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1 Digital Terrain Modeling for Drainage

Design and Analysis

OBJECTIVES
In this chapter, you will learn more about:
o Displaying DTM features such as contours and triangles.
o Create TIN files from Superelevation Shapes.
o Create TIN files from proposed cross sections.
INTRODUCTION

A Digital Terrain Model (DTM) represents the topography of a project in the form of a triangulated
network. The DTM can be drawn in a 2D or 3D file, and then rotated to see the existing surface of the
project area. The tools associated with the DTM are not related to and are independent of GEOPAK
Drainage.

Digital Terrain Models can be generated from various sources including MicroStation elements, survey
data, photogrammetry data, GEOPAK cross-sections, and geometry data.

. Triangulation is a mathematical process applied to ground points and vertices along
longitudinal features to create planar surfaces. The result of triangulation is the creation of
triangles connecting these points. These triangles are included in the GEOPAK TIN file from
which existing ground profiles and existing ground cross sections can be generated.

ACCESSING
The DTM tool frame can be accessed from the MS Menu: Applications>Geopak DTM
Road>DTM Tools. Then clicking on the DTM menu icon, the user can access & s
the DTM tool bar depicted below. T
e 7N
Settings  Extract Build Edit Drape Load FReports  Analysis  Utilities ;’ :;'
A
SETTINGS

When the Stroking Options tool is selected, the DTM Stroking Options dialog opens.
1ol x]

[ iCurve Stoke Tolerance: [ 000000
™ Minimum Lingar Distance: ID.DDDDD

Two user-defined stroking values can be defined before graphics can be extracted to create a DTM.
Stroking is the process of automatically adding shots to the DTM Input file by interpolating new shots

VDOT GEOPAK Drainage © 2007 VDOT 1-1



Extract Graphics

from the linear and curved sections of the data. If the source topography data is mapped in a 3D-design
file, stroking may be applied. Stroking is not available if the topography data resides in a 2D-design

file.

Curve Stroke
Tolerance

Minimum Linear

Distance

EXTRACT GRAPHICS

The maximum distance between the arc and the chord used to approximate the
arc in the DTM. Stroking is only applied to breaks and contours.

If a linear segment is greater than the Minimum Linear Distance, points are
interpolated and added to the segment such that the distance between the points
in not greater than the Minimum Linear Distance.

The Extract Graphics tool reformats MicroStation elements into DTM input data.

File
Name

File Type

File Open

Feature
Type

1-2

£5 Extract Graphics o ] 4|
File Marne: | gl
File type: _Binary hd
File opern:  Create hd
Feature: Spots hd

tode:  Extraction vI

— Search Criteria

[ LvHames: I— i
[T L Wumbers: I— il
- [Cilars: I— (|
r Styles: | (|
r Weights: | i
I ] Types: | (|
Lell W ame: I— [rigity vI

Match | Dizplay | Reset |

- Extract

The name of the file to be created for storing the input data. The .dat extension is
automatically assigned so you are not required to key this in; however, an alternate
extension may be defined. If file already exists, it may be selected by clicking Files.

Format of the new file. Either format produces the same results. The difference between
the two is ASCII files can be viewed and edited with any text editor while binary files
process faster, but cannot be viewed.

For ASCII file designation, you must define the number of decimal places for the data.

Indicates whether a file is being created (Create) or the user is appending data (Append)
to an existing .dat file.

This notifies GEOPAK of the feature type that the extract graphics will put in the DTM.
Spots — Random survey points. Can also be vertices of a Line or a Line String.

Breaks — Designate linear features such as edges of pavement, ditch bottoms, ridges,
etc. No triangle leg will cross a Break.

Boundary — The external boundary of the digital terrain model — only per .dat file.
Contours — For use in extracting digitized or otherwise imported contours.

Void — Closed shapes representing an area with missing data or obscure areas. (i.e.
ponds, headwalls, concrete pads, etc.). The void coordinates determine void lines, which
are inserted as drape lines on the triangulated surface and do not alter the slope or
elevations of the TIN.

Island — Area within a void that contain data and should be included in the model.

© 2007 VDOT VDOT GEOPAK Drainage



Build Tools

Mode

Search
Criteria

Extract

BuiLD TooLs

Graphic Triangle — For use in extracting triangles from a TIN model that has been
otherwise created or imported.

Drape Void — Same as Void, except the Void’s vertex elevations are ignored and the
triangulated model elevations at these vertex points are utilized.

Break Void — Same as Void, except the void elevations are included in the triangulated
model at it’s X y coordinates; therefore, the slope and elevations are modified on the
TIN surface.

The Extraction mode calculates XYZ data directly from the coordinate values of 3D
MicroStation elements. The Interpolation mode produces XYZ data by interpolating
between spot elevations along linear MicroStation elements. This mode works in both
2D and 3D files wherein the elements are not represented with a defined Z value.

The Select Criteria group box provides options to specify the features to be extracted.
When a "check" is placed in the box next to Levels, the Select box is activated. Then
click the Select button to invoke the Level Mask dialog wherein only those levels you
want GEOPAK to search for when extracting data can be selected. If the Levels box is
not turned on, GEOPAK searches all levels. The same procedure is utilized for other
criteria selections. The three buttons located at the bottom of the Select Criteria group
box Match, Display and Reset enable you to interactively define, highlight elements that
match the search criteria or clear the search criteria respectively.

The Extract group box has several options for data extraction. Complex Chain reads
those elements along adjoining MicroStation elements. Selection Set uses the
MicroStation selection set tools to identify elements to extract. Fence extracts all
elements within a fence boundary. View1, View2, View3, etc. extracts all selected
elements displayed in the selected view.

Tools

LR SR

Menu Bar

Build > Triangle
Build > Lattice

Build > Merge TINs
Build > Clip TIN
Build > Pad

Build > Delta Surface

Included under the Build pull down and icons are options for creating, manipulating and merging DTM
models. This class addresses, in detail, only those options utilized in routine DTM operations.

BUILD TRIANGLES

Tool
T[T sl o= ] 2
DTM Menu Bar Build > Triangle

The Build Triangle tool processes the information stored in a DTM input file (.dat) to create a
triangulated model (TIN). The file extension TIN (which is automatically assigned) represents a
triangulated irregular network.

VDOT GEOPAK Drainage
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Build Tools

gBuiId Triangles ;Iglll

Data File: | site.dat

1o 12

TIM Files | site.tin

Digzokve Option: Mone vI

Data File  The DTM input file where the extracted topological features are stored. The file can also
be selected via Files. If the full path is not given, GEOPAK utilizes the working
directory to locate the file.

TIN File  The filename in which the DTM data will be stored in a binary format. The file can also
be selected via Files if the file exists. If the full path is not given, GEOPAK utilizes the
working directory to locate the file.

Dissolve This option will allow the elimination of external triangles based on the selected option.
Option Note that internal triangles are not affected. The three options are:

None - no external triangles are deleted.

Sliver - long, thin triangles based on a hard-coded formula within the software are
deleted.

Side - external triangles where a side is longer than the user specified length are deleted.

Process Commences the TIN creation process.

ADDITIONAL BUILD OPTIONS

Tool
T | T s | =
Menu Bar Build > Additional Tools

Several additional Build tools are supported, which are detailed in the following table.

Lattice Creates a gridded mesh (.lat) of the triangulated data (TIN) to create a three
dimensional visual display of the topography.

Merge TINs Two triangulated models to be merged together as long as the boundaries of
one model overlaps the other at a minimum of one point. This process creates a
third model (TIN) from the combination of the two existing models.

Clip TIN Creates a new model (TIN) from a portion of an existing model. The area is
defined as internal or external to a user defined polygon.

Build Pad Defines a pad (such as a building) and integrates the pad into the existing
terrain with a variety of slope options.

Build Delta Tin Creates a new model based on the difference between two other models or a
model and elevation surface.

1-4 © 2007 VDOT VDOT GEOPAK Drainage



Reports

REPORTS
Tools
Menu Bar Reports > Duplicate Points
Reports > Crossing Features
Reports > Tin Statistics
Reports > Lattice Statistics
Options under the Reports pull down and tool frame include a way to check for duplicate points or
crossing breaklines, and the ability to generate statistics associated with a TIN or Lattice file. Each
report is described in the following table.
Duplicate Points Reports points with the same x and y coordinates
Crossing Features  Reports intersecting (same xy location, varying z) breaklines or contours.
Triangle Statistics  Displays a summary indicating the total count of each element type and
Lattice Statistics minimum and maximum X, Y, Z ranges for the specified TIN or LAT file.
UTILITIES
Tools =
el Al e 2
Menu Bar Utilities > Convert TIN

Utilities > ASCII to Binary
Utilities > Binary to ASCI|I
Utilities > Check Triangulation
Utilities > Metric to English
Utilities > DTM

Utilities > Import LandXML
Utilities > Export LandXML
Utilities > LIDAR XYZ Tools

Tools under the Utilities pull down and tool frame include a way to check the validity of a triangulated

file, converting trian

gulated files from previous versions of GEOPAK, converting the DTM data file

between ASCII and binary format; as well as exporting the LATTICE information to the Trimble DTX
format. They are detailed in the following table.

Convert TIN

Converts a pre-GEOPAK 98 triangulated file to the current format.

ASCII to Binary
Binary to ASCI|I

Reformats the DTM data file (.dat).

Check
Triangulation

Verifies the integrity of the triangulated file. A message appears indicating
“Triangulation Valid” if the file structure is intact.

English to Metric
Metric to English

GEOPAK TIN files are neither English nor metric. English and metric
preference settings within GEOPAK are for volume purposes and do not affect

Metric to the TIN. This utility converts an entire TIN file with optional translation and
Imperial rotation tools.

Custom

Export DTM This tool utilizes a lattice file to generate a Trimble DTX file, Trimble TTM

file, or Leica GSI file suitable for use in Trimble and Lecia field equipment.

VDOT GEOPAK Drainage
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Import LandXML  This tool is utilized to create a DAT file from a LandXML file.

Export LandXML  This tool is utilized to create a LandXML file from a TIN file.

LIDAR XYZ This tool set is used to process, filter, clip, compare, report, and display
Tools LIDAR data.

LoAD DTM FEATURES

1-6

Tool L |
e
Menu Bar Load > DTM Feature

Load is the process by which we can visualize the DTM data, TIN model, lattice model, and contours.
By selecting the Load DTM Feature icon, the following dialog box appears. The designer can choose
to load the DTM data (.dat), the TIN file (TIN), or the Lattice file (.lat). Each of these files can be
loaded for the model extents, within a fence, or selected view.

g Load DTM Features M= 3
File

LosdFile: Data_ *| |

 Display Preferences

Load:  Estent vI [ Display Only

Feature Level Color [*#feight| Stle | Dizplay =+

g Default 0 0 0 !
Break Lines Drefault 1 a a QOFF
Extd.Contours Drefault 2 ] ] QOFF

Wioids Drefault 3 a a QOFF v
Islands Drefaul 4 0 0 OFF @
Holes Diefault 5 0 0 OFF =]

Activating the Display Only toggle enables you to view the elements without writing them to the
MicroStation file (temporary display). Conversely, deactivating the toggle writes the DTM features to
the MicroStation design file at the defined symbology. These elements can be placed as a graphic
group when Display Only is deactivated.
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Edit Tools

Feature

Major Lines Drefault

b ajor Label Drefault
Minor Lines Drefault

Drefault

ol Activates the display of all Features.
@t Turns off the Display of all Features.
Turns on only the selected Feature. This can also be accomplished by
o activating the toggle (below the list box) or double-clicking on an item
that is turned off within the list box.
Will turn off only the selected item. This can also be accomplished by
7 activating the toggle (below the list box) or double-clicking on an item
that is turned on within the list box.
EDIT TOOLS
Tools
El,, |E- [E =
R e NS
Menu Bar Edit > Triangles

Edit > Duplicate Points

Edit > Crossing Break Lines
Edit > Filter Vertices

Edit > Join Linear Features
Edit > Z Range Clip

GEOPAK supports an extensive range of powerful editing tools, both pre- and post TIN generating.

Triangles

The triangulated model can be dynamically edited in terms of adding, deleting
or moving spot elevations. Break lines can be added, draped or deleted.

Duplicate Points

Interactive editing of points in a DTM data file with the same X and Y
coordinates within the data (DAT) file.

Crossing Break
Lines

Interactive editing of crossing break lines and extracted contours within the
data (DAT) file.

Filter Vertices

Removes vertices from break lines or extracted contours within the data
(DAT) file when located within the specified Tolerance of another vertex.

Join Linear
Features

The Join Linear Feature is useful when the source break line or contour line
consists of several elements containing numerous vertices. In these cases, the
end of one break line is the beginning of the next break line, so the software
utilizes this as two separate break lines. During the Joining process, GEOPAK
changes these from the beginning and end of individual elements to the
beginning and subsequent shots of one element.

Z Range Clip

Deletes individual vertices from the data file (.DAT) based on a user defined
elevation range.

VDOT GEOPAK Drainage
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Lab Exercise: Digital Terrain Modeling

DIGITAL TERRAIN MODEL (TIN)

1-8

( Data File

Feature Types: Spots
Breaks
Voids
Contours
K Boundaries

TRIANGULATION
(Build Triangles)

l

Triangulated Irregular Network

Build Lattice

Build Pad

DISPLAY FEATURES

© 2007 VDOT

Analysis

Ground XS and
Profiles
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Lab Exercise: Digital Terrain Modeling

LAB EXERCISE: DIGITAL TERRAIN MODELING
The purpose of this exercise is to review the triangles of a tin file and to create contours from it.
> Accessing DTM Tools

1. Execute c:\data\geo\vdot\drain1\LABO1_V8ad.EXE.
2. Open the MicroStation file, c:\data\geo\vdot\drain1\h17682.dgn.
3. Access the GEOPAK DTM Tools frame. (Applications > GEOPAK Road > DTM Tools)

> Load DTM Features
1. Select the Load DTM Features icon from the tool frame.

I
S

&
T

_.
i

B

aload DT Feature

g Load DTM Features [_ =] =]
File

) Data || QA Lead |

~ Digplay Preferences

Load: Estent vI ¥ Dizplay Only ¥ Graphic Group

Feature Lewvel Color |*eight Stle | Display =

5 Diefault 0

Break Lines Drefault 1 ] ] QOFF

Eutd. Contours Drefault 2 a a QOFF

\Voids Default 30 0 OFF v
lslands Diefalt 4 0 0 OFF i
Holes Drefault 3] ] ] QOFF LI

2. Change the Load File option to TIN.
3. Select the TIN file located in c:\data\geo\vdot\drain1\survey.tin by clicking the Files icon.

VDOT GEOPAK Drainage © 2007 VDOT 1-9



Lab Exercise: Digital Terrain Modeling

E Load DTM Features M= 3

File

Load File:  TIM vI | survey.tin

Q Load |

~ Digplay Preferences

Load: Estent vI ¥ Dizplay Only

¥ Graphic Group

Feature Lewvel
[Elgls Diefault

TIM Hull Drefault

Contours -
Major Lines Drefault
b ajor Label Drefault
Minor Lines Drefault

Color |*eight Stle | Display =

Bylv Bylv Bylv ON

T 0 0 OFF ot
.. . OFF

Bylv Bylv Bylv OFF v
4 0 0 OFF v

Bulv Bulw Bylv OFF LI

_—

4. Enable the toggles for Graphic Group and the Display Only .

5. Select the Triangles Feature by highlighting in the list box. Notice that initially the display is
set to OFF. You can control the display of an item three ways

o  Use the “lightbulb” icons to the right of the dialog box

e Double-click on an item

e Use the “display” toggle in the lower right corner of the dialog box

Set the Triangles display to ON. At this point your dialog box should resemble the following:

#& Load DTH Features [_ |]

File

Load File:  TIM vI | surve.tin

Q Load |

~ Dizplay Preferences

Load:  Extent "I ¥ Display Only

¥ Graphic Group

Feature Lewvel
iah Default
TIM Hull Default
Contours -
b ajor Lines Default
td ajor Label Default
Finor Lines Default

Color |'Weight Stple

Bylw Bylv Bylw

1 0 0 OFF ot
... OFF

Bylv Bylv Bylv OFF 5
4 0 0 OFF v

Bylv Bulw Bylw OFF ;l

—

1-10 © 2007 VDOT
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Lab Exercise: Digital Terrain Modeling

6. Set the display symbology for the Triangles as indicated below:

Feature Lewvel Color “Weight| Stle | Display =
g Default Bulw Bulw Bylw L%
TIM Hull Drefault 1 1] 1] OFF o
Contours - - - - OFF
td ajor Lines Default Bylw Bwlw Bylw OFF ¥
b ajor Label Default 4 0 0 OFF v
timor Lines Default Bylw Bwlw Bylw OFF ;l

—

7. Click Load and review the results.
8. When complete, toggle OFF the triangles.

9. Select the Contours feature. Activate the Display Feature. Verify that ON is set in the
Display field.

10. Complete the bottom of the dialog box as indicated below. To complete the Minimum and
Maximum Z, click the Read button, which will review the active TIN file and determine these

values.
g Load DTM Features M= E
File
Laad File:  TIM "I |survey.lin Q, Load |

r— Display Preferences

Load:  Estent 'I ™ Display Only ¥ Graphic Group

Feature | Level | Color |'wieight! Style | Display =
Triangles Default Bulv Bulw Bylvw OM i
TIM Hull Drefault 1 I I OFF o

td ajor Lines Default Bylv Bylw Bylw OFF ¥
b ajor Label Default 4 0 0 OFF v
tinor Lines Default Bylv Bylw Bylw OFF ;l

Minor Interval: |1.DDD Major Interval: |5.DDD
Smoath:  Maone VIHegistration: 0.000 Mirimum Area: ID.DDD

Range vI Finimum Z: |1988.418 F aximum Z: |21 35.845

11. Enable the Display Only toggle since we only want to “preview” our contours but not
actually write them to the design file.

12. Activate the Display of the Contour Lines and Labels and set the symbology as indicated

below:
Level Color | Weight | Style | Font | TH/TW Distance
Major Lines Level 10 | 4 3 0
Major Labels | Level 10 | 5 3 0 0 TH=3, TW=3 | 200
Minor Lines Level9 |1 1 0

13. Click the Load button to initiate the process.
14. Close the Load DTM Features dialog box.

VDOT GEOPAK Drainage © 2007 VDOT 1-11



Superelevation Shapes to DTM Tool

SUPERELEVATION SHAPES TO DTM TooL

The Shape to DTM tool reads GEOPAK superelevation shapes and creates a DAT file suitable for use
in the Build Triangles tool in the DTM tool frame. Building this proposed tin of the pavement surface
helps the designer to better analyze the drainage flow due to superelevation conditions (“hidden low
points”, zero slope conditions, etc.)

This tool can be invoked from Applications>Geopak Road>Cross Sections>Superelevation Shape
Manager Tools.

kT Ly ol
ZR T

x|
%\«W\%ﬂ

EShape to DTH Surface [ ]
Job: ID‘I— Q
Chain: Im X
Fram Station: W e
T Station: lm i
Increment v| IW

¥ Plot Elesvation Text

v Create DTH Data File

{Data File: | proposed.daf Q.

Mode:  Create 'l Decimal: 2 ™
Apply |

Job Gpk file where the chains and profiles of the drawn
shapes are stored.

Chain Chain associated with the superelevation shape, i.e.,
shape cluster baseline defined when the shape was
created.

From Station/To Station Lower and upper stationing to be used as the limits of the
DAT file.

Increment/Even The interval of points used for the data file. When

Increment is used, the value is added to the From Station
iteratively until the To Station is reached. When Even is
utilized, the points are taken at even values within the
station range.

Plot Text Elevation When turned on, text is placed at each point included
within the data file.

Data File Data file to be created or appended.

Mode The dat file can be created or a previously created dat file
can be utilized, in which case, the data created in this
procedure is appended to the original data

Decimal Number of decimal places used when creating the Data
file.
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Lab Exercise: Shapes to DTM

Apply Commences procedure.

LAB EXERCISE: SHAPES TO DTM
The purpose of this exercise is to create a proposed dtm from the superelavations shapes developed by
the roadway designers.

» Creating a Proposed DTM

1. Attach the superelevation shapes dgn file: c:\data\geo\vdot\drain1\d17682work.dgn as a
Microstation reference file. (MS Menu: File > Reference)

2. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
3. Select project:17682.prj located in c:\data\geo\vdot\drainl, and click OK.

g Project Manager [_ [T =]

Projects  Directory  Admin

| c\DatahG eohwdothdraind

Filter: I".pri Twpe:  Project vI

Praojects: Directories: o
2. []

[projdbs]

[standards]

[C]

D]

[E] =
Job Murber: 101 Unit Systern: Englizh

Description:

OF. | Cancel |

4. Access User: VDOT.
Project Users: 17682_prj

Uzerz
F'r;qgct Users: User Info
& % Full Mame:
OF Code:
Dezcription:

ok LCancel |

VDOT GEOPAK Drainage © 2007 VDOT 1-13



Lab Exercise: Shapes to DTM

5. Click OK. The Road Project dialog will load. This will setup the proper directories for the
location of the gpk file.

# Road Project: 17682 pij [_[EIx]
File Remember Optiohs
wéorking Directong:

User, ¥YDOT  Job#: 101 |
[ working Alighment Influence Funs

. ) Select Define Port Wiewer
working Alignment | MAIMLINE | | |
Existing | |
Graund . | Ewigting Ground Ewigting Ground Wertical
Dirawe Patters ] ) J
Crozz Sections Profile Alignment
Coordinate |
Geametry | |
Calculate Superelevation Propozed in]
Superelevation | Shapes | CrogzSections: | Models
Horizontal
Alignment |
Plan Wigw J - Earthwark Clo;shs etctlcun
Desgign el
Flan Yiew Tabular
Guantities Summaries | |

Plan & Prafile Linitz af Reparts & XS
Sheets Cohstruction Quantities

Minimize the Road Project dialog box.

7. Access the Superelevation Shapes Manager tools. (Applications > GEOPAK Road >Cross
Sections > Superelevation Shapes Manager Tools).

8. Select the Shape to DTM icon.

[Supere =l
Ealpr AN «@»m@m@c@ﬂ

9. Populate the Shapes to DTM Surface dialog as shown below.

o |
Chain: [MAINLINE =] [§
Fram Station: IW i

To Station: | 222+06.84 L

Increment vI I 5. 000000

™ Plot Elevation Test

v Create DTM Data File

Data File: | \proposed_pavement.dat| €

Mode:  Create vI Decimal 2

Apply |

10. Click Apply to create the proposed_pavement.dat. This file will be created in your active
working directory: c:\data\geo\vdot\drainl.

11. Access the GEOPAK DTM Tools frame. (Applications > GEOPAK Road > DTM Tools)
12. Click OK to accept the Run.
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Lab Exercise: Shapes to DTM

13. Select the Build Triangles icon from the tool frame.

[
S

pap!
s

o

1 }“Nlb_ﬁ
3‘/'—

Build Triangles

!

—+r
o,
¥

% &

£

14. Populate the Build Triangles dialog as shown below.

E Build Triangles !E
Data File: | proposed_pavemert dat Q
TIM Files | proposed_pavement.tin Q

Dizzolve Option:  Mane Vl

Process |

15. Click Process to create the proposed_pavement.tin DTM file.

16. Use the steps in the previous lab exercise to display the new triangles and contours along the
pavement surface.

17. Exit Microstation.
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Proposed Cross Sections to DTM

PROPOSED CROSS SECTIONS TO DTM

The DTM Prop 3D tool locates specified proposed cross section elements and existing ground, and
generates an X, Y, z file of vertices for break lines suitable for use with GEOPAK's Digital Terrain
Modeling. Each cross section generates one break line. In the hierarchy, the path follows (from left to
right) existing ground until a proposed finish element is intersected. The proposed path is followed
until it ties back to an existing ground element.

£ DTM Proposed 3D Report M= B3
Job: I'ID'I Q. Curent Station: |2DD+DD.DDF|'I
Chairi [FMAINLINE =l
Begin Station: | 200+00.00 F 1 | 200+00.00 R 1
End Station: | 220+00.00F 1 | 220+00.00 R 1
Search Criteria
Enisting Ground Line: /‘q‘\ | Drizplay |
Propozed Finizh Grade: /‘q‘\ | Drizplay |
[T Pause on Each xS
SO Filed | proposed dat Q,
Apply |
Job Job which contains the cross section chain.
Chain Chain utilized to generate the existing ground cross

sections or the name on the XSCELL

Current Station Defaults to the lowest stationed cross section in the
file. During processing, the current cross section
being reported is displayed

Begin Station / End Station GEOPAK determines the beginning and ending cross
section station within the MicroStation file and they
are noted below the chain and placed in the key-in
areas. If these defaults are utilized, the report is
generated for the entire set of cross sections.
However, if a report for a smaller range is required,
the user may simply key in the required beginning
and/or ending station.

Search Criteria: Existing Refers to the Microstation symbology used to draw

Ground Line/Proposed Finish the existing ground line and any Microstation element

Grade that makes up the upper layer of the proposed cross
section.

Pause on Each XS When the toggle is activated, the first section is

processed and stops. Each click of Apply processed
another section.

ASCII File Specify the name of the ASCI| file to be generated.
The designer has the option of keying in the file name,
or clicking Files, invoking the Files dialog, wherein
the designer may select the desired file. The file is
placed in the current directory, unless a full path is
specified. If the specified file name already exists, the
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Lab Exercise: Proposed Cross Sections to DTM

file is overwritten with no warning message given.

Apply Commences processing.

LAB EXERCISE: PROPOSED CROSS SECTIONS TO DTM

The purpose of this exercise is to create a proposed dtm from the roadway cross sections developed by

the roadway designers. The newly created dtm will include the existing and proposed elements of the
roadway merged together.

» Creating a Proposed DTM

1. Open the Microstation file c:\data\geo\vdot\drain1\d17682xsmainline.dgn (MS Menu: File >
Open)

2. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
3. Select project:17682.prj located in c:\data\geo\vdot\drainl, and click OK.

g Project Manager [_ [T =]

Projects  Directory  Admin

| c\DatahG eohwdothdraind

Filter: I".pri Twpe:  Project vI

Projects: Diirectories: =
7 | []

[projdbs]

[standards]

[C]

D] B

[E] =

Job Murber: 101 Unit Systern: Englizh

Description:

OF. Cancel |

4. Access User: VDOT.
Project Users: 17682 _prj

R
:MESC;USBW User Info
k Full M ame:
OF Code:
Drescription:

ok LCancel |
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Lab Exercise: Proposed Cross Sections to DTM

1-18

5. Click OK. The Road Project dialog will load. This will setup the proper directories for the

location of the gpk file

# Road Project: 17682 prj
File Bemember Options

IS E3

Wiorking Directaon;
[T Working Alignment Influshce Buns

User ¥DOT  Job#: 101 il

Select Defi Fart Wi
working Alignment [MATNLINE cloct|  Dofne | _PotViowe |
E sizting | |
Giround . Diaw Patters | — Enisting Ground Enisting Ground Wertical
Crozs Sectionz Frofile Aligriment
Coordinate |
Geametry | |
Calculate Superelewvation Fropoged 3D
Superelevation | Shapes | CrosgSections | Models
Horizontal
Aligriment |
Flan Wiew J e Ern;iSetchon
Design [ eets
Plan Wiew Tabular
Quantities Summaries | |
Flat & Prafile Lirnits: of Reports & x5
Shests Conztruction [Quantities

6. Click the Report &XS Quantities button
7. Access the DTM Proposed 3D report.

&S Rep... HIE E3

Lzer

Blue & Fed Top |
Clearing |
Closure |

DT Input |

HEC-2 |
HEC RaS |
Multi-Line |
Fratile Grade |
Radial Staking |
RT40 |
Seeding |
Slope Stake |
Staking Detail |
WSPRO |

25 List |

™| Hilite

© 2007 VDOT
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Lab Exercise: Proposed Cross Sections to DTM

8. Setup the DTM Proposed 3D Report dialog as shown below.

£ DTM Proposed 3D Report [_ [C) x|

Job: |1D1 Q, Current Statiom: |2DD+DD.DDF|1

Chain: [MAINLINE

=l

Begin Statior: | 200+00.00 R 1

| 200+00.00 R 1

End Station: | 220+00.00F 1

| 220+00.00 R 1

9. Click Apply to create the proposed.dat file. This file will be created in your active working
directory : c:\data\geo\vdot\drainl.

10. Access the GEOPAK DTM Tools frame. (Applications > GEOPAK Road > DTM Tools)

Search Criteria =
Existing Ground Line: '_/q"\_il Display |

Proposed Finish Grade: '_/qr"\_il Display |

™ Pause on Each S
ST Filed | proposed.dal Q

Apply |

Existing Ground Line: Lv Name: Level 1

Proposed Finish Grade: | Lv Name: Level 2 thru Level 13

ASCII File

Proposed.dat

11. Click OK to accept the run.

VDOT GEOPAK Drainage

Bun
Mame Time |
Untitled 11/05/2002 14:49:48

Drescription

Untitled

Cancel |

12. Select the Build Triangles icon from the tool frame.

DTH BES|
R
Alei
% 14
& ¥

» T o

rras

uild Triangles|

© 2007 VDOT
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Lab Exercise: Proposed Cross Sections to DTM

13. Populate the Build Trainagles dialog as shown below.

g Build Triangles ME E
Data File: | proposed.dat Q,
TIM Files | proposed.tin Q

Dizzolve Option;  Hone vI

Process |

14. Click Process to create the proposed.tin file

15. Use the steps in previous lab exercises to display the new triangles and contours along the
pavement surface.

16. Exit Microstation.
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OBJECTIVES

Learn how to use different Geopak DTM, shapes and VBA tools for the analysis and creation of
drainage areas in a project.

INTRODUCTION

Drainage Analysis

A Digital Terrain Model (DTM) represents the topography of a project in the form of a triangulated
network. The DTM can be drawn in a 2D or 3D file, and then rotated to see the existing surface of the

project area. The tools associated with the DTM are not related to and are independent of GEOPAK

Drainage.
ACCESSING

The DTM tool frame can be accessed from the MS Menu: Applications>Geopak DT

Road>DTM Tools. Then clicking on the DTM menu icon, the user can access =l 2

the DTM tool bar depicted below. Tﬁ’ -

A,

=i

Seftingz  Ewtract Build Edit Drape Load Beports  dnalesis Utilites /_\' o

15

=P

ANALYSIS TOOLS

Tools

nolysis x
i @ EY X R A Dk

Menu Bar

Analysis > Height

Analysis > Profile

Analysis > Volumes

Analysis > Elevation Differences
Analysis > Slope Area

Analysis > Themes

Analysis > Drainage Tools
Analysis > Visibility

Analysis > Trace Slope Path
Analysis > DTM Camera

Analysis > Trench Volumes

VDOT GEOPAK Drainage
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Analysis Tools: Drainage

The Analysis tools allow you to visually analyze the digital terrain model utilizing numerous tools as a
profile analysis, thematic analysis, drainage flow patterns, and visual portions on the model from any

given location.

To determine the height and other associated data dynamically based on

Height . : o
user-defined data points within the model.
Profile View a profile based on a user defined MicroStation element.
Volumes To compute the volume between two TIN models, the volume between a

TIN model and a plane, or the cut and fill totals between two TIN models
while applying a shrinkage/swell factors.

Elevation Differences

Will display the elevation difference or the amount of cut and fill between
two TIN models, or a TIN model and a plane of constant elevation.

Slope Area

The Slope Area tool displays the horizontal area and actual slope area
(area following the terrain of the Model).

Themes

Displays the digital terrain model based on different user definable
themes such as elevation ranges, slope percentage, slope degree, or
aspect.

Drainage

Displays and analyzes drainage patterns within a TIN model. Tools
include delineating watersheds, drawing flow arrows, determining
upstream and downstream traces, finding high and low points, and ridge
and sump lines.

Visibility

Based on a user-defined point of origin, GEOPAK visually displays
which triangles can and cannot be seen, or what is visible between two
points.

Trace Slope Path

Traces a path along a TIN file using a user specified slope and method.

