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Trademarks
GEOPAK & MicroStation are registered trademarks of Bentley Systems, Incorporated.
Other brands and product names are the trademarks of their respective owners.

The information in this manual is based on the following software versions:
MicroStation V8i - SELECT Series 2 Edition (08.11.07.443)
GEOPAK V8i — SELECT Series 2 Edition (08.11.07.615).

Resources
Tennessee Department of Transportation Drainage Manual:
http://www.tdot.state.tn.us/Chief Engineer/assistant engineer design/design/DrainManChap%201-11.htm

Tennessee Department of Transportation Design Guidelines and Instructional Bulletins:
http://www.tdot.state.tn.us/Chief Engineer/assistant_engineer_design/design/DesGuide.htm

Tennessee Department of Transportation Design V8 CADD Standards and Downloads:
http://www.tdot.state.tn.us/Chief Engineer/assistant engineer design/design/v8/V8design.htm

Tennessee Department of Transportation Standard Drawings Library:
http://www.tdot.state.tn.us/Chief Engineer/engr_library/stddrlib.htm

Federal Highway Administration Hydraulic Engineering Circular NO. 22, Second Edition
Urban Drainage Design Manual:

http://isddc.dot.qov/OLPFiles/FHWA/010593.pdf
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Exercise 1

Getting Started

This exercise introduces the GEOPAK Drainage workflow to complete the setup
required for a new project. The user will review the project information and set the
preferences.

GEOPAK Drainage gives you the best design and analysis based on the input that
you enter. Engineering judgment must be used to evaluate the output that the
program produces. Refer to the TDOT Roadway Design Division Drainage Manual
for additional guidance.

1.1 Project Workflow

The GEOPAK Drainage workflow mirrors a conventional design process beginning
with the design of the surface collection system (inlets, drainage areas) followed by
the design of the conveyance system (subsurface pipes, channels).

Roadway alignments, vertical profiles, and digital terrain models may be used
throughout GEOPAK Drainage to provide pertinent information to the drainage
design. All drainage components feature interactive graphical placement tools for
easy definition of the drainage system.

Each of these components (inlets, areas, and pipes) is composed of two basic types
of information:

o Spatial information describing its location, shape and connectivity.

o Hydraulic and Hydrologic information describing its properties, conventions
and other associated attributes.
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1.2 Drainage Components

GEOPAK Drainage organizes the components of a drainage system according to
their spatial characteristics. Spatial information is stored as Nodes, Links and
Networks. This information is stored in a *.gdf file — GEOPAK Drainage File.

Nodes: A node (inlets, manholes, etc.) is a point with a user-defined location. The
location may be in Cartesian coordinates (X,y) or in curvilinear coordinates (station,
offset).

Links: A Link represents a linear feature depicting a path connecting two nodes,
traversing upstream to downstream. The path may be straight line or curvilinear
(along a graphic element).

Networks: A network is a system of interconnected nodes and links that form a
system through which water can flow to a single outlet node. A drainage project
accommodates any number of Networks.

Other associated components in GEOPAK Drainage include:

Areas: A drainage area can be represented by a closed boundary or simply keyed-
in (acres or hectares). All flows from a single drainage area are tributary to a single
Node. There is a one to one correspondence between a node and an area.
Therefore areas and nodes share the same name (ID). A drainage area may contain
multiple subareas representing homogeneous features such as soil types and land
uses (“C” values), thereby allowing composite "C" value calculations.

Profiles: A profile represents a linear feature depicting a path connecting two nodes,
it is different than a link in that a path may span multiple links and traverse upstream,
downstream, or any combinations. The primary purpose of a profile is to allow
visualization of a profile view between any two nodes in a drainage network.
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Exercise 1

1.3 Directory Information

Class files are located in the directory c:\Projects\Drainage\*.*

1.4 Set Main GEOPAK User Preferences

Step 1. Copy the Geopak Drainage project template file, DrainageProject.gdf from
standard directory: C:\Users\Public\Geopak Standards to class project
directory: C:\Projects\Drainage\

NOTE: For your project, the ‘copy to’ location would be your project folder.
Step 2. Utilizing MicroStation, open DVSR1proposed.dgn

Step 3. The GEOPAK User Preferences control the output format of data
produced using GEOPAK. Access the User Preferences by selecting
Applications > GEOPAK> Road > User Preferences.

R e S TEE———

ities  Workspace | Applications | Drainage Window T.D.0.T. Help

& +| GEOPAK | Deactivate GEOPAK I— B2~

Map 3
= ROAD ¥ ROAD Tools
»
Sl Project Manager
SURVEY 3
DRAINAGE | Comidor Modeling
WATER SEWER * Site Modeling
LANDSCAPE * | Active Chain Cantrol
Training Element Attributes
3PC AdHoc Attribute Manager
About GEOPAK
User Preferences
Geometry »

Design & Computation Manager

Quantity Manager

Plans Preparation 4
DTM Tools

3D Tools ¥
Cross Sections ¥
Utilities v
Help

Step 4. Set the Units to English, Stationing to 12+34, and Working Directory to
C:\Projects\Drainage\ and click OK.

NOTE: For your project, this would

) , = =
be your working directory. e e e
Un Systemn: (Englsh =) M e
:
Coordinates:

Station: EEBEJE -2

Direction: |Bearing hd
Angle Seconds: [9799.12" -
Station:
Working Directory: | C:\Projects*Drainage Q

I Feature Preferences. . ] -
[] Show this dialog at startup
[ COGO Preferences... ] =

QK Cancel
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1.5 Invoke GEOPAK Drainage

Step 1.

osed.dgn [2D - V8 DGN] - Drainage: Untitled - Network: None _

Tools  Utilities

Workspace

? ’De;fault

GEOPAK

-

t

Map

3

2

Deactivate GEOPAK

Applications | Drainage Window T.D.O.T. Help

ROAD
SITE
SURVEY

DRAINAGE

Drainage

WATER SEWER
LANDSCAPE

Training

*r v |v| v w w

Help

About GEOPAK

Access GEOPAK Drainage from MicroStation’s Applications menu:

All items in Drainage can be accessed through this main GEOPAK DRAINAGE

Menu Bar:

Project Component

Metwork Reports

Utilities

Tool Boxes

[

Or by invoking the GEOPAK Drainage Main Tool Box from Tool Boxes>Main:

ﬂ DRAIMAGE - Untitled - [Mo Active Metwork]

[ = |

Drainag...

Project Component

Metwork Reports

Utilities

Tool Boxes

| v Main

Project
Area
Mode
Link
Profile
Metwork
Reouting
Culbvert
Reports
Ltilities

[
B, )
2.7,
==
Y7
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Exercise 1

Or they can be accessed though the Drainage Menu which has been added to the
main menu bar once you load GEOPAK Drainage.

ased.dgn [2D - V8 DGN] - Drainage: Untitled - Network: Nene

Tools  Utilities  Workspace Applications | Drainage | Window T.0.O0.T. Help
2 |} [Dofa <) [ o v || Proje 2=
Component »
t Network 3
Reports »
Utilities »
Tool Boxes »
Exit
Step 2. Open Geopak drainage project file_ DrainageProject.gdf that was copied
[
ﬂ DRAIMAGE - Untitled - [Mo Active Metwork] | 22 |
| Component Metwork Reports  Utilities  Tool Boxes |
| QPEFI--- Drainag...@
Save i
SE"-"E&S... @. @ 1 New Drainage Project
& @} 2 Open Drainage Project
EFE'FEFEFICES- %b bl 3 Save Drainage Project
Erainage |_||;:|rar_h'r Y: &Eé 4 Drainage Project Save As...
Ir'rlpn:urt , ‘%]: 5 Dra?nageP-references
i s w 6 Drainage Library
Export 3 v, - ;
- —@J 1 Import Drainage Project
Exit nﬂ 8§ Export Metwork
_ B 9 Exportto SWMMS
@ 0  Exportto Preferences to ASCH
NOTE: Every time that you open GEOPAK Sl £ e fooiar

Drainage, an untitled project will
open. Therefore, you must go to Project>Open and select your project .gdf file
every time you want to edit or continue working on a project.
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1.6 Project Preferences

The Project Preferences control the graphic and computational options of the
drainage system. The Project Preferences may be changed at any time and the
system can then be redesigned or analyzed utilizing the new preferences.

Step 1.

Select Project > Preferences.

# DRAINAGE - Untitled - [No Active Network]

.

‘ Project | Component Network Reports  Utilities Tool Boxes

Drainag...@

Open...
Save

Save As...

Preferences

Drainage Library

Import 3
Export 3

Exit

—_—

-

(]
([ Drainage Preferences
a7
==
4

NOTE: Each Drainage Project should begin by copying the

file in Step 1 of 1.4 into the project folder. This step automatically imports all needed
preferences. If this step is missed, TDOT Standard Preferences may be loaded after
opening the Preferences window and going to File > Open and navigating to the
following file: C:\Users\Public\Geopak Standards\TDOTdrainageprefs.dpf

Review the Preferences by selecting each option in the column and reviewing the

various options.

Step 2. Units:

ﬂ Preferences - Units

= x|

File

Options

Units

Project Components
Rainfall Parameters
Land Use Cptions
Frequency Options
Intensity Option
Junction Losses
Inlet Options

Node Options

Link. Options

Profile Options
Flan Symbology
Updates

Save Options

QK Cancel

@ English

Drainage Area = Acres

Length = Feet

Dimension = Feet

Depth = Feet

Discharge = Cubic Feet per Second
Velocity = Feet per Secand
Intensity = Inches per Hour

(=) Metric

Drainage Area = Hectares

Length = Meters

Dimension = Meters

Depth = Meters

Discharge = Cubic Meters per Second
city = Meters per Second

isity = Milimeters per Hour

1-6 Getting Started

GEOPAK Drainage V8i (SELECT Series 2)



Exercise 1

Step 3. Project Components:

- 5
M Preferences - Project Components ‘ El_"ﬁ
File
Ciptions Drainage Library File (DLB): | C:\Users'\Public®Geopak Standands’ Q
|nits T AT
ey ge— GPK Job Mumber: Q| User Preferences
Rainfall Parameters Drainage Cell Library: | C:\Users\Public\MicroStation Stand:| 4
Land Use Options s - - e T Q
Frequency Options Criteria Directory: | C:\Users\Fublic'Geopak Standards
Imtensity Option DDB: | Ci\Users\Public\Geopak Standards' | &,
Junction Losses
Inlet Options Water and Sewer Project: Q
Node Options Superelevation Shapes File: | DVSR15EShapes.dgn Q.
Link Options -
Prafile Options [] Site Project: a2
Flan Symbology Criginal Ground
Tt TNFle = Q
Save Options
Design Surface
TINFle | |fnaltin Q
| OK | [ Cancel |

The following items are set to the defaults and NO CHANGES need to be
made:

Drainage Library File (DLB) — C:\Users\Public\Geopak Standards\TDOTEnglish.dlb

User Preferences — These settings are already set for you for this exercise.
Drainage Cell Library - C:\Users\Public\MicroStation Standards\cel\STDS.CEL
Criteria Directory - C:\Users\Public\Geopak Standards\Criteria

GEOPAK DDB: C:\Users\Public\Geopak Standards\tdot.ddb

For each Library and Directory file location, select the explorer button and go
to the following file locations:

GPK Job Number — Pick the GPK file and it will automatically set the correct
number (this only happens if it goes to the correct User Preferences)

Superelevation Shapes File — Choose DVSR1SEShapes.dgn from the project
directory

Design Surface — Choose final.tin from the project directory. This final tin is a
combination of the proposed tin and existing tin. The final tin includes the proposed
areas inside the slopes and the existing area outside the slopes. The tin file has
been created for your use in class. Refer to the Geopak Road Course Guide
Chapter 22 for instruction on how to create a final tin file for your project.
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Step 4. Rainfall Parameters:

" s ——————————————————— _
| FEile

Options |

Units Rational Method

Project Components Rairfall Source: [Lebanon v]

Rainfall Farameters

Land Use Options SCS Method

Frequency Options } :

Intensty Option Rainfall Source: [None Available - |

Junction Losses @ Antecedent Moisture Condition |

Inlet Options 7 Antecedent Moisture Condition 1l

Node Options @ Priecedent Moisiure Condition Il

Link Options - s 2t

Profile Options Hydrograph Time Interval: | 0.000 |

Flan Symbology

|pdates

Save Qptions

| oK | | Cancel |

Select the appropriate rainfall source for the city closest to the project site.
See the TDOT Drainage Manual, Chapter 4, Figure 4A-1.

NOTE: The Tennessee Department of Transportation Roadway Design Division
uses the Rational Method for drainage design.
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Exercise 1

Step 5. Land Use Options:
ﬁ Preferences - Land Use Opticns [= | R
File
(e Ha_ticnal Method
Units @ Single Land Use tem: [Fural Steep - |
Piinit Coniornai 7 Muttiple Land Use fem: . . . .
Rainfall Parameters Land Use tem | Level | Color | Weight Style
Land Use Options
Frequency Options
Intensity Option
Junction Losses = T
Inlet Options Urban ~ | Symbology: |
Mode Options SC5 Method
Link Options @ Single Land Use ftem: |Urbar1 "]
Profile Options ) Multiple Land Use em:
L Shmbiingy Land Use ttem | Level | Color | Weight Ste
Updates
Save Options
l QK ] [ Cancel ] Urban » | Symbology:

Set the Land Use Option to Single Land Use Item: Rural Steep for this class. The
Roadway Design Division does not use the option for Multiple Land Use
Items. All definitions for land use must come from a specific category.

EEE

Step 6. Frequency Options:
ML Preferences - Fraquency Options
File
Options
Unitz
Project Components Rational Frequency Options
Rainfall Parameters Computation
Land Use Options Frequency:
ey Onfixs
Intensity Option e
Junction Losses ]
Inlet Options SCS Frequency Options
Mode Options Cumulative
Link Options Frequency:
Profile Options L =
Plan Symbology
Updates
Save Options
| OK | | Cancel |

Drainage Library (DLB): ...\Geopak Standards’\TDOTEnglish.dib

Runoff Coefficient
Peaking Factor:

1.0000

Runoff Coefficient
Peaking Factor:

1.0000
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Step 7. Intensity Options:

=g ==
# Preferences - Intensity Option | )
Options |
Units Drainage Library (DLB): .. \Geopak Standards"TDOTEnglish.dib
Project Components - oo ET——
P Minimum Time of Concentration: |_5w_|
Land Use Options Accumulate Pipe Fow Time by: [ Uniform Flow Velocity = |
Frequency Options : :
Intensity Option Intensity Options
Junction Losses (@ Compute Intensity from Library Rairfall Data Source
Inlet Options (7) Absolute Intensity: | 0.0000
Mode Options Weicht Time of Concentrati
Link Options b s & i
Prafile Options )
Plan Symbology Inlet Computation Onby
pdates ]
Save Options [[] Absclute Intensity: Lﬂﬂﬁ_ﬁi}

Lok | [Conedl |

Step 8. Junction Losses Options:

s —
“ Preferences - Juncticn Losse
File
Options | Disable All Junction Loss Computations
Lnits :
Loss Vel 3

Project Components it
Rairfall Parameters Description Loss Coefficient - K
Land Use Options LR o
Frequency Cptions —L Pressure Expansion: | 0.3000
|I"ItEf'I!:»l‘!‘)" Option ;; Free Surface Expansion: ﬁ]iﬂ[ﬂ]
Junction Losses m— -
Inlet Options i Pressure Contraction: iFEDDD
Mode Options sty
Link Options —t Free Surface Contraction: |_Dl_39|}|]
Profile Options otk ;
Plan Symbology T Bend Loss:
Updates [ Terminal Inlet/Junction: | 1.0000
o s 10000 |

I F Simple Junction:

[ oK ] [Cam;e]l Complex Junction: |Method 1 =
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Exercise 1

Step 9. Inlet Options:

o —
M Preferences - Inlet Options
File

Options |
Units Inlet By Pass Options: | By Pass as Total Discharge  « |

Project Components ) s _ : -
Rairfall Parameters Link By Pass Flow Optionss: [Do Not Allow inlet By Pass in Link Discharges

Land Uss Options Default Spread n Value: W
Frequency Options -
Intensity Option [7] Bxtend Superelevation Shapes to Inlet at Shape Slope
Junction Losses
Inlet Options
Mode Options
Link Cptions
Profile Options
Flan Symbology
|Updates
Save Options

Lok ] [Canesl]

Step 10. Node Options:

“' Preferences - Node Oun : = e S |

Cptions | |

Units Default Mode ID Prefoc: | CB-

Project Companents e —
e g P i Scale Node Cells ~ Scale Factor: | 1.0000

Land Use Options Mirimum Freeboard: | 0.0000
Frequency Options
Intensity Option
Junction Losses
Inlet Options
Mode Options
Link Options
Profile Options
Flan Symbology
|Updates

Save Options

Lok ] [Comcel]
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Step 11. Link Options:

- -

File

Options | Default Link ID Prefoc: | 55-

Units Link Profile Options

Project Compaonents Design Optimization: [ Minimize Depth of Cover =]

Rainfall Farameters : Sy : =

|2 Ulse: oo Blevation Option: [at Actual Link End  +|

Frequency Cptions Link Design Options

Irrtens.rt-_.r Cghant @ Design for Mzdmum Capacity

Junction Losses B : ;

Inlet Options (") Design for Full Capacity -

Mode Options () Design Partial Capacity (d/D) Ratio: | 1.0000

Link Options i) Design Partial Capacity {3/Q) Ratio: | 1.000

Profile Options o ) : T

Plan Symbalogy Link Slope Decimal:

Updates Link Criteria File

Save Options Fe Mo | T Q
Hydraulic GradeLine Options

[ QK ] [ Cancel ] Hydraulic Gradeline Basis: [ Equal Hydraulic Gradeline |

NOTE: Do not set the Link Slope Decimal to rounding. This setting is for control of
Pipe Design not annotation. If set it will be impossible to design for minimum depth
drainage structures.

Step 12. Profile Options, Plan Symbology, Updates and Save Options should be
kept at the default settings. Do not make any changes.

Step 13. Click OK to save changes and dismiss the dialog.
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Exercise 1

1.7 Review Drainage Library

The Drainage Library is used to store hydraulic, hydrologic, and construction
standards, which may be shared by different projects and designers. Each
GEOPAK Drainage project accesses items from the Drainage Library for use on the
specific project.

Step 1. Select Project > Drainage Library. The library stored in the Preferences
will be opened by default.
M DRAINAGE - DrainageProject.gdf - [No Active Network] | 2 | -
Dralnag...@
| Project | Component Metwork Reports  Utilities  Tool Boxes | —
i
Open.. @} Q_'I[Elrainage Library
Save g7
Save As...
ave As == “Ei’
Preferences Y' "»
Drainage Library )
<P -
Import » e
W
Export 3
Exit

The Drainage Library currently contains five (5) tabs as shown below:

;H Drainage Library - ..\Public\Gecpak Standards"JDUTEng...[ e ﬁ]

File Edit T

| Rairfall | Land Use || Nodes !! Lirks || Spread Section |

e Rainfall............ ... Rainfall Data Source

e Land Use............... Land Uses, their corresponding “C” values and symbology
e Nodes....coooeeeenne. Inlets, Junctions, Manholes, Outlets, etc.

o LinkS...ccooooeiienrnnnne. Circular Pipes, Elliptical Pipes, Pipe-Arch pipes, Boxes, etc.
e Spread Section..... Inventory of varying Spread Cross Sections

GEOPAK Drainage V8i (SELECT Series 2)
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The Rainfall tab stores the rainfall data information to be used on GEOPAK
Drainage Projects. GEOPAK Drainage supports rainfall sources in the form of
intensity duration frequency (IDF) tables, or as coefficients for intensity-duration-
equation formats.

Step 2. Select the Rainfall tab, highlight Lebanon, and select Modify to review
the various options:

r s
M Drainage Library - ..\Public\Geopak Standards\TDOTEng... [Z=20|n =0
e e ==
File Edit

Rainfall | Land Use | Nodes | Links | Spread Section |

Bement D | Description |
Shelbyville |DF Curve Data
Manchester |DF Curve Data F1
Lebanaon |IDF Curve Data =
Lawrencebu |DF Curve Data

rg

Knoooville |DF Curve Data e
Johnson City |DF Curve Data @Ddlﬁf e
Jackson |DF Curve Data
Cookeville |DF Curve Data
Clarksville IDF Curve Data =
Chattanooga |DF Curve Data

-
P Drainage Library - Rainfall Data Source Ite

hem ID: | Lebanon | Description: | IDF Curve Data | Data Type: [Table v

User Defined Frequencies

200 |[500 |[1000 |[2500 |[5000 |[100.00 |

Duration:

5.0000 55100 63400 69300 : i 2.9400
10.0000 44000 50700 55300 g ¢ 71000
15.0000 36300 427300 47100 ; i 5.5800
30.0000 25500 30400 347100 : . 4.5300
60.0000 1.6000  1.9500 22200 : : 3.1600

[1440.00(] [0.150 |[0.180 [[0210 |[0250 [[0280 |[0310 |

Populate Table By:
oK | [ Gancsl | [import ASCII... | [ HYDRO35.. | [ TP 40..

The table contains the Duration-Frequency Table for the Lebanon area.
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Exercise 1

The Land Use tab is used to store runoff coefficients ("C" values) and corresponding
graphic symbology for each land use. Land uses can then be delineated
automatically using the selected symbology.

Step 3. Select the Land Use tab, highlight the Rural Steep item and select Modify
to review the various options:

File Edit

”
’l Drainage Library - .\Pub

lic\Geopak Standards\TDOTEn.. (== .|
I 0 T

Rainfall | Land Use | Nodes | Links | Spread Section |

Element 1D

| Description |

|Urban
Rural Steep
Rural Aat

Residential & Commercial
Steep or Impemeable
Flat or Permeable

Ll C

il

Medify Library Item

”
H Drainage Library - Land Use (Runoff Coefficient) Item

ttem ID: | Rural Steep

| Description: | Stesp or Impemesble

Land Use Description

e CO Sk |

Conc/Asphatt Pymt
AsphaltMacadem Pvmt
Gravel

Bare Earth

Steep Grass (2:1)

Turf Meadows
Forested freas
Cultivated Fields

0.90
0.20
0.60
0.30
0.70
0.40
0.30
0.40

Lv:DESIGN - SCRATCH - User 1, Co:1, Leid
Lv:DESIGN - SCRATCH - User 1, Co:5, Le:d| £
Lv:DESIGN - SCRATCH - User 1, Co:Z, Lo
Lv:DESIGN - SCRATCH - User 1, Co:13, Lc
Lv:DESIGN - SCRATCH - User 1, Co:14, Lo
Lv:DESIGN - SCRATCH - User 1, Co:8, Led
Lv:DESIGN - SCRATCH - User 1, Co:28, Le
Lv:DESIGN - SCRATCH - User 1, Ca: 7, Lo

]

A

| Turf Meadows

| [0400 ||

| OK || Canesl |

Note the various land uses and their associated symbology. Chapter 2 will discuss

how to make a land use file.
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The Nodes tab contains standard configurations for Grates, Curbs and Slotted drain
inlets, as well as Junctions, Outlets and Other nodes. The description, plan view
representation and dimensional information are stored for each node.

Step 4. Select the Nodes tab, highlight a Grate inlet and select Modify to review
the various options:

. S—

M Drainage Library - ..\Public\Geopak Standards\TDOTEng... (2s]si=o| e S
e ——

File Edit

Rainfall | Land Use | Nodes | Links | Spread Section |

Node Types:

Element 1D | Description -
CB#52 9¥9 H52 =]
CBH#51 9%9 51 a)
L o
CB#46 5X9 46 @odify Library Item
CBH45 8X4 745
CB#44 5¥9 44
CB#43 8X52" 43
CB#43 8X4 #43 =
CB#43 8 DIA 43
CB#42 8 DIA

fom D: | CBF51 52567 Ea
Description: #51 ) '

Payltem: | 51
Criteria File: | | & Plan View Cell:

Plan View Cell: | CB62X62R
Mode Type: [Grate
Profile Type: [On Grade

Permeter Reduction Factaor:

Data for On Grade
Grate Type:
Width: | 1.813
Diata for Sag
Area: [5477
Area Reduction Factor: | 0542
Perimeter: '_ 6647

Note the various geometric values required for the nodes.
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Exercise 1

The Links tab contains all culverts to be used on drainage projects. Each link type is
categorized by three properties: Shape, Material and Type (for some combinations
of Shape & Material); and contains information regarding specific culvert geometry,

default roughness coefficient and material combination.

Step 5.

Select the Links tab, select Circular from the Shape dialog box and

Concrete from the Material dialog box. Highlight the first Circular
Concrete pipe, and select Modify to review the various options:

M Drainage Library - ~\Public\Geopak Standards\IDOTEng... 5= i

File Edit

Rainfall | Land Use | Maodes | Links l Spread Section |

Shape: [Circular =] Materal: [Concrete |

| Element ID Description *

:1[:'2 Inch Dia. Cincular PROP. 102" RCF

{108 Inch Dia. Cincular FROP. 108" RCP £

(114 Inch Dia. Circular FROP. 114" RCP E

1120 Inch Dia. Circular PROP. 120" RCF | =)

{126 Inch Dia. Circular PROP. 126" RCP T
132 Inch Dia. Circular PROP. 132" RCP et e i
| 138 Inch Dia. Circular PROP. 138" RCFP

515 Inch Dia. Circular FROF. 15" RCF

E'IB Inch Dia. Circular FROP. 18" RCP =)

324 Inch Dia. Circular PROP. 24" RCP

'3[:' Inch Dia. Circular FROP. 30" RCP ¥

M Drainage Library - Pipe Item

Pipe Properies
ftem 1D: | 15 Inch Dia. Circular
Description: | PROF. 15" RCP
Payltem: | 607-02.02

0.0130

Roughness:
Thickness: | 0.092

Rise: | 1.250

Trench Details
a: | 0.500

b: | 0.500

c: | 1.250

d: | 0.000

oK

| Cancel

Note the various geometric values required for the links.
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The Spread Section tab stores standard spread cross sections for roadway,
shoulders and gutter that can be used on drainage projects.

Step 6. Select the Spread Section tab, highlight any section, and select Modify
to review the various options:

i e —
M Drainage Library - ..\Public\Geopak Standards\TDOTEng.. ol o
, =
File Edit

Rainfall | Land Use || Nodes | Links | Spread Section |

Element |D | Description -
Blane125 Blane with 12" shid
SLane105 5 lane with 107 shid | &
Blane 5 lane with no shid n
4l aneds 4 lane with &' shid
4lane125 4 lane with 12" shid s
ALane 105 4lane with 10" shid = @‘d'ﬁ" shEl il
4l ane 4 lane with no shid
Ilaneds 3 lane with 8" shid
ILane125 3lane with 12 shid =
Alane105 3 lane with 10" shid i
Ilane 3 lane with no shid
Z2laneds 2 lane with &' shid

" —_—— i N
H Drainage Library - Spread Elﬂlg
o . —_J‘d
tem 1D: | 3Lane |
|

Description: i“E':iane with o shid

Width % Slope  Roughness |

2.000 8.500 0016
18.000 2.000 0.016

(0000 |[0000 |[0000 |

Note the spread cross section characteristics for the spread item.
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Exercise 2

Land Use DGN Files

This chapter is provided for REFERENCE ONLY. We have provided the land use file
for you so that all class participants will have the same areas.

For your own project, these exercises would have to be done prior to beginning GEOPAK
drainage.

This exercise allows the user to create a Land Use file.

2.1 Land Use DGN Creation

The shapes created in the land use DGN file are used to specify run-off coefficients
(C value) for different land use areas. These values are then used to calculate the
composite run-off coefficient. This composite value is used in conjunction with
rainfall data in the rational formula to calculate the Q discharge for the drainage
area. This composite run-off coefficient can be manually calculated and entered as a
value but by creating these shapes this can be done automatically for any drainage
area specified on your project.

Step 1. Create a new DGN file for placement of land use shape elements from
DGN seed file SEED2D.DGN and open it. Reference your proposed file,
which contains proposed edges of pavement and slope lines. Also
reference your survey topo file.

e Land use.dgn

NOTE: For further guidance in creating a new DGN file see Exercise 2 of
the MicroStation V8 Manual

Step 2. Access D & C Manager from the MicroStation menu bar drop down
location
Applications>GEOPAK> Road>Design & Computation Manager
or from task navigation with Geopak’s Civil Workflows, it is the second
icon from the end on the right.

posed.dgn [2D - V8 DGN] - Drainage: DrainageProject - Network: None

Tools Utilities Workspace | Applications | Drainage  Window T.D.0.T. Help

2 GEOPAK  »| Deactivate GEOPAK }7 ERICERE =0
— Ma 3
At [ rom * ROAD Tools e ' X B View1 D
SITE > £ Civi ' - | =
- . Tl |_ Civil Workflows @ v |@%
e ,  Comidor Modeling =y :.é;r ] = X
WATERSEWER b Site Modeling T A
LANDSCAPE ¥ Active Chain Control ,@;@“,/j&ﬁ =% ?,
Trainin g Element Attributes =
TG 3PC AdHoc Attribute Manager ‘f Rgad W"rkﬂo"‘i Design & Computation Manager
" UserPreferences
Geometry 3
| Design & Computation Manager
Quantity Manager
Plans Preparation 3
DTM Taals
30 Tools v

Cross Sections 3
Utilities 3

Help
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Step 3. In D & C Manager go to the land use category under
Drafting Standards\Exist. Drainage\Land Use.
There you will see the three categories of land use items used by T.D.O.T.

|'\

M Design and Computation Manager | = | E] 2

 File Edit Settings Favortes Help

& 4 sers'\Public®Geopak Standards“tdot ddb -
[~ Drafting Standards

1 Tools

£1 Cross Sections

(£ Roadway Horizortal Alignments

£ Roadway Vedical Alignmerts

(£ Exst. Profiles

£ Survey Contral

1 Pres. ROW.

(=71 Property Lines

(£1 Parcels

(£ Political Boundaries

3 Prop. ROUW.

(=3 Prop. Easements

£ Roadway Linework

(£ Private Drives

(= Exist. Drainage

[ Land Use

(£ Rural-Flat/Pemmeable
(3 Rural-Steep/Impemeable
3 Urban >

m
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Exercise 2

Step 4. Open the desired category and click on the land use item you wish to
define on the project. Click on Place Influence in the D & C Manager
control strip.

ﬂ Pavement-5I concrete or as...l = | 28 |
[¥] Place Influence
7] Adhoc Attributes ' Match Point Text
7] New Elemert Only [ Draw COGO Element ]
M Design and Computation Manager | =8 2|

File Edit Settings Favorites Help

[~ Exist. Drainage -
[ Land Use

[~ Rural-Flat/Pemeable
Pavemert-FP  concrete or asphalt pavements
Macadem-FP  asphalt macadem pavement
Gravel-FFP gravel roadways or shoulders
Earth-FP bare earth
Steep Grass-FP steep grassed area (2:1)
Meadow-FP  tuf meadows
Forest-FP forested areas, woods
Fields-FP cultivated fields

[ Rural-Steep/Impemeable
Pavement-51  concrete or asphalt pavements
Macadem-51  asphalt macadem pavement
Gravel-5l gravel roadways or shoulders
Earth-5I bare earth
Steep Grass-5|  steep grassed area (2:1) L
Meadow-5| turf meadows

m

Forest-5| forested areas, woods
Fields-Sl cultivated fields
(7= Urban

Residertial-F30  flat residential, 30% impervious

Residertial-F60  flat residential, 807 impervious

Residertial-550  moderately steep residential, 5075 impervious
Commerzial-570  moderately steep buit up area, 70% impervious
Commercial-F30  flat commercial, 50% impervious -

NOTE: You should only use types from one section (i.e. Rural-Flat/Permeable or
Urban).
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Step 5. Use any MicroStation shape command to draw shapes around the areas.
You may wish to copy graphics from the reference files to create complex
shapes. This could be the proposed edge of pavement lines from the
proposed file to shape the pavement area or perhaps the edge lines from
a parking lot or woods area from the survey topo file. Anytime you wish to
change to a different land use type just click on it in D & C Manager. If
you have shapes already defined simply use the MicroStation Change
Element Attributes command to change their symbology.

NOTES:
Shapes must be continuous and closed. Set fill type to None.

It is not necessary to place shapes to cover all areas absolutely. Any
areas not delineated by a land use shape will use the Base C value
entered in the Drainage Area Definition dialog.

Step 6. Once shapes have been set up simply reference the DGN file to your
proposed DGN file and they will be read when you use Delineate
Subareas in the Drainage Area Definition dialog.
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Exercise 3

DTM Drainage Tools

GEOPAK supports a wide range of tools that allow you to analyze and evaluate the
drainage patterns of a GEOPAK Digital Terrain Model or TIN file. These tools are
useful for delineating and distinguishing watersheds, flow paths, flow directions, and
hydrographic features.

This exercise allows the user to become familiar with the Digital Terrain Model (or
DTM) Drainage Tools.

See Exercise 22 in the TDOT GEOPAK Road Course Guide for guidance in creating a
final merged TIN file.

3.1 Accessing DTM Drainage Tools
Step 1. Open the file DVSR1proposed.dgn file.

Note: The landuse.dgn file has already been referenced into this file for your use.
Refer to the previous exercise (Exercise 2) or to the Land Use DGN Creation
document for instructions on creating the land use file.

Step 2. Open GEOPAK Drainage and select from the Drainage Menu Bar:
Utilities > DTM Drainage Tools

M DRAINAGE - Untitled - [No Active Network] e

| Project Component Metwork Reports | Utilities | Tool Boxes |

Mavigator
Conflict Finder
LEhE|Er Drainagm@
Display 30
* Y i
DTM Drainage Tools (] dq]
=¥ 3
a7,
=
Y.
)
oo B2
-dﬁh-’ -iﬁh- 1 Drainage MNavigator
" 2 Conflict Finder
&’@ 3 Drainage Labeler
f 4  Display 3D Elernents
%T 5 DTM Drainage Tools
=31 Openas ToolBox

GEOPAK Drainage V8i (SELECT Series 2) DTM Drainage Tools 3-1


http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TDOTGEOPAKRoadCourseGuide.pdf
http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/LandUseDGN_Creation.pdf

3.2 Delineate Watershed

The Delineate Watershed tool outlines and defines a watershed at any location within
the TIN surface. The pour point of the watershed is the most downstream point of a
desired watershed. Once a data point representing the pour point of the watershed is
indicated the contributing watershed area is computed and delineated. Pour points
must be located near sumps (i.e. low points) in the terrain since a point lying on the
side of a hill does not actually have a contributing area. .

Step 1. Use the Select File button to select the final merged TIN for the project. Then
select the DTM Drainage Icon Delineate Watershed.

ﬁ Delineate Watershed =Tr=n X
TIN File: | final tin Q
Options

SNBSS Y,
;4;; -#;dDeliyrEte‘-."\iitershedl. %

Selection Criteria

DF
Pour Paint

DP
Create Shap

Pick Boundary
Elemerts

[41]
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Exercise 3

Step 2. Click the Pick Boundary Elements button and select the element
representing the tin hull (the boundary of the TIN file) as shown in the
screenshot below. Data Point to accept.

B View1, Default e[ Sl

B-@d%~-AQRHY O DD HLE

GEOPAK Drainage V8i (SELECT Series 2) DTM Drainage Tools 3-3



Step 3. Click the DP Pour Point. Data Point in the dgn file in the approximate
location shown below:

B View1, Default =N EoE =

E-@#-|ARQRHY I B HRE
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Exercise 3

Step 4. Click the DP Create Shape button and data point inside the drainage area
delineation from the previous step. This procedure will place a temporary fill in
the drainage area. Data Point to accept this shape and Update the Microstation
View to remove the temporary fill. The Drainage Area Shape has been drawn in
the dgn file.

NOTE: Scrolling or zooming between Step 3 and Step 4 will cause the temporary
watershed delineation to disappear. However, the information is still present and
following Step 4 will still create the Drainage Area Shape.

B View1, Default =N EcE

B-d#-ARQRHYI BN HRE
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3.3 Drainage Patterns

The Drainage Patterns tool evaluates the flow paths contained within the TIN. This tool
performs a downstream trace from the centroid of each triangle.

Step 1. Select the DTM Drainage Icon Drainage Patterns. Toggle ON Display Only
and click the Apply button to exhibit the Drainage Patterns for the tin file.

NOTE: Throughout this exercise, Display Only will be chosen, if available, so
that the graphics will delete when the view is refreshed.

M Drainage Patterns l | |ﬁ]
TIN File: | final fin Q
COptions

@O S S7
%&ﬁé_nramagepanemst

1 Display Orly —

Load Within Fence
Set Graphic Group

| Apply |

NOTE: Pressing the Escape button (on the keyboard) will terminate the current
process before completion.
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3.4 Downstream Trace

Exercise 3

The Downstream Trace tool delineates the flow path downstream from a given point in
the TIN. The indicated path follows the steepest descent from the point through the
TIN terminating at a low point or the edge of the TIN.

Step 1. Select the DTM Drainage Icon Downstream Trace. Toggle ON Display

Only and click the Apply button.

-
ﬁ Downstream Trace

TIN File: | final tin

Options

A b RS

S

e Downstrearm Trace
ey L |

—

Minimum Low
Pairt Depth: | 0.000

[9] Display Oriy [—I

[ Apply

NOTE: Setting the Minimum Low Point Depth to a value above 0.00 will allow the
downstream trace to pass through small, localized depressions and continue

downstream.

GEOPAK Drainage V8i (SELECT Series 2)

DTM Drainage Tools 3-7



Step 2. Click in the design file within the limits of the tin hull. A downstream trace will
appear from the cursor data point location to the nearest low point to which
the water will drain.

B View1, Default =N E=R

3-8 DTM Drainage Tools GEOPAK Drainage V8i (SELECT Series 2)



3.5 Flow Arrows

Exercise 3

The Flow Arrows tool indicates the direction of flow within the triangles of the TIN.

Step 1. Select the DTM Drainage Icon Flow Arrows. Toggle ON Display Only, set
the arrow size as shown and click the Apply button.

8 Flow Arrows

— - |

TIM File:
Options

| Display Onby

final tin

Load Within Fence
Set Graphic Group

ABLB S S
aks gy _@ @ g g Flow Arrows]

Amow Size:

Apply |

7

Q

22,000

The Drainage Flow Arrows are drawn in the design file.

