rea; 25 (ac)

File: <new file> 3431,/ 2006 317 AM
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B Structure Data E_][E|E|

Structure Mame
[de pond | || Structure Data
Pond Surface Area Accept
2 <pillway crest 20 acres
Plat
(optional) g feet above spillway 24 acres
Cancel
Bischarge Description
Spillway Type Diameter(in — Hef'?hf I:-F:Ij Help
& pipe Trial #1 Trial#2  Trial #3 L
™ Weir | 13 | | 3.3 e
=== Orifice flow assumed ---
Pipe Flow Rating - det pond
Diameter! 15(in] DiameterZ [in] Diameterd [in] Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[ft] [i1] cfs [ft] cfs [ft] cls [ac-ft]
0.00 2.875 0.000 0.00
0.63 3.500 11.020 1.28
1.25 4125 11.964 2.60
2.50 h.375 13.657 h.42
6.25 9125 17.794 15.10
12.50 15.375 23.097 35.42
File: <new file 3431 /2008 918 Ak
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' Reach Data

Reach Data
Reach . At Bottom :
Reach Mame Receiving Reach | Length iz ullieR R width | YErase Sfetz Structure Mame
h Slope (ft/1) Slopes
ift) i)
bazin Cutlet (il det pond -
Help | | Cancel | Accept
f? | Reach Flow Path
File: <new file> 3431,/2006 313 AM

The resulting flow path schematic is shown.

% Reach Flow Path M =3

Reach Flow Path

Project (inor Lake Detention Check) Flow Path

‘Outlet
basin {Structure=det pond}
Minar Lake {Ared = 25ac, M =75, Te = 0,450}

Elue - Reaches iSreen - Subareas Red - Structures

click on 'Outlet’ for more information. c?| Letail | Help | Close |
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Step 2: Go to the Global Data menu on the WinTR-55 Main Window and select Storm Data. On the Storm
Data window, click the NRCS Storm Data button to choose the NRCS Champaign County rainfall data.
Note that the Type II rainfall distribution is the default distribution.

Storm Data

Storm Data

Champaign County, [L [MACS]

To replace these storm data with thoze compiled by Fiainfal! 2.4-Hr
the MRCS for Charnpaign County, 1L, click an the Return Period — Rainfall
cammand buttan below. () Amount {in)

2 3.01

MRCS Storm Data | |

5 371
Pleaze zelect a rainfall distribution type from the lizt below,
The list includes the standard WinTR-20 / WinTR-B5 10 426
twpes and any number of user-defined distributions.

29 .04

Rainfall Distribution Type:

Type II |

(&)
L]
(]
oo
o

Accept |

P | rep [

File: <new file: 343142006 3:20 Ak
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Step 3: Click the Accept button to accept the data and return to the WinTR-55 Main Window. Save this data as
Ex 4-Type 2. Run the 100-year design storm.

8 File Display

Print  Edit WinTR-20 Reports  WinTR-55 Reporks  Help
Hydrograph Peak/Peak Time Table
FEV Minor Lake Detention Check Ll
hnalyze detention basin with Type IT dizstribution
Champaign County, Illinodis
Hydrograph PeakfPeak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Beturn Period
or Reach 100-¥r
Identifier {cf=s)
(hr)
EUBRRERS
Minor Lake &9_539
12 1%
RERCHES
basin &89_539
12 15
Dovm 12 5%
12 98
OUTLET 12 58
- w
C:ADocuments and Settingshguan.quantdpplication D ata'MWinT B-554tr55rpte. out A3 /2006 9:21 AM
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Step 4:

The first report to display after computing a run is the Hydrograph Peak/Peak Time Table. However,
if peak discharge is the only variable of interest, the Watershed Peak Table is less confusing because it
omits the peak time and shows only the peak discharge. Using the Type II rainfall distribution, the peak
flow from the Minor Lake Watershed area is nearly 90 cubic feet per second into the basin. The flow out
of the basin is approximately 13 cubic feet per second. To look at the respective 100-year design hydro-
graphs, click the Hydrographs icon on the WinTR-55 Main Window. Select the Sub-areas segment
type, Minor Lake and Outlet Sub-areas, the 100-year storm, and click on the Plot button to produce the

graph.