DTM Camera

Allows a 3d visualization camera for the DTM

Trench Volumes

Compute the excavation volume needed along the drainage pipes.

ANALYSIS TOOLS: DRAINAGE

2-2

These are available tools within the dialog.

E Delineate All Watersheds ==
TN Fied I Q
Options

BB S Sy

[~ Display Only “Watersheds

" Load Within Fence =
[~ Set Graphic Group Zero Slope Areas
Iiiirnurn Lo | =
Paint Depth: | 0.000 Yaid Areas

" Refine ‘W atershed || =

Apply |

Delineate All Watersheds

Displays the watershed boundaries that exist within a DTM.
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Analysis Tools: Drainage

A Watershed is defined by either a low point within the TIN
or a low edge point along the TIN hull. MicroStation shapes
may be created for each watershed contained in the TIN.
Two important options to consider are:

e  Minimum Low Point Depth: A DTM has many
low points in which drainage areas could be
delineated, but many of depth are small dips in the
TIN file in which water will keep flowing.
GEOPAK determines each low point, then
determines if water placed at the specified depth
overflows these dips in the DTM and flows into
adjacent triangles. If it does not flow into adjacent
triangles, it is identified as a low point and the
drainage area is delimited. The designer must use
the appropriate criteria to set this value.

e Refine Watershed: this option processes the entire
TIN evaluating ridges, sumps, and low points and
determines more precise flow boundaries within the
triangles. It does not retriangulate, more specifically
it insert lines within the TIN that actually represent
flow divides.

Delineate Watershed

The Delineate Watershed tool further delineates watersheds
at any location within the TIN. A data point representing the
pour point of the watershed is indicated and the contributing
watershed area is computed and delineated.

Drainage Patterns

Evaluates the flow paths contained in a region of the TIN,
Model or Object. This tool performs a downstream trace
from the centroid of each triangle contained in the region
specified.

Downstream Trace

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.

Upstream Trace

Delineates the flow path upstream from a given point in the
TIN. The indicated path follows the steepest ascent from the
point through the TIN terminating at a high point or the edge
of the TIN.

Flow Arrows

Indicates the direction of flow within the triangles for a
given region of the TIN.

Delineate Low Points

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. Text placement utilizes the current MicroStation text
parameters.

Delineate High Points

Locates all the high points within a region of a TIN. A flow
arrow is placed and the text "HP" is placed at the triangle
vertex. Text placement utilizes the current MicroStation text

VDOT GEOPAK Drainage
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Analysis Tools: Drainage

2-4

parameters.

Delineate Ridge Lines

Indicates the ridge lines within a region of 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.

Delineate Sump Lines

Indicates the sump lines within a region of a TIN. A sump
line is defined as a triangle edge where the flow on each side
of the edge is towards the edge and is found in areas of
concentrated flows such as streams and ditches.

Surface Ponds

Delineates the area(s) of ponded water within the specified
TIN.

Pond Analysis

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.
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Lab Exercise: Analysis of the Proposed DTM

LAB EXERCISE: ANALYSIS OF THE PROPOSED DTM
Accessing DTM Tools

1. Execute c:\data\geo\VDOT\drain1\LAB02_V8ad.EXE.
2. Open the MicroStation file, c:\data\geo\VDOT\drain1\h17682da.dgn.
3. Access the GEOPAK DTM Tools frame. (Applications > GEOPAK Road > DTM Tools)

Reading Elevations with the Height Tool

1. Access the DTM Menu tool bar.

D TH |
q

Syl

a
e
=
=)
=

enu

P
—

03

—
o
-l

[

',% -8E D:*E D
i

3

a3

2. Select the Height tool from the DTM Menu. (DTM > Analysis > Height)

£ Height / Slope M= B3
TIM File: | Q
tode :  Elevation vI ¥ Display Only
 Optionz
Text:

Sample
[ Show Contour;
[ Shaw Triangle:

nn

~ Curzar Paint ' alues

X

Y

Z:

Slope :
Stark |

Select the proposed tin file: proposed.tin located in c:\data\geo\VDOT\drainl

Activate the Show Contour and Show Flow Arrow toggles. The color may be altered to your
choice of colors from the active color table on the Height dialog box. The weight of the
contour line and arrow are controlled by the active MicroStation settings.
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Lab Exercise: Analysis of the Proposed DTM

#& Height / Slope = E3
TIM File: | proposed.tin Q
tode . Elevation vI ™ Display Only
~ Optionz

Teut:

Sampls

¥ Show Contaur; |:|
[ Show Triangle: _I
¥ Show Flow &mows _I

 Curgor Point ¥ alues
b
Y:
Z:
Slope :

Start |

5. Click the Start button and scan the surface model with the cursor to display the values for xyz
and the slope on the DTM at the cursor point.

6. Close the height/slope dialog.

Dynamic Proposed DTM Profiles
1. Select the Profile tool. from the DTM Menu. (DTM > Analysis > Profile)

£ Profile ME E
File
Tupe | Feature | Level | Color |'wieight| Stwle | Estract |
]
bt
TIM File | proposed.tin Q | — v
Create Legend |

2. Use the Selection tab to identify your surface model (TIN File) which you will generate a
profile from, and the symbology for your profile.

Select the Tin File :proposed.tin by using the Select Files icon.

4. Double-click on the symbology box (field to the right of the Files icon) to set the symbology
representing the ground surface profile. You may choose any symbology you wish. Once the
symbology has been set, click OK.
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Lab Exercise: Analysis of the Proposed DTM

5. Click the Add icon (top icon next to the list box) to add the feature to the collection box.

& Profile [_ o] x]
File
n | Profile | Preferences |

Type | Feature Lewvel Colar ['weight] Stule | Extract |

TIM propozed.tin Lewvel 1 i] 4 i] On A
X

TIM File | proposed.tin Q  — v
Create Legend

6. Select the Profile Tab.

7. Click the Place Element button to cut your actual profile at any desired area by just placing

two data points (i.e. a line) or a series of data points (i.e. a line-string) across your surface

model at any location.

2 Profile

File

=[O %]

Selection | Frofie | Preferences |

Select Element | Flace Elemet | Flace Prafile | Curve Staking: [ 0.000

Extracted Profile View

8. You can use the Preferences tab to set up a grid for your profile if desired.

9. Close the profile dialog.

VDOT GEOPAK Drainage ©2007 VDOT
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Lab Exercise: Analysis of the Proposed DTM

Analyzing Drainage Flow Pattern

1. Select the Drainage Tools from the DTM Menu. (DTM > Analysis > Drainage Tools)
2. Select the Drainage Patterns icon and fill the dialog box as shown below.

£ Drainage Pattems M= B3
TIM File: | proposed.tin Q
Options

8oBs <7
S5 5 0 e Pt
¥ Dizplay Only | e |

[T Load ‘Within Fence
[ Set Graphic Group

Apply |

3. Click the Apply button. The drainage flow lines are drawn into the design file.
4. Close the drainage patterns dialog.

Locating Low Points

1. Select the Delineate Low Points icon and populate the dialog as shown below.

£ Delineate Low Points [_ (] =]
INEIE: [ proposed fin Q
Optiohs

aLBS Y

v Displal Delineate Low Points| I

™ Loadwithin Fence

™ Set Graphic Group Arrow Size; |2D.EIEIEI
Finimum Low

Paint Depth: I 0.500

Apply |

2. Click Apply to review the low points location in the Microstation file.
3. Close the delineate low points dialog.
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VDOT GEOPAK Drainage

Delineating Drainage Areas

1. Select the Delineate All Watersheds icon and populate the dialog as shown below.

& Delineate All Watersheds ME E
TINFile; [ proposed tir <.
Optiohs

& s <%
_, | Delineate All'W atersheds — %

¥ Display Orly ~wWatersheds ———————
™ Loadwithin Fence —
™ Set Graphic Group | Zeio Slope Areas
Finimum Low r =

Pairt Depthy [0500 | Woid Arsas

™ Refine Watershed [ =

Apply |

2. Click Apply and review the tentative watersheds for the pavement drainage.

3. Close the delineate all watersheds dialog when done.

Note
will need to define the final drainage areas for the project.

Scouting for Pond Locations

1. Select the Surface Ponds icon.

ESUllace Ponds M= E3
TIN File: ]| Q
Optiong

&S S
s 2 Gy O

™ Display Only Ponds: lceliyoiins
Islands: =

™ 5Set Graphic Group

Apply |

This process will define all the “mathematically” possible drainage watersheds. The designer

2. Select the Tin File: survey.tin located in c:\data\geo\VDOT\drainl. The proposed DTM does

not cover the areas where possible pond locations area available. Setup the dialog as shown

below.

© 2007 VDOT
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Lab Exercise: Analysis of the Proposed DTM

E Surface Ponds [_ |]
TIM File: | survep.tin Q
Optiong

SNBSS S
sz 2y ol e

™ Display Only Ponds: =
Islands: =

™ 5Set Graphic Group

3. Click Apply. Geopak will display the possible areas where ponded runoff is located.

Analyzing the Pond Locations

1. Select the Pond Analysis icon.

E’ Pond Analysis ME E
TIM File: | survey tin Q
Optiohs

& NS Sy
s 2y B i

¥ Display Only Pond: | —
|slands: =

Wolume Cubic Feet Vl nta
Pond Suiface &rea;  nfa

b asimurn Surface Elevation:  nda
tawiniunn Pond Depth: nda

2. Click Apply.

3. Select a point inside one the delineated possible pond locations.
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Lab Exercise: Analysis of the Proposed DTM

#& Pond Analysis [_ ]

TIN File:: | survep.tirf Q

Optiong

SNBSS Sy
2 sy o fim

™ Display Only Ponds: =
Islands: =

Wolurne Cubic Feet Vl 1916E.585 CF
Pond Surface Area: 1027280 5
M aimum Suface Elevation:  2010.147
tamimum Fond Depth; 6057

Apply |

4. Following the previous steps, analyze other possible pond locations.

5. Close the pond analysis dialog when done.
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Lab Exercise: Plotting Profile Elevations along the Centerline

LAB EXERCISE: PLOTTING PROFILE ELEVATIONS ALONG THE CENTERLINE
Loading th VBA Application

1. Load the DrawProfInfolnPlan.mvba macro located in
c:\data\geo\VDOT\drain1\standards\Geopak. (MS Menu: Utilities > Macro > Project

Manager).
EVBA Project Manager [_ [
Dﬁlﬁﬂﬁh ® m N
M - | Description | Location | Auto-Loa
C:\Progra.. \Default. mvba
4| | ]
2. Highlight the VBA application and click on the Macros button.
EVBA Project Manager M= E
Ded @ 2r|e = n
M ame | Cferintion | Location | Auto-Los
 Default [Mactos ™ B e \Defaultmeba
4] | 2
3. Execute the loaded macro by clicking on the Run button.
Macros. E
Macra name:
Cancel k |
Step Into |
Edit |
[Ereate |
Delete |
Macros in: | <All Standard Projects: j
Degcription:
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Lab Exercise: Plotting Profile Elevations along the Centerline

4. Setup the Elevations tab part of the dialog as shown below.

Draw Profile Information in Plan

Job: [101 A
Chain: [MAINLINE hd
Profile: |MAINLINE - Increment: |S0

Prefiz: |EL
Station Range I';2‘34
Beqgin: |2004+00.69 ﬂ
end: [oavz2ts

Diraw

5. Double click on the text box to setup the text size and level symbology.

Label Attributes
Lewvel: |Level2 ﬂ
Calar: l:‘? TH: |3 1

[~

weight: [1 x| e |3 ]

Fant: [woRKING =]

Justification Decimals: |2 |
o e Crrienkation:

= R.adial -
o e Offset: [0

Sek Cancel |

6. Click Set when done.
7. Select the Flow Arrows tab.

8. Attach the Microstation cell library that contains the flow arrow cell : flow_arrow.cel located
in c:\data\geo\VDOT\drainl\standards\Geopak. (Ms Menu: Element > Cells).

g Cell Library: [...\standards\Geopak\flow_arrow.cel]

[ Display All Cells In Path Display: ‘Wirsframe -

Drescription Tupe | Where

Grph LBy

Active Cells

Blacement | MOME Paint Element
Teminator | MOMKE Fattern | WOME | |

VDOT GEOPAK Drainage ©2007 VDOT 2-13



Lab Exercise: Plotting Profile Elevations along the Centerline

9. Close the Cell library dialog.

10. Setup the Flow Arrows part of the dialog as shown below.

Draw Profile Information in Plan

Job: Iﬂ Elevations  Flaw Arrows IHP and LP |
Chain: Im IV Draw Flow Arrows
Profile; Im Increment: ISD
Cell Marne: IW
Cell Scale: |4_
Station Range ———————

Offset: |2
Begin: |200400.69 ‘<§>'|
End: |213+22.13 ﬁl Draw

11. Select the HP and LP tab and setup the dialog as shown below.

Job: m Elgwations | Flow Arrows  HP and LP

Chain: Im [¥ Label High and Low Painks
Profile: Im High Paint Prefix: |HP
Lows Paint Prefix: |LP

StationRange —————— I ':2‘34

Begin: IZDD+DD.69 ‘<§>'|
End: |213+22.13 ﬁl Draw

LW

12. Double click on the text box to setup the text size and level symbology.

Label Attributes E3

Level: ILeveI 2 j
Calar: l:|4 TH: |8 —lﬂ

Wieight: |1 ﬂ T |8 i
Font: [wORKING =

— Justification | pecmats: [z 7]
(O S & Orientation:

(e el IRadiaI 'I
L Offset: ID

Setk Zancel |

13. Click Set when done.
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Lab Exercise: Plotting Profile Elevations along the Centerline

14. Click the Draw button. Geopak will place the profile elevations along the centerline and show
the direction of flow. The low and high points of the profile are also labeled.

Draw Profile Information in Plan E2

Joh: IlDl vI Elevations | Flow Arrows  HP and LP
Chain: Im [¥ Label High and Low Painks
Profiles [mamime v High Point Prefix: [HP
Lows Paint Prefix: ILP—
— StatiomRange ——— I 12.34 I
Begin: Wﬁl

End: |213+22.13

Ciraw

ey

15. Close the dialog when done.
16. Exit Microstation.

VDOT GEOPAK Drainage © 2007 VDOT
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Lab Exercise: Setting Up Land Use Areas

LAB EXERCISE: SETTING UP LAND USE AREAS

Creating Land Use Shapes

1. Open the MicroStation file, c:\data\geo\VDOT\drain1\h17682da.dgn.

2. Create Microstation shapes depicting the land use areas of the project: pavement, grass,
building, etc. (MS Menu: Tools > Main > Polygons)

Pol x
D_&d%@

Assigning Proper Land Use Symbology

1. Open Geopak Drainage. (MS Menu: Applications > Geopak Drainage > Drainage).

2. Open the Geopak Drainage Library tool. (Drainage : Project > Drainage Library)

3. Select the VDOT Drainage Library: VDOT.dIb located in
c:\data\geo\VDOT\drain1\standards\Geopak. (Drainage Library: File > Open).

g Drainage Library - .._\geo\vdotidrainl\standards\geopakivd... [H[E E3

Fil=  Edit

I Land Usel ﬂndes] Linksl Spread Section]

Element 1D | Description
uthe Rational
Wiz Rational
[wiestmorland Rational
[/ ashington Rational
[\ arren Rational
Type ll SCS Unit Hydrograph
Tazwell Rational
Suzzex Rational
Surmy Rational
Stafford Rational
Spotzylvania Rational
Sautharmptan Rational

Close the Drainage Library dialog.

Select the Land Use tool (Drainage: Component > Land Uses)

2-16

£ Land Use Boundary Tools ME E

Land Use ltem: [VDOT =l

Business, 2 to 5%
0.300 Busziness, » B3
0.E50 Apartments, 0 to 2%
0.700 Apartments, 2 to 5% =
Land Uze Symbology: _
Pick Boundary DF
Elements Create Shape Select Shape
© 2007 VDOT
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Lab Exercise: Setting Up Land Use Areas

6. Select the Impervious land use.

7. Click the Select Shape button.

10.
11.

VDOT GEOPAK Drainage

Select the previously placed Microstation shape that depicts the pavement portion of the

# Land Use Boundary Tools [_ [C) x|
Land Use lterm: [vDOT 3

L

Funoff C | Land Use D escription
0.200 rimpron 0o 2%

nimproy 2 to B2 _|
rimproy > B3

|mperyious

Cultivated O to 2% ;l
Land Uze Symbology: =
Fick Boundary DF
Elements Create Shape Sz =l Sheie
# Land Use Boundary Tools M= 3
Land Use lterm: [vDOT 3

Runoff C | Land Use Description
0.200 rimpron 0o 2%

2]
0.280 nimproy 2 to B2 _|
=

0.250 rimproy > B3
|mperyious

0.500 Cultivated O to 2%

Land Uze Symbology: =

LF
Create Shape

Fick Boundary
Elements

Select Shape
[~

L

project. A new level symbology will be assigned to the shape.

Repeat the process with all the shapes defined and assign the proper land use.

Close the dialog when done.

Exit Microstation.

© 2007 VDOT
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This page left intentionally blank.

2-18 © 2007 VDOT

VDOT GEOPAK Drainage



3 Starting a Drainage Project
using GEOPAK Road
Project Manager

OBJECTIVES
In this chapter, you will learn more about:
. Setting up a project using Project Manager.
o How to utilize Project Manager as a workflow guide
. How to access GEOPAK dialogs from the Project Manager
. How Geopak Project Manager can help organize you project directories and files
. Various file types used within GEOPAK Drainage.
. Creating a new GEOPAK Drainage Project file.
o The general process for using GEOPAK Drainage to design a storm drain system.

INTRODUCTION

Project Manager is a GEOPAK tool that associates a project with its respective coordinate geometry
job number, users, working directories and project files. Project Manager provides an easy workflow
system that keeps records of processes run throughout the design of a project.

ACCESSING PROJECT MANAGER

To access Project Manager, select Applications > £ Project Manager ME &
GEOPAK Road > Project Manager or click the Projects  Directory  Admin
Project Manager icon. The adjacent dialog :
appears. | c:\DatahGeohwdothdraind
Filker: I".pli Tupe:  Project vI

The current directory is displayed at the top of the

dialog. This may be modified by traversing to a Ditectaries: =
different directory in the Directories list box. I

Project files (.prj) are displayed in the projects list ngdh;]ds]

bOX. [C]

The remainder of the Project Manager dialog {E;]] B
displays information after a project has been Job Number 101 Uit System: Englsh

selected from the Projects list box. At the bottom
of the dialog are the OK and Cancel buttons. To
exit Project Manager, click the Cancel button. To
continue in the Project Manager process, click the
OK button.

Drescription:

ok Cancel |
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PROJECT MANAGER MENU BAR

PROJECT MANAGER MENU BAR

There are three options on the Menu Bar: Projects, Directory, and Admin. Each of these choices has

tools contained in the pull down.

PRoOJECT TOOLS

There are four options under the Projects pull down, New, Edit, Delete and Exit.

The Windows motif also keeps track of the last few processes that have been executed, which may be

recalled as needed by selecting the desired process.

The New menu option is used to create a new project. The .prj file is stored in the directory shown in
the Directory path at the top of the Project Manager dialog.

g[ireate Mew Project

IS E3

working Directony: |

Job Number: I Select |

Froject Description;

Select... |
Preferences |

Cancel |

The Project Name can be any number of alphanumeric characters. The Working Directory specifies the
location of the project data files and may be manually entered. In lieu of typing, click the Select button

and select the appropriate directory.

Note
GEOPAK files in a single directory.

The Working Directory can be left blank if it is desired to have all of the MicroStation and

The next field is for keying in the COGO Job Number or the Select button may be clicked and the

appropriate COGO job number selected.

Next, click Preferences, invoking the Project Preferences dialog.

g Uszer Preferences

Urit Swstemi  English

Coordinates:  ME vI
Direction: _Bearing vI

12+34 x|

vI Output Accuracy

Station;

Distance: 93,1234 hd I
Station:  9+39[39].12 vI
Anagle Seconds: 979'9.12 vI

[ ] ]

wiorking Directory: |
Feature Preferences. ..

LOGO Preferences...

OK

[ Show this dialog at startup

Cancel |

o}

You may set the parameters for each project as well as the directories for the COGO job number,
COGO input files and COGO output files. By setting these parameters for each project, you can open a

3-2 © 2007 VDOT
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PROJECT MANAGER MENU BAR

design file in one directory and then open another design file in a different directory and still access the
correct .GPK file and also save COGO input and output files to the proper directory. Simply choose
the project and all parameters are automatically set. After all the information is entered, click OK or, if
you want to abort, click Cancel.

Note If these fields are left blank, the project working directory is used.

Shown below is a sample project that includes a project description, which may be keyed in at the
bottom of the Create New Project dialog.

g Create New Project [_ [

Project Mame: [ 17532

Wiarking Directary: | Select...l
Job Number: I'ID'I Select
—I Preferences |

Project Description:

Geopak Drainage Courge

ok Cancel |

Use the Edit menu option to change any settings associated with the currently selected project.

Use the Delete menu option to delete any project that has been stored. Highlights the project in the
Projects list box and select Delete.

Use the Exit menu option to close the Project Manager and write the settings to a resource file.

DIRECTORY TOOLS

There are two options under the Directory pull down, Create New Directory and Current Working
Directory.

The Create New Directory option creates a new directory on the disk within the current directory. If

the Current Working Directory option is chosen, the directory path in Project Manager is changed to
that directory.

ADMINISTRATION TOOLS

Use the Administration menu option to set a password on a project, if needed.

VDOT GEOPAK Drainage © 2007 VDOT 3-3



PROJECT USERS DIALOG

PROJECT USERS DIALOG

3-4

Once a project is highlighted and OK is selected, the Project Users dialog appears.

R

:;ES%Users: User Info
Full M ame:
OF Code:

Dezcription:

ok LCancel |

This dialog has three sections: Project Users, User Info, and Description. The Project Users list
displays a list of users that have been created to work with any project that resides in the current
projects home directory. The names shown in Project Users will be the user id’s of the people working
on that project as specified in the Start Job dialog. Within the User Info group box, the Full Name field
further identifies the user, and displays the full name of the user that is currently selected. The OP
Code field displays the GEOPAK Operator Code of the currently selected user. The GEOPAK
Operator Code is used for all coordinate geometry operations during this session. The Operator Code,
along with the Job Number is utilized whenever a COGO input or output file is created by the
software. The Operator Code is typically the user’s initials. The Description field displays the
description of the currently selected user.

Four tools are supported on the Project Users pulldown: New, Edit, Delete, and Exit.

© 2007 VDOT VDOT GEOPAK Drainage
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RoAD PROJECT DIALOG

After at least one user has been defined, click OK or double click on a project user, which opens the
Project Manager dialog.

# Road Project: 17682 prj (=)

File Bemember [Options

‘wiorking Directary: User ¥DOT  Job#: 101 gl
™ wWorking &lignment Influgnce Runs

Select Defi Part i
Wiorking Alignment IUntitIed i | il I o e |
Exigting Ground

Existing | |
Existing Ground Wertical
Crosz Sectiohs Frafile Alignrment

Ground
Coordinate
Geometry |

Diraw Pattern

Calculate Superelevation Propozed ab
_ Superelevation | Shapes Cross Sections | Models
Horizantal |
Alignment
u
Plan View L Crozs Section
Design Sheets
Plan Yiew Tabular
| Quantities Summaries | |
Flan & Profile Lirnits of Reparts & XS5
Sheets Construction Huantities

The top of the dialog displays the Working Directory, Working Alignment (if defined), User and
GEOPAK Job Number. In addition, a toggle for Working Alignment Influence Runs is also supported.
The bottom portion of the dialog displays the various processes supported during the design process.
The small square in the upper right corner will condense the dialog as depicted in the graphic below.

# Road Project: 17682 prj M 3
File Bemember Options
Working Directary: User ¥DOT  Job# 101 _|

[T Working Alignment Influshce Buns

Select Defi Fart Wi
whorking Alighment |Untitled ik | Sine | o VISwET |

RoaAD PROJECT DIALOG MENU BAR

There are two pull down menu bar options: File and Remember. When the File option is selected,
Close and Exit are supported.

If you select the Close option, you are returned to the Applications dialog. If you select Exit, you are
exited from the Project Manager.

When you select the Remember option is selected, you can instruct the software to remember the
Project or User in subsequent sessions. For example, if both toggles are activated, and the Project
Manager is completely closed (all dialogs), the invocation of the Project Manager immediately invokes
the Road Project dialog (flow chart) and utilizes the project name, user name, etc., which were active
when the Remember toggles were selected.

If you activate only the User toggle, you are returned to the Project dialog in later sessions. If you
activate only the Project toggle, you are returned to the Project Users dialog in subsequent sessions.
This option is useful when numerous users are working on one project.

When you enable the Auto Sink option, the Road Project flow chart sinks behind all open views when
any tool is selected from the flow chart.
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3-6

WORKING ALIGNMENT

The concept of a working alignment enables the designer to organize a project and to access project
information without continually typing the required information. On a simple project, only one
working alignment may be needed. On a more complicated project, an unlimited number of working
alignments may be defined. With each working alignment, the designer can define associated data, i.e.,
name of cross section and plan view files, element symbology, etc. The designer can easily change
from one working alignment to another by highlighting the desired alignment listed in the Select
dialog. Once the working alignment is selected, all previously stored data is utilized in subsequent

processing. Three tools relating to working alignments are located at the top of the Road Project
dialog:

e Select
e Define

o  Working Alignment Influence Runs (toggle on left side of dialog)

# Road Project: 17682 prj [_ ]

File Bemember Options

Wiorking Directaon;

User ¥DOT  Job#: 101 il

W “working Alighment Influence Funs

Select Defi Fart Wi
whorking Alighment |Untitled ik | Sine | o VISwET |

SELECT OPTION

Drescription
Untitled

Cancel |

When you click the Select button, the Select Working Alignment dialog appears. If no working
alignments have been defined, UNTITLED appears in the Run List box. If working alignments have
been defined, they are listed with the last run time. The description of the working alignment can be
seen in the bottom of the dialog when each Name is highlighted. To select a previously defined
working alignment, highlight the run from the list, then click OK at the bottom of the dialog. Double
clicking on the Name also selects a previous working alignment for subsequent processing. Clicking
Cancel closes the Select Run dialog without any File selection. Several Run options are supported as
detailed in the following table.

New Create a new working alignment

Copy Copy a run from an existing Project, a User in the same project or Run created by
the current user.
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Modify Change the name of the existing working alignment.

Delete Delete an existing working alignment.

DEFINE OPTION

Once a Run has been selected, clicking Define opens the Working Alignment Definition dialog.

gWulking Alignment Definition: Untitled

Design File: | Q,
Pattern O | Q
Shapes : }
Profile igw Begin Station: |
Lacation End Station: |

Crozs Section View
Exizting Ground
Propozed Finizh Grade

DTH

&I Cancel |

The information that can be associated with a working alignment is listed in the left portion of the
dialog. As each option is chosen, the right side of the dialog will change to reflect the information
needed as can be seen in the dialog above after Plan View was selected.

All information entered in these fields can be used in subsequent processes run from Project Manager.
In the beginning of a project, much of this information will not be known, but as you go through the
design process, it can be added to the working alignment definitions.

For example, as soon as a chain has been stored in COGO, you can enter that information in the Plan

View fields on the right side of the dialog. For a more complete explanation of each option shown,
please see On-Line Help.
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PROJECT MANAGER PROCESS

PROJECT MANAGER PROCESS

Z Road Project: 17682.prj

Fil=  Bemember  Options
Wworking Directany:

=[O %]

Uszer ¥DOT  Job#: 101 |
¥ wWorking Slignment Influence Runs

. ) - Select Define Part Viewer
wiorking Alignment [ Untitled | | |
E zisting | |
Giround  DrawPattem | Esisting Ground E xizting Ground ‘ertical
Cross Sections Profilz Alignment
Coordinate |
Geometmy | |
Calculate Superelevation Propozed an

_ Superelevation | Shapes | CrossSections | Models
Harizantal
Alignment |
Flan Wiew J e Ern;iSetchon
Design [ eets
Plan Wiew Tabular
Quantities Summaries | |
Flat & Prafile Lirnits: of Reports & x5
Shests Conztruction [Quantities

3-8

The primary Project Manager dialog is shown above. The advantage of utilizing the Project Manager
rather than selecting functions directly from the Road menu is that pertinent information stored within
the Project Manager is automatically displayed within the invoked dialog. Therefore, job numbers,
chain names, stationing, file names, and data associated with the project do not have to be typed in
each time a dialog is utilized. However, you have the option to change the fields.

Many of the Project Manager processes function identically to their corresponding dialog’s invocation
from the Road menu. Some processes invoke the Select Run dialog prior to invoking the actual dialog.
The Select Run dialog enables you to set up different options to use in alternative design choices or
different typicals.
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LAB EXERCISE: PROJECT MANAGER

LAB EXERCISE: PROJECT MANAGER
Create a GEOPAK Road Project

VDOT GEOPAK Drainage

Execute c:\data\geo\vdot\drain1\LABO3_V8ad.EXE
Open the MicroStation file C:\data\geo\vdot\drain1\n17682.dgn.

Select the Project Manager tool (Applications > GEOPAK Road > Project Manager).

o kr w DD ke

Ensure that the project directory is setto C:\data\geo\vdot\drainl\.
ngiect Manager [_ [T =]

Projects  Directory  Admin

| c:\DatahGeohwdothdrainty
Filker: I".pli Tupe:  Project vI
6. Select Projects > New and create a hew project.
g[ireate Mew Project [_ [

Project Mame: [ 17532

Wiarking Directary: | Select...l
Job Number: I'ID'I Select
—I Preferences |

Project Description:

Geopak Drainage Coursd

ok | Cancel |

Project name: 17682
Job Number: 101
Project Description: GEOPAK Drainage Course Project

7. Click Preferences. Ensure the dialog is populated as shown below.

g User Preferences M= 3

DOutput Accuracy

Unit Spstem:  English Vl .

Distance: 99,1234 vI
Coordinates:  ME vI .

Station:  9+39[3).12 vI

Directior: _Bearing vI
Angle Seconds: 979'9.12 vI

Statior: 12434 - |

whorking Dirsctory: | o}
Feature Preferences...

LOGO Preferences...

0K Cancel |

[ Show this dialog at startup

© 2007 VDOT
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LAB EXERCISE: PROJECT MANAGER

8. Click OK.
After exiting the Preferences dialog, you will return to the Create New Project dialog.

g Create Hew Project M= 3

Project Mame: | 17682

Working Directony: | Select...l
Job Mumber; |1EI1 Select
—l Preferences |

Project Description:

Geopak Drainage Course

ok | Cancel |

9. Click OK.

10. Click OK. An Alert message is displayed stating that Job 101 was not found in the Working
Directory you have defined.

11. Click Yes to automatically create this job file. The main Project Manager dialog is now
displayed and the project has been created and ready to be accessed.

Note The previous two steps may not occur if the designer is using the gpk file previously created
by the roadway engineers.

Create a User

1. Highlight 17682.prj.

To access the project, select the project by single clicking on name of the project in the dialog.
The project is highlighted as shown in the following dialog with all pertinent information

displayed.
ngiecl Manager M= E3
Praject:  Directory  Admin
[e:AData\Geohvdatidiainy
Filter: | = prj Type: Project Vl
Projects: Directaries: =
[]
[projdbs]
[standards]
IE]
]
[E:] =l
Job Mumber: 101 Unit Spstem: English
Description:
Geopak Drainage Course
0K Cancel |
2. Click OK.
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LAB EXERCISE: PROJECT MANAGER

3. Select Users > New.

M ame: I\-"DDT

Full Marme: [vDOT

Drescription:

ok Cancel |

4. Enter the New User information.

Name VDOT
Full Name VDOT
OP Code vd

5. Click OK. When prompted to define a password for this user, click No.
6. Double click the user. You now see the Main Workflow dialog.