B View 1, Default

ARQRIHS

EEIEEL

[E=5ECE ==
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3.6 Delineate Low Points

The Delineate Low Points tool locates all low points within a region of a TIN. A flow

arrow is placed and the text "LP" is placed at the triangle vertex. This is an excellent
tool to use when choosing an initial location for catch basins on sag points as well as
locations in ponding areas.

Step 1. Select the DTM Drainage Icon Delineate Low Points. Toggle ON Display
Only, set the arrow size as shown, and click the Apply button.

( M Delineate Low Paints l = |ﬁr

TIN File: | final tin Q

Options

bOB S Sy
|Delineate Low Points
| Display Onby T

Load Within Fence

Set Graphic Group Amow Size: | 100.00
Minimum Low
Point Depth: | 0.000

| Apply |

The Low Points are drawn in the design file.

B View 1, Default =R E=R

B-@w- ARQRNEY I B HEE
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Exercise 3

3.7 Ridge Lines

The Ridge Lines tool indicates the ridgelines within a TIN. A ridge line is defined as a
triangle edge where the flow on each side of the edge is away from the edge

Step 1. Select the DTM Drainage Icon Ridge Lines. Toggle ON Display Only, and
click the Apply button.

M Ridge Lines [ e
TIN File: | Final tin Q
Cptions

&d G S S,
7] Display Orly Ridge Lines

Load Within Fence
Set Graphic Group

| Apply |

The Ridge Lines are drawn in the design file.

B View1, Default =5 = T

B-dw-ARQRHEY | BadiE
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3.8 Surface Ponds

The Surface Ponds tool delineates the area(s) of ponded water within the specified
TIN.

Step 1. Select the DTM Drainage Icon Surface Ponds. Toggle ON Display Only,
and click the Apply button.

M Surface Ponds l = |-§:h]
TIN File: | final tin Q
Options

& C'*B BS < /4
w s Bl
Surface Ponds

| Display Onby Ponds:

Izlands:

Set Graphic Group

| Apply |

The surface ponds are drawn in temporary fill as shown below:

® View1, Default [E=E ==

B-@%-|AQQREY O BHLLILE
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Exercise 3

3.9 Pond Analysis

The Pond Analysis tool traces a point downstream to a low point and fills it giving the

volume, maximum depth, and maximum elevation. In addition, the pond delineation is
graphically displayed

Step 1. Select the DTM Drainage Icon Pond Analysis. Toggle ON Display Only,
and click the Apply button.

Sl Pond Analysis l = | |-§-‘vhj
TIN File: | final tin Q
Options

&R S Sy
wod bl
B i e o I——{PmF Analysi

|slands:

[Volume Cubic Fest | n/a
Pond Surface Area: n/fa
Madmum Surface Bevation: n/fa
Maximum Pond Depth: nda

| Apply |

|

Step 2. Data Point near the location shown below:

B View1, Default

B-O%-|ARRRNEHYS O B ILE

GEOPAK Drainage V8i (SELECT Series 2) DTM Drainage Tools 3-13



Step 3. The Pond is filled and pond characteristics computations performed:

M Pond Analysis

TIM File: | final tin
Ciptions

&LB S Sy
-

|| Display Only Ponds: =
|slands: =
[Volume Cubic Feet | 2360430 CF
Pond Surface Area:  657.781 5Y
Madmum Suface Bevation: 843.065
Maximum FPond Depth:  1.065

NOTE: Other DTM Tools are available from Applications> GEOPAK> ROAD>DTM
TOOLS. Surface analysis tools are the second from the end. All of these tools are
available under task navigation through DTM Tools when Geopak’s Civil Workflows is

active.
% DTM Tools BEEEA
2
HpE e ra s rra
.u ‘T f_’ ZM ha \{% J/?_? /E\& AL e emill e
J SARTRA T3 N Yo Pperr
/7 1 Height/Slope (B 4 4=
i B Eﬂ. Eﬂ [Fe =i
Uy, 2 Profile LA \«' s
B 3 Volumes T,:& T}& ‘E‘
t@]| 4 Elevation Diff Y45 B &
4 Elevation Difference | T:\j#’j&j@j
5 Slope Area & Bad| o
E 41 8¢ & p¥ [Elevation Diff
] evation Difference
4 7 Drainage Tools 3 » M—q
& 8 Visibility 2RI+ -
41 9  Trace Slope Path "'ﬁ =N ® A?H\ ? H'ﬂ
/g g DTM Camera ASCIT HS'.'II A ét'fé a ML
g"g Q Trench Volumes XTL MT/ Mx T ::: i
x
= Open as ToolBox N
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Exercise 4

Culverts

This exercise shows the user how to use the culvert module to design a culvert. The
culvert module acts as a standalone component of GEOPAK Drainage, meaning it does
not directly interact with Drainage Areas, Nodes, Links or Networks.

4.1 Design the Drainage Area

Step 1. The physical Drainage Area boundary may be delineated using a digital
terrain model (DTM Drainage Tools, Exercise 3), simply drawn with
MicroStation, or just keyed-in as a total area value (in units of acres or
hectares).

The following shape will be used below as the drainage area for this exercise.

NOTE: The area shown below on level SURVEY - DRAINAGE - Area Shapes extends
to the limits of the current TIN file. Inspection of the contours will reveal that the
drainage area most likely extends beyond these limits. Appendix B will discuss options
to approximate the full extent of the drainage area.

B View1, Default == Eol =)

B-On-ARQRHY O [ BE|H LG
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Step 2. From the GEOPAK Drainage menu bar select Component>Area>Add.

M DRAINAGE - DrainageProject.gdf - [Mo Active Network] 24 Drainag.. [
‘ Project | Component | Metwork Reports  Utilities  Tool Boxes | ﬁl
Area b|  Add.. !
Node P Edit \EI, C@
- " : : -
Link 1D 2 ,_ADramageAreas. Add Drainage Area
- Delete
Profile b =
Rename %P }ﬁi
Culvert 3
Routing | Update All Y" Jk}
it -~ £
Land Uses df]b w
Miscellanecus Utilities » '!ﬁ?‘b

Type in 23+20 for the Area ID. Click OK.

( Add a Mew Area ]
Area 1D | 2320
Description:
| oK | | Cancel |

Step 3. Click the Select Shape button. Select and data point to accept the shape
shown in the first step. The area is automatically calculated.

B View 1, Default |E”EI@

Area D: 4 P e w AW &

Highlight

Details
Options Description: To Node 1D 23+20 ‘-/j%f

Definition i i
S Drainage Area: | 20, Area Selection / Creation

Computation Base C Value: | 0. ‘ Select ‘ Create
Time of Conc.: Shape DTM Shape

Hydro. Method Compute TC ‘ Pick Boundary ‘ DP

@ Rational Elements Create Shape

SCS

B-@%- AQQRMHY O DG
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Step 4.

Set the Base C Value to 0.350 and click on Compute TC

Exercise 4

Area ID: 4 (2320

Details

Cptions

Diefinition
Subareas
Computation

Hydro. Method

Rational
@ SCS

,

7 Bl s 09

s

Description: | | To Mode ID:  23+20
Drainage Area: | 20627 | Area Selection / Creation
Base C Value: | 0.350 | ‘ 55?8{1 ‘ [}Tcp;e;'a
Time of Conc.: :ﬂ_D_Dfi_| =t e
Pick Boundany DF
Elements. Create Shape

When the following Dialog will appears, use the explorer button to select the correct TIN

file.

Fﬂ Time of Concentration [ = | =] | 22

|"|

Drainage Area 1D 23+20

(TIN File_~] | final tin e
Define Path
v

[V Sheet How _

Method: Length: |0.000 |

n Value: fﬂaﬂ]ﬂ | Slope: |i]“DDD
o
: | 0.000

[¥] Concentrated How _
Method: Length: | 0.000 |
Velocity: |5.000 |

Accum. Distance:  0.000
Accum. Avg. Slope:  0.000

[Computs] [LAosh |

Te= 9226

GEOPAK Drainage V8i (SELECT Series 2)

Culverts 4-3



Step 5. Expand window to show details and set Max Sheet Flow Distance to 100’
and Max Shallow Flow Distance to 300'.

Details
Drainage Area ID:  23+20 Distance  Slope  Awg. Slope  Flow |
TIN File_*] | final tin Q
]
Define Path
[ Trace ] I [ ID - Segments ] [h
[ Sheet How . X
Method: Length: | 0.000 7
n Value: E-HZH]' Slope: ﬂl{H]'[I'
[ Shallow How _
Length: [ 0,000
Inter. K: 0.457 : Slope: GDD'D
M%hud' Length' 0.000 Distance: Slope:

Velocity: Eﬁﬂﬂ -
Max Sheet Flow Distance: | 100.000 |
Accum. Distance: 0.000 Mz Shallow Fow Distance: E'DD{FDE

Accum. Avg. Slope: 0.000

Te= 9226 [Cﬂmpute] [ Apphy ] Aeply

Collapse the window, toggle ON Sheet Flow, Shallow Flow and Concentrated Flow and
fill in the values as follows:

n Value: 0.400
Inter. K: 0.457
Velocity: 5.000

n Values for different surface types are available in the TDOT Drainage Manual, Table
4-3 Manning’s n Values for Overland Flow

Inter. K values are below:

Land Cover / Flow Regime Kk
Grassed waterway (shallow concentrated flow) 0.457
Unpaved (shallow concentrated flow) 0.491

Paved area (shallow concentrated flow); small upland gullies | 0.619
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Step 6.

calculated, click Compute. Then click Apply.

Exercise 4

Click Trace and data point at the furthest hydraulic point. Once values are

B View 1, Default

AR QERBEHSD

==

-] ]

M Time of Concentration I. =] i:?’-J

Drainage Area ID:  23+20
[TIN File_w] | final tin Q,

Define Path
Trace | ID - Segments

/ Sheet How
Method: [FHA «]  Length:

n Value: | 0.400 Slope:

7 Shallow How
Length: | 300.000
Inter. K: | 0.457 Slope: | 3.388
7 CDI'I:_EH"HE"_HDH
Method: |Continuity | Length: | 1660.038

Velocity: | 5.000

Accum. Distance: 2060.028 —
Accum. Ava. Slope: 2320 u

Te= 25795
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The Drainage Area Definition is now filled out.

p ————————————
Window Center

Area |0 23+20 - [l

2 S [ ] ¢ [ Highlight @ & E] <
Dietails
Options | Description: | | To Mode ID:  23+20 St
Definition - [one frea Selection / Creation
Subareas Drainage Area: : 20,628
Computation Base C Value: | 0.350 | [ gﬁ'ﬁd J DT?U'IEEthE

Time of Conc.: | 25.795 | ot i

Elen Wil Pick Boundary DF

i@ Hational Blemernts Create Shape

@ SC5

NOTES:

Minimum Time of Concentration is 5 minutes. If computed time is less than 5
minutes input 5 manually.

For urban areas adjust maximum sheet flow as required.

For areas that drain directly from sheet flow to concentrated flow, uncheck the

Shallow Flow box. Leaving this box checked and setting it to zero will not allow TC to
be calculated correctly.

After the drainage area has been set up, runoff coefficients can be automatically computed

with the use of Land Use Items from the Drainage Library. Click on Subareas in the Details
list on the left.

# Drainage Area Subareas l = ! ! 2 |
Window Center
Area D 2320 = O
2l A | J ¥ bighight 8 AW & [ o]
Details
Options To Node ID: 2320 it
Definition

Subarea C Value Description | )
T e ][I == : e — .I':'H.I'.tﬂI'I'IEI‘.tIC
Computation A Delineation

Display Onby
>

Hydro. Method
i@ Rational
1 SCS

(0000 | [0.000

4-6 Culverts GEOPAK Drainage V8i (SELECT Series 2)



Exercise 4

Step 7. Toggle ON Display Only and then click the Automatic Delineation button. The

file is scanned for closed shapes matching the Land Use symbology specified in
the Drainage Library (Land Use Tab).

M Drainage Area Subareas l = |ﬁ:h
Window Center :
Area 1D 23+20 - 4
b | 5 Highiht &AW & [ ooy ]
Dstoes _
Options _ To Node ID:  23+20 &t
Definition | | Subarea C Value Description .
Subareas 3.3940 0.900 Conc/Asphalt Pyt
el 28738 0600 Gravel @
|| 4.4692 0.300 Forested Areas
Hydro. Method 43057 0.400 Cultivated Fields 5
@ Rational I
5CS5
4310 0.400 Cultivated Fields

B View1, Default

B-@du-ARQRRHY O BL HLE

Step 8. Click the Apply button to apply the land uses (and their “C” values) to the
Drainage Area.
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Step 9.

We want to compute the discharge for a 50-year storm so if that is not already

set; select Project>Preferences>Frequency Options and change the
Frequency to the 50-year storm. Click the OK button to accept the new

preference setting.

f T ” - £ =
M Preferences - Frequency Options WL (oot

File
Cptions
Uriits Drainage Library (DLB): .. \Geopak Standards*TDOTEnglish.dlb
Project Components Rational Frequency Options
Rairfall Pam”-!e‘tm Computation Runoff Coefficient
Land Use Options Frequency: Peaking Factor:
Frequency Options =l 1
Intensity Option 50 Year ] | 1.0000 |
Junction Losses _
Inlet Options SC3 Frequency Options
Mode Options Cumulative Runoff Coefficient
Link Options Frequency: Peaking Factor:
Profile Options : |11][H]-|]_ 0 '|
Plan Symbology i )
|pdates
Save Options

| oK | [ Cancel |

Step 10. Return to the Drainage Area Computations>Computation dialog box and click
the Compute Discharge button:

-
ﬁ Drainage Area Computations |

Area ID: 4 [23+20

Details

Options
Definition
Subareas
Computation

Hydro. Method
i@ Rational
& SC5

= Window Center
] b [] Highlight &l &l @ Gl

Area C Value

Total Subareas: 0.5

Remainder: 0.350
Composite: 0475

Computed Intensity:
Computed Discharge:

Verify the Computations; then click Apply to add the Area to the Project.
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Exercise 4

Step 11. Jot down the Computed Discharge from the 50-year storm computed in the step

above here:

Step 12. Recompute the drainage area discharge for the 100 Year storm. Select
Project>Preferences>Frequency Options and change the Frequency to the
100 year storm. Click the OK button to accept the new preference setting.

-
n Preferences - Frequency Options

| oK | | Cancel |

File

Options |

Urits Drainage Library (DLB): .. \Geopak Standards’TDOTEnglish.dib
Project Components Rational Frequency Options

Rairfall PE"E'”-!HE"E Computation Runoff Coefficient
Land Use Options Frequency: Peaking Factor:
Intensity Option (100 Year ~) | 1.0000 _I
Junction Losses _

Inlet Options SC5 Frequency Options

MNode Options Cumulative Runoff Coefficient
Link Options Frequency: Peaking Factor:
Profile Options »] [10000 !
Plan Symbology

|pdates

Save Options

Step 13. Return to the Drainage Area Definition dialog box and click the Compute

Discharge button:

:_.‘“ Drainage Area Computations

Area ID: 4 [23+20

L3

Details
Options |
Diefinition

Subareas
Computation

Total Subareas:

Remainder:

Hydro. Method
i@ Rational

I:::I SES

Composite:
Computed Intensity:
Computed Discharge:

[7] Window Certer
[] Highlight

Area
15.047
h581

& @ & [ Aoy ]

C Value Canie
0.521 Discharge
0.350

0.475

GEOPAK Drainage V8i (SELECT Series 2)

Culverts 4-9



Step 14. Jot down the Computed Discharge from the 100-year storm computed in the step
above here:

Step 15. Close the Drainage Area Definition dialog box.
Step 16. Change the Frequency back to the 50 Year storm

4.2 Design the Culvert

Step 1. From the Drainage main menu, select Component > Culvert> Add.

‘ M DRAINAGE - DrainageProject.gdf - [No Active Netwo_ [

Project | Component | Network Reports  Utilities  Tool Boxes

Drrainag... @

Area 3
Node 4
Link 2
Profile »
Culvert k| Add.
Routing » Edit Y’ ."’ ." 1 Add Culvert
= 49 2 Edit Culvert
Land Uses n d‘:-], é I =
Miscellaneous Utilities ,| Delete _@_ ?‘ 3 Id Edit Drainage Culvert
L3
Rename ?‘ 4 Delete Drainage Culvert
Al =1 Openas ToolBox
Update with Pay Iterns

Step 2. Click on the Add button to add a new culvert. Enter the Culvert Name as 23+20
(station of the culvert) and Click OK.

i~

Add Mew Culvert

Mame: | 23+20

Description:
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Exercise 4

Step 3. The Culvert dialog will open as seen below:

Culvert ID: 4
Description:
Details
| Culvert Profile Overtopping
Parameters Corfiguration

Dischange Tailwater

User Supplied - Lser

PRIEd it

Design  Discharge Tailwater Blevation

Step 4. Enter the culvert discharges from Steps 11 and 14 in the previous exercise. Key-

in the discharges in the key-in field and click the Add List Item button for each
discharge

Description: |
Details
| Culvert Profile

Parameters

Tailwater Blevation |

E Add List Itern
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Step 5. Highlight the 50-yr storm and click Select Discharge. This will be the Discharge
that the culvert is designed for.

T )

Culvert ID: 4 (2320
Description: |
Dietail=
| Culvert Profile Overtopping Computations
Parameters Corfiguration Headwall Location

Tailwater

|ser

Discharge Tailwater Elevation |
48695
453714

Select Discharge 'i

You cpuld also just double click to set the desired Design Discharge that the culvert is
designed for.
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Exercise 4

Step 6. Define the tailwater. Set the Tailwater option to Compute and key-in the slope
and N Value.

NOTES:
This slope is the longitudinal slope of the downstream channel. This slope can be

determine utilizing the Analysis tool: Height/Slope located in
Applications>GEOPAK>ROAD>DTM Tools

N Values for different surface channels are available in the TDOT Drainage Manual,
Table 5A-11 Values of Roughness

M Culvert | = | 28 |
Culvert 10 2320 - 2
ket 0 | iy v oY EE [l
Description:
Details
| Culvert Profile || Cvertopping || Computations |
| Parameters | Corfiguration " Headwall Location |
Discharge Tailwater
User SuEEIied bl Compute b [ Extract Cross Section ]
Design  Discharge Slope %: | 0.400 N Value: | 0.040
X 48635 a Adjust Tailwater Depth: | 0.000
43714
Distance Elevation
X )
¥
48635 0.000 0.000 =

Set the Slope % to 0.400 and the N Value to 0.040 and click the Extract Cross
Section button.
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Step 7. The Define Culvert Tailwater Cross Section dialog will open. Set to Drape
Element on Model/TIN and TIN File.

Click on the Select Files button and select final.tin .

M Define Culvert Tailwater Cross Section | =) —3?-]1
Section | Symbology - ‘El
| Drape Blement on Model / TIN | [TINFle | | final tin
| Select Element | | Place Element | |Select File|
Extracted Profile
Profile 1D:  23+20 Description:

n nnn

Horiz. Scale: | 10.000
Wert. Scale: | 1.000
Max. Elevation: | 662,169 z
Min. Elevation: | 620.689
Max. Station: 97.020
Min. Station: 0.000

Step 8. Click the Place Element button to locate the postion of the tailwater cross
section that is to be extracted (this is notated as the ‘Extracted Profile’ on the
dialog). Place a line in a location similar to that shown below:

=

B View1, Default = |[-E- | ]
; e 52 e 2 = g = T

B-@dw- ARQREHY | BE|HL
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Exercise 4

Step 9. The Define Culvert Tailwater Cross Section dialog will now contain the profile
along the element placed representing the channel cross section at this location.

Pl Define Culvert Tailwater Cross Section L= =] 2
r e | oK | [ Canecel |
Section | Symbology
[ Drape Blement on Model £ TIN =] [TINFle =] | finaltin Q,
| Select Element | | Place Element |
Extracted Profile
Prafile 10 23+20 Description:

Heriz. Scale: | 10.000
Vert. Scale: | 1.000
Max. Blevation: | 842 050
Min. Blevation: | 826.354
Max. Station: 331.650

Min. Station: 0.000

~ 0 e O 1O

Flace Profile

Step 10. Click the OK button and the main culvert dialog will open again. The values for
the tailwater section will now be populated.

i B
M Culvert l|:|| m}
Culvert 1D: 23+20 - b G,
= € | ik v o9 @@ [ ooy
Description: S

Details
| Culvert Profile Overtopping Computations
Parameters Corfiguration Headwall Location
Dischange Tailwater
(User Supplied ~ (Compute v | Bk Cmss Seckion ]
Design  Discharge | Slope % | 0.400 M Value: | 0.040
K 48.695 cl Adjust Tailwater Depth: | 0.000
43714 — = 1
W | Digtance Elevation - o
0.000 240 248 =
3274 240201
L _ (12.805 840.025 |
43 695 0.000 0.000 =
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Step 11. Select the Configuration tab to define the type of Culvert. Make settings as

listed below.
M culvert L )
- 4 - | F
Culvert ID_J |23+20 ]J » ¢ @ = = Apply
Description:
Details
I Culvert Profile ” Overtopping |i Computations i
| Parameters | Configuration | Headwall Location |
I
Entrance Type Shape: | Circular -
Material: |Concrete -
Culvert Size
[ Design Size ~| [Headwater Elevation ~|  836.500
Maximum Rise: | 5.000 Minimum Rise: | 1.500
Headwall bevel = 45~ J Design Barrels MNumber of Barrels: |1 =
Roughness: | 0.013
| Select Entrance... Entrance Ke:  0.200

Shape: Circular
(Culvert Shape: Circle, Box, Ellipse, Etc.)

Material: Concrete
(Culvert Material: Concrete, Steel, Plastic, Etc.)

Headwater Elevation: 836.50
(The maximum elevation the water can reach at the upstream end of the culvert).
By default this option is set to Allowable Headwater which uses a height value,
click to change to Headwater Elevation.

Maximum Rise: 5.000
(The maximum diameter, height of the culvert)

Minimum Rise: 1.500
(The minimum diameter, height of the culvert)

Design Barrels: Toggle ON
(Allows the program to design multiple barrels, if required)

Number of Barrels: 1

Roughness: 0.013
(Determined by the type of Material, See the TDOT Drainage Manual Section
6.04.2.4.3, Culvert Roughness Coefficients)

NOTE: If you know the size of culvert you need beforehand you may set Culvert Size to
‘Library Item’ and pick from the list of defined items.
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Exercise 4

Step 12. Click Select Entrance and select the appropriate entrance condition. The most
commonly used for TDOT projects is Headwall beveled 45”". Select this
condition and click ok. This will automatically set the Entrance Ke value.

-

-

Select Entrance Type

@Q Headwall square edge () Projected (™) Mitered

@ {(7) Headwall groove end

{@ Headwal beveled 45”
(") Headwall beveled 33.7"
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Step 13. Select the Headwall Location tab to define the location of the Upstream
Headwall and Downstream Headwall (nodes). Make settings as listed below.

“ Culvert I = | -
Cuivert D 4| [23+20 2l o ¢ ¥ o &
Description:
Details
‘ Culvert Profile H Overtopping “ Computations ‘
‘ Parameters “ Configuration ‘ Headwall Location |
Type: [Plan View  ~| [TINFile  ~] | finaltin Q | Create Profie |
Upstream Headwall Downstream Headwall
Reference Chain: [CL A | Reference Chain: [CL - |
Node ID:  23+20-UP Node ID:  23+20-DN
Library ltem: [Culvert Endwall ~ | ’—‘ Library ltlem: [Culvert Endwall ~ | ’7|
| Tangent to Ref. Chain  ~ | #| [ Tangent to Ref. Chain ~ ~ | #
Chain Sta.: D Mirror Cell Chain Sta.: D Mirror Cell
|| Offset | 0.000 + Angle: | 0.000 [ ] Offset: | 0.000 + Angle: | 180.000
Invert Elev. [TIN/Model  ~| 0000 Invert Elev | [TIN/Model  ~| 0000
Dynamic Place ‘ | Keyin Place ] | Dynamic Place ] [ Keyin Place

Type: Plan View

Reference Chain: CL
(Roadway Centerline)

TIN File: final.tin

Library Item: Culvert Endwall

Alignment: Tangent to Ref. Chain

+ Angle.: 0 or 180
(For headwalls parallel to the roadway on the right side use an angle
adjustment of 180 and on the left use 0. In this case the upstream is on
left so that value should be set to 0.)

NOTE:.Another option is to use Mirror Cell. Set angles to 0 and Toggle
ON for headwalls on the right of the roadway and Toggle Off for headwalls
on the left of the roadway. Do NOT use Mirror Cell along with Angle
Rotations as this adds confusion.

Invert Elev.: TIN / Model

(Reads TIN elevations. Use ‘User Supplied’ inverts are known or are
different than TIN file.)
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Exercise 4

Step 14. Locate the Upstream Headwall by clicking the Dynamic Place button and
setting the upstream headwall at a location similar to that shown below:

B View1, Default =N EcE =<~

B @2~ AQQRNHY O BE|[HLE

Watch the Headwall Cross Section dialog box r = 52
g M Headwall Cross Secti..| =

appear upon mouse-movement. Use this viewer

to place the Headwall at the upstream low point. Offset: | 10.000 | [Link Angle =] | 45.000

Station and offset values for the headwall location
should change dynamically in the dialog as you
move your mouse. If not, reset the chain name
and try Dynamic Place again. It may be
necessary to close the tool and reopen.

NOTES:
To sett the headwall locations for 90 degree crss drains, you can enter the centerline
crossimg station with a given offset and click the Keyin Place button.

You may wish to utilize the DTM Tools>Low Point Tool (as discussed in the DTM Tools
Section 3 in order to predetermine the low point locations.
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Step 15. Locate the downstream headwall by clicking Dynamic Place under the
Downstream Headwall group.

B View 1, Default

E~@ i~

QHEEY O | DR 5 RE

“ Culvert

-~

cuvert D4 [23+20

Description:
Details
Culvert Profile
Parameters

- | P

D s 435
Overtopping Computations
Configuration Headwall Location

Type: |PlanView |

[TINFile  ~] | finalfin 4 | Create Profile |

Upstream Headwall

Downstream Headwall

Reference Chain: |CL

Reference Chain: |CL

Node ID:  23+20-UP

Library ltem: |Cu|vertEndwaII v| -

Node ID:  23+20-DN

Library ltem: |Cu|verlEndwaII v| -

| Tangent to Ref. Chain v| | Tangent to Ref. Chain v|
Chain Sta.. | 23+07.99 Mirror Cell Chain Sta.: | 23+36.61 Mirror Cell
Offset: | -66.344 + Angle: | 0.000 Offset: | 63.525 + Angle: | 180.000
Invert Elev- [TIN/Model  ~| 832847 Invert Elev - [TIN/Model  ~| 829688
Dynamic Place | | Keyin Place | | Dynamic Place | | Keyin Place
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Exercise 4

Step 16. Select the Overtopping tab to define the limits of roadway overtopping. Make
settings as listed below and click Extract PGL Profile.

NOTE: This step is only necessary if your culvert is in a sag condition. If you are notin a
sag condition you may proceed to Step 17.

M Culvert =R RE >
Culvert 1D: 23+20 b —
=t L -
Description:
Details
[ Farameters " Configuration || Headwall Location |
! Cuilvert Profile I Cwertopping | Computations |
Cwvertopping Source: [PGL x| Adjust Congtant Delta Blevation: | 0.000
AL 5 =xl
WWidth: | 43.000 [¥] Pavement Distance Flivadion:
| Extract PGL Profile | fa
Reference Chain: [CL vl
X
Ref. PGL: [DESIGNCL - | -
Begin Station: | 22+00.00
End Station: | 25+00.00 DP
0. 000 0.000
¥ Increment: | 5.000

Overtopping Source: PGL
(This option sets the roadway profile as the controlling surface elevation for
overtopping. Other options include ‘User Supplied’ or constant elevation and
‘DTM’)
Width: 48.00
(This is the width of your roadway)
Pavement: Toggle ON
(This should be checked unles your road is not paved)
Reference Chain: CL
(Roadway Centerline)
Ref. PGL: DESIGNCL
(Roadway Profile)
Begin Station: 22+00.00
(Use the DP button to select a point before the culvert.)
End Station: 25+00.00
(Use the DP button to select a point after the Culvert.)

X Increment: 5.000
(This may be automatically adjusted depending on the distance between the
begin station and end station.)
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Step 17. Once the Nodes have been located, and the elevations appropriately calculated,
the Culvert can be added to the project. Click the Apply button and the culvert
will be drawn and labeled according to the symbology in the Preferences.

Step 18. The information to this point is enough to check the culvert computations. Select

the Computations tab. Toggle on the option to view the Culvert calculations.
Click the Compute Culvert button to perform the calculations.

e ==
Culvert ID: 4 [23+20 ~| b —
Diescription: R F =]
Details
| Parameters || Configuration " Headwall Location
| Culvert Profile || Cwvertopping | Computations

|Circular
|Concrete

42 Inch Dia. Circular
[Rise = 3_500

5 e T ———— =
Compute | [¥] Culvet [ClOuputto ASCI:;  [Create  ~| | View..
0 | Tailwater o :
| Overtopping 23+20bd | &

NOTE: You may include Tailwater and Overtopping calculations (if you need them) by
toggling ON the option to view them.
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Exercise 4

At this point, the designer has the pipe size that will be required and can use regular
Geopak proposed cross section tools to set up a culvert section to finalize the length &
inverts for the cross drain.

The next several steps illustrate the functionality available through Geopak Drainage to set
up a culvert section in profile format along the cross drain.

Step 19. On the Headwall Location tab click on Create Profile to set up a culvert section
and finalize headwall locations. The Create Plan View Culvert Profile dialog will
open up. Make settings as shown below.

Set Horiz scale 10 and Vert scale 10.
Change max and min elevations to be the next even 10" up or down.

Use default values for Max and Min station.

ﬁ Create Plan View Culvert Profile ‘ = | |_§§_‘
Section | Symbology -
| Drape Element on Model / TIN _~| |TIN File | final tin ql
Select Element Place Element

Extracted Profile
Profile ID:  23+20 Description:

Horiz. Scale: | 10.000
Vert. Scale: | 10.000
Max. Elevation: | 850.000
Min. Elevation: | 820.000
Max. Station: 152.986
Min. Station: 0.000

N ST I W |

Place Profile
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Step 20. Click on the Symbology tab and make the following settings:

Ground Line Symbology (Proposed Roadway):
LV=DESIGN - TYPICAL - Finished Grade and
Subgrade
CO= 6, Style=0, WT=4
Boundary Symbology:
LV= DESIGN — SHEET - Light Grid
CO=2, Style=0, WT=4
Vertical Grid Major Interval:
ON, Value=10
Vertical Grid Minor Interval:
OFF
Vertical Grid Major Symbology:
LV= DESIGN — SHEET - Light Grid
CO=0, Style=1, WT=1
Vertical Major Text:
LV= DESIGN — SHEET — Corner Text
CO=6, WT=10, TH=2, TW=2, FT=LEROYMON(3)
Click the Top Center to set Justification
Horizontal Grid Major Interval:
ON, Value=10
Horizontal Grid Minor interval:
OFF
Horizontal Grid major symbology:
LV= DESIGN — SHEET - Light Grid
CO=0 Style=1 WT=1
Horizontal Major Text:
LV= DESIGN — SHEET — Corner Text
CO=6, WT=10, TH=2, TW=2, FT=LEROYMON(3)
Click the Middle Right to set Justification

“ Create Plan View Culvert Profile | =1 e G
— - | OK | | Cancel |
Section | Symbology |
Ground Line Symbology Boundary Symbology
Vertical Grid Horizontal Grid
| Major Interval: 10.000 + | Major Interval: 10.000

Minor Interval: 2.500 Minor Interval: 0.250

Major Symb.: [ Major Symb.: s
Minor Symb.: ———| Minor Symb.: ———|
Major Text : Major Text :
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Exercise 4

Step 21. Once symbologies are set click on the Section tab and click on Place Profile
in the lower right of the dialog. Culvert Section graphics will appear on the
cursor, Data Point out in the open somewhere to place the graphics. Click OK
on Create Plan View Culvert Profile dialog to dismiss and reopen the
Culvert Edit dialog. Click Apply to store the culvert information.

Step 22. Now that we have placed our culvert section we can finalize or inlet and outlet
locations. On the Headwall Location tab change Type from Plan View
setting to Profile View. When prompted to "Convert Plan View Culvert to
Profile Culvert" click OK:

Alert

N

Convert Plan View Culvert 23+20 to Profile Culvert

OK ‘ Cancel |
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Step 23. The Headwall location tab will change to show Profile view controls.

.H Culvert | = 2% ]
Culvert II.ZJ:.ﬂ |23+2D h |ﬂ ﬂ ﬂ ﬂ E E ‘w‘
Description: -
Details
Culvert Profile Overtopping Computations
Parameters Configuration Headwall Location
Type: |Profile View ~ | [ TIN File ~| | finaltin ql
Upstream Headwall Downstream Headwall
Reference Chain: |CL = | Reference Chain: |CL ~ |
Node ID:  23+20-UP Node ID:  23+20-DN
Library ltem: |Cu|vert Endwall « | ’—‘ Library ltem: |Culven Endwall - | ’—‘
Drape Angle: 2952613 + Angle: | 257572 Drape Angle: 2952613 + Angle: | 77.572
Invert Sta. | 12.190 ﬂ Invert Sta.. | 145.643 ﬂ
Invert Elev.: 832.901 Invert Elev.: 829.669
Chain Sta.. 23+08.46 Chain Sta.. 23+37.18
Chain Offset.  -64.206 Chain Offset:  66.120

Step 24. Under Upstream Headwall controls click Station DP button. Move
cursor over culvert section profile near the upstream end of pipe. That end will
start dynamically tracking with cursor movement. Relocate inlet so that the
upstream invert of the pipe coincides with roadway side slope.

NOTE: This location could be located previously with Microstation
commands or calculated and input as values in the Invert Sta. & Invert Elev.
Keyin fields.

Step 25. Repeat this procedure on the Downstream Headwall by clicking on Station
DP and locating in culvert section profile.
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Exercise 4

Step 26. Once Headwall locations have been reset click on Apply in the upper right
corner of the Culvert Edit dialog. Now go back to the Computation tab and
this time before clicking on Compute Culvert, toggle ON option for Output to
ASCII, keyin name 23+20.txt and set file to Create option.

When Compute Culvert is clicked the output data in dialog is updated and
text output file is created.

“ Culvert |E‘_‘-§:—hj

CulvertiD: 4 [23+20 v |2 wl o ¥ = g
Description:

Details

| Parameters H Configuration ” Headwall Location |

‘ Culvert Profile ” Overtopping ‘ Computations ‘

m

Circular
Concrete

Suggested Design

42 Inch Dia. Circular
Rise = 3.500 i

Qutput

E Culvert /| Outputto ASCI.~ [Create ~ View...
Tailwater

Culvert

v L_Iovenopmng 23+20 b Eg
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Step 27. To place drainage info with culvert section profile :

Set active text settings by going to TDOT>Cross Sections>XS Text Styles
Plus, set Scale to 10 and select XS Drainage - Prop.:

X5 Text Styles Plus... | 2
Click to set Text style,
Level. Weiaht & Color =
¥5 Bridge Limits - Prop. -
X5 Drainage - Exist, I
%5 Drainage -Prop,.

¥5 Finished Grade - Prop.
¥5 Finished Grade Slopes - Prop.
X5 Pavement - Exist.

¥S Retaining Wall - Prop.

%5 ROW - Exist.

X5 ROW - Prop.

Scratch

%S Subgrade Slopes - Prop. j

Set Alternate STD Place Label with
Text Size Leader Line

Scale 10 Cancel

Go to Microstation's File>Import>Text and pick the file 23+20.txt in your
project directory. Data Point in the DGN file for placement near the culvert
section profile. This data can now be used when filling out TDOT Standard
Drainage Data cells or can be edited to show additional data needed with the
culvert section.
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Exercise 5

Storm Drainage Nodes

This exercise shows the user how to create surface drainage components for storm
drainage. The user will add drainage areas, inlets, and outlets as necessary for proper
roadway drainage design.

Typically, each segment of the roadway drainage system will have an outlet to a side ditch,
natural river or stream, or an adjacent storm drainage system. Possibilities of these outlets
should be considered when determining catch basin locations.

Initial locations for catch basins (inlets) should be based on the following criteria:
1.) At all low points (sag points) in the gutter grade or low points behind curbs,
shoulders or sidewalks

2.) At the location down grade from the highpoint of a vertical curve where the spread is
equal to the allowable spread

3.) At areas where off-site flow will flow across the top of curbs

4.) Upstream of median breaks, entrance/exit ramp gores, cross walks, street
intersections, and bridges

5.) At side streets upgrade from the intersection
6.) At least every 400 feet (required for maintenance)

Once these primary locations are determined, adjustments or additions can be made to
ensure that a safe travel way is maintained.

5.1 Design Drainage Node CB -1

Step 1. Determine the location of the Proposed Inlet. The proposed roadway is 4
lanes with no shoulders and a 6” non-mountable curb with curb and grate
inlets.

CONST.  SLOPE €5 RIGHT-OF -WAY | sLope CONST.
|ESMT | ESMT. ESMT. ESMT.

T
_ 24°
2 { |
>
» . SOW FINISHED GRADE PG =
2 0.015
j74a
0.02 F/F—m

0.02 F/F —am

EXISTING GROUND

EXISTING GROUMD
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We will assume for this project that the curb and gutter begins at 0+00.00. We have
also determined that our maximum allowable spread is 8.0 feet (See TDOT
Drainage Manual Chapter 7 Section 7.03.3.7). Using sound engineering judgment

we will assume our first inlet to be at Station 4+00.00 Offset —26.00.

Step 2. From the Drainage Main Menu Bar, select Component > Node > Add OR
from the Main Toolbar, select Add Drainage Node.