Dutput Graphics

Output Graphics

7l

Select Segment Type Alternatives
* subareals) " Reachi(es) W Trial 21
Select Subareais) Select Storm(z) g
Mhinor Lake =
outlet
v
—

Reach Hydrograph

Help

Plot

Cloze
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A-T2

The short-duration, highly-peaked line hydrograph is from subdivision houses; the long, low line repre-
sents outflow from the basin.

e Graphics

B|S(®8(R Q%8 & 9| sovpi: |

a0

70

&0

a0

Flovwe(cts)

20

20

WINTR-55 Outpurt Hydrograph

Project: Minor Lake Detention Check

Subareas: (Minor Lake, Outlet) Storm: 100-¥1

CDocumerts and Settingshelen moodyApplication DatabWinTR-25Sample Files\Ex 4-Type 2wS5

Trial #1, d#inor Lake
Trial #1, OUTLET

6/25/2008

TIM Echis)

27.

File: C:A\Documents and 5 ettings helen. moodyiApplication Data\WwinTR-55\S amp | = -3.04

" 100,32
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Enter historic rainfall distribution

Step 1 Since the data for running the 100-year Type II storm has been saved in the file Ex 4-Type 2, open this file
(if it is not already open), and save it as Ex 4-historical. This new file will be edited to provide a run on the
historical storm. Click the Custom Rainfall Distributions icon on the WinTR-55 Main Window, and
enter the recorded hourly rainfall distribution as shown below. The values are a ratio of the total rainfall.
For example, 0.21 inches of rain fell during the first hour, so the first data point after 0 is 0.03000
(0.21/7 = 0.03).

Custom Rainfall Distribution

Custom Rainfall Distribution

Local Distribution(s):

|Hish:|ri-:a| Storm j Eename| Delete |

Higtarical Starm;
Time Increment tri: 1 # Pointz 25

24-hr Rainfall Points
0.00000 | 003000 | 005000 | 009000 | 012000 | ~
015000 | 019000 | 023000 | 027000 | 032000 =
035000 | 045000 | 0.57000 | 070000 | 072000
0.859000 | 059000 | 0.92000 | 025000 | 0.24000
097000 025000 | 0.9%000 | 029500 | 1.00000

':?| Help | Plat | Done |

C:ADocuments and Setiings\Cuan Quan‘Application DatabwinTH-
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The plot shows how the rainfall was distributed during the 24-hour storm.
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Step 2 Now that the custom rainfall distribution has been entered and saved, click on the Storm Data icon on
the WinTR-55 Main Window. Select the previously defined distribution, Historical Storm, from the pull-
down list for distribution types. Enter 7.00 inches for the 110-year rainfall on the right side of the window.

Storm Data

Storm Data
Ilzer-provided custom storm data
To replace theze storm data with thoze compiled by Flain'FaI! 2.4-Hr
the NRCS for Talbat County, MD, click on the Return Period  Rainfall
command button below. () Amount (in)

| 110

| 7
[T

|

|

|

|

|

MNRCS Starm Data

Fleaze select a rainfall diztibution type fram the list below.
The ligt includes the standard *WinTR-20 /wWinTR-55
tppes and any number of uzer-defined distibutions.

Rainfall Gistribution Type:

|
|
Hiztorical Storm j Edit |
|
|

C?| Help | Cancel | ﬂccep1|

File: <rew file: 5/13/2003 10:43 Ak
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Step 3 Click the Accept button to close the Storm Data window and return to the WinTR-55 Main Window.

™ WinTR-55 Main Window M=
File ©ptions ProjectData  GlobalData Run Help

== EK G SaRdR b a =N

WinTR-55 Small Watershed Hydrology

Project |dentifization Data

Uszer |KK'u' State; |IIIin|:|is j
Project: |.-'u'-.inu:ur Lake Detention Check County: |Champaign j
Subtitle: |ﬁ.nalyze detention basin with histarical storm| Execution Date: 3/31/2008

Sub-areas are expressed in:
f* Acres
" Square Miles

Dimenzionless Unit Hydrograph: | <standard: j

Storm Data Source:  User-provided custom starm data

Rainfall Digtribution |dentifier: Hiztorical Storm

Sub-area Entry and Summary

- Sub-area Flows fo Wieighted
Sub-area Mame Sub-area Description e Area, [ac) N Te (hr)
Minor Lake 0.25 acre lots bazin > | 25.00 75 0.450
Froject Area: 25 (ac)
File: <new file: 343 /2006 337 Ak
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Step 4 The storm data source now reads User-provided custom storm data. Click the Run icon to compute the
hydrographs using the historical rainfall distribution and depth.