& Road Project: 17682.prj
File Bemember Options
‘whorking Directary: User: ¥DOT  Job#: 101 =
¥ Wworking &lignment Influsnce Runs

Select Defi Port Vi
WWarking Alignment [MAINLINE skt | sine | _Pon Viewer |

Existing Graund Wertical
Frofile Alignment

& E3

Exigting | |
Ground

| Existing Ground
Crogs Sections

Diraw Pattern

Coordinate |
|

Geometry

Calculate Superelevation Fropozed

3D
Superelevation | Shapes

 Models

. | Cross Sections
Horizantal

Alignmment |

Plan Vigw etk Ero;shSetctlon
D esign ects

|

Plan Wiew
Quantities

T abular
Summaries

| |
Flan & Profile Limitz of Reports & x5
Sheets Canstruction Huantities

i |

7. Use the Remember option to have Project Manager remember our Project and User.

# Road Project: 17682 pij

File Remember Optiohs
\A-'IT Project [w
nt Influence Runs

8. Exit MicroStation.
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GEOPAK DRAINAGE

GEOPAK DRAINAGE

3-12

GEOPAK Drainage has four major components within each project: the GEOPAK Drainage File
(*.gdf), MicroStation 2D design file, Drainage Library, and the MicroStation Cell Library. In contrast
to the GEOPAK Drainage File and MicroStation graphics file, the Drainage Library and Cell Library
are utilized for numerous projects, as they contain the Department’s standards. The designer only has
to select the desired items for each specific project.

File Type Description
GEOPAK Drainage This binary file contains all the hydraulic information about the drainage
File (*.GDF) system. Each GEOPAK Drainage Project contains Preferences, which

include hydrologic and hydraulic computation options, visualization
symbologies, and project file references to the Drainage Library and
GEOPAK GPK files. Spatial data, connectivity and hydraulic properties
for each drainage feature are stored in this external file. Sufficient data is
maintained to rebuild the graphical representation of the Drainage Project
with the exception of certain features, which are defined by MicroStation
elements.

MicroStation Design
File (*.DGN)

This two or three dimensional graphics file is utilized for the visualization
of the drainage project and definition of certain drainage features using
MicroStation graphic elements. The only data stored within this file are
attributes attached to the graphics for reference to the GEOPAK Drainage
file (.gdf).

Drainage Library
(*.DLB)

The Drainage Library is utilized for numerous projects, as it contains the
standards for an entire organization. The Drainage Library contains the
Rainfall Parameters, standard inlet types, standard pipes configurations,
spread sections, and land use symbology tables. All of these items are
merely referenced by each project to accommodate standardization and
information sharing among projects.

Drainage Cell Library
(*.CEL)

Drainage cells are the plan views of the Department’s drainage structures
such as inlets and manholes. The Cell Library contains the commonly
used structures. The Nodes used in the Drainage Library refer to
appropriate cells in the Cell Library.

Design and
Computation Manager
database (*.DDB)

The Design and Computation Manager database is used for the
Department as a tool to expedite the drafting of plans using the VDOT
CADD Standards. The D&C Manager also allows the designer to
compute plan view quantities based on MicroStation level symbology.

Geometry Database
(*.GPK)

The gpk file is a database that stores all the geometric information of the
project. All alignments (chains), profiles, points, curves, spirals, parcels
are saved into a single file per project. Then, Geopak Drainage can refer
to the nodes location by station and offset from a particular chain and get
or calculate elevations from a profile.

© 2007 VDOT VDOT GEOPAK Drainage



DRAINAGE COMPONENTS

MicroStation Design File (*.DGN)

\—// \¥/

Project Preferences Rainfall Parameters

Land Use Symbology

Drainage Project File (*.GDF) \ Drainage Library File (*.DLB)
h /_L\

Project Drainage Features <

Inlets

p/

Pipes

Drainage Cell
Library (*.cel)

D & C Manager
Database (*.ddb)

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.

e 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).

e 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).
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MAIN MENU BAR

o 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:

e 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 sub areas representing homogeneous
features such as soil types and land uses (“C” values), thereby allowing composite "C" value
calculations.

e Profiles: A profile represents a path connecting any two nodes in a Network. Profiles provide
the visualization of profiles between any two nodes in a drainage network.

MAIN MENU BAR

GEOPAK Drainage is invoked from within a two dimensional MicroStation graphics file. At the
Applications pull down, select GEOPAK Drainage, which accesses the software and displays the main
GEOPAK Drainage menu bar as depicted below.

DRAINAGE - Untitled - [N x|

Project  Component  Metwaork.  Reports Utilities  Tool Boxes

Each menu selection accesses GEOPAK Drainage project information, feature placement and tools
necessary to complete a GEOPAK Drainage project. Tool frames and toolboxes are also supported for
all functions and are accessed via the Tools pull down.

PROJECT MENU SELECTIONS

3-14

The Project Menu selections are utilized for creating new GEOPAK Drainage projects, opening
existing projects, saving projects, establishing the project Preferences, editing the Drainage Library,
importing and exporting between GEOPAK Drainage Files (gdf).

DRAINAGE - Untitled - [N x|

Project  Component  Metwork  Reports  Utilities  Tool Boxes

Open...

Save
Save Az

Preferences

Dirainage Libramy

Import Drainage Project...
Export 3

Exit
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COMPONENT MENU SELECTIONS

COMPONENT MENU SELECTIONS

The Component menu selections provide the mechanism to add, edit and delete the various elements,
which comprise a drainage system including Areas, Nodes, Links, Profiles, and Land Uses. Each of
these tools invokes a dialog wherein the specific component information can be added or edited.

DRAINAGE - Untitled - [No =l
Project | Component  Mebworke  Reporte Ubilies Tool Boxes
Area » :
Link r Edit
Brofle y D
Lelete
Cubvert 4 Rename
B aouting »
Update All
Land Uses Update with Pay [tems

Mizcellaneous Utilities 4

NETWORK MENU SELECTIONS

The Network menu selections provide tools to add, edit, delete, and manipulate a drainage Network.
While work is being done on a particular Network, it can be identified as the Active Network, which
dictates which features are contained in the calculations and provides quick access to the components
of a specific Network. Once a Network is added to the project and set as the Active Network, the
Design and Analyze options perform their respective hydraulic procedures on the Network.

DRAINAGE - Untitled - [No x|

Project  Component | Metwork Beportz Wilities Tool Boxes

Edit

Delete

Bename

[ESiTm

Sralize

Active Metwork,

REPORTS MENU SELECTIONS

The Reports menu selections provide access to the predefined hydrologic and hydraulic reports
available and to the Custom Report Builder and Generator.

x|
Project  Component Metwork | Beportz Wilities Tool Boxes

Drainage Areas |

Inlets >|

Storm Drains/Links Link Configuration

Buider.. Link Hydraulic Computations

Generate |
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TooLs MENU SELECTIONS

TooLs MENU SELECTIONS

The Tools menu selections provide access to all Tool Boxes, Navigator, Labeler, Culvert, Routing and
DTM Drainage Tools.

DRAINAGE - Untitled x|

Project  Component  Metwork  Reports Ublities | Tool Boxes

Froject

firea
Mode
Link
Profile
Metwork
Routing
Culvert
Reports
Utilities

GENERAL DESIGN PROCESS FOR STORM DRAINS
The design of a storm drain system is usually an iterative process. Inlets locations and pipe sizes are
selected. The designer then checks if the system meets the Department’s criteria and changes pipe
sizes and other items as needed. The need to check if the system meets criteria is not avoided by using
GEOPAK Drainage. This document describes several ways that designers can use GEOPAK to check
and identify where the system need to be changed. The following is a general outline for creating
storm drain systems in GEOPAK. Details are provided in other chapters.
1. Start a New Project file (.gdf) by setting Project Preferences.
2. Select Inlet locations and types by adding Nodes.
3. Define the Areas to each node
4. Link the inlets together with pipe segments.
5. Identify the Network of pipes and inlets.
6. Use GEOPAK to Design the system.

7. Check if the design meets criteria. This can be done by several methods such as profiles, querying,
warnings, or output reports.

8. Edit the system, re-compute the hydraulics and check if criteria are met.
9. Print the VDOT Storm Drain Tabulation Form.
Note It is recommended that the designer should create or use an already existing Geopak Road

Project Manager file (*.prj). This will help locate other project files that Geopak Drainage may
use (Design and Computation Manager ddb file, Coordinate Geometry gpk file, etc).

VDOT VBA APPLICATIONS

The Department has provided VBA applications for specific tasks during the design and plans
production process of the drainage system. These VBA applications are accessed thru the
MicroStation: Utilities>Macro menu. They are:
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ACCESSING GEOPAK DRAINAGE

o Draw flow arrows along the roadway centerline analyzing the profile conditions.

e Draw Drainage Storm Sewer Tabs: creates an Excel spreadsheet for the VDOT Storm Tabulation
form with information extracted from the GEOPAK Drainage gdf file.

e Sketch of Geopak Drainage Network: creates a jpg image with a sketch (not to scale) of the
selected drainage network.

e Draw flow directional arrows along the pipes.

AccessING GEOPAK DRAINAGE

GEOPAK Drainage is invoked from within a two dimensional MicroStation graphics file. At the
Applications pull down, select GEOPAK Drainage, which accesses the software and displays the
Drainage application into the MicroStation pull-down menu.

Each menu selection accesses GEOPAK Drainage project information, feature placement and tools
necessary to complete a GEOPAK Drainage project. Tool frames and toolboxes are also supported for
all functions and are accessed via the Tools pull down.

GEOPAK Drainage always starts in an ‘Untitled’ project as noted in the MicroStation menu bar.
Therefore it is necessary to always either create a new project or open an existing project prior to
performing any other GEOPAK Drainage functions.

LAB EXERCISE: CREATING A NEW GEOPAK DRAINAGE PROJECT
> Opening Road Project Manager
1. Open the MicroStation file c:\data\geo\vdot\drain1\h17682.dgn.
2. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
3. Select project: 17682.prj located in c:\data\geo\vdot\drainl, and click OK.
Z Project Manager ME E3

Projectz  Directory  Admin

| e \DatahGeohvdothdrainy
Filter: I".pri Type: Project vI

Directaries: -
[

[projdbs]

[standards]

1

0]

[E] =l
Job Mumber, 101 it Syztem; English

Description:

Geopak Drainage Courge

0K Cancel |
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LAB EXERCISE: CREATING A NEW GEOPAK DRAINAGE PROJECT

3-18

>

4. Access User: VDOT

Project Users: 17682 pij

Userz
o
- Full Mame:
YDOT
OF Code;
wd

Description:

0K LCancel |

5. Click OK. The Road Project dialog will load. This will setup the proper directories for the
location of the gpk file.

# Road Project: 17682 prj
File Bemember Options
iy Dl User ¥DOT  Job# 101 _|
¥ “working Alignment Influsnce Buns

Select Defi Fart Wi
whorking Alighment |Untitled ik | Sine | o VISwET |

Enisting Ground Wertical
Frofile Aligriment
| |

Calculate Supereleyation Froposzed a0
Superelevation | Shapes _ Models

IS E3

E sizting | |
Ground

_ Ewnisting Ground

Caliaten Crogs Sections

Coordinate |
Geametry

_ | Cross Sections
Horizontal
Aligriment |

| J
Flan Yiew

— Earthwork
Dresign ]

Plan Wiew Tabular
Quantities

Summaries | |
Flan & Prafile Lirnitz of Reparts & xS
Shests Conztruction [Quantities

6. Minimize the Road Project dialog box.

Cross Section
Sheets

Create a New Geopak Drainage Project

1. Access GEOPAK Drainage (MS Menu: Applications > GEOPAK Drainage > Drainage).

All items in Drainage can be accessed through this main GEOPAK Drainage menu. GEOPAK
Drainage opens in an Untitled project file.

2. Create a new drainage project, c:\data\geo\vdot\drain1\h17682.gdf (GEOPAK Drainage
Menu: Project>New).

The following files are utilized for this project.

© 2007 VDOT
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LAB EXERCISE: CREATING A NEW GEOPAK DRAINAGE PROJECT

VDOT GEOPAK Drainage

Drainage Design File

h17682.dgn

Reference File (land use file)

h17682da.dgn

Reference File (proposed roadway file)

d17682des.dgn

Reference File (existing topography)

s17682.dgn

Reference File (service utilities)

sul7682.dgn

English Drainage Library vdot.dlb
English Cell Library drainage.cel
GPK Alignment File job101.gpk
GEOPAK Drainage File (to be created) h17682.gdf
Existing Triangulated Irregular Network file (TIN) survey.tin

Proposed Triangulated Irregular Network file (TIN)

proposed.tin

Select the Main Drainage Tools tool frame. (GEOPAK Drainage Menu: Tool Boxes > Main)

The GEOPAK Drainage tool frame is similar to the MicroStation main tool frame, is 2x7, not

resizable, but can be docked.

During the course you will become familiar with the various tools on this tool frame.

© 2007 VDOT
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GEOPAK Drainage Project
Preferences

OBJECTIVES
The objective of this chapter is to review the Project Preferences.

INTRODUCTION

GEOPAK Drainage supports a wide array of user defined Preferences which enables the designer to
set project specific options, or a large organization to set parameters to maintain standards. Each
GEOPAK Drainage project contains a set of Preferences and they remain with the project.
Computation options in the Preferences may be changed easily and the systems completely redesigned
utilizing the new computation options. The Preferences are invoked via Project > Preferences menu
selection. The Drainage Preferences can also be invoked by selecting Tool Boxes > Main, then
identifying the Drainage Preferences tool, (first column, top box).

&5 Preferences - Units [_ [T =]
@ English ) Metric

Frainfall Drainage &rea = Acres Draimage Srea = Hestaes

ainfall Parameters Length = Feet [Lenath = fMeters
Land Lse Dptions Dimension = Feet [imerisiar = [eters
Frequency Optiong Diepth = Feet et =kiEeters
Intenzity Option Dizcharge = Cubic Feet per Second [ischange =iEubME s penSeeand
Junction Losses Welocity = Feet per Second Yelaei=kMeters pen Secard
Inlst Dptions Intenzity = Inches per Hour Irtemstm=Millmeters perh our
Hode Optiong
Link Optionz
Profile Options
Plan Syribalogy
|Jpdates
Save Options

Ok | Cancel |

The general Options are displayed in a list box in the left side of the dialog, while the right side
displays parameters for the highlighted Option. As different Options are selected in the list box, the
right side of the dialog will change dynamically to reflect the parameters for highlighted Option.
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UNITS

UNITS

The first Preference is Units, which establishes the input and output units for the current project. Two
supported options are English and Metric. FDOT supports only English units.

g Preferences - Units

| Options

Project Components
Rainfall Parameters
Land Usze Options
Frequency Options
Intenszity D ption
Junction Losses
Inlet Options

Mode Options

Lirk Optiors

Profile Options
Plar Spmbology
Updates

Sawve Ophions

(] | Cancel |

IS E3

@) English

Dirainage fuea = Acres

Length = Feet

Dimenzion = Fest

Depth = Feet

Dizcharge = Cubic Fest per Secand
Velocity = Feet per Second
Intenzity = Inches per Hour

) Metic

[ratragedea = Hectares

[Length = feters

[imensrat =i eters

[Ventt = Meters

[echarae = Eubic feters pern Secand
Weloeity = W eters per Secand

| tersity = killimeters pen Hieun

Within each group box is a listing of the units utilized for GEOPAK Drainage. These are display only

and cannot be changed.

Projects with mixed units are not supported within GEOPAK. There are no other unit specifications
within the project. The data input is expected to be in the proper units (English and Metric). As fields
are entered in the dialogs the units required will be displayed in the MicroStation Command Prompt.

Coordinate geometry databases (GPK files) must also be in the specified units when created within
GEOPAK ROAD. For additional information on this topic, refer to the GEOPAK Online help >

Coordinate Geometry.

PROJECT COMPONENTS

The Project Components define the location of all files utilized by the project.

gPlefemnces - Project Components M= E3

File
Optiong | Drainage Library File [DLE]: |:\drain1 atahdardshgeopakiwedat. dib Q
|rikz e GPE. Job Mumber: I 101 & FRoad Preferences |
Rairfall Parameters Drainage Cell Library: | -ain \standards\WDO T \drainage. cel Q
Land Uze Options L _ Q
Frequency Dptions Criteria Directory: |
Intenzity Option GFK DDE: | andards\Geopak WDOT english.ddb | €4
[Junction Losses iy
Inlet Options Méater and Sewer Project? | Q
N.Dde Dphons Superelevation Shapes File: | Q
Link Optiong _ _
Profile Options I Sits Praject: | =
Plan Symbology ~ Original Graound
Updstes TIN File vI | surve.tin Q
Save Optionz

~ Design Surface

TIM File vI | propozed. tin Q,

Ok | Cancel |
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PROJECT COMPONENTS

Drainage Library File

(DLB) Reference to the Drainage Library file containing the Rainfall Parameters, Land

Use Options, Node Library items, Link Library items and spread sections. This
file can be located within the working directory, in which case, no path need be
specified. However, a more prudent option is placing the Drainage Library File on
a central server or directory, so that all hydraulics designers can access the same
database. This ensures standardization and minimal maintenance. The file name
(and optionally, the path) may be supplied. Clicking Files opens the MicroStation
File Manager, wherein the path and database file may be selected.

The drainage library is vdot.dlb. The file is provided by VDOT.

GPK Job Number GEOPAK coordinate geometry database which contains all alignment and profile
(optional) information for the project. Creation and manipulation of this binary file must be
accomplished from within GEOPAK ROAD. The file name of the database is
job*.gpk, where * is a one to three alphanumeric name unique to each project. It is
this name that should be typed into the GPK Job Number field. In lieu of typing, it
may be selected by clicking Select. For VDOT project the job number is always
101, but for that particular reason, special attention must be given to the directory
path where the gpk file of the project is located.

Road Preferences

# GEDPAK User Preferences [_ =]
TR Englsn | | Dupdécowsoy

Digtance: 931234 "I

Coordinates:  NE vI
Station:  9+39[9)12 "I

Direction: _Bearing vI
_ Angle Seconds: 379912 "I

Station:  12+34 v|

Working Directary: | Q

Feature Preferences. .

COGO Freferences...

ok Cancel |

[T Show this dialog at GEOPAE startup

The working directory, wherein the GEOPAK coordinate geometry database is
located, is specified within this dialog. The directory may also contain other
project files, which is desirable; however, this is not required by GEOPAK
Drainage.

The designer should adjust the Output Accuracy group settings as desired, since
they will not affect the precision and accuracy of the drainage calculation. They
are just output values.

Drainage Cell Library Cell library containing cells utilized for Nodes contained in the Drainage Library.

The cell library is drainage.cel. The file is provided by VDOT.

Criteria Directory Directory wherein the criteria to draw nodes, links and other drainage data onto

cross sections is stored. VDOT does not uses this functionality.

GEOPAK DDB Defines the Design and Computation Manager which is utilized for matching pay

items to the Drainage Library in order to draw nodes and links at the desired
symbology and final quantities computation upon completion of the drainage
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RAINFALL PARAMETERS

design. The file is VDOTenglish.ddb.

Water and Sewer Project | 1 |everage data from a Water and Sewer project, activate the toggle, then select

the directory and GWS file. This is not a required element for the drainage design.
VDOT has not standardized the usage of GEOPAK Water and Sewer.

Shape File Optional, GEOPAK superelevation shapes created in GEOPAK Road can be

leveraged into drainage. Specify the path and file name by manual entry via the
browse icon. In order to utilize and extract superelevation shapes data from the
superelevation shape file, the file must be referenced into the active design file.

Site Project To leverage data from a Site project, activate the toggle, then select the directory

and GSF file. A site project model or object may be used. This is not a required
element for the drainage design. VDOT has not standardized the usage of
GEOPAK Site.

Original Ground The Model , Object or tin file to be used as existing ground. The Original Ground

profile along the drainage pipes is drafted when drawing the profile of the
drainage system.

Design Surface The Model , Object or tin file to be used as another reference surface, in this case

as a “proposed” surface. The Design Surface profile along the drainage pipes is
drafted when drawing the profile of the drainage system.

RAINFALL PARAMETERS

The Rainfall Parameters dialog establishes the rainfall parameters for computing intensities and
discharges for the current project.

& Preferences - Rainfall Parameters M= E3
File
Options |
Uitz ~ Fational Method
Project Components Rainfall Sourcs: [Campbell =]
Land Uze Options ~ S5 Method
Frequency Options ) : —
Iniensiy Option Rainfall Source: [Type Il [
Junction Losses ) Antecedent Moisture Condition |
Irilet UIJliD_nS ™ Antecedent Moisture Condition |1
N,Dde Dphons ) Antecedent Maoisture Condition 111
Link Options _
Prafile Options Hydragraph Time Interval: I 5.000
Plan Symbology
|Ipdates
Save Optionz

Ok | Cancel |

Rational Method

. The Rainfall Data Source for computing intensities and discharges, which is
Rainfall Source

stored within the Drainage Library File, therefore it may only be selected here.
Select the zone where the project is located. Refer to the FDOT Hydrology
Handbook for the boundaries of the zones

SCS Method:

The Rainfall Data Source for computing discharges, which is stored within the
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LAND USe OPTIONS

Rainfall Source

Drainage Library File. Therefore, it may only be selected here. The Antecedent
Moisture Condition I is the lowest runoff potential (dry soil), while Antecedent
Moisture Condition I1 is the average condition, while Antecedent Moisture
Condition 111 is the highest runoff potential (saturated soil).

Hydrograph Time
Interval

Specified in minutes.

LAND UsSe OPTIONS

The Land Use dialog establishes the land use options used to delineate sub areas and runoff
coefficients for the current project.

£ Pieferences - Land Use Options M= B3
File
- ~ Rational M ethod
Optioks
T | ® Single LandUseltem:  [vDOT =
Project Components ) Multiple Land Usze [tam:
Rairfall Parameters [Lamd e Tkem [Eevell| Ealer [EvEEhi StiE |

Intensity Option

Inlet Optiong
Maode Options
Link Optiong
Prafile Options

|Ipdates
Save Optionz

(]9 | Cancel | |Cand s = Spmtielagy: =

Land Uze Options
Frequency Optiong

Junction Loszes

Plan Symbology

|Card e = Spmbelogy: =

— SCS Method
® Single Land Usze ltam: [vCOT [
) Multiple Land Usze [tam:
[Lamd e Tkem [Eevell| Ealer [EvEEhi StiE |

Different Single and Multiple Land Use Items can be defined for the Rational and SCS Method.

Since the Rational Method is the standard methodology used for VDOT Storm Drain projects, the

designer should disregard the settings for the SCS Method.

Single Land Use Item

The land use source from the Drainage Library containing the runoff
coefficients and symbology for land use delineation may be selected from the
list box.

Multiple Land Use Item

The land use sources from the Drainage Library containing the runoff
coefficients and symbology for land use delineation. To select, utilize the
down arrow in the list box and select the desired option. The item selected
must be associated with a symbology that matches the symbology of each of
the main land use shapes in the design file. The Department has only defined
a Single Land Use Item in their Drainage Library. Therefore, this option
would not be used by the designers.

VDOT GEOPAK Drainage
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FREQUENCY OPTIONS

FREQUENCY OPTIONS

The Frequency Options dialog establishes the computation frequency and runoff peaking factors for
discharge computations for the current project.

g Preferences - Frequency Options M= E3
File
Options |
|ritz

Project Components
Rainfall Paraneters
Land Uze Options
Frequency Options
Intenzity Option
Junction Loszes
Inlet Optiong

Maode Options

Link Optiong
Prafile Options
Plan Symbology
|Ipdates

Save Optionz

Ok | Cancel |

Drainage Library [DLEB]: .. \wdaothdraind hstandardshgeopak vwdot.dib

 Rational Freguency Options

Computation Funoff Coefficient
Frequency: Peaking Factar:

10 ear "I I'I.IJDDD

~ 5C5 Frequency Options

Curmulative Runoff Coefficient
Frequency: Peaking Factor:

8.00 Depth "I I 1.0000

Drainage Library File

The current Library File as specified in the Project Component option, is
(DLB) displayed. It cannot be changed from this dialog, only in the Project Components.

Computation Frequency
(Rational Method)

The displayed frequencies are selected from the available entries in the Rainfall
Parameters chosen from the library. Select the appropriate frequency for the
project. Refer to the VDOT Drainage Manual for further details. These fields
cannot be modified except through the Drainage Library dialog.

Cumulative Frequency
(SCS Method)

The displayed depths are selected from the available entries in the Rainfall
Parameters chosen from the library. The SCS approach is not standard for VDOT
storm drains, but it can be used for preliminary routing calculations. These fields
cannot be modified except through the Drainage Library dialog.

Peaking Factors

Runoff coefficient peaking factors to be applied in the runoff computations. These
factors are used to adjust runoff coefficients for differing frequency rather than
entering multiple set of coefficients for each frequency.

4-6
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INTENSITY OPTIONS

INTENSITY OPTIONS

The Intensity Options dialog establishes the intensity computation options for the current project.

gPlefemnces - Intenzity Option

File

[ ] ]

Optiong

|ritz

Intensity Option

Inlet Optiong
Maode Options
Link Optiong
Prafile Options

|Ipdates
Save Optionz

Ok | Cancel |

Project Components
Rainfall Paraneters
Land Uze Options
Frequency Options

Junction Loszes

Plan Symbology

Drainage Library [DLEB]: .. \wdaothdraind hstandardshgeopak vwdot.dib

Miniriumn Time of Concentration: I 10.0000

Accumulate Pipe Flow Time by: - Uniform Flow Velocity Vl

r Intensity Options

®) Compute Intensity from Library Rainfall Data Source

) Absolute Intensity: ID.DDDD

™ ‘weight Time of Concentration

~ Inlet Computation Only

¥ &bsolute Intersity: |4.DDDD

Drainage Library File
(DLB)

The current library file, as specified in the Project Component option, is
displayed. It cannot be changed from this dialog, only in the Project
Components.

Minimum Time of
Concentration

Minimum Time of Concentration to use in discharge computations. This is used
throughout the computations as the minimum. In pipe hydraulic computations
this value will be used until the actual time of concentration within the systems
exceeds this value. Specified in terms of minutes.

The VDOT Drainage Manual specifies a minimum of 5 minutes.

Accumulate Pipe Flow
Time by: Uniform Flow
Velocity

Full Flow Velocity
Iterative Velocity

This option controls how travel times through the pipes are determined. The
following provides an overview.

VDOT uses the Uniform Flow Method. When selected, the velocity associated
with normal depth (uniform flow) establishes the travel time.

If Full Flow Velocity is selected, the velocity associated with full flow velocity
(V= Q/A) establishes the travel time.

If the Iterative Velocity method is selected, GEOPAK makes three passes up and
down the network performing runoff and hydraulic calculations. By making
several passes, the velocity used to compute the travel time closely matches the
actual flow conditions. For pipes flowing full, the full flow velocity (V= Q/A)
establishes the travel time. For pipes flowing partially full, the average velocity
through the pipe establishes the travel time. GEOPAK performs backwater curve
(water surface profile) calculations so the average velocity is often different than
normal depth (uniform flow) velocity.

Intensity Options Group

Intensity options which allow for specification of an absolute (constant) intensity
or computed intensities to use throughout the network discharge computation
procedures.

Select Compute Intensity from Library Rainfall Data Source for VDOT
project since the rainfall intensities are already predefined in the library.

VDOT GEOPAK Drainage

© 2007 VDOT
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JUNCTION LOSSES

Compute Intensity from
Library Rainfall Data
Source

Utilizes the values established and computed from the Rainfall Parameters
(either default equation or table) from within the Drainage Library File.

Absolute Intensity

A constant intensity that overrides the Drainage Library File and utilizes the
specified value for all discharge computations. It is specified in terms of in/hr or
mm/hr depending on the project units.

Weight Time of
Concentration

When utilizing combining different types and times of concentration, activating
this toggle weights the times of concentration such that the discharge will not
decrease. Ignore this toggle for VDOT projects.

Inlet Computation Only:
Absolute Intensity

A constant intensity that overrides the Drainage Library File and utilizes the
specified value for discharge computations required for inlet and spread
calculations only. Network hydrologic discharges will be computed as specified
in the Intensity Options. Note, however, for the value to be utilized, the toggle to
the left of the Absolute Intensity within the Inlet Computation Only group box
must be activated or the value will be ignored. Specified in terms of in/hr or
mm/hr depending on the project units.

VDOT performs most inlet and spread calculations on 4 in/hr.

JUNCTION LOSSES

The Junction Losses dialog establishes the junction loss equations and coefficients utilized in Link
hydraulic calculations for the current project. When selected from the Options list, the dialog depicted

below is displayed.

gPrelerences - Junction Lozzes

IS E3

Options

| ¥ Dizable All Junction Loss Computations

Units

Project Components
Rainfall Farameters
Land Uze Options
Freguency Optionz
Intenzity Option

Inlet Options
Mode Optionz
Link Options
Frofile Options
Plan Symbalogy
Updates

Save Options

QK. | Cancel |

Loss Welocity:  Actual "I

Drescription

Pressure Expanzion: W
Free Surface Expansion: W
Pressure Contraction: IW
Free Surface Contraction: W
Bend Loss:  Method 1 vI

Terminal InletAlunction: IW
Simple Junction;  Method 1 vI
Complex Junction:  Method 1 vI

Lozs Coefficient - K.

Unique Loss Coefficients (K) can be specified in the fields to the right of each Description, and apply
to the whole project. On the other hand, designers can specify a particular Loss Coefficients for each
junction in the "Node Configuration - Junction Loss" Dialog box discussed in the Nodes Chapter.
However, if the Disable All Junction Loss Computations is activated, no losses will be computed for
the entire project.

4-8 © 2007 VDOT VDOT GEOPAK Drainage



Disable All Junction Loss
Computations

If the toggle is active, no Junction Loss computations are calculated, regardless of
the option selected in the Nodes - Junction dialog. Note if a single or small
number of Junction Losses are not desired, an option is provided in the Nodes -
Junction dialog to accomplish this. The toggle here applies to the entire project.

Loss Velocity

Losses can be computed on Actual or Full Flow.

Pressure Expansion

Loss coefficient to be used in pressure (full flow) expansions within the system.

Free Surface Expansion

Loss coefficient to be used in free surface (partial flow) expansions within the
system.

Pressure Contraction

Loss coefficient to be used in pressure (full flow) contractions within the system.

Free Surface Contraction

Loss coefficient to be used in free surface (partial flow) contractions within the
system.

Bend Loss

Specify the methodology and source of bend loss computations. Method 1 utilizes
Modern Sewer Design, while Method 2 utilizes AASHTO methods.

Terminal Inlet / Junction

Loss coefficient to be used at terminal inlets or junctions (no upstream pipes)
within the system.

Simple Junction

Specify the methodology for computing junction losses at simple junction (one
pipe into the junction and one pipe out).

Complex Junction

Specify the methodology for computing junction losses at complex junctions
(more than one pipe in and only one pipe out).

INLET OPTIONS

The Inlet Options dialog establishes the default inlet variables to use in the Node Configuration
Properties dialog for each type of Inlet.

g Preferences - Inlet Options M= 3

Optiong

|ritz

Project Components
Rainfall Paraneters
Land Uze Options
Frequency Options
Intenzity Option
Junction Lozzes

Inlet Optiong
Maode Options
Link Optiong
Prafile Options
Plan Symbology
|Ipdates

Save Optionz

ak | Cancel |

Inlet By Pazs Options: By Pass as Taotal Discharge "l

Link By Pazz Flow Optionz: Do Mot Allow Inlet By Pazz in Link Discharges Vl

Default Spread n'alue: I 0.0150

™ Estend Superelevation Shapes to Inlet at Shape Slope

VDOT GEOPAK Drainage
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Inlet By Pass Options

This option indicates the method by which Inlet by pass flows are accounted for in
the system. By Pass as Total Discharge will account for by pass flows as the
difference between the total discharge to the inlet and the inlet capacity. This
difference, expressed in flow units, will be the total by pass from the inlet and can
be added at a subsequent downstream inlet.

VDOT spread calculations have typically been performed using this approach.

