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Introduction

Historical Background

Technical Release 55 (TR-55) Urban Hydrology for Small Watersheds was first issued in
January 1975 as a simplified procedure to calculate the storm runoff volume, peak rate of
discharge, hydrographs and storage volumes required for storm water management structures
(SCS, 1975). The first issue involved manual methods and assumed the NRCS Type II rainfall
distribution for all calculations.

In June 1986 major revisions were made in TR-55 by adding three rainfall distributions (Type I,
IA and III) and programming the computations. Time of concentration was estimated by
splitting the hydraulic flow path into separate flow phases (SCS, 1986). The computer program
became a standard tool to analyze peak flow changes caused by urbanization in many locations.
Its wide acceptance by public and private users has also indicated 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 current changes include: upgrade the source
code to Visual Basic, change the philosophy of data input, develop a Windows interface and
output post-processor, enhance the hydrograph-generation capability of the software and flood
route hydrographs through stream reaches and reservoirs.

The availability and technical capabilities of the personal computer have significantly changed
the philosophy of problem-solving for the engineer. Computer availability eliminated the need
for TR-55 manual methods, thus the manual portions (graphs and tables) of the user document
have been eliminated.

This user manual 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 provides 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 Part 630 chapters
and their subjects. Users who are not familiar with NRCS hydrologic procedures should refer to
the appropriate chapters for background information and the details of procedural techniques.

Program Description

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

Model Overview

A watershed is composed of sub-areas (land areas) and reaches (major flow paths in the
watershed). Each sub-area has a hydrograph 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 based on physical reach characteristics or as storage reaches where
hydrographs are routed through a reservoir based on temporary storage and outlet characteristics.
Hydrographs from sub-areas and reaches are combined as needed to accumulate flow as water
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moves from the upland areas down through the watershed reach network. The accumulation of
all runoff 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 TR-20 (NRCS, 2002) model for all of the hydrograph procedures:
generation, channel routing, storage routing, and addition.

Figure 1 is a diagram showing the WinTR-55 model, its relationship to TR-20, and the files
associated with the model.

Figure 1. WinTR-55 System Schematic

TR-55 System

State Standard Custom TR-55 Data
Rainfall Data Land use Dimen. Unit Input Data : Displays
Data Hydrograph H and Plots
Help Land use Custom TR-20
Text Pointer Rainfall Input File :
File Distribution Name . — Debug —
TR-20
Input Data Error =
3 Printed
Legend Page
=3 Data Flow
=3 Program Flow —> Hydrograph —
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Capabilities and Limitations

WinTR-55 hydrology has the capacity to analyze watersheds that meet these criteria:

Table 1. WinTR-55 Capabilities & Limitations

Variable

Limits

Minimum area

No absolute minimum is included in the
software.  The user should -carefully
examine results from sub-areas less than
1 acre.

Maximum area

25 square miles (6,500 hectares)

Number of Subwatersheds

1-10

Time of concentration for any sub-area

0.1 hour < T, <10 hour

Number of reaches

0-10

Types of reaches Channel or Structure
Reach Routing Muskingum-Cunge
Structure Routing Storage-Indication
Structure Types Pipe or Weir
Structure Trial Sizes 1-3

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

Rainfall Depth

Rainfall Distributions NRCS Type I, 1A, II, III, NM60, NM65,

NM70, NM75, or user-defined

Rainfall Duration 24-hour

Dimensionless Unit Hydrograph Standard peak rate factor 484, , or user-
defined (e.g. Delmarva—see Example 3)

Antecedent Moisture Condition

2 (average)

Model Input

The various data used in the WinTR-55 procedures are user entered via a series of input windows
in the model. A description of each of the input windows follows the figure. Data entry is
needed only on the windows that are applicable to the watershed being evaluated.

Minimum Data Requirements

While WinTR-55 can be used for watersheds with up to ten sub-areas and up to ten reaches, the
simplest run involves only a single sub-area. Data required for a single sub-area run can be
entered on the TR-55 Main Window. These data include: Identification Data-User, -State,
-County, -Project, and -Subtitle; Dimensionless Unit Hydrograph; Storm Data; Rainfall
Distribution; and Sub-area Data. The sub-area data can be entered directly into the Sub-area
Entry and Summary table: Sub-area name, sub-area description, sub-area flows to
reach/outlet, area, runoff curve number (RCN), and time of concentration (T;). Detailed
information for the sub-area RCN and T. can be entered here or on other windows; if detailed
information is entered elsewhere the computational results are displayed in this window.
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User Responsibility

Results from the model can be sensitive to the input data. It is the user’s responsibility to ensure
that all input data (whether it is actually entered or implied through default values for blank data
fields) is appropriate for the watershed and watershed conditions being analyzed.

Watershed Sub-areas and Reaches

To properly route stream flow to the watershed outlet, the user must understand how WinTR-55
relates watershed sub-areas and stream reaches. Figure 2 and Table 2 show a typical watershed
with multiple sub-areas and reaches.

Sub-area

Area |
Area ll
Area lll
Area IV
Area V
Area VI
Area VI
Area VIII
Area IX
Area X

Reaches define flow paths through the watershed to its outlet.

Area VI ‘B“
lll....‘v

Figure 2. Sample Watershed Schematic

Table 2. Sample Watershed Flows

Flows into
Upstream End of
Reach A
Reach C
Reach C
Reach B
Reach C
Reach E
OUTLET
OUTLET
Reach D
OUTLET

Nt

LR
‘0 .l'..

- L]
"Yaggunt

Reach

Sub-Area

Watershed Area

Flows into

Reach A
Reach B
Reach C
Reach D
Reach E

Reach C
Reach C
OUTLET
OUTLET
OUTLET

Each sub-area and reach

contribute flow to the upstream end of a receiving reach or to the Outlet. Accumulated runoff
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from all sub-areas routed through the watershed reach system, by definition, is flow at the

watershed outlet.

Entry Window Features

Figures 2 and 3 show some of the features Windows uses, with the features labeled.

Figure 3. Window Entry Terms

Window Title % T2 TR-55 Main Window

Fie Options ProjectData GlobalData Bun Help

Tool Buttons Hﬁﬁ Hl@ & | Tc | \F’ il il RJ?'& il e
TR-55 for Windows

al %

Project |dentification Data
Entry Box ——)iu fieu

State:  [Tllinois

Froject.  [minor Lake Detention Check

=l
=l

Courty: [chanpaign

Subtitle: IAnaIyze detention bazin with historical storm

Execution Date: 4/16/02

. Sub-areas are expressed in
Option Button —?r s
£ Square Miles

Dimensionless Unit Hudiograph: | «stondard: i

Menu Bar w/
Pulldowns

<4€— Combo Entry Box

Storm Diats Seurce:  User-provided custom storm data. e_ Display Data

Rainfall Distribution |dentifier. Histarical Storm

- Sub-area Entry and Summary

Sub-area Mame

Sub-area Deseription

Sub-area Flows to
Reach/ Outlet

Weighted
Ch

Area (ac)

Te thr)

0.25 acre lots

Entry Grid a Minor Lake

basin x| 2500 75 045

| File: C:\Pragram Files\winT REEYE  4-historical wES

[ 4nsmz | E15aM

<€— Status Bar

Feature

Function

Window Title

Displays title of the window

Tool Buttons

Quick access to functions or
windows

Combo Entry Box Select an entry or type in
new data

Option Button Select one option of several

Entry Grid Enter data into cells

Menu Bar with Pulldowns

Select menu options with
further sub-options

Entry Box Enter data into box

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 Terms

. Run TR20 M=l E3
— Check stormi(s) to evaluate:
=7 - 25
Check Box P S-yr I~ 50-yr
I 10-yr [ 100-yr
= o

Button _’Help | Qancell Run |

Feature Function
Check box Click on box to turn an
option on or off
Button Click to access named
function

Welcome to TR-55 Window

Window 1 - Welcome to TR-55 Window

Welcome to TRED for Windows

TR-55 Small Watershed Hydrology

==a NRCS :

Disclaimer

Although TR-55 has been tested by its developers, 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 NQ responsibility is assumed by the developers in connection therewith.

W Check here to skip this introduction in the future Mew Uszer? rn’roTRES
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Purpose

This windows displays introductory information to the user.

. Help for Welcome to TR55 for Windows

Window 2. New User Help Window

File  Fonts Helpfar...

= E3

Help for a Mew User

Program Description

TR-55 is asingle-svent rainfall-runoff small watershed hydrologic mode!. The mode|
qenzrates hydrographs from both urban and agricultural argas and at szlected points
alotig the stream system. Hydrographs are routed downstream through channels and/or
reservoirs. Multiple sub-areas san be modeled within the watershed.

Mode | Cverview

A watershed is composed of sub-areas (land areas) and reaches (major flow paths in the

watershed). Each sub-area has a hydrograph generated from the land area based on the LI
le mmmdmmiki e i e d P malem . 1

Voo d e d wlins mkm mebm decicie cbed e ikl mm e e e

To skip this introduction in the future, click on the entry box in the lower left hand corner. The
user may read additional help information or go directly to WinTR-55.

Buttons

New User?

Click New User to display introductory help text.
Return to TR55

Click Return to begin using WinTR-55 software.
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TR-55 Main Window
Window 3 - TR-55 Main Window

EM [R-55 Main Window M= 3
File  Option:  ProjectData  GlobalData Bun  Help

=|H|S| @[Tk ] wlRrln x| &
TR-55 for Windows

— Project |dentification D ata
Uzer IKK'u' State: IIIIinDis j
Fraject: ISampIe Project County: IChampaign j
Subtitle: |Droposed Condaminiums Execution Date: 2/6,/01

— Sub-areas are expressed in:
i Acres
i~ Square Atiles

Dimensionlezs Unit Hpdrograph: | <standard: j

Storm Data Source:  Champaign County, IL (MRCS)

Rainfall Distribution |dentifier: Type IT

— Sub-area Entry and Summary
. Sub-area Flows to Wifeighted
Sub-area Mame Sub-area Description —— Ared (oz) i T thr)
Cohdos Pond | z0.00 55 n.zz
Froject &rea: 20 (ac)
| File: C:\Program Files"WwinT BESLLICA Release Fate.wEs [ 223 | s208M

Purpose

The TR-55 Main Window allows the input of basic watershed data for a WinTR-55 watershed
hydrology analysis. Other data and settings are accessible through the menus, buttons, and boxes
on the window. WinTR-55 returns to this main window when other data input windows are
closed.

Menu

The menu bar is located at the top of the TR-55 Main Window, just below the dark blue window
title.
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Window 4 — TR-55 Main Window (File)

P TR-55 Main Window

thions ProjectData  GlobalData Fun Help

Saveds

Fage Setup

Exit

ChProgram Filesiwwin TREB\potash_brook_ME_low.whb
RiMNpeg\trbSypotash_brook_ME_lowwhb
RiMNpeg\trsSiutarial_sample wsh

T AT AT T AT T T I T TR Ie 1

Menu Pull-down Explanation
Item Choice
File New Create a new input file
Open Open an existing input file
Save Save current input data using current file name
Save As Save current input data with different filename
Page Setup Setup printer for page output
Exit Exit software
List of Recent |List of recently accessed files tghat provides a shortcut to
Files any of them
Window 5 - TR-55 Main Window (Options)
Options: WEEEENEE
LClear Recent Files
Menu Pull-down Explanation
Item Choice
Options |Units Declare measurement system: English or metric. Also

choose watershed area display units: acres or square miles
for English and hectares or square kilometers for metric.

Clear Recent
Files

Clear the list of recently opened files at the bottom of the
File menu
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Window 4 - TR-55 Main Window (Project Data)

]
=== EEl Globalllata Hun Hi

Land Use Detailz

Time of Concentration D etails
Structure Data
Beach D ata

'| Fieach Elow Path

Menu Pull-down Explanation
Item Choice
Project |Land Use Open Land Use Details Window
Data Details
Time of Open Time of Concentration Details Window
Concentration
Details
Structure Data  |Open Structure Data Window
Reach Data Open Reach Data Window
Reach Flow Display Reach Flow Path Schematic Window
Path
Window 5 TR-55 Main Window (Global Data)
el ENEEN Hun  Help
Storm Data
Cugtom Fainfall Distributions
Dimenszionlezs Unit Hedrograph
Menu Pull-down Explanation
Item Choice
Global |Storm Data Open Storm Data Window
Data Custom Rainfall |Open Custom Rainfall Distributions Window
Distributions
Dimensionless |Open Dimensionless Unit Hydrograph Window
Unit
Hydrograph
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Window 6 - TR-55 Main Window (Run)

| Bun
Menu Pull-down Explanation
Item Choice
Run Run TR-55 Analyze watershed using currently entered data
Window 7 - TR-55 Main Window (Help)
=] E3
Show TR-AE Welcome
Help for TR-55 Main Window  F1
AbOUtWinTRES
Systarn [nformation
Menu Pull-down Explanation
Item Choice
Help Show WinTR-55 |Displays WinTR-55 Welcome Window
Welcome
Help for TR-55  |Displays help
Main Window F1
About WinTR-55 |Display program version number and date
System Display System information, such as operating system
Information
Buttons

The the button bar near the top of the TR-55 Main Window provides a graphical shortcut for
some common functions described in the preceding menu section.

ovn 2]

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

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 has been entered. If the current data does not have a
filename associated with it, a box allowing entry of a filename is displayed when “Save” is
clicked.

Save
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Input Data Printout @

Prints a brief report of data on the TR-55 Main Window.

Land Use Details .

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

Time of Concentration T':

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

Structure Data t

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

Reach Data H&

Displays Reach Window to enter or edit reach data for all reaches in the watershed.

\ﬂuf

Displays Reach Flow Path Schematic

Reach Flow Path

Storm Data I-' |

Displays Storm Data Window to view or edit rainfall depths and frequency. The associated
rainfall distribution may be changed.

R
Custom Rainfall Distribution Iﬁ

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

Dimensionless Unit Hydrograph L&

Displays Dimensionless Unit Hydrograph Window to enter or edit custom dimensionless unit
hydrographs.
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Run TR-55 .-;tf

Uses currently entered WinTR-55 data reformatted into TR-20 input to run the TR-20 model.
Results from TR-20 are then available to the WinTR-55 program for output displays and/or
reports. “Run TR-55 ” is not available until a minimum amount of data has been entered.

Summary Reports {52

Prints summary output reports. “Summary Reports” is not available until data has been entered
and run.

Output Hydrographs|ﬂ|

Views output hydrographs at various locations in the watershed. “Output Reports” is not
available until a run has been completed.

Help - Context Sensitive ?

Once clicked, displays context-sensitive help for any data entry box on the TR-55 Main Window
that is subsequently clicked. The help data is displayed below the data grid, at the bottom of the
window. While in help mode, a question mark (?) is displayed next to the cursor. Clicking “?” a
second time will return 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.

Identification Data Entry and Selection

Begin by entering the identification data: user, project name, and subtitle. The appropriate state
and county (for locations within the U.S.) can be selected from the pull-down lists. For locations
outside of the U.S., entering a name for the new 'state' causes the labels 'state' and 'county' to
change to 'region' and 'locale'. State and county names supplied with the program cannot be
edited, while user-entered names may be edited. Entering a single letter jumps to the first match
in the list.

Next, click the sub-area units option button; English units of area are acres or square miles,
metric units are either hectares or square kilometers. To change from English to metric or vice
versa, select Units from the Options pull-down menu.

The default dimensionless unit hydrograph is the <standard> dimensionless NRCS unit
hydrograph with a peak rate factor of 484 (NEH Part 630, Chapter 16). If a different
dimensionless unit hydrograph is desired, select from the pull-down list or create a new one. To
create a new dimensionless unit hydrograph, open the Dimensionless Unit Hydrograph Window.