% File Display

Print Edit ‘WinTR-20 Reports  WinTR-535 Reports  Help
Hydrograph Peak/Peak Time Table Close |
kau Minor Lake Detention Check ~
Analyre detention basin with historical storm
Champaign County, I1linodis
Hydrograph PeakfPeak Time Table
Sub-frea Peak Flow amnd Peak Time (hr) by Rainfall Return Period
or Reach 110-¥r
Identifier (=)
(hr)
SUBARERS
Minor Lake 18_09
13_04
RERACHES
basin 18_09
13_04
Dowm 11_ 48
14 _29
OUTLET 11_ 48
s "
C:hDocuments and Settingzhguan. guanhdpplication DataiywinT B-554 55t out 1042042008 1:16 PM
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Step 5 The historical peak is estimated at 18 cubic feet per second from Minor Lake sub-area. The detention
basin lowers the peak to approximately 11.5 cubic feet per second. The hydrographs are plotted next.

The jagged line represents the flow from the subdivision and into the basin. The more rounded line repre-
sents the estimated outflow from the detention basin during the historical rainfall event.

&2 Graphics

H S B(R(Q %@ & 7| swowpons
WInTR-55 Cutput Hydrograph Project: Minor Lake Detention Check 10202008
Subareas: {(Minor Lake, Outlet} Storm: 110-%¥r1
ChDocuments and Settingsguan.gquaniadpplication DataWwinTR-35Sample Files'Ex 4-historical was
E E Trial #1, #inor Lake
; ; Trial #1, QUTLET
e s S S S B
7] : : : : : :
2 . ] . . . .
z : : : : : :
i MWy i e I i i S i o i i
S . 2 T I e O s T S
o E E E i : l i
. 3. G a. 12. 15, 18, 21 24, 27
T 1M E (hrs)
File: C:\Documents and Settingzhquan. guan‘Application D atabwinT B-5545 ample FileshE | ¥ 28.88 Y2022
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Step 6 If detailed information is needed, such as a table of hydrograph points, go to the Output Definition win-
dow, and view any report to open the File Display window. Click WinTR-20 Printed Page File to see
the tabulated hydrograph. This WinTR-20 printed page report is a text file in the WinTR-55 subdirectory
labeled tr20.out.

88 File Display

Print Edit WinTR-20 Reports  WinTR-55 Reports  Help
WinTR-20 Printed Page File
Minor Lake Detention Check L
hnalyze detention basin with historical storm
Name of printed page file:
TR20.out
STOBRM 110-Yr
Area or Drainage Rain Gage Bunoff -—-—\---——"-——-- Peak Flow —————-——————-
Reach Area I or Fmount Elevation Time Rate Rate
Identifier (=g mdi) Location {im) (£t ) (hr) [¥=3 -3 ] {osm)
Minor Lake 0.039 4. 149 1304 1. 09 46301
Line

Start Time  ——————---—----— Flow VYalues E time increment of 0.028 v ——————-——-——-
(hy) (cfs) (cfg) (cfg) {cfs) {cfs) (cfs) (cfg)
3. 544 0.05 o.o07 0.0% 0.09 0.11 0.1z 014
F. 143 0.15 0.17 0.1% 0.20 n.22 0.23 0.25
F.942 o.27 0.2% 0.30 0.32 0.34 035 0.37
4. 141 0.39 0.40 0.42 044 0.45 n.47 0.4%
4. 340 0.50 0.52 0.53 0.55 0n.57 0n.58 060
4._539 0.61 0.63 0. 64 0.66 0.68 0.69 0.1
4738 o.12 0.4 0.75 0.1 o.78 0. 80 0.81

4 a2 n_#2 n_fd n_f& n_ %1 n_a#q n_ai n_az ¥

C:ADocumentz and Settings'.quan. quan‘Application Data\ywinT B-55%r20 out 331 /2006 9:33 Ak

Results

The peak inflow to the existing stormwater detention basin was reduced from the 90 cubic feet per second for the
Type II design storm down to 18 cubic feet per second for the historical storm. This dramatic peak flow reduction is
due to the less intense historical rainfall distribution. The peak discharge decreased even though the rainfall depth

increased slightly from 6.6-inch design depth to 7-inch historical depth.