By Pass as C x Area Product, on the other hand, is determined from the total
bypass at the inlet as a product of runoff coefficient and drainage area that is
contributing to the total bypass at the inlets computed intensity. This product of
area and runoff coefficient will then be added to the composite runoff coefficient
and area at the downstream inlet.

Link By Pass Options

This option indicates the method by which Inlet By Pass flows are accounted in
the Link discharge computations. Do Not Allow Inlet By Pass in Link Discharges
will prevent the system from bypassing discharges from one inlet to the next when
Link discharges are computed. The total discharge that reaches the inlet will be
considered entering the Link at that point. This option in no way impacts the inlet
computations, bypass flows will be reflected in these computations.

VDOT uses this first approach.

Allow Inlet By Pass in Link Discharges will account for the discharge that
bypasses the inlets when the Link discharges are computed. Only the discharge
entering the inlet will be considered entering the Link at that location. Bypass
flows will be directed to the appropriate inlet and the Link accordingly.

Default Spread N Value

The default Manning's roughness coefficient for the spread hydraulic
computations.

Extend Superelevation
Shapes to Inlet at Shape
Slope

This option extends the slope of the last superelevation shape to the drainage
location point of the drainage node. E.g., sometimes roadway superelevation
shapes are not created to the extend of the whole pavement width.

4-10
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NoODE OPTIONS

NoODE OPTIONS

The Node Options establish the default naming prefix for Node entries and option for automatic link

updates.

gPlefemnces - Hode Options
File

s 3

Optioks |
Units

Praject Compaonents

Rainfall Parameters

Land Uze Options

Frequency Optiong

Intensity Option

Junction Loszes

Inlet Options

Hode Optiong
Link Optionz
Profile Options
Plan Syribalogy
|Jpdates

Save Options

ak | Cancel |

Default Hode [D Prefis: I k3
[ Scale Mode Cells  Scale Factor |1.EIEIEIEI
Minimum Freeboard: I 1.0000

Default Node ID Prefix

This prefix will be added to the beginning of the each defined Node element
automatically and then numerically sequenced by one. For example, the first
Node stored would obtain default ID in this case of 3— 1” followed by “3 — 27,
“3— 37, etc. for subsequent Nodes.

Scale Node Cells /
Scale Factor

When active, the node cells are scaled based on the specified scale factor. In this
way, the node cell can utilize standard node dimensions, but the cells are scaled
in plan view. VDOT cells should be placed at 1.0, so inactivate the Scale Node
Cells or set them to 1.0

Minimum Freeboard

This value does not affect the hydraulic computation in any way. It is used
solely to trigger a warning message (HGL Blowout) if the hydraulic gradient
causes less free board. GEOPAK measures freeboard from the hydraulic
gradient to the inlet elevation.

VDOT GEOPAK Drainage
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LINK OPTIONS

LINK OPTIONS

The Link Options dialog establishes the default Link design constraints.

gPlefemnces - Link Options

Options |

Detault Link 10 Prefis: | pipe]

Praject Compaonents
Rainfall Parameters
Land Uze Options

|ritg ~ Link Prafile Options

Dezign Optimization:  Minimize Depth of Cover "l

Elevation Option: — at Actual Link End vI

Frequency Optiong

 Link Design Options

[ ] ]

Intensity Option
Junction Loszes
Inlet Options
Hode Optiong

Link Options
Profile Options
Plan Syribalogy
|Jpdates

Save Options

Ok | Cancel |

) Diesign for Masimum Capacity
) Design for Full Capacity

) Design Partial Capacity [d/D) Ratio: [ 10000
) Design Partial Capacity [q/8] Ratio: [ 10000

Link Slope Decimal: Mo Rounding vI

~ Link. Criteria File
File Narne: | Q

~ Hydraulic GradeLine Optiong

Hydraulic Gradeline Eazis:  Equal Hudraulic Gradeline Vl

Default Link ID Prefix

This prefix, similar to the one found in the Node Options, is added to the
beginning of the each defined Link element automatically and then numerically
sequenced by one. For example, the first Link stored would obtain default ID in
this case of “pipe — 1” followed by “pipe — 2", “pipe— 3", etc. for subsequent
Links.

Link Profile Options
group box

A pipe profile envelope is developed which represents the minimum soffit
elevation and maximum invert elevations for each network. This envelope is
derived from an evaluation of all the constraints of the system; minimum and
maximum depth, minimum and maximum pipe rise, minimum and maximum
slope, and any elevations held through the system. These constraints are
established later in the Link and Node dialogs. Refer to the Link and Node
Chapters for additional information. The Minimize Pipe Size option will use the
entire envelope to size pipes. If a smaller pipe will fit within the envelope at a
steeper slope then it will be selected as the candidate of choice. If using the entire
envelope does not result in smaller pipes then the top of the envelope will be used
and the appropriate pipe fitting this slope configuration will be selected.

The Minimize Depth of Cover will size pipes based on the top of the envelope,
minimum soffit elevation and the pipe fitting this slope configuration will be
selected. One Design Optimization method per project may be selected, however,
the option may be changed anytime during the design process, the results
quantified, and the effects of the Design Optimization reviewed.

Minimize Pipe Size

Drainage bases the design on minimizing pipe size, even though this may
encourage deeper excavation.

Minimize Depth of Cover

Drainage designs the system with minimal excavation, but utilizes larger pipe
sizes.

Elevation Option

This refers to the elevation reported for the ends of the links. Two options are
supported: at Hydraulic Center and at Actual Link End. Hydraulic Center reports
the elevation at the center of the node structure. Actual Link End reports the

4-12
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LINK OPTIONS

elevation at the inside of the structure wall. Use Actual Link End for VDOT
projects. The option selected is reflected in the Link dialog in the condition
option.

Link Design Options

Only one option may be selected for a project, however, this may be changed
during the design process.

It is not critical what is selected here, because the pipes will likely be adjusted to
meet standards after GEOPAK initially designs the system. .

Design for Maximum
Capacity

This option sizes pipe using maximum capacity. This typically occurs at some
percentage (90%) less than full.

Design for Full Capacity

This option sizes pipe using full flow (100%) by depth. If a pipe is designed, the
smallest size corresponding to a capacity greater than the discharge will be
selected.

Design Partial Capacity
(d/D) Ratio

The ratio of the diameter of the pipe capacity versus the diameter of the total pipe
to be used as the maximum capacity in pipe sizing as depicted in the graphic
below. Note the value is a ratio (in decimal format) which must be equal to or
smaller than one. If the value is equal to one, the pipe is designed for full
capacity.

Design Partial Capacity
(9/Q) Ratio

The ratio of the pipe capacity versus discharge to be used in computing maximum
capacity in pipe sizing algorithms. For example if the value is set to 0.5 then all
pipes designed will have a capacity of twice the discharge and if set to 2.0 the
pipes would have half the capacity of the discharge

Link Slope Decimal

Options range from none to four. This limits the number of decimal places
reported for most link slopes.

Link Criteria File

Name of criteria file which draws links onto cross sections.

VDOT does not draw drainage structure cross sections as a standard. Therefore,
this entry should be blank.

Hydraulic Gradeline
Options

‘Hydraulic: Gradeline Basis- | # Equal Hydraulic Gradefine

"Hydlaulic Gradeline Dptions

Equal Energy Gradeline

Equal Hydraulic
Gradeline

This option for computing hydraulic gradelines assumes that the starting
downstream hydraulic gradeline of one Link is equal to the upstream hydraulic
gradeline (plus junction losses if applicable) of the downstream Link.

Use this for all VDOT projects.

Equal Energy Gradeline

This option for computing hydraulic gradelines assumes that the starting
downstream energy gradeline of one Link is equal to the upstream energy

VDOT GEOPAK Drainage
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PROFILE OPTIONS

gradeline (plus junction losses if applicable) of the downstream Link. The
hydraulic gradeline will then proceed from the energy gradeline less the velocity
head in the pipe. If the energy value in the downstream Link does not exist (too
low) in the upstream pipe, the minimum specific energy and critical depth are

used at the downstream end of the Link.

PROFILE OPTIONS

The Profile Options establishes the default naming convention for profiles along the links designed.

gPlefemnces - Profile Options

Optiong
[driikz v Default Profile 1D Prefie | Pro-

™ Create Cogo Chaing and Profiles

Project Components
Rainfall Paraneters
Land Uze Options
Frequency Options

s 3

Intenzity Option
Junction Loszes
Inlet Optiong
Maode Options
Link Optiong

rofile Options
Plan Symbology
|Jpdates
Save Optionz

ak | Cancel |

Default Profile ID Prefix

This prefix is added to the beginning of the each defined profile automatically and
then numerically sequenced by one. For example, the first Profile stored would
obtain default ID in this case of "PRO-1" followed by "PRO-2", "PRO-3", etc.
for subsequent Profiles. If the links are to be used for COGO chains or profiles,
the length of this prefix should be within the parameters for chain and profile
character limitations.

Create COGO Chains and
Profiles

When toggled on, the links are stored in the coordinate geometry database (GPK)
specified in the Preferences - Project Components. The link name is used as both
the chain and profile name. Stationing starts at 0+00.

This is not applicable to VDOT projects.

4-14

© 2007 VDOT VDOT GEOPAK Drainage




PLAN SYMBOLOGY

PLAN SYMBOLOGY

The Plan Symbology dialog establishes the element symbology for drawing the drainage features
during the design process.

& Preferences - Plan Symbology M= E3
Options | Plan Yiew Parameters
Units Component Linear Tent Label
Praject Compaonents
: v
Rainfall Parameters S = m o %
Land Use Options Pipes: = m I~
Frequency Optiong .
3 AMPL W
Intensity Option Ditches: = I_
Junction Loszes Culverts: - m I
Inlet Options
Hode Optiong ks
Link Dptions ¥ Set Mode Cell Symbalagy
Profile O ptions [nlets: - _ T
Plan Syrbalogy e
Save Options Outlets: = m 7

These are “design process” symbology, therefore it does not need to match VDOT CADD standards.
When the design is completed, GEOPAK Drainage will update automatically all the CADD elements
to be complied with VDOT standards using the Design and Computation Manager.

Linear Any valid MicroStation symbology may be specified for drawing the component.
To set the symbology, double click on the graphic, which opens the Set Feature
dialog.

Text Any valid MicroStation text parameters may be specified. To set the symbology,
double click on the graphic, which opens the Set Feature dialog.

Label GEOPAK Drainage will automatically label drainage areas, nodes and link to aid
during the design process when the toggle is activated

UPDATES

The Updates dialog enables you to determine whether various data is updated during the design
process. You may toggle on as many options as desired. When toggled on, the automatic updating is
activated. If the option is not toggled on, no automatic updating occurs.

VDOT GEOPAK Drainage
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SAVE OPTIONS

g Preferences - Updates [_ =] =]

Options

Units

Praject Compaonents
Rainfall Parameters
Land Uze Options
Frequency Optiong
Intensity Option
Junction Loszes
Inlet Options

Hode Optiong

Link Optionz
Profile Options
Plan Syrbalogy

Save Options

Ok | Cancel |

¥ dutomatic Link Updates on Node Relocations
¥ dutomatic Update Area data on Netwaork Design
¥ dutomatic Update Mode data on Network Design
¥ Automatic Update Link data on Metwork Design
¥ dutomatic Update Profiles on Metwork Design

IV Automatic Update Metwark on Prafile E dit

SAVE OPTIONS

g Preferences - Save Options [_ =] =]

Options

Units

Praject Compaonents
Rainfall Parameters
Land Uze Options
Frequency Optiong
Intensity Option
Junction Loszes
Inlet Options

Hode Optiong

Link Optionz
Profile Options
Plan Syrbalogy
|Jpdates

IV Automatically Save Drainage Updates

[ Automatic Backup

[T Automatic Save: | | Binute vI

Automatically Save
Drainage Updates

When activated, the Drainage project file (.gdf) is saved every time an Apply
command is issued from any Drainage dialog.

Automatic Backup

When activated, a backup file is always created (in the project directory with a
*.bak extension) when the project is opened.

Automatic Save

To automatically save, activate the toggle to the left of the option, then select the
desired time interval.

PRINTING THE PROJECT PREFERENCES

Users may print all of the preferences by going to Project > Export >Preferences to ASCII.
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LAB EXERCISE: PROJECT PREFERENCES

LAB EXERCISE: 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.

>

VDOT GEOPAK Drainage

Setup the Project Preferences

Execute c:\data\geo\vdot\drain1\LAB04_V8ad.EXE.
Open the MicroStation file, c:\data\geo\vdot\drain1\h17682.dgn.

1
2
3. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
4. Select project:17682.prj located in c:\data\geo\vdot\drainl, and click OK.

g Project Manager [_ [T =]

Projects  Directory  Admin

| CADatahGeotwvdotydraind
Filter: | *.prj Twpe:  Project vI

|Directories: =
[]

[projdbs]

[standards]

[C]

]

E =
Job Mumber, 101 Unit System; Englizh

Description:

0K Cancel |

5. Access User: VDOT.

Project Users: 17682_prj
Uzerz
:HEE? Uszre Uszer Infa ——
& ] Full Mame:
OF Code:
Dezcription:

ok LCancel |

6. Click OK. The Road Project dialog will load. This will setup the proper directories for the

location of the gpk file.

© 2007 VDOT
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LAB EXERCISE: PROJECT PREFERENCES

# Road Project: 17682.prj M= 3

File Bemember Options

Wwarking Directory: User ¥DOT  Job#: 101 M|
I warking &lignment Influence Runs Celect | Dedi I Port Vi |
Waorking Alignment |MAINLINE = - i
Existing | |
Ground E sigting Ground
Draw Pattern |

Crogs Sections

E xigting Ground Wertical
Frafile Alignmment
Coordinate
Geometry |
i}
[ Models

Calculate Superelevation Fropozed
Superelevation | Shapes | Crosz Seclions

Harizortal |

Alignment

Flan Yiew J i Earthwork
Design

Cross Section
Sheets

Flan Wiew Tabular
Quantities Summaries | |

Flat & Profile Lirnits of Reports & X5
Sheets Caonstruction Huantities
7. Minimize the Road Project dialog box.

Access GEOPAK Drainage ( MS Menu: Applications > GEOPAK Drainage > Drainage).

9. Select the drainage project, c:\data\geo\vdot\drain1\h17682.gdf. (Drainage Menu: Project >
Open).

10. Select the Preferences tool (Drainage: Project > Preferences).

Establish the preferences by selecting each option in the columns and defining the various
values.

11. Highlight Units.
gPreferences - Units [_ ] =]

Optiohs

® English ) Metic

F'rqect CoT T Drrainage fuea = Acres Drainage drea = Hectares

Riainfall Parameters Length = Feet [ength = Meters

Land Use Options Dimenszion = Feet Dimension = Meters

Frequency Optiong Diepth = Feet [epth = kefers

Intenzity Option Digcharge = Cubic Feet per Second Discharge = Cubic Meters pen Secand
Junction Loszes Yelocity = Feet per Second Yelocity = Meters per Secand

Inlet Dptions Intenzity = Inches per Hour Intensity = Millimeters per Houn

Hode Optiong
Link Optionz
Profile Options
Plan Syribalogy
|Jpdates

Save Options

Ok, | Cancel |
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LAB EXERCISE: PROJECT PREFERENCES

12. Click Project Components. Populate the dialog as shown below.

gPlefemnces - Project Components M= E3

File
Optiong Drainage Library File [DLE]: |:\drain1 atahdardshgeopakiwedat. dib Q
Urits e GPK Job Number: [101 Q. Foad Preferences |
Rairfall Parameters Drainage Cell Library: | -ain \standards\WDO T \drainage. cel Q
Land Uze Options o o
Frequency Dptions Criteria Directory: |
Intenzity Option GFK DDE: | andards\Geopak WDOT english.ddb | €4
Junction Loszes
Irlet Dptions ‘Wwiater and Sewer Project: | Q
Mode Options Superelevation Shapes File: | Q
Link Optiong _ _
Prafile Options ™ Site Project: | 2
Plan Symbology ~ Original Graound
Updates TIN File vI | surve.tin Q
Save Optionz

~ Design Surface

TINFie  *]| | Q
Ok | Cancel |
GPK Job Number Job101.gpk.
Original ground survey.tin
Note Click the Road Preferences button to setup the proper location of the gpk file.
13. Click Rainfall Parameters.
We will use the Rational Method for the Storm Sewer design.
gPlefemnces - Rainfall Parameters M= 3

File
Options
Lniits - Rational Method

Praject Compaonents
R ainfall Parameters
Land Uze Options
Frequency Optiong
Intensity Option
Junction Loszes
Inlet Options

Hode Optiong

Link Optionz
Profile Options
Plan Syribalogy
|Jpdates

Save Options

ak | Cancel |

) Antecedent Moisture Condition |
® Antecedent Maoisture Condition 11

O Antecedent Moisture Condition 111
Hudrograph Time Interval; I R.000

Rainfall Source: [Campbell 3|
~ SCS Methad
Rainfall Source: [Type Il 3|

VDOT GEOPAK Drainage

Rational Method Campbell
SCS Method Type Il
© 2007 VDOT
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LAB EXERCISE: PROJECT PREFERENCES

14. Highlight Land Use Options.
15. Set the Rational Method Single Land Use to VDOT .

gPlefemnces - Land Usze Options M= 3
File
- ~ Rational M ethod
Optioks
T | ® Single LandUseltem:  [vDOT =

Praject Compaonents
R ainfall Parameters

Land Uze
Frequency Optiong
Intensity Option
Junction Loszes
Inlet Optiong
Maode Options
Link Optiong
Prafile Options
Plan Symbology
|Ipdates

Save Optionz

Ok | Cancel |

) Multiple Land Usze [tam:

el M L=

[Eevell| Ealer [EvEEhi StiE

|Card e

S —

— SCS Method
® Single Land Usze ltam:
) Multiple Land Usze [tam:

[vCOT =]

el M L=

[Eevell| Ealer [EvEEhi StiE

|Cand s

S —

16. Highlight Frequency Options.

17. Set the Rational Frequency and the SCS Frequency options as shown below.

& Preferences - Frequency Options [_ [}
File
Options |
Unitz Drainage Library [DLB]: . hwdaothdraind hztandardswgeopakydot. dib

Froject Components
Rainfall Parameters
Land Uze Optiong

Fraquency Opti
Intenzity Option
Junction Loszes
Inlet Options
Mode Options
Link. Optionz
Profile Options
Flan Symbology
Updates

Save Optionz

QK. | Cancel |

Computation
Fraquency:

10 ear hd

r— Rational Frequency Options

Runaff Coefficient
Peaking Factor:

I 1.0000

~ 5C5 Frequency Options

Cunnulative
Freguency:

Runoff Cosfficient
Peaking Factor:

8.00 Depth vI I 1.0000

© 2007 VDOT
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LAB EXERCISE: PROJECT PREFERENCES

18. Highlight Intensity Options.

& Preferences - Intensity Option M= E3
File
Options |
Uriits Drainage Library [DLEB]: .. \wdaothdraind hstandardshgeopak vwdot.dib
F'lqect el Miniriumn Time of Concentration: I h.0000
Rainfall Paraneters
Land Use Options Srnmulate Bioe Eiow Time by Uriform Flow Yelociy |

r Intensity Options

Junction Losses ™ Compute Intensity from Library R ainfall Data Source
Ilet Optiors )/ Absolute Intensity: [00000

N.Dde DI:.'thS ™ ‘weight Time of Concentration

Link Optiong

Prafile Options
Plan Symbology

|Ipdates :
Save Options ¥ Absclute Intensity: |4.DDDD

Ok | Cancel |

~ Inlet Computation Only

Minimum Time of Concentration 5 minutes

Accumulate Pipe Flow Time by Uniform Velocity

Intensity Options Use Compute Intensity from Library Rainfall Data
Source

Inlet Computation Only Toggle ON, 4.0

19. Highlight Junction Losses.
20. Toggle ON Disable All Junction Losses Computations.

% Preferences - Junction Losses M= E3
File
Optiong | ¥ Disable Al Junction Loss Computations
|ritz :
; Lozz Yelocity:  Actual ¥
Project Components B —I
Rainfall Parameters Degcription Loss Coefficient - K.

Land Uze Options
Frequency Options
Intenzity Option

Fressure Expangion; I 0.3000
Free Surface Expansion: I 0.71000

Inlet Options Pressure Contraction: ID.EEIEIEI
Maode Options
Link Options Free Surface Contraction: I 03000
Prafile Options ekl _
Plan Symbalogy T Bend Loss:  Method 1 vI
Updates . = Terminal InletAlunction: I 1.0000
Save Optionz
Tk Simple Junction:  Methad 2 |
oK, | Cancel | Ql;': Comples Junction: _Method 2 vI

VDOT GEOPAK Drainage © 2007 VDOT 4-21



LAB EXERCISE: PROJECT PREFERENCES

21. Highlight Inlet Options.

g Preferences - Inlet Optlions !EI E
Fil=
Optiong |
Units Inlet By Pass Options: By Pase a Total Discharge vI

Froject Components
Rainfall Parameters
Land Use Ophons
Frequency Optiohs
Intengity Option
Junction Losses

Link Options
Prafilz Optiotiz
Flan Symbalogy
Updates

Save Options

QK | Cancel |

Link By Pazz Flow Optiohs: Do Mot Allow [nlet By Pass in Link Digcharges 'l

Default Spread nvalue: | 0.0150

™ Extend Superelervation Shapes ta Inlet at Shape Slope

Inlet By Pass Options

By Pass as Total Discharge

Link By Pass Flow Options

Do Not Allow Inlet By Pass in Link Discharge

Default Spread n Value

0.015

22. Highlight Node Options.

gPrefemnces - Node Options
File

M= E3

Optiong |
Units

Froject Components

Rainfall Parameters

Land Use Ophons

Frequency Optiohs

Intengity Option

Junction Losses

Inlet Options

Prafilz Optiotiz
Flan Symbalogy
Updates

Save Options

QK | Cancel |

Default Mode ID Prefiz | 3
[T ScaleMode Celle  Scale Facton |1.UEIEIU

inimum Freeboard: | 1.0000

Default Node ID Prefix

3-

Scale Node Cells

Toggle OFF

Minimum Freeboard

1.00

4-22
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LAB EXERCISE: PROJECT PREFERENCES

23. Highlight Link Options.

& Preferences - Link Options M= E3
File
Optiong | Default Link 10 Prefis: Ipipe-
itz r— Link Prafile Options
Project Components Dresign Optirmization:  Minimize Depth of Cover "l
Rainfall Parameters . . =
Land Lise Options Elewation Optior: — at Actual Link End vI
Frequency Dptions — Link Design Options
Intenglt_l,l Option ® Diesign for Masimum Capacity
Junction Losses . )
Inlet Options ) Design for Full Capacity
Maode Options ) Design Partial Capacity [d/D) Ratio: [ 10000
1 ! ) Design Partial Capacity (g/3] Ratio: [ 1.0000
Profile Options : . -
Plan Symbolagy Link Slope Decimal: Mo Rounding vI
LIl ~ Link Criteria File
Save Options File Narne: | aQ
— Hydraulic Gradeline Options
OF. | Cancel | Hudraulic Gradeline Baziz:  Egual Hudraulic Gradeline Vl
Default Link ID Prefix pipe-
Design Optimization Minimize Depth of Cover
Elevation Option at Actual Link End
Link Design Options Design for Maximum Capacity
Link Slope Decimal 2
Hydraulic Gradeline Options Equal Hydraulic Gradeline
24. Highlight Profile Options.
gPrefemnces - Profile Dptions (- [Ex]

File:

Options

Units

Froject Components
Rainfall Parameters
Land Use Ophons
Frequency Optiohs
Intengity Option
Junction Losses
Inlet Options

Mode Options

Link Options

Profile Options
Flan Symbalogy
Updates

Save Options

QK | Cancel |

V¥ Default Profile 1D Prefis: |pr0-|

™ Create Cogo Chaing and Prafiles

Default Profile 1D Prefix Pro-
Create COGO chains and Toggle OFF
profile

VDOT GEOPAK Drainage
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LAB EXERCISE: PROJECT PREFERENCES

25. Highlight Plan Symbology.

26. Establish the symbology of the different project elements according to your standard
conventions. The Preferences may be changed at any time during the course of the project.

& Preferences - Plan Symbology M= E3

File
Optiong Plan Wiew Parameters
Units Companent Linear Texut Label
Project Components

3 W
Rainfall Paraneters fueas: = _ &
Land Uze Options Fipes: = _ i
Frequency Options . :
Intenzity Option Ditches: - _ p
Junction Loszes Cubverts: = _ I
Inlet Optiong Nod
Mode Options [ Hiades
Lik, Options v Set Mode Cell Spmbology
Prafile Options Itz = _ v
Plan Symbology _
Updates Junctons: [ [ ¥

Note

27.
28.

These are “design process” symbology, therefore it does not need to match VDOT CADD
standards. When the design is completed, GEOPAK Drainage will update automatically all the

CADD elements to be complied with VDOT standards using the Design and Computation
Manager.

Highlight Updates.

Toggle ON all the options, so all the individual project elements will be updated every time

we recalculate our project.
S 3

gPlefemnces - Updates
File

Options |

Units ¥ dutomatic Link Updates on Node Relocations
Project Components

Rainfall Parameters V¥ Automatic pdate Area data on Metwork Design
Land Uze Options
Frequency Options

¥ dutomatic Update Mode data on Network Design

Intenglt_l,l Option ¥ Automatic pdate Link data on Metwork Design
Junction Loszes

Inlet Options V¥ Automatic pdate Profiles on Metwork Design
Maode Options

Link Optiong ¥ Automatic Update Metwork on Profile Edit
Prafile Options

Plan Symbology

Save Optionz

Ok | Cancel |

29.
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LAB EXERCISE: PROJECT PREFERENCES

VDOT GEOPAK Drainage

30. Toggle ON Automatically Save Drainage Updates.

gPlefemnces - Save Options
File

[ ] ]

Options |

Urits IV Automatically Save Drainage Updates
Project Components

Rainfall Paranieters [ Automatic Backup

Land Uze Options . :
Frequency Options I™ Automatic Save: MI
Intenzity Option

Junction Loszes

Inlet Optiong

Maode Options

Link Optiong

Prafile Options

Plan Symbology

|Ipdates

ve Dptiong

Ok | Cancel |

31. Click OK to accept the Project Preferences.

32. Create the drainage preferences report for the project. (Drainage: Project >
Export>Preferences to ASCII.

33. Save the file as : drainage_preferences_17682.drp.

© 2007 VDOT
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5

OBJECTIVES

In this chapter, we will learn more about the drainage library.

INTRODUCTION

VDOT Drainage Library

The Drainage Library is used to store data and standards which may be shared by different projects and
designers. Each GEOPAK Drainage project simply accesses items within the library for use on the

specific project. The library contains five major categories:

Note

Rainfall Data

Land Use Runoff Coefficients

Nodes (Inlets, Junctions, etc.)

Links (Pipes)

Spread Sections

The Library is unit specific, i.e., Metric or English.

The VDOT CADD Support Section has created a drainage library (vdot.dlb) that will apply to most
projects.

The provided drainage library could be modified in order to address the designer’s specific needs.
Caution should be used since these changes may affect existing and new projects.

The Drainage Library is invoked by selecting Project > Drainage Library from the Drainage pull down
menu or the Drainage Library tool located on the Main Drainage tools tool frame.

VDOT GEOPAK Drainage

g Drainage Library - .._\geo\vdotidrainl\standards\geopak'vd... 9IS E3

File  Edit

I Land Usze I MNodes I Links] Spread Section I

Element [T | Diescription -
Wythe Fiational
\fize Rational fal
Westmorland Rational
W azhington Fiational
WA arren Fiational
Typell SCS Unit Hydrograph
Tazwell Fiational
Suszex Rational
Sumy Fiational
Stafford Rational
Spotsylvania Fiational
Southampton Fiational ;l
© 2007 VDOT
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RAINFALL ITEMS

Five tabs are supported for the major categories within the Drainage Library:

e Rainfall

e Land Use
¢ Nodes

e Links

e Spread Section

RAINFALL ITEMS

Within the Drainage Library (beneath the Rainfall tab) are the Rainfall Items, which store all the
rainfall data sources to be used on subsequent GEOPAK Drainage Projects. GEOPAK Drainage
supports rainfall sources in the form of intensity duration frequency (IDF) tables, two SCS methods, or
as coefficients for three different preset intensity duration equation formats. Each curve is associated
with a certain zone of the state. Refer to the VDOT Drainage Manual for more information.

# Diainage Library - .. \geo\vdotidrain1\standards\geopak\vd... [H[E E3

File  Edit

I Land Use] ﬂodesl Links] Spread Sectinnl

Element 1D | Description =
WWthe Rational
Wize R ational a
" eztmorland R ational
" azhington R ational
A aren R ational
Typell SCS Unit Hydrograph
Tazwel R ational
Susses R ational
Surry Rational
Stafford R ational
Spotzylvania Rational
Southampton R ational LI

When an Item is modified or added, the dialog displays the Rainfall Data Source information.

ngainage Library - Rainfall Data Source ltem M= =

I\A-"ythe Dezcription: IF!ationaI Data Type:  Equation "l
Equation Selection ———— ~i=a/llb+Tc|"c
. |dzer Defined:
® i=flab.cTc) =
) i=f{ab,cFrequency.Tc] Frequency a b = —
1= IRUBEIAERREEE, 20000 | 327000 | 7.2500 | 0.7300 fa)
O i=flab,cdhTel 5.0000 41,4400 | 87500 | 0.7300
10.0000 B0.3000 | 10,0000 | 07400
25.0000 B1.6500 | 11.0000 | 07500 =
B0.0000 E7.3600 11.2500 07400 || X

[ooo | [o.0000 | [o.0000 | [o.0000

Ok | Cancel |

The dialog depicted above is divided into the following sections:
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LAB EXERCISE: UNDERSTANDING THE DRAINAGE LIBRARY

User Defined Frequencies (years): User defined frequencies group box contain the return
period frequencies in years for the intensity value columns directly below.

Duration (min): Listed vertically in column one of the list box is the duration of the
corresponding intensity values in the specific row.

Intensities (inch/hr o mm/hr) : Comprises columns two through six in the table. They can be
manually entered or calculated utilizing the three populating options. These intensity values
correspond to the duration specified in the far left column and are in inches or mm depending
on the units of the library.

User should not edit the rainfall source for typical rational method calculations on VDOT projects. If
needed for special occasions, three other Rainfall Data types are supported; Table, SCS Unit
Hydrograph, and SCS Cumulative Hydrograph. Selecting each of these dynamically changes the
dialog to reflect the selection.

LAB EXERCISE: UNDERSTANDING THE DRAINAGE LIBRARY

> Review the Drainage Library: Rainfall Data

1. Open the Microstation file c:\data\geo\vdot\drain1\h17682.dgn
2. Select the Drainage Librarian tool. (GEOPAK Drainage Menu: Project>Drainage Library).
At this point you may be looking at a default drainage library. We will now open our standard
drainage library and review the various items stored in our library.
3. Select File > Open.
4. Open the Drainage Library c:\data\geo\VDOT\drain1\standards\Geopak\vdot.dlb.
5. Click the Rainfall Tab.
6. Double click Campbell.
# Diainage Library - Rainfall Data Source Item [ 2] =]
ICampbeIl Drescription: IHatiDnaI Data Type:  Equation v|
Equation Selection ——— ~i=a/b+Tc]"c
. Uzer Defined:
® i=flab.cTc] -
)i = flab,c.Frequency.Tc) Fiequency a b =
B i 20000 | 45.8800 |2.2500 | 0.8200 fal
C i=flabedinTe) 50000 | 563700 | 9.7500 | 0.8000
100000 | 70.7200 | 11.2500 | 0.8200
250000 | 77.5800 | 11.5000 | 0.8000
500000 | 98.3500 | 130000 (08300 =] X
[ooo | [ooooo [ooooo | [oooon
ak | Cancel |
7. Review the data source item.
8. Click Cancel. Do not close the Library.
VDOT GEOPAK Drainage © 2007 VDOT 5-3



LAND USE ITEMS

LAND USE ITEMS

Land Use Items take advantage of the drainage area delineation tools in GEOPAK Drainage and are
used to store runoff coefficients and corresponding graphic symbology for various land uses contained
in Drainage projects. Under the Land Uses tab, the Department has included a basic land use item.
This item is shown below and has its Item ID Land Use. The designer may use this item or create
others. Land use items can have as few as one land use description.