Verify the Storm Data Source displayed. WinTR-55 supplies 24-hr rainfall amounts for many
counties in the U.S. with the appropriate NRCS rainfall distribution. If needed, user may alter the
storm data with different 24-hour rainfall amounts or a select a different rainfall distribution.
Whenever, user-supplied data is used, the “user-provided storm data source” message is
displayed on the TR-55 Main Window.
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Note: changing the state and county locations on the TR-55 Main Window does not
automatically change the Storm Data source. The user must verify that the storm data source is
appropriate for the displayed location.

Verify the current rainfall distribution displayed. If a different rainfall distribution is desired,
select a previously entered rainfall distribution or open the Rainfall Distribution Window and
create a new distribution.

Sub-area Entry and Selection

Enter or edit sub-area information in the Sub-area Entry and Summary Table at the bottom of the
TR-55 Main Window. Enter the Sub-area Name (1 to 10 characters) and if desired a Sub-area
Description. Enter or select from the choice list the Reach Name (1 to 10 characters) or
OUTLET (for the watershed outlet) into which the sub-area runoff flows in the Sub-area Flows
to Reach/Outlet column. The sub-area flow always enters the reach at the upstream end. The
network of sub-areas and reaches defined here and on the Reach Data window must be
configured such that all flow eventually goes to the watershed Outlet. WinTR-55 will only run if
all the flow is directed to “Outlet”.

The remaining columns in the table (Area, Weighted CN, and T.) may be directly entered here or
computed from more detailed information on other input windows. Details for computing Area
and Weighted CN can be entered on the Land Use Description Window. Details for the T, (time
of concentration) can be entered on the Time of Concentration Window. Data entered directly in
these columns is displayed in blue, and data WinTR-55 computes from other windows is
displayed in green. Double-clicking on a column entry within the Sub-area Entry and Summary
Table automatically displays the appropriate input window—ULand Use Description, Time of
Concentration, or Reach Window for additional data entry or editing.

The total project area is displayed below the Area column in the Sub-area Entry and Summary
Table.

Status Bar

The path and filename of the current data is displayed 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

Window 8 - Land Use Details

Land Use Details _ (O] x|

— Subarea Marne
ICondos j Eenamel Clear | Lﬂnd Use Detuils

~ Land Use Categories
% Urban Area ¢ Developing Urban ¢ Cultivated Agriculture Other Agriculture ¢ Arid Rangeland

Ared (Acres) for Hydrologie Soil Groups

Cover Description | [T ~ Jew] & Jew] & Jew] © Jen -
148 acre (tovin houses) G5 77 20000 &85 =lu} 92
114 acre a8 &1 75 83 a7
113 acre a0 57 7z a1 86
112 avre 25 54 70 20 25 J
1 acre 20 51 B 74 84
2 acre 12 45 (=11 T 8z

Wrestern Dezert Urban Areas
Matural desert (pensious areas only) 63 T a5 as8
Arifical desert landscaping f=l] f=la} a5 a5

User defined urban (Click button te define) custom i | | [ [ [

mCwecl onue Lncew anc o e dmai ]

~Project Argalac) Summary Screen Sub-Area
|2D— —I[G off  On —Hrﬂrea (ac)lgg— Weighted Ch: E Help | Lancel |

2|

| File: C:%Program Files"WwinTRESALICA Release Fate.wss [ 2423/ [ 10:27 AW &

Purpose

The Land Use Description window allows the user to edit and view the land use description for
sub-areas with detailed land use data.

Data Entry and Selection

There are two ways to find and view a specific Cover Description: the vertical scroll bar or Land
Use category option buttons.

The vertical scroll bar on the right side of the window allows the user to make any portion of the
land use list visible. Drag the scroll bar up or down to change the portion of the cover description
list 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.
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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 hydrologic soil group entries can be
made for a single cover description.

The average percent impervious areas shown for the Urban and Residential Districts were those
used to develop the composite CN's given. Other assumptions made for urban and residential
districts are: impervious areas are directly connected to the drainage system, impervious areas
have a CN of 98, and pervious areas CN's are equivalent to Open Space in "good" hydrologic
condition. Of these four assumptions, three may be changed. The impervious CN of 98 is the
only constant.

If any other assumptions need to be changed to fit a particular project the user should go the
Custom Curve Number Window and make the appropriate adjustments. See the Custom Curve
Number documentation for more details.

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 was entered in the
detailed land use description above or as sub-area area on the TR-55 Main Window.

The Summary Screen buttons provide a toggle for display of the Land Use Summary for Sub-
area Window. Click “On” to display the summary window and click “Off” to close the summary
window. Information on the summary window is discussed after this current window discussion
ends.

The accumulated sub-area 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 has been entered for this sub-area.

Buttons
Rename

Rename allows the user to rename the sub-area.
Clear
Clear clears all the currently displayed sub-area land use details.

Help (See help comments on TR-55 Main Window)

Opens a new help-text window with an overview of window purpose and general data entry
instructions.
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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 entered or edited since this window was opened. The window is
closed and the TR-55 Main Window redisplayed.

Accept

Click “Accept” to retain all data entered on the window, close the window, and to redisplay the
TR-55 Main Window. The data is retained only in the computer memory and can be lost if the
program is terminated prior to saving the data to a user file. To save data, use either the Save or
Save As choices from the File menu or click the diskette icon on the TR-55 Main Window.

Land Use Summary Window

Window 9 - Land Use Summary

Land uze for Commercial | Area | Hse_|
Paved; curbz and storm sewers 2.100 B
Commercial & buzsiness h.000 B
Fair condition; grass cover 50X to 753% 12.000 C

Purpose

The Land Use Summary window is for display only and shows the detailed land uses and
associated areas by hydrologic soil group for a sub-area. The displayed sub-area is the selected
sub-area on the Land Use description window. The window is activated or closed from the
Land Use Description window. To move the summary window around, right click on the
window and drag.

Data Selection

Click anywhere on a displayed land use line to jump to that entry on the Land Use Description
window.

WinTR-55 Workgroup 17 Revision Date: April 19, 2002
Printed: 7/19/04 1:17 PM



Custom CN Window

Window 10 - Custom Curve Number

. Custom Curve Number =] E3
Custom Curve Number

Hydrologic Soil Sroup

A ] (& L
Pervious Curve Mumber |39 |51 |?4 ISD
% Impervious Area: I |2D I I
% Impervious that iz unconnected: I |5D I I
Resulting Curve MNumber: B E O BE B

il Help | Qancell Acceptl

Purpose

The Custom CN window allows entry and editing of data to develop a custom urban curve
number when the standard Cover Description assumptions on the Land Use Detail window do
not apply. 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.

Impervious areas are connected impervious areas if its runoff flows directly into the drainage
system or if its runoff flows as shallow concentrated flow over a pervious area and then into the
drainage system. Shallow concentrated 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 the street
gutter, and finally into to a storm sewer drainage system.

An impervious area is unconnected if runoff from it flows as sheet flow over a pervious area
before entering the drainage system. The sheet flow is slow enough that some infiltration is
presumed to occur in the pervious area. If the water from a roof downspout flows across a lawn
as sheet flow, with opportunity to infiltrate the lawn, the rooftop is an unconnected impervious
area. The user can enter appropriate numbers into the Custom Curve Number window to create a
Custom CN to fit a specific land cover.

Data Entry and Selection

Scroll to the Custom CN line of the Cover Description and click “Custom CN” to create a
custom urban curve number. The Custom Curve Number button is 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. The
impervious area is further identified as either connected impervious and unconnected
impervious. Runoff from connected impervious areas flows directly into the drainage system or
onto another impervious area and then into the drainage system. Runoff from unconnected
impervious areas flows over some pervious area as sheet flow before entering the drainage
system. The percent of impervious area that is unconnected is only available if the percent
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impervious area is less than or equal to 30 percent. The default Pervious Curve Number for each
hydrologic soil group is for pasture in good condition. The user may change this default value, if
needed.

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
Hydrologic 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) window the computed
curve number will be placed if the entered data is kept.

Buttons
Help (See help comments on TR-55 Main Window)

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 Custom CN Window and redisplay the Land Use Details Window
with the newly defined custom curve numbers.

The window below shows the Land Use Window looks after the user has set a custom curve
numbers for Hydrologic Soil Groups “B” then closed the Custom Curve Number window. In
this example, the resulting custom curve number is 67, with 20% of the hydrologic soil group
“B” area is impervious, and 50% of the impervious area is unconnected. A value of 61 for the
pervious area was used. The user entered 22 acres of this curve number in the sub-area “Custom
CN”.
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Window 11 - Land Use Details Window with Custom Curve Number

Land Use Details M=l

Subarea MName
|Min0rLake j Bename Clear Land Use Details

Land Use Categaries

% Urban Area " Developing Urban " cultivated Agriculture  © Other Agriculfure " Arid Rangeland
Argad (Acres) for Hydrologic Soil Sroups
Cover Description | [ & Jew] & Ten] ¢ Jew] © cn[=]
Adifical desert landscaping 96 96 95 96
User defined urban (Click button to define) Custom CH 2200 6F i B0 |
% Imperdious Area: 20 20
% Unconnected Impervious Area; 50 50
Pervious Curve Humber: 67 FE ) &0
DEVELOPING URBAH AREA (Ho Vegetation)
Hewly graded area (penious only) 77 86 a1 &t
b
Project Arealac) SUmAry Scregn Sub-Area

[ ooo + off  On Areafaz) [ weightedon: [ Help | Qancel‘ accept|

il

File: C:%Program FilesYwinT B554Ex 4-IL 3.wb5 41702 10:07 A

Cancel

Click “Cancel” to close the Custom CN Window and redisplay the Land Use Details Window,
without incorporating the recently defined custom curve number data.

Time of Concentration Details Window

Window 12 - Time of Concentration Details

T Time of Concentration Detailz

Subarea Mame 2-vear Rainfall {in)
[ Condos =] Bename |  Clear 247 Time of Concentration Details
Lemgth | Slope . . Welocity |
Flow Type 1) (FeF) Surface (Manning's nd n Arga (153 | WP () (/) Titne thrl

Sheet 20 0.005 | Grass-Rangs. Short (0.15) il 0.08%
Shallow Concentrated 100 0.005  Paved - 0.01%
Shallow Concentrated -

Chante] 2000 5.000 0.111
Channel

Tatal 2120 2.6813 0.220

e Help ‘ Cancel | Accept ‘
File: C:\Progran Filez'\wWinTRE5.LICA Releaze R ate whs 2423/ 10:30 Ak
Purpose

The Time of Concentration Details window 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 watershed that have detailed time of concentration data. The computed sub-area time
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of concentration is displayed in the T, column of the Sub-area Entry and Summary portion on the
TR-55 Main Window. The sub-area time of concentration can also be entered directly on the TR-
55 Main Window. Data computed from the Time of Concentration Window will override any
prior time of concentration entries on the TR-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 as per NRCS NEH Part 630.15, Chapter 15 and WinTR-55
(10/86).

After opening the Time of Concentration Details Window, select the sub-area in the sub-area
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 channel flow. For sheet and shallow concentrated flow enter the length, slope, and surface.
For channel flow, either enter length, slope, Manning », flow area, and wetted perimeter or enter
length and velocity directly.

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

Sheet Flow Length

Sheet flow length in the DOS version of WinTR-55 was limited to 300 feet (100 m). Sheet flow
for 300 feet is very unusual because the surface and the corresponding flow would need to be
extremely uniform. Generally, 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
information see: USDA-SCS, Time of Concentration, Northeast Hydrology Technical Note No.
N4, August 1986.

Buttons
Rename

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

Clear clears all the currently displayed time of concentration details.
Help (See help comments on TR-55 Main Window)

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.
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Cancel (See Cancel comments on Land Use Details window)

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

Accept (See Accept comments on Land Use Details window)

Click “Accept” to retain all data entered or edited on the window, close the window, and
redisplay the TR-55 Main Window. To save the data file, go to the TR-55 Main Window and
click the diskette icon or “Save As” on the “File” menu.

Reach Window

Window 13 - Reach Data

','- Reach Data

Reach Data
Reach ) . Eattam .
Reach Mame Receiving Reach | Lenath IR || _ (A width | Yeroee S Structure Mame
n Slope (ftAft) Slopes
(1) ift)
R3 R4 b 1625 0.065 0.0z4 15 301 |
R4 R3 x| T%80 0.0a5 0.00s 20 A | |
RS Ré x| =080 0.070 0.017 z0.0 211 I
Ré RT x| =3za5 0.070 0.007 0.0 20 1 I
RT outlet = hd

Channel Rating - R3 belp | Blot | Cance| | Accept |
Stage Flow End Area Top Width  Velocity '? | Reach Flow Path |
(i} IF4s] IF1 mn (t#3]
0.0 0.000 0.00 15.00 0.000
0.5 25634 15.00 4500 1.702
1.0 113.343 4500 ¥h.00 25189
2.0 569.724 150.00 135.00 3.798
5.0 5549 760 825.00 315.00 B6.727
10.0 3337653 3150.00 615.00 10.520
2000 203787.073 12300.00 1215.00 16.668
| File: C:%Pragram Files\iwinTREE\Large ‘W atershed Example. ws5 |22 | 1036 AM 7

Purpose

The Reach window allows editing and viewing of the stream network, shows whether each reach
is a channel reach or a storage (structure) reach, and provides information on creating a channel
rating if the reach is a channel reach. No data is required in this window if all sub-areas flow
directly to the watershed Outlet. Again, WinTR-55 will only run if all the flow is directed to
“Outlet”.
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If the watershed exceeds 10 reaches or the channel hydraulics require a complex rating
relationship (for example, a principal spillway and an auxiliary spillway) another routing method
should be used, such as TR-20 (NRCS, 2002) or SITES (NRCS, 2001).

Reach — Routing Element Concept

Reaches can be conceptualized as routing elements that exist in two types. The first type of
routing element is a channel routing element, which is a stream reach. Data for a stream reach is
entered on the Reach Data Window.

The second type of routing element is a storage routing element, which is a reservoir or structure.
If the routing element is a structure, the structure name is entered on the Reach Data Window.
The corresponding data for a structure, however, is entered on the Structure Data Window.

Data Entry and Selection

Each reach must have a unique “Reach Name” and a “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 TR-55 Main Window.

A downstream “Receiving Reach” is required for each reach. A pull-down choice list provides
previously entered reach names to chose from along with the watershed “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 is 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, Manning n, friction slope, bottom width, and side
slope. The reach length would be either the stream channel length or the floodplain length for
the reach. Which length is used depends on whether expected flows are within bank or out of
bank. The other parameters define 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
previously described). To edit or view structure data, double-click the Structure Name to display
the Structure Data Window.

Selecting a Representative Cross Section

A WinTR-55 reach cross section is either a rectangular, triangular, or trapezoidal channel. The
cross section rating is based on the channel bottom width, side slope, Manning », and friction
slope data. The cross section rating includes Manning equation discharges for fixed depths at the
cross section (0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 feet).
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The Muskingum-Cunge flood routing method estimates how the hydrograph changes as it flows
through the reach utilizing this rating information. 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, selecting 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 discussion 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
extending the side slopes up to 20 feet, which will not give a good representative stage-discharge
relationship.

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

If the channel-only (no floodplain) approximation is unreasonable, one alternative is to enter a
reach cross section representative of the floodplain (width, side slope, and Manning 7). 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 Corps of Engineers HEC-RAS, to
develop the total cross section rating to include both the channel and floodplain. Then use NRCS
TR-20 hydrologic model to develop and route the storm hydrographs. Using channel cross
section data to represent the floodplain cross section will generally raise the peak discharge at the
downstream end of the reach and translate it downstream sooner than if the floodplain and its
storage are considered. The impact will vary with the floodplain width and its associated
roughness.

Buttons
Help (See help comments on TR-55 Main Window)

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.
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Plot

Window 14 - Channel Rating Plot
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Click “Plot” to produce a graphical representation of the channel discharge and end area ratings
from the data entered.

Cancel (See Cancel comments on Land Use Description window)

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

Accept (See Accept comments on Land Use Description window)

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

Reach Flow Path
Click “Reach Flow Path” to display the Reach Flow Path window.

Reach Schematic Window

Window 15 - Reach Flow Path Definition
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Click on a path component for more information.