=

S DRAINAGE - DrainageProject.gdf - [No Active Network]
| Project | Component | Network Reports  Utilities  Tool Boxes
|

Area v
| Mode v Add..
Link b Edit
Profile ol
Delete
Culvert 4
= Rename
Routing 4
Renumber
Land Uses
Miscellaneous Utilities o e Updat=al

Update with Pay Itemns

Drainag...@
i
£, 4
aDrainage MNodes: Add Drainage MNode
g
8
b

AL
I

Step 3. Type in CB-1 for the node ID. Leave the Description blank. Click OK.
Over the next several steps, we will progress through the Node
Configuration until everything has been set successfully.

Add a Mew Node

Mode ID: | CB-1
Description:
OK | | Cancsl

-

5-2 Storm Drainage Nodes
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Exercise 5

Step 4. Properties > With the Node Id set to CB-1, set the properties as shown
below:

Node Type: Grate
Profile: On Grade
Library Item: CB #12 4X3

e _— — b
Window Center
Mode 1D CB-1 - I L
ode 1D 4 | I Y e w0 e &) e |
Details
Ciptions i Description:
Properties Mode Type: |Grate -|
Location 3 =
Spread Citeria . F‘roﬁle.. [On Grade |
Bt Library ftem [CB#12 4X3 - |
Junction Loss By Pass to Mode: N
Dischargg Options Mz By Pass: 0.000 .
Computations ; :
Mode Bottom: |Mone Available - | :
[7] Owvemide Library Payitem: '

NOTE: This project calls for a 6” nonmountable curb and gutter inlet. A type 12 catch
basin is used since it is the most common for this type of gutter. The 4X3 is chosen
because it requires the least amount of depth for the type 12’s. It is common
practice to choose the smallest catch basin at the beginning of the system. Refer to
the TDOT GEOPAK Drainage Nodes shown in Appendix A to see other sizes and
types of nodes.
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Step 5. Location > Describe the inlet’s location in the design file as shown below:

Reference Chain: CL Angle: 0.00
Profile: DESIGNCL Station: 4+00.00
Align: Tangent to Chain Offset: -26.00
F ~ = = = "
M Mode Configuration - anatiTI ‘ [‘”‘:' — g
Nodz 1D 4 [CB-1 ) » D WindowCenter o 5 vy @)
[] Highlight

Details

Options [#/] Chain: |CL + | [¥] Profile: [DESIGNCL -

E;C'PE"“ES Coordinates / Stationing

cation Ry = = :

Spread Gt fign: [ Tangent to Chain | #  =Angle: | 0.000

Blevations Station: | 4+00.00 . 2930.308

dunction Loss [ Offset: | -26.000 $ Y. 3214.900

Discharge Options G

Compitations [] Mimor Node Offset from Gutter to Inlet: | 0.000

NOTES:

Once the location options are set, hit enter on your keyboard or data in one of the
fields to add the catch basin. The angle of the catch basin is automatically set to
match the centerline.

If a line or some other MicroStation element is located at the desired station and

offset, the Station DP ¢ button can be used. If Station DP is active and the
location is set, DO NOT move out of the dialog because the station range will
change. Hit enter on your keyboard or data in one of the fields to add the catch
basin.

Other Align Options:

Tangent to Chain: Allows independent station and offset while matching a
specified chain’s angle.

Tangent to Element: Allows independent station and offset while matching an
elements angle.

Tangent on Element: Allows independent station (within limits of the element)
while matching elements offset and angle. (Mirror Node is often
required when using this option)

At Point: Allows independent station, offset and angle.
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Exercise 5

Step 6. Spread Criteria > Describe the roadway cross sectional characteristics
directly in front of the inlet. These values will be utilized to calculate inlet
capacity and resulting by-pass flow. Turn ON the display for the reference
file: DVSR1SEshapes.dgn and choose the following options:

Longitudinal Slope Source: Reference PGL

Spread Source: Shape & Lib. Item - 4Lane
Max Pond Depth: 0.50 feet
Max Pond Width: 8.00 feet

# MNode Configuration - Spread Criteria for On Grade ‘ [‘“":" = ﬂ

[] Window Center
Node ID 4 [CB-1 - » E::: i w w4
Dietailz
e Longitudinal Slope Source: |Reference PGL | 2515
P?!'?'T'_s || Spread Cross Section
Froperties ‘Spread Source [ Shape and Lib. tem = | [4Lane - ]
Location
Spread Criteria Width % Slope  FRoughne: »
Elevations 2000 8.500 006 |=| Mapdmum
Junction Loss 24000 2.000 006 Pond Depth: | 0.500
Dizcharge Options 12.000 2.000 06 |-
Computations 0.000 0.oon 0.000 Pond Width: | 2.000

Change Spread Source back to User Supplied to remove extra links created
by the combination of the Shape and Library Item. The 24’ link is defined in
the library item but is not required since we have superelevation shapes for
the pavement area

Step 7. Spread Criteria > In the previous step, we set the spread section using a
combination of the project's superelevation shapes and a standard drainage
library spread section to illustrate that if a final TIN file has not yet been made,
other methods could be used. The recommended method is to use a final TIN
file which should represent the roadway accurately at any given inlet location.

Change the Spread Source to Reference TIN.
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Step 8. Elevation > Assign the inlet vertical elevation and vertical pipe alignment
options. The Reference Surface: Tin File should already be set.

Reference Surface: TIN File - final.tin

Elevation Source: Reference TIN

Node Elevation Option: Same as Source

Vertical Alignment: Min. Fixed Drop, 0.17

Minimum Depth: 2.38 feet (See first note at top of next page)
Maximum Depth: 20.00 feet

i "
;K Mode Configuration - Elevations l"r'“:'* fiemcd ih,l

[ Window Center
Node 1D CEB-1 - e H
iksias I Y 5 ghight ey d
Details
Options Reference Suface: | TIM File * | | final tin Q.
E;DFE'::_MES Blevation Source: |Reference TIN | 820970
cation
Spread Criteria Node Blevation Option: [Same as Source *| 230970
?evmiunin Vertical Alignment: | Min. Fixed Drop =] |0.170
unction Loss e :
Discharge Options Minimum Depth: | 2380
Computations Madmum Depth: | 20.000
[] Add Sump Depth: | 0.000
& — g
NOTES:

Refer to the TDOT GEOPAK Drainage Nodes listing in Appendix A of this
manual or online for Minimum Depth, Maximum Depth and Min. Fixed Drop or
Drop Across Bottom of Structure values for a given catch basin type and pipe
size.

In Node Configuration, Minimum Depth refers to the Minimum Depth of Cover. It
does not refer to the minimum depth of the catch basin. Both numbers are
provided as shown below in a segment of the table taken from Appendix A.

Drainage Node Cell Drop Max. Pipe Sizes
Node Description Name Across Depth 15 18
Name Bottom Min. Min. Min. Min.
of Depth Depth Depth Depth
Type: Grate Structure of Cover of Cover

CB#10 32"X26" | Lowered 6-30 Curb & Grate Inlet CB32X26S | 0.12 5.00 3.74 2.12
CB#10 4X3 6" NonMount. Curb & Grate Inlet CB4X3S 0.17 20.00 3.88 2.21
CB#104' DIA 6" NonMount Curb & Grate Inlet CB4DIAS 0.17 20.00 3.88 2.21
CB#10 4X4 6" NonMount. Curb & Grate Inlet CB4X4S 0.17 28.00 3.88 2.21
CB#12 32"X32" | 6" NonMount. Curb & Grate Inlet CB32X32 0.12 4.58 3.74 2.12
B#12 4X3 6" NonMount. Curb & Grate Inlet CB4X3 0.17 20.00 3.88 2.21
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Exercise 5

NOTES:

In the TDOT GEOPAK Drainage Nodes table in Appendix A “Minimum Depth of
Cover = Minimum Depth - Pipe Size - Drop Across Bottom of Structure” for catch
basins with both inlet and outlet pipes. To determine Minimum Depth of Cover for catch
basins with an outlet only: add Drop Across Bottom of Structure to Minimum Depth
of Cover. The first catch basin in the system is considered an outlet only because there
are no other pipes (inlets) coming into it.

For the initial design, use the value given under the 18 in. pipe size. If larger pipes are
designed, reset the Minimum Depth of Cover to the value for the pipe designed on and
re-design the network. Steps for this procedure are given in chapter 9 on Drainage
Navigator /Querying.

Step 9. Junction Losses > Set to Use Defined Equations (This defaults to the
project preference settings that were set in Exercise 1):

ﬂ Mede Configuration - Junction Loss- i
Window Center

Mode 1D CB-1 - C "
Details
Options | @ Defined Equations
Froperties (") Equations x Loss Reduction: [0.000
LDCEItiGII'I - : e
Spread Citeria () Absolute Loss: 1 0.000
Elevations (") Supplied K - Outlet Velocity: 0000
Junction Loss ™1 Supplied K - Change in Velocity: | 0.000
Discharge Options # None
Computations -

Step 10. Discharge Options > Specify the source of the discharge contributing to this
inlet. Toggle Use Computed Discharge:

. —————
ﬂ Mode Configuration - Discharge {leﬁr::un-_E'r._n-'!'ll:lI
Window Center
MNode D CB-1 - ([ i
ode 1D 4 | | e % ) e |
Details
Options ] @ Use Computed Discharge
Properties =1 Supplied Discharge: | 0.000
Location : ; = e
Spread Criteria [] Disable Inlet Calculations  Capacity: | 0.0000 ]
Elevations L:E Link Base Flow Area «| |None Available #
Junction Loss i
Digcharge Options
Computations =
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Step 11. Computations > Verify the inlet’'s hydraulic computations:

NOTE: The Drainage Area for this node hasn’t been added; therefore, the
computations for the node can’t be completed until a discharge is known.

@l Mode Configuration - Computations | — 28 |

Nodz ID 4 [CE-1 =) p O VWndowCerter , ney ne )

[ Highlight

Detailz

Options Inlet CB-1 - Emor Performing Inlet Computations
Qi Drainage Area CB-1 Mot Found

Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

Step 12. Add this Node to the project by pressing the Apply button.
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Exercise 5

5.2 Design Drainage AreaCB -1

Step 1. According to the TDOT Drainage Manual Chapter 4 Table 4-1 Hydrologic
Design Criteria the drainage area for CB-1 should be calculated for a 10 year
frequency. Select Project>Preferences and change the Frequency Options
to the 10 Year Storm. Click the OK button to accept the new preference

settings.
File
Options |
Uriits Drainage Library (DLE): .. \Geopak Standards'TDOTEnglish.dib
Project Components Rational Frequency Options
Rairfall Parameters Computation Runoff Coefficient
Land Use Options Frequency: Peaking Factor:
Frequency Options n e 1
Intensity Cption L
Junction Losses )
Inlet Options SCS Frequency Options
MNode Options Cumulative Runoff Coefficient
Link Options Frequency: Peaking Factar:
Profie Optons — R
Plan Symbaology 5
Updates
Save Options

| OK | | Cancel |

Step 2. From the Node Configuration dialog select Edit Area. When asked if you want
to create a new drainage area click Yes.

, ——

Window Cent g
Node ID 4 [CB-1 - » EHi;”h“‘::n % mb
Deetails _

Options | [Inlet CB-1 - Emor .F.‘erfcrrniné Inlet tcmpMations
Properties Drainage Area CEB-1 Mot Found |

Location

Spread Criteria Alert

Elevations

Junction Loss Drainage area [CB-1] not in project. Do you wish to create
Digcharge Options ! E a new drainage area?
Computations =
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NOTE: If you have closed the Node Configuration Dialog you may create a new
Drainage Area by going to the Drainage Main Menu Bar, and selecting
Component > Area > Add OR from the Main Toolbar and selecting Add
Drainage Area.

M DRAINAGE - DrainageProject.gdf - [No Active Network] =
Project | Component | Metwork  Reports  Utilities  Tool Boxes
| Area V[ Add...
MNode b Edit
Link b ID
Profile | s Drain...[53]
Rename —
Culvert r i
Routing y | Update Al ) ) dﬂl 1 Add Drainage Area
@)/ |9 2 EditArea
Land Uses B E 3 Id Edit Drainage Area
Miscellaneous Utilities L \::lb ’é{] 4 Delete Drainage Area
T 5 Rename Drainage Area
b 9
@&i &) 6 Update All Areas
Skl 7 Drainage Area Report
= Open as ToolBox

The following Add a New Area dialog box
will pop up. Click OK.

Add a Mew Area

Area ID: | CBA

Description: | |
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Exercise 5

Step 3. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 1. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default E=8[EcE 0

|
|
\

R-O%-|AQQRMHY O BIE|H G

Define Drainage Area:

Use Select Shape to identify the drainage area. Our Base C Value was set previously in
the culvert exercise.

M Drainage Area Definition l =1 |£h]
| Window Certer : i (e
Area ID: CB-1 * ;
aiD: 4 | | > Fibgie D8 H & |k
Details _
Cptions jDesu:riptiu:un: To Mode ID:  CB-1 ﬁ%j
| Definiti i i
Sul::;nlal::s Drinoge fees | 1,034 Area Selection / Creation
Compskation Base C Valus: | 0.350 Select Create ‘
Time of Conc.: | 5.000 iepe 2N e
Hydro. Method Pick Boundary CP
@ Rational Elements Create Shape
SCS

This Base C Value should be set to the most common land use item within your project
area then only the remaining areas would need land use shapes developed for them.

GEOPAK Drainage V8i (SELECT Series 2) Storm Drainage Nodes 5-11



Calculate Time of Concentration:

i : . " 5
Details .
Drainage Area ID:  CB-1 Distance Slope  Awg. Slope Fow =
[TIN File ] | final tin [Py 20,12 229 223  Sheet |[_
588 298 245  Shest ||| &
Define Path 532 298 255  Shallow
[ Trace ] 1 [JD-Sagmmsl 17.75 255 257 Shallow
10.01 2.80 261 Shallow v
Sheet How - 2232 2.56 260 Shallow
Method: Length: [26.000 | 7.10 278 261 Shallow e

2520 290 267 Shallow

nValue: (0040 |  Siope: (2446 | 359 281 268 Shalow
: 1284 365 277  Shalow
(7] Shllcver Ficer T 1234 385 286  Shalow

~ length: 300000 | 534 314 287  Shallow
Inter. K: | 0.619 | Slope: | 2.542 [ 19.79 3.07 289 Shallow

14.55 310 2.9 Shallow =

Concentrated Aow ) Distance:
Method: [Continuity »] Length: | 385774 | 20120 | [2230 | [Mjuﬁ =

Velocity: |5.000 | -
Max Sheet Flow Distance: EZEDD'I] |

Accum, Distance:  711.774 Max Shallow Flow Distance: | 300.000 |
= | 300 |

Accum. Ava. Slope: 2537
—

Te= 4058 i€

If the calculated Time of Concentration is less than the minimum of 5 minutes,
then 5 must be manually typed in the Drainage Area Definition dialog after
hitting apply in the Time of Concentration Window.

Delineate Subareas utilizing the Land Use DGN:

= : —
o =
Window Center
AealD: 4 [CB - » % b & & W&
Details
Options | To Node ID:  CB-1 St
Definition Subarea C Value Description |
Subareas 0.2316 0.500 Conc/Asphalt Pyvmt
Computation 0.3253 0.300 Forested Areas a
Display Onhy
Hydro. Method %
(@ Rational
@ SCS = p— -
[ 0.325 | 1 0.300 | | Forested Areas
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Exercise 5

Compute Discharge and Apply:

P
n Drainage Area Cumpuiafmns

Area ID: 4 [CB-1 -] » Em"h‘f;‘:d&m o hl W&

Details
Options Area C Value

Compute

Definition
: Disch
Sifims Total Subareas: 0. 0.550 s

Computation Remainder: 0. 0.350

Hydro. Method Composite: 1. 0.458

(@ Rational Computed Intensity:
(0565 Computed Discharge:

Step 4. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

.
n Mode Configuration - Computations.
Window Center
MNede 1D CB-1 - O
e 1D 4| ] [ Highlight
Details
Ciptions | |Discharge = 3.3009
: | Spread Width from Gutter = 8.2 2 A€ ——
E:’T'ES Total Ponded Width = 82124
S \Ponded Depth = 0.2942
Spread Criteria |Spread Left Intercept = 0.0000
Blevations | Spread Right Intercept = 8.2124
Junction Loss |\Grate Length = 3.0210
Discharge Options ;gmte Edth = 1-321%%&5
Computati |Grate Capacity = 2.
- |ByPass Fow = 1.1324

Efficiency = 0.6563

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter
exceeds our maximum spread of 8.0 feet which was determined in Step 1 of
Exercise 5.1
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In the Node Configuration — Location dialog change the station to 3+70.00, click
Apply and repeat Exercise 5.2.

You should come out with something similar to this:

B View1, Default = e )

R-@2-AQRQRHY I BE|HLE

M Node Configuration - Computations l = | |ﬁj
Window Center
Node 1D CB-1 - : ! |
ode 4 | | b Highlight "’;’Ef iz )ﬁr iz @ Apply
Details
Ciptions Discharge = 1.4682
: Spread Width from Gutter = 5.1508

E;”':.”'ES Total Ponded Width = 5.1508

T Ponded Depth = 0.2330
Spread Crteia Spread Left Intercept = 0.0000
Elevations Spread Right Intercept = 5.1508
Junction Loss (Grate .Length = 30210
Discharge Options gmte é‘-"idth = 1-511 ED _
| orare rate Capacity = 1.2072
S ByPass Flow = 0.2610

Efficiency = 0.8222

NOTE: The Spread Width is now within our limits.
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Exercise 5

5.3 Design Inlet CB — 2

CB- 2 will be at the same station as CB-1 but will be on the right side of the road. Many
of the parameters will be defaulted to those used to place CB-1.

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog.

ﬂ MNode Configuration - Computations | = 23 |
Window Center
Mode 1D CEB-1 - | i g
R J ¥ vighight @@@
Details Add Node
Ciptions Discharge = 1.4682
g Spread Width from Gutter = 5.1508

E;”':.”'E" Total Ponded Width = 5.1508

s Ponded Depth = 0.2330
Spread Critenz Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 5.1508
Junction Loss Grate Length = 3.0210
Discharge Options Grate Width = 1.8130
Computations Grate Capacity = 1.2072

ByPass Flow = 0.2670
Hficiency = 0.8222

Step 2. Click OK to add CB-2. CB-2 will automatically take the place of CB-1 in the
Node Configuration dialog which is already open.

Step 3. Properties > Verify the Node Properties are defaulted from the previous
Node (CB-1) such that no user-input is required for this similar curb inlet.

e — - -
ﬂ Mode Configuration - Properties " ‘ @lﬂlﬁ
; : Window Center T
Node ID 4 [CB2 Ly [ :
Seiel ¥ g o w4 | Aoty |
Detailz
Options Description:
E;operties Mode Type: [Grate -|
cation i =
Spread Criteria Profile: [On Grade ]
Elevations Library tem: [CE&12 4X3 - |
Junction Loss By Pass to Node: i
e besei- Oplices Max By Pass: | 0.000
Computations

MNode Bottom: [None Available -
[] Ovemide Library Payitem:

Align
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Step 4. Location > All Reference information is defaulted from the previous Node
(CB-1) such that only the + Angle (OR Mirror Node but NOT both) and the
Offset needs to be changed. Change the

Angle: *180 (or toggle on Mirror Node)
Offset: 26.00
*(180 for Right side, O for the Left), (Mirror Node ON for the Right, OFF for

the Left)
~ S — - =
Window Certer

MNode 1D CB-2 - (& 4
ode D 4 | Y e 8 e A e |
Dietails
Options | [ Chain: Profile: [DESIGNCL  ~
Properties Coordinates / Stationing
Kocation Aign: (Tangenito Chain  w] #°  +Angle: | 120.000 |
Spread Criteria ’ : i e
Blevations Station: | 3+70.00 ¥ 27941569
dunction Loss Offset: | 26.000 ' $ Y. 3169.465
Discharge Options ; : ¢
Computations [ Mimor Node Offset from Gutter to Inlet: | 0.000

Step 5. Click Apply to include this node in the Drainage Project.
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Exercise 5

5.4 Design Drainage Area CB -2

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-2 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 2. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View]l, Default ==

i
’}
|
|

R EEFEEE

Define Drainage Area:

# Drainage Area Definition l =" |-IEh
Window Center ; e T
Area 1D: CE-2 - &
I;letai_ls
Cptions | Description: To Node ID: CB-2 ‘:féj
Definiti i i
fSul:EnlaDans Drainage Area: | 0445 .ﬁ-.rea Selection / Creation
|Computation Base C Value: | 0.350 ‘ §E|EDT ‘ DTCI'{ﬂE;thE ‘
_ Time of Conc.: | 5.000 pe .o
Hydro. Method | Compute TC | Pick Boundary DP
@ Rational Elements Create Shape
S5CS
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Calculate Time of Concentration:

|"|

r# Time of Concentration l = | =] | 2

Drainage Area ID: CB-2

TIN File_ ] | final tin e
Define Path

[ Trace ] I [ ID - Segmerts ]

The calculated Time of Concentration is

[7/] Sheet Aow _ less than the minimum of 5 minutes,

Method: Length: | 26.000 | therefore 5 must be manually typed in the

nValue: 0040 |  Siope: [2761 | Drainage Area Definition dialog after hitting

(7] Shallow Flow _ apply in the Time of Concentration Window.
Length: | 300.000

Inter. K: (0619 |  Slope: 2949

[¥| Concentrated How R
Method: [Continuity =] Length: 66819

Velocity: | 5.000

Accum. Distance: 352815
Accum. Avg. Slope: 2.863

(Comoue] (oo |

Delineate Subareas utilizing the Land Use DGN:

' i =1
Window Center
MealD: 4 [CB-2 - O
alD: 4| ]'EHighngm @@@&]
Details
Options | To Node ID: CB-2 Gt
gi;?:;’; Subarea C Walue Description | e
: 0.2153 0.900 Conc/Asphalt Pvmt Delireation:
Computation 0.1746 0.300 Forested Areas |
) Display Only
Hydro. Method 3¢
@ Rational
® 5C5
075 10300 | Forested Areas
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Exercise 5

Compute Discharge and Apply:

r X i == |
Ko v I =
| Window Center
Area ID: CB-2 -
| J » [] Highlight & & W &
Details
Options Area Z Value
Definition :
: Disch

Sl Total Subareas: 0.330 061 arge
Computation Remainder: 0.055 0.350

Compasite: 0. 05597

Hydro. Method
i@ Rational Computed Intensity:

0 3Ls Computed Discharge:

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

= [] Window Center H
Node ID 4 [CB2 | » 0 Highight WoE Y e A |

Details

Cptions .D15c:harge = 1.85823
i |Spread Width from Gutter = 5.5805 €@——
E;“F;f.“'“ Total Ponded Width = 59805
ki |Ponded Depth = 0.2496
Spread Criteria \Spread Left Intercept = 0.0000
Elevations |Spread Right Intercept = 5.9805
Junction Loss |Grate Length = 3.0210
Discharge Options Eg'ﬁte Edth = 1-511-3342
Compoutati |Grate Capacity = 1.
dhitifzals \ByPass Flow = 04181

?ll_EHicienul_"..}r = 07743

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.5 Design Inlet CB — 3

Step 1.

Step 2.

Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog.

Click OK to set the name CB-3

Properties > Verify the Node Properties are defaulted from the previous
Node such that no user-input is required:

IH Mode Configuration - Properties

| = 2]

Node ID 4 [CB-3

x)

Details

 Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

Description:

[] Window Center
[] Highlight

Node Type: [Grate

~]
Profile: [On Grade -| .
Library tem: [CE£12 4%3 - |

By Pass to Node: it
Max By Pass: | 0.000
Mode Bottom: |Mone Available -

[ Owverride Library Payitem:

W @ w4 [ e |

Align

~

Location > All Reference information is defaulted from the previous Node
(CB-2) such that only the + Angle, Station and the Offset needs to be
changed. After a few iterations it was determined that CB-3 should be placed
at Station 6+20.00:

M Mode Configuration - Location

|"1

| = 53

Node ID 4 [CB-3

| p

Details

Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

[#] Chain: [CL
Coordinates / Stationing

[] Window Center
[ Highlight

Aign: | Tangent to Chain

=| #  2Angle;

Station: | 6+20.00
[#] Offset: | -26.000
[T] Mimor Node

4

Cffset from Gutter to Inlet;

W w4
v | [V] Profile: [DESIGNCL =

0.000
3156.887
3173.550
0.000
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Exercise 5

Step 3. Elevation > Reset Minimum Depth for a node with both inlet and outlet pipes.

Minimum Depth: 2.21 FT

Window Center : ;
Node D 4 [CB-3 = [ : :
odelD 4 | | b D fiedowCener sy g% 1 @) (o
Details
Options | Reference Suface: [TINFle  +) ﬁﬂ:‘:ﬂ_tll'l | C
E;ﬂ[;teﬂies Blevation Source: |Reference TIN | 872705

cation
Spread Criteria Mode Elevation Option: | Same as Source ~| 872705
?E“E'”“”ED Vertical Alignment: | Min. Fieed Drop »| (0170 |
unction Loss - TR e
Dischange Options Minimum Degth: ;@_2_1_*]1:'
Computations Madmum Depth: | 20000 |

[F] Add Sump Depth: [0000___|

Step 4. Click the Apply button to include this node in the Drainage Project.
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5.6 Create Drainage Area CB — 3

Step 1. From the Node Configuration dialog select Edit Area. When asked if you

want to create a new drainage area click Yes. The name CB-3 should
automatically appeatr, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 3. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default

o

_If
AQQRIHY O HEHEE

Define Drainage Area:

M Drainage Area Definition = | l X
Window Center . f
AeaD: 4 [CB3 - 8 |
2lD: 4 | | Y g B AW & | e |
.Details =
| Options _Des-:riptiu:un: To Mode ID: CB-3 i%f
E'Egnm':"" | Drainage Area: [0.539 Area Selection / Creation
| Subareas
|Computation Base C Value: | 0.350 ‘ Select Creats
. | Time of Conc: | 5530 Shape OTM Shape
Hydro. Method | Compute TC | Fick Boundary DP
@ Rational Blements Create Shape
S5C5
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Exercise 5

Calculate Time of Concentration:

ra T T
M Time of Concentration | =8| =

Drainage Area ID: CB-3

TIM File = || final tin Q.

Define Path The calculated Time of Concentration is

1w @ GREATER than the minimum of 5 minutes;

therefore the Time of Concentration will

[/ Sheet Aow automatically be filled in after hitting Apply

Method: Length: | 100.000 with NO further steps required.

nVae: A0 Sope: [ 2380 NOTE: The maximum length for sheet flow

[ Shallow Fow has changed and will vary depending upon
Length: | 300.000 the drainage area.

Imter. K: | 0615 _ Slope: | 1.872

[ Concentrated How
Method: Length: | 243.084
Velocity: | 5.000

Accum. Distance: 643.084 E
=
Accum. Avg. Slope:  Z2.345 |

[Compute ] [ Aoy ]

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas | =4 2 |
Window Center
Area |D: CB-3 - O
— > Do 5 3 5 [ ]
Details
Options | To Node ID:  CB-3 it
Definition Subarea C Value Description '
i 01492 0900  Conc/Asphatt Pvmt
Emgn ki 03427 0300 Forested Areas ]
' [7] Display Only
Hydro. Method 3¢
i@ Rational
i) SCS
0.343 | | 0.300 Forested Areas
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Compute Discharge and Apply:

rﬂ Drainage Area Computations | = | % |W

AreaID: 4 [CB3 - » ;: ﬂf;”;:f;cmer & @ MW & [ Aoy |
Details -
Dp_t.ic:!rfs_ Prea C Value ot
gj;;f;’i_‘lns Total Subareas: 0.492 0.482
Computation Remainder: 0.047 0.350

Hydro. Method Composite:  0.539 0.470

@ Rational Computed Intensity: 6815

0 SCS Computed Discharge: 1.728

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬁ Mode Configuration - Computations | = S |
| Window Center
Mode 1D CB-3 b I-_J o
Details
Ciptions Discharge = 1.7257
7 g Spread Width from Gutter = 5,733 € ————

E;”':.”'ES Total Ponded Width = 5.7331

R e Ponded Depth = 0.2447
Spread Criteria Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 5.7331
Junction Loss Grate Length = 3.0210
Discharge Options Grate Width = 1.8130
Computations Grate Capacity = 1.3636

ByPass Flow = 0.3661
Efficiency = 0.7884

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.7 Design Inlet CB -4

Step 1.

Step 2.

Step 3.

Exercise 5

Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-4.

Properties > Verify the Node Properties are defaulted from the previous
Node such that no user-input is required:

M Mode Configuration - Properties

= x )

Node ID 4 [CB-4 ~| » ] Highlight

Dietailz

Options Description:

Properties Mode Type: [Grate v
Location _ =
Spread Criteria Profile: [On Grade |
Reivdions Library tem: [CB#12 4X3 x|
Juniction Loss By Pass to Node: it
Discharge Options Max By Pass: | 0.000

Computations

Mode Bottom:

[] Window Center

W w4 [ fenl |

Mone Available

[] Ovenide Library Payitem:

Align

&

Location > All Reference information is defaulted from the previous Node
(CB-3) such that only the + Angle, Station and the Offset needs to be
changed. We will set this catch basin at the same Station as CB-3.:

ﬂ Mode Configuration - Location = 2|
[7] Window Center
Mode 1D CB-4 * = =
ode D 4 | | Y g 8 e @) e ]
Details
Options [#] Chain: |CL * | [¥] Profile: |DESIGNCL -
Properties Coordinates / Stationing
L) Align: [ Tangent to Chain | # + Angle: | 180.000
Spread Criteria ’ ’ :
Blevations Station: | 6+20.00 ¥ 318714
S Lozs [¥] Offset: | 26.000 $ Y: 3122477
Discharge Options g
Computations [T Mimor Node Offset from Guiter to Inlet: | 0.000

Click the Apply button to include this node in the Drainage Project.
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5.8 Create Drainage AreaCB -4

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-4 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 4. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default = | 3|

B-@#~-AQRQRHSI | BEHEE

NOTE: After a first iteration the spread for the entire contributing drainage area was
found to exceed the spread limit. After consideration it was determined an area drain
could collect the water before it spills over the back of the curb. The white shape shows
the drainage area to be captured by that area drain. (See next Exercise 5.9)

Define Drainage Area:

#l Drainage Area Definition W= 22
Window Center i T
Area |D: CB-4 - :
alD: 4 | | ¥ Frigige | B @ W & [ ey |
_petails _
| Options | Description: To Node |ID: CB-4 4_1%1‘
| Definiti [ ; ;
Sul::;rnla?ans Bt M| 0,526 Area Selection / C.reatu:un
Computation Base C Value: | 0.350 ‘ gﬁh?d ‘ DTCI:-ﬂegthE ‘
| Time of Cone.: | 5.000 e EpE
Hydro. Method Compute TC | Pick Boundary DP
@ Rational Bements Create Shape
SCS5
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Exercise 5

Calculate Time of Concentration:

P I | B
ﬂ Time of Concentration | = | | |

Drainage Area ID: CB-4
TIN File ]| | final tin o,

Define Path The calculated Time of Concentration is
iy less than the minimum of 5 minutes,
therefore 5 must be manually typed in the

[¥] Sheet How . . - -
Drainage Area Definition dialog after hitting

Method: (FHA  »]  Length: | 26.000 _ : .
° . apply in the Time of Concentration Window.

n Value: | 0.040 Slope: | 3213

7 Shallow Flow tI:IOTEh: The(;nax(ljmqlrln Ieng;h for zheet flow
Length: | 253.367 thas(;; anged and will vary depending upon

iter. K: | 0,619 Slope: | 2533 € drainage area.

[¥] Concentrated How
Method: Length: | 0.000
Velocity: | 5.000

Accum. Digtance: 279367
Accum. Avg. Slope: 2650

[Cnmme] [ Apply ]

L A

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas | = 2 |
Window Center
Area ID: CB-4 b Cl
= J'Y 5 vighigre & & W & [ |
Details
Options To Nods ID:  CB-4 Gt
Definition Subarea C Value Description
Subareas 0.1524 0.500 Conc/Asphalt Pymt
Computation 0.3226 0.300 Forested Areas ]
[/] Display Only
Hydro. Method 3¢
@ Rational
@ SCS
0323 0.300 Forested Areas
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Compute Discharge and Apply:

# Drainage Area Computations = %
AveaID: 4 [CB4 =] » [] Window Center £ & B &
[] Highlight

Dietailz
Options Area C Value T
Difiniti :
g Total Subareas: 0.475 0.493 Discharge
Computation Remainder: 0,051 0.350

Hydro. Method Composite: 0526 0.479

@ Rational Computed Intensity: 6580

o 5Cs Computed Discharge: 1.759

L A

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬂ Mede Configuration - Computations = | &= |
[ Window Center
Node ID 4 [CB4 - O H
Bl ‘l ]bi_-IHighIigl'rt Wﬂ)ﬁ .@l@
Detail=
Options Discharge = 1.7587
I E Spread Width from Gutter = 5. 7974 E ——
E;”zf.”'es Total Ponded Width = 5.7934
cinsh Ponded Depth = 0.2459
Spread Ciiteria Spread Left Intercept = 0.0000
Hlevations Spread Right Intercept = 57934
Junction Loss Grate Length = 3.0210
Discharge Options Grate Width = 1.8130
Computations Grate Capacity = 1.3805

ByPass Flow = 0.3782
Hficiency = 0.7849

L -

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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Exercise 5

5.9 Design Inlet CB -5

Step 1.

Step 2.

Step 3.

After a first iteration it has been determined that an area drain needs to be
installed behind the curb at Station 3+70.00, Offset 35.00’ RT in order to
catch flow that would otherwise enter the roadway and cause the roadway
spread to exceed the allowable limit.

One way to determine the appropriate catch basin to be used is to review
TDOT Drainage Manual Chapter 7 Table 7-3 Standard Inlet Types and
Applications.

It has been determined that a CB#42 4X4 will be used.

Properties > Change Profile to Sag and change Library Item to CB#42
4X4.

H Node Configuration - Properties | = 28 |
5 = [] Window Center N
Node ID 4 [CBS | » = by "oy A
Details
Options Description:
Properties Node Type: | Grate -
Location i =
Spread Criteria Frafie: |G .
Hevations Library hem: [CB#42 4X4 -]
Junction Loss
Discharge Options
Computations .
MNode Bottom: |None Available T =
[] Ovemide Library Payitem: Align

L= o

Location > All Reference information is defaulted from the previous Node
such that only the +Angle, Station and the Offset needs to be changed:

P b
M Node Configuration - Location ‘ (R
[7] Window Center
Node ID 4 [CBS Il "
ode D 4 | | » [ Highiight u M w &) | Aoy
Details
Options [#|Chain: CL =] [7]Profile: [DESIGNCL =
Properties Coordinates / Stationing
Location _ - = !
Soread Cile Mign: [Tangent to Chain | # + Angle: | 0.000
Elevations Station: | 3+70.00 ¥ 29315878
Junction Loss [ Offset: | 35.000 i Y. 3160625
Digcharge Options e : .
i []:Mimor Mode! (Offset from Gutterto Inlet: | 0.000

|2 —

NOTE: Since CB-5 is an area drain, it does not matter if the angle is 0 or 180,
even though it is on the right side of the roadway.
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Step 4. Spread Criteria > For an inlet in a sag, we must specify certain spread
criteria for each side of an inlet.

% Slope Left: 1.00 % (From DTM Tools>Analysis>Height/Slope)
% Slope Right: 1.00 % (From DTM Tools>Analysis>Height/Slope)

% Discharge Left: 98.00% (Estimated based on placement within
drainage area)

% Discharge Right: 2.00% (Leftover area)
NOTE: Left and Right should be defined based on an inlet at angle = 0.

In other words:

Left of inlet is Viewed Left for all inlets at angles <90 and >270.
Right of inlet is Viewed Right for all inlets at angles <90 and >270.
Left of inlet is Viewed Right for all inlets at angles >90 and <270.
Right of inlet is Viewed Left for all inlets at angels >90 and <270.

ﬁ Mode Configuration - Optional Spread Criteria for Sags |_':'__ EE__'
[ Window Center
Mode 1D CB-B - = b
ode D 4 | | g R e A
Details : _
Options ‘L Slope Left: | 1.000 Right: | 1.000
: % Discharge Left: | 58.000 Right: | 2.000
i;?:ﬁirg:s Spread Cross Section:
Spread Criteria Spread Source: |Reference Sudace | |
Blevations Width % Slope  Roughnes # Mazdrmum
Junction Loss 2387 -1.R80 0016 |[E Pond Depth: | 0.500
Discharge Options 0.063 £265 006
Computations 0.005 £.265 0016 T Pond Width: | 8.000
0.000 0.000 0.000
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Exercise 5

Step 5. Elevations > Elevation Data must be changed to match a CB#42. From the
TDOT GEOPAK Drainage Nodes Document set the following:

Vertical Alignment: Min. Fixed Drop, 0.17
Minimum Depth: 2.30 feet (See note at top of page 5-7)
Maximum Depth: 28.00 feet

- R =
M Node Configuration - E|E_ @Eﬂ

Window Center

Mode 1D CE-5 bl [

B A Iy 7] Highlight

Details

Options ! Reference Surface: | TIN File x| | final tin | Q,

E;op:‘ties Elewation Source: |Feference TIN ~| 881507
cation

Spved Cildds Mode Elevation Cption: [Same as Source | 881507

?E“E‘““”ED Vertical Mignment: [Min. Fieed Drop > [0.170

unction Loss - I 1 i

Dizchange Options e oy Depin EEI-{FD

Computations Madmum Depth: | 28.000

[F] Add Sump Depth: [0.000

Step 5. Click the Add button to include this node in the Drainage Project.
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5.10 Create Drainage AreaCB -5

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-5 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 5. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B Viewl, Default B = SR 5

B-O%-ARQRHY I B H LG

Define Drainage Area:

M Drainage Area Definition L= X
Window Center T
AreaID: 4 [CB5 - | B |
alD 4 b Highlight & & W & [ el
_Details .
I Options | Description: To Mode ID:  CB-5 i%f
Diefiniti : ;
Sul::;nlazuns Dhaiage Mea: | 1.044 Area Selection / Creation
Computation Base C Value: | 0.350 ‘ gﬁhﬂﬂ’f ‘ DTCI:-.rﬂegthE ‘
| Time of Conc.: | 5.000 HE i
Hydro. Method Compute TC | Pick Boundary DP
@ Rational Elements | Create Shape
SCS
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Exercise 5

Calculate Time of Concentration:

ﬁ Time of Concentration | = X |
Drainage Area |0 CB-5
TIM File = | | final tin Q

Define Path

e ] o [Doseorem]

The calculated Time of Concentration is

[/| Sheet How less than the minimum of 5 minutes,
Method: Length: | 100.000 therefore 5 must be manually typed in the
n Value: | 0.040 Slope: | 2.337 Drainage Area Definition dialog after hitting

e s apply in the Time of Concentration Window.
L_A%

_ e RLILLL NOTE: The maximum length for sheet flow
Inter. K: | 0.613 Slope: | 2.828 has changed and will vary depending upon

- e the drainage area.