The designer must draw MicroStation shapes matching the symbology below so GEOPAK Drainage
can recognize and compute the different types of land use areas inside the drainage basins. These
MicroStation shapes could be drawn in the active design file or in a referenced dgn file.

dtem D [DOT] Descriptior: | Land Use [tem

Land Uze Description Runaff C Surbology -
Buziness, Oto 2% 0.80 Lw:Lewvel 10, Co:16, Lo, W2

Buziness, 2 to 5% 085 Lwilevel 10, Cac17, L0, w2 |
Business, » 5% 0.40 Lw:Lewvel 10, Co:18, Lo, W2

Apartments, 0 to 2% 0.65 Lw:Level 12, Coc20, Le:0, W2
Apartments, 2 to 5% 0.7a LwLevel 12, Co:21, Lo, W2

Apartments, >5% 0.75 Lw:Level 12, Coc22, Lo, W2 »
Schools, 0to 2% 0.50 Lw:Lewvel 14, Coc27, L, W2

Schoals, 2 b BZ 055 Lwilevel 14, Coc23, Lo, W2 ;l

[0000 | [— 0K | Cancel

Item ID: Land Use Item Identification to recall the item from within a GEOPAK
Drainage project. (Maximum of 32 alphanumeric characters).
Description: Description of the Land Use Item. (Maximum of 32 alphanumeric

characters).

Land Use Description:

Description of each Land Use. (Maximum 32 alphanumeric

characters).
Runoff C: Runoff coefficient for the Rational Method (C Value).
Symbology Specified element parameters which uniquely identify the various land

use descriptions.

Edit Buttons:

Add - key in the required values in the edit fields directly below the list
box, then click Add.

OK / Cancel

Action buttons which also close the dialog

5-4
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LAND USE ITEMS

> Review the Drainage Library: Land Use (Runoff Coefficients)

1. Continuing in the Drainage Library, click the Land Use tab.

ngainage Library - ...\geo\vdot\drain1\standards\geopak\vd... [HEl E3

File  Edit

ﬂainfall] Land Use I ﬂodesl Links] Spread Sectinnl

Element ID Description

= SX00

2. Double click the first land use item.

3. Review the different runoff coefficients for the land uses and associated MicroStation

symbology.
ngainage Library - Land Uze [Runoff Coefficient] Item [ (=]
¢ wDOT| Descriptior: | Land Usze [tem

Land Use Description Runaff C Symbology =
Buziness, 0to 2% n.an Lwilevel 10, Cac16, Lo, w2
Buziness, 2to 5% 0.85 Lw:Lewvel 10, Coc17, L, W2 |
Buziness, » 5% 0.an Lwilevel 10, Cac18, LoD, w2
Apartments, 0 to 2% 0.E5 Lw:Lewvel 12, Co:20, Lecl, W2
Apartments, 2 to B 0.70 Lw:Level 12, Coc21, L0, W2
Apartments, »5% 0.7a LwLewvel 12, Coc22, L, W2 »
Schoals, Oto 2% 050 Lwilevel 14, Coc 27, Lo, w2
Schools, 2 to 5% 0.55 Lw:Lewvel 14, Co:28, Lo, W2 LI

| [0000 | | — 0K | Cancel

4. Click Cancel.

VDOT GEOPAK Drainage © 2007 VDOT 5-5



NODE ITEMS

NODE ITEMS

5-6

Node Library Items define the type of Node structures used on subsequent GEOPAK Drainage
projects. The Nodes contain the Department's standard inlet configurations for Ditch Bottom Inlets
(grated), Curb Inlets as well as Junctions (i.e., manholes), Outlets, and Other generic Nodes (i.e., grade
breaks) as may be required for various Drainage projects. The description, plan view representation,
and dimension information for each Node item are included in the library and referenced by each
project.

Under each Node Types are various stored Node configurations. A typical listing may appear as
follows:

ngainage Library - ...\geo\vdot\drain1\standards\geopak\vd... [HEl E3
File  Edit
ﬂainfall] Land Use] Modes I Links] Spread Sectinnl
hode Types! Curh -|
Element IC! | Description j
CI-4FF 8 15T0. DI-4FF REQ'D. L=&'
DI-4FF 20 1570. DI-4FF REQD. L=20¢ a|
DI-4FF 18 15TD. DI-4FF REQ'D. L=18"
DI-4FF 16 1570. DI-4FF REQD. L=1E
DI-4FF 14 15TD. DI-4FF REQ'D. L=14"
DI-4FF 12 1570. DI-4FF REQD. L=12
DI-4FF 10 15TD. DI-4FF REQ'D. L=10¢
DI-4F 8 1570, DI-4F REQD. L=&
DI-4F 20 15T0. DI-4F REQ'D. L=20"
DI-4F 18 157D0. DI-4F REQD. L=18
CI-4F 16 15T0. DI-4F REQ'D. L=18' ;l

GEOPAK Drainage supports the following node types:

e  Curb: This is used to depict a curb inlet. This type of inlet could be placed on a On-grade or
Sag condition.

e Grate: This is used to describe a grate inlet. This type of inlet could be placed on a On-grade
or Sag condition.

o Slotted Drain: This node type is used to enter slotted drain inlets.

e Junction: This node type is used to enter data for any type of drainage structure required or
representing a confluence of pipes that is not considered an inlet or outlet. Typical uses are
manholes, junction boxes or Wye connections.

e Outlet: It is used to enter data for outlets to a storm drain system. This is typically a pipe
headwall or other structure to be placed at the outlet of a system.

e Bottom: It is used for the bottom portion of an inlet or node structure. VDOT does not use this
type of node.

e Other: It is used to enter data for any generic Node that is considered to be an inlet, junction,
or outlet. Typical uses could include pipe grade breaks, or just system connections where no
computations or structures apply to the Node. Type Other is commonly used as the node type
between ditch links.

© 2007 VDOT VDOT GEOPAK Drainage



NODE ITEMS

Headwall: It used to enter data for any node that is to be used as a headwall in conjunction
with the culvert tool. It has no hydraulic properties since it is used only for graphical
purposes.

All Node items have certain data that describe them. The typical Node item dialog and common data
requirements are shown below. For further explanation of the dialog contents, please refer to the
standard GEOPAK Drainage On-line Help.

g Drainage Library - Node Item M= B

tem 1Dz | DI-4FF B 0K |

Description: |1 5TD. DI-4FF REQ'D. L-
; Cancel |
Payltern: I 007420
Criteria File: I Q, Plan Wiew Cell
Plan “igw Cell I D4FFa Select.., I

Mode Type: Curb Vl
Frofile Tepe:  Sag Vl

Length: IB.DDD
Deprezsion width: |2.DDD [ Mo Depression
Deprezzion Depth; IEI.1B."" [ Slope: ID.EIEIEI

" [vata for Sag

Curb Opening Hgt: I 0.458

The bottom part of the dialog contains parameters used in the hydraulic computations of the inlet.
These parameters are needed for typical FHWA HEC-12 or HEC-22 calculations.

A key element in the node definition is to properly configure the MicroStation cell representing the
node. For that reason, GEOPAK Drainage supports the definition of certain key points within a cell
that can be used to increase the flexibility of placing Nodes, connecting Links, and reporting on Node
information.

VDOT GEOPAK Drainage

Pipe Connection Points — these points can be placed within a cell to indicate the points
around the structure to which the pipes shall connect. GEOPAK Drainage will subsequently
track the actual pipe length from this connection point to that of the other nodes. If omitted
from the cell, the pipes will connect to the cell origin. For circular nodes, a construction class
circle may be placed inside the cell to allow the pipes to connect at any location around the
circumference. These points are defined by using a MicroStation Construction Class Point,
Line Style 6. For circular nodes, a construction class circle with Line Style 6 may be placed in
the cell indicating the pipe location around the circumference.

Hydraulic Center Point — a single point may be placed in the cell representing the hydraulic
center of the structure. All hydraulic calculations will be based on hydraulic length from one
hydraulic center to the next. If omitted, the cell origin will be used as the basis for hydraulic
length. These points are defined by using a MicroStation Construction Class Point, Line Style
7.

Node Elevation Point — a single point may be placed in the cell representing the location for
elevation definition on the Node. This point location will be used for subsequent extraction of
the Node elevations from the DTM. If omitted, the origin of the cell will be used as the
location of elevation sources. These points are defined by using a MicroStation Construction
Class Point, Line Style 5.

Node Location Point — a single point may be defined in the cell representing the preferred
point to locate the Node. A typical example would be if the cell origin is in the middle of the
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structure and the structure is usually offset from the curb. If placed at the cell origin, the Node
would always need to be placed at the offset from the curb. If the location point is placed
within the cell at the offset from the curb, the Node can subsequently be placed directly on the
curb. These points are defined by using a MicroStation Construction Class Point, Line Style
4.

Node Alignment Point — used for top and bottom of cell. VDOT does not configure these
points.

LINK ITEMS
The Link Items are used to store all the pipe configurations that may be used on a GEOPAK Drainage
project.
# Diainage Library - .. \geo\vdotidrain1\standards\geopak\vd... [H[E E3
File Edit
ﬂainfall] Land Use] ﬂodesl Links I Spread Sectinnl
Shape:  Circular 'l Materiali Concrete v|
Element ID | Description -
15 Inch Dia. Circular 15" CONC. PIPE REQD.
18 Inch Dia. Circular 18" CONC. PIPE REQ'D. &1
21 Inch Dia. Circular 21" CONC. PIPE REQD.
24 Inch Dia. Circular 24" CONC. PIPE REQD.
30 Inch Dia. Circular 30" CONC. PIPE REQD.
33 Inch Dia. Circular 33" CONC. PIPE REQD.
36 Inch Dia. Circular 36" CONC. PIPE REQD.
42 Inch Dia. Circular 42" CONC. PIPE REQD.
48 Inch Dia. Circular 48" CONC. PIPE REQD.
B4 Inch Dia. Circular 54" CONC. PIPE REQD.
B0 Inch Dia. Circular B0 CONC. PIPE REQD. =l
The Links Tab is the source of shapes, materials, dimensions, and hydraulic properties of these
features. When designing these components, the items serve as the means to specify design candidates.
If pipe items are deleted, these items will no longer be available for use on a project using the specific
library.
The Links are categorized by three types of properties for each pipe:
e Shape
e Material
e Type or corrugations
5-8 © 2007 VDOT VDOT GEOPAK Drainage



LINK ITEMS

The VDOT's library contains shapes for box, circular, and elliptical only. Manning's n of 0.012 is
applied to all of these and concrete is the only applicable material.

Each pipe contains the specific pipe sizes and default roughness coefficients for each shape, and
material combination. There are English and Metric libraries provided with GEOPAK Drainage, which
contain virtually every standard pipe configuration.

g Drainage Library - Pipe Item M= B

— Pipe Properties
- [ 18 Inch Dia. Circulad
Description: Im
Paylter: [00T762 |
Shaper [Ereule vI

ffatemali | [Eancrete R

Roughness: W
Thickness: W
Rise: IW
St W
et | 00
Bk W
EEdisE: W

HEd s W

~ Trench Detailz

a ID.EEIEI
b: |D.5I:IEI
o I'I.EDD

d: | 0.000

ak Cancel
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LINKAGE TO AUTOMATED QUANTITIES

One important feature of the drainage library, apart from their hydraulic utilization, is the ability to
connect to the quantities database. This offers the designer the ability of computing final plan view
quantities at the end of the design process.

The drainage library connects to the Design and Computation Manager database (VDOTenglish.ddb)
thru the Payltem definition in the Node and Link item dialog box. The Payltem definition field in the
drainage library should correspond to the ItemID element in the Design and Computation Manager.
The method and units of computation (each, linear feet, etc) will be defined by the design database or
VDOTenglish.ddb.

ngainage Library - Hode Item HEE gDesign and Computation Manager Hi=] E3
Iterm I0: [O1-4FF & K | File Edit Setings Favortez Help
ipti 15TD. DI-4FF REQ'D. L= e F iy ]
IR - -~ id O @ =t
Criteria File: Flar View Cell @@ CADatahGeo\wdothdrain vetandardshG eopak WD O T englizh.ddb &
l— [ Location & Design
Flan iew Cell: | D4FFE Select | £ Alignments
Hode T_l,lpe Curb 1 Bow Culverts
Profle Type: Saa | 3 Constiuction Limits
23 Crass Section
27 Curbing
Length: [2.000 = Dirop Inlets
. - . 230111 T DI-2CC
DEDIESS.IUI"I “width: |2.DDD [ Mo Depression = DI-20 70 DI-2FF
Depression Depth: [0.167 " Slape: [ 0000 £ DI-34 70 DIZCC
Dicts fsn Sem 23 0I-30 7O DI-3FF
23 DI-44 70 DI-4CE
’7 Curb Opening Hat: ID.458 = D040 7O DI 4FF

07308 DI-4E, L=F
007310 D0-4E, L= 2

& 007316 Dl- 4E L=14 =l

SPREAD SECTION

The Spread Section tab is utilized to store roadway pavement spread information.

ngainage Library - ...\geo\vdot\drain1\standards\geopak\vd... [HEl E3

File  Edit

Rairfall | Land Use | Modes | Links | Spread Section |

Element ID Description

= SX00
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SPREAD SECTION

When double clicking on an entry in the list box, the Spread Section dialog opens.

g Drainage Library - Spread Sectio... [HE B3

fiem ibi: [2 LANES « GUTTER ok |
Descriptior: | CG-6/7

Cancel

wdidth % Slope  Roughness |

2.000 8.330 oms
24.000 2.000 0.0m%s

X Ll o L

[oooo | Joooo | [o.ooo

Input is available for the Spread Width, Slope, and Manning’s N value. The Department's library
contains several common spread sections. Note that some or all may not include the gutter. Users can
create additional spread sections as needed.

> Review the Drainage Library: Spread Section

1. Select the Spread Section tab, highlight the 2Lanes+Guttersection, and select Modify:

# Diainage Library - .. \geo\vdotidrain1\standards\geopak\vd... [H[E E3

File  Edit

ﬂainfall] Land Use] ﬂodesl Links] Spread Section ]

Description

Em fXL0O

VDOT GEOPAK Drainage

© 2007 VDOT

5-11



SPREAD SECTION

5-12

£ Drainage Library - Spread Sectio._. [HE

4 | 2LAMES + GUTTER oK |
Description: | CG-E/7

Cancel

fidth % Slope  Roughness |
2.000 8.330 005
24.000 2.000 0.0ms

X L0 L

[ooo0 | [oood | [o.o00

2. Review the spread cross section characteristics for each spread item.

3. Exit MicroStation.

© 2007 VDOT

VDOT GEOPAK Drainage



6 Advance Storm Sewer
Design

OBJECTIVES

The objective of this chapter is to review drainage design procedures on how to design a storm sewer
system.

DRAINAGE AREAS: INTRODUCTION

Drainage Areas in GEOPAK Drainage may be used to simply compute peak discharges or to attach
computed discharge values to Nodes within a GEOPAK Drainage Project. The physical drainage area
boundaries may be delineated using a digital terrain model, simply drawn with MicroStation, or keyed
in as a total area value.

The Drainage Library is an integral part of defining and computing discharges for Drainage Areas.
With graphical definition of the area boundary, runoff coefficients may be automatically computed
with the use of Land Use Items from a Drainage Library.

Intensity values for the peak discharge computations are computed using the FDOT Intensity-
Duration-Frequency curves that are part of the Department’s Drainage Library.

Graphical definition of Drainage Areas through the DTM Drainage Tools or MicroStation is
accomplished through the creation of MicroStation closed shapes and subsequent selection of the
shape during the Drainage Area creation process.

In order to assign Drainage Areas and the resulting peak discharges to Nodes of a storm drain network,
the Drainage Area ID must match that of the Node. The best option to match the Node and the Area is
thru Component>Node, then selecting the Edit Area button.
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Drainage Area: Definition

Alternately, the Area tools are invoked by selecting Tool Boxes > Area, then identifying the desired
tool from the tool box as depicted below.

x|
) 4) @) 85) ¢4) | ) 20

Tools from left to right are:

e Add Drai

nage Area

o Modify Drainage Area
e Delete Drainage Area

e Rename Drainage Area
e Update All Areas

e Drainage

Area Report

DRAINAGE AREA: DEFINITION

6-2

The Drainage Area Definition dialog is used for adding or editing Areas. The general properties of the
drainage area are displayed in a list box on the left side of the dialog under the Options group, while
the right side displays parameters for the highlighted Option. As different Options are selected in the
list box, the right side of the dialog will change dynamically to reflect the parameters for the
highlighted Option. When all the options have been reviewed and appropriate information supplied,
pressing the Apply button will update the Drainage database

EDlainage Area Definition M= E3
[ window Center
Area D IS-'I 'I Appl
N I Highight G ) %) &) Aee |
~ Detailz
Description: | TaMode|D: 5-1 St
D efirition Bielinees diea I—D 510 Area Selection £ Creation
Computation Base C Value: [0.500 g?ed DTE}:\TSLE
Time of Conc.: [10.000 i i
Hydio. tethod Compute TC | Pick Boundary DP
™ R ational Elements Create Shape

This dialog is divided into six different group boxes.

Description

This may be used to better describe the drainage area.

Hydrologic Method

Rational and SCS are supported. The VDOT Drainage Manual requires that
the Rational method be used for storm drain design.

Drainage Area

Total drainage area can be entered here

project units.

MicroStation shape and the software will automatically compute the area of
the shape. The area units are either Acres or Hectares, depending on the

or the designer can select a valid

Base C Value

If no sub areas are delineated, the Base C

value applies to the whole drainage

© 2007 VDOT
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area. If sub areas are delineated within the drainage area, this Base C value
will be applied to all “remaining” sub areas that do not have their own C
Value. If the Land Use Library items address all the possible land uses on the
project, there would be no “remaining” sub areas for the Base C-value to
apply to. See discussion of Sub areas below.

Time of
Concentration

The overland Time of Concentration for the Drainage Area expressed in
minutes. The minimum time of concentration entered under
Preferences>Intensity Options will override smaller values if entered here.

Compute TC

Opens the Time of Concentration dialog box. This is a time of concentration
calculator that separates the flow into Sheet, Shallow and Concentrated flow.
Different formulas and methods are applied for each type of flow. The flow
path could be keyed in by the designer or could be extracted from DTM data.

Area Selection /
Creation:

Three methods of defining the area are supported: Select Shape, Pick
Boundary Element or Create a DTM Shape.

Select Shape: Select a previously drawn MicroStation shape, click Select
Shape, then identify and accept the existing shape. These MicroStation
shapes could be drawn in the active design file or be in a visualized reference
dgn at the time of selecting the shape.

Pick Boundary Elements: Click Pick Boundary Elements, then select all
required MicroStation elements which comprise the boundary of the area.
Note the vertices need not be trimmed but the elements must bound an
enclosed region. Once the elements are selected for the bounding area, click
DP Create Shape, and indicate a Data Point within the enclosed area. Upon
successful creation of the shape, a Data Point will accept the shape and reset
will undo the shape. If a solution cannot be found and numerous trials
through the bounding elements are occurring, hitting any key will cancel the
process.

Create DTM Shape: Create a Drainage Area shape via the Delineate
Watershed-Drainage Area Tool. Drainage>Utilities>Drainage Area Tools.

VDOT GEOPAK Drainage
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Drainage Area: Sub areas

DRAINAGE AREA: SUB AREAS

In order to delineate and add sub areas for a particular Area, select the Sub areas item within the
Drainage Area dialog. Sub areas are defined as smaller components within a drainage area that exhibit
different land uses or runoff coefficients (C values).

g Drainage Area Subareas Hi=
ArealD: 4 Iﬁ » F L\‘:.Iglcll;ﬁt Lenler il &] ch) _IAppIy
~ Detalls
Dptions | ToMode|D: 54 it
Efiit Subarea CWalue Description | Aot
Subareas 0.1534 0.900 | mpervious Beletm

Eomputation 0.0493 0.500 Grass a
¥ Display Only

Hydra. tethod 57
@ Fational
) 505

[ 0.049 [0.500 | Grass

The Sub areas and C-Values may be entered in the table manually or Sub areas may be delineated from
the land use boundaries automatically.

The Automatic Delineation button is used to define the sub areas within the current Drainage Area. In
order for the software to delineate the land use areas automatically, MicroStation shapes need to be
drawn into the active or reference dgn file following the symbology specified in the Department’s
Drainage Library under the tab Land Uses. The designer can also assign this MicroStation symbology
by using the land use definition tool located in Drainage>Components>Land Uses. Upon calculation
of the sub areas, GEOPAK will write the sub area values in the dgn file unless the Display Only check
box is activated.
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Drainage Area: Computation

DRAINAGE AREA: COMPUTATION

The Computation option will calculate the discharge for the selected drainage area, using the computed
weighted average or composite C value and the rainfall intensity associated to the entered or calculated
time of concentration. The computed discharge shown does not reflect the absolute intensity, if the
designer selected an absolute intensity for inlet computations in Preferences>Intensity Options.

E Drainage Area Computations

[ ] ]

[ window Center
Area D |S-1 | : Appl
rza1D: 4 Y oighige | 2 B B G oo |
~ Detailz
Optiong Area C W alue Compute
Liefiniti :
Py Total Subareas: 0.507 0.735 Discharge
Lonp.iaton Remainder. 0,003 0,500
~ Hydro, Method Composite:  0.510 0.734
Computed Intensity:  B.973
Computed Discharge: 2610

NODES: INTRODUCTION

Nodes in GEOPAK Drainage are used to define structure points within a drainage Network. Nodes
create all the Inlets, Junctions, and Outlets in the Network and provide for the connectivity of the Link
system. Nodes are also used to indicate physical changes in Link sizes or slopes. Links cannot change
size or slope, other than at Nodes. Although GEOPAK will support more, the Department provides
library items for six Node types as described below.

Node

Description

Curb

Used for Curb opening inlets with or without pipe confluences.

Grate

Used for Grate opening inlets with or without pipe confluences.

Slotted Drain

Used for Slotted Drain Inlets. The Department has no Library items for
slotted drain at this time (2007).

Junction

Used for any confluence of pipes, structure location (that is not an Inlet),
pipe size or slope change, or flow addition that does not require an Inlet.
The Library items include junction boxes and manholes.

Other

The Department intends these to be hydraulic openings that accept flow
into the system. These node types can also be used for any miscellaneous
points in a system such as a confluence of pipes, structure location (that is
not an Inlet), pipe size or slope change, or flow addition that does not
require an Inlet. They are also used between links that are ditches.

Outlet

Used for the Outlet, or outfall, of a storm drain Network.

Bottom

Used for the bottom portion of an inlet or node structure. VDOT does not
use this type of nodes.

Headwall

For culvert tool only.

VDOT GEOPAK Drainage
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Node: Properties

The Drainage Library is an integral part of defining Node properties. The Node types, names,
descriptions, physical dimensions, hydraulic properties, and plan view representation are all defined
within the Drainage Library and merely referenced and selected out of the library.

Several options are supported to define, edit and delete Nodes. One option is invoked by the Drainage
pull downs Components>Node and another option is by selecting Drainage > Tool Boxes > Node
,then identifying the desired tool from the tool box as depicted below.

x|

T | e | S B

Tools from left to right are:

e Add Drainage Node

¢ Modify Drainage Node

e Delete Drainage Node

e Rename Drainage Node

e Update All Nodes

e Update Nodes With Pay Items

e Drainage Node Report — Sump

e Drainage Node Report — On Grade

NODE: PROPERTIES

6-6

To define a node as a part of the drainage network, the Node Configuration dialog needs to be setup
with the appropriate node data. The general Options are displayed in a list box on the left side of the
dialog, while the right side displays parameters for the highlighted Option. As different Options are
selected in the list box, the right side of the dialog will change dynamically to reflect the parameters
for highlighted Option. When all the options have been reviewed and appropriate information
supplied, pressing the Apply button will update the Drainage database.

ENude Configuration - Properties M= 3
MNode D 4 Iﬁ b r wmd.ﬂw Center gt )ﬁ' "t @] Apply |
™ Highlight
~ Detailz
Dptions Description: ||
3 DREMES Mode Type:  Curb vI
ocation T -
Spread Criteria Profile:  On Grade I
Elevations Libirzry [ter: |InItCurI:-5 |

Junction Loss By Pass to Nade: I— i)
Dlschargg Optians tdaw By Paszs: | 0.000
Computations
™| Made Battam: [JEoiamomin -1
) . ) Aligr |
[ Ovenide Library Payiten: I

Node ID GEOPAK will automatically number the nodes based on the order in

which the nodes are entered. The nodes can be renumbered later in the
design process. This is discussed in the Chapter about Design
Revisions.

Description (optional) This may be used to better describe the node.
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Node Type This will show the different node types defined in the drainage library.

Profile The designer needs to specify the profile condition of the particular
node to be placed. On Grade or in Sag condition. This affects the input
and calculations for spread.

Library Item Depending of the Node Type selected above, the list box will only
show the available nodes that match the type condition.

By Pass to Node The designer can specify or ID the node that will take the by passed
discharge from the active node.

Max By Pass Defines the maximum allowable by pass flow from the inlet. No
specific computations are adjusted by this value; it is used to merely
query the system for by pass flows which exceed this value. Used for
On Grade Inlets only. This value could be left at zero (default) if no By
Pass to Node is specified.

Node Bottom VDOT does not use this type of node.

Override Library Item Each node in the drainage library is associated to a pay item or Item ID
in the Design and Computation Manager database. This option will
override this linkage, allowing the user to select their own Item ID. The
Department uses that option to make the placed node an “existing”
node for quantity computations.

NODE: LOCATION

The designer will place the drainage node into the dgn file using different locating options. If a
geometric database (gpk) is used in the Project Components, the Chain and Profile options will be
activated, therefore the nodes could be referenced to a station and offset from the selected alignment or
chain, and the node elevation could also be computed from the profile selected. If no gpk file is
available, the node will be placed using the coordinate information from the MicroStation file.

ENude Configuration - Location M= E3
[ ‘windaw Center "
B = Appl
Mode|D 4 [51 L oy w ) _teoy |
— Details
Dptions ¥ Chair: [CL78 ~| ¥ Prfile: [PGL78 ~]
Properties Coordinates / Stationing
Spresd Citeia Aligr: At Point *| #  +Ange [353719
Elevations Station: [ 235+95.00 F 4 ®: 712370.289
unction Loss [ Offsst -56.978 $ . BEEEEI.INZ
Dizcharge Options _
Computations ™ Mimor Mode Offzet frarm Gutter o lnlet: | 0.000
Chain A previously defined horizontal alignment stored in the "gpk" file.
Activate the toggle to the left of the field and select the chain from the
list
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Profile

A previously defined vertical profile stored in the "gpk" file. Activate
the toggle to the left of the field and select the desired profile from the
list.

Align: At Point

When this option is utilized, the node is placed at the active angle in
the MicroStation file at the current or dynamic Node coordinates.

Align: Tangent to Chain

When this option is utilized, the node is dynamically moved along the
Chain, and is rotated maintaining tangency to the chain. The designer
can enter the station location or place the node dynamically.

Align: Tangent on Element

When this option is utilized, the ID button to the right of the option is
activated and the designer is prompted to identify and accept a
MicroStation element. The Node is placed tangent to and on the
identified element projected from the current or dynamic Node
coordinates. The designer can enter the station location or place the
node dynamically.

Align: Tangent to Element

When this option is utilized, the ID button to the right of the option is
activated and the designer is prompted to identify and accept a
MicroStation element. The Node is placed tangent to the identified
element at the current or dynamic Node coordinates

Angle

An optional angle rotation could be applied to the node. A 180-degree
angle is often needed to properly align the throat of curb inlets and is
sometimes used in conjunction with the Mirror Node toggle.

Station and Offset

Nodes may be located by entering the station and offset in reference to
the selected chain. If "Tangent on Element" is used, the offset is
computed.

Mirror Node

When activated, the node cell is mirrored, in order that the same cell
can be utilized to accommodate flow coming from either direction.

Offset from Gutter to Inlet

Inlet hydraulic equations assume the Inlet is at the edge of the
computed spread (i.e. the Curb). If the Inlet is offset from the Curb, the
discharge in the spread section will bypass the Inlet. This value,
expressed in terms of feet or meters, is used to compute this bypass and
adjust the actual flow to the Inlet. This may be used, for example, when
a Grate Inlet is actually set some distance away from the curb of the
road.

Therefore any flow calculated in that segment will not be added to the
inlet and it will bypass to the next assigned one.

This value should remain zero for standard VDOT inlet applications.

6-8
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Node: Spread Criteria

NODE: SPREAD CRITERIA

Inlets utilize this option to compute the node elevation and spread calculations and for other nodes, it is
used for elevations only. The dialog changes slightly depending on whether the Inlet is On Grade or in
a Sag. The following are the common components of the Spread Criteria for sections in Sag or On
Grade.

ENnde Configuration - Spread Critena for On Grade

[ window Center
MNade D |S-1 | H Aol |
etald <] P Highigh W e el
~ Details
E Longitudinal Slope Source:  Reference PGL | 0.300
ptmn.s ~ Spread Cross S ection
P“:'F'E_'t'es Spread Source:  Shape -|
Location -
G pread Criteria itk %Slope  Roughne: &
Elewations 3.481 2236 0.ms b airnum ———————
Junction Loss 4.000 2236 0.015 Pond Depth: I 0.500
Discharge Options 12.000 2.000 005 ;I
Camputations [zoo | [e20  Joms Pond ‘width: | £.000

The Spread Cross Section Table in the box above is used to define the spread cross section including
the gutter section and/or pavement section which may encompass the spread of flow approaching the
Inlet. The top entry is at the outermost point of flow. In most situations, this entry is the section
abutting the curb. GEOPAK drainage refers to this part of the cross section as Slope 1, Width 1, and
Roughness 1. Adjacent parts of the cross section are identified as Slope 2, Slope 3 etc. as shown
below. The cross section defined here may also be used to compute the inlet elevation from the PGL,
so the sections should continue to the location of the PGL, if inlet elevations will be computed this

way.
= ‘___'__,__—'——'_7
s 4} B2 83 ‘
RPN
ISP Wy W3 ‘

A spread section needs to be defined for every node, including junctions or outlets for the software to
design or analyze the system, since the spread section could also be used to compute the structure
elevation.

Note The slopes entered are positive in value if “going up” from the inlet's point of view towards the
centerline. Negative slopes are supported but not for the bottom (or last) one in the list since it
does not convey flow to the node.

The Spread Cross Section Table could leverage information from the drainage library, the gpk file or
the MicroStation Superelevation Shape file as described below.
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Node: Spread Criteria

gNode Configuration - Spread Criteria for On Grade

Computations

[ 0.000

[ 0.000

| 0.000

"Windaw Cent
LR I — bR R
Detal Uszer Supplied
- Details
:I Longitudinal Slope Fiference TIN || 0300
phions g Library [term
Pt DT
Location :
Spread Criteria Width %t S el lem
Elevations 3.481 2236 0.015 J M amimum —————
Junction Loss 4.000 2238 0.015 Pond Depth: |D.EDD
Dizcharge Options 12.000 2.000 0.015 ;I
Pand “width: |B.DDD

User Supplied

The designer will enter the width and slopes across the spread section
starting from the Inlet and continuing towards the edge of the section
farthest away from the inlet.

Reference TIN

A spread cross section will be extracted at the inlet location from the
TIN file defined in the Project Components item under the Drainage
Project Preferences. The designer needs to be careful on what DTM is
using since for most VDOT projects the only TIN file generated is the
existing ground DTM.

Library Item

A spread cross section will be assigned to the inlet using a Spread
Section item defined in the Drainage Library. Once a Library Item has
been selected, the spread source can be changed to User Supplied and
the spread section defined by the Library Item modified to
accommodate non-typical situations such as pavement width
transitions.