Purpose

This window displays a reach schematic of the currently entered reach, sub-area, and structure
information.

Buttons
Detail

This button toggles between displaying detailed information with labels or displaying labels only
in the schematic.

Help (See help comments on TR-55 Main Window)
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.

Close

This button closes the reach flow path window and returns the user to the previously displayed
window.

WinTR-55 Workgroup 26 Revision Date: April 19, 2002
Printed: 7/19/04 1:17 PM



Structure Data Window

Window 16 - Structure Data (Pipe Outlet)

B Structure Data H=]
— Structure Mame
I Pond 2 j Clear | [Elete | Herame | S'I'I"I.IC'I'I.II"E DO.'I'CI
Pond Surface Area Accept |
@ zpillway crest acres
Cancel |
(optional) |5 feet above zpillway |2 acres
Plot |
Discharge Description
Spillwsery Type Diatneteriing i :Tr:%r;frf(‘?o)s T Help |
& pipe Trial#l  Trial#2  Trial #3 P piilway
 Weir 12 [ fo1 [17 il
Pipe Flow Rating - Pond 2
Diameterl 12(in] Diameter2 18[in) Diameter3 24(in] Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[it) lin] Fls _fin)  _Bfs  _fin]  _PFls _fac-ft]
0.00 4.200 0.000 3.950 0.000 3.700 0.000 0.00
0.50 4.700 8.173 4450 17.893 4.200 30,904 0.4
1.00 5. 200 8.597 4.950 18.872 4.700 32692 0.88
2.00 6.200 9.387 5.950 20.691 5.700 36.002 2.00
5.00 9.200 11.435 8950 25.376 8.700 44 479 6.88
10.00 14.200 14.206 13.950 31.681 13.700 56,815 20.00
20.00 24 200 18.546 23.950 41511 23700 FER 65.00
| File: C:%Program Files\winTR554Large Watershed Example.ws3 | 223/ | 1046 AM i

Purpose

The Structure Data window allows data editing for the pond’s surface area, structure outlet type
and dimensions, and structure rating relationship 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 hydraulics require a complex rating relationship
another routing method should be used, such as TR-20 (NRCS, 2002) or SITES (NRCS, 2001).

Alternate Outlet Sizes for Multiple Structures

Three different 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 3'° (greater
than 59,000)! Since WinTR-55 only computes three trials, computation time is much faster and
the user has only three alternatives to review and evaluate.
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Data Entry and Selection

Enter the Structure Name (1 to 10 characters) or select from the choice list in the combo box. If
data has been previously entered for the structure name, it will be displayed in the combo boxes
in the window. If no data had been previously entered, all other entries will be blank. The first
eight characters in structure names must be unique in each file. For example, Structurel and
Structure2? are invalid names because the first eight characters of the name are not unique.
However, Structl and Struct?2 are valid structure names.

Enter the Pond Surface Area @ Spillway Crest 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 the
temporary storage for the ponded area. If only the surface area at the spillway crest is specified,
the pond has vertical sides and the storage area remains constant as stage increases for the
temporary storage calculation. If a height above the spillway crest and the pond surface area at
that height are also provided, the pond cross section is trapezoidal and incremental storage varies
with stage for the temporary storage calculation. The equations used to calculate the temporary
storage are in Appendix B.

Select the Outlet 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 (outlet to
spillway). WinTR-55 will compute pipe head from the entered data. The minimum pipe
diameter is 6 inches or 150 mm. The minimum Height (outlet to spillway) should be at least
twice the smallest pipe diameter. The discharge equations used in the structure rating can be
found in Appendix B. Once the first pipe diameter and the Height is entered, a pipe rating table
will be displayed below the Outlet Description. The table is updated as additional information is
entered or is revised.
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Figure S. Pipe Outlet Schematics
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Full Pipe Flow Assumption

At any given stage, WinTR-55 assumes full-pipe flow for the computed pipe head. This is a
reasonable assumption for the riser and pipe configuration (Figure 4 bottom schematic).
However, this full pipe flow assumption may be unreasonable for large, straight pipes (Figure 4
top schematic).

For example, if the structure outlet is a 36-inch (1-m) diameter pipe culvert and the maximum
computed stage is 1.5 feet (0.5 m), then the pipe has never been more than half-full (Figure 5).
In this case, the full-pipe flow assumption has not been satisfied. Other routing software, such as
SITES (NRCS, 2001), is necessary to analyze these cases.
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Figure 6. Full-Pipe Flow Assumption Not Valid

'/ Maximum stage

18" (0.5 m)

'/ Normal pool

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 rectangular broad-crested weirs. The weir
discharge equations used in the structure rating are found in Appendix B. Once the first weir
length is entered, a weir rating table will be displayed below the Outlet Description. The figure
below shows the weir diagram.

Figure 7. Weir Outlet Schematic

Pond Surface @ distance above spillway

¢

Distance

Weir Crest

Pond Surface @ Spillway Crest

The table is updated as additional information is entered or is revised. The window for weir
entry follows.
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Window 17 - Structure Data (Weir Outlet)

B Structure Data H=]
— Structure Mame
I Weir j Clear | elete | Eemame | S'I'I"I.IC'I'I.Il"e DCI‘l’O.
Fond Surface Area Accept |
8 zpillway crest I:{ acres
Cancel |
(optional) |2 feet obove spillway |35 acres
Plat |
Discharge Description
Cutlet Type Length(ft) Help |
" bipe Trial #1 Trial #2 Trial #3
& vigir B K B ?l
Weir Flow Rating - Weir
L (1] 10[ft) 15(ft) Temporary
Stage Tnal #1 Flow Tnal #2 Flow  Tnal #3 Flow Storage
[ Bfs Bfs Bfs ac-ft

0.00 0.000 0.000 0.000 0.00

0.50 4. 950 9.899 14 849 1.50

1.00 14.000 28.000 42.000 3.00

2.00 39.548 79196 118.794 6.00

5.00 196525 313.050 469.574 15.00

10.00 442 7119 885 438 1328157 30.00

20.00 1252.198 2504.396 3756.594 60.00

| File: C:AProgram FilesbinTRES\Large ' atershed Example. w5 | 120400 | 313PM 7

Additional items to note about entry on the Structure Data window are:
1. Toggling between the two different outlet types clears the outlet dimension values.

2. 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
Accept current data, closes the window, and returns to TR-55 Main Window.
Cancel

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

Click “Plot” to produce a graphical representation of the structure rating as shown in the

following windows.
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Window 19 - Structure Data Plot (Weir Outlet)
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Help (See help comments on TR-55 Main Window)

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.

Storm Data Window

Window 20 — Storm Data
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E Storm Data |_ O] x|
Storm Data

r— Champaign County, IL [MRCS)

To replace these storm data with those compiled by Ramfal! 2.4-Hr
the MRCS for Champaign County, 1L, click on the Return Perind  Rainfall
command buttan below. [t Amount {in)

MRCS Storm Data

Pleaze select a rainfall distribution type from the list
below. The list includes the standard TR-20/TR-55
tupes and any nurber of user-defined distributions.

| Type 1z = |

"Rainfall Distribution Type:

ARKEENN

‘?l Help | Qancell ﬂccep'rl

| File: C:\Program Files$winT RESAEx 4-Type 2. w55 [3/5/01 [11:07 & &

Purpose

The Storm Data window allows the user to select the NRCS-supplied rainfall data for the state
and county or to enter custom rainfall depths and select a different rainfall distribution. Storm
data consist of at least one rainfall amount / rainfall return period, and an associated rainfall
distribution. The user may request NRCS storm data for the state and county specified. If such
data exist, they will be displayed in the window entry boxes when the NRCS Storm Data button
is clicked. The user can modify the NRCS storm data or may provide unique storm data. If
NRCS storm data is altered or unique data is entered, the Storm Data Source on the TR-55 Main
Window is listed as “User-provided custom source data”. NEH Part 630, Chapter 4 lists sources
for rainfall data.

Data Entry and Selection
Watersheds Inside United States

Some counties have easily-defined rainfall data and this data is loaded into WinTR-55.
However, other counties may vary in rainfall depths or appropriate distributions. These data are
not supplied in WinTR-55. To select the NRCS-supplied storm data, click on the NRCS Storm
Data button. If no data is available for the current state and county information entered on the
TR-55 Main Window, this button is temporarily disabled. If this is the case, the user must enter
the rainfall depths and select a rainfall distribution. The user must verify the appropriateness of
all rainfall inputs, even if it is NRCS-provided. Local design requirements may supersede
NRCS-provided storm data.

Watersheds Outside United States
No rainfall data is provided outside the United States. For example, if the watershed is in

Durango, Mexico, the TR-55 Main Window combo box entry labels change from “State” and
“County” to “Region” and “Locale” as shown in Window 20.
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Window 21 - Watersheds Outside US
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Therefore, all watersheds outside the United States require the user to enter all the rainfall return
period data and 24-hour rainfall amount because the “NRCS Storm Data” button on the Storm
Data Window is disabled. The user must also select a rainfall distribution from the “Rainfall
Distribution Type” combo entry box.

Window 22 - Storm Data Outside of US

E Storm Data | _ O] x|
Storm Data

r— <Mo storm datax
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Rainfall Distribution

To change the associated rainfall distribution type displayed on this window, click on the pull-
down list to select any previously entered distribution. To enter a new rainfall distribution, click
Cancel to return to the TR-55 Main Window and select Custom Rainfall Distributions from the
Global Data pull-down menu.
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Creating a New File

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

Window 23 - Differing State/County and Storm Data Source Example

EM [R-55 Main Window M= 3
File Option:  ProjectData GlobalData Hun Help

==K e e
TR-

— Project |dentification D ata
User ||-<|-<\.-'

State: IHa.waii j
County: IMaui j

Execution Date: 376,01

— Sub-areas ars
i Acres

" Square Ahileg Storm Data Source:  Champaign County, IL (MRCS)

— Sub-area Egland Summary

Sub-area Flows to Wifeighted
N 4 Reach/outlet | %% () €N Te tr)
Froject &rea:  (ac)
| File: <mew filex [ 3eamt | 1038aM

The window above shows that the Project Identification Data is Maui, Hawaii. However, the
storm data source lists Champaign County, Illinois. Champaign Illinois storm data is not
appropriate for Maui, Hawaii. Therefore, the user must go to the Storm Data window for each
project and verify the accuracy of the storm data.

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 TR-55 Main Window to clear all the project data.
Then enter the desired custom storm data. All the project data (Land Use, T., Structure, and
Reach) has been cleared in the file. Save this file with a filename descriptive of the storm data.

To utilize this storm data for future projects, open this template file with the storm data first.
Then proceed by entering project data (Land Use, T, Structure, and Reach). Make sure to save
the project file as a different name so the template file isn’t overwritten.
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Buttons
NRCS Storm Data

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

Help (See help comments on TR-55 Main Window)

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
Main TR-55 Window.

Accept

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

Custom Rainfall Distributions Window

Window 24 - Custom Rainfall Distributions
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Purpose

This window allows the user to input and revise non-standard 24-hour rainfall distributions. The
standard rainfall distributions 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
is read left to right, starting at the top line and continuing to the bottom line.

For further information on rainfall distributions, see NRCS NEH Part 630, Chapter 4.

Data Entry and Selection

To enter a new distribution, type the name into the Local Distribution(s) entry box. To delete a
distribution, select the distribution name from the pull-down list and then click “Delete”.

Once the distribution name is complete, begin entering distribution data points in the table.
WinTR-55 automatically displays the time increment in hours and the number of data points as
each point is entered.

Menu
Edit
Window 25 - Custom Rainfall Distributions (Edit)
Inzert Paint
Delete Paoint

The Edit menu is a mouse right-click menu. 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.

Buttons
Rename

This button allows the user 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. Only
one distribution may be displayed at a time.
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Window 26 - Custom Rainfall Distributions Plot
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Done

“Done” on the Dimensionless Unit Hydrograph Window prompts WinTR-55 to save the
distribution and return to the TR-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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Dimensionless Unit Hydrographs Window

Window 27 - Dimensionless Unit Hydrograph
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Purpose

This window allows the user to input and revise non-standard dimensionless unit hydrographs.
The standard dimensionless 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 is read left to right, starting at
the top line and continuing to the bottom.

For further information on dimensionless unit hydrographs, see NRCS NEH Part 630, Chapter
16.

Menu
Edit

The Edit menu is a mouse right-click menu. The Edit menu allows the user to create and revise
data points for a user defined dimensionless unit hydrograph. “Insert Point” inserts a blank data
point before the current point. “Delete Point” removes the current data point and moves
successive points up. The user may also click within a cell to edit the data in that cell.

Data Entry and Selection

To enter a new dimensionless unit hydrograph, type the name into the local hydrograph(s) entry
box.

Once the dimensionless unit hydrograph name is complete, begin entering the dimensionless unit
hydrograph data points into the table. WinTR-55 automatically displays the number of data
points as each point is entered. To delete a local dimensionless unit hydrograph, select the
dimensionless unit hydrograph name from the pull-down list and then click “Delete”.
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Buttons
Rename

This button allows the user to rename the 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 28 - Dimensionless Unit Hydrograph Plot
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Done

Clicking “Done” prompts WinTR-55 to save the dimensionless unit hydrograph and return to the
TR-55 Main Window. Note that this process is different than saving watershed-specific data
such as Land Use Details, which only updates data in memory.
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Plot Windows

Purpose and Description

The plot windows for various functions (dimensionless unit hydrograph, rainfall distribution,
reach rating, output hydrograph, etc.) show graphically how two or more variables relate to one
another. For example, the following plot shows how discharge and end area vary with elevation.

Window 29 - Typical Plot Window
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Buttons
Save As

Saves the current plot to a bitmap file.
Print
Prints the current plot to the user-selected printer.

Copy to Clipboard

Copies the plot to the system clipboard for later insertion into other software, such as word
processors.
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Zoom In

Allows the user to zoom into selected areas of the plot.

Zoom Out

Restores the view of the full plot.
Line Attributes

Allows the user to select 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.

Close

Closes the plot window and returns to the previous window.
Running WinTR-55

To run the WinTR-55 model, Click “Run” on the menu bar. The Run TR-55 window comes up,
allowing the user to choose which frequencies to run. Click Run again. A TR-20 input data file
is prepared and the TR-20 model is run producing hydrographs for all of the sub-areas, reaches
(upstream and downstream), as well as the watershed outlet. If the run is successful, the
Hydrograph Peak/ Peak Time Table will be displayed in the File Display window. If the run is
unsuccessful, the Error file from TR-20 will be displayed in the File Display window. Any data
errors identified will need to be corrected before re-running the watershed data.

Disclaimer

Although all pieces of the WinTR-55 system have been tested by the developers, NO
warranty, expressed or implied, is made as to the accuracy and functioning of the
programs and related program materials nor shall the fact of distribution constitute any
such warranty, and NO responsibility is assumed by the developers in connection
therewith.

WinTR-55 Processes

WinTR-55 preprocesses data, during data entry, for TR-20 hydrograph computations. The
preprocessing computations are: Time of Concentration, land use parameters, channel rating
table, and structure rating table.

Time of Concentration (T¢)

The user may enter a sub-area T, directly on the sub-area summary portion of the TR-55 Main
Window or compute it from detailed flow path data entered on the TR-55 Time of Concentration
Details window. Data entry and computations are sub-divided 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
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entry window as is the T, (sum of the travel times). The equations used to compute the various
travel times for each segment type can be found in Appendix B. Green T, values in the sub-area
summary table indicate computed values, blue values indicate data entered directly.

Land Use Parameters

The user may enter a sub-area drainage area and weighted runoff curve number directly on the
sub-area summary portion of the TR-55 Main Window or compute them from detailed land use
data entered on the TR-55 Land Use Details window. Land use area amounts are entered on the
Land Use Details window for each land use with the corresponding hydrologic soil group. The
land use areas entered are summed to determine the sub-area drainage area. The land use areas
are also used to weight the applicable runoff curve numbers for the land use hydrologic soil
group combination to produce a sub—area weighted curve number. The equation used in the
curve number weighting is in Appendix B. Green areas and weighted CN values in the sub-area
summary table indicate computed values, blue values indicate data entered directly.