Method: Length: | 67333
Velocity: | 5.000

Accum. Distance: 467333
Accum. Avg. Slope: 2.575

(Gorpse ] (oo |

b, -

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas | = 2|
Window Center
Area 1D: CB-5 - O
=04 I ¥ g IR
Details
Options To Node ID:  CB-5 it
Definition Subarea C Value Description '
Subareas 1.0378 0.300 Forested Areas
Computation &1
[/] Display Only
Hydro. Method W
i@ Rational
Ry SES
1.038 0.300 Forested Areas
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Compute Discharge and Apply:

ﬂ Drainage Area Computations | =] 22 |
Window Center
frea ID: CB-5 - D
21D: 4 | J' ¥ 5 tighigh & & B & [ e ]
Details
_DQ;’Emﬂr.us | Area C Value Eompiite
inition :
SUbareas Total Subareas:  1.038 0.300 o
Ecmyntten Remainder: 0.007 0.350
Hydro, Method Composite:  1.044 0.300
i@ Rational Computed Intensity: 6580
= Computed Discharge: 2.18%

LS -

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬂ MNode Configuration - Computations | =l s |
[ Window Certer
Node ID 4 [CB5 - Il "
Details
Ciptions Dischange = 21854 -
: Total Ponded Width = 2.7353 [
E;“r:.”'es Ponded Width Left = 4.4918
AL e Ponded Width Right = 2.1421
Spread Critenia Ponded Depth Left = 0.2646 |
Hevations Ponded Depth Right = 0.0731 T
Junction Loss Grate Area = 3.6000
Dizcharge Options gﬁa HPEdUCTiDI'I = B-EEEE‘
Eorcasct |Grate Perimeter = 7. 4
TN Permeter Reduction =  0.0000
Grate Capacity = 6.8407 s

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.
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Exercise 5

5.10 Design Inlet CB - 6

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-6

Properties > Change the Node Properties back to On Grade and to a

CB#12 4X3:
# —
Window Certer
MNode 1D CE-5 - O 4
Detailz
Cptions | Description: .:
Froperties Mode Type: [Grate -]
Location ] =
Spread Criteria Profile: [On Grade | -
Fivibins Library ttem: |CE&12 43 - |
Junction Loss By Pass to Node: | it
Discharge Options M T 1
Computations o L
|| Node Bettom: [None Available - |

[7] Ovemide Library Payitem: .

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-5) such that only the + Angle, Station and the Offset needs to be
changed. Discussion for the reason this station was chosen is presented in
Step 2 of 5.11.:

- _ - — g
Window Certer

MNode 1D CB-& - (& 4
ode D 4 | Y e w0 e A e |
Dietails
Options | Chain: |CL - Profile: |DESIGNCL -
Properties Coordinates / Stationing
Location it : = :
Sorend Ciisia Align: [Tam.gmttu Chain : | # +Angle: 0000
Blevations Station: | 9+30.00 ¥ 3501362
dunction Loss Offsat: | -26.000 $ Y. 3115285
Discharge Options ; : ¢
Computations [ Mimor Node Offset from Gutter to Inlet: | 0.000
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NOTE: The Spread Criteria defaults back automatically when the node is changed
back to ON GRADE, therefore no changes are necessary.

Step 3. Elevations > Be sure to change the elevation data back to that which is
required for a Type 12 catch basin.

- —————————————————————————
Window Center
Node ID 4 [CBS = & "
= ‘[ ]FDHighlight Wﬂ)ﬁﬂ@
Details
Options | Reference Surface: [TINFile = iﬁf‘?tﬁr_l_ Q,
E;op;teﬂies Elevation Source: |Reference TIN v| 968548
cation
Spread Criteria Mode Elevation Option: | Same as Source «| BgER4R
flevatiunio Vertical Alignment: [Min. Ficed Drop x| |0.170
unction Loss e e =
Discharge Options Minimum Depth: _2.211} |
Computations Maxdmum Depth: | 20.000

[ Add Sump Depth: | 0.000

Step 4. Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.11 Create Drainage Area CB — 6

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-6 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 6. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default [re [+ e

Brow- A]IRHY I |BIE|HEE

NOTE: Upon inspection of the entire drainage area, it has been determined that area
drains need to be installed to collect runoff before it enters the roadway. The white area
shapes show the area to be collected by these drains which will be input in subsequent
exercises.

Define Drainage Area:

M Drainage Area Definition |£‘_|¢J
: Window Center :
Area ID: 4 [CB6 x| » ighlcht # R M &) | Aeely
Details
| Options Description: To Mode ID:  CB-6 l‘:f'éj'
Defiriti [ i i
Sublgnlazns Brims A | 0257 Area Selection / Creation
Eriations Base C Value: | 0.350 ‘ Select ‘ Create
| Time of Conc.: [ 5.000 v F3M e
Hydro. Method [ Compute TC | Pick Boundary . DF
@ Rational Elements Create Shape
SCS
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Calculate Time of Concentration:

i r -
ﬂ Time of Concentration ‘@ﬂu

Drainage Area ID: CB-6

[TIN File | final tin |
Define Path
[ Trace ] JlJ] [ 1D - Segments ]
/] Sheet How —
Method: Length: | 26.000 |
n Value: ﬂh-ﬁ]_ Slope: | 3213 |
[ Shallow FAow _
Length: | 300.000 |
Irter. K: (0613 | Slope: (2047 |

Concentrated How :
Method: Length: |8678 |

Velocty: |5.000 |

Accum. Digtance: 334 678
Accum. Avg. Slope: 2129
Tc= 2932 [ Compute ] [ Apphy ]

The calculated Time of Concentration is
less than the minimum of 5 minutes,
therefore 5 must be manually typed in the
Drainage Area Definition dialog after hitting
apply in the Time of Concentration Window.

NOTE: The maximum length for sheet flow
has changed and will vary depending upon
the drainage area.

Delineate Subareas utilizing the Land Use DGN:

- _—_—m = —

Window Certer
AealD: 4 [CB6 - » %Highlight & A B &
Details
Options To Node ID: CB-6 St
Diefinition oot 7
ke Subarea C Value Deescription | Adomatic |
_ 0.1881 0.500 Conc/Asphalt Pymt Diknecsaion
Computation i eation |
0.0137 0.300 Forested Arcas :
Display Orly
Hydro. Method %
i@ Rational
{565 = z
(0014 [[D300 | |Forested Areas |
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Exercise 5

Compute Discharge and Apply:

F S —

AealD: 4 [CB6 x| » E:T;”h‘f;:n&ma # o H &

Details

Options Area C Value
Definition
Subareas
Computation Remainder: 0.055 0.350

Compute
Total Subareas: 0.202 0.859 Discharge

Hydro. Method Composite: 0.750

Rational Computed Intensity:
(0 565 Computed Discharge:

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

’ —_— : :
Window Center
Mode ID CB6 - ] H
Details
Options | Dizcharge = 1.3454
. Spread Width from Gutter = 5.524() € —————

E:’F;te.”'“ Total Ponded Width = 5.5240

. i Ponded Depth = 0.2405
Spread Ciiteria Spread Left Intercept = 0.0000
Hevations | Spread Right Intercept = 5.5240
Junction Loss iGIEItE Length = 3.0210
Discharge Options |Grate Width = 1.8130
CDI'I'IpLItE'tIDﬂS | Grate Capac:ty = 1.1169

ByPass Flow = 02285
Efficiency = 0.8302

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.12 Design Inlet CB - 7

Step 1.

Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-7

Properties > Change the Node Properties to Sag and to a CB#43 8X4 (a
type #43 catch basin was chosen due to the fact that this will collect a
significant amount of water not on the roadway):

-

Window Center
Node ID 4 [CB-7 = 0 i
g ] | Highlight o w4 [ el |
Details
Options | Description: |
il:nperties Node Type: |Grate -]
cation _ =
Spread Citeria Profile: [Sag ] -
Blevations Library kem: |CB&43 BX4 - |
Junction Loss
Discharge Options
Computations

[ ] Mode Bottom: f.Nuh.e Available
[] Overmide Library Payitem:

Step 2.

Location > All Reference information is defaulted from the previous Node
(CB-6) such that only the + Angle, Station and the Offset needs to be
changed. Pay special attention to the placement and rotation of this catch
basin. It has been rotated to intercept as much runoff as possible:

. e
I Node Contiguation - oxator S v <=

Window Cernter

Mode 1D CB-7 - O H

Detailz

Options | [# chain: Profile: [DESIGNCL
Properties Coordinates / Stationing

Esi=hieg Align: | Tangent to Chain | # + Angle: | 270.000
Spread Criteria ' : S S
Blevations Station: | 6+20.00 X 3203598
Junction Loss Offset: | -50.000 $ Y- 3197122
Discharge Options i : o
Computations [] Mimor Node Offset from Gutter to Inlet: | 0D.000
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NOTE: The following image shows why this location was chosen for CB-7. Upon
inspection of the TIN File, utilizing the DTM Drainage Tools discussed in Chapter 3, a
ponded area was discovered at this location. CB-7 was set at the low point of the
ponded area. To simplify the design and minimize land disturbance, CB-3 and CB-4
were set at the same station. The iterative steps required for this determination
were not shown in this manual, but would be required in an actual design project.

B Viewl, Default =S =8 ===

B-Ou-|ARRNMHY I H0|HEG

Step 3. Spread Criteria > Enter the Spread Criteria as shown below.
% Slope Left: 5.00 % (From DTM Tools>Analysis>Height/Slope)
% Slope Right: 3.50 % (From DTM Tools>Analysis>Height/Slope)

% Discharge Left: 10.00% (Estimated based on placement within
drainage area)

% Discharge Right: 90.00% (Leftover area)

NOTE: Left and Right are defined by a node at angle 0. To gain your bearing,
remember this node has been rotated 270 degrees or 90 degrees clockwise.

,H Node Configuration - Optional Spread Criteria for Sags =] | 28 _:
Window Center . |
Mode 1D |cB-7 - !
m g ¥ bighight W o w4 [ ey |
Details
:Omiuns % Slope Left: | 5.000 Right: | 3.500
- % Discharge Left: | 10.000 Right: | 90.000
{;?;Eﬁs Spread Cross Section:
e Spread Source: | Reference Suface = |
|Elevations | Width % Slope  Roughnes = | Madmum
[Junction Loss | D.082 7 685 0.016 [E Pond Depth: | 0.500
éDiSChaFQFT Options 0.181 4 897 0.016
iFZUmanatlons [ (0103 4 857 0016 - Pond Width: | 8.000

n
0
0.000 0.000 0.000
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Step 4. Elevations > Elevation Data must be changed to match a CB#43 8x4. From
the TDOT GEOPAK Drainage Nodes Document set the following:

Vertical Alignment: Min. Fixed Drop, 0.33
Minimum Depth: 2.38 feet (See note at top of page 5-7)
Maximum Depth: 20.00 feet

e S —— -
M Node Configuration - Eleuaﬁ__@'ﬂu;

Window Center

Node ID 4 [CB7 & &

eI | J ¥ [ Highlight

Dietails

Options | Reference Surface: | TIN File x| | final tin | Q

E;o[;teﬂies Elevation Source: |Reference TIN ~| 874111
cation

Spread Criteria Mode Elevation Cption: [Same as Source »| 874111

jElevationED Vertical Alignment: | Min. Fieed Drop ~] [0.330

unction Loss » = = L

Dizcharge Options Mirimum Depth: 235&

Computations Maximum Depth: | 20,000

[F] Add Sump Depth: [0.000

Step 5. Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.13 Create Drainage Area CB — 7

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-7 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 7. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default

Brdw-ARQRHY I BE|S

9 G

NOTE: As discussed in Exercise 5.11 Create Drainage Area CB-6 this area will catch a
large amount of runoff prior to it entering the roadway.

Define Drainage Area:

Sl Drainage Area Definition = I 23
| Window Center Wi
Area 1D CB-7 - 4
alD: 4 | | P S @ AW & [ ey |
Details
Options 'Descripticun: To Mode ID:;  CB-7 éj:"g
gegnm':"" Drainage Area: | 5.764 Area Selection / Creation
ubareas
Computation Base C Value: | 0.350 ‘ Select Create
Time of Conc.- | 6441 Shape DTM Shape
Hydro. Method [ Compute TC | Pick Boundary DP
& Rational T Elements Create Shape
T
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Calculate Time of Concentration:

Define Path

[ tee ] o (Bsemem)

[V Sheet How
Method: [FHA - Length: | 100.000
n Value: | 0.040 Slope: | 1.945
[7] Shallow How
Length: | 300.000
Imter. K: | 0.615 Slope: | 1.625
[¥ Concentrated How
Method: |Continuity = | Length: | 366.462
Velocity: | 5.000

Accum. Distance: 78G6.462
Accum. Avg. Slope:  2.062

,ﬂ Time of Concentration | = l | 28 |
Drainage Area ID:  CB-7
TIN File = || final tin Q

N—

(Te= 6441 | Compute | | Apply |

The calculated Time of Concentration is
GREATER than the minimum of 5 minutes;
therefore the Time of Concentration will
automatically be filled in after hitting Apply
with NO further steps required.

NOTE: The maximum length for sheet flow
has changed and will vary depending upon
the drainage area.

L

-

Delineate Subareas utilizing the Land Use DGN:

|'1

M Drainage Area Subareas | = 2
[T Window Center
Area |D: CB-7 - !
L J¥ ) i & & W & [ oo ]
Details
Options To Node ID: CB-7 Gt
Definition Subarea C Value Description [
; Automati
Subareas 5.7536 0.300 Forested Areas
Computation &1
[/] Display Only
Hydro. Method ¥
i@ Rational
) SCS
h7bd 0.300 Forested Areas
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Exercise 5

Compute Discharge and Apply:

M Drainage Area Computations | = 2|
[ Window Center

AreaiD: 4 [CB7 - Il

i Y Fhgige @ DB &
Details
Options | Area C Value vt
Diefiniti ?
e Total Subareas: 5.754 0.300 Discharge
Computation Remainder: 0.011 0.350

Hydro. Method Composite: 5.764 0.300

i@ Rational Computed Intensity: 6577

sCs Computed Discharge:  11.376

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

M Node Configuration - Computations | = 24 |
[] Window Center
Node ID 4 [CB-7 v (o i
ode D 4 | Y g 8% e A ey |
Dietails
Options | |Total Ponded Width = 7370 € .
= — Ponded Width Left = 3.2048
E;”';‘f.”'es Ponded Width Fight = 7.8002 '
g Panded Depth Left = 0.1550
Spread Criteria Ponded Depth Right = 0.3201
Elevations Grate Area = 7.2000 =
Junction Loss Area Reduction = 0.5000 &
Discharge Options Grate Permeter = 15.2000
| Perimeter Reduction = 0.0000 |
M Faons Grates Capacity = 13,6074 e

Computed Head = 0.3288 € ——— ¥

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Review the Computed Data. Items to review specifically are:

Total Ponded Width, Grate Capacity compared with Computed
Discharge and Computed Head
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5.14 Design Inlet CB — 8

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-8

Properties > Change the Node Properties to Sag and to a CB#42 4X4:

o — = -

= [] Window Center H
Node ID 4 [CB-8 | » Fitkin T )

Details

Options Description: l
Properties Node Type: [Grate
Location :
Spread Criteria Profile: | Sag
Elevations Library tem: [CB#42 4X4

Junction Loss
Dizchange Options
Computations

| Node Bottom: [None Availzble.
[ Ovemide Library Payitem: |

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-7) such that only the + Angle, Station and the Offset needs to be

changed:

- - : .

Window Center

Mode ID CB-8 b [ B
Detailz
Options | [ Chain: Profile: [DESIGNCL
Properties Coordinates / Stationing
Location e 5 = =I5
Spread Citera Mort. (o) # s 000 |
Elevations Station: | 5+30.00 | ¥ 3503.054
dunction Loss Offset: -35000 | ; Y 3124124
Discharge Options M Nﬁf G iet: 00001
Computations [] Mimor Node st from Gutterto Inlet: |0.000 |
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Exercise 5

Step 3. Spread Criteria > Enter the Spread Criteria as shown below.
% Slope Left: 1.00 % (From DTM Tools>Analysis>Height/Slope)
% Slope Right: 1.00 % (From DTM Tools>Analysis>Height/Slope)

% Discharge Left: 2.00% (Estimated based on placement within drainage

area)
% Discharge Right: 98.00% (Leftover area)

NOTE: Left and Right are defined by a node at angle 0.

ﬂ Meode Configuration - Cptional Spread Criteria for Sags =] | & |
Node ID 4 [CB2 =] » [ Window Center w w3 % w4
[ Highlight

Details .

Options % Slope Left: | 1.000 Right: | 1.000

% Discharge Left: | 58.000 Right: | 2.000

E&?E:S Spread Cross Section:

T s Spread Source: |Reference Suface = | .

Elevations Width % Slope  Roughnes Madmurn

Junction Loss 0.005 1575 0016 [E] Pond Depth: | 0.500

Discharge Optians 1.127 -1.976 0.016

Computations 0.175 -3.080 0me T Pond Width: | 8.000
0.000 0.000 0.000

L ~

Step 4. Elevations > Elevation Data must be changed to match a CB#42 4X4. From

the TDOT GEOPAK Drainage Nodes Document set the following:

Step 5.

ﬂ Mede Configuration - Elevations N il
s ==
[ Window Center
Made D CB-8 - [l H
BED | I ¥ 5 fighigh w % e 4 [ ey |
Details
Options Reference Surface: | TIN File v | final tin a,
E;DI:_FHES Blevation Source: | Reference TIN =| B2gg1Ee
cation

Spread Criteria Node Elevation Option: |Same as Source ~| 885188
?E“E"iﬂnin Vettical Alignment: [Min. Foced Drop ~| [0.170
unction Loss - ]
Discharge Options Minimum Depth: .2.3[H}
Cgmpma‘hgns Maodrmum DE‘p‘th 28.000

[[] Add Sump Depth; | 0.000

Click the Apply button to include this node in the Drainage Project.
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5.15 Create Drainage Area CB — 8

Step 1. From the Node Configuration dialog select Edit Area. When asked if you

want to create a new drainage area click Yes. The name CB-8 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 8. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default = =R

l -

Braw- ARQIRNMHY O |BHCHLE

NOTE: As discussed in Exercise 5.11 Create Drainage Area CB-6 this area will
catch runoff prior to it entering the roadway.

Define Drainage Area:

-

[

M Drainage Area Definition e=| |
Window Center '
Area |D: CB-8 i 5
a il J 4 | Highlight & &l E] <l
Details _
| Options EI:ilescriptiu:un: To Mode ID: CB-8 5_1%1‘
Diefiniti | i i
Sug;nlac:s Dhringe eea| 1,118 Area Selection / Creation
|Computation Base C Value: | 0.350 ‘ gﬁ'e'ﬁ ‘ DTCI:'.rﬂE;thE ‘
| Time of Conc. | 5.000 i 2
Hydro. Method | Compute TC | Pick Boundary ‘ DP
@ Rational : Elements Create Shape
5C5
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Calculate Time of Concentration:

' T "y
ﬁ Time of Concentration | ] | 2 |

Drainage Area 1D CB-8

| TIM File = || final tin Q
Define Path
Trace t | 1D - Segments . . .
The calculated Time of Concentration is
[ Sheet Aow less than the minimum of 5 minutes,
Method: Length: | 100.000 therefore 5 must be manually typed in the
n Value: | 0.040 Slope: | 3.158 Drainage Area Definition dialog after hitting

_ apply in the Time of Concentration Window.
[ Shallow How

Length: | 300.000 NOTE: The maximum length for sheet flow
Inter. K: | 0.619 Slope: | 3.022 has changed and will vary depending upon

_ the drain rea.
= e e drainage area

Method: Length: | 75.730
Velocity: | 5.000

Accum. Distance: 475.730
Accum. Avg. Slope:  2.840

Te= 4436 [Cumpute] I Apphy I

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas | = 2 |
Window Center
Prea ID: CE-8 - [l
=5 4] I'Y 5 tighigh A & W & (e |
Details
Options ) To Node ID: CB-8 it
Definition Subarea C Value Diescription
Subareas 1.1151 0.300 Forested Areas
Computation |
[] Display Only
Hydro. Method ¥
i@ Rational
# SC5
1.115 0.300 Forested Areas
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Compute Discharge and Apply:

' EESS————————————
Window Cenrter
ArealD: 4 [CBB = ]
i Y Frighge & &8 &
Dietails
_QEtiuns | Area C Value b
Defiriti :
= — Total Subareas: 1115 0.300 Discharge
Computation Remainder: 0,003 0.350

Hydra. Method Composite:  1.118 0300

i@ Rational Computed Intensity: 6.980

1 3C3 Computed Discharge: 2.343

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬂ Mode Configuration - Computations [ = | | 2 |
Window Center
Node 1D CE-8 - [l o
Details
Options [ |Total Ponded Width = 6.29 (€€ ——— -
PR Ponded Width Left = 6.8347
E;“pate.“'es Panded Width Right = 2.0803 F
it S Ponded Depth Left = 0.2261
Spread Criteria Ponded Depth Right = 0.0513
Hevations Grate Area = 36000 =
Junction Loss Area Reduction = 0.5000 T
Discharge Options EIETE P'EI'iEZTdEf = ?.'Eﬂ'lﬂﬂ
Computati efimeter uction = 0.0000
ST Grate Capacity = 6.8407 e L

1

Computed Head = 0.2152 €———

e -

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Review the Computed Data. Items to review specifically are:

Total Ponded Width, Grate Capacity compared with Computed
Discharge and Computed Head
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5.16 Design Inlet CB — 9

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-9

Properties > Change the Node Properties to On Grade and to a CB#12

4X3:
M Mode Configuration - Properties = 28|

[ Window Center .

Nods ID 4 [CB-9 - = -*

Details

Options _ Description:

Properties Node Type: [Grate -|

Location e =

Soeoad Cibsia Profile: [On Grade ] .

S Library tem: [CB&12 4%3 - |

Junction Loss By Pass to Node: it

Discharge Options Max By Pass: | 0.000

Computations =

MNode Bottom: |None Awailable -
[] Cwemide Library Payitem: i’

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-8) such that only the + Angle, Station and the Offset needs to be
changed. The reasoning for the location of CB-9 will be given in the drainage
area discussion:

M Node Configuration - Location |¢l
[] Window Center

Node ID CB-5 hd = o
Details
Options [¥#] Chain: |CL = | [&] Profile: [DESIGNCL -
Properties Coordinates / Stationing
Location Mign: | Tangent to Chain x| # + Angle: | 180.000
Spread Critera ’ ’ :
Blevations Station: | 8+00.00 ¥ 3363906
dunction Loss [¥] Offset: | 26.000 i Y: 3088.645
Dizcharge Options e
Computations [T Mimor Node Offset from Gutterto Inlet: | 0.000

L ~

NOTE: The Spread Criteria defaults back automatically when the node is
changed back to ON GRADE, therefore no changes are necessary.
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Step 3. Elevations > Elevation Data must be changed to match a CB#12 4X3. From
the TDOT GEOPAK Drainage Nodes Document set the following:

i
M Node Configuration - Elevations

= Window Center H
Node ID 4 [CB-3 | » 2 Hghlet WoE R e A |

Details

Options Reference Suface: [TIN File -| i__ﬁr]_ql_.tin
Properties
Location
Spread Criteria Mode Elevation Option: |Same as Sounce ~| 870730
Elevations Vettical Alignment: [Min. Fied Drop ») [0.170
Junction Loss - e —

: : Minimum Depth: | 2.210 |
Discharge Options 5-_——|
Computations Mzdmum Depth: | 20.000 |
[] Add Sump Depth: 'T:"-“ '

Elevation Source; |Reference TIN =| 870730

Step 4. Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.17 Create Drainage AreaCB - 9

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-9 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 9. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default < |||__F____||§|

B-r-@du-AGQRMY I DB |HRE

NOTE: Many iterations and much investigation went into developing the placement of
the next few catch basins. The whole of the drainage area if one were to set CB-9 at the
same station as CB-6 & CB-8 is delineated by CB-9 Area and the white drainage area.
These were divided to keep the roadway spread within the required limits. The large
portion of the drainage area and the odd shape will be discussed in Exercise 5.19.

B View1, Default
i

ER IR

== c&% e

= e =

AG QRIS I DIEH%R
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Define Drainage Area:

ﬂ Drainage Area Definition | — 2 |
Window Center
Area 1D CEB-9 - [
= 4 | J'» 5 tighigre A & W a (e ]
Details
Options || Description: To Node ID:  CB-3 iﬁf@‘
Definition £ :
S Drainage Area: | 0.721 Area Selection / Creation
Computation Base C Value: | 0.350 ‘ Select ‘ Create
Time of Conc.: | 5230 e MLEL
Hydro. Method Compute TG Fick Boundary DP
i@ Rational Hements Create Shape
71 5CS
Calculate Time of Concentration:
ﬁ Time of Concentration | = | 22 |
Drainage Area ID: CB-5
TIN File | | final tin aQ,
Define Path The calculated Time of Concentration is
[ Trace l u [ ID - Segments | GREATER than the minimum of 5 minutes;
= therefore the Time of Concentration will
: automatically be filled in after hitting Apply
Method: [FHA =] Length: | 100.000 X .
with NO further steps required.

n Value: | 0.040 Slope: | 1.087
NOTE: The maximum length for sheet flow
(7] Shelow Flom has changed and will vary depending upon

Length: | 259.842 the drai
Inter. K: | 0.619 Slope: | 3.132 € drainage area.

[¥ Concentrated How
Method: Length: | 0.000
Velocity: | 5.000

Accum. Digtance: 3959342 s
=
Accum. Avg. Slope: 2621 LJ

[Conpute | [ onty |
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Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas | = 22|
Window Center
Area |D: CB-5 - O
siE Y ]"DHighnght & & W & [ Loy |
Details
Options | To Node ID: CB-3 it
Definition Subarea C Value Description
Subareas 0.1125 0.900 Conc/Asphalt Pvmt
Enmgadchon 05699 0300 Forested Areas al
[¥] Display Oy
Hydro. Methaod ¥
i@ Rational
) 5C5
0.570 0.200 Forested Arsas

Compute Discharge and Apply:

ﬂ Drainage Area Computations | = 2 |
Window Center
Area ID: CE-5 - ]
=1D: 4 ]'|:|High|ight @@@&]
Details
_EEI_D;S | Area C Value Compute
initian :
fipaas Total Subareas: 0.582 0.399 Lot
Ementten Remainder: 0.038 0.350
Hydro. Method Composite: 0721 0.396
i@ Rational Computed Intensity: 6916
o565 Computed Discharge: 1.57%
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Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

‘u Mode Configuration - Computations E= 2|
Node ID 4 [CB-9 z) p O WindowCenter o\ o3 i )
[ Highlight
Dietailz
Options Discharge = 1.9745
; ; Spread Width from Gutter = 6,538 € ———
E;”F;‘f.”'es Total Ponded Width = 6.9386
e Ponded Depth = 0.2688
Spread Criteria Spread Left Intercept = 0.0000
Elevations Spread Right Intercept = £.9386
Junction Loss Grate Length = 3.0210
Dischange Options Grate Width = 1.8130
Computations Grate Capacity = 1.4555

ByPass Flow = 04754
Efficiency = 0.7593

L -~

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.18 Design Inlet CB — 10

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-10

Properties > Change the Node Properties to Sag and to a CB#43 8’ DIA:

M Mode Configuration - Properties | = %
[T Window Center
Node ID 4 [CB-10 e = “
ode 1D 4 | Y i 8% s @) el ]
Dietails
Options Description:
Properties Mode Type: |Grete -|
Location e =
Spread Criteria Frofie: (Sag ] .
ik Library tem: [CBZ43 8 DIA - |
Junction Loss
Digcharge Options
Computations )
MNode Bottom: |None Awvailable - -
[] Cwemide Library Payitem: on

L -

NOTE: 8 Diameter is a round catch basin. The reasoning behind this selection is
the need for the grates to be at such an angle that a pipe cannot be attached at a
skew within the required limits. See TDOT Drainage Manual Chapter 7 Section
7.03.5.5 Pipe Connections to Structures.

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-9) such that only the + Angle, Station and the Offset needs to be
changed. The reasoning for the location of CB-10 will be given in the drainage
area discussion. Especially note the Angle and Offset:

M Mode Configuration - Location |':'—EE_|
[ Window Center

Node ID 4 [CB-10 - L f
Details
Options [¥] Chain: [CL x| [] Profile: |DESIGMCL =
Properties Coordinates / Stationing
Location o : = :
Spread Crteria Align: [Tangent to Chain | # + Angle: | 120.000
Elevations Station: | 8<00.00 X 3367.650
Junction Loss _[¥] Offset: | 38.000 i Y. 3076.859
Digcharge Options e _ ) ) ——
Computations ] Mimror Node Offset from Gutter to Inlet: | 0.000
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Step 3.

Spread Criteria > Enter the Spread Criteria as shown below.
% Slope Left: 5.00 % (From DTM Tools>Analysis>Height/Slope)

% Slope Right: 5.00 % (From DTM Tools>Analysis>Height/Slope)

% Discharge Left: 50.00% (Estimated based on placement within

drainage area)
% Discharge Right: 50.00% (Leftover area)

NOTE: Left and Right are set equal since the flow will come to each equally.

ﬂ MNode Configuration - Optional Spread Criteria for Sags

= X

Window Cent
Node ID-4| [cB-10 v ] COW Lener
D Highlight
Details
T % Slope Left: | 5.000 Right:
Properties % Discharge I__eft: 50.000 Right:
} Spread Cross Section:

Location
Spread Criteria Spread Source: [Reference Surface ']
Elevations Width % Slope  Roughne: »
Junction Loss 4.095 1925 0016 |E
Discharge Options 1906 -50.003 0018
Computations 1.000 -3 000 0018 =

0.000 0.000 0.000

3l o %5l &

5.000
50.000

Mesdimum

Pond Depth: | 0.500

Pond Width: | 8.000

Step 4.

”

Elevations > Elevation Data must be changed to match a CB#43 8’ DIA.
From the TDOT GEOPAK Drainage Nodes Document set the following:

ﬂ MNode Configuration - Elevations

= - |

Window Center
Node 10-4| [cB-10 v O % gl & & 4 Apply
[ ) [ ] Highlight % el 2 e 4l -
Details
Options Reference Surface: | TIN File > || final tin ﬂ
Propgnies Elevation Source: [ReferenceTIN V] 872 383
Location
Spread Criteria Node Elevation Option: [Same as Source v] a72.383
Blevatians Vertical Alignment: [Min. Fixed Drop ~| | 0.330
Junction Loss o
Discharge Options Minimum Depth: | 2.790
Computations Maximum Depth: | 40.000

| Add Sump Depth: [0.000

Step 5.

Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.19 Create Drainage Area CB - 10

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-10 should

automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 10. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default : |_?||_E|@

EHr@dn-ARQRRHY I DG HEE

NOTE: Drainage area CB-10 was created by first using downstream trace and
discovering that it converges into a relatively small area. Therefore when CB-10 was
placed, upstream trace was used from either side of the catch basin to determine the
drainage area. CB-10 was rotated to match the contours in order to catch as much flow
as possible.

B Viewl, Default ===

I R EEEIEEEEE
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Define Drainage Area:

[ n
ﬂ Drainage Area Definition

Area ID: 4 [CB-10 |

Details

Do ) %

Ciptions Description: !

| To Node ID:  CB-10 Gt

Definition
limias Drainage Area: | 2350

J Area Selection / Creation

Computation Base C Value: [0.350 350
Time of Conc.. fﬁ 951

| Select Create
] Shape OTM Shape

Hydro. Method Compute TC

Rational
& 5C5

Calculate Time of Concentration:

e B
“ Time of Concentration 'Elﬂu

Drainage Area 1D CB-10

(TiM File_~] | final tin 1
D-efne Path

[V Sheet How B i
Method Length: [100000 |

n Value: :1]1]-_11]_| Slope: :14833_|

[7 Shallow Fow
Length: | 300.000

inter. K: (0619 | Slope: [ 2.850

[V Concentrated How

Method: (Continuity ~] Length: |568.740 |

Velocity: '- 0

Accum. Distance: 968740
Accum. Avg. Slope: 2426

Pick Boundany DOF
Elements Create Shape

The calculated Time of Concentration is
GREATER than the minimum of 5 minutes;
therefore the Time of Concentration will
automatically be filled in after hitting Apply
with NO further steps required.

NOTE: The maximum length for sheet flow
has changed and will vary depending upon
the drainage area.
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Exercise 5

Delineate Subareas utilizing the Land Use DGN:

Window Center
Area 1D: CB-10 - [
aiD: 4 | | Y S @ AW & [ ]
Details
Cptions To Mode ID: CB-10
= —— ]
Computation ' ' 1 Mm
Display Only

Hydro. Method b4
i@ Rational
) SE5 e —

(2350 (0300 || Forested Areas

Compute Discharge and Apply:

s . 1
H Drainage Area Computations l = | = | 52 J
Window Center
Area ID: 4 [CB-10 = [l
2ID: 4 | | Y B @ AW & [ ]
Details
[?:;ITS | - Cvalue
initicn . S
Subareas Total Subareas: 2350 0.300 arge
Eormp tation Remainder: 0.000 0.350
Hydro. Method Composite:  2.350 0.300
Rational Computed Intensity:  £.434
B 5 Comenied Dchoe: 4636
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Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

H Mede Configuration - Computations | = 22 |
| Window Center

Node ID 4 [CB-10 = Ll ;

Details

Options | [Total Ponded Width = 4.0335 €——— | .
IR Ponded Width Left = 54723

E;“T‘ES Ponded Width Right = 5.4723 [
R o Ponded Depth Left = 0.2394

Spread Criteria Ponded Depth Right = 0.2394

Blevations Grate Area = 7.2000 |=

Junction Loss Area Reduction = 0.5000 [

Discharge Options Grate Permeter = 15.2000

Erownt=n Permeter Reduction = 0.0000
i Grate Capacity = 136814 €

Computed Head = 02108 < |7

L™ -

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Review the Computed Data. Items to review specifically are:

Total Ponded Width, Grate Capacity compared with Computed
Discharge and Computed Head
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Exercise 5

5.20 Design Inlet CB — 11

Step 1.

Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-11

Properties > Change the Node Properties to On Grade and to a CB#12
4x3:

Step 2.

Node ID 4 [CB-11

Window Cent ;
] » EHi;nhli::t T % @ [ el |

Details

Options Description:

Node Type: |Grate -|
Frofile: [On Grade -|
Library ftem: [CB&12 4%3 ~ |
Ey Pass to Node: it
Mz By Pass: ﬂDD[I' .

Properties
Location

Spread Criteria
Elevations
Junction Loss
Digcharge Options
Computations

Mode Bottom: :Nu_rje_ﬁ:u'ail;!bl_e -]
[] Owemide Library Payttem: [

Location > All Reference information is defaulted from the previous Node
(CB-10) such that only the + Angle, Station and the Offset needs to be
changed:

. -—
H MNode Configuration - _El&lg

Window Center

MNode 1D CB-11 - ] f

e 4] J¥ 5 bighight w 8%y &) [ oo |

Details

Options | [#] Chain: Profile: [DESIGNCL

Properties Coondinates / Stationing

ana-tlnn : : - = . E —

Spread Crierta Align: [Tangent to Chain 2 | #  +Angle: | 180.000

Elevations Station: | 5+30.00 X 3491583

~[')':”;‘1‘°” '-"DS;_ Offset: | 26.000 $ Y: 3064212
scharge Options 7 : :

Cnmpmrgtiuns [] Mimor Node Offset from Gutterto Inlet: | 0.000 |

NOTE: The Spread Criteria defaults back automatically when the node is changed
back to ON GRADE, therefore no changes are necessatry.
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Step 3. Elevations > Elevation Data must be changed to match a CB#12 4X3. From
the TDOT GEOPAK Drainage Nodes Document set the following:

( }“ Mode Configuration - Elevations | = 2 .|W
Node ID 4 [CB-11 | » %ﬂ‘:;”;;;ma o A
Details
Options Reference Surface: firial tin Q,
E;T;{::S Elevation Source: |Reference TIN ~| 82518
Sovead Citeda Mode Elevation Option: [ Same as Source -| 8RB E1A
Blevations Vertical Alignment: [Min. Fixed Drop ~] [0.170
éf:;:;é“g;m Minimum Depth: | 2.210
Computations Maximum Depth: | 20.000

[ Add Sump Depth: | 0.000

Step 4. Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.21 Create Drainage Area CB — 11

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-11 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 11. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default [ ]

B-@w- ARQREHY O |DE|HLE

NOTE: There is a small sliver of CB-11 Drainage Area that lies alongside CB-10. This is
included to make sure all drainage area is captured. In reality, this sliver would likely be
captured by CB-10

Define Drainage Area:

M Drainage Area Definition = L E@ =
Window Center P
Area 1D CB-11 - B
aiD: 4 | | ¥ S B AW & (Aeh
Details _
| Options | Description: To Mode ID: CB-11 ﬁf@‘
Diefiniti . i
:Sul::znlaczl; Desinge Aeea: | 0140 Area Selection / Creation
|Computation Base C Value: | 0.350 ‘ gs'e'j ‘ DT%rﬂegthE
Time of Conc.: | 5.000 - -
Hydro. Method | Compute TC | Pick Boundary | DF
@ Rational Elements | Create Shape
SCS
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Calculate Time of Concentration:

rﬂ Time of Concentration [ = | : | % r

Drainage Area ID: CB-11

TIN File_~] | final tin |1 &
Define Path

[ Trace ] ] [ ID - Segments ]
[¥] Sheet How
Method: Length: | 26.000
n Value: | 0.040 Slope: | 2631

[/] Shallow How -

Length: | 128.062

Inter. K: [0619 |  Slope: [ 1.852

[V Concentrated How -
Method: Length: | 0.000
Velocity: | 5.000

Accum. Distance: 154 062
F
Accum. Avg. Slope:  1.983

Te= 2080 [D::mpute] [ Apply ]

LS

The calculated Time of Concentration is less
than the minimum of 5 minutes, therefore 5
must be manually typed in the Drainage
Area Definition dialog after hitting apply in
the Time of Concentration Window.