Shape

A spread cross section will be extracted at the inlet location from the
Superelevation Shapes dgn file defined in the Project Components item
under the Drainage Project Preferences and shown in the Spread
Criteria table.

For curb inlets in superelevation or superlevation transition, the
designer can use this option or enter the spread source (cross section)
as User Supplied.

If the superelevation shapes are not defined to the edge of pavement,
the designer can take advantage of the toggle:”Extend Superelevation
Shapes to Inlet at Shape Slope”, located in Drainage > Project >
Preferences under the Inlet Options item. This will extend the last
slope of the shape to the node location point defined in the structure.

Therefore, if the shape file is used to define the spread, be aware that
the cross section starts at the edge of pavement creating a theoretical
section that is shifted from the actual spread section by the width of the
gutter. This is acceptable because the calculated spread width is the
same regardless of the shift. The gutter depression cannot be modeled
with this approach. To account for the gutter depression while using
the shape option, the "Shape and Library Item" would need to be used

Shape and Library Item

A spread cross section will be assigned to the inlet combining the
section extracted from the Superelevation Shapes dgn file and Library
item from the Drainage Library. If the gutter section is made a library
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Node: Spread Criteria

item, this option can be used to account for the gutter capacity.

To properly use this option, the superelevation shapes need to be
defined to the edge of pavement line, and the ”Extend Superelevation
Shapes to Inlet at Shape Slope” toggle must be off.

Note

Some options could be gray out if no active elements are present. E.g. roadway

superelevation shapes files or TIN file not specified in the Project>Preferences.

To accurately depict the spread section for inlets along a special gutter grade, the designer can provide
the cross section as User Supplied, or use the Superelevation Shapes, if needed to account for a special

gutter grade.

The designer can specify threshold values for the spread at each node. When either of the following
values is exceeded, GEOPAK Drainage will issue a Warning Message while designing the Network.
After a networks is initially designed, it can be Queried for inlets that violate these values.

Maximum Ponded Depth

The maximum depth allowed for ponding in the cross section
(expressed in terms of feet or meters). This does not affect any
computations, but will produce a warning if the computed depth is
greater.

For sag inlets, this value is used to compute the capacity of the node.

Maximum Ponded Width

The maximum width allowed for ponding in the cross section
(expressed in terms of feet or meters). This does not affect any
computations, but will produce a warning if the computed depth is
greater.

The Longitudinal Slope for Inlets On Grade can be identified several ways as shown below.

ENnde Configuration - Spread Critena for On Grade

[ window Center
EE— only |
Mode D 4[5 U W] e oA ?ﬁr o %) Aeply
~ Details : : Jzer Supplied |
E Longitudinal Slope Source: 0300
ptmn.s - Spread Cross Section —— ghape
Properties Spread Source:  Library |m—"r|m-m
Location -
G pread Criteria Width % Slope  Roughness | .
Elewvations 12.000 2.000 0.018 b awinum ————
Junction Loss Pond Depth: I 0.500
Dizcharge Options
Computations [zooo | [ez0 | [oms Pand Width: [£.000

Reference PGL

Slope will be extracted from the profile defined in the Location item of
the Node dialog box at the inlet location. The slope will update as the
.gpk file is updated.

User Supplied

Slope will be entered by the designer in percentage format while
omitting the % sign.

Shape

Slope will be extracted from the superelevation shapes dgn file defined
in the Project Components item in the Drainage Project Preferences.

VDOT GEOPAK Drainage
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For inlets in superelevation, superelevation transition, or other
transitions, the designer can use this option or enter the longitudinal
slope as User Supplied.

For an inlet in sag conditions, the approaching longitudinal slopes have no effect on the calculation of
the inlet capacity or spread at the inlet. The spread approaching a sag inlet needs to be calculated and
the approaching longitudinal slopes affect those calculations. The fields unique to Spread Criteria for
Sags relate to the spread along the approaching longitudinal slopes and are discussed below. The
designer must specify a value for Maximum Ponded depth for sag inlets. Although this value is not
needed to compute spread, it is used by GEOPAK to compute the capacity of sag inlets.

ENude Configuration - Dptional Spread Criteria for Sags

Properties
Location

S pread Criteria
Elewations
Junction Loss
Dizcharge Options
Computations

[ “Window Center
Mode D |S-1 vl H Appl
sl o) ¥ Highigh: W % w4 b |
 Detailz
@ % Slope Left; |4.5IZIIZI Right: IS.EIZIIZI

% Dizcharge Left: IED.EIEIEI Right; IED.EIEIEI

~ Spread Crogs Section;
Spread Source:  Librarg ltem Vl |std lane [+2 zlope vl

"width %S5lope  Roughness | awimum
12.000 2000 0016 Paond Depth: I 0.500

Fond ‘width: | 6.000

[ooo0 | [oooo | [o.o00

% Slope Left and Right

For defining the longitudinal slope to use in spread (ponded width)
computations for the flow approaching from the right and left side of
the inlets. The terminology (right and left) is somewhat arbitrary as
long as the designer recalls which side is intended as left and right.

% Discharge Left and Right

Defines the percentage of the total discharge to the inlet to allocate to
the left and right approach spread computations. The terminology right
and left are somewhat arbitrary as long as the designer recalls which
side is intended as left and right and is consistent with the definition of
% Slope Left and Right
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Node: Elevations

NODE: ELEVATIONS

The Node Configuration-Elevation dialog will assign the elevation of the drainage nodes from
different sources, dictate the vertical matching point of the pipes entering and exiting the structure, and
the minimum and maximum depth of the node.

gNode Configuration - Elevations M= B3R
™ ‘window Center E
Mode ID |S-1 ~] o g
=5 . I Highlight W ow ﬁ L @ =
— Details
Options Reference Surface:  TIN File vII topo. tin Q
F'rope.rties Elevation Source:  PGL + Spread Section ™| 13452
Location . 5
Spread Criteria Mode Elevation Option: - Same as Source ¥ 13492

[Junction Loss
Dizcharge Optionz
Computations

| fscdd S Depthy 0000

‘ertical Alignment:_Allow Drop Manhole vI |D.EDD
Iinimurn Diepth: |3.DDD
M aximum Depth: |8.DDD

Reference Surface

Define the desired TIN File or a Model or Object within the site project
specified in the Drainage Preferences — Project Components.

Elevation Source

Defines the source of the Node elevation. With the source specified as
something other than User Supplied, the Node elevation will
automatically update as the Node is moved. The options are:

# Mode Configuration - Elevations [_ [T x]

(AT I o — S ,':wi,ﬂfﬂ,.vftemer o e G | eoh |

— User Supplied

Skl Feference TIN
Dptions Reference Surface:  gocooncc pEL Q
Properties

Localion
Sprmad Citeria Noda Elevation Option: _Same as Sowce 44 | 12432

Vertical Alignment: _Allow Drop Manhole | [0200
Dischargs Dptions tinimumn Depth: | 3.000
Computations Maximum Depth: [2.000
" £dd\Gump Depth (G000

Elevation Source! [T et 13492

Junction Loss

Reference Surface: Computes the actual elevation from the X
and Y coordinates of the structure from the Location dialog
and the Reference TIN File or Site Model. This option may be
useful for placing Ditch Bottom Inlets at the existing ground
elevation depicted in a TIN file.

Reference PGL.: Utilizes the Station from the Location dialog
to ascertain the profile elevation on the Reference PGL. Note:
This option will report the elevation directly at the station on

the PGL.

PGL+Spread Section: Utilizes the PGL and information from
the Spread Criteria cross section to compute the elevation. The
elevation is ascertained along the PGL at the specified Station
and then adjusted along the spread cross section width and
slope segments to the end of the cross section. Although it
says PGL "plus" spread section, the programs subtracts
positive values from the PGL.

Node Elevation Options:

The designer may adjust the inlet elevations up or down from the

VDOT GEOPAK Drainage
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Node: Elevations

Elevation Source item. These options are:

# Node Configuration - Elevations =S =
NodslD 4 [E7 =] b | Windawlenter o one vy | ok

™ Highlight

Details
Options Reference Surface: TINFils ¥ I topo.tin Q
Frapetties Elevation Source: _PGL + Spread Section ¥ | 13432
Location

k 13492

Spread Ciiteria Hode Elevalion Dption!
200

Wertical Alignment

Discharge Options Minirum Depth:
Computations M aximum Depth: | 5000

" £dd\Gump Depth (G000

Junction Loss

User Supplied

e Same as Source: matches the node elevation with elevation
source.

e Constant Offset: enables a plus or minus value to the elevation
source selected. For example, if the reference profile is PGL+
Spread Section to the flow line of the gutter, a Constant Offset
can be specified to have the node elevation be the edge of
pavement (EOP) elevation. This is useful because the EOP is
used for curb inlet elevations. A plus offset will add to the
elevation value.

e  User Supplied: The user may specify an elevation.

For the outlet node elevation, the elevation is not a physical point
on the structure. The elevation should be at least 1 foot above the
tailwater to avoid a warning. In general, using the berm or ground
elevation that covers the outlet structure is acceptable for the outlet
node elevation.

Vertical Alignment

Alignment preferences for incoming and outgoing pipes from the
Node. As pipes are designed the elevations will be set according to the
selected preference. Options available are: Match Soffit, Match Invert,
Match Surface, Allow Drop Manhole and Min. Fix Drop.

e Match Soffit: aligns all the pipes in the system by matching
the top of each pipe or crown elevation.

e  Match Invert: aligns all the pipes in the systems by matching
the bottom of each pipe or invert elevation.

e Match Surface: aligns the pipes following the elevation of the
water surface inside the pipes.

e Allow Drop Manhole: allows for “drops” inside the node for
the pipes arriving or existing the node. Not matching inverts
or soffits will be performed. This option allows for greater
flexibility. Since the design preference is to minimize
excavation, the first pass during the design will align all the
pipes at the soffit. As the designer needs to move the inverts
of certain pipes due to various factors, e.g. utility conflicts, the
change will only affect the selected pipe and others will
remain at the previously set elevation.

e Min. Fix Drop: sets a minimum drop in elevation between the
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Node: Elevations

pipes arriving and exiting the node. VDOT uses this option.

Minimum Depth

Minimum depth expressed in master units (i.e., feet or meters) for the
pipe to be buried (minimum cover) measured from the Node Elevation
to the soffit (top inside) of the highest pipe. This value is used to
establish the minimum cover elevation noted in the Link Configuration
Conditions dialog box. See the discussion below.

Maximum Depth

Maximum depth expressed in master units (i.e., feet or meters), for the
pipe to be buried measured from the Node Elevation to the invert of the
lowest pipe. This value is used to establish the Maximum Depth
elevation noted in the Link Configuration Conditions dialog box. See
the discussion below.

Add Sump Depth

.Extra depth to be allowed in the manhole structure after the maximum
depth of the structure has been computed. This has no effect in the
hydraulic calculations, but some designers add this extra depth for
pollution control measures. VDOT does not use this option

The designer can use multiple combinations of the previous parameters in order to automate the computation of
the node elevations. Some of the project conditions that affect inlet elevations and spread are superelevation,

turn lanes, and through lane transitions.

GEOPAK has different ways to handle different project conditions. The options within GEOPAK that may
affect calculations of inlet elevations and spread are listed below. It is a the designer discretion to use them
depending on the structure and project conditions given.

Options

1.- Shape Files: These are created by the Created to edge of travel way
roadway designer.

Created to less than edge of travel
way.

2.- Extend Shapes to Inlet: This option is in Yes (activate toggle) if shapes are

Preferences>Inlet Options. This affects the not created to the edge of travel
entire project because it is in Preferences. way.
No

3.- Longitudinal Slope Source: This option is | User Supplied
in Node Configuration> Spread Criteria.

Reference PGL

Shape
4.- Spread Source: This option is in Node User Supplied
Configuration> Spread Criteria. This refers to
the cross section of the spread area. Library Item
Shape
VDOT GEOPAK Drainage © 2007 VDOT 6-15




Minimum and Maximum Depth at Nodes Definition

Shape + Library Item (this option is
not applicable if the shapes are
extended to the Inlet

4.- Elevation Source: This option is in Node Reference PGL
Configuration> Elevations

PGL+Spread

5.- Node Elevation Option: This option is in Source
Node Configuration> Elevations

Constant Offset

User Supplied

MINIMUM AND MAXIMUM DEPTH AT NODES DEFINITION

6-16

The values entered for Minimum and Maximum Depth define the vertical limits that the program uses to place
the pipe. The Minimum Depth establishes the upper limit that pipes are designed in. The Maximum Depth
establishes the lower limit.

The minimum depth of a pipe is often established by cover requirements specified in the VDOT Drainage
Manual.

Consider the following for the Maximum Depth: The approximate elevation of the outlet node should be known
while designing the storm drain. The outlet elevation may be controlled by the minimum pipe slope or by the
depth of the pond at the outlet. The designer will be able to lock the elevation of the outlet pipe in the Link
Configurations-Conditions dialog. Locking the elevation of the outlet will control the total drop through the
system. This will limit the allowable pipe envelope that the pipes are designed within. Reasonable results should
be obtained by setting the Maximum Depth for all nodes to be deeper than the outlet pipe (maybe use a tentative
20" depth). Again, GEOPAK will not fully use this depth to design the pipes if the outlet elevation is locked.

Regardless of what depths are used, the designer will still need to check for adequate depth, pipe slope, and
hydraulic gradient clearance later in the design process.

MNode Elevation

F Y

— Min. Depth in Modes Configuration

Min. Cover Elevation
| ¥ in Link Configuration

—— tax. Depthin Nodes Configuration TTeean
htax. Depth Elgvation in
Link Configuration
------------------- .
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Node: Junction Loss

NODE: JUNCTION LOSS

£ Node Configuration - Junction Loss

=[O x]

[ window Center

Mode D |S-1 | o Appl |
3D % [ Highlight A% e e
~ Detailz

Optiong @ Defined Equations

P":'F'E.'HES ) Equations  Loss Reduction: I L]

Lt ) Absolute Loss: [moon

Spread Criteria

Elevations ) Supplied K - Dutlet Yelocity: I L ]

Junction Loss 0 Supplied K - Change in Yelocity: I L]

Dizcharge Options O Mone

Computations

Within this dialog the designer has the option to enter specific values for the junction losses in the
particular structure being analyzed. These settings will override the coefficients selected under the
Drainage Project Preferences, but the toggle Disable All Junction Loss Computation must be off.

NODE: DISCHARGE OPTIONS

The Node Configuration-Discharge option is used to select type and possible amount of flow entering
the drainage structure directly from its drainage area or from “offsite” locations.

gNode Configuration - Discharge Options

[Junction Logs
Cizcharg
Computations

R a— Vindow NS oy g O gy ) _bow |
- Details
Optiohs ™ |se Computed Dizgcharge
PIUDE_IUES ) Supplied Discharge: W
;E?::do%riteria " Disable Inlet Calculations — Capaciy IW
Elevations |- Ltk Eiase El owibrea 'l Im &

rge Options

The options are:

Use Computed Discharge

Indicates using the computed discharge from a stored Drainage Area as
the discharge to the Node.

Supplied Discharge

This option allows for a user supplied discharge, with disregard to any
calculated value from a drainage area.

Disable Inlet Calculations
Capacity

When toggled on, the designer may provide the desired inlet capacity
overriding any GEOPAK Drainage calculated value.

Link Base Flow Area / Link Base
Flow Discharge

When toggled on, an additional drainage area may be defined. The area
can be identified graphically by clicking 1D and selecting the
MicroStation shape previously defined as a GEOPAK Drainage Area.

For the Link Base Flow Discharge. the designer can also enter a value
for the extra discharge in the proper units defined in the Project

VDOT GEOPAK Drainage
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Node: Computations

Preferences (cubic feet per second or cubic meters per second).

This “extra” area or discharge is included in the pipe, but is not
included in the inlet spread calculations.

NODE: COMPUTATIONS

Once all the information regarding a specific Node has been defined, clicking the Compute Option
computes and displays all pertinent information in the list box. If sufficient information has not been

provided, warning or error messages are displayed in the list field.

Note

6-18

£ Node Configuration - Computations

& e

™ ‘window Center

[Junction Loss
Dizcharge Options

Computal

Mode 1D IS-1 'l o Appl |
adelD 4 ’ I Highlight B L
— Details

Options Discharge = 1.4974

. Spread Width from Gutter = 105312
E'”DT.'“ES T atal Ponded Width = 105312
esen Ponded Depth = 0.2105
SPfec"C_' Criteria Spread Left Intercept = 0.0000
Elervations Spread Right Intercept = 105312

Inlet Length = 10.0000
Diepreszion Depth = 04580
Depression Width = 1.5000
Inlet Capacity = 1.4574

Length Required = 5.2362

The designer should be aware that the computations shown are the spread calculations.
Therefore, the value of discharge may be different from the discharge calculated in the
drainage area, since VDOT uses an absolute intensity of 4 inches/hour intensity for inlet
computations. This discharge value also includes any bypass discharge added to the current

node.

© 2007 VDOT
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Lab Exercise: Drainage Design

LAB EXERCISE: DRAINAGE DESIGN

>

VDOT GEOPAK Drainage

Opening the Drainage Project

Execute c:\data\geo\vdot\drain1\LAB06_V8ad.EXE

1
2. Open the MicroStation file, c:\data\geo\VDOT\drain1\h17682.dgn.

3. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
4. Select project: 17682.prj located in c:\data\geo\VDOT\drain1, and click OK.

g Project Manager

s 3

Projectz  Directory  Admin

[

| CAD atahGeohwvdotsdraint
Filter: I".pri Type:  Project "I
Projects: Directaries:
i ' (-]
[projdbs]
[standards]
[C]
D]
[E]
Job Murber: 101 Unit Systern: Englizh
Description:
ak Cahicel |

5. Access User: VDOT.

Project Users: 17682_prj

Uzerz
Lzer Infa
Full Mame:
Wirginia DOT
OF Code:
WD
Dezcription:
ak. LCancel |

6. Click OK. The Road Project dialog will load. This will setup the proper directories for the

location of the gpk file.

© 2007 VDOT
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Lab Exercise: Drainage Design

# Road Project: 17682.prj [_[5=]
File  Bemember Options
"Working Directary: User WDOT  Job#: 101 _|
V¥ #arking Alignment Influsnce Runs: - I o | E— I
Working Alianment [MANLINE EEY el SRl
Existing | |
Giround Diaw Pattem | E xigting Ground Existing Ground Wertical
Crozz Sections Frofile Alignment
Coordinate
Geometry |
Calculate Superelevation Fropozed 3D
_ Superelevation Shapes | CrossSections | Models

Horizantal

— | =

Alignment

-
Flan "iew

D esign

_I_—

Flan Yiew
Buantities

T abular
Summaries

Plan & Profile
Sheets

I Cross Section
E arthwork Shoets
| |
Limits of Reports & x5
Canstruction Huantities

7. Minimize the Road Project dialog box.
8. Access GEOPAK Drainage ( MS Menu: Applications > GEOPAK Drainage > Drainage).

9. Open the drainage project, c:\data\geo\vdot\drain1\h17682.gdf (Drainage Menu: Project >

Open).

> Define Properties and Locate Inlet 3-1

1. Visually determine (zoom to) the location of the Proposed Inlet Location: Station 205+86;

offset —26.

2. Select the Add Drainage Node tool ( Drainage: Component > Node > Add) and click OK.

Add a New Node

Description: I

[ ok ]

Cahicel |

6-20
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Lab Exercise: Drainage Design

,E Mode Configuration - Properties

[ window Center

2} Wade Bntian

NedelD 4 [31 =] P ™ Highlight o % w <k Appl |
- Details
Descriptior: |
Mode Typer Curb "l
Frafile:  On Grade "I

Library lkem: Im
Junction Loss By Pass to Mode: I— it
D|scharg§ Optiong Mak By Pass: IW

™ Ovemide Libram Payitern: |

: INnne S e el vi
Al |

Highlight Properties in the Opt

ions section.

4. Select the Node to be used from the Drainage Library and assign its properties.
Node Type Curb
Profile On Grade
Library Item DI-3B 10

5. Highlight Location.

£ Node Configuration - Location

s 3

[T “window Center

Location

NodelD 4 57— =l b W e e @
~ Details

Optiong v Chain; m ¥ Profiles m
Properties Coordinates / Stationing

Align:  Tanagent on Element "l #

+Angle: I 0.000

Spread Criteria
Elewations
Junction Loss
Dizcharge Options
Computations

v Mimrar Mod

Station: I 205+86.00

[T Offeet: -26.000

o 2718287634
Y 339290323
0.000

ﬁé}

[ Offzet from Gutter to [nlet:

6. Define the inlet’s location in the design plane.
Chain MAINLINE
Profile MAINLINE
Align Select Tangent on Element. Activate

the Select MS Alignment Element

button ' and select and accept the
edge of pavement line. Activate the

Station DP button %" and the node
will dynamically move along the
selected element. Using the left
mouse button, place the node close to
where it is desired. The station can be
revised by entering a different station
value.

VDOT GEOPAK Drainage
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Lab Exercise: Drainage Design

>

6-22

Station 205+86
Offset -26.00 feet
7. Click Apply.

This automatically places the i

nlet at the specified location.

Define Additional Inlet Information

1. Highlight Spread Criteria.

ENude Configuration - Spread Criteria for On Grade M= E3
= [T “window Center

Node ID I Aprly|

ode D 4 -] » ™ Highight G om  mr A Appl
- Details

:[ Longitudinal Slope Source:  Reference PGL | 0.076
|:|t|0n.s ~ Spread Crogz Section

Properties Spread Source: | User Supplisd - |

Location -

G pread Criteria Width % Slope  Roughness |

Elewations 2.000 8.330 0015 Mawimum —————

Junction Loss 24.000 2.000 0.015 Pand Depth: ID.EDD

Dizcharge Options »

Computations [z4000 | [zooo | [oois Fond width: [£.000

2. Define the roadway cross sectional characteristics directly in front of the inlet.

Longitudinal Slope Source

Reference PGL

Spread Source

User supplied

Max Ponded Depth

0.50

Max Ponded Width

8.00

These values will be utilized to calculate inlet capacity and resulting by-pass flow.

—dy
= L
3 . dq L____Sg———_—_\ S3 ‘
Sy o Wi, W ‘
©2007 VDOT
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Lab Exercise: Drainage Design

VDOT GEOPAK Drainage

3. Highlight Elevations.

# Node Configuration - Elevations ==

Mode D 4 Iﬁ [ 3 Fhﬁ;nhﬁli:ﬁtcentm o % w <k Appl |
~ Details

@ Reference Surface: TINFile ¥ |[surveytin a

E'DDCZE'D“:S Elevation Source:;  PGL + Spread Section Vl 2015343

Spread Criteria Mode Elevation Option: . Sanme a: Source | 2019343

I"'E‘ " Yertical Alignment:  Min Fized Drop -| W

DL:SEI:IaD:_:jeDDS:tinns Minimum Depth: [2670

Computations Maximum Depte [5.000 |

4. Assign the inlet's vertical elevation and vertical pipe alignment.

Reference Surface

Survey.tin

Elevation Source

PGL + Spread Section

Node Elevation Option

Same as Source

Vertical Alignment Preference

Min. Fixed Drop =0.2

Minimum Depth

2.67 feet

Maximum Depth

8.0 feet

5. Highlight Junction Losses.

gNude Configuration - Junction Loss M= 3

[T “window Center

Junction Loz
Dizcharge Options
Computations

) None

MNode |D |3-1 vl Appl
el 4 Yo ighige | ® AW A _ponb |
- Details

Optiong i

F'rnpelrties ) Equations  Loss Reduction: ID.DDD

Location . ) Absolute Loss: ID_DDD

Spread Criteria

Elevations ) Supplied K - Outlet Welocity: ID.DDD

) Supplied K - Change in Yelacity: I [0L T

6. Use Defined Equations (defaults to Preferences > Junction Loss Settings).

© 2007 VDOT
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Delineating Drainage Areas

7. Highlight Discharge Options, and Toggle ON Use Computed Discharge

ENnde Configuration - Discharge Options

NodeD 4 51 =] P I':\F’ri'g”hcl';”;fe”‘er W o w A Aeb |
~ Detailz
Options ™ |Jze Computed Dizcharge
Properties ) Supplied Discharge: [O000
;ET:;IdDrériteria [ Disable Inlet Calculations  Capacity IW
Elevations [ [hink Ease Elawiiea | = | #)
Junction Loss

Dizcharge Options
Computations

> Complete Hydraulic Computations and Add Node to the Project

1. Highlight Computations to verify the inlet’s hydraulic computations.

ENude Configuration - Computations M= 3

[T “window Center
X - Appl
Node D 4 [ ] » ™ Highight e Y &l
- Details

Optiong Itlet 3-1 - Errar Perfarming Inlet Computations

Properties Drainage drea 3-1 Mot Found

Location

Spread Criteria
Elewations
Junction Loss
Dizcharge Options

Connputations

Note The Drainage Area for this node won't be added until the next step. Therefore, the
Computations for the node can't be completed until a discharge is known (Delineate Drainage
Areas section).

2. Click Apply to add this Node to the project.

DELINEATING DRAINAGE AREAS

The physical drainage area boundary may be delineated using a digital terrain model, simply drawn
with MicroStation, or keyed in as a total area value (in units of acres or hectares). After the drainage
area is delineated using MicroStation’s drawing tools, runoff coefficients can be automatically
computed with the use of Land Use Items from the Drainage Library.

> Design Drainage Area for 3-1

1. The basin limits were predefined and were drawn on the MicroStation Level: 63. A closed
shape will be created in the next steps in order to become the drainage area for each structure.
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Delineating Drainage Areas

VDOT GEOPAK Drainage

Turn On Level 63 in the MicroStation dgn file. (MS Menu: Settings>Level>Display).

Still in the Node Configuration dialog, highlight Properties, and click Edit Area (to the left

of the Apply button).

ENude Configuration - Computations M= 3

Node D 4 m > [T “window Center

" Highlight

G .ﬁf:ﬁ‘"@‘ﬁ{ Aeply_|

~ Detailz

Fropertiez
Location

Spread Criteria
Elewations
Junction Loss
Dizcharge Options

Computations

Optionz Inlet 3-1 - Eror Performing Inlet Computations

Drainage Area 3-1 Mot Found

Edit Area

Select YES at the prompt of creating a new drainage area and enter the Definition

information.

Base C

0.50

Time of Concentration

50

© 2007 VDOT
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Delineating Drainage Areas

5. Click Select Shape and select the MS shape for this area. The drainage area value is
computed.
£ Drainage Area Definition M= E3
[ “Window Center
fuealD: 4 31 | ; Appl |
zalD: 4 F Highighe <) <&l &) Gl Aneb
 Detailz
Description: | ToMode |D: 341 St
D efinition . .
Su Drainage Area: [0.210 Area Selection £ Creation
Computation Base C Valus: [0.500 Select Create
Time of Conc.: [5.000 Shape DTM Shape
Hydro. Method Compute TC | Pick. Boundary DP
™ Rational Elements Create Shape
) SCS
6. Highlight Subareas.
7. Toggle on Display Only. Then, the subarea values will not be written in the dgn file.
8. Click Automatic Delineation.
The file is scanned for closed shapes matching the Land Use symbology specified in the
Drainage Library (Land Use Tab).
EDlainage Area Subareas M= E3
[ ‘windaw Center
: i = : Appl
frealD: 4 [31 | » ™ Highight # Al B pRly |
- Details
DOptions ToMode ID: 31 it
Efi”iti':'” Subarea C Yalue Dezcription | E
DUIEICEES 01607 0.900 Impervious
Computation 0.0493 0.500 Shdr & Ditch Prapased)| & L
¥ Display Only
— Hydro. kethod %
™ Rational
C) SCS
| 0.044 | 0.500 | Shdr & Ditch Proposed
9. Click Apply.

This applies the land uses (and their “C” values) to the Drainage Area. Alternately, this table

may be populated manually using
right of the table.

10. Highlight Computation.
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Delineating Drainage Areas

11
12
13
14
15
16
1

~

ngainage Area Computations M= 3
[ window Center

Area D |3-‘I | : Appl

rzalD: 4 Y g 2 BB G el |
- Details

Optiors Brea Cwalue [ I:ompute """""

Liefiniti .

P, Total Subareas: 0.210 0.808

Computation Remainder 0,000 0,500

- Hydra. Methad Composite:  0.210 0.806
) Rational Computed Intensity: 5769
) 5C3 Computed Dizcharge; 0,977

. Click Compute Discharge.
. Verify the computations.
. Click Apply to add the Area to the Project.

. Close the Drainage Area Computations dialog.

. Return to the Node Configuration dialog, and highlight Computations.

. Review and verify the computations.

. Click Apply to update the node information.

Define Properties and Locate Inlet 3-2

1. Visually determine (zoom to) the location of the Proposed Inlet Location: Station 206+36;

offset —26.

2. Select the Add Drainage Node tool ( Drainage: Component > Node > Add) and click OK.

3.

Highlight Properties in the Options section.

gNude Configuration - Properties

s 3

» ™ window Center

Node!D 4 EX -

o T *’-\PP'P|

I™ Highlight
- Details
Description: |
. Mode Type:  Curb Vl
Spread Criteria Fielle: Eﬂ—vl
Elevations Libagltem [DI3CE =]

Junction Loss
Dizcharge Options
Computations

7| Hiode B attanm: INDne Sxailatle vl
[ Owerride Library Payitem: I

Sliar |

4. Select the Node to be used from the Drainage Library and assign its properties.

VDOT GEOPAK Drainage

Node Type Curb

Profile Sag

Library Item DI-3C-6
©2007 VDOT
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Delineating Drainage Areas

6-28

5. Highlight Location.

£ Node Configuration - Location M= E3
[ window Center
MNade ID |3-2 |
odelD 4 4 ™ Highlight R R
~ Detailz
Options I¥| Chain: [MAINLINE ~] ¥ Ficfile: [MAINLINE ~]
rnperties Coordinates / Stationing
ion _— |
Spread Citeria Align:  Tanagent on Element "l # +Angle: | 0.000
Elerations Station: |2DE+38.DD . 2718318976
EH”CF:'U” LDDSSt_ ™ Offs=t: -26.000 $ Y. 339251.356
ischarge Dptions
Eomputgtionz ™ Minor Mode [ ffzetfranm Eutter el nlet: ID.EIEIEI

6. Define the inlet’s location in the design plane.

Chain MAINLINE
Profile MAINLINE
Align Select Tangent on Element. Activate

the Select MS Alignment Element

button ' and select and accept the
edge of pavement line. Activate the

Station DP button %" and the node
will dynamically move along the
selected element. Using the left
mouse button, place the node close to
where it is desired. The station can be
revised by entering a different station

value.
Station 206+36
Offset -26.00 feet
7. Click Apply.

This automatically places the inlet at the specified location.

8. Highlight Spread Criteria.

ENnde Configuration - Optional Spread Criteria for Sags

[ “window Center
MNode D |3-2 'I Appl
odelD 4 ¥ I fiighight o A% ) el |
 Details
pers | [4.500 Right. [2.500
Properties % Discharge Il_eft.: IED.EIEIEI Right: IED.EIEIEI
Lozation ~ Spread Crogs Section;
7 Spread Source:  Uzer Supplied Vl
Elevations ‘wiidth %Slope  Roughness | bd aximnum
Junction Loss 2,000 5310|0015 1| Pond Depth: [0.500
Discharge Options 24000 | 2000 | 0015
Computations s¢ | Pond width: [2.000
[ 0.000 | 0.000 | 0.000
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Delineating Drainage Areas

10. Highlight Elevations and assign the inlet's vertical elevation and vertical pipe alignment

Longitudinal % Slope Left 4.50%
Longitudinal % Slope Right 8.60%
% Discharge Left 50 %
% Discharge Right 50%

ENude Configuration - Elevations M= E3
[T “window Center
Node 1D 4 X - Aprly|
RGN P e e G Aeeb
- Details
Optiong Reference Suface:  TIM File v|| survep.tin Q,

Junction Loss
Dizcharge Options
Computations

F'rnpelrties Elevation Source:
Location _ _
Spread Criteria MHaode Elevation Option:

E levations Yertical Alignment:
tinimum Depth
bd axirnurn Depth

FGEL + Spread Section '| 2019.780

Same a3 Source ¥ | 2marm0
Min. Fixed Drop v| W
2670

11. Highlight Computations to verify the inlet’s hydraulic computations.

Note

ENude Configuration - Computations M= 3

Node D 4 m > [T “window Center

" Highlight

B AR Al _Aeb |

- Details

Fropertiez
Location

Spread Criteria
Elewations
Junction Loss
Dizcharge Options

Computations

Optionz Inlet 3-1 - Eror Performing Inlet Computations

Drainage Area 3-1 Mot Found

Elevation Source, Node Elevation Option, vertical Alignment, Minimum and Maximum Depth

should be filled out based on the previous node 3-1.