The optional custom CN in the Land Use Details table is under user control and is a weighted
CN depending on an imperious area CN, the percent of the area that is impervious (CN = 98) and
the amount of the impervious area not directly connected to the flow path.

Channel Rating Table

For each reach with channel information entered, a channel rating table is generated. The rating
table consists of discharge, cross-section end area, and top width for depths from 0 to 20 feet (6.1
meters). This range should cover all WinTR-55 applications. The rating table data is displayed
below the entry portion of the Reach data window when sufficient data is 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 contained in the rating table depends on the structure outlet type (pipe or weir). The
pipe outlet rating table consists of stage, head on pipe, pipe flow, and temporary storage. The
weir table consists of stage, weir flow and temporary storage. One to three pipe diameters or
weir lengths can be entered. A set of 7 stages, based on either multiples of the smallest pipe
diameter or 0 to 20 feet (6.1 meters), is computed for weirs. The rating table data is displayed
below the entry portion of the Structure data window when sufficient data is entered to perform
the calculations. The equations used for each of the rating parameters are in Appendix B.

TR-20 Processes

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

Generate Hydrographs

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

Combine 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 second and linearly interpolating the first. The combined hydrograph
with the highest peak is the one retained along with the appropriate time increment.

Channel Route

The program uses a Muskingum-Cunge method of channel routing (Chow, Maidment, and Mays,
1988; Maidment, ed., 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 routing 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 ten 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 ten points, the routing computed, and the outflow
hydrograph interpolated to return it to the original time increment.

Structure Route

The storage-indication method (NRCS NEH Part 630, Chapter 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 reservoir is computed as the structure rating
storage volume divided by the average outflow (rating outflow/2)). The hydrograph time
increment is compared to a percentage (currently 50%) of the smallest emptying time to
determine the number of time steps to use between hydrograph points.

Viewing Output
File Display Window

This window, also referred to as the Report Viewer, displays various TR-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 title “Error File”. Carefully examine the error messages, and 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 window opens
with the reports selected from “Output Definition” window. If no reports were selected using the
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“Output Definition” window, the report viewer window opens with “Hydrograph Peak / Peak

Time Table.”

158 File Display

Window 30 — File Display
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Click “Close” to close this window.

Scroll through the reports using the viewer or select individual reports on the File Display
Window Menu. The following table contains a brief description of the File Display Window

Menu.
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Menu

Menu Item Pull-down Choice Explanation
Print Print Prints the displayed report(s)
Page Setup Define target printer, page size

and orientation, margins.

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.

View Input File View the TR-20 input file
created from WinTR-55 input
data.

TR-20 Printed Page File View raw TR-20 output file.
Error File View TR-20 error file. These

error messages are found in the
TR-20 user manual.

Debug File View TR-20 debug file.

TR-55 Reports | See Table 3 for available reports.

Help None Displays File Display window
help text.

Buttons
Close

Click “Close” to close the File Display window and return to the Output Definition window.

Output Definition Window

Once rainfall data is entered, the “Output Definition” button on the TR-55 Main Window is
enabled. The user may select reports for viewing prior to executing a WinTR-55 run. However,
some report options 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. Specify output by
clicking the box to the left of the desired report. Output may be sent to a file or to the report
viewer, depending on which option is selected.
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Window 31 - Output Definition

Output Definition

v
v
=
r
r
=
r
r
r
v
r
v

Available Reports

Available reports shown in the Output Definition window are summarized in the following table.
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Table 3. TR-55 Reports

Report Name

Description

Current data description

Lists the current user-input data.

Storm Data A listing of the Rainfall Depth by Rainfall Return Period information. Also
shows Storm Data source, Rainfall Distribution and the Dimensionless Unit
Hydrograph.

Watershed Peak Table Watershed peak table is not available to the User 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 discharges, by reach, for each storm
evaluated.

Hydrograph Peak / Peak
Time Table

Hydrograph peak /peak time table is not available to the User 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 discharge and time of peak, by
sub-area or reach identifier, for each storm evaluated.

Structure Output Table

Structure output table is not available to the User until an error-free WinTR-
55 run is executed. Upon completion of an error-free WinTR-55 run, this
option will give a list 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 will be blank, however, the headings will be
shown.

Sub-area Summary Table

A listing, by sub-area of Drainage Area, Time of Concentration, Runoff
Curve Number, Receiving Reach and Sub-area.

Reach Summary Table Identifies, by reach, the receiving reach, reach length and routing method
used.
Sub-area Time of | A listing, by sub-area, of flow length, slope, Manning “n” value, end area,

Concentration Details

wetted perimeter, velocity and travel time for time of concentration flow
path segments along with the total time of concentration.

Sub-area Land Use and
Curve Number Details

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.

Reach Channel
Details

Rating

Identifies, by reach, the reach length, Manning “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 the WinTR-55
input data format: Stage — Flow — End Area. Rating tables also include Top
Width and Friction Slope.

Structure Description

Provides a summary of the user entered structure data by reach.

Structure Rating Tables

Provides a summary of the computed structure rating: stage, storage, and
flow.
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Buttons
Help (See help comments on TR-55 Main Window)

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. 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 TR-55 Main Window.
Plotting and Viewing Hydrographs

Hydrographs or Output Graphics Window

Click “Hydrographs” to open the Output Graphics Window and specify hydrographs 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, the User should be aware that selecting several hydrographs
to view at once makes the hydrographs that much more difficult to read.

Plot

Once the desired hydrographs have been specified, click “Plot” and a Graphics Window opens
showing the desired plot.

Close

Click “Close” to close this window and redisplay the Main Window.
Help (See help comments on TR-55 Main Window)

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.
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Graphics Window

Window 32 - Output Graphics
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Click “Plot” on the Output Graphics Window to plot selected hydrographs. Either save the plot
to a file or print directly to a printer.

Window 33 - Output Plot
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Click “Close” to close this window.
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Appendix A - Examples

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

Background

An Industrial Development is planned on a 12.5 acre site in Franklin County, Missouri. The land
is presently being used for corn production and is planted in straight rows. There are no special
conservation practices being used and the vegetative cover is typically 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 shallow concentrated flows. The sheet flow path has been determined to be 25 feet long at a
slope of 0.8%. The shallow concentrated flow path has been determined to be 825 feet long at a
slope of 0.8%.

It is desirable to limit peak discharge from a 25-year 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 discharge and runoff volume for the developed condition. Part C will focus
on sizing the stormwater detention structure and analyzing its effects.

Part A - Determine existing condition peak discharge and runoff volume

STEP 1: Start the WinTR-55 program and enter User I.D., 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.
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STEP 2: From the Main Window Menu, select “Global Data.” From that drop-down menu,

select “Storm Data.” On the Storm Data Window, the User clicks the “NRCS
Storm Data” Button and then the “Accept” Button 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 Main Window.
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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.

BT TR-55 Main Window

Fil= Options ProjectData GlobalData Bun Help

= || @/l x| sl x| =lal 2]
TR-55 for Windows

 Project |dentification Data
Uszer: IUser o State: IMiSSULII‘i j
Praject IExompIe 1 County: IFra.ninn j
Subtitle: IExisting conditions Execution Date: 3/5/01
~ Sub-areas are expressed in: . . . .
Dimensionlzss Unit Hydrograph:  [<standard: j
i Acres
© Square #hiles Storm Data Source:  Franklin County, M0 (MRCS)

Rainfall Distribution |dentifier: Type IT

— Sub-area Entry and Summary
L Sub-area Flows to Weighted
Sub-area Mame Sub-area Description T Area {ac) & Te thr) |
Tract 1 Existing Land Use Outlet =i
Froject Area:  fac)
| File: <rew file [ as/m | 209PM v

STEP 4: Click “Land Use Details” button to open the “Land Use Details” window. In the
“Land Use Details” window, enter the area of the sub-area in the appropriate
location. Click “Accept” to accept the data and return to “TR-55 Main Window.”

Land Use Details =] E3
Subarea Marme
“Trom 1 'l Bename | Clear | Land Use Details

Land Use Categories
’7 & Urban Area ¢ Developing Urban ™ Cultivated Agriculture © Other Agriculture " Arid Rangeland ‘

Area (Acres) for Hydrologic Soil Groups

Cover Deseriptian I [T = TJew] ® Jew] ¢ Jew] © Jeou]=
DEVELOFRING URBAN AREA (Mo Vegetation)
Mewly graded area (pendous onlhy) T a6 a1 a4
CULTIVATED AGRICULTURAL LANDS
Fallow Bare soil 77 86 a1 a4
Fallaow Crop residue (CR) poor Fi=1 a5 an az J
Fallaow Crop residue (CR) good T4 a3 ag an
Row crop Straight row (SR) poor Tz a1 ag a1
Straight row (SR good &7 7a a5 a9
SR+ Crop residue poor 71 =) &7 an
SR + Crop rezidue good B4 75 a2z 25
Contoured (C) poor 7o 7a =5 a8
Contoured (C) good G5 T8 82 i)
C+ Crop residue poor &9 78 23 a7
C+ Crop residue good G4 74 a1 85 | -

Project Arealas) Summary Screen Sub-Area
’7 | 1250 —‘ ’7 « off On—HV Area(ac)l 1250 Wirgighted CM: |y3 ‘ Help | Qancell QCCEPtl

| File: H:4program filestwintr554E xample] -&. w55 [ 10425401 [ 10:49 Ak &

The sub-area area and runoff curve number now appear in the Sub-area Entry and
Summary portion of the TR-55 Main Window.
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T TR-55 Main Window
Eil= Options ProjectData  GlobalData Bun  Help

||| @ Tl ] @f3rln] 2] E[h

2]

TR-55 for Windows

— Project Identification Diata
ser: ILlser s}

State: IMissouri j

Project: IExampIel County: IFraninn j

Subtitle: IExisTing Canditions Execution Date: 355501

[ Sulb-aTas o e i Dimenzionless Unit Hydrograph: | <standard: j

& Acres

" Square Miles Starm Data Source:  Franklin County, s0 (MRES)

Rainfall Distribution |dentifier.  Type IT
— Sub-area Entry and Sumrmary
. Sub-area Flows to Weighted
Sub-area Mame Sub-area Description i —— Ared (oe) o Te thrd
Tract 1 Exizting Land Use Outlet =l 1250 7a
Froject &rear 12 50 (ac)

| File: <rew filex | amm [ 217 P =

Click “Time of Concentration Details” button to open the “Time of Concentration
Details” window. In the “Time of Concentration Details” window, enter the
appropriate information to compute the sub-area time of concentration. Click
“Accept” to accept the data and return to the “TR-55 Main Window.”

STEP 5:

Tc Time of Concentration Details

2-Year Raintall (in)
( 1 Time of Concentration Details

— Subarga MName

freet 7 Bene | _ges | ss

Flow Type Li:%ih (?:3%2) Surface (Manning 's n) n Area (Ft2) | WP (ft) Ue(ic}ujc;i)’ry Time thr
Shest 25 0,008 Cultivated <= 20% residug (0.06) = 0.03&
Shallow Concent rated gz5 0.008 | Unpaved = 0159
Shallow Concentrated E
Channel =
Channel
Total 50 1.2108 0.195

EI Help | Qancell Acceptl

[ 3w [ 1225PM

| File: H:ATR 55AE xamplesTRES\D etention B asintExample] -4, w55
The sub-area time of concentration now appears in the Sub-area Entry and
Summary portion of the TR-55 Main Window.
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=P TR-55 Main Window

Fil= Option:  ProjectData  GlobalData Bun  Help

=S @ Tchly| ] w3 2] sl
TR-55 for Windows

il

— Praject |dentification Data

ser: State: IMissouri j
Project: IExampIe 1 County: IFrrJninn j
Subtitle: IExisting Conditions Execution Date: 347./01
B S:E-ireos are expressed in: Dimenzionless Unit Hydrograph:  |<standard: j
¥ Acres
© Square iiles Storm Data Source: Franklin County, MO (MRCS)

Rainfall Distribution Identifier.  Type IT

— Sub-area Entry and Summary

L Sub-area Flows to Weighted
Sub-area Mame Sub-area Description Reach Outlet Area (ac) o Te thr
Tract 1 Exizting Land Use Cutlet x| 12450 78 0.20

Project Area; 12 .50 (ac)

| File: H:A TR 55AExamplesT R 55 Detention B asinhE xample] -&.wE5 |3 | 1228PM

STEP 6: Click the “Run” button to open the “Run TR-55" window. Select the storm

events for which output is desired. Once the storm events have been selected,
click “Run” to execute the run.

I Run TR-55 M=l &3
Run TR-55
Check storm(z) to evaluate: ——————————
[~ 2¥r [~ 25-¥r
5w w58V
[ 10-¥r [ 100-¥r
[ 1-¥r
Help | Qancell Ruh |
STEP 7: When the run is complete, the “File Display” window opens showing the

“Hydrograph Peak / Peak Time Table.” To review other output, click “View” or
“TR-55 Reports” and select the reports to view. When complete, click “Close” to
close the “File Display” window and return to the TR-55 Main Window.
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|58l File Dizplay
Print Edit “iew THR-E5 Reportz Help
Hydrograph Peak/Peak Time Table
User ID Example 1
Existing Conditions
Franklin Count)y, Missouri
Hydrograph PeakfPeak Time Table

Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period

or Reach 50-Yr

Identifier (ciz)

thr)
SUBARRERS
Tract 1 66. 81
1z.01

BREACHES

OUTLET 6681

(m]

(m]

(]
| H:Yprogram files\trB5 4 rSErpte.out [ 34701 [ 12:26 Ptd 7

STEP 8: To save the data, click “File” and “SaveAs.” In the “Save a TR55 data file”
popup window, specify a location and file name and click “Save.” The data is
now saved, the popup window closes and TR-55 Main Window is redisplayed.

Save a TR-55 data file as ... EHE

Save in: Ia Detention Basin j gl

3| Examplel -4, wh5
9 Examplel-B.wb5
9 Example1-C.wEE

File name: Save

Save as wper |wWindows TR-55 Data (755 j Cancel |

Part A - Results

50-year Pre-Development Discharge = 66.8 cfs
50-year Pre-Development Runoff Volume = 3.984 inches (watershed-inches) = 4.150 ac-ft

The Runoff Volume can be found from the “File Display Window” by selecting “View” and
“TR-20 Printed Page File.”

WinTR-55 Workgroup 57 Revision Date: April 19, 2002
Printed: 7/19/04 1:17 PM



Part B - Determine developed condition peak discharge and runoff volume

Laok ir; IaDetention Basin j gl

Q Examplel-B.wb5
9 Example]-C.wb5

File name: IExampIe1 -4 whh Open I
Files of type:  ['w/indows TR-55 Data [*.wS5) =l Cancel |

" Open as read-only

Rather than beginning with a new file to determine the peak discharge and runoff volume for the
developed condition, 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 TR-55 data
file” window.

STEP 2: Edit the User 1.D., Project Name, and Subtitle as appropriate. Edit Sub-area
Name, Sub-area Description, and where the water leaving this sub-are flows in the
“Sub-area Flows to Reach/Outlet” box as appropriate. 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.
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* TR-55 Main Window

File  Option:  ProjectData  GlobalData Bun  Help

=S| @ Tk ¥ s x| gk
TR-55 for Windows

— Project | dentification D ata

id

User ILlser s) State: IMissouri j
Froject: IExampIe 1 County: IFraninn j
Subtitle: IFufure or beveloped Condition] Execution Date: 3/59/01
— Sub-areas are expressed in: Di 2 p |
imengionless Unit Hydrograph: | <standard: j
i Acres
" Square #hiles Storm Data Source:  Franklin County, M0 (NRCS)

Rainfall Distribution |dentifier: Type IT

— Sub-area Entry and Summary

. Sub-area Flows to Wifeighted
Sub-area Mame Sub-area Description - Ared (oz) i T thr)
Tract 1 Exizting Land Uze Cutlet x| 1250 & 0.20
Froject &rea: 12 50 (o)
| File: H:program files\wintrS54E =ample] -4, wES [ 1o0/2500 | 11:57aM

STEP 3: Click “Land Use Details” button to open the “Land Use Details” window. In the
“Land Use Details” window, edit the land use as appropriate, and click “Accept”
to accept the changes and return to “TR-55 Main Window.”