NOTE: The maximum length for sheet flow
has changed and will vary depending upon
the drainage area.

~

Delineate Subareas utilizing the Land Use DGN:

, e

Window Center
Area |D: CB-11 x O
Details
Options ! To Mode ID:  CB-11
Definition Subarea C Value Description |
Subareas 00793 0300 Conc/Asphalt Pymt
Computation 0.0442 0.300 Forested Areas a j
Display Ony
Hydra. Method %
@ Rational
7y 5CS :
(0044  |]0300 | |Forested Areas
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Compute Discharge and Apply:

Exercise 5

= x

ﬁ Drainage Area Computations
[ Window Center

Area |D: CB-11 - ==

2D 4 | Iy ] Highlight
Details
Options | Area
Definition
Gl Total Subareas: 0.124
Computation Remainder: 0.017

Hydro. Method Composite: 0.140
@ Rational Computed Intensity:  6.980
56 Computed Discharge: 0631

% @ W & [ Aoy ]

C Value Comnile
0635 Dischange
0.350
0646

Step 3.

Back in the Node Configuration dialog box click on Properties, then click

again on Computations. This allows the program to update and run

calculations. Review the Computations.

M Node Configuration - Computations

™

| = | X0

ByPass Flow = 0.0216
Hficiency = 0.9657

[] Window Center

Node ID 4 [CE-11 = Ll

ode 1D 4 | | » [T Highiight
Dietails
Cptions Discharge = 0.6312

i Spread Width from Gutter = 25335 € ———
z”';f.”'es Total Ponded Width = 29335

S Ponded Depth = 0.1887
Spread Criteria Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 2.9339
Junction Loss Grate Length = 3.0210
Lischarge Options Grate Width = 1.8130
Computations Grate Capacity = 0.6035

W e w4 [ e |

L

-

Don’t be alarmed if you results are off by a few 100™s. It could just be a

tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.22 Design Inlet CB — 12

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-12

Properties > Verify the Node Properties are defaulted from the previous
Node (CB-11) such that no user-input is required for this similar curb inlet.

M NMode Configuration - Properties | L 2|
[7] Window Center
Mode 1D CE-12 hd = =
ode 1D 4 | Y b s e &) e |
Details
Options Description:
Properties Node Type: [Grate -|
Location o =
Sprend Crteria Profile: [On Grade ] -
Bl aiciic Library tem: [CE&12 4%3 - |
Junction Loss By Pass to Mode: it
Discharge Options Max By Pass: | 0.000
Computations
Mode Bottom: |Mone Awailable - -
[] Owvemide Library Payitem: ok

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-11) such that only the + Angle, Station and the Offset needs to be

changed:
“ Mode Configuration - Location | = 2 |
[ Window Center
Mode 1D CB-12 - = “
S b Dt o ) ]
Detail=
Options | [¥] Chain: [cL = | [ Profile: |DESIGNCL -
Properties Coordinates / Stationing
Location L - = ]
Spread Crteria Sign: | Tangent to Chain | # + Angle: | 0.000
Blevations Station: | 12+00.00 ¥ 3766316
Junction Loss [¥] Offset: | -26.000 i Y: 3064627
Discharge Options S
Computations [] Miror Mode (ffset from Gutter to Inlet: | 0.000

Step 3. Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.23 Create Drainage Area CB — 12

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-12 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 12. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default =[5

N \
Rl-lox-ARQRHY & BLHRE

Define Drainage Area:

& Drainage Area Definition l = | |ﬁj
Window Center ; ]

Area ID: 4 [CB-12 - | ; :

2D 4 | Y A AW & [y ]
Details
Cptions Description: To Mode 1D: CB-12 ﬁfﬁf
Diefiniti : :
Sul::;r;zuns | Drainage Aea: [0.199 Area Selection / Creation
Computation Base C Value: | 0.350 ‘ gEhEC’E ‘ | DTirﬂegthe ‘
, | Time of Conc.: | 5.000 HE o

Hydro. Method | Compute TC | Pick Boundary DP
@) Rational Elements Create Shape
SCS
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Calculate Time of Concentration:

ﬂ Time of Concentration = 24 |
Drainage Area ID: CB-12
TIM File = || final tin Q
Fiefie Bl The calculated Time of Concentration is

14 less than the minimum of 5 minutes,

therefore 5 must be manually typed in the

[¥] Sheet How . — - -
Method: Lerigth: | 26,000 Drainage Area Definition dialog after hitting
04D Slope: | 2.631 apply in the Time of Concentration Window.
e Bk NOTE: The maximum length for sheet flow
o Length: [ 262217 has changed and will vary depending upon
Inter. K: | 0.619 Siope: [1.773 the drainage area.

[7 Concentrated How

Method: Cnntinu'ﬁ »| Length: | 0.000

Velocity: | 5.000

Accum. Distance: 288217 D
Accum. Avg. Slope:  1.851 _

[Compuae | [ ony |

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas = 2|
Window Center
Area 1D: CB-12 - O
o ) b Diovcete g g 3 ) (o]
Details
Options | To Node ID:  CB-12 it
Definition Subarea C Value Description
0.1617 0.500 Conc/Asphalt Pymt o
Computation : a
& [7] Display Only
Hydro. Method 3¢
i@ Rational
| 5E5
0.162 0.500 Conc/Asphatt Pymt
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Compute Discharge and Apply:

Area ID: 4 [CB-12

[ Window Center

x|

Details

Definition
Subareas
Computation

Hydro. Method
i@ Rational
g ]

Step 3.

[] Highlight

Area
Total Subareas: 0.162
Remainder: 0.037

Composite:

Computed Intensity:

Computed Discharge:

Exercise 5

' - _———

@ & W & [ ooy |

C Value e
0.900 Discharge
0.350

0.797

Back in the Node Configuration dialog box click on Properties, then click

again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬂ MNede Configuration - Computations

Node ID 4 [CB-12

=] » [] Window Center

Details

Options
Properties
Location

Spread Criteria
Blevations
Junction Loss
Discharge Options
Computations

[] Highlight

Digcharge = 1.1065

Spread Width from Gutter = 4 8355 €—

Total Ponded Width = 4 8368
Ponded Depth = 0.2267
Spread Left Intercept = 0.0000
Spread Right Intercept = 4.8368
Grate Length = 3.0210

Grate Width = 1.8130

Grate Capacity = 0.9578
ByPass Flow = 0.1487
Efficiency = 0.8656

W % ' A [ Aosly |

LS

-

Don’t be alarmed if you results are off by a few 100™s. It could just be a

tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.

GEOPAK Drainage V8i (SELECT Series 2)

Storm Drainage Nodes

5-71



5.24 Design Inlet CB — 13
Step 1.

Select from the Main Menu Bar: Component > Node > Add; or from the

Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-13

Properties > Verify the Node Properties are defaulted from the previous
Node (CB-12) such that no user-input is required for this similar curb inlet.

'H Mede Configuration - Properties

|"'.

| = 53

Node ID 4 [CB-13

P B ® BB O

- IR

[ Owemide Library Payitem:

Details

Options Description:

Properties Node Type: |Grate -]
Location A

i G Profile: [On Grade |
Elevations Library tem: |CE&12 4X3

Junction Loss By Pass to Node: At
Elchme Dptiors Max By Pass: | 0.000

Computations

Mode Bottom: |Mone Available

AMign

~

Step 2.

Location > All Reference information is defaulted from the previous Node

(CB-12) such that only the + Angle, Station and the Offset needs to be
changed. This station is not set equal to CB-12 due to changing super
elevation shapes. After a few iterations this station was chosen in order to

keep the spread within the limits. :

M Mode Configuration - Location

|"\

| = 53

| Window Center

Node ID 4 [CB-13 - (] i

ode D 4 | | ¥ e 8% s A ey ]
Details

Options [¥] Chain: [7] Profile: [DESIGNCL
Properties Coordinates / Stationing

Location AMign: [TangenttoChain  =| # =+ Angle: | 130.000
Spread Criteria ' ' '
Hevations Station: | 11+45.00 (_é}) X JH2 757
Junction Loss [¥] Offset: | 26.000 Y. 3023.802
Dizcharge Options EEL L

Computtations {] Mimor Node (Offset from Gutter to Inlet: | 0.000

LS

Step 3.

Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.25 Create Drainage Area CB — 13

Step 1. From the Node Configuration dialog select Edit Area. When asked if you

want to create a new drainage area click Yes. The name CB-13 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 13. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default o[- =[]

R-Q4-ARQRNHY O BE|HEE

Define Drainage Area:

-

M Drainage Area Definition == 2
Window Center : [P
Area |D: CB-13 - | : n
alD: 4 | | b Highlight # ol W &) Apply
Details
Cptions Description: To Mode ID: CB-13 ﬁféj
Definiti : :
Sul::;nlal::s | Drsinage Area’ [0.156 Area Selection / Creation
Computation Base C Value: | 0.350 ‘ gs'e'ﬂ ‘ DTCI:'rﬂegthE ‘
_ | Time of Conc.: | 5.000 it =i
Hydro. Method Compute TC | Pick Boundary DP
@ Rational L i Hements Create Shape
SCS
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Calculate Time of Concentration:

“ Time of Concentration |5—EE

Drainage Area ID: CHB-13
[TIN File =] | Final ti . L
(i i =} | ival i & The calculated Time of Concentration is

Define Path less than the minimum of 5 minutes,

ty [ ID-Segments | therefore 5 must be manually typed in the

Drainage Area Definition dialog after hitting

[V Sheet How apply in the Time of Concentration
Method. Length: | 26.000 Wi dow
n Value: | 0.040 Slope: | 2631

NOTE: The maximum length for sheet flow
has changed and will vary depending upon
the drainage area.

[ Shallow How
Length: | 205.143
Imter. K: | 0.615 Slope: | 1,635
[¥ Concentrated How
Method: Length: | 0.000
Velocity: | 5.000

Accum. Distance: 231.143 .
Accum. Avg. Slope:  1.751 i

[Conpute ] 7oy

Delineate Subareas utilizing the Land Use DGN:

i I 1 N
M Drainage Area Subareas | =" | &8 |
[] Window Center
AreaD: 4 [CB13 - L
= I ¥ vighicht ORI
Details
Options | To Node ID:  CB-13 Gt
Definition Subarea C Value Description -
Subareas 0.1306 0.900 Conc/Asphatt Pyt
Computation &1
[7] Digplay Criby
Hydro. Method 4
i@ Rational
& 565
013 0.900 Conc/Asphalt Pymt
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Compute Discharge and Apply:

Exercise 5

M Drainage Area Computations
Prea |D: ,‘ ICE-13 = | ' EI Window Center
' [7] Highlight
Details
Options Area
Definition
G Total Subareas: 0.131
Computation Remainder: 0.025
Hydro. Method Composite:  0.156
(@ Rational Computed Intensity: 6980
56 Computed Discharge: 0.882

& @ & & | Al

C Value i
0.500 Discharge
0.350
0.810

|

Step 3.

Back in the Node Configuration dialog box click on Properties, then click

again on Computations. This allows the program to update and run

calculations. Review the Computations.

M Node Configuration - Computations

| = 53

ByPass Flow = 0.1474
Hficiency = 0.8330

73245°€

~| Window Center

Node ID 4 [CB-13 = [

Bzt 4 | | [F] Highlight
Dietails

Ciptions Digscharge = 0.2825

g Spread Width from Gutter =
f;':"j.”'es Total Ponded Width = 7.3245

i Ponded Depth = 0.2062

Spread Criteria Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 7.3245
Junction Loss Grate Length = 3.0210
Discharge Options Grate Width = 1.3130
Computations Grate Capacity = 0.7351

o % w4 [ Aee |

LS

~

Don’t be alarmed if you results are off by a few 100™s. It could just be a

tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.
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5.26 Design Inlet CB — 14
Step 1.

Select from the Main Menu Bar: Component > Node > Add; or from the

Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name CB-14

Properties > Verify the Node Properties are defaulted from the previous
Node (CB-13) such that no user-input is required for this similar curb inlet.

™

M Neode Configuration - Properties | = 28
[] Window Center
Node D CB-14 - == A
ode 1D 4 | | » ] Highiight o M w &) | Aesly
Details
Options Description:
Properties Node Type: [Grate -| |
Location o =
Spresd Cikter Profile: [On Grade ] -
s Library tem: [CE&£12 4X3 - |
Junction Loss By Pass to Mode: it
Discharge Options Max By Pass: | 0.000
Computations
Mode Bottom: |None Awvailable - =
[] Cwemide Library Payitem: oo

A

Step 2.

Location > All Reference information is defaulted from the previous Node

(CB-13) such that only the + Angle, Station and the Offset needs to be
changed. This station is chosen since it is on an even station and near where

we want our outlet:

|"\

M Node Configuration - Location | =] 2
[] Window Center e
Node 1D CB-14 hd = o
ode D 4 | )Y g ® 8% s & [l ]
Details
Options [#] Chain: [CL * | [¥] Profile: |DESIGNCL -
Properties Coordinates / Stationing
Location . - = ;
Spread Crteria Aign: [ Tangent to Chain | # + Angle: | 0.000
Hlevations Station: | 14+00.00 X 3960176
Junction Loss [7] Offset: | -26.000 i Y. 3049171
Discharge Options R
Computations [] Mimror Node Dffset from Gutterto Inlet: | 0.000

LS

Step 3.

Click the Apply button to include this node in the Drainage Project.
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Exercise 5

5.27 Create Drainage Area CB — 14

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name CB-14 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
Catch Basin 14. (You may use the following images as reference points. It is
ok if your numbers do not match exactly.)

Delineate Drainage Area:

B View1, Default o= | ]

SRR EEFIELE

Define Drainage Area:

‘H. Drainage Area Definition S el E_'
Window Center PRI
Area |D: CB-14 - | o
iy | ¥ 5 Highight &AW & | oo
D_etails §
| Options :Descripticun: To Node ID: CB-14 {{'é:r
| Defimiti : :
:Sul::;r;z: Fesnace feea: | 0,285 frea Selection / Creation
|Computation Base C Value: | 0.350 ‘ gs'ﬂ'ﬁ ‘ DTCI:'.rﬂegthE ‘
| Time of Conc.: | 5.000 HRE o
Hydro. Method | Compute TC | Pick Boundary DP
@ Rational Elements Create Shape
5CS
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Calculate Time of Concentration:

2 -
ﬁ Time of Concentration |¢

Drainage Area ID: CB-14
TIM File = || final tin Q,

Define Path

The calculated Time of Concentration is less
I Trace ] il [ ID - Segments ]

than the minimum of 5 minutes, therefore 5

o must be manually typed in the Drainage
ha il Area Definition dialog after hitting apply in
Method: Length: | 26.000 . g aner hitting apply
the Time of Concentration Window.

n Value: | 0.040 Slope: | 1.728
~ NOTE: The maximum length for sheet flow
. Shallow Fow has changed and will vary dependi

Length: | 266.746 hasoclz anged and will vary depending upon
Inter. K: | 0619 Slope: | 1.964 the drainage area.

[¥] Concentrated How
Method: Length: | 0.000

Velocity: | 5.000

Accum. Distance: 2592 746 .
Accum. Avg. Slope: 1.543 =

[Compite ] [ 2ont ]

Delineate Subareas utilizing the Land Use DGN:

LS A

M Drainage Area Subareas | = | S |
AreaID: 4 [CB-14 v] p [ WindowCenter .0 o %) sy [ Aeel
[] Highlight —
Details
Options | To Node ID:  CB-14 Gt
Definition Subarea C Value Description
0.2591 0.500 Conc/Asphalt Pmt e
Computation = a
[¥] Display Onby
Hydro. Method 3¢
i@ Rational
i 5C5

0.259 0.500 Conc/Asphalt Pymt
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Exercise 5

Compute Discharge and Apply:

rﬂ Drainage Area Computations [= X |-\

ArealD: 4 [CB-14 -] » :f' L"f;”hf:i‘;‘:dcemer & @ % & [ ooty ]
Details
Dﬂ;:gzn Area C Value
i Total Subareas: 0.259 0.500 e
Eoykative Remainder: 0.027 0.350

Hydro. Method Composite:  0.286 0.348

i@ Rational Computed Intensity: 6980

5t Computed Discharge: 1.653

LS A

Step 3. Back in the Node Configuration dialog box click on Properties, then click
again on Computations. This allows the program to update and run
calculations. Review the Computations.

ﬂ Mode Configuration - Computations | L= 2 |
[ Window Center i
Mode D CB-14 - = i
ode ‘l ]b-r_!ngthht Wﬂ)ﬁ E@
Detail=
Ciptions Discharge = 1.6533
2 Spread Width from Gutter = 4. 7055 € —

E;”':.”'ES Total Ponded Width = 47095

. Ponded Depth = 0.2648
Spread Criteria Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 4.7085
Junction Loss Grate Length = 3.0210
Discharge Options Grate Width = 1.8130
Computations Grate Capacity = 1.4348

ByPass Flow = 0.2534
Hficiency = 0.8474

L -

Don’t be alarmed if you results are off by a few 100™s. It could just be a
tolerance issue.

NOTE: Upon review of the computations the Spread Width from Gutter is within
our limit of 8.0 feet, therefore the inlet is in good position.

This is the last catch basin in this network. The curb and gutter section continues and
any ByPass will be caught by the next network. If this were not the case, we would need
to take steps to capture or mitigate the ByPass Flow.
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5.28 Design Junction MH-1

Step 1.

Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name MH-1

Properties > Make the following changes:
Node Type: Junction
Library Item: MH#3 5’ DIA

M Node Configuration - Properties

| =

Node ID 4 [MH-1

5|

Dietails

Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Digcharge Options

Computations

> [7] Window Certer
|

[] Highlight

Description:

Mode Type

Prafile:

Library ttem

Node Bottom

W % ' 4 [ ey |

. [Junction

On Grade -

- [MH#3 5 DIA

{ 'y
| |
i !

. |None Available

[7] Ovemide Library Payitem:

Align

LS

&

NOTE: A manhole is used at this location since; a junction is required, the
superelevation of the roadway is such that there is little to no flow, and Junction
Boxes are not allowed to be used in roadways.

Step 2.

Location > All Reference information is defaulted from the previous Node
(CB-14) such that only the + Angle, Station and the Offset needs to be
changed. Be sure manholes are located out of traffic lanes or out of wheel

paths:

,'u Mode Configuration - Location

| =

sz )

Node ID 4 [MH-1

x]

[7] Window Center

W @ % e 4 [ oy |

[] Highlight
Dietails
Options /| Chain: [CL =] [7]Profile: [DESIGNCL =
Properties Coordinates / Stationing
Location G : = :
Spread Crteria Align: | Tangent to Chain | # + Angle: | 0.000
Blevations Station: | 14+00.00 X 3961.075
Junction Loss _[] Offset: [ 18.000 $ Y- 3005.180
Digcharge Options =
Comptitations —[] Mimaor Mode Offzet from Gutter to Inlet: | 0.000
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Exercise 5

Step 3. Elevations > Elevation Data must be changed to match a MH#3 5’ DIA. From
the TDOT GEOPAK Drainage Nodes Document set the following:

p -
Window Center
Node 1D MH-1 - O 4
Details
Options | Reference Surface: | TIM File - lﬂrjnélltln 5 a,
E;OF:_T“ES Elevation Source: |Reference TIN =| 261762
cation
Spread Criteria Mode Elevation Option: | Same as Sounce ~| 881752
?E“ﬂtiﬂﬂio Vertical Alignment: [Min. Foeed Drop =] (0210
unction Loss Prr——— b
Discharge Options Mln!mum Deysi. ljf?ﬂg:,
Computations Madimum Depth: | 40.000 |

[ Add Sump Depth: [0.000

Step 4. Click the Apply button to include this node in the Drainage Project.
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5.29 Design Outlet EW-1

Step 1. Select from the Main Menu Bar: Component > Node > Add; or from the
Main Toolbar: Add Drainage Node; or click the Add Node button within the
Node Configuration Dialog. Click OK to set the name EW-1
Properties > Make the following changes:
Node Type: Outlet
Library Item: Endwall

Fix Tailwater at: Critical Depth
Other Tailwater options are: Uniform Depth, Soffit (Top
of pipe), or Elevation: User input (known elevation)

#” _— . .
Window Center
Node ID 4 [EW-1 & 0 .
b } ¥ 5 tighigh W % ' & e |
Details
Options | Description: |
Froperties Mode Type: [Outlet -|
Location o =5
Spread Criteria CIRE A e :
Blevations Library fem: | ool s—;|
Ao Faes © FixTaiwaterat: |Ciical Depth > |
Discharge Options () Tailwater Blevation: [0.000

Computations

Mode Bottom: :_-Nu_rje_.ﬂ_u.vail_.':!bl_e v J

.—’-;J.ign |

[7] Cwemide Library Payitem: |

Step 2. Location > All Reference information is defaulted from the previous Node
(CB-14) such that only the + Angle, Station and the Offset needs to be
changed. Angle is critical as to direction node will be displayed.

- -
Window Center

Node ID 4 [EW-1 = I H
ode D 4 | | > e T 8% ) [ el ]
Details
Options | [ Chain: Profile: [DESIGNCL
Properties Coordinates / Stationing
Eealig fign: [Tangertto Chain w| #  +Angle: | 180.000 |
Spread Criteria ’ i : ;
Hevations Station: | 14+00.00 X 3961.852
dunction Loss _[¥] Offset:| 56.000 | $ Y: 2967.188
Digcharge Options : T e
Compustations -[] Mimor Node Offset from Guiter to Inlet: | 0.000
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Exercise 5

Elevations > Change the Elevation data to the following:
Vertical Alignment: Match Invert
Minimum Depth: 0.000
Maximum Depth: 4.000

Step 3.

‘&i Mode Configuration - Elevations l =1 |_EE‘-]
Window Certer T
Node ID EW-1 - j
ode ID 4 |EW | Highlight T | Apply |
Details
| Options Reference Suface: [TINFle || finaltin Q
|Properties Hevation Source: | Reference TIN ~| 250412
Location
| r i Crte Mode Elevation Option: | Same as Sounce | 850412
|Elevations Verical Alignment: | Match Invert x| [ 0210
Junction Loss Mini Decth: | 0.000
| Ciachssge Cplions inimum Depth: | 0000
|Computations Madmum Depth: | 4.000

NOTE: This is a preliminary location used to determine outlet elevation, etc. This node
will need to be adjusted to account for the side slope, endwall and the final pipe size
which is designed.

B View 1, Default

T B )

B ARQRBEY I B H LG

Step 4.

Click the Apply button to include this node in the Drainage Project.
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5.30 Inlet Bypass

Set the Inlet bypass as required to bypass flow to the downstream inlets.

Select Component > Node > Edit or choose from the Tool Box and use the

Step 1.
drop-down menu to select CB-1.
H DRAINAGE - DrainageProject.gdf - [Mo Active Network]
Project | Component | Metwork  Reports  Utilities  Tool Boxes
Area
| Node Add...
Link Edit
Profile =
Delete
Culvert
o Bename
Routing
Renumber
Land Uses
Miscellaneous Utilities ol
Update with Pay Items

Drainag...@

i

&, &)

& & 1 AddDrainage Node

= 45| 2 Edit Node

Y,% 3 Id Edit Drainage Node

‘%1 i{ﬁ 4 DeleteDram.ageNode

-lﬁl-’ 1:?' 5 Rename Drainage Node
& 6 RenumberNode
% 1 Update All Nodes
?ﬁ 8 Update Nodes with Pay Items
?J'Bf 9 Drainage Mode Report - Sump
'Gaﬁ 0 Drainage Node Report - On Grade
=3 Openas ToolBox

-] [cB1

W o % w4 [ Aeely |

e Inlet Calculations  Capacity: |F-D.DI}E'E |

~ @

’
ﬂ MNeode Configuration - Discharge Cption @ﬂu
Node ID 4 [EW-] i) e
[] Highlight
Detai Available Modes -
2= feB1
Options CE-2 lomputed Discharge
Properties  |CB-3 ed Discharge: | 0.000
Location CB-4
Spread Criter| CB-5
Bevations |CB-6 t Base Flow Area
Junction Losg CB-7
Discharge OpgCE-2
Computations CB-9
EW-1 %

5-84 Storm Drainage Nodes

GEOPAK Drainage V8i (SELECT Series 2)




Step 2.

Exercise 5

Properties > Keyin the By Pass to Node as CB-3 or click the ID button and
data point on the node in the plan view.

The Bypass flow from this inlet will then contribute its resulting bypass flow to
CB-3. Click the Apply button to accept the changes.

, kit

Step 3.

Node ID 4 [CB-1 N

[] Window Center

7] Highlight W% w4 | Aoy |
Details
Options
Properties
Location
Spread Criteria
Elevations

Description: |

Node Type: [Grate
Profile: [On Grade

Library tem

Junction Loss By Pass to Mode: |

Dizcharge Options Max By Pass: o

CDI'I'I[_‘ILI‘tE‘tiDrIS o ey
|| Mode Bottom: |None Awvailable

[] Ovenmide Library Payitem: |_

Select CB-3, Computations > Review the computations to make sure the
spread is still within the design limits.

r : = 1 -

Window Certer
Node ID 4 [CB-2 - [ H
Details
Options | |Discharge = 1.9834
: Spread Width from Gutter = 5,242 3 €

E;“F:.“'ES Total Ponded Width = 6.2423

A, e Ponded Depth = 0.2542
Spread Crteria Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = £.2423
Junction Loss Grate Length = 3.0210
Dischange Options glﬁte Edth = 1-511%[1'12
Computati rate Capacity = 1.

T Agons ByPass Fow= 04781

_EFﬁu::ienu:rlj.r__= 0.755%7
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Step 4. Follow the same procedures to bypass the remaining flow to the inlets as
described in the table below:

Node ID | By Pass to Node
CB-2 CB-4
CB-3 CB-6
CB-4 CB-9
CB-6 CB-12
CB-9 CB-11
CB-11 CB-13
CB-12 CB-14
CB-13 CB-14

NOTE: After adding ByPass flow to CB-13, the spread exceeds our limit of 8.0’. Either
CB-13 would need to be moved and recalculated to reduce the spread or an additional
catch basin would need to be added.
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Exercise 6

Storm Drainage Links

This exercise shows the user how to utilize the tools necessary for connecting the
surface drainage (inlets) to the collection system (pipes). The user will design the storm
drainage pipes for this project.

6.1 Link Design

Step 1. Visually determine the tentative location of the first storm drainage pipe. This
link will connect Nodes CB-1 and CB-3.

B View1, Default =5 R =)

B-au-AQRQRHY I BE|HLE

Step 2. Select from the Drainage Menu Bar: Component > Link > Add or from the
main toolbar: Add Drainage Link:

M DRAINAGE - DrainageProjectgdf - [No Active Network] -
‘ Project | Component | Network Reports  Utilities  Tool Boxes ‘
Area »
1 Add Drainage Link
Mode 3
= 2 EditLink
Link M| Add. * 3 Id Edit Drainage Link
Profile » E':“t 4 Delete Drainage Link
ID 5 Rename Drainage Link
Culvert 3
i Delete 6 Update Al Links
Routing 4
- EEFIEI‘TIE 71 Update Links with Pay Items
Land QSES gpdEtEA” & Drainage Link Report - Configuration
MISCE”EI"IEDUi Utilities 4 UpdEtE with F'E)" Teme 9 Drainage Link Report - Computations

=4 OpenasToolBox
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Step 3. Inthe New Link window that appears, click OK to set the name SS-1

Add a Mew Link

Linke 1D | 5541

l QK ] | Cancel |

Step 4. Definition > This dialog sets the pipe configuration including: From Node, To
Node, Shape, Material, Library Item, etc.

There are two ways to set the Nodes: from the dropdown list or graphically
selecting the Nodes. Graphically is recommended to ensure the correct pipe
connection points are utilized. See note concerning these below.

To select graphically click the ID & button for each and identify the correct
Node. SS-1 traverses From Node CB-1 To Node CB-3:

NOTE: All drainage nodes include pipe connection points on the structures (for circular
structures there are NOT single points but an entire circle for connection). When a
drainage node is identified for connection it will use the nearest face to the identification
Data Point. Therefore it is important to Zoom in close enough to drainage nodes
and identify them at the correct connection point of the structure. Correct and
Incorrect examples are shown below.

INCORRECT CORRECT

>

The symbolization for drop inlets display the full extent of the sub-structure as opposed
to the normal smaller symbol used for curb and gutter inlets. This done so that the
designer can ensure adequate R.O.W. or easement is provided. For this reason you will
not see the pipe connection points for these structures since they coincide with the

structure wall as shown below.
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Exercise 6

Set the remaining Link Configurations as follows:
Shape: Circular

Material: Concrete

Design Size: Toggle ON

Design Barrels: Toggle OFF

Number of Barrels: 1

Roughness: Automatically set based on the selected Material

NOTES:
Multiple barrels could be designed, if required, by toggling Design Barrels ON or
setting Number of Barrels to the determined number.

If the link size is known, it may be input by toggling Design Size OFF and clicking on
the Select... button.

;H Link Configuration Definition | = 28 _|
: [] Window Certer
Link ID: 4 [S5-1 - = % 7|
n 4 | | » [ Highiight e EE P Apply
Details
Options . Description:
Diefinition From Node: [CE-1 ~ | %& To Node: [CB-3 - |
Condttions Length: 2460000 [[] Use MS Bement 1
Constrairts Configuration
Computation Shape: [Circular = | Material:
Type [7] Design Size  Size: Mone Select..
@ Fipe [] Design Bamels  Mumber of Bamels: (1 »| Roughness: | 0.012
© Ditch [7] Owenmide Library Payitem:
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Step 4. Conditions > The elevations shown are based on the Node Elevation minus
the min/max depth. These depths were specified in the Node Definition (See
Exercise 5) Dialog Box for Nodes CB-1 (From Node) and CB-3 (To Node)
respectively. In this case, no entries are necessary and GEOPAK Drainage
will design all the profiles for this project.

p ——————————————
ﬂ Link Configuration Conditimis“[_ﬂ W, ﬂ

Link ID: 4 [S5-1 -] » Em”hf:i‘;fncemer o
Details

: Profile Conditions
Options From Mode Slope To Mode
Definition _ _
Conditions Min Cover:  878.550 2447 87247
Constraints Soffit: 0.000 [ | 0.000 [ 0000 [
Computation Irvert: 0.000 [l 0.000 ]

Type Max Depth: 260570 2515 854 621

@ Pipe

™ Ditch

From Node: CB-1 To Node: CB-3

Min Cosrer I 1
______ T I Blin Cover ]
Allotted Pipe “Envelope”
L , )

==

NOTE: When manually defining Invert elevations for links, make sure the drop across a
structure is accounted for. In other words, if you were to define the Invert elevations for
Links SS-1 and SS-3 at CB-3, then make sure the From Node Invert elevation for Link
SS-3 is at least the minimum drop lower than the To Node Invert elevation for Link SS-
1.

6-4 Storm Drainage Links GEOPAK Drainage V8i (SELECT Series 2)



Exercise 6

Step 5. Constraints > Establish the min/max design criteria for Links as follows:
Rise Min/Max: 1.5/ 4.0 (feet)
Slope Min/Max: 0.50 /11.00 (%)
Velocity Min/Max: 3.00 / 12.00 (fps)

. -
H Link Configuration Cnrr_sha_i{g : Lglﬂu
3 : ! Window Center
Link ID: 4 {55-1 - | O b /
kD: 4 ] [ Dy e o
Details
: Design Constraints
5;1'3;5 | Minimum Mandmum
initicn o r
Conditions e |1_5qq:| 4:QEHE":!
Constraints Slope: | 0.500 | [11.000 |
Computation Veocty: (3000 | [12000 |
Type
i@ Fipe
|'_:"| Ditch

Step 6. Computations > Displays the computed hydraulic properties of the Link.

it P %

’
M Link Configuration Computations

Link ID: 4 (551 - |

Details

Options | Link is not cumenthy part of a networl
Diefinition Computations Unavailable - Perform Metwors Computations

Conditions
Constrairts
Computation

Type
i@ Pipe
|E::| Ditch

NOTE: Link hydraulics are not available for review until a Network has been established
and designed or analyzed successfully (See Exercise 8). Check back here for
computations after the Network has been added and designed or analyzed.
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Step 7. Click the Apply button to include this Link in the drainage project.

Step 8. Add the remainder of the link conveyance system using Component > Link
> Add from the Drainage Menu Bar or by clicking the Add Link button as
shown below.

‘u Link Configuration Computaticns l l = | : |_iF-]
: [ Window Center
Link 10 55-1 -
il: 4 | } ¥ F ighigh
Details Add Link
Options Link is not cumently part of a network
Definition Computations Unavailable - Peform Metwork Computations
Conditions
Constraints
Computation
Type
@ FPipe
Ditch

As Links are added, most dialog values default from the previous Link with the
exception of From Node and To Node. Add Links between all of the following
Nodes:

Link SS-2 Traverses From Node CB-2 To Node CB-4

Link SS-3 Traverses From Node CB-3 To Node CB-6

Link SS-4 Traverses From Node CB-4 To Node CB-9

Link SS-5 Traverses From Node CB-5 To Node CB-2

Link SS-6 Traverses From Node CB-6 To Node CB-12

Link SS-7 Traverses From Node CB-7 To Node CB-3

Link SS-8 Traverses From Node CB-8 To Node CB-6

Link SS-9 Traverses From Node CB-9 To Node CB-11

Link SS-10 Traverses From Node CB-10 To Node CB-9
Link SS-11 Traverses From Node CB-11 To Node CB-13
**ink SS-12 Traverses From Node CB-12 To Node CB-14**
**ink SS-13 Traverses From Node CB-13 To Node MH-1**
Link SS-14 Traverses From Node CB-14 To Node MH-1

Link SS-MH1 Traverses From Node MH-1 To Node EW-1
** See notes on next page **
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Exercise 6

6.2 Curved Links

Step 1. Use MicroStation Tools to draw a curved element (must be a continuous line
string) between the nodes and following the middle of the gutter to the extent
possible.

® View1, Default =8 Eol <

E-adp~-ARQRHY I | DE|HFRGE

NOTE: Make sure the ends of the MicroStation Element terminate at the correct
attachment point on the catch basin.
Step 2. Inthe Link Configuration Definition dialog toggle ON Use MS Element.

Step 3. Click the Select Element button then Data Point on the element created in
Step 1. Then click Apply.

S Link Configuration Definition l =0
W .
Link ID: 4 (5512 - » I._ﬂl.ie;nhi?;ﬂc.amer ¥ o
Dietails
Oplions Description:
Definition From Mode: [CB-12 ~ | Y& To Node: [CB-14 - | 4
|Conditions Length: 190.9924 7| Use M5 Element | (1)
Constraints Corfiguration
Computation Shape: |Circular | Materal: |Concrete - | |SEIE’:t Element
Type 7| Design Size Size: Mone
@ Fipe Design Bamels  Mumber of Bamels: | | Roughness: | 0.012
Ditch Cvemde Librany Payitem:

GEOPAK Drainage V8i (SELECT Series 2) Storm Drainage Links 6-7



1, Default =5 e )

Q- ARQRHY I BE|HLE

NOTE: Be sure to toggle Use MS Element OFF for subsequent Links that are not
curved. When used, the Link position and length are defined by the MS Element.
Caution must be used in order to properly define the Link.
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Exercise 7

Ditch Nodes and Links

This exercise shows the user how to utilize the tools for nodes and links for ditch
analysis. We will investigate the drainage flow along a fill slope with these settings and
in a later chapter define a special ditch to manage it.

7.1 Node Design
Begin Ditch

Step 1. Visually determine the tentative location of the beginning of the ditch. In this
case a ditch is created along the south side of the roadway by the new fill
slopes.

Step 2. Select from the Drainage Menu Bar: Component > Node > Add or from the
main toolbar: Add Drainage Node.

Step 3. In the New Node window that appears, set the name DIT-1 and click OK.

Add a New Node

Node 10: | DIT-1

Description:

QK | | Cancel
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Step 4. Properties > Set Node Type to Other and Library Item to Ditch Begin.

M Node Configuration - Properties | = | |&]
; ; Window Center
Node ID:_4| [DIT-1 ~ i . a| al % el & | seely |
ighlig —_—
Details
Options Description:
Properties Node Type: |Other -
Location . o -
Spread Criteria Profile: | On Grade
Elevations Library ltem: |Ditch Begin hd |
Junction Loss
Discharge Options
Computations
Mode Bottorn: |None Available i
Alig
Override Library Payitem: E LR

Step 5. Location > All settings should have carried over from the last Node input.
Review and make the following changes:

Station: 8+50.00
Offset: 32.50

+Angle: 0.00
M Node Configuration - Location | = | |&]
Window Cent
Node 1D: 4/ [DIT-1 v b = e 38l sl %] el ] [ ety |
Detailz
Options V| Chain: /| Profile: [DESIGNCL
Froperties Coordinates / Staticning
Location
- : 1 # i
Spread Criteria Align: |Tar1genttoCha|r1 | J +Angle: | 0.000
Elevations Station: | 8+50.00 i XKoo317aE3
Junction Loss /| Offset: | 32.500 J Y: 3072.364
Discharge Options
Computations Mirror Node Offset from Gutter to Inlet: | 0.000

This will approximate the beginning of the ditch as shown below:
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Exercise 7

NOTE: The Spread Criteria configuration is not required for the Other node types such
as are used by ditches.

Step 6. Elevations > All settings should have carried over from the last Node input.
Review and make the following changes:

Vertical Alignment: Match Invert
Minimum Depth: 0.00
Maximum Depth: 0.00

#M Node Configuration - Elevations { = | ‘ﬁ]
Window Center
Node ID- 4] [DIT=1 ] b E el sl %] e 4
Detailz
Options Reference Surface: |TIM File * | | finaltin ﬂ
F’rope.rtias Elevation Source: [F{eferenceTlN '] 870.257
Location
Spread Criteria MNode Elevation Option: [Same as Source V] 870.257
Eleva.tions WVertical Alignment: [Mat{:h Invert '] 0210
Junction Loss o
Discharge Options Minimum Depth: | 0.000
Computations Maximum Depth: | 0.000
[] Add Sump Depth: | 0.000

Step 7. Discharge Options > Leave Use Computed Discharge selected and click
Apply to save all settings.