12. Click Apply to add this Node to the project.

13. Click the Edit Area icon to associate this inlet with its Drainage Area.

14. Select Yes to the Alert dialog box, since no area for the inlet is created yet.

15. Enter the Definition information.

VDOT GEOPAK Drainage
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Delineating Drainage Areas

£ Drainage Area Definition ME

™ Window Center
Area |D: |3-2 vi Appl
R P I Highight & ) %) G [ Aeel |
- Details
Description: | ToMNode ID: 32 Py
Dieliese foza I—D.DSD Area Selection / Creation
Base C Value: [0.500 gﬁlecl DTET\;ESELB
Time of Cone.: [5.000 aPe aPe
Hydro. Method i i Pick Boundary LF
™ P ational Elements Create Shape
) 5CS
0.50

Base C

Time of Concentration 5.0

16. Click Select Shape and select the MS shape for this area. The drainage area value is
computed.

e

C.E_-—-—h-‘-—-— -

17. Highlight Subareas.
18. Toggle on Display Only. Then, the subarea values will not be written in the dgn file.
19. Click Automatic Delineation.

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

VDOT GEOPAK Drainage

20.

21.

22.
23.
24,

£ Drainage Area Subareas ME

™ Window Center
Area |D: |3-2 ~] 7 Appl
RIS ¥ Highight & i Bl G | Awb |
- Details
Dptions ToMode ID: 32 Py
efinilion Subarea C Walue Description | """ ,-’.\ utnmahc """
Subareas 0.0730 0,900 Impervious Delrestion
Carmputation 0o 0.500 Shdr & Ditch Proposed|| & Lz
¥ Dizplay Only
~ Hydro, Method ¥
® B ational
) 5CS
[0.017 | 0500 | Shdr & Ditch Proposed

Click Apply.

This applies the land uses (and their “C” values) to the Drainage Area. Alternately, this table
may be populated manually using the key-in fields and add, modify and delete to the right of

the table.

Highlight Computation and press the Compute Discharge button to obtain the drainage

area’s computations.

Click Apply to add the Area to the Project.

Close the Drainage Area Computations dialog.

Return to the Node Configuration dialog, and highlight Computations.

ENnde Configuration - Computations [_ [T x]

W window Center

Junction Loss
Dizcharge Options

ConnpLital

Inlet Length = 6.0000
Deprezsion Depth = 01E7D
Deprezsion width = 2.0000
Inlet Capacity = 7. 8065
Computed Head = 0.056E

Node ID 4 [32 | e Appl |
adelD 4 ’ ¥ Highlight W m % = % i
— Details
Options Dizcharge = 0.2971
: Tatal Ponded width = 0.6791
Empf."'es Fonded ‘width Left = 1.0674
ocaen Ponded width Right = 0.9457
Spread Criteria Panded Depth Left = 0.0583
Elewations Ponded Depth Right = 0.0788

25. Review and verify the computations.

26. Click Apply to update the node information.

© 2007 VDOT
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Complete the Inlet Locations

COMPLETE THE INLET LOCATIONS

1. Select from the Node Configuration dialog the Add Node icon.

2. Layout the inlets for the project using the same methodology as described above, and create
the correspondent drainage areas.

Node ID Type Profile Library Item Station Offset Elevation
3-3 Curb On Grade DI-3B 8 206+86 -26.00 PGL+Spread
3-4 Curb On Grade DI-3B 16 205+86 26.00 PGL+Spread
3-5 Curb Sag DI-3C 6 206+36 26.00 PGL+Spread
3-6 Curb On Grade DI-3B 8 206+86 26.00 PGL+Spread
3-7 Curb On Grade DI-3B 16 208+00 26.00 PGL+Spread

Outlet Outlet ES18 206+36 -42.00 El. 2020.00
Note It is recommended to input the Node Elevation for an outlet node at least one foot higher than

the tailwater elevation. This elevation is not used in the hydraulic calculations and does not
represent a physical point on the outlet node. E.g. pond's top of berm elevation, ditch top of
bank, etc.

3. Close the dialog box when done.

LINKS: INTRODUCTION
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In GEOPAK Drainage, Links connect and convey runoff from the various Nodes within a Network to
the Outlet, and may consist of pipes, boxes, or ditches. A multitude of options for sizing, and profiling
Links are supported.

A Link represents a linear feature depicting a path connecting two Nodes. The path (upstream to
downstream) need not be indicated because GEOPAK Drainage will determine the direction of flow
purely based on connectivity. The path may be a straight line, line string, curvilinear, or a combination
and series of linear MicroStation elements.

The Drainage Library is an integral part of designing and analyzing Links. The library contains all the
standard pipe configurations based on shape, material, and, if applicable, corrugations which may be
used in a Drainage project. Link library items selected to specify pipe sizes or the shape and material
properties within the library may be used to establish the suitable candidates for design.

Several options are supported to add, edit, and delete Links. One option is invoked by the Drainage
pull down menu Component>Link. Another option is the tool box obtained by selecting Tools > Tool
Boxes > Link, then identifying the desired tool from the tool box as depicted below.

x|
A Al g ALa

Tools from left to right are:

e Add Drainage Link
e Edit Drainage Link
e |D Drainage Link
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o Delete Drainage Link
e Rename Drainage Link

e Update All Links

e Update All Links with Pay Items
e Drainage Link Report — Configuration

e Drainage Link Report — Computation

Add Utilized to add a Link to the current GEOPAK Drainage project.

Edit Utilized to select and edit any previously defined and stored Link within
the current project. The Link Edit dialog is identical to the Link Add
dialog, however, when the Link is identified, all associated data is
displayed.

ID Utilized to ID the link in the design file.

Delete Utilized to select and delete the specified Link and associated data.

Rename Rename the link name in the GEOPAK database.

Update All Links

Updates all link graphics in the design file.

Update All Links with
Pay Items

Updates all link graphics with the designated pay items (specified in the
Drainage Library) from the Design and Computation Manager database.

Drainage Link Report
Configuration

Displays in table report the links configuration (size, inverts, and slopes)
after the design is performed.

Drainage Link Report
Computation

Displays in table report the links hydraulic computation (discharge,
capacity, HGL) after the design is performed.

A third option is to access the Links the Navigator (Utilities>Navigator).

£ Mavigator
Yiew Tools

=[O %]

= owsPme

| Description |

[ Highlight [T ‘Windaw Center

pipe-1

XL G

t=

" Query
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Link Configuration Dialog: Introduction

LINK CONFIGURATION DIALOG: INTRODUCTION

The Link Configuration dialog box is the one used to properly place a link (pipe or ditch) into the
database.

ELink Configuration Definition

Lik ID: 4 » - pndonCenet g s W b |
- Details
Descriptior: |
Dl FromMode: [S1 =] %% TaMods: [52 =] %
Conditions Length: 1101107 [ Use M5 Element [
Congtraintz Configuration
Computation Shape:  Circular vI Material:  Concrete
Type ¥ Design Size Size: 18" Select. . I
®' Pips [ Design Barel:  Mumber of Barrels: u Roughness: W
' Ditch [ Ovenide Library Payiten: |

The Link options are displayed in a list box in the left side of the dialog, while the right side displays
parameters for the highlighted Option. The options are:

e  Definition

e Conditions

e Constraints

o Computation

As different Options are selected in the list box, the right side of the dialog will change dynamically to
reflect the parameters for highlighted Option. When all the options have been reviewed and
appropriate information supplied, pressing the Apply button will update the Drainage database.

LINK CONFIGURATION DIALOG: DEFINITION

This option will define the Link’s path, connectivity, shape, material, roughness coefficient, size, and
design options.

£ Link Configuration Definition

Link ID: 4 b el o o gt |
~ Details
Description: |
D efirition From Mode; IS-1 vl ‘B ToMode: IS-2 vl i
Conditions Length; 1101107 [ Use M5 Element (1)
Constraints Caonfiguration
Computation Shape:  Circular VIMateriaI: Concrete ™
Type ¥ Design Size Size: 18" Select. . I
®' Pips [ Design Barels  Mumber of Banels: 1 vI Roughness: W
' Ditch [ Ovenide Library Payiten: |

Description (optional) | Description of the Link. (Maximum of 32 alphanumeric characters.)

From Node Identification of the Node from which the Link originates. The flow
direction, upstream or downstream, need not be established. The
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direction is determined by the connectivity of the Network in which the
Link resides. If the designer identifies a downstream node as a From
Node, GEOPAK wiill reverse the From Node and To Node based on
actual flow direction of the Network. GEOPAK does this when the
network is built (See the Network Chapter).

It is recommended to use the ID button ' to select the node since it
will connect the link to the proper pipe connection points defined in the
Department’s Drainage Library.

To Node

Identification of the Node from which the Link originates. The flow
direction, upstream or downstream, need not be established. The
direction is determined by the connectivity of the Network in which the
Link resides.

It is recommended to use the ID button ' & to select the node since it
will connect the link to the proper pipe connection points defined in the
Department’s Drainage Library

Identification of the Node from which the Link originates or ends. The
flow direction, upstream or downstream, need not be established. The
direction is determined by the connectivity of the Network in which the
Link resides.

Length

Once the From Node and To Node are identified, GEOPAK computes
the length of the Link based on distance between Nodes or the
MicroStation element selected as the Link path. GEOPAK Drainage
considers two lengths for a link: actual length and hydraulic length.

e Actual Length: this is the distance from the pipe connection

point of one node to the pipe connection point of the next node.

This is often called the construction length of the pipe.

e Hydraulic Length: this is the distance from the hydraulic point
of one node to the hydraulic point of the next node. This length
is used to perform the drainage calculations (travel time, HGL
slopes, etc). The Department has defined the hydraulic point of
every node at the center of the structure.

Use MS Element

To define and select the Link path with previously drawn MicroStation
elements. Activate the toggle, press the Select button, then identify the
element.

This is only used when the designer needs to model a link with a bend
without a node.

Type Group: Pipe or
Ditch

Selection of this option dynamically changes the Configuration group
box to reflect the selection.

Links in GEOPAK Drainage could be a pipe or a ditch.

The Configuration group box will change depending upon designer’s choice to use a pipe or ditch as a

link between nodes.

VDOT GEOPAK Drainage
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6-36

If a pipe is selected, then the Configuration Group box will allow the following:

£ Link Configuration Definition

Lirk D: 4 N PN
~ Details
Description: |
D efirition From Mode; IS-1 vl ‘B ToMode: IS-2 vl i
Conditions Length; 1101107 [ Use M5 Element (1)
Constraints Caonfiguration
Computation Shape:  Circular vI Material: Concrete ™
Type ¥ Design Size Size: 18" Select. . I
®' Pips [ Design Barels  Mumber of Banels: 1 vI Roughness: W
' Ditch [ Ovenide Library Payiten: |

Shape

Option button for pipe shapes. The Department’s Drainage Library
contains only box, circular, and elliptical shapes.

Material

Option button for Pipe materials. The Department’s Drainage Library has
all the links stored as concrete material, so the designer must select
concrete. This does not control the pipe material for construction. The
pipe material constructed is controlled by the Department’s Optional Pipe
process.

Design Size

Toggle on to indicate pipe size to be determined by the software based on
given design Configuration and Constraints.

If the pipe is an existing one or the designer wants to select a specific
pipe, then toggle off this option.

Pressing the Select button invokes the Select Size dialog, wherein the
desired size may be selected. Pipes listed in the dialog are based on the
sizes in the Drainage Library for the specified Shape and Material
configuration.

Design Barrels

Toggle on to indicate the number of barrels (multiple pipes) GEOPAK is
to design based on given configuration and constraints. If the toggle is
not activated, GEOPAK designs for one barrel.

The designer can select from 2 to 10 barrels from node to node.

Manning’s n

Manning's roughness coefficient. The default value is based on shape and
material found in the Drainage Library. All of the current Library items
have Manning's n = 0.012. This is consistent with the Drainage Manual
standards for acceptable Storm Drain and Cross Drain materials.

The designer can also override this value for each individual pipe.

Override Library Pay
Item

Each pipe in the drainage library is associated to a pay item or Item ID in
the Design and Computation Manager database. This option will override
this linkage, allowing the user to select their own Item ID.

The Department uses that option to make the placed pipe an “existing”
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pipe for quantity computations.

If a ditch option is selected, then the Configuration Group box will allow the following:

£ Link Configuration Definition

: n [T “window Center a
Link ID: ¥ Aol
in| L Lin [~ » ™ Highiight ¥ oS pply
~ Details
Description: |
[ efinition From Mode; IS-1 vl ‘B ToMode: IS-2 vl i
Conditions Length;  0.0000 [ Use M5 Element (1)
Constraints Caonfiguration
Computation Ditch Type:  Fived Geomety Vl Roughness: ID.EI12
Type Ditch ‘width: |5.DDDD [T Design width
' Pipe Ditch Depth: [ 3.0000 ™ Design Depth
® Ditch Side Slope Ratio Left [H:1]: |3.DDDD Right [H:1]: |3.EIEIEIEI

Ditch Type A ditch with fixed geometry or cross section based could be placed.
Ditch Width Ditch bottom width in master units (i.e., feet or meters).
Ditch Depth Ditch depth in master units (i.e., feet or meters).

Side Slope Ratio Left | Left side slope of the ditch.

Side Slope Ratio Right | Right side slope of the ditch

Manning’s Manning's roughness coefficient.
Number of Cross If the ditch type selected is cross section based:
Sections

— Configuration
Ditch Type:  Crozs Section Bazed v| R oughness: I nmz

Mumber Of Crozs Sectionz: I 4
Width OF Crozs Sechonz: I 40.0000

Number of cross sections to create along the path of the Link. A minimum
of four sections is suggested to balance energy.

The TIN file or Site Model to extract the cross sections is specified in the
Reference Surface option of the Node Definition dialog.

Width of Cross Width of the cross sections created along the path of the Link. Cross
Sections sections will be centered along the Link.
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LINK CONFIGURATION DIALOG: CONDITIONS

6-38

Defines or reviews the elevation condition for the Link including minimum depth, soffit, invert, and
slope data. It also includes the profiling options for holding certain values constant.

The Minimum Cover and Maximum Depth values on this dialog represent calculated elevations based
on the values for the nodes connected to the link. The Minimum Cover elevation = Node Elevation -
the Minimum Depth of the node. The Maximum Depth Elevation = Node Elevation — Maximum
Depth of the node.

MNode Elevation |

F

— Min. Depth in Modes Configuration

Win. Cover Elevation
- in Link Configurat on

——— MW@k, Depth in Nodes Configuration BRRA

Max. Depth Elevation in
Link Configuration
____________________ y |/

The soffit, invert and slope of the pipes are the calculated elevations after the Network is designed. The
designer has the option to “lock” these elevations, therefore GEOPAK Drainage will not adjust them.
To lock one of these items, activate the toggle and type the desired value in the window. Another
option to lock the pipes elevations is thru the Edit Profile dialog box.

ELink Configuration Conditions

Lk ID: 4 » - pndonCenet g s W b |
 Detailz
@ Frofie Eonditim;'smm Mode Slope ToMHode
Min Cover: | 10119 0.044 10,089
Constraints Saffit: 10119 ' 1.589 ' 8.369 I
Carmnputation Irwert; 8618 r B89 [
Type kax Depth: 5119 0.044 5.069
) Fipe
) Ditch

Note GEOPAK Drainage cannot accommodate adverse pipe. If locked or held flow lines result in
one of these conditions, GEOPAK will adjust the flow lines to fix the problem, thus giving the
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appearance that the Lock or Hold Invert option does not work. A Warning message will inform
the designer of the changes made to the pipe elevations after the design is performed.

LINK CONFIGURATION DIALOG: CONSTRAINTS

The Constraints establish further design criteria for Links. GEOPAK Drainage utilizes the physical
constraints of minimum and maximum size and slope to determine a suitable pipe size.

gLink Configuration Constraints

Link 1D: 4 [pipe-1 =] » I':L‘f'g”hcl'i';":tce’“e[ ¥ /¥ ./ Aok |
~ Detailz
2 Dezign Conztraints
%{ Finimum Fd axinmum
efinition )
Conditions Rise: [1.000 [ 4.000
Slope: | 0.500 [10.000
Camputation Yelocity: [ 2.000 [10.000
Type
) Fipe
) Ditch

GEOPAK Drainage will perform the following steps to determine the “allotted pipe envelope”

e  Starting upstream, GEOPAK computes each link slope by connecting the nodes at the
elevation set by the node elevation minus the minimum depth.

e If this slope is less than the minimum slope, GEOPAK Drainage sets the slope equal to the
minimum slope. This will provide the upper limit of the envelope. Then, it continues
downstream.

e To setup the bottom part of the “envelope” , it starts from the outlet elevation, move upstream
and setup the minimum invert of the pipes by using node elevation minus the maximum depth
values on each node.

o If the invert falls within the minimum and maximum slopes the link is placed at the calculated
elevation. If not, the link is once again placed at the minimum specified slope from that node
to the upstream end of the system.

e If during the construction of the envelope, any elevations that the user has held will be
accommodated if physically possible and the envelope constrained to that elevation.
However, if a held elevation of a pipe violates the minimum or maximum depth line, the
elevation will not be held. With the minimum and maximum depth profiles computed,
GEOPAK Drainage can then design a suitable pipe within this envelope that satisfies all the
constraints possible.
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Reference Surface |

e

MAXTMUM PEFTH MINIMUM PEPTH

————————— e G\F 14 Ny
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ALLOTTED P\PE "ENVELOPE"

MIMNIMUM/MAX I MUM CEFTH BIOUNSARY

MAXIMUM SOFFIT/MINIMUM IHVERT SO0UNOARY

The other constraints, minimum and maximum velocities are for querying purposes and evaluating the

adequacy of the design.

Minimum Rise

Constraint - Minimum rise (diameter, height) for pipe or ditch in master
units (i.e. feet or meters). The Department’s minimum round pipe size is
1.5'(18").

Maximum Rise

Constraint - Maximum rise (diameter, height) for pipe or ditch in master
units (i.e. feet or meters). Unless the designer knows a constraint, it is
recommended that this be set for a large pipe such as a 6' (72”).

Minimum Slope

Constraint - Minimum physical slope for pipe or ditch expressed in
percentage. The minimum pipe slope varies with the pipe size (0.15% for
18", 0.102% for 24" etc.) See the discussion in the Storm Drain Handbook.
During the initial design, the pipe sizes are not known, so this constraint
may need to be changed as the design progresses. In moderately sloped
terrain, using 0.15% may be acceptable for all pipes, because the terrain
will force the pipes to be steeper than that. In flat terrain, using 0.15% for
all pipes may cause the downstream pipes to be too deep.

Maximum Slope

Constraint - Maximum physical slope for pipe or ditch expressed in
percentage. The Department does not have a maximum slope constraint, so
it is recommended that this be set high for all pipes.

Minimum Velocity

Query - Minimum velocity for pipe or ditch expressed in feet per second or
meters per second. This value must be something greater than zero for the
program to do the hydraulic calculations.

Maximum Velocity

Query - Maximum velocity for pipe or ditch expressed in feet per second or
meters per second.
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LINK CONFIGURATION DIALOG: COMPUTATION

The Computations option allows for evaluating the computed hydraulic properties of the Link. Link
hydraulics are not available for review until a Network has been established containing the Link and
the Network hydraulic computations have been successfully performed.

ELink Configuration Computations

: - [T “window Center a
Link 1D | -1 vl 4 Appl
ik ID: 4 lpipe g Y yorE g o |
~ Details
Dptians Downstreamn HGL sufficient for Hydraulic Jurmp -
D efinition Flow iz supercritical
Conditions gischa{ge S 152-055190
; apacity = .
Lorstaints Rise = 1.500
fompiialien Roughress= 0002
Type Slope = 1.513
® Pipe Friction Slope = 1.515 |
) Ditch

LAB EXERCISE: LINKS

> Link Placement

1. Select the Add Drainage Link tool (Drainage: Component > Link > Add).

Add a New Link

[ ok ]

2. Click OK. We are using the default Link ID.

Cahicel |

£ Link Configuration Definition

™ window Center

ikD: 4 [ope1 =] ks

Link ID: 4 [pipe-1 P Highight a4

- Details

Drescription: | ﬁ

[ efinition From Node: |3_1 x| B ToNede 32 =l

Conditions [ Use MS Element (1

Length:  B0.0000

Constraints Canfiguration

Computation Shape:  Circular vI Material  Concrete ™
Type ¥ Desigh Size Size: 15" _ISB|ECt"'
%) Pipe [ Design Barels  Mumber of Barels: 1 "I Roughhess: W
' Ditch [ Override Library F'ayitem:l

3. Highlight Definition. This sets the pipe's spatial characteristics including From and To Nodes
ID’s, pipe shape, material, library items, etc.
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4. Graphically identify the From Node (3-1) by selecting the ID Button H and left clicking in
the proper pipe connection point of the structure.
5. Accept the highlighted point by left clicking one more time.
6. Graphically identify the To Node (3-2) by selecting the ID Button = and left clicking in the
proper pipe connection point of the structure
7. Accept highlighted point by left clicking one more time
8. Set the other pipes properties under the Definitions option.
Shape Circular
Material Concrete
Design Size Toggle ON
Design Barrels Toggle ON and Select 1 for the Number of Barrels,
then Toggle OFF.
Manning’s n 0.013
5. Highlight Conditions.

6-42

The elevations shown are based on the From-Node and To-Node elevation minus the
min/max depth, as specified in the Node Definition Dialog Box for Nodes 3-1 and 3-2
respectively.

In this case, no entries are necessary; Drainage will design all the profiles for this project.

£ Link Configuration Conditions

LirkID: 4 b ity gy g o |
~ Details : —

%[ Frofie Eondltmr;'smm Mode Slope ToMHode
Conditions Min Cover: 2M7 A 0383 200771110
Constraints Saffit: 0.000 ' 0.000 ' 0.000 I
Computation Irrvert 0,000 I 0.000 r

Type Max Depth; | 20171.99(0 0283 2011.780
™ Pipe
) Ditch
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6. Highlight Constraints.

ELink Configuration Constraints

Link1D: 4 [pipe-T = » Fh“f'g”hﬁ'i';”;tcemer v ¥ s by |
~ Detailz
. Degign Constraints
@ Finirnurm b amirLnn
efinition )
Canditions Riise: [1.000 | 4.000
Conztraints Slope: | 0,500 [10.000
Computation Welocity: | 2.000 [10.000
Type
) Fipe
) Ditch

7. Establish the min/max design criteria for Links.

Rise min/max 1.0/ 4.0 (feet)
% Slope min/max 0.5/10.00 (%)
Velocity min/max 2.00/10.00 (fps)

8. Highlight Computations.

This displays the computed hydraulic properties of the Link.

ELink Configuration Computations

=101 ]

D efinition Computations
Conditions

Conztraints

Comnputation

Type
™ Pipe

) Ditch

Link 1D: 4 [pipe-1 <1 » ngnh?g:tcemer v /¥ s ey |
- Details
@ Link iz mot currently part of a netwiork,

Unavailable - Perform Network, Computations

Note

Link hydraulics are not available for review until a Network has been established and

designed or analyzed (next exercise) successfully. Check here for computations after the

Network has been add

ed and designed or analyzed.

9. Click Apply. This incorporates the link to the project.
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10. Add the remainder of the link conveyance system by clicking Add Link.

Note As Links are added, most dialog values default from the previous Link with the exception of
the node and elevation information.
Link Traverses From Node To Node
PIPE-2 3-3T03-2
PIPE-3 3-4To3-5
PIPE-4 3-7To 3-6
PIPE-5 3-6 To3-5
PIPE-6 3-5To3-2
PIPE-7 3-2 To Outlet and set the invert elevation at the Outlet node at el. 2013.00
using the Conditions option in the Link Configuration dialog box.

11. Close the dialog box when done.

NETWORKS: INTRODUCTION

A GEOPAK Drainage Network is defined as a series an interconnected Nodes and Links draining to a
single outlet . GEOPAK Drainage can maintain multiple Networks in a single project.

MODE 4 — % NODE & - 4

8 -3
N " NODE A - & OUTLET
-7
| - r T3
A - o
NODE A — 1 g€ =g  NODE 4 -2 NODE |4 -5 wopr A - 7
-5

;

NODE J& - 2

The Network computations serve as the final calculation process in the design or analysis of a storm
drain system. Drainage Areas and Inlets may be computed individually and are not dependent on any
type of Network topology. Pipes and Ditches, however, are dependent on the connectivity and
Network characteristic and therefore, require a Network be defined and successfully built, in order to
complete the hydraulic computations on these features.

Several options are supported to add, edit, and delete Networks and are invoked via the Network pull

down on the main menu bar as depicted below. Alternately, the Network tools are invoked by selecting
Tools > Tool Boxes > Network, then identifying the desired tool from the tool box.
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=
b A AW A Al

Seven tools are supported in the Network tool box (from left to right).

Tools Description

Add Initially utilized to define the Network and associated data. When
invoked, the Network Configuration dialog is blank.

Edit Utilized to edit any previously defined Network. When selected, the
Select Network dialog is invoked, wherein the desired Network is
highlighted. Note the Network Edit dialog is identical to the Network Add
dialog, however all associated data is displayed.

Delete Utilized to delete the specified Network and associated data.

Rename Utilized to rename any previously defined Network.

Design This mode enables when an Active Network is defined. It's a shortcut to
the Design procedure without having to invoke the Network dialog.

Analyze This mode enables when an active network is defined. It's a shortcut to the

Analyze procedure without having to invoke the Network dialog.

Set Active Network

GEOPAK Drainage uses an Active Network as a shortcut and
organization tool. Many of the reporting, query, and navigation tools
support the use of the Active Network to limit the information viewed to
the system currently under design (the Active Network). When selected,
the Active Network dialog is invoked, wherein a previously defined
Network may be specified as active. The current Active Network is
displayed on the main menu bar for quick reference.

NETWORK CONFIGURATION DIALOG

It is within this dialog where a network is built and computed. The dialog box is divided into two
major groups: Validation and Computations.

£ Network Configuration - [POND1] = B
Metwark [D: 4 k ¥R W Apply |
- Detailz

Description: | Outlet Hode: Iﬁ i
Yalidation Computationg Lock Sizes I Unlonck Sizess I
’V T}:: }:: ’V ﬁl}f: P‘E: Lock Elevations I Unlock Elevationsl

Validation: Build
Network. Highlight
Network.

Build Network: Builds the storm drain network starting from the Outlet
Node. The purpose of building a Network is to check the topology and
connectivity and determine whether this storm drain system is ready to
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be analyzed or designed. It is at this time that all the flow directions

elston through the Link tablished
rOUg e LINKS are estaplisned.
T

The Network is established by traversing from the Outlet Node upstream,
splitting off into multiple paths at a fork, until terminating nodes are
reached on all paths. For a gravity system, the topology must be a tree
structure.

This process validates all the interconnected components for errors
and/or unexpected conditions like: no or multiple outlets identified,
indeterminate flow path due to loops, duplicate links, or multiple
downstream links from a single node.

Highlight Network: Highlights all elements (Areas, Nodes, and Links)
contained in the current Network for visual inspection of the system.

Computations: Design: Performs the hydraulic design of all the components contained
Design. Analyze in the Network. It evaluates the current Network, and designs any
features that were indicated as such.

Computations
e P Analyze: Performs the hydraulic analysis of all components contained in

the Network. It evaluates the current network, ignoring all design toggles
and maintaining current feature sizes. This can be helpful when
evaluating a system that has already been designed to see how it
accommodates a different design storm. This is also helpful when the
designer is changing the size of certain pipes to meet the hydraulic
gradient clearance requirements. In this case the designer may want to
change only one pipe while holding the size of the others.

Lock/Unlock Sizes Lock or Unlock the sizes prior to computing. Be careful with this option
since it will lock/unlock all pipes sizes, even the ones manually defined
by the designer.

Lock/Unlock Lock or Unlock the pipe invert elevations prior to computing. Be careful

Elevations with this option since it will lock/unlock all pipe inverts, even the ones

manually defined by the designer.
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LAB EXERCISE: NETWORKS

> Network Design
1. Select the Add Drainage Network tool (Drainage: Network > Add).

Add a New Network
Description: I
Outlet Mode: IDUTLET vi

Ok I Cancel |
2. Enter the network information.
Network ID: System1
Outlet Node Outlet
Click OK.

4. In the Validation section, click Build Network.

This feature verifies the nodal topology and link connectivity. The Highlight Network
feature highlights all components (areas, inlets, pipes, etc.) connected to the Active Network.

gNetwnrk Configuration - [System1] [_ [T =]
MNetwork 1D: 4 O O¥ o Apply |
- Details
Descriptior: | Outlet Mode: Im e
" alidation Cormputations Lack Sizes I Unlock Sizes I
’7 ﬁ nﬁ ’7 d}:: P}:: Lock Elevations I Unlock Elevatinnsl
L |Ruild Metwark]

Click Apply. The Network SYSTEML has been added to the project.
In the Computations section, click Design Network.

GEOPAK Drainage designs the network and issues the pertinent Warning Messages, if
necessary. These warning messages are also written in an ASCII file named: drgmsg.txt
located in the GEOPAK’s working directory.

gNetwnrk Configuration - [No Active Network] M= E3
Netwark ID: 4 ¥ K ¥ ¥ Apply |
- Details
Descriptior: | Dutlet Wode: [OUTLET =
" alid ati C Lati
sesten BB L Lock Sizes I Unlock Sizes I
nﬁ:: I}:: %{ P}:: Lock Elevations I Unlock Elevatinnsl
IDesign Networkl

7. Click Set Active Network (to the left of Apply).
8. Now we can review some of the provided reports of this network.

9. Select the Drainage Area Report tool (Drainage: Reports > Drainage Area). Review some of
the available reports. This will be further discussed in the Reports Chapter

VDOT GEOPAK Drainage © 2007 VDOT 6-47



Drainage Profiles: Introduction

10. Close the dialog box when done.

DRAINAGE PROFILES: INTRODUCTION

6-48

A Profile is a path between two nodes, spanning one or more links. Profiles allow you to define a path
running in any direction (upstream or downstream) in a drainage Network and visualize profiles
(ground, pipes, depth of cover...) along that path. All that is needed to define a profile is the
identification of the From Node and To Node, and GEOPAK Drainage automatically traverses the
Network and finds the Links connecting the two Nodes. .

Several options are supported to add, edit, and delete Profiles and are invoked via the Component pull

down on the Drainage menu. Alternately, the Profile tools are invoked by selecting Tools > Tool Boxes

> Profiles, then identifying the desired tool from the tool box as depicted below.

Drainag x|
pe R G B B | e

The Drainage Profiles tool box contains seven tools (from left to right). In addition, the tools can be

invoked via the Navigator.

Tool

Description

Add Drainage Profile

Utilized to add a Profile to the current GEOPAK Drainage project.

Drainage Profile List

List of profiles in the current drainage project.

ID Drainage Profile

Allows selecting a previously plotted profile from the screen and making
it the active one.

Modify Drainage
Profile

Utilized to select and edit any previously defined and stored Profile
within the current project.

Delete Drainage
Profile

Utilized to select and delete the specified Profile and associated data.

Update All Drainage
Profiles

Recalculates and redraws all the profiles in the active gdf file.