Land Use Details M= 3
Subarea Mame
“Tract 1 vl Rename | Clear | Lﬂnd Use De?a'ls

Land Use Categories
’7 £+ Urban Area " Developing Urban € cultivated Agriculture  © Other Agriculture " Arid Rangeland ‘

Area (Acres) for Hydrologic Soil Groups

Cover Desaription | [T & Tewnl & TJen] e Tew] o Jen]=
Dirt o right-ot-way) 7z az a7 o)
Urban Districts Avg % Impens J
Commercial & business g5 ) az 84 a5
Industrial 7z &1 12.500 S8 : a1 a3
Residential districts (by average lotsize) Fug % Impens
145 acre (town houses) 65 77 a5 a0 az
1i4 acie 38 61 75 a3 87
103 acie 30 a7 7z 81 868
1/2 acre 25 54 70 =) 85
1 aere 20 a1 =] 7a 24
2 acre 12 a6 [=i2) T 22
Wiestern Desart Urban Areas
Matural desert (pervious areas anly) 52 77 a5 28
dtifiral dazadt landzeani 0 as

0f os | T
Project Aredlas) Summary Sereeh Sub-Area
’7 I 12.50 —‘ ’7 = off Dn—Hr Area[o.c)l 12,50 Weighted ¢N: [55 ‘ ﬂlﬂlﬁl

| File: H:%program filestwintrS54E xample-4. w55 [ 10/25/01 | 11:57 &M i
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The sub-area area and runoff curve number now appear in the Sub-area Entry and
Summary portion of the TR-55 Main Window.

= IR-55 Main Window
File  Option:  ProjectData  GlobalData Bun  Help

id

=S @ Tkl ¥ wltls] x| i
TR-55 for Windows

— Project | dentification D ata
User ILlser s) State: IMissouri j
Froject: IExampIe 1 County: IFraninn j
Subtitle: IFufure or Developed Condition Execution Date: 3/59/01

— Sub-areas are expressed in:
i Acres
= Square Atiles

Dimensionlezs Unit Hpdrograph: | <standard: j
Storm Data Source:  Franklin County, M0 (NRCS)

Rainfall Distribution |dentifier: Type IT

— Sub-area Entry and Summary
Sub-area Mame | Sub-area Description Suij;i?;m;m Ared (ac) wgicgrzfed Te thr)
Tract 1 Exizting Land Uze Cutlet x| 1250 oG 0.20
Froject &rea: 12 50 (o)
| File: H:program files\wintrS54E =ample] -4, wES [ 10/25/00 | 11:58aM
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. Click “Accept” to accept the changes and return to the “TR-55
Main Window.”

Tc: Time of Concentration Details

— Subarea Mame 2-¥ear Rainfall {in)

[Tract 1 =] Boname | gear | { 25 —‘ Time of Concentration Details

Slope o . Yelocity )
Flow Type: Lenigth (F1) (D Surfase (Manning's m) fn Area (12 | WP (1 /) Time thr)

Sheet 25 0.0080  Smooth Surface (0.011) I 0.00%
Shallow Concentrated gzg 0.0080  Paved - 0.1z6
Shallow Concentrated -

Charne!

Channe!

Total G50 17420 0.135

'? | Help | LCancel | Accept |
| Filz: H:program flleswintr554E xample] -4, w55 | 1o/250 | 11594

The sub-area time of concentration now appears in the Sub-area Entry and
Summary portion of the TR-55 Main Window.
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STEP 5:

=P TR-55 Main Window

Fil= Option:  ProjectData  GlobalData Bun  Help

=S @ Tchly| ] w3 2] sl
TR-55 for Windows

— Praject |dentification Data

il

ser: IUser o State: IMissouri

Project: IExampIel County: IFrrJninn

Subhitle: IFuTure or Developed Condition

Execution Date: 349401

— Sub-areas are expressed in:
& Acres
" Square ailes

Dimenzionless Unit Hydrograph:

Starm Data Source:

Rainfall Distribution Identifier.  Type IT

— Sub-area Entry and Summary

<standard:

Franklin County, MO (MRCS)

L Sub-area Flows to Weighted
Sub-area Mame Sub-area Description Reach Outlet Area (ac) o Te thr
Tract 1 Exizting Land Usz Cutlet x| 12450 L] 0.14
Project Areas 12 50 (as)
| File: H:%program fileshwintrS54E xample] -4, wES | A0/2s0 | 1159aM

Click on the “Run” button to open the “Run TR-55" window. Select the storm

events for which output is desired. Once the storm events have been selected,
click “Run” to execute the run.

STEP 6:

I Run TR-55 M=l &3
Run TR-35
Check ztorm(z) to evaluate:
[ 2-vr
[ &5-vr [ s0-vr
[ 10-¥r [~ 100-¥r
[ 1¥r
Help | Cancel | RBun |

When the run is complete, the “File Display” window opens showing the

“Hydrograph Peak / Peak Time Table.” To review other output, click “View” or
“TR-55 Reports” and select the reports to view. When complete, click “Close” to
close the “File Display” window and return to the TR-55 Main Window.
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139 File Display M=

Frint  Edit “iew TR-55Reportz Help
Hydrograph Peak/Peak Time Table cloe |
User ID Example 1
Future or Developed Condition
Franklin County, Missouri
Hydrograph PeakfPeak Time Table
Sub-hrea Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 25-Tr
Identifier (cfs)
(hr)
SUBRRERS
Tract 1 77.54
11_95
REACHE S
OUTLET 77.54
[u]
[u]
[u]
| H:\program fileshwintrB5i55rpte. out | 10425401 [12:00 PM 7

STEP 7: To save the data, click “File” and “SaveAs.” In the “Save a TR55 data file”
popup window, specify a location and a NEW FILE NAME and click “Save.”
The data is now saved, the popup window closes and the TR-55 Main Window is

redisplayed.
Save a TR-55 data file as ... EHE
Save in: I 3 Detention Basin j gl

File name: IE:-:ampIe1 B Save I
Save as wpe: IW’indDws TH-55 Drata [*.w5a) j Cancel |

Part B - Results

25-year Post-Development Discharge = 77.5 cfs
25-year Post-Development Runoff Volume = 4.373 inches (watershed-inches) = 4.555 ac-ft

The Runoff Volume can be found from the “File Display Window” by selecting “View” and
“TR-20 Printed Page File.”
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Part C - Sizing the Detention Basin

There are two approaches to sizing 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 second 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
minimizing 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

Maximize Storage
Volume

Minimize Pipe Size

Smaller diameter pipe is less

expensive

Size of area required for detention basin is
large

Storage benefits for more frequent
storm events are realized because

Cost of constructing a large storage basin
can be expensive.

increased runoff for the smaller
events is also stored.

Size of area required for detention | Larger Diameter pipe is more expensive

Minimize Storage .
basin is not as large

Volume

costs for | Because pipe diameter is so large, there may
not be a reduction 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.

Lower construction
smaller storage basin

Maximize Pipe Size

Note that many stormwater 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, in order to
size the basin, one must look only at ways of reducing the peak discharge.

There was not a tremendous amount of increase in peak discharge, or storage volume for the
developed condition. Peak discharge increased 16% from Qsopre = 66.8 cfs to Qospost = 77.5 cfs.
Runoff volume increased 9.8% from Qsopre = 3.984 in (4.150 ac-ft) to Qaspost = 4.375 in (4.555
ac-ft).

The chosen approach is to store only the increase in storage volume between the pre- and post-
developed condition or:
A Storage Volume = 4.555 — 4.150 = 0.405 acre-feet

The detention basin will have a base area at the spillway crest elevation of 150” on a side with
side slopes of 3’ horizontal : 1° vertical. This results in a base area of approximately 0.517 acres
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at the basin bottom. The depth required to store only the increase in runoff volume is
approximately 0.77 feet. At 0.77° above the spillway crest elevation, the surface area is
approximately 0.549 acres.

Note: The WinTR-55 Structure Data Window uses only a standard riser / conduit 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.

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 cfs for the post-developed condition to 66.8 cfs for the pre-
developed condition.

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 “Existing Conditions” file by selecting
“Open” from the file menu and locating the file using the “Open a TR-55 data
file” window.

Open a TR-55 data file
Lookju |23 winTRS5S =] =3
|_1 DimensionlessU nitHydrographs Ex 4-historical. wd5 Exarnple
"I Help [#] Ex 4L 3wES
|11 RainfallDistibutions Ex 4-Type 2.wE5
9 _backup.wES Examplel-4.wh5
9 Ex residue whh Enarnple-B.wh5
8] Ex il wES wamplel-C. w5
1] | »

File name: IE:-:ampIe1 Lo Open I
Files of type:  ['windows TR-55 Data [*.w55) =l Cancel |

STEP 2: Edit the User 1.D., Project Name, and Subtitle as appropriate. Edit Sub-area
Name, Sub-area Description, and where the water leaving this sub-are flows in the
“Sub-area Flows to Reach/Outlet” box as appropriate. In the situation where
water flows into a detention basin, the name of the basin is entered in the “Sub-
area Flows to Reach/Outlet” box. A reach name is entered here. The reach
contains the structure.
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=T TR-55 Main Window

Fil= Option: ProjectData GlobalData Bun  Help

=|dla| @ kmy] x| Gl x| mli
TR-55 for Windows

il

— Praject |dentification D ata
Uger IUser I State: IMissouri j
Project: IExampIe 1 Corty: IFraninn j
Subhitle: IFuTure or beveloped Condition Execution Date: 5/7/01

— Sub-areas are expressed in:
% Acres
" Square Miles

Dimenzsionless Unit Hpdrograph:  |<standard: j
Starm Data Source: Franklin County, MO (MRCS)

Rainfall Distibution |dentifier. Type IT

— Sub-area Entry and Surmary

- Sub-area Flows to wieighted
Sub-area Mame Sub-area Description I - Area (ac) ] T thri
Tract 1 Developed Land Use EazinA he 12 50 g 0.14
| File: C:\Program FileshiinT RB54E xamplel-C. w55 | 4M702 | 1202PM .
STEP 3: Click on the “Structure Data” button to open the “Structure Data” window. Enter

the Structure Name, the 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 elevation. Note: For the standard riser
configuration this height should be approximately 'z of 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 TR-55 Main Window.

WinTR-55 Workgroup 65 Revision Date: April 19, 2002
Printed: 7/19/04 1:17 PM



Bﬁlructure Data M= &=
— Structure Mame
Clear | Delete | Rename | Sfl“l.IC'l'l.ll"e DO.'I'CI
Pond Surface Area Accept |
@ zpillway crest I 05T acres
Cancel |
{optional) I 077 feet above spillway I 0549 acres
Plat |
Discharge Deseription
Spillway Type Diameteriing Bine i He;?ht (‘FL) Help |
& pipe Trial #1 Trial#2  Trial #3 P It 10 Spifay
 Weir ED | a2 EE 2.25 c?l
Pipe Flow Rating - Structure
Diameterl 36[in) Diameter2 42(in) Diameter3 48(in) Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[ft] [ft] Fls [ Bl [f] Bls __[ac-ft]
0.00 0.750 0.000 0.500 0.000 0.250 0.000 0.00
1.50 2.250 50.894 2.000 659.310 1.750 7o.794 0.82
3.00 3.750 65.704 3.500 86.398 3.250 108741 1.74
6.00 6750 88.151 6500 117.740 6.250 150.796 385
15.00 15.750 134652 15.500 181.816 15.250 235 552 12.43
| File: C:“Program FilesinT RS54 xample]-C.wa5 | 44702 | 1205 PM o
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 TR-55 Main
Window is shown in the Reach Name column. In this case, the sub-area was
defined to flow to “Structure.” Since the Structure is located at the outlet of the
watershed, the receiving reach is Outlet. Also, since the sub-area flows through
the structure, the Structure 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 “Accept” to accept the data and return to the TR-55 Main Window.

',' Reach Data
Reach Data
Reach . o Bottam )
Reach MName Receiving Reach | Length Baing 5|FFICf‘::?II’;‘H Wifidth HVB;TQQ Siiile Structure MName
1) il ope I 1 ) opes
Bazind outlet hd Bazind [
ﬂelpl Bl | Cancel | Accept |
il Reach Flow Path |
| File: C:\Program FileswinT FREEAExamplel-C. w55 | aa7i02 | 1207 PM =
STEP 5: Click the “Run” button and select the storm to evaluate. Click “Run” to execute
the run.
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" Run TR-55 =] B3
Run TR-35

Check ztorm(z] to evaluate:

[ 2-¥r ¥ 25-¥r

[ B¥r [~ B0-¥r

™ 10-vr ™ 1o0-¥r
[T 1

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 “View” or “TR-55 Reports” and select the reports to
view. When complete, click “Close” to close the “File Display” window and
return to the TR-55 Main Window.

8 File Display =] E3

Print  Edit “iew TR-55FReportz Help
Hydrograph Peak/Peak Time Table
User ID Example 1 o=
Future or Developed Condition
Franklin County,K Missouri
Hydrograph PeakfPeak Time Table (Trial #1)
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 25-Tr
Tdentifier {cEs)
(hr)
SUBARERS
Tract 1 7754
11.95
REACHE 5
Bazinf 77.54
11_95
Dowm 5151
iz 07
OUTLET 51.51
|
| C:%Program FilesinT B 554t55pts.out 441702 [12:09 PM 4

STEP 7: To save the data, click “File” and “SaveAs.” In the “Save a TR55 data file”
window, specify a location and a NEW FILE NAME and click “Save.” The data
1s now saved and the user is returned to the “TR-55 Main Window.”
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Part C - Results

Save a TR-55 data file az ...

I =3 Detention Basin

Save jn:

= B & 2 E

| Example]-4 w55
9 Eramplel-B.whE

9 Example -C.wo5:

File hame: |E:-:am|:-|e1 L.wbEs

Save

Save a3 type: [windows TR-55 Data [.w55)

[ s |
j Cancel |

Peak Discharges for the 3 different pipes evaluated are as follows:
36” diameter 52 cfs
42” diameter 58 cfs
48” diameter 61 cfs

Since the limiting discharge value is 66.8 cfs, the 48 diameter pipe may be used since the pipe
1t is possible, a larger pipe size may still

meet the discharge criteria, but larger pipes were not evaluated for this example problem.)

discharge does not exceed the limiting value. (Note:
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Example 2 — Evaluating Larger Watersheds and User Defined Storm Data

Background

A small community in Any County, Some State has flooded multiple times in the last several
years. The community wants to reduce flood damages and has requested assistance in evaluating
peak discharges in the upper reaches of the watershed. A schematic of the watershed appears

below.