#M Node Configuration - Discharge Options { = | ‘ﬁ]

Window Center

Node ID: 4] [DIT-1 -] EH' e Sl sl %] el 4l

ighlig

Details

Options é Uze Computed Discharge

Properties (") Supplied Discharge: | 0.000

Location

Spread Criteria |:| Disable Inlet Calculations Capacity: | 0.0000

Elevations [] [Link Base Flow Area - | |CB-1 hd ﬂ

Junction Loss

Discharge Options

Computations

NOTE: For short ditches where only a single drainage area is utilized, the Link Base
Flow Area option should be toggled ON and set to add the discharge for that area. It is
then toggled off at the ditch outlet. If this is not toggled OFF at other nodes beyond the

beginning the discharge will accumulate at each node and not accurately represent the
area’s discharge.
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Begin Ditch Drainage Area

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name DIT-1 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
the begin ditch location. (You may use the following images as reference
points. It is ok if your numbers do not match exactly.)

Delineate Drainage Area:

NOTE: The drainage area should be broken into sections for long ditches, however, for
short ditches; determine the area from the most downstream point (i.e. the stream

outlet).
Define Drainage Area:

M Drainage Area Definition | = | ‘&]
Window Center 1
areaiD:_4| [DiT-1 v » ighlight & o« Al &l
Details
Options Description: To Node ID:  DIT-1 ﬂ
Definition on | ;
Subaron Drainage Area: | 0111 Area Selection / Creation
Computation Base C Value: | 0.350 ‘ Select Create
Sh DTM Sh
Time of Conc.: | 5.000 ___ __
FulTE i TR Compute TC Pick Boundary DP
@ Rational Elements Create Shape
5CS
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Exercise 7

Calculate Time of Concentration:

-

M Time of Concentralion{ = | \ﬁr

Drainage Area ID:  DIT-1

final tin ql
Define Path The calculated Time of Concentration is

_ GREATER than the minimum of 5 minutes;

therefore the Time of Concentration will

+ Sheet Flow . . . oy .
h%hod: Length: | 100.000 automatically be filled in after hitting Apply with NO
nValue: | 0.040 Slope: | 2.786 further steps required

[ Shallow Flow
Length: | 300.000

Inter. K: | 0.679 Slope: | 1.684

EConcentmtad Flow
Method: Length: | 235.861

Velocity: | 5.000

Accum. Distance: 635.861
>
Accum. Avg. Slope: 2488

[Compute | [ Awely_|

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas { = | H&]
wear0: 4| o =) b [juinonCener | ) 5] al
Detailz
Options To Mode ID: DIT-1 ﬁ

Definition Subarea C Value Description Autormat
utomatic

Subaress 0.1105 0.300 Forested Areas -

Computation a ineation

g Display Only
Hydro. Method ﬂ

'.Q.' Rational
@

0.110 0.300 Forested Areas
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Compute Discharge and Apply:

M Drainage Area Computations El_lﬂ—hj

Window Center !
AreaiD: 4| (DT v » EH' Hioht | | A
Iighhig

Detailz
Options A CVval

efinition -

. Discharge

Subareas Total Subareas: 0.111 0.300 g9
Computation Remainder: 0.000 0.350

Hydro. Method Composite: 01117 0.300

'.é.' Rational Computed Intensity: 6815

(L) sCs Computed Discharge: 0226
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Exercise 7

Ditch Change

Step 1. Visually determine the location of any major ditch change; such as a change
in horizontal or vertical alignment or a change in cross section.

In this initial set up we are analyzing the flow along the fill slope and will set
them as shown.

Step 2. Select from the Drainage Menu Bar: Component > Node > Add or from the
main toolbar: Add Drainage Node.

Step 3. In the New Node window that appears, set the name DIT-2 and click OK.

Step 4. Properties > Set Node Type to Other and Library Item to Ditch Change.

.H Node Configuration - Properties | = | ‘&]
Window Center
Node ID-_ 4| [DIT-2 v » Highlight el el % 'l 4
Details
Options Description:
Froperties MNode Type: |Other = |
Location R — -
Spread Criteria el WlE oo s
Elevations Library ltem: |Ditch Change A |
Junction Loss
Discharge Options
Computations
Mode Botton: |Mone Available i
Alig
Cwerride Library Payitem: E an
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Step 5. Location > All settings should have carried over from DIT-1. Review and
make the following changes (estimated change locations):

Station: 9+25.00
Offset: 36.00

M Node Configuration - Location | = | ‘&]
Window Center
Node ID-_4] [DIT2 gl Highlight el el % e 4l
Detailz
Options v | Chain: |CL 'l v | Profile: |DESIGNCL nA
Properties Coordinates | Stationing
Location
e : - .

Spread Criteria Mign: [Tangentto Chain | ﬂ + Angle: | 0.000
Elevations Station: | 9+25.00 : X 3484798
Junction Loss. /| Offset: | 36.000 J Y. 3055330
Discharge Options

Mirror Node Offzet from Gutter to Inlet: | 0.000

Computations

Step 6. Click Apply.

Ditch Change Drainage Area

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name DIT-2 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
this ditch change location.

Delineate Drainage Area:
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Exercise 7

Define Drainage Area:

ﬂ Drainage Area Definition { = | \_ﬂh‘
Window Cent
areaiD: 4| o2 -] EH.'”hf:t " al A Al
ighlig
Detailz
Options Description: To MNode ID:  DIT-2 ﬁ
Definition ) Area Selection | Creati
Subareas Drainage Area: | 0.724 rea oelechon fLreation
Computation Basze C Value: | 0.350 ‘ Select Create ‘
Sh DTM Sh
Time of Conc.: | 5.000 __ __
D Compute TC Pick Boundary DP
tﬁ} Rational Elements Create Shape
(@) scs

Calculate Time of Concentration:

-

M Time of Concentralion{ = | \ﬁr

Drainage Area ID:  DIT-2
TIN File =] | final tin ﬂ

Define Path

) The calculated Time of Concentration is

GREATER than the minimum of 5 minutes;
h%f:“" s [o0o0 therefore the Time of Concentration will
e e automatically be filled in after hitting Apply with NO
nValue: | 0.040 Slope: | 2583 .
further steps required

[ Shallow Flow
Length: | 300.000

Inter. K: | 0.679 Slope: | 1.666

EConcentmtad Flow
Method: Length: | 312.421

Velocity: | 5.000
Accum. Distance: 712421
Accum. Avg. Slope: 2569

‘: Te= 5946 ’ [Computel [ Apply l
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Delineate Subareas utilizing the Land Use DGN:

M Drainage Area Subareas El_léj
earo. 4] 2 =] 3] [t Cener 5] 4] 4]

Details
Options To Node ID:  DIT-2 ﬁ

Definition Subarea C Value Description .

Eubareas Automatic
: 0.7231 0.300 Forested Areas Delineati

Computation g Liz=fer

g Display Only
Hydro. Method ﬂ

l.é.l Rational
i) scs

0,723 0.300 Forested Areas

Compute Discharge and Apply:

ﬁ Drainage Area Computations { = iﬁj

S —— S el R
Details
Ot

efinition -

. Discharge

Subareas Total Subareas: 0.723 0.300 9
Computation Remainder: 0.001 0.350

Hydro. Method Composite: 0.724 0.300

I.é.l Raticnal Computed Intensity.  6.715

[L)sCs Computed Discharge: 1.460
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Exercise 7

Ditch Change #2

Repeat previous steps on pages 7-7 & 7-8 creating ditch change Node DIT-3 at
Station: 10+90.00 and Offset: 34.00. All other information should remain unchanged.
Ditch Change #2 Drainage Area

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name DIT-3 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
this ditch change location.

Delineate Drainage Area:

Define Drainage Area:

M Drainage Area Definition | = | ‘ﬂh‘
Window Center !
AreaiD: _4| [DIT3 v » Hiohlioht | | A
ighlig
Detailz
Options Description: To MNode ID:  DIT-3 ﬁ
Definition ian | ;
Suboren Drainage Area: | 0.875 Area Selection | Creation
Computation Basze C Value: | 0.350 ‘ Select Create
Sh DTM Sh
Time of Conc.: | 5.000 __ __
S Compute TC Pick Boundary DP
@ Rational Elements Create Shape
SCS
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Calculate Time of Concentration:

-

M Time of Concentrationl = ‘ |_i:h]1

Drainage Area ID:  DIT-3
TIN File * || final tin ﬂ

Define Path

- The calculated Time of Concentration is

GREATER than the minimum of 5 minutes;

[# Sheet Flow . . .
Method: Length: | 100.000 therefore the Time of Concentration will
Value: 0,020 Slope: | 1.352 automatically be filled in after hitting Apply with NO

[ Shallow Flow further steps required

Length: | 300.000
Inter. K: | 0619 Slope: | 3.674

EConc:enl:mted Flow
Method: Length: | 138.103

Velocity: | 5.000

Accumn. Distance: 538.103
=
Accum. Avg. Slope:  2.665

(Compae] (e

Delineate Subareas utilizing the Land Use DGN:

ﬂ Drainage Area Subareas { = | \&I
wearo: 4] o3 7] 3] [t Cener | il 4]
Details
Options To MNode ID: DIT-3 ﬂ

Definition Subarea C Value Deescription Automat

Subareas utomatic
0.8643 0.300 Forested Areas . .

Computation & Delineation

E Display Only
Hydro. Method ﬂ

'.Q.' Raticnal
() scs

0.264 0.300 Forested Areas
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Compute Discharge and Apply:

ﬂ Drainage Area Computations { = | Lﬂh‘
Window Center !
AreaiD: _4| [DIT3 v » EH' Hioht & al Al
ighlig

Detailz
Options A CVval

efinition .

. Discharge

Subareas Total Subareas: 0.864 0.300 g
Eomensaliop Remainder: 0.011 0.350

Hydro. Method Composite: 0875 0.301

'.é.' Rational Computed Intensity: 6.882

(L) sCs Computed Discharge: 1.810
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Ditch Outlet
Step 1. Visually determine the location of the ditch outlet.

Step 2. Select from the Drainage Menu Bar: Component > Node > Add or from the
main toolbar: Add Drainage Node.

Step 3. In the New Node window that appears, set the name DIT-4 and click OK.

Step 4. Properties > Set Node Type to Outlet, Library Item to Ditch Outlet and Fix
Tailwater at Critical Depth

.14 Node Configuration - Properties | = ‘-53—]
Window Center
Node ID:_4] [DiT4 v » Highlight el el % 'l 4
Detailz
Options Description:
Froperties MNode Type: |Qutlet = |
Location o -
Spread Criteria Profile: 10n Grade
Elevations Library ltem: |Ditch Outlet A |
Junction Loss Q@) Fix Tailwater at. | Critical Depth = |
Disch Opti
.q|5c: arge Uptions Tailwater Elevation: | 0.000
Computations

MNode Bottorn: |None Available hd

Owverride Library Payitem: E LA

7-14 Ditch Nodes and Links GEOPAK Drainage V8i (SELECT Series 2)



Exercise 7

Step 5. Location > All settings should have carried over from DIT-3. Review and
make the following changes:

Station: 13+15.00
Offset: 58.00

M Node Configuration - Location | = | ‘&]
Window Center
Node ID-_4] [DiT4 gl Hiohigh el el % e 4l
Detailz
Options Jlchain: cL ] [J/]Profie: [DESIGNCL  ~ |
Properties Coordinates | Stationing
Location
e : - .

Spread Criteria Mign: [Tangentto Chain | ﬂ + Angle: | 0.000
Elevations Station: | 13+15.00 : X 3872012
Junction Loss. /| Offset: | 58.000 J Y. 2967172
Discharge Options

Mirror Node Offzet from Gutter to Inlet: | 0.000

Computations

Step 6. All other options should be set from previous nodes, click Apply.

Ditch QOutlet Drainage Area

Step 1. From the Node Configuration dialog select Edit Area. When asked if you
want to create a new drainage area click Yes. The name DIT-4 should
automatically appear, click OK.

Step 2. Follow the steps in Exercise 4.1 to delineate and define the drainage area for
this ditch outlet location.

Delineate Drainage Area:
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Define Drainage Area:

ﬂ Drainage Area Definition { = | \ﬁ‘
Window Cent
areaiD: 4| o4 -] EH.'”hf:t " al A Al
ighlig
Detailz
Options Description: To MNode ID:  DIT-4 ﬁ
Definition ) Area Selection | Creati
Subareas Drainage Area: | 1.253 rea oelechon fLreation
Computation Basze C Value: | 0.350 ‘ Select Create ‘
Sh DTM Sh
Time of Conc.: | 5.000 __ __
e Compute TC Pick Boundary DP
0 Rational Elements Create Shape
") sCs

Calculate Time of Concentration:

[ M Time of Concentratiunl = ‘ Iﬁr

Drainage Area ID:  DIT-4

final.tin ql
Dafne Path The calculated Time of Concentration is less than
enne ra

the minimum of 5 minutes, therefore 5 must be
race I, - men . . -_—
= manually typed in the Drainage Area Definition

[/]Sheet Flow dialog after hitting apply in the Time of
Method: Length: | 100.000 Concentration Window.
nValue: | 0.040 Slope: | 4023

[/ shallow Flow
Length: | 300.000

Inter. K: | 0.619 Slope: | 3.665

[¥]|Concentrated Flow
Method: Length: | 151.589

Velocity: | 5.000

Accum. Distance: 551.599
=
Accum. Avg. Slope: 4.784

s
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Delineate Subareas utilizing the Land Use DGN:

M Drainage Area Subareas El_li—hj

Window Center !
AreaiD: _4| [DIT4 ']HD o & al Al
I:‘ Highlight
Details
Options ToNode ID:  DIT-4 4
Definition Subarea C Value Description ]
Subaress Automatic
: 0.2038 0.400 Turf Meadows Delineation
Computation 1.0007 0.300 Forested Areas g
E DisplayOnIy

Hydro. Method ﬂ

l.é.l Rational

(@) scs

- 1.001 0.300 Forested Areas

Compute Discharge and Apply:

M Drainage Area Computations El_léj

Are.alD:ﬂ [DIT—4 "] ﬂ E:‘\:Z:;i:;::}enter ﬂ ﬂ E E
Details
Dpt.iO.I'TS Area C Value i
opnon Total Subareas: 1204 0317
oo Remainder. 0.048 0.350

Hydro. Method Composite:  1.253 0.318

@ Rational Computed Intensity:  6.980

'-:.-' Cs Computed Discharge: 2.782
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Step 3. Since Node DIT-4 is an outlet type, it will not consider the drainage area
developed for it. In order to ensure the final ditch link, will be adequate for the
capacity at the end we will need to link the DIT-4 drainage area to Node DIT-

3.

Go to Component> Node> Edit and select node DIT-3. Under Discharge
Options click on the option to Link Base Flow Area and set to include the
DIT-4 drainage area.

M Node Configuration - Discharge Options { = | ‘i&‘

Node ID:_4] [DIT-3

"]ﬂ DWindowCenter ﬂﬁﬂﬂﬂ

Detailz

Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

[ ] Highlight

@ Uze Computed Discharge
(") Supplied Discharge: | 3.500
[ ] Disable Inlet Calculations  Capacity: | 0.0000

[Link Base Flow Area v (D4 | #l
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7.2 Link Design

We are checking the drainage flow along a fill slope so all links are set up as cross
section based. The surface is read for the ditch shape and capacity at each cross
section that is dropped along the links.

Cross Section Based Link DIT-1

Step 1.

Step 2.
Step 3.

Step 4.
Step 5.

Select from the Drainage Menu Bar: Component > Link > Add or from the
main toolbar: Add Drainage Link

Set the Name to DIT-1 and click OK.

Set the From Node as DIT-1 and the To Node as DIT-2 via the dropdown list
or by clicking the Node ID button and selecting the appropriate node.

In the Details portion of the dialog change Type to Ditch.
In the Configuration portion of the dialog set the following:

Ditch Type: Cross Section Based

Roughness: 0.027 (See TDOT Drainage Manual Chapter 5 Table
5A-1 for typical values)

Number of Cross Sections: 5 (Typically one cross section every
5 feet to a maximum of every 50 feet for
long ditches)

Width of Cross Sections: 100 (Ensure top of bank on both sides
is captured)

M Link Configuration Definition | = | ‘&]
; ; Window Center
Link ID: _4] {DIT-1 il P2 b P -1 s Apply
J | |J Highlight J J J d
Details
Optians Diescription:
Definition From Mode: |DIT-1 - ﬁ To Node: |DIT-2 - ﬁ
Conditions Length: 75.0816 Use MS Element Il
Constraints Configuration
Computation Ditch Type: |Cros.sSec‘lion Based v| Roughness: | 0.027
Type Number Of Cross Sections: | 5
Pipe Width Of Cross Sections: | 100.0000
@) Ditch
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Step 6. Click Apply and review the cross section lines displayed in the plan view
(shown on next page) to determine if adjustments should be made.

NOTES:

Since we are using the Cross Section Based ditch type to analyze existing conditions,
the Conditions and Constraints require no special settings. In the system modification
chapter, we will use those to control the proposed ditch that is to be designed.

Computation will not show any information until a drainage network is built from the
nodes and links in this ditch system.

This same set up using the Cross Section Based ditch type can be used to analyze
long proposed roadway ditches for capacity and function.
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Exercise 7

Cross Section Based Link DIT-2

Step 1. Select from the Drainage Menu Bar: Component > Link > Add or from the
main toolbar: Add Drainage Link

Step 2. Set the Name to DIT-2 and click OK.

Step 3. Setthe From Node as DIT-2 and the To Node as DIT-3 via the dropdown list
or by clicking the Node ID button and selecting the appropriate node.

Step 4. In the Details portion of the dialog change Type to Ditch.
Step 5. In the Configuration portion of the dialog set the following:

Ditch Type: Cross Section Based

Roughness: 0.027 (See TDOT Drainage Manual Chapter 5 Table
5A-1 for typical values)
Number of Cross Sections: 10 (Typically one cross section every
5 feet to a maximum of every 50 feet for
long ditches)
Width of Cross Sections: 100 (Ensure top of bank on both sides
is captured)

M Link Configuration Definition | = | ‘&I
Window Center
LinkID: _4| |DIT-2 v | b pd V4 -4 P m
A | ol s 2 A 2 2 Loy |
Detailz
Options Description:
Definition From MNode: |DIT-2 o E To Node: [DIT-3 - E
Conditions Length: 165.0121 Use MS Element _Il
Constraints Configuration
Computation Ditch Type: |Cross Section Based | Roughness: | 0.027
Type MNumber Of Cross Sections: | 10
Pipe Width Of Cross Sections: | 100.0000
@) Ditch

Step 6. Click Apply.
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Cross Section Based Link DIT-3

Step 1. Select from the Drainage Menu Bar: Component > Link > Add or from the
main toolbar: Add Drainage Link

Step 2. Set the Name to DIT-3 and click OK.

Step 3. Setthe From Node as DIT-3 and the To Node as DIT-4 via the dropdown list
or by clicking the Node ID button and selecting the appropriate node.

Step 4. In the Details portion of the dialog change Type to Ditch.
Step 5. In the Configuration portion of the dialog set the following:
Ditch Type: Cross Section Based

Roughness: 0.027 (See TDOT Drainage Manual Chapter 5 Table
5A-1 for typical values)
Number of Cross Sections: 10 (Typically one cross section every
5 feet to a maximum of every 50 feet for
long ditches)
Width of Cross Sections: 100 (Ensure top of bank on both sides
is captured)

M Link Configuration Definition | = | ‘&I
Window Cent
LinkiD: 4| o3 v » H'mhrwr:t R W -
ighlig
Detailz
Options Description:
Definition From Node: |DIT—3 o | E To Mode: [DIT-4 - E
Conditions Length: 2324200 Use MS Element _Il
Constraints Configuration
Computation Ditch Type: |Cr055 Section Based "| Roughness: | 0.027
Type MNumber Of Cross Sections: | 10
Pipe Width Of Cross Sections: | 100.0000
@) Ditch
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Exercise 8

Drainage Networks

This exercise shows the user how to setup a network and perform network
computations.

The Network computations serve as the final calculation process in the design or
analysis of a storm drainage system. A GEOPAK drainage network is defined as a
series of interconnected nodes, links and areas which drain to a single outlet. GEOPAK
drainage accommodates multiple networks in a single drainage project.

8.1 Storm Drainage Network Design

Step 1. Select the Add Drainage Network tool or select Network > Add from the
main drainage menu bar.

M DRAINAGE - DrainageProject.gdf - [No Active Network] | 28 |
| Project Component | Metwork | Reports  Utilities Tool Boxes ‘
Add...
Edit %: -I}f:’ }f: 1 Add Drainage Metwork
Delete \Y’l % 2 Edit Drainage Metwork
EEI"IEI‘T‘IE %j x’)?:: 3 Delete Drainage Network
Design ‘:&: : ;}f: 4 Rename Drainage Network
Analyze g 5 Design Network
6 Analyze Network
Active Network ¢ = i
—_— O 7 SetActive Network
=3 Openas ToolBox
Step 2. Inthe Add a New Network dialog, enter the
following information:
Network ID: WEST
Outlet Node: EW-1
M Add 2 New Net... (n|ni=in| S|
Metwor 1D: | WEST
Description:
Outlet Node: [EW-1 =
[l‘ .................. l:l I{ .................. " ] | PE— ] |ID Gut|et|
I

NOTE: The Outlet Node may be selected via the dropdown or by clicking ID Outlet and
selecting the Node in the plan view.
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Step 3. Click OK in the Add a New Network dialog box.
rﬂ Metwork Configuration - [Mo Active Network] | = | : | 23 .|‘|
Network ID: 4 [WEST - » ¥ O O¥ o
Details
Description: ,: _ Outlet Node: [EW—'I v] th
Validation Computations [ Pr— ][ Uniock Sizes ]
T}j: BE; f}ﬁ p}j: [ Lock Blevations ] [Unluck Ele'u'atiuns]
Step 4. Click the Build Network button. This feature verifies the nodes and link
connectivity.
rﬂ Metwerk Ceonfiguration - [No Active Network] | = 23 ]1
Network ID: 4 [WEST - » ¥ KW o
Details
Description: Outlet Node: [EW-1 |
Walidation Computations [ Lock Sizes ] [ Uriock Sizes ]
TBE:; }ﬁ ﬁn}f; p}j: [ Lock Elevations ] [Unluck EIevatiuns]
Build Metwork
Click OK.

- Metwork WEST Successfully Built
1 ) Total Node in Network = 16

Total Links in Metwork = 15
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Exercise 8

Step 5. Click the Highlight Network feature. This Feature highlights all components
(areas, inlets, pipes, etc.) connected to the active Network.

( H Metwork Configuration - [No Active Network] El_l-ﬁ:—hj1
Network ID: 4 {WEST > b TR OW o |E|
Ditails

Description: Outlet Node: [EW-1 |

Walidation Computations | T | | T |

T}"’; BE:; ﬁ}ﬁ P}'j | Lock Bevations | | Unlock Elevations |
Highlight Network| )

Step 6. Verify that all network components are highlighted.

B View1, Default

NOTE: The ditch Nodes and Links created in Exercise 7 are not highlighted since they
do not connect with the storm drainage system.

Step 7. Click the Apply button. Network “WEST” has been added to the project.
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Step 8. Click the Design button. This command initiates the hydraulic design of the
components contained in the Network.

” Metwork Configuration - [Mo Ac

SN
Network ID: 4 {WEST i p ¥R OW

Details
Description: | | Cutlet Mode: [EW—'[ V] g
alidation Computations [ Lock Sams ] [ Cizes ]
™ 28| Fr | Lock Hevations | | Unlock Elevations |

Design Metwark

Click OK.

Metwork WEST Hydraulics Computed With Warnings

-
" | ) Total Mode in Metwork = 16
Total Links in Metwork = 15

Step 9. Review errors to determine steps needed to correct and close the text editor.
(See Appendix C for common errors and fixes)

M Text Editor; Ci\Projects\Drainage\drgmsg.
File Edit Criteria
ODed & ) Cu

bapacity for Inlet CB-14 Exceeded Bypass Flow Unassigned
IComputed Ponded width for Inlet CB-13 Exceeds Maximm
Link MH-1 welocity greater than maximm desired
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ﬁ Metwork Configuration - [No Active Network]

Network ID: 4 {WEST M ¥R OF ¥
Details
Description: Outlet Node: [EW-'I "] i
Uit Tl S | Lock Sizes ] | Unlock Sizes ]
T}’; BE:; 4;}; p}'_’; l Lock Elevations I lUnqu:.k Elevatinns]

=

NOTES:
Pressing Design or Analyze should be the last step in Designing or Analyzing the
Network.

|Ana|}rze|

Design performs hydraulic design of the network and designs components of the
network as indicated by the ‘design toggles’. Analyze performs hydraulic analysis of the
network as is and ignores all ‘design toggles’.

Lock and Unlock buttons allow the user to lock or unlock all components in a network
at the given Size or Elevation. Caution must be used when selecting Unlock as this
action will unlock ALL Sizes or Elevations, including ones that should not have been
unlocked.

After Design or Analyze has been utilized, computation values are shown in each link
configuration of the network which can be reviewed in the Link Configuration edit dialog.
Other methods of reviewing this data will be discussed in Exercise 10, Drainage

Navigator.
ﬂ Link Configuration Computations l = | |&]
. Window Center P
Link ID: ﬂ S5-1 - ﬂ ] bd A - Apply
| ) || Highlight A 42 -
Details
Options Flow is supercritical -
Definition Discharge = 1457 o
Conditions Capacity = 17.820 r
Canstraints E'se ; 1.500 0013
Computati oughness = .
mpuiation Slope= 2487
Type Friction Slope =  2.492
. Critical Slope = 0.485 i
@) Pipe
Ditch
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8.2 Ditch Network Design

Step 1. Select the Add Drainage Network tool, select Network > Add from the main
drainage menu bar or click the Add Network button in the Network
Configuration Dialog.

’ ——————————————————————— :
M Network Configuration - [No Active Network @ﬂu

Network ID: 4 {WEST L by S S 4
Details ) _ Add Metwaork

Description: '_ Outlet Node: [EW-1 V] i
Validation Computations [ LockSizes | [ Unlock Sizes |
T}’; }’; 4;}"); P}'j [ Lock Elevations ] [Url]uck E|E'u'atiur15]

Step 2. Inthe Add a New Network dialog, enter the following information:

Network ID: WEST DIT
Outlet Node: DIT-4

H Add a Mew Net... @ﬂu
B3 J———

Network ID: |WESTDIT |
Description: | |
Outlet Node: [DIT-4 ~| i

NOTE: The Outlet Node may be selected via the dropdown or by clicking ID Outlet and
selecting the Node in the plan view.

Step 3. Click OK in the Add a New Network dialog box.
[ M Network Configuration - [No Active Network 'blﬁhlg

Network 1D: 4 [WEST DIT ~]» ¥R W

Details
Diescription: __ Outlet Node: [DIT-4 ~| i
Validation Computations [ LockSizes | [ Unlock Sizes |
TBE); “E; 4;}3: ﬁuﬁi [ Lock Elevations ] [thud{ Elevatinns]
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Step 4. Click the Build Network button. Click OK.
Step 5. Click the Highlight Network feature.
Step 6. Verify that all network components are highlighted.

NOTE: The drainage area DIT-4 will not be highlighted since it is built for an outlet node
type which does not consider drainage areas. In the previous chapter, we linked that
area to node DIT-3 so that it is covered in this ditch drainage analysis.

Step 7. Click the Apply button. Network “WEST DIT” has been added to the project.
Step 8. Click the Design button, then click OK.

Step 9. Review errors to determine steps needed to correct and close the text editor.
(See Appendix C for common errors and fixes)

.H Text Editor: ..\drainage\drgmsqg.txt | = | (=l ‘&I
File Edit Criteria
Ol elal ¥

hGL Blowout upstream of Link DIT-2 minimum freeboard not achieved
H&L Blowout upstream of Link DIT-3 minimum freeboard not achiewved
Min Depth Exceeded at Downstream of Link DIT-3

| |

Line: 1 Col: 1
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Existing Ditch Link Review

Now that the ditch network has been built and designed, we can review the computation
results for the existing ditch links in the network.

Step 1. Select the Edit Link tool, select Component> Link> Edit from the main
drainage menu bar or click the Edit Link button in the Network Configuration

Dialog.
Set to link DIT-1 and select Computation.
M Link Configuration Computations { =1 ‘ﬂh‘
Window Center
Link ID: _4] [DIT-1 | » ] ¥ A F Apply
in J [ ]J DHighIight J J J d
Details
Options Discharge = 0.226 -
Definition Average Channel Slope= 3043
Conditions Average Uniform Velecity= 1.270 =
Constraints Ngmber of Cross Sgc‘fions =5
—— Width of Cross Sections = 100.000
¥ Distance WSEL EGL Velocity
Type 4 0.000 867.82% 867.830 0.219
. 3 18770 B6B.309 868333 1242 T
L) Pipe
(@) Ditch

Step 2. Scroll down through the computation results to the data following the Width
of Cross Sections.

This data represents conditions at each cross section drop along the link.
Note that these points start at the end of the link and come back up the link to
the beginning.

The first data group provides the cross section number (0-4 in this case with 5
cross sections), distance from end, water surface elevation, energy grade line
elevation and velocity.

M Link Configuration Computations { =1 ‘ﬂh‘
Window Cent
LinkiD: 4] [orr=1 -] E A P I 2
ighlig
Details
Options Mumber of Cross Sections =5 -
Definition Width of Cross Sections = 100.000
Conditions # Distance WSEL EGL Velocity
S 4 0000 867829 867.830 0219 =
—— 3 18770 B68.309 868.333 1.242
2 375471 BBBS9ZY 863947 1141
Type 1 56311 B869.616 869.634 1.078
. 0 75082 870036 870075 15386 T
L) Pipe
(@) Ditch
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Step 3.

Exercise 8

Scroll down further to review the second data group.

The second data group provides the cross section number, number of slope
break points in cross section, critical depth elevation, and top of water surface

width.

ﬂ Link Configuration Computations

(=

LinkiD: 4| D

Details

Options
Definition
Conditions
Constraints

Computation

Type
I | Pipe
(@) Ditch

1 563171 869.616 369.634
0 75082 870.036 870.07% 1.586

# Mo Point Crit Depth Top Wid

[ LN FY Y

25 BEB7.694 B8.847
27 868.309 3.330
25 BB3.8927 4.755
33 869.616 13.044
32 870036 1.842

v] ﬂ E:"‘;i;:“o;tCEnter ﬂ ﬂ ﬁ ﬂ

1.078 -

1

Step 4.

Switch to our other ditch links, DIT-2 & DIT-3, and review the computed data.

K Link Configuration Computations

= )

Window Cent
LinkiD: 4] [pm=2 +] »l O naow Lenisr
l:‘ Highlight
Details
Options # Distance WSEL EGL Velocity
Definition 9 0.000 865481 865485 0514
Conditions 8 18.335 865.865 865.908 1.671
Constraints 7 36.669 866.197 866.248 1.824
Bormouiation 6 55.004 866.275 866.321 1.736
g 5 73.339 866431 866.497 2.057
Type 4 91,673 866.717 866,789 2.161
i 3 110.008 866.941 867.018 2217
) Pipe
(@) Ditch

A A ¥ 4

M Link Configuration Computations E‘_‘i:—hj

Conditions

Constraints
Computation

Type
[ : | Pipe
(@) Ditch

Window Cent
Linkip: 4| D3 v » EH.'"hl.c':t o A H A
ighlig
Details
Options # Distance WSEL EGL Velocity -
Definition 9 0.000 851.178 851.301 2315

& 25824 855274 855426 3.128
7 51.649 857554 857629 2199
6 77473 8591671 858234 2163
5 103.293 860.863 860.924 1882
4 128122 361.738 861.838 2535
3 154947 862513 862606 2375 -

m

Using this information, we can determine if the existing conditions are
adequate to convey the water along the fill line and critical points where more
capacity may be required.

If using this methodology to analyze long proposed roadway ditches, you can
determine locations where special ditches may be required as the
depth\volume becomes too great for the regular ditch to handle.
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8.3 Choose Active Network

With the possibility of multiple networks in a single drainage project it may be necessary
to choose an Active Network to utilize certain GEOPAK Drainage Features.

Step 1. Select the Set Active Network tool, select Network > Active Network from

the main drainage menu bar or click the Add Network button in the Network
Configuration Dialog.

Drainag...@
A DRAINAGE - DrainageProjectgdf - [No Active Netwark] = i
| Project Compenent |ﬂetwork | Reports  Utilities  Tool Boxes | ﬁ'. (:(n].
Add...
- = .7,
ﬁdllt =3 'E:' "= L AddDrainage Network
Delete \T’.,- -(ﬁ{’: 2 Edit Drainage Metwork
R. L] L]
_.__EL ?_@ z P?: 3 Delete Drainage MNetwork
Design ‘\ﬁ,: = f:bﬁ 4 Rename Drainage Network
Analyze 0
j}:: 5 Design Network
Active Network p}’; 6 Analyze Network
Fih 7 Set Active Network
=2 Open as ToolBox

[ # Network Configuration - [WEST]. =L
Network ID: 4 {WEST M ¥ OE ¥
Details [Set Active Network
Description: Cutlet Mode: [E'u"u’-1 "'] Ca
Walidation Computations [ Lok Sizes ] [ Unlock Sizes ]
g B P

[ Lock Blevations ] [Unlnck Elevatiunsl

Step 2. Select the network West and click OK.

P
Select Active Network .
N Description
WEST
WEST DIT
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Exercise 9

Profiles

This exercise shows the user how to perform profile computations and properly display the
drainage profile.

Profiles can be constructed in a path running in either direction, upstream or downstream, in a
drainage network. The Profiles dialog is used to display customized profiles including
groundline, nodes, links, depth of cover, hydraulic grade line, etc.

9.1 Storm Drainage Profile Design

Step 1. Select from the Menu Bar. Component > Profile > Add or from the main
toolbar: Add Drainage Profile

M DRAINAGE - DrainageProject.gdf - [No Active Network] [
—
| Project | Component | Metwork Reports  Utilities Tool Boxes |
e
Area r
MNode b
- ﬁb &
Link k ====! 1 Add Drainage Profile
Profile 3 Add 2 Drainage Profile List
2 ot o8 2
Culvert y  EditList.. %] % 2 ID Drainage Link in Profile
LS . . .
Routing b I i % 4 Moedify Drainage Profile
: o
| ID Link t % 5 Delete Drainage Profile
Land Uses —
o Delete ] )
Miscellaneous Utilities k % 6 Update All Drainage Profiles
Update Al % 7 Automatic Create Profile
Auto Create
T e SN A =1 Open as ToolBox

Step 2. Complete the Profile Configuration dialog box information as follows for the
left side of the roadway in the WEST drainage network. Click Apply when
finished.

Profile ID: WestLT From Node: CB-1 To Node: EW-1

i M Add Profile

Profile I0: | WestLT

Description:
From Node: [CB-1 - | 4w

To Node: [EW-1 - |

NOTE: To select the appropriate node; use the dropdown menu or use the ID node
button and select the node from the plan view. From Node and To Node must be in
the same network.
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Step 3. Load the Profile Preferences file. Inside the Edit Drainage Profile dialog,
click File > Open.

' = -
4 Edit Drainage Profile - WestL S
File ;
| Open... | View Number: E
save Display || Drainage Information || Grid & Labels | Link Profile |
Save As... Point Projection
X: | 0.000 I [] Projectto Chain: | Identify Profile Cell |
Y: [0.000 Chain -
Scale (Grid Stationing and Blevations
Horizontal: | 10.000 | Begin Station: 0+00.00
Verttical: | 1.000 | End Station: 11+05.79
MNode Information Ma?c. Ele'u'at?un. —@D—E:l
From: [CB-1 ] W Min Blevation: | 830.000 |
To: [EW—'I - ] Yt Reference Surface
e (Site Model_+) | |
| Reset Profile | : — )
[] Vertical Offset: | 0.000

Navigate to C:Users\Public\Geopak Standards\ and select
TDOTStormSewerProfiles-Design.ppf. Click Open.

F -
#4 Open Profile Preferences - CAUsers\Public\Geopak Standards) i
Lookin: | Geopak Standards - E
i Mame - Date modified Type
‘-’ﬁ'#’ g 3PC 8/20/201310:24 AM  File folder
Recent Places |} qnetcriteria 2/27/2013852PM  File folder
. . Criteria 8/23/2013 7:25 AM File folder
| || TDOTStormSewerProfiles.ppf 11/24/200310:35...  PPFFile
Desktop i TDOTStormSewerProfiles-Design.ppf 9/14/2006 10:25 AM  PPF File
_-_-;..j |_| TDOTStormSewerProfiles-Plan.ppf 7/25/2012 4:36 PM  PPF File
Libraries
! "
Computer
| m 3
Metwork
File name: TDOTStorm SewerProfiles-Design. ppf - | Cpen I

Flesoftype:  [“ppf -] [ Cancd ]
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Exercise 9

All settings have been set for the profile. To view the settings, click on the
Display, Drainage Information and Grid & Labels tabs. They should look
as shown below.