However, the peak outflow from the detention basin is reduced only slightly, from 13 cubic feet per second to 11
cubic feet per second. Therefore, this analysis demonstrates that the existing stormwater detention basin would
have performed adequately during the historical storm event that occurred in the nearby watershed.
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Equations

Runoff equation

2
[p_o.z(woo_m)]
CN

Q:
P+ 0.8(1000 - 10)
CN

where:

Q = runoff (in)

P = rainfall (in)

CN = runoff curve number

Weighted Curve Number (CN)

o (A XN

where:

CN_ = weighted curve number
A_ =area of land use-soil complex
CN_ = curve number of land use-soil complex

Composite CN (connected impervious area)
ON, =ON, +[ B (98-CN,)
¢ ? 1100 v

where:

CN_= composite runoff curve number
CNp = pervious runoff curve number
P, = percent imperviousness

Composite CN (unconnected w/<30% impervi-
ous)

Pim
CN, =CN, +(ﬁ)(98—CNp)(1 -0.5R)

where:
R = ratio of unconnected impervious area to total
impervious area

Sheet flow

. 0.007 (nL)"*
t (PZ )045 SO'4

where:
T, = travel time (hr)
n = Manning’s roughness coefficient (for sheet
flow)

L = flow length (ft)

P, = 2-year, 24-hour rainfall (in)

S = slope of hydraulic grade line (land slope,
ft/ft)

Shallow concentrated flow

V =16.1345V/S (Unpaved)
V =20.3282 +/S (Paved)
where:
V = average velocity (ft/s)
S = slope of hydraulic grade line (watercourse
slope, ft/ft)

These two equations are based on a solution of the
Manning’s equation with different assumptions for n
(Manning’s roughness coefficient) and r (hydraulic
radius, ft). For unpaved areas, n is 0.05 and r is 0.4; for
paved areas, n is 0.025 and r is 0.2.

Channel flow (Manning’s n equation)

2
_ 1.49r°4S
n

\Y

where:

= average velocity (ft/s)

hydraulic radius (ft) and is equal to a/p

cross sectional flow area (ft?)

wetted perimeter (ft)

slope of hydraulic grade line (channel slope,

ft/ft)

n = Manning’s roughness coefficient (for open
channel flow)

ns e <
TR
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Appendix B: Equations

Small Watershed Hydrology

Channel rating equations
TW = BW + (2 xStage xXZ)

EA = (IS\AIZ;T“,)XStage

2
WP = BW +2x \/(M) +(Stage)”

Flow 1.486 CEAS x  Friction slope

channel =

: ) 2
Manning’s n WP
where:
EA = end area, ft?
Flow, = ft¥s
™ = top width, ft
BW = bottom width, ft
Stage = ft
WP = wetted perimeter, ft
7 = side slope, dimensionless

Friction slope no units

Storage rating equations

Temporary storage

2xA + (Stage x A
StOI'agetempom[y = Stage X [( crest ) 2( g )J
_ (Aabove crest ) - (Acrest )
(Htabovc crest )
where:
A = delta, ft
above crest = ft

Stage = ft
Acrest = acre

above crest = acre
Storagetemporary = acre-ft

Short tube flow (for analyzing pipe flows)

Head

pipe

2
D ipe

Flow .. =A ., /2gHead

For g = gravity and ¢, = 0.6

Flow ;. =4.81x A ./Head

D .
= Height + Stage — ==
g g o4

where
Height = ft
Headpipe = ft
Stage = ft
pipe = 1112
ipe = ft
Ffow ) = ft¥/s
pipe
Weir flow
Flowbroad—crested weir = 2 8 X Lweir X Stagel'5
For V-notch weir:
_ 2.5
F10W90° V-notch weir 2.5x Stage
where:
eir = weir length, ft
Stage = ft
Flow . = ft¥/s

weir

Storage indication structure routing

As = (I-O)At
where:
As = change in storage
I =inflow
O = outflow
At = time interval
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