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)

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

Middle Main Creek Sub-area

Main Stem I Reach Lower East Trib Sub-area
\ East Reach
Lower West Branch Sub-area
West Reach
Lower Main Creek Sub-area
Main Stem 2 Reach
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Watershed Data

Land Use Details

Area by Hydrologic Soil Group
Sub-area Land Use (acres)
A B C D
U . | Residential Districts: 2 ac lots 40
pper Main P o diti 20
Creek asture; air con }t}on
Woods; fair condition 55
C Residential Districts: 2 ac lots 30
ounty d 60
Road Branch Meadow . —
Woods; fair condition 110
Middle Main Farmsteads _ 10
Creck Pasture; good condition 30 10
Woods-Grass; fair condition 20
Upper East Residential Districts: 2 ac lots 60
Tributary Woods-Grgss; fai.r F:ondition 40 10
Woods; fair condition 10 10
Lower East lljarmste.atfls. dit ;‘0
Tributary asture; fair con ‘1t10n _ 5 5
Woods-Grass; fair condition 45 25
Upper West Industrl.ai‘ - — 15
Branch Pasture; a}r cond}t}on 10 20
Woods; fair condition 15 5
Lower West Imperv‘ious; paved parking lots 5
Branch IIldL.lStrla.l - 15
Residential Districts: 1 ac lots 10
Pasture 20
Woods; fair condition 25
Lower Main Open Space, Lawns (fai‘r cond.) 15
Creck Impervious; paved parking lots 15
Commercial & Business 15
Residential Districts; %4 ac 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, developed from current aerial photographs, or 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

Sheet Flow Shallow Concentrated |Open Channel

Sub-area Flow Flow
Length Slope Surface Length Slope Surface Length | Velocity
(feet) (ft/ft) Description (feet) (ft/ft) Description (feet) (ft/sec):

Upper Main| 75 0.047 Dense 425 | 0.047 | Unpaved | 2500 | 2.66
Creek Grass

County 75 0.067 Light 425 | 0.067 | Unpaved | 2100 | 2.30
Road Woods

Branch
Middle 65 0.052 Short 385 0.052 | Unpaved 925 2.40
Main Creek Grass

Upper East 50 0.110 | Smooth 285 | 0.110 | Unpaved | 1465 1.53
Tributary Surface

Lower East | 100 | 0.051 Light 825 | 0.051 | Unpaved 740 2.73
Tributary Woods

Upper West| 60 0.092 | Smooth 340 | 0.092 | Unpaved | 1705 1.50
Branch Surface

Lower West| 100 | 0.045 | Smooth 1000 | 0.045 | Unpaved | 510 1.51
Branch Surface

Lower Main| 100 | 0.036 | Smooth 1465 | 0.036 | Unpaved | 1100 1.10
Creek Surface

Where do the “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 values is to visit the site and determine the actual flow paths. However, these
values are generally estimated from topographical maps and aerial photos.

Open channel flow paths typically appear as a blue line on USGS topographical maps or as an
obvious ditch or stream channel 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 watershed divides.

Surface codes for shallow concentrated flow are simply paved or unpaved. This is the simplest
to determine.

For open channel flows, it is necessary to determine a flow velocity. Either take bankfull velocity
information from a previously developed water surface profile model or entering the Manning »
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 Reach Manning Slope Bottom Side Slope
Name Length “n” (Ft/ft) Width (Z:1)
(feet) (feet)

Main Stem 1 540 0.065 0.003 20 55
East Reach 685 0.065 0.006 30 33
West Reach 810 0.065 0.011 35 40

Main Stem 2 640 0.065 0.007 45 86

Where do the “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 which 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 “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 section. These values may differ drastically between the channel
and the valley. The goal is to estimate a rating curve that represents both.

Rainfall Data

Rainfall Data for the watershed in “Any County, Some State” is shown in the following table:

24-hour Precipitation Amount (inches) by Return Period

1-year 2-year S-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 TR-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 and the rainfall amounts have been
entered, click “Accept” to accept the data and return to the main window.
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.

For this example problem, the Storm Data Window appears as follows upon completion of
data entry. Press the “Accept” button to return to the main window.
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torm Data

— Uszer-provided custom storm data

beet tempararily dizabled.

MRCS does not provide storm data for regions /
locales. Therefore, the command button below has

=
Storm Data
Rairfall 24-Hr
Return Period  Rainfall
(il Amount {in)

THREEE Stanm ata |

Please zelect a rainfall distribution twpe from the list
below. The list includes the standard TR-20/TR-55
types and any number of user-defined distributions.

Rainfall Distribution Type:

Type II

= e

?l Help | Qancell ﬁccepfl

| File: H:4TR 554E xamplesT RS54 Lage Watershed\working ex| 3/6/01

[8:02 &M

v

Results

Upon completion of data entry, the TR-55 Main Window should appear as follows:

R-55 Main Window

Eile Optionz  ProjectData  GlobalData Bun  Help

||| @|Tclhlv| ¥ sl x| L] 7

TR-55 for Windows

— Project |dentification D ata

User: Iccs

Froject: Iexample 2

State: IMissouri

Ciounty: IFraninn

Subtitle: Ifgst

Execution Date: 4/17/02

— Sub-areas are expressed in:
* Acres
" Square Ailes

Dimensionless Unit Hydrograph:

Starm Data Source:  <Mo storm datas

Rainfall Distribution |dentifier.  Type IT

«standard:

— Sub-area Entry and Summary
. Sub-area Flows to Wifeighted
Sub-area Mame Sub-area Description — Ared (oc) Y Te thr)
Lppertain MainSteml x| I¥5.00 i 04z
CountyRoad MainSteml ol zo0.0o T3 0.45
Ahiddlestain MainStemz oo 1] 0.21
UpperEast EastReach > 13000 7T 0.ze
Lowrer East MainStems 11000 7o 0.37
Upperi/est Wi'est Reach x| &5.00 7T 0.34
Lowerii/est Mainstemz x| F5.00 a1l 0.1%
Lowerihain Cutlet =1 13000 Te 043
Project &rea: 9565 (ac)
| File: C:\Program FilesWwinT RE5AE xample2-large. wh5 | aa7m2 | 123EPM
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The 5-, 10-, 50-, and 100-year storm events were analyzed and peak discharges obtained for each
sub-area and reach. The Watershed Peak 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:

38 File Display (O] x]
Frint  Edit “iew TR-55Reports Help
Watershed Peak Table Eles |
[
Watershed Peak Table
Sub-Area Peak Flow by Rainfall Return Period
or Reach 2-Tr 5-¥r 10-Tr 25-Tr 50-Tr 100-Yr 1-¥r
Identifier {ciz) {cfs) {cf=) {cfs) {cfs) {ciz) {cfs)
SUBRRERS
TpperMain 238.68 374.75 461. 00 563.70 667.55 171.28 174.93
CountyRoad 210_65 349_76 439 14 548._08 659 56 17267 147_16
MiddleMain 66_T78 123 68 161. 77 208_%63 257.83 308._30 42_ 15
TpperEast 215.75 F37.07 412.51 503. 51 595.4¢6 688, 61 158.97
LoverEast 107._41 187.12 238._59 302._25 367.89 435_91 T2.11
Tppertest 29_73 156_ 06 191 .43 233_60 276.23 319.714 73.43
Loverifest 172.93 257.14 309,28 370.29 432. 36 49433 132.69
LoverMain 123_01 296._40 361.02 437._38 513.68 591_66 14454
REACHE S
Mainsteml 447.48 T23.12 #9%. 66 1107.26 1324 .60 1538. 81 F21.482
Towm 426.67 695,25 #65. 04 1067.17 1276. 56 1486. 34 F04. 81
MainStem2 927.26 152717 191130 2370_62 2843 47 3243 38 65514
Towm 213.17 1516.13 1897.27 235286 2824.29 3154. 87 650.47
EastReach 21575 337.07 412 51 503._54 595 46 688 _61 158_ 927
Towm 209, 91 F28.19 402. 54 192 .63 583.12 675.43 154.78
WestReach 29_73 156_06 191 .43 233_60 276.23 319._74 T3_43
Towm 28.43 154. 38 189.52 231.78 274.32 317.28 T2.48 |
OUTLET 1100. 5% 1g01.92 2248. 37 2786.28 3335.94 3725.49 T82.51
[ |
| C:%Program Files\WwinT FEGLESpts, out | 411702 [1:07 PM 4

Discussion of Results

In order to evaluate the output results and make a judgement as to whether or not results are
reasonable, an understanding of how WinTR-55 processes the data, and in particular, how the
hydrographs are added in WinTR-55, is beneficial.

In the Watershed Peak Table, peak discharges are listed both by sub-area and by reach. The
Sub-area Peak Discharges represent the peak discharge values obtained 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 cfs. 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 cfs. And again, this represents only the peak discharge produced by
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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 waters 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 cfs. The peak discharge for the CountyRoad sub-area for the
same storm event is 350 cfs. Runoff from both of these hydrographs flow through the
MiddleMain sub-area via MainStem1 reach. If we look at the peak for MainStemlIreach in the
Watershed Peak Table, we notice a value of 723 cfs. This peak represents the peak of the added
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 cfs for the 5-year
storm event. Notice also that there is a Peak Discharge of 695 cfs 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 which when
added together produced a peak of 723 cfs at the upper end of the MainStemlreach. When this
hydrograph was routed through the MainStem1 reach, a hydrograph with a peak discharge of 695
cfs resulted. At this point, the runoff from the MiddleMain sub-area is not yet included.

For this example, the peaks listed for MainStem2 reach become somewhat more complicated
because two tributaries enter the system. However, applying the concepts of adding the
hydrographs and developing 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:

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

2. Runoff hydrograph produced by MiddleMain sub-area.

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

4. Runoff hydrograph produced by LowerWest sub-area.
5. Runoff hydrograph produced by UpperEast sub-area routed through EastReach.
6. Runoff hydrograph produced by LowerEast sub-area.

From the Watershed Peak Table, the peak at this point for the 5-year storm event is 1,527 cfs.
Notice at the downstream end of this reach that the peak is reduced to 1,516 cfs. The 1,516 cfs
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 296 cfs. When these final
two hydrographs are added, the resultant peak at the watershed outlet is 1,802 cfs.
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Example 3 — Custom Dimensionless Unit Hydrograph

This example demonstrates the use of a Custom Dimensionless 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 between geomorphic regions and differences in urbanization,
channelization, and available storage (in wetlands, floodplains, and/or reservoirs) in watersheds.
Users should contact the NRCS State Conservation Engineer if they have questions on whether
or not to use the standard DUH in a location. This example uses the coastal Delmarva
Dimensionless Unit Hydrograph named for Delaware, Maryland, and Virginia.

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 presently 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. There is no
defined channel running 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 0.1%. The shallow
concentrated flow path through the cornfield is 858 feet long, also at a slope of 0.1%. The path
of the flow through the woods is 131 feet long at a slope of 0.095%.

Owen has considered leaving crop residues on his field to reduce erosion and pollutant discharge
into the stream. His daughter Branwen wants to show him what a difference crop residues can
make. She will use WinTR-55 to calculate the peak discharge from a range of storms for his
land. She'll also use the Delmarva Unit Hydrograph (Welle, et al., 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 dimensionless unit hydrograph into the
data file. Second, determine the peak discharge and runoff volume for the present field tillage
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, a reducing runoff
indicates a reduction in soluble pollutant load, if other factors are constant.

Part 1 - Enter custom dimensionless unit hydrograph

STEP 1:  Branwen starts the WinTR-55 program and selects "new" from the pull down choice
list for "File". She enters User ID, Project Name, Subtitle, State and County and
specifies sub-area units as acres. The Dimensionless 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 Dimensionless Unit
hydrograph is the standard NRCS one, with a peak factor of 484.
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FETR-55 Main Window
Eile Options ProjectData GlobalData [on Help

(el @by ¥ Gl o] Zlh] 2
TR-55 for Windows

=] Y

-~ ProjectIdeniiication Data

user [bmd State:  [Maryland E
Praject [ia's farm County [Talbot E
Subtifle: |cnrnﬁz\d near bug creek Execution Date: 9/12/01
~Sub-areas are expressed in:
Dimensionless Unit Hysrograph: [ctandards B
& Acres
¢ Square Miles Storm Data Source:  <nones
Riainfal Distribution Identfier: None>
- Sub-area Entry and Summary
Sub-area Flows to Weighted
Sub-areaMame | Sub-area Desoription | =0 2780 L B | Areatae) | “EAY Te (hry
Project Area  (ag)
| File: <new file> [ aptem | 1dEAM

Branwen can click on Global Data in the TR-55 ‘Main Window Menu Bar, and then

Storm Data
Custormn Raintall Distributions

on the Storm Data in the pull down choice list (_2merstrsssuntbeesesn {)  or on the storm

data icon (.'I-| ') on the button bar to bring up the Storm Data Window:

] Storm Data [_ O[]
Storm Data
~ <noi
To replace these starm data with those compiled by Rainfall 24-Hr
the NRCS for Talbot County, MD, click on the ReturnPeriod  Rainfall
command bution belaw. ) Amount {in)
IT l—
NRCS Storm Data
5
Please select & rainfall distibution type from the list
below. The listincludes the standard TR-20/ TR-55 10
types and any number of user-defined distributions.
25
Rainfall Distribution Type:————————
50
| S
100
IT |—
2| iy | goed |
| File: <new file> [9/12/01 [11:49 A 7

Clicking the NRCS Storm data button will fill in the data for Talbot County,
Maryland:

] Storm Data [_ O[]
Storm Data
- Talbot County, MD (MR
To replace thess starm data with those compiled by il 2l
the NRCS for Talbaot Caunty, MD, diick on the ReturnPeriod  Rainfall
command bution below. ) Amount (in)
B 34
INRCS Storm Data.
5 45
Pleass select o rainfall distibution type from the list
below. The listincludes the standard TR-20/TR-55 10 53
types and any number of user-defined distributions
25 3
Rainfall Distribution Type:
50 6.8
[Tyve 11 3 e
100 7.6
1 z8
Bl Help | Concel | Accept
| File: <new file> [2/z8/01 [10:51 AM 7
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By clicking the Accept button, Branwen selects this as her Storm Data Source, which
reflects on the TR-55 Main Window. She is ready to concentrate on the dimensionless

FETR-55 Main Window =] ES
File Options ProjeciData  GlobalDaie  Fun Help
ZIH=| @k k¥ ¥ vkl «] =L 2
TR-55 for Windows
-~ ProjectIdentification Data.
User  [omd State:  [Mharyland B
Praject [da’s farm County: [Talbat H
Subitie: [cornfield near bug creek Execution Date: 2/26/01
[ Sub-oreas are expressed in Dimensior less Unit Hydrograph: [<standards B
& Acres
® G s Storm Data Source:  Talbat County, MD (NRCS)
Raintall Distribution Identiier: Type TT
-~ Sub-arsa Entry and Summany
Sub-area Flows to Weighted
Sub-arealame | Sub-anea Description | T 8BS " SRS | Area fac) & Te (hr)
Project Area:  (ac)
File: <new file> [ 28t | 1053AM

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 Global Data in the TR-
55 Main Window Menu Bar and then on Dimensionless Unit Hydrograph in the

| GlobalData | Fun Help
Storm Data
Custom Rainfall Distributions

pull down choice list( _Rimersioniess it Hyerosrapr l) or click on the icon for the

dimensionless unit hydrograph ( ) on the button bar to bring up the
Dimensionless Unit Hydrograph Window:

Dimensionless Unit Hydrograph

Local Hydrograph(s)

[l e

# Paints

Dimensiorless Hydrograph Paints

 He] o]

STEP 3: The Dimensionless Unit Hydrograph (DUH) Window allows entry of a custom DUH.
Branwen enters Delmarva 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.
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[l Dimensionless Unit Hydrograph [_ O[]

Dimensionless Unit Hydrograph
Local Hydrograph(s)

[etmarva = Benams | Dspes

#Points 51

Dimensionless Hydragraph Points
0.00000 011100  0.35600 065500 0.89600
1.00000  0.92900 0.82800 073700 0.65600
058400 052100 046500 | 0.41500  0.37100
033100 0.29600 026500 | 0.23700 021200
0.19000 017000 015300 @ 013800 012300
0.10900  0.09700 0.08600 007600 0.06600
005700 0,04900  0.04100 | 003300 0.02700
002400 002100  0.01800 | 001500 | 0.01300

| bep Flot Done

D:\winir554DimensionlessUnitHydragraphs\delmarva.duh i

STEP 4: If she wants, she can click on the Plot button and plot the DUH. The second line of the Title
gives the path where her work is located.

| [ [ | Closa |

delmarva.duh

[TR-55 _Dimensionless Unit derogra‘)h
D:wintr55'DimensieonlessUnitHydro:

raph

DISCHARGE ‘

meEDEION-O

z 4 6 8 10 12 14 16 18 20 2z 24
DIMENSIONLESS TIME UNITS

D:\wintr55\Dimensionless UnitHydrographs \delmarva.duh [%19.76 [vom: 4

STEP 5: She must return to the Main Window and select the Delmarva Dimensionless Unit
Hydrograph from the choices displayed by the DUH pulldown for the program to actually use
the Delmarva hydrograph in its calculations. After highlighting Delmarva in the pull-down
choice list, she double-clicks on it to enter it as her choice for use. If she wants to use this
dimensionless unit hydrograph in another job, all she needs to do is click on its name in the
hydrograph list.
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£~ TR-55 Main Window

=] 3
File Options ProjectData GlobalDatan B Help
2|82 @|T|hl¥| ] wlfFln] <] ma| P
TR-55 for Windows
-~ Projectdentification Data
user  [omd State:  [iharyland H
Project [da’s farm Caunty. [Talbor =

Subtitle: Icnr-m‘ueld near bug ereek Execuiion Date: 2/28/01

- Sl s ekt it Dimensionless Unit Hydrograph: [« tandard- B
& Ares

- Square Miles Storm Data Saurce: Talbot Coufigfandard -

Rainfall Distribution Identifier: Ty [wales

- Sub-ares. Entry and Summery ilkstorm

Sub-areaMame | Sub-area Description

nape
Sub-area Flows to | el

Reach/Outlet | * '"dd

hyd1

ProjectArea;  (ac)

File: <new file> [ a8/l | 12EPM

STEP 6: 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.