M Edit Drainage Profile - WestLT - SATDOTStormSewerProfiles-Desi... | n=in| b
File
Description: | | Wiew Number: E

Registration | Display | Drainage Information | Grid & Labels | Link Profile |

Soffit Water Line Crossings
El ——— [lebe: | 12%34
Pipe Center : :
] | e e Drainage Crossings
Invert [ = e o« (U T 12%34
Sewer Line Crossings
Design Surface 1 ——— [] Label: 12294
f=——
L7 Misc. Liility Crossings
Crriginal Ground -
—— . [ [ ] Label: 12
Ref Surface ID: |None Available - |
D |

- =
ﬂ Edit Drainage Profile - WestLT - .ATDO
| File

Description: | | View Number: E

Registration || Display | Drainage Information | Grid & Labels || Link Profile |
Hydraulic Grade Line Madmum Soffit Drainage Node

Critical Depth

D ——

Uniform Depth

Minimum Invert

] | —

Minimum Cover
— B |
Energy Grade Line Madmum Depth

5 — |8 —
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NOTE: During the design process these preferences can be modified to display needed
information. However, when projecting to a profile (see Exercise 9.2) the settings should

f( Edit Drainage Profile - WestLT - .ATDOTStormSewerProfiles-Desi.., [E=0E=

File

Description: |

View Number: [1_ =] E -

Labels & Grd Lines

| Registration || Display || Drainage erfnn'natlun | Grid & Labels I Link: Profile |

W Mode

W] Link Label

[H] Elzvations

W] Grid Boundary
W Horizortal Grid
W Vertical Grid

MNode Labels
Position:
Label Cffset: 5 000 [
[ Library tem MName
[ Library ttem Description
[ Profile Name
Station
Elevation
Place Label: Prefic: |
Suffee:

\-12.34

match those defined in profile preference file TDOTStormSewerProfiles-Plan.ppf.

Step 4.

Click the Registration tab and make the settings as below in the Registration
Point, Scale and Reference Surface portions (ignore the Projection portion for

now). The Registration Point will correspond to the lower left corner of the
profile and can be wherever an open space is available. Click Apply.

File

r E = i

Description:

View Number: [1_ =] E m

Registration Point
¥ | 7500.000

Scale
| 50.000

Horizontal:
Vertical:

Mode Information

Registration | Display | Drainage T | Grid & Labels | Link Profile |

Projection
[7] Project to Chain: |
Chain :

Identify Profile Cell

(Grid Stationing and Blevations
Beqin Station: 0«00.00
End Station:

Max. Elevation: | 8¢

From: |CB-1

Min Elevation: |

To: [EW-1

Heference Surfa-:e

| Reset Profile

|:| Vertical Offset:
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Exercise 9

B View1, Default = EeE

@ ARIRNMEY O BB H %@

Step 5. Review the profile for anything that needs to be corrected.

Step 6. Repeat steps 1-4 to create the following profiles:

Profile ID From Node - To Node

WestRT CB-2 - MH-1
CB5 CB-5 - CB-2
CB7 CB-7 - CB-3
CB8 CB-8 - CB-6
CB10 CB-10 - CB-9

NOTE: All Profiles should go forward with the alignment so they can be projected to the
roadway alignment profile at a later time.

See the following pages for images of the profiles.

GEOPAK Drainage V8i (SELECT Series 2) Profiles 9-5



WestRT

B View 1, Default

-1
fiil

- \;-‘_1}'-:_;3 -

RRHS I BO HFLE

CB5

B View 1, Default

Brdx-| A% RS 0 | 2R

(=]
o

.r';!_Qv |—_.-’

CB7

B View 1, Default

B-dx- ARSI B

(=]
o

E)
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Exercise 9

CB8 CB10

B View 1, Default B Viewl, Default

R EEEEEERIEEEREE B-on-ARRREY O BINHLE
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9.2 Projecting Final Storm Drainage Profiles
Step 1. Click Component > Profile > Edit List from the GEOPAK Drainage Menu or

by Drainage Profile List from the Drainage Toolbar and select the Profile
WestLT. Click OK.

M DRAINAGE

- DrainageProject.gdf - [Mo Active Networki . w
| Project | Component | Metwork Reports  Utilities Tool Boxes
Area v Q:E!l
ﬂ-ode 2 2, -../,
il i _% 1 Add Drainage Profile
Profile ¥  Add \(% 2 Drainage Profile List
— . . N ...‘.
Culvert p: %]% 3 ID Drainage Link in Profile
Routing y 1D \,,N% 4 Maodify Drainage Profile
| IDLink - ~ W ) )
Land Uses Delete Select Profile to Edit & 5 DeleteDrainage Profile
Miscellaneous Utilities 3 % 6 Update All Drainage Profiles
Update All D Description - g
Biite Create CES I % 7 Automatic Create Profile
s CE7 (A
CES =3 Open as ToolBox
CB10 3
DIT1 |
WestLT LA
WestRT =

Step 2. Load the Profile Preferences file. Inside the Edit Drainage Profile dialog,

click File > Open.

Navigate to C:Users\Public\Geopak Standards\ and select
TDOTStormSewerProfiles-Plan.ppf. Click Open.

“ Open Profile Preferences - C:\Users\Public\Geopak Standards\ ﬁ
Lookin: | GeopakStandards ~ @F @~ F__"]
E Name ‘ Date modified Type
e il 3eC 8/20/2013 9:57 AM File folder
RecentPlaces | constCriteria 2/27/2013 8:52 PM File folder
! | Criteria 12/17/2013 510 PM File folder
TDOTStormSewerProfiles.ppf 11/24/2003 10:35 AM PPF File
Desktop TDOTStormSewerProfiles-Design.ppf 9/14/2006 10:25 AM PPF File
K TDOTStormSewerProfiles-Plan.ppf 7/25/2012 4:36 PM PPF File
w=ul
Libraries
Computer
‘-m
4 | [T 3
Network
File name: TDOTStormSewerProfiles-Plan.ppf -
Files of type: *ppf V] I Cancel ]
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Exercise 9

Step 3. Toggle ON Project to Chain in the Projection portion of the dialog. Click
Identify Profile Cell, select the Profile Cell for the Roadway Profile and Data
Point to accept. Click Apply.
M Edit Drainage Profile - WestLT [
Eile
Description: View Number: [1 =] [_-J""DI:'W |
Registration | Display Dminage Information || Grid & Labels || Link Profils
Registration Paint Frojection
X 13322017 T | Project to Chain: l Identity Profile Lell J
2404 i Chain: CL
Scale Grid Stationing and Elevations
MNode Information ,_ -
From: ICB-1 ‘ﬁw -
To: [EW-1 i Reference Surface
—— [TINFle | |finaltin Q
— Vertical Offset:
Step 4.

View the Projected Drainage Profile along the Roadway Profile.

B View 1, Default

B-@e~-|AQRRREHYI

Bl & | 5 fﬂ_ @ ] 3

NOTE: Caution must be used when Projecting Profiles since the profile will be skewed
to fit the station and elevation data of the profile.
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9.3 Ditch Profiles

Step 1. Select from the Menu Bar. Component > Profile > Add or from the main
toolbar: Add Drainage Profile

Step 2. Complete the Profile Configuration dialog box information as follows for the
special ditch drainage network. Click Apply when finished.

Profile ID: DIT1 From Node: DIT-1 To Node: DIT-4
Step 3. Load the Profile Preferences file. Inside the Edit Drainage Profile dialog,

click File > Open. Navigate to C:Users\Public\Geopak Standards\ and
select TDOTStormSewerProfiles-Design.ppf. Click Open.

Step 4. Click the Registration tab and make the settings as below in the Registration
Point, Scale and Reference Surface portions (make sure Project to Chain is
toggled OFF). Click Apply.

M Edit Drainage Profile - DIT1 L | S
File

Description: View Number: |1~

Registration l Display || Drainage Information " Grid & Labels ” Link Profile |

Registration Point Projection

¥ | 89208710 Project to Chain: |dentify Profile Cell
¥: | -548.580 Chain :
Scale Grid Stationing and Elevations
Horizontal: | 50.000 Begin Station: 0+00.00
Vertical: | 5.000 End Station: 4+72.51
Node Information Max. Elevation: | 920.000
From: |DIT—‘| - | E Min Elevation: | 340.000
To |DIT—4— - | E Reference Surface
TIM File * | | finaltin E
Reset Profile

Vertical Offzet. | 0.000

NOTE: For ditch profiles defined with Fixed Geometry, this dialog can be used to help
identify and correct errors produced in the drainage calculations and ensure the
drainage flows as it should. Our current ditch network set up is Cross Section Based on
the existing terrain so that functionality is not applicable.
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Exercise 9

NOTES:
For Crossed Section Based links the invert follows the existing surface terrain.

The hydraulic grade line indicates locations where the existing ditch cross section
geometry and water volume cause a rise or fall in the water surface elevation. Rises
indicate points where greater capacity may be required. This information along with
computation information provided with the links can be used to determine any possible
special ditch needs.

In the system modification chapter we will relocate these nodes and set the links as
fixed geometry to define a special ditch set up to handle the drainage in this area.
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9.4 Editing Links via Profiles

The Edit Profiles dialog allows you to edit a Link’s design. This being the case the Link
Configuration dialog must be closed in order to open the Edit Drainage Profile dialog.

Step 1. Open profile WestRT by selecting Component > Profile > Edit List or by
selecting Drainage Profile List from the GEOPAK Drainage Main Toolbar.

Step 2. Click the Link Profile tab. Highlight the SS-2 Link ID.

M Edit Drainage Profile - WestRT L= e
File
Description: View Number:

Registration " Display " Dirainage Informatien " Grid & Labels | Link Profile
Drainage Profile Points

LinkID | Node Elevation MNode Elevation Slope -
55-2 CB-2 876.903 CB-4 870954 2418 = E
554 CB-4 870.784 CE-9 867.070 2110 ﬂ
55-8 CB-8 866.570 CB-11 864308 1.785 - =
Details
Node Node
Min. Cover: 878403 Min. Cover: 872454
[ ] Hold Invert | 876,903 2| [ Holdinvert: [870.954 3
Drrainage Library ltem I:‘ Hold Slope: |2.418
[18 Inch Dia. Circular - |

DCenterView: 1 -

The SS-2 link’s control data is populated in the Details section at the bottom.

Link ID | Node Elevation MNode Elevation Slope -
55-2 CB-2 876.903 CB-4 870954 2418 E [y
554 CB-4 870.784 CB-g 867.070 2110
559 CB-9 866.570 CB-11 864.308 1.795 X Modify Segment
Detailz
Mode Node
Min. Cover: B78403 Min. Cover: B72454
[ ] Hold Invert: | 876.903 [ ] Hold Invert: | 870.954 3
Drainage Library ltem D Hold Slope: [ 2418
[18 Inch Dia. Gircular - |
l:‘ Center View: |1 ~

From here you can set and hold the invert elevations, set the slope to hold or
change the pipe size.

Once any desired changes are made, click the Modify Segment icon on the
right. An alert will appear. Click Yes, review and dismiss the warnings.

Step 3. Do not make any changes at this time, click the red X to dismiss the dialog.
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Exercise 10

Drainage Navigator

This exercise shows the user how to navigate the network and perform queries.

10.1 Navigating/Query

Step 1. Select from the Drainage Menu Bar Utilities > Navigator or from the
drainage main toolbar Drainage Navigator.

— = Drainag...
M DRAINAGE - DrainageProject.gdf - [No Active Network] [ il
—— i
Project Component MNetwork Reports | Utilities | Tool Boxes :
= = = = = i, )
| Mavigator - o
Conflict Finder et
Labeler == ﬁ'
Display 3D %;’
DTM Drainage Tools _‘\ﬁ,: -

:‘ Utilities: Drainage Navigator

Step 2. Select the Drainage Nodes button on the Navigator:

- —
M Navigator ‘@Eﬂ

View Tools

Ex owEl/mey
D | Descrip| Node| | -
CB-1 |;|
CB-10 i
CB-11

CB-12

CB-13 i
CB-14 =
CB-2 | 1

[] Highlight  [] Window Center | Gueny

Step 3. Toggle ON the Highlight and Window Center tools and click once on
various nodes in the network.
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B View 1, Default

E-dn-ARQIREHD O

el RS R

M Navigator

D

View Tools

7

|'ce1
CB-10
CB-11
CB-12
CE-13
CB-14

| cB2

J| Highlight [] Window Center

Bx owE/ msY

Descriptf Mod

As you can see the Drainage Navigator makes it easy to go to specific
components in the network. A double click automatically opens the

component's configuration dialog for easy editing of any Drainage component.

Step 4. Set the Active Component Type to Link and toggle the Query option:

Step 5. Use the Query tool to determine which Links have exceeded the Min Rise.

Make the settings as shown and then click on Apply Query.

H Navigator

View Tools

A 7 & WS

pd

||£3 -Descn'ptinn

[ MH-T
553
556
557
DIT-3
5512
5513

Query Options
Query Type: [Constraints =

Condtion: [z =|

Z| Highlight  [&] Window Center

7| Query

Constraint: | Min Rise

m

K @ o

1=

Note the results of your query here:
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Exercise 10

Step 6. Follow the same procedures to determine the following:

Using Query type Values;

Which pipes have a velocity greater than 3 fps?

Using Query type Constraints;

Which pipes have exceeded their maximum rise/diameter?

Using Query type Constraints;

Which inlets have exceeded their max ponded width?

Using Query type Values;

Which areas have a “C” values greater than 1.0?
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10.2 Navigating/Global Editor

From the query in Step 5 of Exercise 10.1 you should have found that 7 pipes were
designed at a value greater than the minimum rise 1.5' (18"). These should have been
SS-3, SS-6, SS-7, SS-12, SS-13, SS-14 and SS-MHL1.

Since for the initial design we set our minimum depth of cover based on the minimum
pipe size it will be necessary to check our catch basin depths to be sure they have not
violated minimum depth requirements and to make sure that the larger pipe size is valid
for the node which was used. To do this take the following steps:

Checking Minimum Depth Requirements vs. Designed Node Depths & Pipe Sizes:

Step 1.

Identify which drainage nodes are involved by going to Reports > Storm

Drains/Links > Link Configuration in the GEOPAK Drainage menu bar.
This report describes each link including From Node (Upstream), To Node
(Downstream) and Size/Diameter (Rise).

M DRAINAGE - DrainageProject.gdf - [WEST Active]

| Project Component Network | Reports | Utilities Tool Boxes

Drainage Areas

Inlets

Storm Drains/Links

k| Link Configuration

|

Builder...

Generate

Link Hydraulic Computations

Drainag... @

AP AR
(L%, I P = [PV R T I =

Add Drainage Link
Edit Link

Id Edit Drainage Link
Delete Drainage Link

Rename Drainage Link

Update All Links

Update Links with Pay Items

| & Drainage Link Report - Configuration
n/CP 9 Drainage Link Report - Computations
= Openas ToolBox
- 2 5 5 EEEES %\
ﬂ Storm Drain Configuration Summary for Metwork WEST - Calculations Current - =l =]
|pstream Downistream Upstream  Downstream
D 1D | 1D Discharge Length' Shape' H | Rise |Span |[n | Slope | Invert | Invert | -
{MH-1 MH-1 EW-1 31.354 35.500 Circul 1 2500 nfa 00131 11000 351817 847912 i i
5513 CB-13 MH-1 12711 255... | Gireul 1 2000 nfa 0013  1.182 860.949 857.932 [
55-14 CB-14 MH-1 19.307 35.040 Circul 1 2500 'n/a 0.013 0.500 855.429 855233 ‘E
55-11 CB-11 CB-13 12.153 210 | Crad |7 1500 nfa 0013 1.512 264632 861.449
55-12 CB-12 CB-14 18.063 190... Gircul 1 2000 nfa 0013 1.881 859.522 855.929 |
555 CB-5 CB-11 121 126... Gireul 1 1500 nfa 0013 1525 866.730 864 808 L&
556 CB-6 CB12 17.420 265 Cireul 1 2000 nfa 0013 1684 864 168 859 692
554 CB-4 CBS 5670 176, | Cireul | ] 1500 nfa 0013 2207 870.784 866.900
55-10 CB-10 CB9 4536 7460 Circul 1 1500 n/a 0013 11.000 B67.720 868.400
553 CB-3 CB& 14.3281 306... Gireul 1 2.000 nfa 0.013 1675 869.463 864.332 i
[] Window Center
ASCII File: Q, Edit [] Highlight Apply
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Step 2.

Exercise 10

Open the Navigator tool and expand it to the Global Editor by choosing from
the pull-down menu View > Global Editor. Once the Global Editor is open,
click on the Node button.

” —_—m - -r b —

|| View | Tools
Novigator_fy xig [6] / by 4 ¥
0
Global Editor
| o | Description | « | Variable to Edit

{CB-1 |; Node - ID =
CB-10 a MNode - Description
CB-11 MNode - Reference Chain =
CB-12 MNode - Reference PGL
CB-13 MNode - Reference TIM
ChB-14 Mode - Elevation
CB-2 = | |Mode - Reference Hevation -

Highlight Window Center | | Guery | Apply Edit With Corfim | | Apply Edit No Confimm |

Step 3.

SS-MH1 is the first link shown in the Storm Drain Configuration Summary
(Step 1). This link was designed with to have a rise of 2.5 feet (30 inches).
Find and select the Upstream Node (From Node) MH-1 for this Link in the
Global Editor Dialog, then find and select Node — Minimum Depth in the
Variable to Edit portion of the editor. Set the New Value to the correct
minimum depth for a 2.5’ (30”) diameter pipe found in the TDOT GEOPAK
Drainage Nodes document (Appendix A).

View Tools
‘x.k o ‘@ y@/ % " Y Cument Value: 1.830
D | Description | + || Variable to Edi -
CB9 Node - Reference PGL o | New Value: | 1.92
DIT-1 Mode - Reference TIN
DIT-2 Mode - Blevation kg
OIT-3 Mode - Reference Blevation ]
DIT-4 = | iNode - Supplied Discharge 5
EW-1 “I| |Node - Minimum Depth
iMH-1 i = | |Mode - Maxdmum Depth -

Highlight Window Center || Query  [FAoplhyFdit Wilh Corfimn.;| | Apply Edit No Confim |

NOTE: If the type of structure for a given node is unknown or needs to be changed
(would happen if pipe size is too large for a given catch basin), simply double click the
Node ID in the Global Editor and the Node Configuration Dialog will be invoked.
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http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TDOTGeopakDrainageNodes.pdf
http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TDOTGeopakDrainageNodes.pdf

Step 4. Click Apply Edit With Confirm to apply the New Value and Click Yes in the
Alert box.

Alert

Do you want to change the
‘) <Mode - Minimum Depth> for
Mode MH-1 from 183010192 7

| Yes | Mo

NOTE: Global Editor may be used to edit multiple Nodes/Links at once.

Step 5. Repeat the previous steps to correct the minimum depth settings for other
storm drainage nodes as needed for pipe links SS-3, SS-6, SS-7, SS-12, SS-
13 and SS-14.

NOTE: Since CB-13 and CB-14 have unequal inlet & outlet pipe sizes, you will need to
add the drop across bottom of structure to the minimum depth of cover value to ensure
minimum depths are maintained. Node CB-7 only has an outlet so the same is required
for it as well.

Step 6. Re-design the network and review your profile. The Nodes should now meet
minimum depth requirements.

Step 7. For Links SS-14 and SS-MH1 change the minimum rise to 3.0 and ensure all
Nodes have the correct minimum depth for that pipe size.

NOTE: Node CB-14 is too small for a 36” in the narrow side of the structure, however, it
is still ok for it to be in the wide side of the structure. This is signified by a W to the left of
the minimum depth of cover values in the T.D.O.T. Geopak Drainage Nodes tables.

From the third query in Exercise 10.1 you should have found that inlet CB-13 exceeded
the maximum ponded width (8" allowable spread.). This is probably due to the change in
cross slope of the roadway. To finalize the design for this drainage network the catch
basin spacing and its associated drainage area would need to be adjusted to keep the
spread within allowable limits.

It is recommended that once a drainage network is set up all component
constraints should be reviewed to insure that all criteria for design has been met.
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System Modification

Exercise 11

This exercise shows the user how to modify the storm drainage system design. Specifically we
will combine links SS-14 & SS-MH1, change SS-13 to end at CB-12 and eliminate MH-1,
reengineering the network connectivity. We will also change our ditch network set up to define
a special ditch to handle the drainage along the base of the fill slope in that area.

11.1 Storm Drainage Network Modification

Step 1.

Delete Node MH-1 by using Drainage Navigator, selecting Component >

Node > Delete from the Drainage Menu Bar, or by selecting Delete Drainage
Node from the Drainage Toolbar.

Add Drainage Node
Edit Mode
Id Edit Drainage Mode

Delete Drainage Node

[ E R B I L Ll

......

|
(L= L L= e R L]

Rename Drainage Node
Renumber Node

Update All Nodes

Update Modes with Pay Items

Drainage Mode Report - Sump
Drainage Mode Report - On Grade

Open as ToolBox

NOTE: Click Yes that you would like to delete the Node, OK to delete the Network
WEST and NO to Do you want to delete all the components of the network as well?

Step 2.
Step 3.

Follow the same basic procedures to delete Link SS-MHL1.
Edit Link SS-13, to start at the front face of CB-13 towards centerline and end

at the front face of Node CB-12 across the road.

‘H Link Configuration Definition IE__Ez_l
1 Window
Link ID: 4 (5513 -] = :‘:‘gﬁ'i';‘:ﬂcemer o
Details
ira;tTons | Description:
| Definition | From Mode: |CB-13 w | % ToMNode: [CB-12 - |
!Cond'rtinns Length: 72.2571 [7] Use MS Element [l
|Constraints Corfiguration
{?‘_DI:I:IELﬂaTiDn Shape: [Circular = | Materal: [Concrete =
Type [7] Design Size Size: 24 Inch Dia. Circular
@ Pipe [] Design Bamels  Number of Barels: [1 =| Roughness: | 0.013
i) Ditch

[7] Owvemide Library Payitem:
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REMINDER: Use the ID button to the right of the node list to identify the front wall
connection points at nodes CB-13 and CB-12.

1, Default [ro][-E1 |3

D-@g-|AKSQREHY O B HLGE

NOTE: In an actual design, the skew angles would now need to be checked to ensure
the pipe would fit in the catch basin wall.

Step 4. Edit Link SS-14, to go to Node EW-1.

Step 5. Since pipe at EW-1 is now a 36” pipe (from previous exercise) and the side
slope at that location is 2:1, move the location of the outlet from an offset of
56’ to 50’ to account for the length of the end wall and properly locate the
outlet.

Step 6. Reset EW-1's Max Depth to 3.0 (designed pipe size at outlet).

® Viewl, Default =0 =<

Br-O%-|ARIRNHEY 0BG LE
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Exercise 11

Step 7. Add a New Network named WEST with the Outlet Node set to EW-1 (this is
necessary since the network was deleted in Step 1). Highlight the Network to
ensure all components are connected, then Design the Network.

B View1, Default (=]
' B ‘ .y _,.-' | I"-._ ",

.| |:
RB-Qu- AQQNHY O BE|H 2@

Step 8. Update Profile WestRT to End at CB-12 and redraw other profiles as required
based on these modifications.

Optional:

Depending on the drainage areas developed in the previous exercises you may still
have errors in your network. If your hydraulic gradeline exceeds the minimum
freeboard, try increasing pipe sizes to lower the water surface. If the velocity in Link
SS-14 is over the maximum limit try hard coding SS-14’s invert elevation at Node CB-14
to lower the slope of that Link.
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11.2 Ditch Network Modification

Initially, we set up a ditch network along a fill line using the Cross Section Based ditch
type to analyze the drainage there. Now we will relocate our ditch nodes and set up our
links as fixed geometry to design a special ditch along that slope to handle the drainage.

Relocate Ditch Nodes and their Drainage Areas

Step 1. Goto Component > Node > Edit and select Node DIT-1.
Under Location, change the station to 9+25 and the offset to 35.23.
This is the beginning of the desired special ditch at the base of the fill slope.
We will define the ditch link later as a “V” ditch with 2:1 side slopes although it
will be at the existing ground elevation here at the beginning.
# Node Configuration - Location | = ]
NodelD:ﬂ DIT-1 b ﬂ %‘:‘\:i;:“o;tCenter E ﬁ ﬁ M @
Details
Options Chain: Profile:
F'ropelrtie.s Coordinates / Stationing
l;;:zganriteria Align: [TangenttoChain '] ﬁ + Angle: | 0.000
Elevations Station: | 8+25.00 XK 3484943
Junction Loss 4{?)
Dis;arge Opsions Offset: 35330 J Y: 3056.086
Computations : Offeet from Gutter to Inlet: | 0.000
Click Apply.
Step 2. Use methods described previously to rebuild the DIT-1 drainage area for the

new location, establish a time of concentration, apply land use areas and

compute discharge.

ﬁ( Drainage Area Definition

areain: 4| o ~ »
Details

Options Description:

Definition

Subareas Drainage Area: | 0.835

Computation

Hydro. Method
0 Rational
©) scs

Base C Value: | 0.350

Time of Conc.: | 5.872

I:‘ Window Center

[ Highlight

Area Selecti

Select
Shape

Pick Boung
Element|

=

ﬂ Drainage Area Computations

= -

arcaiD: 4| D= v

Details

Options

Definition

Subareas Total Subareas:

Eomeutsion Remainder:
Hydro. Method Coteosies
@ Rational Computed Intensity:
(T) scs

Computed Discharge:

|:| Window Center

[ Highlight

Area C Value
0.834 0.300
0.001 0.350
0.835 0.300
6.736

1.688

Click Apply to save the changes.
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Step 3.

Step 4.

Exercise 11

Go to Component > Node > Edit and select Node DIT-2.
Under Location, change the station to 10+48 and the offset to 36.00.

This is the point where we will achieve the 1 foot depth in our special ditch. At
this location the ditch link will be a “V” ditch with 2:1 side slopes and is offset
from the fill slope tie by 2 feet.

= -5

ﬂ Mode Configuration - Location

Window Center
Node ID:_4] [DiT2 gl EH' okt al gl %] el 4
ighlig
Details
Options [#] chain: Profile: [DESIGNCL ¥
Properties Coordinates / Stationing
Location B
S : S # .

Spread Criteria Align: [TangenttoCham ] J + Angle: | 0.000
Elevations Station: | 10+48.00 X: 3605.606
Junction Loss ;

Offset | 36.000 Y. 303221
Discharge Options =&
Computatiens D Mirror Node Offset from Gutter to Inlet: | 0.000

Click Apply.

Use methods described previously to rebuild the DIT-2 drainage area for the
new location, establish a time of concentration, apply land use areas and
compute discharge.

Remember ...ditch node drainage areas should include the area for the
current node as well as any others previously defined that contribute to the
ditch drainage network.

ﬁ Drainage Area Definition

= o S

weaiD: 4| iz = [ | Window Center| 4 Drainage Area Computations = - S
' [ Highlight
) Window Cent
Details areaiD: 4| [Dir2 ] »l E B I .
Options Description: _ e
Definition - Area Selecti Detals
Subaress Drainage Area: | 0.83% Options Area C Value S
Computation Base C Value: | 0.350 Select Definition Di hp
Time of Conc. | 5.266 Shape| Subareas Total Subareas: 0.832 0.300 Er=e s
- : Co tati .
Hydro. Method Compute TC Pick Boun mpLiEnaon Remainder. 0.007 0.350
(@) Rational Elemen .
z scs Hydro. Method Composite: 0.839 0.300
- '.G:D.' Rational Computed Intensity.  65.906
1) 8Cs Computed Discharge: 1.740

Click Apply to save the changes.
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Step 5.

Go to Component > Node > Edit and select Node DIT-3.

Under Location, change the station to 11+85 and the offset to 43.00.

This is the beginning of the final ditch slope and to mitigate the steeper slope
and resulting increase in velocity we will change the ditch link section to a 2
foot wide trapezoidal shape, 1 foot deep with 2:1 side slopes and is offset
from the fill slope tie by 3 feet.

ﬂ Mode Configuration - Location

=HIEl X

; ; Window Cent
Node ID: 4| D3 ]+ E ol el %] el 4
1ignhg
Details
Options Chain: Profile: [DESIGNCL ¥
Properties Coordinates / Stationing
Location o -
Spread Criteria Align: [TangenttaCham ] ﬁ +Angle: | 0.000
Elevations Station: | 11+85.00 X: 3738.849
Junction Loss ) i _
Discharge Options Oﬁset. 43.000 Y. 2899.587
Computations l:‘ Mirror Node Offset from Gutter to Inlet: | 0.000
Click Apply.

Step 6.

Use methods described previously to rebuild the DIT-3 drainage area for the

new location, establish a time of concentration, apply land use areas and

compute discharge.

ﬂ Drainage Area Definition

=Nl X

ﬂ Drainage Area Computations

=Nl X

Area ID:ﬂ ﬂ E:z:;;:;cemer
Details

Options Description:

Definition

Drainage Area: | 0.381 Area Selecti

Subareas
Computation Base CValue: | 0.350 Select
Time of Conc.: | 5.000 |:Shape
e, (Mzies Compute TC Pick Bound
@/ Rational Element|
() scs

Window Cent
areaiD:_4| D3 ~] O indow Center
D Highlight
Details
Options Area CValue
Definition
Subareas Total Subareas: 0.367 0.300
Eompuiakion Remainder:  0.015 0.350
Hydro. Method Composite: 0.381 0.302
0 Rational Computed Intensity: 6980
€ scs Computed Discharge: 0.804

& 4l %l al

Compute
Discharge

Click Apply to save the changes.
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Exercise 11

Step 7. Go to Component > Node > Edit and select Node DIT-4.
Under Location, change the station to 13+28 and the offset to 72.00.

This is the outlet for the special ditch and is shifted away from the fill slope tie
to lead into the current existing drainage path.

# Node Configuration - Location | = X

J J I:I Window Center m

NodeD:_4] [DIT4 | » e | ] 25wl &l |

I:I Highlight

Details

Options [#] Chain: [/] Profile: [DESIGNCL ¥

Properties Coordinates / Stationing

Location o :

Spread Criteria Align: [TangenttaCham ] ﬁ +Angle: | 0.000

Elevations Station: | 13+28.00 X 3885021

Junction Loss ) é _

Discharge Options Oﬁset. 72.000 Y: 2952.392

Computations l:‘ Mirror Node Offset from Gutter to Inlet: | 0.000

Click Apply.

Step 8. Use methods described previously to rebuild the DIT-4 drainage area for the
new location, establish a time of concentration, apply land use areas and
compute discharge.

H Drainage Area Definition = S l

preain: 4 (D =y [] window Center ] M Drainage Area Computations [il_l—ﬂ
' [ Highlight 4
i Window Cent
Detailz Area ID:ﬂ DIT-4 - ﬂ EHi:h;::“ nter ﬁ ﬂ E E
Options Description: Tl :
Definition ; P — Details
Subareas Drainage Area: | 0.931

Options Area CValue
. - Compute
Computation Base C Value: | 0.350 Select Definition Total Suba 0 025 Do
of ubareas: 0.885 .
Time of Conc.: | 5.000 Shaoe Subareas

Computation

Hydro. Method Compute TC Pick Bounda Remainder: 0.046 0.350
(@) Rational Elements .
= Hydro. Method Composite: 0.931 0.326
) 8Cs _
@) Rational Computed Intensity:  6.920
) scs

Computed Discharge: 2117

Click Apply to save the changes.
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Final layout of revised ditch nodes and drainage areas.

Step 9. Since Node DIT-4 is an outlet type, it will not consider the drainage area
developed for it. In order to ensure the final ditch link, DIT-3, will be adequate
for the capacity at the end we will need to link the DIT-4 drainage area to it.

Go to Component> Node> Edit and select node DIT-3. Under Discharge
Options click on the option to Link Base Flow Area and set to include the
DIT-4 drainage area.

.H Node Configuration - Discharge Options | = | ‘-EE—I

Window Center

Node ID: 4| (DIT-3 v] » ittt | sl X% 'l 4] | Aeoly |

Detailz

Options @) Use Computed Discharge

Properties Supplied Discharge:  3.500

Location

Spread Criteria Disable Inlet Calculations Capacity: | 0.0000

Elevations o | Link Base Flow Area - |

Junction Loss
Discharge Options
Computations
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Exercise 11

Redefine Ditch Links with Fixed Geometry & Invert Elevations
Step 1. Goto Component > Link > Edit and select Link DIT-1.
Under Definition, make the following changes:

Ditch Type: Fixed Geometry
Ditch Width: 0 (Toggle OFF Design Width)
Ditch Depth: 1 (Toggle OFF Design Depth)

Side Slope Ratio Left (H:1): 2.00
Side Slope Ratio Right (H:1): 2.00

ﬂ Link Configuration Definition

= X

i H Window Center -
e ﬂ §|D|T_1 'lﬂ Highlight ﬂ ﬂ ﬁ ﬂ Iﬂ/
Details
Options Description:
Definition From Node: E To Mode: E
Conditions Length: 123.0024 oo MS Element ﬂ

Constraints
Computation

Type
Pipe
(@) Ditch

Configuration

Ditch Type: |Fixed Geometry -

Ditch Width: | 0.0000
Ditch Depth: | 1.0000

Side Slope Ratio Left (H:1): | 2.0000

Roughness: | 0.027

Design Width
Deesign Depth
Right (H:1}: | 2.0000

These settings define a “V” ditch at a 1’ depth with 2:1 side slopes.

NOTE: You can use the Design Width or Design Depth options individually but it is
not recommended to use both at the same time. The software will always use the
Minimum Rise value under Constraints for the depth and only adjusts the width if

needed from that point.

Step 2. Under Conditions, make the following changes:
From Node Invert: 867.599 (existing ground elevation)
To Node Invert: 865.058 (1 foot below existing ground elevation)

= S

ﬁ( Link Configuration Conditions
Window Center
LinkID: _4] [DIT-1 > | b + / Appl
in J J Highlight ﬂ ﬂ ﬁ ﬂ
Details
’ Profile Conditions
Opt
p.ID.I'TS From Node Slope To Node
Definition .
Conditians Min Cover: 867599 1253 866.058
Constraints Soffit 995999599 0.030 995999599
Computation Invert 867500 |/ £65.058
Type Max Depth:  867.59% 1.253 866.058
Pipe
@) Ditch

v

These settings provide the transition
from existing ground to the 1’ depth.

NOTE: The large numbers you may
see specified for Soffit elevations
can be ignored. These values are a
result of the previous application of
the Cross Section Based ditch type
where these values are not
applicable. When the ditch network
is redesigned, the Soffit elevations
will be recalculated.
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Step 3. Under Constraints, make the following change:
Minimum Rise: 1.000 (to allow for defined 1 foot depth)

. Link Configuration Constraints l = S
p : Window Center
Link1D: _4] {DIT-1 > b O + y Appl
in J [ ]J DHigh“ght ﬂ ﬂ ﬁ ﬂ
Details
Options Design Constrla i.nts .
— Minimum Maximum
Definition )
Cenditions Rise: | 1.000 4.000
Constraints Slope: | 0.400 11.000
Computation Velocity: | 3.000 12.000
Type
() Pipe
(@) Ditch

Step 4. Click Apply to save the changes to link DIT-1.

Step 5. Inthe Link Configuration Definition dialog go to Link DIT-2.
Under Definition, make the following changes:
Ditch Type: Eixed Geometry
Ditch Width: 0 (Toggle OFF Design Width)
Ditch Depth: 1 (Toggle OFF Design Depth)
Side Slope Ratio Left (H:1): 2.00
Side Slope Ratio Right (H:1): 2.00

# Link Configuration Definition El_‘i:—hJ
LinkiD: 4| {DiT-2 ¥ p| [ Windowcenter )y s |
d : [ Highlight
Details
Options Description:
Definition From Mode: |DIT-2 b E To Mode: |DIT-3 A E
Conditions Length: 137.1787 [ Use MS Element 11|
Constraints Configuration
Computation Ditch Type: [Fixed Geometry Y] Roughness: | 0.027
Type Ditch Width: | 0.0000 [] Design width
K= Ditch Depth: | 1.0000 [ Design Depth
'@) Ditch Side Slope Ratio Left (H:1): | 2.0000 Right (H:1): | 2.0000

These settings define a “V” ditch at a 1’ depth with 2:1 side slopes.
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Exercise 11

Step 6. Under Conditions, make the following changes:
From Node Invert: 865.058 (1 foot below existing ground elevation)
To Node Invert: 860.678 (1 foot below existing ground elevation)

ML Link Configuration Conditions l = ﬁl
Window Center
LinkID: _4| |DIT-2 >| b O ¥ A ¥ 2 Apply
in J J D Highlight J J J d
Details
- Profile Conditions
Options From Node Slope To Node
Definition )
re—— MinCover: 266058 3.193 861.673
Constraints Sofit 99999999.% 0015 [[] o999gssas| ]
Computation Invert 865.058 | 860678 W
Type Max Depth:  B66.058 3.193 861.678
() Pipe
(@) Ditch

These settings maintain the 1’ depth below the existing ground.

Step 7. Under Constraints, make the following change:
Minimum Rise: 1.000 (to allow for defined 1 foot depth)

M Link Configuration Constraints l = . S
§ i Window Center
LinkID: _4] {DIT-2 v b O bd BV - m
in J [ ]J DHighIighT J J J d -
Details
Options Design Constr_a i_nts _
Minimum Maximum
Definition )
Conditions Rise: | 1.000 4.000
Constraints Slope: | 0.400 11.000
Computation Velocity: | 3.000 12.000
Type
() Pipe
(@) Ditch

Step 8. Click Apply to save the changes to link DIT-2.
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Step 9. Inthe Link Configuration Definition dialog go to Link DIT-3.
Under Definition, make the following changes:
Ditch Type: Eixed Geometry
Ditch Width: 2 (Toggle OFF Design Width)
Ditch Depth: 1 (Toggle OFF Design Depth)
Side Slope Ratio Left (H:1): 2.00
Side Slope Ratio Right (H:1): 2.00

M Link Configuration Definition El_‘éj
] : Window Cent
LinkiD: 4| {piT3 Ml EH.'”hf“:t i V-
lgnhg
Details
Options Description:
Definition From Node: |DIT-3 -~ E To Node: |DIT-4 A E
Conditions Length: 153.6017 [ | Use MS Element 11
Constraints Configuration
Computation Ditch Type: |Fixed Geometry ~| Roughness: | 0.027
Type Ditch Width: | 2.0000 [7] Design width
(I Ditch Depth: | 1.0000 [ Design Depth
(@) Ditch Side Slope Ratio Left (H:1): | 2.0000 Right (H:1): | 2.0000

These settings define a 2’ wide trapezoidal (flat bottom) ditch at a 1’ depth
with 2:1 side slopes.
Step 10. Under Conditions, make the following changes:
From Node Invert: 860.678 (1 foot below existing ground elevation)
To Node Invert: 850.037 (existing ground elevation)

M Link Configuration Conditions l = ]
Window Center
LinkD: 4] |DIT-3 | b O W s w m
in J J I:‘ Highlight J J J d -
Details
- Profile Conditions
Opt
B From Node Slope To Node
Definition )
Condiions Min Cover:  861.678 7579 850.037
Censtraints Soffit 000000009 0062 || oooogooog |
Computation Invert 360.678 W 850037 W
Type Max Depth:  861.678 7.579 850.037
I::I Pipe
(@) Ditch

These settings provide the transition from the 1’ depth back to the existing
ground elevation at the end of the ditch.
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Exercise 11

Step 11. Under Constraints, make the following change:
Minimum Rise: 1.000 (to allow for defined 1 foot depth)

M Link Configuration Constraints { = | ‘ﬂh‘
; : Window Center
Link 1D: _4] {DiT-3 il P2 ] ¥ A F Apply
in J [ ]J DHighIight J J J d
Details
Options Design Constr_ai_nts .
Minimum Maximum
Definition ;
Conditions Rize: | 1.000 4.000
Constraints Slope: | 0.400 11.000
Computation Velocity: | 3.000 12.000
Type
() Pipe
(@) Ditch

Step 12. Click Apply to save the changes to link DIT-3.
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Redesign Ditch Network & Review
Step 1.