P2 TR-55 Main Window

H=
File Options ProjectData  GlobalData Run  Help
Z|HE| @|kk¥ ¥ vkl «] =A] P
TR-55 for Windows
- Praject|dentification Data.
User  [omd State:  [Mharyland B
Project Idu'sfgr‘m County: ITg\bgf j

Subitie: [cornfield near bug creek Execution Date: 2/26/01

[ Sub-areas are expressed in Dimensionless Unit Hydrograph: [delmarva g
& Acres

© Square Miles Storm Deta Saurce: Talbat County, ME (NRCS)
Fiainiall Distributon Identiier: Type TT

—Sub-area Entry and Summary

Sub-area Flows to Weighted
Sub-areaName | Sub-area Deseription | = 20T WIS | Area gaz) | MO8 Te (hr)
corn! field by Bug Creck Outlet B

ProjectArea:  (ac)

File: <new file> [ 22801 [ 230PM 4

Part 2 - Determine peak discharge and runoff volume for the present field tillage
conditions.

STEP 1:  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” window, 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 “TR-55 Main Window.”
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Land Use Details
Subarea Mame

|corn1

Land Use Categories

= Urban Area " Developing Urban

j BRename Clear

M=
Land Use Details

~ Cultivated Agriculture Other Agriculture " Arid Rangeland

Ared (Acres) for Hydrologic Soil Sroups

Cover Deseription [T & TJewl 8 Ten] ¢ Tew] o [en]«]
Row crop  Straight row (SR) poor 72 87 88 97
Straight row (SR) qood 67 g 11.000 85 89
SR+ Crop residue poor k) 80 87 90
SR + Crop residue qood 6 75 82 85
Contoured (C) poor 70 79 B 88
Contoured (C) good 65 75 82 86
C+ Crap residue poar 69 78 83 87
C+ Crop residus good [i% 74 i 85 [
Land uze for coinl | Area | HSG 66 2 80 82
Row Crop  Straight row [SR] [good] 11.000 C 62 77 78 ik}
Woods [good) 1.500 D 65 73 79 87
C&T + Crap residue good 67 70 7 80
Small grain  Straight row (SR) paor 65 76 i) i
Straight row (SR good 63 5 83 87
-
Project Areafas) Sumimary Screen Sub-Areq

12 50 " Off % On

File: C:\Program FilestinT RESLE = 3-till wh5

Help | Qancel‘ &ccept|

il

Area(ac) | 1250

Weighted Ch: ﬁ

4/17/02 813 AM
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* TR-55 Main Window

File Option:  ProjectData  GlobalData Bun  Help

2|2|S| @ k¥ ¥ o5k x| gl

id

TR-55 for Windows

— Project |dentification D ata

User

Project: IDcu:I 's farm

State:

IMaryIcmd j
[

County: ITaIbm

Subtitle: Icornfield near Bug Creek

Execution Date: 4/17. 02

— Sub-areas are expressed in:
i Acres
= Square Atiles

— Sub-area Entry and Summary

Dimenszionless Unit Hydrograph:

delmarva v |

Storm Data Source: Talbot County, ME (NRECS)
Rainfall Distribution |dentifier: Type IT

. Sub-area Flows to Wifeighted
Sub-area Mame Sub-area Description e Ared (oz) i T thr)
carnl field by Bug Cresk Cutlet x| 1250 o4 0.10
Froject &rea: 12 50 (o)
| File: C:\Program FilesWwinT BESLE = 3-till wES | 4702 | s1d42M 0

The sub-area area and runoff curve number now appear in the Sub-area Entry and Summary
portion of the TR-55 Main Window.

STEP 2:  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 “TR-55 Main Window.”

Tc Time of Concentration Details [_ o] ]
Subarea Mam: 2-Year Rainfall (in)
’7cnr~nl 3| T || [ e ‘ ( 34 —‘ Time of Concentration Details
Flow Type Length (f1) | [fm‘:) Surface (Manning's n) 0| Area (F18)| WP cfh v‘?':fs‘;y Time (hr)
Sheet 100 0.1000 Cultivated <= 20% residue (0.06) -} 0.040
Shallow Concentrated 858 0.1000  Unpaved - 0.047
Shallow Cancentrated 131 0.0950 Unpaved I 0.007
channel T
Channel
Total 1,089 3.2181 0.094
*-Your computed subarea Tois less than, and will be replaced with, the required minumum of 0.1 hours. i‘ D P pm—
| File: <new file> [ spam | e3taMm
The sub-area time of concentration now appears in the Sub-area Entry and Summary portion
of the TR- 55 Main window.
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STEP 3:

STEP 4:

=T TR-55 Main Window

File Option: ProjectData  GlobalData Bun  Help
= e
=S| @7l ] vl 2| k] 2
TR-55 for Windows
— Project | dentification D ata
Uszer State: IMaryIand j
Project: IDcu:I 's farm Cavinty: ITaIbnT j
Subtitle: Icornfield hear Bug Creek Execution Date: 4/17/02
[ ELE-EIEED O e T Dimenzsiohless Unit Hydrograph:  |delmarva j
* Acres
' Square fhiles Storm Data Source: Talbot County, WD (MRCS)
R ainfall Distribution |dentifier: Type 1T
— Sub-area Entry and Surmmary
. Sub-area Flows to wieighted
Sub-areq Mame Sub-arga Description S Area (ac) E T thrd
cornl figld by Bug Creelk Outlet >l 1zs50 4 0.10
| File: C:\Program FilesWwinT BESAEx 3-till whS | aa7m2 | BT AM i

Branwen clicks the “Run TR-55 ” button or the 'Run' icon (.-;(‘ ) to open the “Run TR-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
displays the program's progress as a series of little blue rectangles that march from left to
right over and over again. This reassures Branwen that something is happening, even if she's
not sure what. The appearance of this processing bar excludes user entry of new data.

" Run TR-55 [_1o[]

Run TR-55
Check storm(s) to evaluate
¥ 2yr ¥ 25-yr
¥ Syr WV 50-yr
M 10-yr v 100=yr
© 7

Help | Cancel | Run

Sexamfx.doc

' Run TR-55 [_ O[]

Run TR-55

Processing.

[ [

When the run is complete, the “File Display” window opens showing the “Hydrograph Peak /
Peak Time Table.” Branwen can review other output by clicking “View” or “TR-55 Reports”
and selecting the reports to view. She clicks “Close” to close the “File Display” window and

return to the TR-55 Main Window.
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a# File Display
Frint Edit View TR-55Reporis Help

Hydrograph Peak/Peak Time Table

[_ o] ]

Clase

bmd da's farm
cornfield near bug creek
Talbot County, Maryland
Hydrograph Peak/Peak Time Table
Sub-Area Peak Flow and Peak Time {(hr) by Rainfall Return Period
or Reach 2-¥r 5-¥r 10-¥r 25-¥r 50-¥r 100-¥r 1-¥r
Identifier (cfs) (cfs) {cfs) (cfs) (cfs) (cfs) (cfs)
(hr) (hr) (hr) {hr) (hry (hr) (hr)
SUBAREAS
cornl 28.84 43.41 54.16 63.74 .71 85.70 21.18
12.01 12.00 11.96 11.96 11.95 11.95 12.01
IREACHES
OUTLET 28.84 43.41 54.16 63.74 .71 85.70 21.18
o
o
al
| Di\wintr55Y w55 mts. out [8/13/01 954 AM 7
| Wiew TR-55Repors Help
Input File
TR-20 Printed Page File
Error File
Debug File
TR-55 Reports  Help
Current data description
Storm Data
Waatershed Peak Tahle
Hydrograph Peak/Peak Time Takle

Sructre Sutautsiat e

Sub-Area

Summary Table

Beach Summary Table

Sub-Area Time of Concentration Details
Sub-Area Land Use and Curve Mumber Details
RFeach Channel Rafing Details

Structure Description
Structure Rating Details

Al

* TR-55 Main Window

File  Optionz

ProjectData  GlobalData Bun Help

=S| @ T/k[¥| ¥

o5l 2] el

2|

TR-55 for Windows

r— Project [dentification D ata
[

Froject: IDad 'z farm

User:

State: IMaryIand

County: | Talbot

Subtitle: Icnrnfield near Bug Creek

E=ecution Date: 4717702

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

Dimenzionless Unit Hpdrograph:  |de lmarva

Starm Data Source: Talbot County, sl (MRECS)

Rainfall Distribution |dertifier.  Type IT

— Sub-area Entry and Summary

. Sub-area Flows to wieighted
Sub-area Mame Sub-areq Description Reach Outlet Area (ac) i Te thrd
cornl field by Bug Creek Cutlet >l 1250 g4 010
| File: C:%\Program Files"WinTRESAE « 3-ill wa5 | 44702 | BT AM 4
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STEP 5:  From the Main Window Branwen can click on the Output Definition icon (¢ Z=£) to get a list
of output summary reports available for printing or viewing. She selects the Watershed Peak
Table to show her Dad.

&= Output Definition [ B

Output Definition

- Available Reports

I Current data description
I Storm Data

I Hydragraph Peak/Peak Time Table

I-| Sinuctune Gufput Table

I Sub-Area Summary Table

Il Reah Summary Table:

I Sub-Area Time of Conoentration Details

I~ Sub-AreaLand Use and Curve Number Details
= et Ghiare ating Detale

I Sfucture Deseriphion

| St nuipture Rating Defls

Print To:
’7(-'Prmlzr‘/File  Report Viewer | Help | Al | Brint | Close

88 File Display [_ (O[]

Print Edit View TR-55Repors Help
Watershed Peak Table Qo
bma da's farm
cornfield near hug creck
Talbot County, Maryland
vatershed Peak Table
Sub-Area Peak Flow by Rainfall Return Period
or Reach 2-¥r 5-¥r 10-Yr 25-¥r 50-¥r 100-¥r 1-¥r
Identifier (cfs) (cfs) {cfs) (cfs) {cfs) (cfs) (cfs)
SUBAREAS
cornl 28.84 43.41 54.16 63.74 74.71 85.70 21.18
IREACHES
OUTLET 28.84 43.41 54.16 63.74 74.71 85.70 21.18
(uf
(uf
(uf
| D\wintr554 455 mts.out [8/13/01 10:09 A A

STEP 6: To save the data, she returns to the 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 TR-55 data file” popup window, she specifies a
file name (Ex 3-till for corn, conventional tillage) and clicks “Save.” The data is now saved,
the popup window closes and the “TR-55 Main Window” is redisplayed.
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Save a TR-55 data file az ...

@ comeoryhil wsa
Q comresidug. w5

<]

Savejn | () WinTRS5 =l & e
|_11 DimensionlessU nitHydrographs Ex 3l wib5 Exarnple
I Help Ex 4-histarical whb Enarnple
-1 RainfallDistributions Ex 4L 3.w55
@ _backup.wEb Ex 4-Type 2.wBE

Examnplel-A.w55
Examplel-B.wb5

File harme:

Save a3 ype:

Windows TR-55 Data [*.wh5)

=

Cancel

i
Save I
_Cancel |

Results

Conventional Tillage Discharge

Frequency | 1-year | 2-year | 5-year | 10-year | 25-year | 50-year | 100-year
Discharge | 21.2cfs | 28.8 cfs | 43.4cfs | 542cfs | 63.7cfs | 74.7 cfs 85.7 cfs
Volume* 1.17 1.7” 2.8” 3.5” 4.1” 4.9 5.77

*The Runoff Volume can be found from the “File Display Window” by selecting “View” and
“TR-20 Printed Page File.”

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.

Open a TR-55 data file

Lookjn |3 WinTRSS

|_1 DimensionlessU nitHwdrographs

= & = B

I_aH elp

|1 RairfalDistibutions
9 _backup.wES

9 comeortil whh

Ql comresidue. wih

1]

Ex d-histarical whs
Ex 4L 3.w55

Esx 4-Type 2.w55
Enarnplel-A.wh5
Enarnple-B.wh5

5 Exarnple

Ewample

File name:

[Ex 3l

wi5

Files of type:  ['windows TR-55 Data [*w55)

[

Cancel

i
Open I
==
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= TR-55 Main Window

thions ProjectData GlobalData Bun  Hel

New

C:AProgram Files'WwWinT RESYE sample2-large. whb
Ahwfarkin™1 wEE

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

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 “Land Use
Details” button opens the “Land Use Details” window in which she edits the land use and
clicks “Accept” to return to “TR-55 Main Window.”

== TR-55 Main Window

File Optioh: ProjectData  GlobalData Bun Help

=S| @ Tc|hkly| ] bl 2] gl
TR-55 for Windows

2]

— Project Identification Data

zer Ibmd State: IMaryIand j
Project: IDad 'z farm Coainity: ITa,Ibot j
Subtitle: Icornfield mear Bug Creek with crop residug| Execution Date: 441702
i~ Sub-arecs are expressed in: - - . )
Dimensionless Unit Hpdrodraph: | de lmarva, j
(¢ Acres
 Square Ahiles Storm Data Source:  Talbat County, WD (MRCS)

Fiainfall Distribution |dentifier: Type IT

— Sub-area Entry and Summary

. Sub-area Flows to Wieighted
Sub-area Mame Sub-area Description Reachd Outlet Ared (ae) i Te thrd
cornl new Figld by Bug Creek Outlet >l 1250 4 0.10
| File: C:AProgram FilesbwinTREEAE 2 3-residue. wES | anFmz | gzzaM =
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Land Use Details M= E
Subarea Mame

|corn1new j Fiename Clear Land Use De‘l'a“S

Land Use Cateqories
" Urban Area " Developing Urban " Cultivated Agriculture o+ Other Agriculture = Arid Rangeland

Area [Acres) for Hydrologic Soil Sroups

Cover Description [ [T & Ten] ® Jen] ¢ Jen] © Jen[<]
Row crop  Straight row (SR poor 72 87 &3 97
Straight row (SR good 67 78 85 89
SR+ Crop residue poor e | 80 L 20
SR+ Crop residue good 64 75 32 85 |
E::::z:: EE; Land use for comnl new I Area | HSG :: ::
; Wood: [good) 1.50 D
£+ Erop residus Bow Crop 5B + Crop residue [good] 11.000 C & i
C+ Crop residus quod LT T &r 85
Cont & terrace d(C&T) poar 66 i) $0 82| -

Project Arealas) Sumimary Scresn Sub-Area

12 50 ~ off % oOn Area (ae) 12 50 Weighted Ch: ,F Help ‘ Qancel‘ accept|

il

File: C:\Progran Filez\\wWinTREEAE » 3-residus. whS 44702 825 AM

The sub-area area and the new runoff curve number now appear in the Sub-area Entry and
Summary portion of the TR-55 Main Window.

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 “TR-55 Main Window.”

Tc Time of Concentration Details
Sub-area Mame Z¥ear Rainfall (in)
[comt neww ~] Rename | Clear 2.4 Time of Concentration Details
Slope " . Weloeity )
Flow Type Lenath (1) oy Surface (dhanning's n) n Area (Tt23 | WP (ft) (/5) Time thr)
Sheet 100 01000 Cultivated » 20% rezidue (0.17) I 0.092
Shallow Concentrated 858 0.1000  Unpaved - 0.047
Shallow Concentrated 131 0.0950  Unpaved - 0.007
Channel
Channel
Total 1.08%9 2.0719 0.146
? Help | LCancel ‘ Accept |
File: C:%Program FilezhainTREEEx 3-rezidus.wi5 417./02 8:25 Ak

The sub-area time of concentration now appears in the Sub-area Entry and Summary portion
of the TR-55 Main Window.
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= TR-55 Main Window
ProjectData GlobalData Bun  Help

Fil=  Options

#lﬂl%l @

[ ] bl 2| mlA] 7

— Praject |dentification Data

TR-55 for Windows

User: Ibmd

State: IMo.r}fIand

Project: IDacI ‘s farm

County: ITaIboi

Subhitle: Icornfield near Bug Creek with crop residus

Execution Date: 471702

|
=l

&' Acres
' Square iiles

— Sub-areas are expressed in:

Dimenzionless Unit Hpdrograph:

— Sub-area Entry and Summary

Rainfall Distibution |dentifier. Type IT

delmarva

Storm Data Source: Talbat County, D (MRCS)

[

L Sub-area Flows to Weighted
Sub-arza Mame Sub-area Description Reach Outlet Ared (ac) o Te thr)
cornl new figld by Bug Craek Cutlet | 12450 Sl 015
| File: C:\Program FileshwinT RE5AE % 3residus. wis | 4a7Mm2 | B2EAM o

STEP 4: Branwen saves her data now using “SaveAs” to give it a new name (Ex3-residue), and then
clicks “Run TR-55 ” button to open the “Run TR-55 ” window. The program saves the storm
events for which the last run was made, so she can “Run” to execute the run. When the run is
complete, the “File Display” window opens showing the “Hydrograph Peak / Peak Time
Table.” She can click “View” or “TR-55 Reports” and select the reports to view. When
complete, she clicks “Close” to close the “File Display” window and return to the TR-55
Main Window.
88 File Display =] E3
Print Edit View IR-55Reports Help
Hydrograph Peak/Peak Time Table Qlose
Hydrograph Peak/Peak Time Table
sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
ot g s S s o i s g
(hx) (hx) (hx) (hx) (hx) (hx) (hx)
| D:\wintrB6irBGrpts. out [9/13/m 10:30 A 4
Results
Crop Residue Tillage Discharge
Frequency | 1-year 2-year 5-year 10-year 25-year 50-year | 100-year
Discharge 158 cfs | 224 cfs 35.0 cfs 44.6 cfs 53.1 cfs 62.7 cfs 72.4 cfs
Volume* 1.0” 1.47 2.5” 3.2” 3.8” 4.6” 5.3”
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*The Runoff Volume can be found from the “File Display Window” by selecting “View” and
“TR-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 cfs 28.8 cfs 43.4 cfs 54.2 cfs 63.7 cfs 74.7 cfs 85.7 cfs
(conv. tillage)
Volume 1.17 1.77 2.8” 3.5” 4.17 4.9” 5.77
(conv. tillage)
Discharge 15.8 cfs 224 cfs 35.0 cfs 44.6 cfs 53.1 cfs 62.7 cfs 72.4 cfs
(residue)
Volume 1.0” 1.4” 2.5” 3.2” 3.8” 4.6” 5.3”
(residue)
Discharge 5.4 cfs 6.4 cfs 8.4 cfs 9.6 cfs 10.6 cfs 12.0 cfs 13.3 cfs
decrease
(w/residue)
Volume 0.1 0.3” 0.3” 0.3” 0.3” 0.3” 0.4”
decrease
(w/residue)
Branwen can now carry these results to her Dad and demonstrate the advantages of residue in
reducing flows from his corn field.
Example 4 — Custom Rainfall Distribution
Background
Minor Lake Subdivision in Champaign County, Illinois has an existing stormwater detention
basin designed with 100-year Type II rainfall distribution. A nearby watershed recently
experienced a 7-inch 24-hour storm for which hourly precipitation data is available. A local
hydraulic engineer estimated the recurrence interval of this event to be 110 years.
The local homeowners want to know how their existing detention basin would perform during
such an event. For comparison purposes, the engineer completed a 100-year Type II distribution
design analysis first. The historical event was analyzed second.
Watershed and Basin Data
The existing hydrologic design listed the drainage area as 25 acres of Ys-acre residential lots on
hydrologic soil group “B” soils — curve number 75. The time of concentration had been
computed at 0.45 hours. The 100-year rainfall depth is 6.61”.
The existing detention basin has a surface area of 2.0 acres at the spillway crest. Three feet
above the spillway crest the surface area is 2.4 acres. The inlet crest of the 15-inch diameter pipe
is 3.5 feet above the outlet.
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Existing Conditions — Type Il Rainfall Distribution

Enter the existing data on the TR-55 Main Window, Structure window, and Reach window.

=" TR-55 Main Window

File Options  FrojectData  GlobalData Bun Help

=S| @7l ] bl «| =N 2

TR-55 for Windows

r— Project |dentification D ata

User IKK'u'

Froject: IMinor Lake Detertion Check

State: IIIIinUis

Coaunty: Ichampaign

Subtitle: Iﬂ.nalyze detention bazim with Type T distribution|

Enecution Date: 4/16/02

— Sub-areas are expressed in:
i Acres
" Square #iles

Dimenzionlezs Unit Hedrograph:

Storm Data Sowrce:  Champaign County, IL (NRCS)

Rainfall Distribution |dentifier:  Type IT

«standard:

— Sub-area Entry and Summarn

L Sub-area Flows to wirgighted
Sub-area Mame Sub-area Description i Ared (os) & Te thr)
Ainar Lake 0.25 acre lots basin x| =z5.00 75 0.45
Project &rea: 25 (ac)
| File: C:A\Program Files\winT RESAEx 4-Type 2. w55 | 4462 | T33AM &
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B Structure D ata =]

— Structure Mame
I det pond j Clear | [Elete | Herame | S'I'I"I.IC'I'I.II"E DO.'I'CI
Pond Surface Area Accept |
@ zpillway crest IE— acres concel |
(optional) |3_ feet above zpillway |24— acres —
i _ Plot |
Discharge Description
Spillway Type Diameter(in) . ) I3'i|3'na-lTrifft;fl'T(‘?o)spiIlwct'rr 4|ﬂelp
& pipe Trial #1 Trial #2 Trial #3
" Wfeir |15 | | |35 il

Pipe Flow Rating - det pond
Diameterl 15[in] Diameter? [in) Diameterd [in) Temporary
Stage Pipe Head Flow Pipe Head Flow Pipe Head Flow Storage
[it) lin] Fls _fin)  _Bfs  _fin]  _PFls _fac-ft]
0.00 2875 0.000 0.00
0.63 3.500 11.020 1.28
1.25 4125 11.964 260
2.50 5 379 13.657 542
625 9125 17.794 15.10
12.50 15.375 23.097 3542
| File: C:%Program FilesWWinTRES4E < 4-Tope 2.w55 | 22301 | Z30PM i
Reach Data
Reach Data
Reach ) _— Eottorn )
Reach Mame Receiving Reach | Length Manning | Friction Width | Erese Side Structure Mame
n Slope (ft/ft) Slopes
()] (ft)
basin Outlet [ d=t pond hd
Help | Bl | Cancel | Accept |
“? | Reach Flow Path |
| File: C:A\Program Filest\winT REEAE % 4-Type 2.wES | 2f23m | 259PM 7

The resulting flow path schematic is shown below.
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. Reach Flow Path H= E
Reach Flow Path

~ Project (inor Lake Detention Check) Flow Path
Outlet
b3z {structure=det pond}
e fhinor Lake {Area=25ac, CM =78, Te = 0,45}

Bluz - Reaches Sreen - Subareas Red - Structures

2|

Help | Close |

Go to the Global Data menu on the TR-55 Main Window and select Storm Data. On the Storm
Data window, click NRCS Storm Data to choose the NRCS Champaign County rainfall data.
Note that Type II rainfall distribution is the default distribution.

Eﬁlmm Data |_ O] x|
Storm Data
r— Champaign County, IL [MRCS)
To replace these storm data with those compiled by Rainfal! 2.4-Hr
the MRCS for Champaign County, 1L, click on the Return Perind  Rainfall
command buttan below. [t Amount {in)

MRCS Storm Data

Pleaze select a rainfall distribution type from the list
below. The list includes the standard TR-20/TR-55
tupes and any nurber of user-defined distributions.

| Type 1z = |

"Rainfall Distribution Type:

ARKEENN

‘?l Help | Qancell ﬂccep'rl

| File: C:\Program Files$winT RESAEx 4-Type 2. w55 [3/5/01 [ 10:37 & &

Click Accept to accept the data and return to the TR-55 Main Window. Save this data as “Ex 4
Type 2. Run the 100-year design storm.
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188 File Digplay

Frint Edit ‘“iew TR-55Reports Help

Hydrograph Peak/Peak Time Table

M= E3

Sub-Area
or Reach
Tdentifier

OUTLET

Minor Lake Detention Check

Analyze detention bazsin wdith Type II distribution

Champaign County, Illinois

Hydrograph PeakfPeak Time Table

Peak Flow and Peak Time (hr) by Bainfall Return Period

100-Yr
{cf=)

thr)

§5.52

12_15

89._59

12.15

12.92

12.85

[

| C:AProgram FileswinT REErE5pts. out

[4/16/02

| 7:28 &M =

Using the Type II rainfall distribution, the peak flow from the Minor Lake watershed area is
nearly 90 cfs into the basin. The flow out of the basin is approximately 14 cfs. To look at the
respective 100-year design hydrographs, click the hydrographs button on the TR-55 Main

Window.

. Dutput Graphics (- [O] =]
Output Graphics
~ Select Segment Type — Alernatives
& Subareafs) " Reachies) ¥ Trial #1
—Select Subareals)—— — Select Stormis) — | Trial ez
[#] #inor Lake 1004t = Tiniall=a
Outlet
— Reach Hydrograph
[v | Wpstream
I | Bt rearn
7 | Help |
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ﬂﬁlaphics [ [O) x|
FEEREEENE lose |
[TR-55 Output Hydrograph Project: Minor Lake Detention Check
Subareas: {Minor Lake, Outlet) Storm: 100-Yr
= rfli----- [inalieelelliel mmmm - Bl T T----- - r==----- 1
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The short-duration highly-peaked line hydrograph is from subdivision houses and the long low
line represents outflow from the basin.

Enter Historic Rainfall Distribution

From the TR-55 Main Window save the existing data file as “Ex 4-historical”. Click the custom
rainfall distributions button on the TR-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”0of
rain fell during the first hour, so the first data point after 0 is 0.03000 (0.21°/7” = 0.03).
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Eustom Rainfall Distribution

Custom Rainfall Distribution

Local Distribution(s):
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The plot below shows how the rainfall was distributed during the 24-hour storm.
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Now that the custom rainfall distribution has been entered and saved, click on the Storm Data
button on the TR-55 Main Window. Select the previously defined distribution, Historical Storm,
from the pull-down list for distribution types. Make sure the 2-year rainfall is still 3.01” for time
of concentration computations. Enter 7.00” for the 110-year rainfall on the right side of the
window. Click “Accept” to return to the TR-55 Main Window.
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Storm Data
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Click “Accept” to close the Storm Data window and return to the TR-55 Main Window.

T TR-55 Main Window
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The storm data source now reads “User-provided custom storm data”. Click the run button to
compute the hydrographs using the historical rainfall distribution and depth.
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138 File Display
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The historical peak is estimated at 18 cfs from Minor Lake sub-area. The detention basin lowers
the peak to approximately 12 cfs. The hydrographs are plotted below.
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The thin, jagged line represents the flow from the subdivision and into the basin. The thicker
line represents the estimated outflow from the detention basin during the historical rainfall event.

If detailed information is needed, such as a table of hydrograph points, go the the output
definition window and view any report to open the file display window. Select View-TR-20
Printed Page File to see the following hydrograph.
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This TR-20 printed page report is a text file in the WinTR-55 subdirectory labeled “tr20.out”.

Results

The peak inflow to the existing stormwater detention basin was reduced from the 90 cfs (Type II)
design value down to 12 cfs (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 6.61” design depth to 7” historical depth.

However, the peak outflow from the detention basin is reduced only slightly, from 13 cfs to 12
cfs. Therefore, this analysis demonstrates that the existing stormwater detention basin would
performed adequately during the historical storm event that occurred in the nearby watershed.
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Appendix B - Equations

Runoff Equation

~ 1000 _ )] 2
[P 0.2 ( oy 10

1000
P+0.8 == _10
Where

Q = runoff (in)
P = rainfall (in), and
CN = runoff curve number

Q:

Composite CN (connected impervious area)

P.
— + Lim _
CN, =CN, ( o )(98 CN,)

Where
CN, = composite runoff curve number
CN, = pervious runoff curve number, and
Pim = percent imperviousness

Composite CN (unconnected w/ <30% impervious)

CN. = CN, + ( %Oﬁ(l)a )(98-CNp) (1-0.5R)

Where
R =ratio of unconnected impervious area to total impervious area

Sheet Flow
_ 0.007 (nL) **
=
(Pz) 0.5 S 0.4

Where
T, = travel time (hr)
n = Manning roughness coefficient (for sheet flow)
L = flow length (ft)
P, = 2-year, 24-hour rainfall (in), and
s = slope of hydraulic grade line (land slope, ft/ft)

Shallow Concentrated Flow

V =16.1345+/s (Unpaved)
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V =20.3282 /s (Paved)

Where
V = average velocity (ft/s), and

s = slope of hydraulic grade line (watercourse slope, ft/ft)

These two equations are based on a solution of the Manning equation with different assumptions
for n (Manning 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 Equation)
1497755

n
Where

V=

V = average velocity (ft/s), and

r = hydraulic radius (ft) and is equal to a/py
a = cross sectional flow area (ft)

pw = wetted perimeter (ft)

s = slope of hydraulic grade line (channel slope, ft/ft)
n = Manning roughness coefficient (for open channel flow)

Channel Rating Equations

TW = BW + (2 * Stage* Z)

Eq=

(BW—;TW) * Stage

WP = BW +2*

\/ AV =BW 2 4 (Stagey?

Flow 1486 *EA7 1/Fl’lCllOl’l Slope

channel —
Manning n P

Where:
EA =End Area, square feet
Flowchannel = cfS
TW =Top Width, ft
BW = Bottom Width, ft
Stage = ft
WP = Wetted Perimeter, feet

Z = Side slope, dimensionless
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Friction Slope = no units

Storage Rating Equations

Temporary storage

St0rage . orary = Stage™ (A”‘”’ * itage " A)
p— D) = ()

(Ht e crest)
Where

A =delta, ft

Heightapove crest = feet

Stage = feet

Area (@ crest = acre

Area (@ height above crest = acre

Storage emporary = acre-feet
Pipe Flow

D

Head ,,, = Height + Stage — ﬁ

D
ipe N 2
Apipe :ﬂ’.(&)

24

Flow,,, =A4,,.c,2gHead ,,

For g = gravity and C = 0.6

Flow,,, =48*4,,.[Head ,,
Where

Height = feet

Head,p. = feet

Stage = feet

Dpipe = inches

Apipe = square feet

Flowpipe = cfs
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Weir Flow

— % % 1.5
FIOW broad —crested weir ~ 2 . 8 L Stage

weir

For Lwei: =0
Flow =25*L

90° V —notch weir

* Stage™”

Where
Lyeir = Weir Length, ft
Stage = feet

Flowyeir = cfs
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