Step 2. Go to Network > Design.

Step 3.

Go to Network > Active Network and select WEST DIT.

Review any errors that are generated by the redesign of the network and

close the text editor. (See Appendix C for common errors and fixes)

ﬂ Text Editor: ..\drainage\drgmsg.txt

| = |

File Edit
O|z|a| 4| @ |~

Criteria

Min Depth Exceeded at Downstream of Li

hGL Blowout upstream of Link DIT-1 minimum freeboard not achieved
Min Depth Exceeded at Upstream of Link
Min Depth Exceeded at Upstream of Link

DIT-1
DIT-2
nk DIT-3

Line: 1 Col: 1

Step 4. Review computation results

Go to Component > Link > Edit and review the link computations for links

DIT-1, DIT-2 & DIT-3.

ﬂ Link Configuration Computations

=HIEl X

Link 1D: ﬂ DIT-1 - ﬂ
Details
Options HGL Blowout at upstream end
Diefinition Upstream Soffit= 868599
Cenditions Exceeds Maximum
Constraints Downstream Soﬂit = B866.058
Computation Exceeds Maximum
2 Downstream Invert= 865.058
Type Lower than Allowed
— Flow is supercritical
) Pipe
(@) Ditch

I:I Window Center
[ Highlight

A A2

M| »

Allowed by Envelope = 867.599
Allowed by Envelope = 866.0528

by Envelope = 866.058
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Exercise 11

Go to Reports> Storm Drains\Links> Link Hydraulic Computations.

,'4 Storm Drain Hydraulic Calculation Summary for Network WEST DIT - Calculations Current | = | . S
Upstream Downstream  Upstream Downstream Uniform Actual
D 1D D HGL HGL Discharge | Capacity Slope | Loss | Velocity Depth | Velocity Depth
DIT-3 DIT-3 DIT-4 861.234 850.395 5.888 42.042 6.926 0.020 6.053 0358 6.053 0.358
DIT-2 DIT-2 DIT-3 865.807 861.303 3.289 11.502 3203 0049 4211 0625 4211 0625
DIT-1 DIT-1 DIT-2 868.26% 865.586 1.688 9.252 2066 0134 3023 0528 3.023 0528
E Window Center
ASCIl File: g Edit Highlight Apply

Step 5.  Zoom in on the ditch profile graphics.

The profile has been automatically updated and reflects our new proposed
ditch definitions.
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Exercise 12

Reports

This exercise shows the user the report options by creating standard and customized reports.

12.1 Create Customized Reports

Step 1. Select Reports > Generate from the Drainage Menu Bar or Drainage
Generate Report from the Drainage Toolbar:

ﬂ DRAINAGE - DrainageProject.gdf - [WEST Active] | 2|

| Project Component MNetwork | Reports | Utilities  Tool Boxes ‘

il

7,
Drainage Areas Lo
ety i ‘Vrf’ Drainage Area Report
Storm Drains/Links » | S e i

‘#?, ag Drainage Mode Report - Sump

ﬁuilder... ‘—%ﬁf Drainage Mode Report - On Grade
Generate =

Drainage Link Report - Computations

Drainage Report Builder

1
2
3
4 Drainage Link Report - Configuration
3
6
s

Drainage Generate Report

Open as ToolBox

Step 2. Use the browse button to select report format file TDOTnodesFULL.drf (from
C:\Users\Public\Geopak Standards\). Click in the Output File Name area and
type in nodes.csv as the file name. Click Generate to create the report file.

( M Generate Report A— C=Rrel X

Drainage Report Format File: | tandards . TDO TrodesFULLAS | @

Cutput File Name: | nodes.csv Q,

Step 3. Use Excel to open and review nodes.csv report file.
Step 4. Access report format TDOTIlinksFULL.drf and generate links.csv report file.

Step 5. Use Excel to open and review links.csv report file.
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12.2 Excel Tab Builder
Step 1. Open Excel and click File > New

Step 2. Click My templates > TDOT English Tab Quantities > Storm Drainage
Structure Tab Builder

Step 3. Click Build Catch Basins and Manholes Block.

Step 4. Navigate to the project folder, select the file nodes.csv created in Exercise
12.1 and click open. The tab block is created.

CATCH BASINS
J TYPE 12 | TYPE 12 | TYPE 42 | TYPE 43
SHEET| LOCATION STATION | OFFSET|DRAINAGE|GRATE/TOP|STRUCTURE INSIDE DEPTH [STANDAROD C.B. CcB. C.B. C.B. REMARKS
NO. (FT.) CODE ELEV. TYPE [DIMENSION (FT.) PDRAWINGY 611-12.01| 611-12.02 | 611-42.01 | 611-43.02
-4 4-8 0 -4 4-8

‘ CL 11+45.00 26 CB-13 865.16 #12 4X3 459 1
CL 12+00.00 -26 CB-12 863.9 #12 4X3 59 1
CL 14+00.00 -26 CB-14 860.14 #12 4X3 6.64 1
CL 3+70.00 -26 CB-1 880.97 #12 4X3 3.88 1
CL 3+70.00 26 CB-2 880.95 #12 4X3 4.05 1
CL 3+70.00 35 CB-5 881.51 #42 4X4 38 1
CL 6+20.00 -26 CB-3 87468 #12 4X3 524 1
CL 6+20.00 26 CB-4 874.66 #12 4X3 3.88 1
CL 6+20.00 -50 CB-7 87411 #43 8X4 4.42 1
CL 8+00.00 26 CB-9 870.78 #12 4X3 421 1
CL 8+00.00 38 CB-10 872.38 #43 8' DIA 4.49 1
CL 9+30.00 -26 CB-6 868.55 #12 4X3 4.42 1
CL 9+30.00 -35 CB-8 869.19 #42 4X4 38 1
CL 9+30.00 26 CB-11 868.52 #12 4X3 4.38 1

TOTALS 2 8 2 2

Step 5. Repeat Step 1 through Step 4 using the links.csv file and the Storm
Drainage Pipe Tab Builder

STORM DRAINAGE PIPES
EROM To RCP CLASS Il
SHEET %o 607-03.02 607-05.02 607-06.02 607-07.02
NO. CODE OUTLET| CODE INLET | GRADE 18 24 30 36
ELEV. ELEV. (L.F.) (L.F.) (L.F.) {L.F.)

CB-1 [ 87709 | CB-3 | 870.93 | 2.50 246

CB-2 | 87690 | CB-4 | 87095 | 242 246

CB-3 | 86944 | CB-6 | 86430 | 1.68 306

CB-4 | 87078 | CB-9 | 867.07 | 211 176

CB-5 | 87771 | CB-2 | 87707 | 982 6

CB-6 | 864.13 | CB-12 | 859.65 | 1.68 266

CB-7 | 86969 | CB-3 | 869.61 0.40 19

CB-8 | 86539 | CB6 | 86480 | 9.13 6

CB-9 | 866.57 | CB-11 | 864.31 1.79 126

CB-10 | 86789 | CB-9 | 867.07 | 11.00 7

CB-11 | 864.14 | CB-13 | 860.74 161 21

CB-12 | 858.00 | CB-14 [ 854.00 [ 2.10 191

CB-13 | 860.57 | CB-12 | 85965 | 127 72

CB-14 | 853.50 | EW-1 [ 85042 | 4.18 74
TOTALS 688 1000 191 74
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12.3 Standard Reports

Exercise 12

Geopak Drainage also provides several standard reports which are useful during storm
drainage network design. The current Active Network will determine which drainage

features are listed.

Step 1. Select Reports > Drainage Areas from the Drainage Menu Bar.
ﬂ Drainage Area Summary l = —
Identification Runoff C Drainage Area | Time of Conc. | Time Used Intensity Discharge &
CB-1 0.794 0.263 5.00 5.000 6.980 1.457
CB-2 0.590 0.452 5.00 5.000 6.980 1.864 |
CB-3 0.470 0.539 562 5624 6.805 1.725 3
CB-4 0.470 0.547 5.00 5.000 6.980 1.793
CB-5 0.300 1.023 5.00 5.000 6.980 2146
CB-6 0.750 0.257 5.00 5.000 6.980 1.343
CB-7 0.300 5778 643 6.428 6.580 11.409
CB-8 0.300 1.103 5.00 5.000 6.980 231
CB-9 0.393 0.708 579 5.795 6.757 1.904
23+20 0475 20628 2580 25795 3774 36.978 i
Network: | All Networks - E l:‘ Window Center

ASCII File: Ql Edit [ Highlight Apply

Step 2. Select Reports > Inlets> On Grade Inlets from the Drainage Menu Bar.
ﬂ On Grade Inlet Computation Summary l = X
Ponded

D Type |Discharge |Width |Depth |Slope |Length Width |Depr. |Capacity |By Pas: To Node

CB-1 Grate 1457 5123 0232 2515 3021 1813 n/a 1.200 0.257 CB-3

CB-2 Grate 1.864 6004 0250 2515 3021 1813 n/a 1.441 0423 CB+4

CB-3 Grate 1.981 6227 0255 2515 3021 1813 nia 1.507 0474 CB-6

CB-4 Grate 2216 6644 0263 2515 3021 1813 nia 1634 0581 CB-9

CB-6 Grate 1.318 6.624 0262 1.710 3021 1813 n/a 1.408 0409 CB-12

CB-9 Grate 2.486 7.842 0287 1.710 3.021 1813 nla 1.779 0.706 CB-11

CB-11 Grate 1.303 5411 0238 1.710 3.021 1813 nla 1.089 0.214 CB-13

CB-12 Grate 1.517 5956 0249 1.710 3.021 1813 nfa 1.226 0.281 CB-14

CB-13 Grate 1.096 8974 0217 1.710 3021 1813 nla 0.871 0225 CB-14

CB-14 Grate 2207 5385 0288 1710 3021 1813 nia 1.771 0436 Unassigned
Network: | All Networks - E |:| Window Center

ASCII File: el Edit [ Highlight Apply

Sag Inlets

ﬂ Sag Inlet Computation Summary = )
Discharge Ponded Width Slope Ponded

1D Type |Discharge Left Right | Left Right | Left Right | Length Width |Depr. |Area |Perim. | Capacity Depth

CB-5 Grate 2.146 2103 0.043 4466 2117 1.000 1.000 nfa n/a nfa 3.600 7600 6.541 0.203

CB-7 Grate 11409 1.141 10.268 3.208 7.809 5000 3500 nfa nia nfa 7.200 15200 13.681 0.390

CB-8 Grate 2311 0046 2265 2069 6770 1000 1000 n/a nia nia 3600 7600 6841 0213

CB-10 Grate 4582 2291 2291 5508 5508 5000 5000 n/a nia nia 7200 15200 13681 0212
Network: Q DWindawCenler
ASCII File: a e [] Highlight
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Step 3. Select Reports > Storm Drains/Links> Link Configuration from the
Drainage Menu Barr.

K Storm Drain Configuration Summary for Network WEST - Calculations Current = 25
Upstream Downstream Upstream Downstream
D D ID Discharge |Length Shape |# Rise |Span |n Slope Invert Invert =
55-14 CB-14 EW-1 31612 73.540 Circ.. 1 3.000 nfa 0.013 4.182 853.500 850.425
$5-12 CB-12 CB-14 30.494 180... Circ.. 1 2500 nfa 0.013 2098 858.000 854.000
55-6 CB-6 CB-12 17.408 265.. Circ. 1 2.000 nfa 0.013 1634 864.128 859.852 L
$5-13 CB-13 CB-12 12.726 72.257 Circ.. 1 2.000 nfa 0.013 1.270 860.569 859.652 3
55-3 CB-3 CB-6 14.399 306... Circ. 1 2.000 nfa 0013 1681 869.443 864298
55-8 CB-8 CB-6 2311 6.460 Circ. 1 1.500 n/a 0.013 9127 865.388 864.798
55-11 CB-11 CB-13 12.156 211.. Circ. 1 2.000 nfa 0.013 1611 864.138 860.739
55-1 CB-1 CB-3 1457 246... Circ. 1 1500 nfa 0013 2503 877.090 870.931
55-7 CB-7 CB-3 11.409 19.460 Circ.. 1 2.000 nfa 0.013 0400 869.691 869.613
$5-9 CB-9 CB-11 11.735 126... Circ.. 1 2.000 nfa 0.013 1.795 866.570 864.308 2

Q I:‘ Window Center

ASCII File: al [ et [ Highlight

Link Hydraulic Calculations

“ Storm Drain Hydraulic Calculation Summary for Network WEST - Calculations Current = &
Upstream Downstream  Upstream Downstream Uniform Actual
ID D ID HGL HGL Discharge | Capacity Slope Loss  Velocity Depth | Velocity Depth | «
S5-14 CB-14 EW-1 856.237 851.489 31612 146.718 4181 0851 15703 0982 14.069 1.065
$5-12 CB-12 CB-14 861.997 855.280 30.494 63.904 2097 2031 12181 1.270 12.052 1.280
55-6 CB-6 CB-12 866.140 860.760 17.408 31.583 1.689 0440 9.752 1.107 9.736 1.109 |_
55-13 CB-13 CB-12 862.211 861.997 12.726 27.419 1.277 0141 8129 0997 4.051 2000 |-
S5-3 CB-3 CB-6 872281 865.288 14.399 31.554 1.677 1404 9285 0880 9285 08990
55-8 CB-8 CB-6 866.351 865.120 231 34.138 9.125 0.069 10461 0.274 8311 0322
$5-11 CB-11 CB-13 865.466 861.648 12.156 30.889 1.604 0.010 8746 0909 8746 0909
55-1 CB-1 CB-3 877.737 871.232 1.457 17.878 2.504 0.094 5787 0300 5787 0.300
557 CB-7 CB-3 372.550 872.281 11.408 15.391 0400 0205 5059 1349 3.632 2000
S5-9 CB-9 CB-11 869.185 865.178 11.735 32.600 1.797 1.313 9036 0864 8959 0868 -~
E l:‘ Window Center
ASCIl File: al [ edi [ Highlight Apply
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Exercise 13

Storm Drainage Labeling

This exercise shows the user how to use standard labels by labeling the plan and profile views.
The Labeler automates the composition and placement of many types of labels into the dgn
file. This interactive tool permits the creation of very simple to very complex labels.

13.1 Plan View Labeling

Step 1. Open the Drainage Labeler by selecting Utilities > Labeler from the pull
down menu or Drainage Labeler from the Drainage Toolbar.

Drainag...@
&
# DRAINAGE - DrainageProject.gdf - [WEST Active] ) (], )
é’ﬂ. é’/
| Project Component MNetwork Reports | Utilities | Tool Boxes ‘ ﬁ’ }ﬁb
Mavigator Y’-é:
Conflict Finder o~
s w’ﬁ
Labe}er -léb -lﬁl- 1 Drainage Mavigator
Display 3D =% 2 Conflict Finder
DTM Drainage Tools 4| 3 Drainage Labeler
/ 4 Display 3D Elements
"&T 5 DTM Drainage Tools
=1 Open as ToolBox

Step 2. Click on the Style tab, select Plan Code under the Storm Drainage category
and double click it to make it the active style.

M Drainage Labeler - Style: ..\tdotdef_drainage.lsf -> Plan Code - Active =D e
Style Files Options  Scale  Tools
Text .;' Farams. -Er-Shape || Leader .;' Fotate | IStffles | ':B': i _ 5
: - PR, e, =l et g 1 Lol i, ™ el w8
tem Selectar Style PI‘E."'.I'IEW sis
[ GrateOut-3 IN - A
(A Inlet Elev 4
(8] Cutfall DA &
1] Dl_rtIElev | oo | [ e l
[A Plan Code |
[A Profile Code | P ] [ Dielimit l
[A Profile Pipe x
| Place Label |
MNew Style. Update Style. ..
Automatic: Label
New Category... | Scale : 50.00 ) e |

Step 3. Zoom in to CB-1 in plan view.
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Step 4.
Center.

Step 5.

and view centers at node location.

Click on the Text tab, then click the Nodes icon and toggle ON Window

Click on CB-1 from the node list. Label data is automatically set for that node

e

&L Drainage Labeler - Style: . \tdotdef_drainage.lsf -»> Plan Code - Active
Style Files Options 5Scale Tools
Text Params. | Shape | Leader | Rotate _- Styles
Computed Inserts User Inserts
wle o = P
Bwd /S %
Hement D) [Node Computed Texd
CB-1 - Mode - 1D -
CB-2 = Mode - Description E
CB-3 Mode - Type
CB-4 Mode - Librany kem MName
CB-5 Mode - Library kem Description
CB-6 MNode - Reference Chain
CB-7 > Mode - Reference PGL i
| Highlight  [&] Window Center Mot Awailable

CB-1 -

-——d-e-l-i-m-i-t-—-1-:

§lz

|
|
| Place Label
| Automatic Label

o

Step 6.

Step 7.
label.

Step 8.

Select from the pulldown menu: Scale > Change Scale and change to 50.
Click the Place Label button on the right of dialog to initiate placement of the

Move the cursor to position the label and data point to place the label in the

vicinity of CB-1. If the label text is not horizontal to the view or alignment, you

may need to go to the Rotate tab to set the angle prior to placement.

Step 9.

B View 1, Default

Lﬂ-wwv AQQRIMY I RE

S %G

= e

Move the cursor around and data point once again to locate the leader line
point of beginning (i.e. where you want the leader to connect to the label).
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Exercise 13

Step 10. Click the Style tab and set the active style to GrateOut-OIN with a double
click.

Step 11. Click the Text tab and select CB-1. Click Place Label and data point next to
the Code Label to position the text.

NOTE: For catch basins with one or more inlets, elevation labels will require an extra
step to insert the inlet elevation(s).

Step 12. Place labels for CB-3 which includes 2 inlet pipes.

a. Click the Style tab and set the active style to GrateOut-2IN with a double
click.

b. Click the Text tab and select CB-3. Click Place Label and data point next to
the Code Label to position the text.

c. Click the Style tab and set the active style to Inlet Elev with a double click.

d. Click the Text tab and select SS-1. Click Place Label and data point below
the GT. EL. Text placed in step b.

e. Select SS-7. Click Place Label and data point below the IN. EL. Text placed
in step d.

B View1, Default ===

FIEEE)

Step 13. Place the remaining plan view Node labels.
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13.2 Profi

le View Labeling

Normally the plan view displays most of the data for a catch basin, however, in some
circumstance labels on the profile may be required.

Step 1. Click on the Styles tab and double click on the style Profile Code to activate
it.
Step 2. Click on the Rotate tab and click on Current Angle (If needed set to 0)
( M Drainage Labeler - Style: ..\tdotdef drainage.lsf -> Profile Code - Active | = 28 _iﬁ
Style Files OQOptions  Scale  Tools
[ Text ':f”i:"alams.' | Shape Leader Rotate 1St'_.rles Ch1 - _ _
Sample Output —-—:d—e—l—l—m—:l.—t———l—:
Text Angle - g1z
%] Curent Angle: | 0.000
«#  Hement Angle { .__{I o J '
! : e | T el | | Space | | Retum |
l@& Alignment Angle: | 0.0 IE' ‘| W W | | o I | Deimit |
Set Angle By T | -~ ko i
[ DP | [Bement| [ AA | | Place Label |
Automatic Label .
Step 3. Click on the Text tab and toggle OFF the Window Center Box. This option
works with plan view only.
Step 4. Zoom in on the alignment profile view in the vicinity of CB-1.
Step 5. Click on CB-1 in the node list and then click Place Label.
Step 6. Locate in profile view and place the label.
Step 7. Repeat until all codes are placed for all nodes in the profile view.
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Exercise 13

Leader Line Optional Steps:

Step 8.

Step 9.

Use MicroStation's Match Element Attributes and click on any code
placement.

Use MicroStation’s Place Line to place leader lines from code placement to
node.

B View 1, Default

[E=EE=E =

Br@uv A]QRMY O | BHE|H LG

NOTE:

Pipes are automatically annotated correctly for the plans when the preference file
TDOTStormSewerProfiles-Plan.ppf is used for profile display control. When using
label style Profile pipe to label proposed pipes on the profile ...

Select the link under the Text tab
Go to the Rotate tab and set to Element Angle

Click Element button in the Set Angle By portion of the dialog and identify the bottom of
pipe on the profile to set label angle.

Data point to place label.
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Exercise 14

Design & Computation Manager with
Drainage Links

This exercise shows the user how to use the D&C Manager to control symbology, compute
guantities, which can be used in preliminary estimates, and set pay items for drainage links by
setting the symbology of all pipes and generating pipe quantities for this project.

14.1 Set Link Symbology

Step 1. Select Components > Links > Update With Pay Items from the main menu
bar or Update Links with Pay Items from the Drainage Toolbox.

Drainag..[8
M DRAINAGE - DrainageProject.gdf - [WEST Active] - — (2]
i
| Project | Component | Metwork  Reports  Utilities  Tool Boxes | B 9
Area 3 a /> /L AddDrainage Link
Mode » e '}_J;’_f/" 2 EditLink
| Link v Add ¥ 4 % 3 1dEdit Drainage Link
=. Edt B/l:ﬁ’ 6’ 4  Delete Drainage Link
EI'CI'F”E 4 =2 :.“c’r, & / 5 Rename Drainage Link
D +, K .
Culvert b EJEIete y 6 Update All Links
EDLItiI"Ig » Eename % 7 Update Links with Pay ltems
Land U = Q/c: 8 Drainage Link Report - Configuration
and Uses gpdEtEA” a/cp 9 Drainage Link Report - Computations
Miscellaneous Utilities 4 | T
= Update with Pay Items | =3 Open as ToolBox

Step 2. Utilize the MicroStation command Fit View to view the entire Drainage
Network.

Br-ax-AQQRES O BE|HRE
Fit View

Step 3. Note that the Link symbology has changed to reflect that of the D&C
Manager. All links use appropriate custom line styles and are labeled with
ST's and pipe size.

B View 1, Delailt ||l

GEOPAK Drainage V8i (SELECT Series 2) Design & Computation Manager 14-1



14.2 Label Short Pipe Links

Often we have cases where the pipes are too short for their symbolgy to show as is the
case with the pipes from various drop inlets just off thhe roadway in this project. We
hava a tool available to handle these with a separate label which is available through
D&C Manager.

Step 1. Open the Design and Computation Manager and select item Drafting
Standards> Prop. Drainage> Label ST Pipe.

M Design and Computation Manager | = | = |ﬁ]
File Edit Settings Favorites Help

-] 1] @2 o®] em| W G M

[T Exist. Drainage =
E’Pmp. Drainage

=71 Structures in Plan

(=7 Structures on Profiles

=7 Cross-drains & Median-drains

[C7 Storm Sewer Pipes

[C7 Special Ditches

Plan Cells drainage plan view cells =
Profile Cells drainage profile/culv xsection cells
Rip-Rap Area pattern proposed Rip-Rap area
Flow Direction draw flow direction
Label ST Pipe place proposed storm drainage pipe label
Trench Drain proposed trench drain
18" Pr BR drain proposed 18" Pipe for bridge end drain
[T Guardrail &

Step 2. The Place Prop. Storm Drainage Pipe Label dialog opens and you are
prompted to identify the pipe. Data point on link SS-7, the pipe between CB-7
and CB-3, and the appropriate text is filled in on the dialog.

By default the label will come up as text only at the angle of the pipe. If there
is room, you can place the bale as such along the pipe.

For pipes too short for that, click on the option to Place Label as Flag and
click the Place Label button.

Place Prop. Storm Drainage Pipe Label lﬁj

" F .
Label Text | 24" 5T Scale | 0 —
¥ Place Label as Flag

Flag Terminator

. Place Label | | None = ﬁ

Identify Pipe
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Exercise 14

Step 3. Data poinnt on or near the pipe for the beginnig of the leader and once again
to position the label which is shown dynamically..

Place Prop. Storm Drainage Pipe Label A
n F .
Label Text | 25l Scale | 0 J
[v Place Label as Flag
Identify Pipe | .
Flag Terminator
Place Label | |None

j Cancel |

Step 3. Use the Identify Pipe button to read and label the other short pipe links on
the project.

You may wish to use one of the terminator options for pipes in tight places
with other text and line work.

Place Prop. Storm Drainage Pipe Label

" ’— -
Label Text 16 ST Scale | 30 J
[¥ Place Label as Flag

Identify Pipe )
Flag Terminator
Place Label smal Arrow = Cancel

GEOPAK Drainage V8i (SELECT Series 2) Design & Computation Manager 14-3



14.3 Compute Link Quantities

Step 1. Open the Design and Computation Manager and set the Mode to Compute by
clicking the 'calculator’ icon button.

Step 2. Under Pay Items, highlight the Prop. Drainage category, then click the Add
to Collection button on the Desgin & Computation Manager toolbar.

r — B I
}‘ Design and Computation Manager ‘@&M

File Edit Settings Favorites Help

# id @ =% HE X

Add Highlighted to the Collection

£ Functional
(£ Lkilities - Plan
[~ Pay ltems B
(=3 Curb 70201
£ Curb & Gutter 702-03
[~ Drainage tems
(£1 Crossdrains & Median Draing
27 Sidedrsins
(1 Storm Sewer Pipes
607-41__ permanent slope drain (3l sizes)
(&8 60745, slotted drain (all sizes)
610-07.03 18" Pipe Drain (Eridge Drain)
£11-05.01 trench drains
£11-07.01 class a concrete (pipe endwalls)
&11-07.02 steel bar reinforcement ({pipe endwalls)

m

1

[ Drainage tems

Step 3. Within the Plan Quantity Computation box ensure Extents: is set to Active
Design File. Click the Compute Quantities button for initiation of the report.
Your results may vary.

r = : P

Job: | 01 Q, Exents: |Active Desion Fle | [Inside v]l:[@
Baseline Reference

(Chain =] [CL » | I+ [¥] Begin Station: [0+00.00 |+
Range: | 100.00 End Station: | 29+64.02 | «é»

Hilight During Computation: | -| [ Compute Quantities ]

NOTE: To limit the extent of calculation set Extents: to Station Range, and set the limits
desired in the Baseline Reference portion of the dialog.
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Step 4.

Exercise 14

Select your Export Format. Select CSV By Item for use with standatd

estimate files. Type in drainage.csv for the filename and click on Export.

M computation Results | = &J
Itermn Description Cuantity Unit Export
607-03.02 187 storm sewer pipe Class 3 690.00 LF
607-05.02 24" storm sewer pipe Class 3 1002.00 LF
607-06.02 30" storm sewer pipe Class 3 191.00 LF
607-07.02 36" storm sewer pipe Class 3 74.00 LF

Export Format: [CSVByltem v |  drainage.csv ﬂ Export ¥
Run: Phase: | DesignEstimate i

In the Estimated Roadway Quantities Excel file use the Import CSV File for Iltems command button to
import the data compiled with D&C Manager.

NOTE: This function reads only the item number and quantity from the csv file. Item description and unit
are pulled from the official item number listing.

|;_7," (=] = Estimated Roadway Quantities] - Microsoft Excel |E|EI$J
Home Insert Page Layout Formulas Data Review View Developer Acrobat @ @ = 2 &
= . PR = ] = g=lhsert- I - =
Arial ~|10 - A A = =|=| ¥ =" Wrap Text Text - B! , | 7
B B o=@ 0 WA
Paste B I U-|%5+-&-A-|=|= = i £ S Merge&Center-| $ - % » | %3 ;2 | Conditional Formatas Cell | ... . _ Sort& Find&
> 7 - g o Formatting ~ Table = Styles - 2] Format - Filter ~ Select ~
Clipboard Font ] Alignment MNumber Styles Cells Editing
B6 - f v
A B D E (1] K L]
ey
-
2 ESTIMATED ROADWAY QUANTITIES 1
These programs can also be accessed under View =
&> NOTE: This estimated roadway quantities file is d
4 ITEM NO. DESCRIPTION UNIT |QUANTITY Project Data worksheet. The worksheets with the
5
6 \ For more detailed information on use of the ltem Pr.
7 50703 02 18" CONCRETE PIPE CULVERT (CLASS Il LF 690 http:/fwww tdot state th.us/Chief Engineer/assistant
8 607-05.02 24" CONCRETE PIPE CULVERT (CLASS Ill) LF. 1002
9 607-06.02 30" CONCRETE PIPE CULVERT (CLASS Ill) LF. 191 Select Items Numbers From List ‘ |E
10 607-07.02 36" CONCRETE PIPE CULVERT (CLASS Ill) LF. 74 1
11 ]
12 Fill In Description and Unit ‘ |Z
13
14 Download Items.dat from Web Page ‘ |:
15
16
1; Import CSV File for Items ‘ |;
19
20 Sort Item Numbers ‘
21
22
23 Format Notes Area ‘
24
25 ]
26 Format Item Numbers ‘ E
27
28
29 1 Celumn Format
30 Ev
|
4 4 » ¥ Project Data | Col #1-Est. Rdwy. Quantities ~ Col #2-Est. Rdwy. Quantiies .~ Box Bridge Quantities gif.J/ 4 il »
Ready | B3 | ||| 20% (=} L (+)
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14.4 Alternate Pay Items for Links
Step 1. Open Edit Link and select Link SS-14.
Step 2. In Definition, under the Configuration portion, toggle ON Override Library

Payitem.
ﬂ Link Configuration Definition { = | ‘ﬁl
Window Cent
LinkiD: 4] [ss-14 ']HD sl L2
I:‘ Highlight
Details
Options Description:
Definition From Mode: [CB—‘|4 "’] E To Node: [EW—1 "] E
Conditions Length: 73.5400 [] Use MS Element ﬂ
Constraints Configuration
Computation Shape: Material:
Type I:‘ Design Size Size: 36 Inch Dia. Circular
"?" Pipe I:‘ Design Barrels Mumber of Barrels: Roughness: | 0.013
(") Ditch e e Ty =
| Select Payitem

Step 3. Click on the calculator button to

select an alternate pay item. Go M Select Design & Computation Payitem. . (A=l =lole |
to Pay Items > Storm Sewer File Edit Settings Favorites Help
Pipes > 607-07.03 36” storm # id [ ok ][ Cess |
sewer pipe Class 4.
Double click on the 36” Class 4 g;’;ﬁiﬁ;:'ﬁ” e
Concrete pipe item to switch it (3 Curb 702-01
from the defaulted Class 3 item (53 Curb & Gutter 70203 ‘ ‘
[ Drainage tems
number. (23 Crossdraing & Median Drains l=|
21 Sidedrains E
[ Storm Sewer Pipes
607-02.02 15" storm sewer pipe Class 3

&07-03.02 18" storm sewer pipe Class 3 -

NOTE: All circular concrete pipes are set 8 607-05.02 24 storm sewer pipe Class 3

. . . 607-06.02 30" storm sewer pipe Class 3
up with Class 3 concrete pipe item B8 607-07.02 36" storm sewer pipe Class 3
numbers. When setting up a system of Gl SFIRTE L7 homn Ewer pioe Ceme 3

07-09.02 48" storm sewer pipe Class 3
07-10.02 54" storm sewer pipe Class 3
07-11.03 60" storm sewer pipe Class 3
&07-12.03 66" storm sewer pipe Class 3

median drains for depressed grass
medians then all pipes will need to be set

to use alternate pipe item numbers as 607-13.03 72" storm sewer pipe Class 3
listed under D & C manager category Pay BRI V5 showm acwwes e | femd

. . G07-02.03 15" storm sewer pipe Class 4
Items > Drainage Items > Crossdrains & A 607-03.03 18" storm sewer pipe Class 4
Med | an Drai ns. 607-05.03 24" storm sewer pipe Class 4

&07-06.03 30" storm sewer pipe Class 4
6070703 36" storm sewer pipe Class 4
&07-08.03 42" storm sewer pipe Class 4 x

14-6 Design & Computation Manager GEOPAK Drainage V8i (SELECT Series 2)



Exercise 14

Step 4. Click Apply in the Link Configuration Definition dialog to accept the change.
Follow Exercise 14.1 to update the link graphics.
Follow Exercise 14.3 to re-compute the quantities and see the difference.

M Computation Results l = i&J
Itermn Description Quantity Unit Export
607-03.02 18" storm sewer pipe Class 3 690.00 LF
607-05.02 24" storm sewer pipe Class 3 1002.00 LF
607-06.02 30" storm sewer pipe Class 3 191.00 LF
607-07.03 36" storm sewer pipe Class 4 74.00 LF

Export Format: |CSV Byltem ¥ | | drainage.csv ﬂ Export ¥
Run: Phase: | DesignEstimate i

GEOPAK Drainage V8i (SELECT Series 2) Design & Computation Manager 14-7
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T.D.O.T. Geopak Drainage Nodes A-9

GEOPAK Drainage V8i (SELECT Series 2)
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Appendix A
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Appendix B

Completing Drainage Areas

This exercise shows options for the user to calculate drainage areas not included in the survey
TIN file.

Step 1. Create a TIN Surface for areas outside the Survey TIN. Follow the processes
outlined in the Creating Geopak TIN Surfaces from USGS DEM Data document
available from the Roadway Design Division — CADD Standards and Downloads
website.

Step 2. Merge the project Final TIN with the TIN surface created in Step 1.
a. Open DTM Tools by clicking Applications> GEOPAK> Road> DTM Tools.
b. Within the DTM Tools dialog select Build Merge TINSs.

DM [g]
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T orhan (£
G=0/ o

Build Triangles

Build Lattice

Build Merge TINs

Build Clip TIN

Build Pad

[ =B L R S LI L L

Build Delta TIN

o E i

Open as ToolBox

c. Set Old TIN: to the TIN File created in Step 1. Set Mrg TIN: to the Final
Project TIN file. Create a unique name for the New TIN: file.

M Merge TIN Files | = | |ﬁ]

Mrg TIM: | final tin

e le e

New TIN: | expanded.tin

d. Click Process.

Step 3. Visualize contours for the New Merged TIN utilizing steps from the TDOT
GEOPAK Road Course Guide, Exercise 22b.

Step 4. Use this process with DTM tools presented in this document in conjunction with
MrSID images or other aerial photography to determine approximate flow paths
and drainage areas.

NOTE: MrSID images can be attached by following the process in the Using
MrSID Image Files in MicroStation document.
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http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TINSurfaceFromDEM.pdf
http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TDOTGEOPAKRoadCourseGuide.pdf
http://www.tdot.state.tn.us/Chief_Engineer/assistant_engineer_design/design/v8/TDOTGEOPAKRoadCourseGuide.pdf
http://intranet.tdot.tn.gov/asstchiefengrdesign/Design/v8design/Using%20MrSID%20Image%20Files%20in%20MicroStation.pdf
http://intranet.tdot.tn.gov/asstchiefengrdesign/Design/v8design/Using%20MrSID%20Image%20Files%20in%20MicroStation.pdf

Example image with expanded surface information:
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Appendix C

Common Network Errors and Fixes

This information shows common network errors experienced and possible solutions to correct
them.

Error:

Link SS- # velocity less than minimum desired.
Solutions:

Increase the slope of the pipe/ditch.

Decrease the size of the pipe/ditch (if possible) (Smaller flow area means
higher velocity).

Change the type of pipe/ditch (if possible) (Smoother pipes typically have
higher velocities).

Error:
Link SS - # velocity greater than maximum desired.
Solutions:

Decrease the slope of the pipe/ditch.

Increase the size of the pipe/ditch (if possible) (Larger flow areas means
lower velocity).

Change the type of pipe/ditch (if possible) (Rougher pipes typically have
lower velocities).

Error:
Capacity for Inlet CB - # Exceeded Bypass Flow Unassigned.
Solutions:

Assign a downstream node to accept the bypass.
Use double or other multi-grate catch basin or drop inlet.

Add additional upstream catch basin(s) to ensure all runoff is captured
within the system.

If none of the above are feasible/practical, ensure the bypass flow has a
place to flow into another storm drain system or roadside ditch and the
error can be ignored.

Error:
Computed Ponded Width for Inlet CB - # Exceeds Maximum.
Solutions:

Move closer to upstream catch basin.
Add additional catch basin upstream.

GEOPAK Drainage V8i (SELECT Series 2) Common Network Errors and Fixes C-1



Error:
HGL Blowout upstream of Link SS - # minimum freeboard not achieved

Solutions:
For Storm Sewers: Increase pipe size.
Increase pipe slope.
For Ditches: The top of node should be above the Hydraulic
Grade Line (HGL). Confirm the HGL is below
the soffit and ignore error.
Error:

Min/Max Depth Exceeded at Upstream/Downstream of Link SS- #.

Solutions:
For Storm Sewers: Check held elevations and slopes in the Link
Configurations Conditions dialog.
For Ditches: Confirm node/link elevations are correct and
ignore error.
Error:

Profile Warning for Link SS - #:
—>Minimum Slope used for Positive Drainage
—>Check Held Elevations and Slopes

Solutions:

Check held elevations and slopes in the Link Configurations Conditions
dialog. Make changes as necessary.

Error:
Soffit elevation adjusted for ditches:
Solutions:

No correction required, normal adjustment required when ditch inverts are
held at specific elevations.

Error:

Catch Basin Minimum Depth exceeded on most catch basins,
depth gets progressively deeper from beginning of network to end.

Solutions:

Check Link preferences, turn off rounding of link slopes if on.

C-2 Common Network Errors and Fixes  GEOPAK Drainage V8i (SELECT Series 2)
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