Auto Create Profile

The Auto Create Profile tool draws a series of profiles based on the
specified network.

When the Add, Edit, or Delete options are selected, the dialog depicted below is displayed.

© 2007 VDOT

VDOT GEOPAK Drainage



Drainage Profiles: Introduction

EEdit Drainage Profile - Pro-1
File
Description: | Wiew Humber: 1 Vl Apply |
Fegistration l Display I Drainage Information ] Grid & Labels ] Link Profile ]
— Reqistration Paint ———— ~ Projection
% [2715570.450 DP [ Project to Chain: el R Bl |
e | 339626.209 [EfiaiH
~ Scale ~ Gind Stationing and Elevations
Harizontal: | 256.000 Begin Station:  0+00.00
Wertical: | 5.000 End Station:  O+72.77F
: b &, Elevation: |2D25.DDD
~ Mode Information ————————————— o -
From: (54 — Min Elevation: | 2010.000
Ta: |5_3 "I Hmt | [~ Reference Surtace
: TIM File vI [survey.tin Q,
Rezet Prafile | -
™ Vertical Offset: [07000

The dialog is comprised of the Description area and five tabs. The fields detailed in the table below are
independent of which tab is selected.

Profile ID Identification of the Profile is displayed in the Dialog Title bar.
(Maximum of 16 alphanumeric characters.)

View Number Select the view in which the profile is to be drawn.

Center Profile When clicked, the profile is centered in the specified view.

Description Description of the Profile. (maximum of 32 alphanumeric characters.)

This field is always at the top of the dialog, above the tabs.

Apply Applies the current Profile information in the project.
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Registration

REGISTRATION

The Edit Drainage Profile dialog under the Registration tab is the one that control the display of the
profile. Its setup is reviewed in the table below.

Registration Point:

X coordinate corresponding to the specified Station, Elevation. Y
coordinate corresponding to the specified Station, Elevation.

DP Identify X, y coordinates using a data point. Click, then identify and
accept the desired point on the screen. Be aware that profile plotting does
not support rotated views. The vertical direction should always be due
North.

Scale: Horizontal and vertical scales. All profiles are drawn to true dimensions

in the horizontal, so the scales are used to determine the distortion factor
of the vertical. Example: 10 Horizontal : 1 Vertical means that the
vertical elements are distorted 10 times larger than the horizontal.

Node Information:

Node used as the starting point of the profile. This is populated using the
From Node in the New Profile dialog. The From Node is on the left side
of the profile and the To Node is on the right side.

Reset Profile

This will reset the profile display to the current setting of the dialog after
the Project to Chain option is deactivated.

Project to Chain

If the Profile is to be projected onto a chain in order to utilize its
stationing, the toggle is activated and chain parameters specified by
selecting a profile cell previously plotted in the dgn file.

Grid Stationing and
Elevations:

If Chain Projection is not used, the Stationing at the From Node is set to
0+00 and is assigned to the Registration Point. If Chain Projection is used,
the Station matches the Begin Station in the Projection group box.

The ending station is automatically computed based on the length of the
profile and the Beginning Station.

Reference Surface

Surface utilized to draw the ground profile above the Profile. A site
model/object may also be specified. If blank, individual Node elevations
are utilized.

DisSPLAY PROPERTIES

The Display Tab determines what information is drawn for each profile. Activate the toggles for the
desired components of the profile drawing and set the desired element symbology. For the Water,

Drainage, Sewer Line and Misc. Utilities Crossings, labels may be placed by activating the toggle to
the left of label. A separate set of symbology is used for the textual label from the crossing elements.

gEdit Drainage Profile - pro-1 M= E
File
Description: | “iew Murnber; Ll Apply |
Hegistration] 1,‘] Dirainage Informationl Grid & Labels] Link, F'rc-file]

il — water Line Crozzings
—— . —|

T | Latel:

Fipe Center - =
= — Drainage Crossings

= — Sewer Line Crossings

= | bl

~ Misc. Utility Crozsings

Qriginal Ground
[ |

|
Ref Suface
r —

L2

|——— N 12
[ INone Sra abile vl

[

[

E]
’[Des.gnsmaE' r
[
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Drainage Information

DRAINAGE INFORMATION

Other information from the drainage GDF file may be optionally drawn. This information is generated
after the design or analysis of the network. Simply activate the toggle to the left of the desired drainage
information, and set the symbology.

gEdit Drainage Profile - pro-1 M= E
File
Description: | View Mumber; 1 '| Apply |

Registration | Display | | | Grid & Labels | Link Profile |

— Hydraulic Grade Line — Mauirmum Saffit Drainage Node
|7 i { v

~ Critical Depth ——————  Minimurmn [rwert
r ——

— Unifarm Depth — Minimum Cover
r i

 Energy Grade Line b aximum Depth

r —— || —

GRID AND LABELS

A variety of Grid and labels options are supported to enable the user to customize the profile drawings.
Six Grid & Labels options are listed on the left side of the dialog. To activate an option, double click to
fill the option box to the left. Double click again to turn off, which ghosts the right side of the dialog.

gEdil Drainage Profile - pro-1 ME E
File
Descriptior: | Wiew Mumber: ;I Apply |
Re istration] Digy Iay] Drainage Infolmationl Grid & Labels I Link F'rofile]
E ~ Mode Labels
Position: _Alang Profile vI
'E'lr;ta"tf';es' Labe Offset [4000 | m
Grid Boundary ™ Library Item Mame
Harizantal Grid ™ Library Item Description
Yertical Grid | Brafle Name
[+ Staticr
Elevation
| Place Label: Frefii: I—
Suffie o

LINK PROFILE

In this tab, each node of the link profile can be reviewed and modified. Clicking on any Link ID in the
list box populates the fields below. To modify, change the desired field(s), then click Modify (to the
right of the list box.) To Hold an Invert, toggle on the button to the left of Hold Invert. The Slope can
also be held by toggling on in the lower right corner. A pipe size could also be change selecting the
Drainage Library Item option.

The user can also identify a Link ID, click ID then graphically identify one link of the profile. The
associated line is highlighted in the list box.
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Preferences

After performing the changes, click Apply to accept all modifications. Depending on your Update
options under Project>Preferences, Geopak Drainage will redesign your network using the same
design parameters and constraints specified under the Nodes and Links menus.

gEdil Drainage Profile - pro-1 !E[E
File
D escription: | Wiew Mumber: 1 Vl Apply |

Fiegistration ] Diizplay ] Dirainage Information I Grid & Labels I Link Prafile I
— Drainage Profile Paints

Link ID | Mode Elewvation MHode E lewation Slope -
pped J841 Jsms Jor [4815  J0{50 ]
pipe-7 | 5-2 33N S8 2.919 0.150 f

; Au
pipe-8 | 5-8 2919 549 2.000 0268 =

Details

MNode Mode
Min. Cover:  10.085 Min. Cover.  9.915
™| Hald Invert: [5.085 % | | Hold Inver: [4.315 &

|' Dirainage Library [tem [ Hold Slope: [MTED
[60" =

[ CenterView: 1 Vl

Note Geopak Drainage cannot accommodate adverse pipe. If locked or held flow lines result in this
condition, Geopak will adjust the flow lines to fix the problem, thus giving the appearance that
the Lock or Hold Invert option does not work. A Warning message will inform the designer of
the changes made to the pipe elevations after the design is performed.

PREFERENCES

The setup of the Edit Drainage Profile dialog box could be could be saved into a preferences file with
default extension .ppf. This allows greater flexibility to the users since properties and display
information of most profiles in the same project are very similar.

gEdit Drainage Profile - pro-1 M= B

Eile

View Mumber; 1 '| Apply |
i | Grid & Labels | Link Profle |
— Mauirmurm Saffit

Drainage Node
i | { 7]
— Critical Depth ————— = Minimum [rwert
r _ —
— Uniform Depth — Minimum Cover
W

~ Energy Grade Line — Maximum Depth

r —— || —

MISCELLANEOUS UTILITIES

Miscellaneous utilities can be stored within a drainage project and utilized within the utility conflict
tool. Each group of utilities is stored as a group, then the group is referenced for conflicts. Therefore, it
is prudent to group by location for subsequent location of conflicts, rather than grouping by utility
type. For example, all utilities in an intersection, (i.e., gas, power, cable TV) can be placed within a
single group, rather than all gas for an entire subdivision as a group.

This tool checks for conflicts in elevation but it does not address conflicts in the horizontal plane.
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Miscellaneous Utilities

Miscellaneous utilities for a drainage project are defined thru Components>Miscellaneous

Utilities>Add.

gl«’liscellaneous Utility - _..\utility conflicts. utl

Files

Diescription: |

10 IUtiIities vl

Apply |

- Details

Elexation S ource
!

eywheng datattopo.tin] -4.000 1.000

A a|
...... haurvepheng_datahtopo.ting -2.500 0.500 h
X

Alignment:  Element v|=
Elevation Source:  TIM File '||C:\4942DB2\suwey\eng_de Q

Sizes [ 1.000 DOffset: | -4.000

To properly define a utility location, the user needs to specify the horizontal and vertical location of the
buried utilities in the Details section of the dialog box. The options available are:

Alignment

Element: specify the MicroStation symbology of the drawn utility.

Chain: select the desired chain from the list of chain available in the
gpk database

Elevation Source

Model: it can be selected from the list of all models in the current
site project or GSF file.

Obiject: it can be selected from the list of all models in the current
site project or GSF file.

Tin file: select the DTM or tin file of project.

Size Defines the diameter of the utility in terms of master units, feet or
meters.
Offset Vertical distance (in master units) from the top of the utility to the

specified model, TIN file, object or profile. Negative offsets indicate
below the terrain, while positive offsets are above it.

VDOT GEOPAK Drainage
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Lab Exercise: Profile Design

LAB EXERCISE: PROFILE DESIGN

> Creating a Drainage Profile
1. Select the Add Drainage Profile tool (Drainage: Component > Profile > Add).

£ Add Profile ME
Profile (D IF'n:ufiIe-1

From Mode: |3-4 vl it
ToMode: IDUTLET vl it

Apply |

2. Enter the Add Profile information.

Profile ID: Profilel
From Node: Select 3-4
To Node: Select Outlet
3. Click Apply.
EEdit Drainage Profile - Profile-1
File
Description: | Wiew Humber: 1 Vl Apply |

Fegistration l Displayl Drainage Information] Grid & Labels] Link Profile |

 Reqistration Paint — Projection
o | 2718736465 [ Project to Chain: [dentiiuEratie Ee |
o | 339319.552 [EfiaiH
~ Scale ~ Gind Stationing and Elevations
Harizontal: | 256.000 Begin Station:  0+00.00
Wertical: | 5.000 End Station:  1+28.77
~ Node Infomation Max. Elewvation: IW
From: |34 <] Min Elesation: IW
To: [OUTLET  |=] & | | Refersnce Suface
: TINFile | [popasedtn | Q@
Rezet Prafile | -
™ Vertical Offset. [O00D

4. Enter the Edit Drainage Profile information.

Min. Elevation: 2010.00
Max. Elevation: 2025.00
Horizontal Scale: 25
Vertical Scale: 5

5. Click DP and select a data point in the MicroStation design plane.
This is the location where the profile is drawn.

6. Select File > Open and select c:\data\geo\vdot\drainl\standards\Geopak\Drain_Profile.ppf.
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>

VDOT GEOPAK Drainage

This loads the profile plotting preference file.
Click Apply. GEOPAK Drainage draws the profile.
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Dynamically Editing Profiles

Select the Link Profile tab.

-+ 22

Click ID. Select and accept the link you want to modify from the profile view. (pipe-3). This

will make pipe-3 the active link.
In the Details section, click Edit Invert in the left Node group.

gEdit Drainage Profile - Profile-1
File

Description: | Wiew Mumber: 1 Vl

Apply |

Feqistration I Diizplay I Dirainage Infarmation ] Grid & Labels ] Link Profile I

r— Drainage Frofile Points
Link 1D | Node

Elevvation Elevation Slope

r— Drainage Library [tem

[E dit Invert
[15 Inch Dia. Circular etk

™ Center View: 1 vI

i 4 20
pipe-6 |35 2014926 2014660 0.500 1)
pipe-? |32 2014266 OUTLET 2013.000 10.000
— Detailz
~ Mode Mode

tin. Cover:  201E.E73 tin. Cover:  201E.426
™ Hold Invert: [2075.423 ™ Hold Invert: [2015.176

™ Hold Slepe:  [500

Move your cursor into the profile view. There is a circle around the downstream invert at

node 3-4.

Move the cursor into the circle and drag the invert now. Link pipe-3 will dynamically follow

your cursor.
Data point to define a new invert location in the profile.
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Automated Profile Builder

7. Click Apply. For this example, the "Automatic Update Network" dialog was activated in the
Preferences, so the network is automatically redesigned after clicking Apply.

8. Click NO to the alert dialog box if you do not want to display any warning or error message
generated by the design process.

Note GEOPAK Drainage redesigns your system aligning the pipes following the vertical alignment
options (Match Soffit, Match Inverts, Allow Drop Manhole, etc.) of your node configuration.
The inverts of the modified pipe get automatically locked but if there are other pipe sizes or
inverts that you do not want to change, you must lock them in the Link Configuration
Conditions dialog before changing an invert as shown above.

AUTOMATED PROFILE BUILDER
The Auto Create Profile tool draws a series of profiles based on the specified network.

g Drainage Automated Profile Builder M= B3
Metwark (D IS_I,Jstem1 VI Apply |

Marme | From Mode | Ta Mode | Length | I@'
37-0UTLET | 37 QUTLET 23R.8596 ‘._,;}._,
31-3-2 k3 32 51.916
3332 33 32 51.917 |
3-4-3-5 34 356 51.917

X

£

i
I [31 = =1 00w

~ Profile Information
Direction;  Up Stream - Down Stream v|
Preference File: |ain1 ‘standards'G eopakdrain_profile.ppf | S

Scale H: [25.000 i [ 5 000

Origin: | 2711510.526 s | 336219.415 DP |

Wertical Stack Offzet: I R00.000

The setup of this dialog is similar to the individual profiles one. However, the automated process
incorporates the need of specific action buttons.

2] Query - Click to populate the list box from the specified

* network.

£y Reverse Nodes - Changes the From Node To Node and the To
Node to the From Node.

) Add List Item - Enter the Profile Name, From Node, and To
Node. Then click Add.

Edit List Item - Highlight a line in the list box, make the
desire changes. Then click Modify.

W Delete List Item - Highlight a line in the list box, then click
Delete.

4o Move Line Up - Highlight a line, then click. Each click moves
the line up one place in the list box.

o Move Line Down - Highlight a line, then click. Each click
moves the line down one place in the list box.
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The profile information group controls the setup of the created profiles.

Preference File File created in the Edit Profile dialog, which
contains the settings for drawing profiles.

Scale: H\V Vertical and horizontal scale. The horizontal
scale is drawn to true measurements, while the
vertical scale is distorted.

Origin: XY Coordinates of the lower left corner of the first
profile.
Vertical Stack Offset Distance between profile drawings.

LAB EXERCISE : AUTOMATED DRAINAGE PROFILES

> Creating Automated Profiles for a Network

1. Select the Auto-Create profiles tool. (Drainage: Component > Profile > Auto_Create).
2. Select System1 as your Network ID.

3. Setup the Profile Information group in the Drainage Automated Profile Builder dialog as
shown below.

The Preference file is located in \data\geo\vdot\drainl\standards\Geopak\Drain_Profile.ppf.

The Origin X and Y represent the coordinates in the MicroStation file where the profiles will
start plotting. Clicking the DP button will populate the coordinates.

£ Drainage Automated Profile Builder [_ =]
MHetwiark, 1D Im Apply |
Mame | From Node | To Mode | Length | ‘?
£F
]
bt
4
i,
. |31 =l|32 | B1.91E
- Profile Infomation
Direction:  Up Strearn -» Down Stream "l
Preference File: |sinl\standards\G eopak\drain_profile.ppf |
Scale H: | 25.000 W | 5.000
Origin #: | 2711510526 [ 336219.415 il
Wertical Stack Offset: | 500.000
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4. Select the Query icon. Geopak will create a series of possible profiles along the network.

MHetwiark, 1D Im Apply |
Hame | From Node | To Mode | Length | ﬁ:lg
3-7-0UTLET | 37 OUTLET 235,896
31-3-2 KN 3-2 51.916
3-3-3-2 33 3-2 51.917 &
3-4-35 34 35 51.917
bt
&
i,
| |31 =l|32 | B1.91E
- Profile Infomation
Direction:  Up Strearn -» Down Stream "l
Preference File: |ain1 ‘standards\G eopak’drain_profile.ppf | G
Scale H: | 25.000 Y. [ 5.000
Origin % | 2711510526 | 336219.415 ﬂl
Vertical Stack Offset: W

5. Click Apply to plot the profiles in the dgn file.

6. Close the dialog when done.

REPORTS: INTRODUCTION

GEOPAK Drainage provides a number of tools to create and generate both custom reports and quick,
standardized reports. The standardized reports for Drainage Areas and Inlets are updated dynamically
as any of the components contained in the report are updated, so the impact of the changes can be
reviewed on the entire system. The Storm Drains/Links report dynamically tracks the condition of the
data and provides notification whether the data is current in the report. These summaries are
dependent on the Network computations being performed successfully and whenever the Network is
designed or analyzed, these report summaries are updated automatically.

All report functions are invoked by selecting Drainage > Tool Boxes > Reports, then identifying the

desired tool from the tool box as depicted below.

CF

x|
@l af

Tools from left to right are:

Drainage Area Report
e Drainage Node Report — Sump

e Drainage Node Report — On Grade

e Drainage Link Report — Configuration
e Drainage Link Report — Computations

e Drainage Report Builder
e Drainage Generate Report

Of these reports, Drainage Areas, Inlets, and Storm Drains / Links are standardized reports, while the
Builder and Generate menu selections are utilized for the customized reporting capabilities. Both
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Lab Exercise : Automated Drainage Profiles

standardized reports and customized reports can be viewed and subsequently, hard copy output can be
produced.

Several useful features are common in most of the standardized reports at the bottom of the dialog as
depicted in the fragment below.

Metwork: Al Mebworks ™ [h [T “window Center

A5CII File: | Q- e I™ Highlight Ao |

Network When initially activated, all components within the project are reported. The option is All
Networks. By selecting Active Network, only those components in the active network are reported.
Note in order to use this option, an Active Network must be defined prior to selecting the option. If an
Active Network is not defined, no warning message is displayed and the list box is not updated.

Edit (/) To edit an element directly from the report summary, highlight the desired element in the list
box, then press the Edit (/) button, invoking the specified dialog in an update mode. When the desired
updates have been made, press the Update button which closes the dialog, returns to the report dialog

and automatically updates the report with the edited information.

Highlight When the toggle is activated, double click on a line in the list box. The MicroStation
highlight color is applied to the specified item in the list for easy visual reference. Note the screen
maintains the relative window, i.e., it does not perform any Zoom In or Zoom Out commands. Note
the Window Center and Highlight toggles may be active simultaneously.

Window Center When the toggle is activated, double click on a line in the list box. The highlighted
item in the list is window centered on the screen. Note the screen maintains the relative window, i.e., it
does not perform any Zoom In or Zoom Out commands. Note the Window Center and Highlight
toggles may be active simultaneously.

ASCII File The data may be written to an ASCII file. Manually type in the optional path and name of

the file, or utilize the Files button to select from Create Area Summary ASCII File dialog. Note the
default extension is *.sum.
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LAB EXERCISE: CREATE VDOT STORM CALCULATION SHEET

Saving the Drainage Project Preferences Report

1. Create the drainage preferences report for the project. (Drainage: Project >
Export>Preferences to ASCII.

2. Save the file as : drainage_preferences_17682.drp.

Creating the VDOT Storm Calculation Sheet

1. Activate the Macro tool in MicroStation. (MS Menu: Utilities > Macro > Project Manager)

EVBA Project Manager M= E
M= dElEae = 5

M ame | Description | Location |
 Default D:\Bentleyd5'\WwWork spaceiprojectswntitle., \C

4| | |

2. Load the project: StormSewerTab.mvba located in the
c:\data\geo\vdot\drainl\standards\Geopak\ directory.

3. Select the previous loaded macro and press the Macros button.

EVBA Project Manager M= E

Ded@ ar|e = n
M ame | Description | Lmhg“j |
Diefault DmBE'\WDIkspacekpmiectskuntitle...'\D

StarmSew. .. C:A\Data\Geohwdot'draind hstan.. \StormS ewe

4] |

1

4. Press the Run button.

%]

Step Into |
Edit |

[Ereate |
Delete |

Macros in: | <4l Standard Projects> j

Description:
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Lab Exercise: Create VDOT Storm Calculation Sheet

Note The previous steps could be replaced by typing the following command in the MicroStation

VDOT GEOPAK Drainage

key-in browser: “vba load ; vba run” and loading the StormSewer application.

5. Set the drainage project , drainage preferences report file and network in the Storm Sewer
Tabulation dialog.

=g %

Drainage Project File:
| \pata Geotvdatidrain1 th1 7652 . gdf 3'

Drainage Preferences File:
I:o'l,vdot'l,dra\nl'(drainagejrefarences_l7682.drp\ gl

Report Metwork: ISysteml - I

Financial Project Id: I—
Description: I—
Counky: I—
Crganization: I—
Metwork Mame: I—
State Road: I—
Prepared By: I—

Checked By: I
Date: I

Generate Storm Sewer Tab |

6. Press Generate Storm Sewer Tab
7. Provide a name for the new storm tabulation Excel spreadsheet: Storm.xls

8. Open Storm.xlIs with Microsoft Excel. Review the Stormtab and Spread worksheet.

A I B lcl b | e | F | & 1 W | I v Ree Mmoo | e ] F e | R s T ] w ] v ] w
=
12| STORM SEWER TABULATION FORM
=il
| |
& Road: Mainline Units: Metric (S Sheet: of
& |Project#: 8365 X US Customary Prepared hy: A M
T Checked by:
DRAINAGE z HYDRAULIC GRADELINE 2= - gz &
LOCATION s AREA (ac. or ha.) £ . - ELEVATION 2> E5¢ &
o OF 2 Z | = E E g4 285 2
['%) = = o - = =w
UPPER END & BASE n T E E = ; CROWN ELEVATION X7 EEE 2
5] M 5 £ = | FLOWLINEELEVATION | E | Z
- H £ | composiTe =z | = = g g £ | £ E
CHAIN NAME 3 : EE| = £ i £ ol 2
n © m o e & § 1= = = =} g = a E S | =
= o« £ z E e x £ E I = = e 7 g 3
4o 55 |uE | £ | E JEE|E|E| & |2 |2 |82|52] . |B|7F 2E8S
=8 uPPER | 25 | S5 £ 5 ° Sn| 8 [ = - o lze =E E| S| 2 8ol 2
OF s |w|Llower| £2 | £2 | 2 g |5 gz |22 ¢ | & 2 2  |g£5 5|35 |58 | 2 E2Z 2
e | sTaTioN |52 £ |5 25 | EkR | 8 5 | 2 |28 B8 | E | = 2 2 E [S£ (8¢ 8L (5| 2 [B¥g 2
" MAINLINE 31 0500 | 0000 | 0.000 2016.70(2016.22| 048 0956%| 302
Dl3B 10| Curb 8477 5.57 030 6.10 0.169 103 21899 [2017.32[2M7 07| 025 | 1.28 491
"
M) os+8600 | 26 (U 32 0806 | 0210 | 0189 050% | 3.08
i ‘ ‘ 2016.07 [2016.62| 025 i
. MAINLINE 33 0500 | 0000 | _0.000 2017.72|2016.02] 170 3390%] 392
e D3B8 | Curb | 5477 557 | 023 | 610 | 0081 | 037 |2021.01[201834[2007.11] 123 | 1.25 N 10g
| 2eesm ‘ 26 ‘u 32 0607 | 0.100 | 0.081 T ETEIES T eE 247% | 235
1 MWAINLINE EX] 0500 | 0.801 | 0.400 2016.57 | 2016.00|_0.49 0.976% | 4.09
T | DB 16| Curb | 54.77 537 | 022 | 61D | 0568 | 347 |2019.34 (207667 |201642] 025 | 125 N 491
—H 2swmm ‘ b ‘m 35 0563 | 1009 | 0568 e O 050% | 4.50
2 WIAINLINE WiH-1 i : 2020622017 40 3.21 G.837%] 073
| y MH-12 [Junction | 51.77 524 | 0.0 | 610 | 0336 | 205 |2023.89[202102|201834] 268 | 1.25 N 16.
5| s m ‘ 2% ‘m 35 0.000 | 0000 | 0.000 o 2 570% | 375
= MAINLINE 35 0500 | 0000 | _0.000 701760 201636 1.4 2674%] 578
| y D3B8 | Cub | 5477 537 | 013 | 610 | 0500 | 306 |2021.01[201814[2017.11] 103 | 125 N 98¢
o 20e-e800 ‘ 26 ‘RL 35 0.880 | 0,190 | 0.164 T BRI IGE 207% | 4.29
2 MAINLINE 35 0500 | 0000 | _0.000 2016.08| 201560 040 0766%] 482
o | DI3CE | Curb | 56.00 587 | 049 | BAD | 1143 | B97 |2018.78 [2016.42[20166] 026 | 158 N 79
= 2083600 ‘ 2% ‘Rt. 32 0825 | 0090 | 0.074 IR ENEIE T GBS 0.50% | 5.43
B MWAINLINE 32 0500 | 0.000 | 0.000 2014.80|2014.75] 005 0.306% | 5.7
| DIICE | Curk | 18.00 562 | 006 | 610 | 1447 | 882 |2019.78[201483[201475] 008 | 1.75 N 120
o] e+ ‘ 25 ‘u OUTLET 0824 | 0090 | 0074 eI PRI I 050% | 552
% MWAINLINE 3 0.500 | 0.000 | 0.000 202372202030 3.42 5427%) B.10
| DB 16| Curb | 67.75 514 | 014 | 61D | 0336 | 205 |2026.81([202414|202122] 291 | 125 N 145
| 2me+0m ‘ b ‘m MH-1 0849 | 039% | 0336 I P R 463% | 376
9. Exit MicroStation.
©2007 VDOT 6-61



Lab Exercise: Create VDOT Storm Calculation Sheet

This page left intentionally blank.

6-62 © 2007 VDOT VDOT GEOPAK Drainage



v

OBJECTIVES

INTRODUCTION

Service Utilities and Utility
Conflicts

The objective of this chapter is to review the GEOPAK’s functionality of locating possible
utility conflicts in plan and profile view.

Usage of the Conflict Finder tools and Miscellaneous Utilities.

The Conflict Finder tool is an easy method of locating conflicts between components of a Drainage
project and miscellaneous utilities. When a conflict is found, a textual label is displayed or drawn in
the design file, based on user-defined parameters. Then, the designer has the option to fix these

conflicts using the drainage profiling tools.

Z Conflict Finder [ [T]

- Check Feature

r— Display Options
™ Display Only

[ Conflict Elevation
™ Feature Elevation ™ Clearance

™ Surface Elevation [ Depth

™ Wigw Center [~ Plan View Number: u
[ EditProfle [ Profile View Mumber: u

- Conflicts
[ Check Drainage [ Check Sewer
™ Check Water

[ Check Mise: [0 IService_UtiIities vl
Clearances: Owvenide vI I 0.000
Compute: |

Eresias | [{ERE | Al |

The Conflict Finder dialog is divided into three groups: Check Feature, Display Options and Conflicts.

CHECK FEATURE

Several types of conflict checking are supported: Single Feature, Water Lines, Sewer Lines, and

Drainage Links. When Single Feature is utilized, the ID Element is available and used to graphically
identify any current Water or Sewer line in the project. Once identified, GEOPAK checks the element
against any other elements identified in the Conflicts group box.

VDOT GEOPAK Drainage
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Display Options

DispPLAY OPTIONS

The Display Option group controls the way the possible conflicts will be displayed or drawn in the
MicroStation dgn file. Several definitions are present:

r— Display Options
™ Display Only
¥ Conflict Elevation
W Feature Elevation ¥ Clearance
™ Surface Elevation [ Depth

¥ iew Certer ™ Plan View Mumber, 1 vI
™ EditProfile ™ Profile Wiew Number, | vI

Display Only The conflicts are labeled with display only, not written into
the file. Therefore, they disappear when a View Control or
Window command is issued. When not activated, the label is
drawn into the design file.

Conflict Elevation When the toggle is activated, the elevation of the conflicting
feature is displayed. Note this corresponds to the feature
defined in the Conflicts group box. When the toggle is not
activated, no elevation is displayed.

Feature Elevation When the toggle is activated, the Elevation of the feature is
displayed. Note this corresponds to the feature(s) defined in
the Check Feature group box. When the toggle is not
activated, no elevation is displayed.

Surface Elevation When the toggle is activated, the Elevation of the Design
Surface at the X, Y location of the conflict is displayed. The
Design Surface is defined in the Water and Sewer Preferences
(Terrain). When the toggle is not activated, no elevation is
displayed.

Clearance When the toggle is activated, the elevation difference (in

master units) between the Check Feature and the Conflict
Feature is displayed. When the toggle is not activated, no
clearance is displayed.

Depth When the toggle is activated, the elevation difference (in
master units) between the Surface Elevation and the Check
Feature is displayed. When the toggle is not activated, no
depth is displayed.

View Center When activated, either the plan view or profile view may be
centered in the specified view.

Plan View Number When activated and a conflict is found and the View Center
toggle is activated, the numbered view is utilized to window
center about the plan view area of conflict.

Profile View Number When activated and a conflict is found and the View Center
toggle is activated, the numbered view is utilized to window
center about the area of conflict in the profile drawing of the

7-2 © 2007 VDOT VDOT GEOPAK Drainage



Conflicts

Check Feature.

Edit Profile

When activated and a conflict is found, and the Edit Profile
dialog is activated, the numbered view is utilized to window
center about the profile view area of conflict.

CONFLICTS

The Conflict group allows the designer to select what services or utilities to check. Possible conflicts
could be checked against other drainage networks, water and sewer systems and user defined

miscellaneous utilities.

- Conflicts
¥ Check Drainage
™ Check Water

W Check Misc: D INnne.t’-‘-.vaiIable vl
Clearances: Owvenide vI I 0.500
Compute: |

Eresias | [{ERE | Al |

Check Drainage

When the toggle is activated, all drainage links in the current
Drainage project (gdf file) are checked for conflict with the
Checked Feature(s). When the toggle is not activated, no
conflicts are checked. The drainage project is specified in the
Water and Sewer Preferences (Project Components).

Check Sewer

When the toggle is activated, all sewer links in the current
Water and Sewer project are checked for conflict with the
Checked Feature(s). When the toggle is not activated, no
sewer conflicts are checked.

Check Water

When the toggle is activated, all water links in the current
Water and Sewer project are checked for conflict with the
Checked Feature(s). When the toggle is not activated, no
water line conflicts are checked.

Check Misc

When the toggle is activated, all miscellaneous utilities in the
specified group in the current Water and Sewer project are
checked for conflict with the Checked Feature(s). The group
is selected from the option list of all utility groups in the
current project. When the toggle is not activated, no utility
conflicts are checked.

Clearances

When set to Default, the clearance stored with each line is
utilized. In this case, the key-in field is ghosted. However, this
can be overridden by selecting Override and typing in the
desired Clearances value, in master units.

VDOT GEOPAK Drainage
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Miscellaneous Utilities

When the dialog is populated with the desired settings, clicking Compute commences the process. If
no conflicts are found, an Information message is displayed.

In addition, a note is displayed to the right of Compute in the Conflicts section.
If conflicts are found, the number is noted to the right of Compute in the Conflicts section

The Prev and Next can be utilized to move between conflicts, if more than one conflict has been
found.

MISCELLANEOUS UTILITIES

7-4

Miscellaneous utilities can be stored within a drainage project and utilized within the utility conflict
tool. Each group of utilities is stored as a group, then the group is referenced for conflicts. Therefore, it
is prudent to group by location for subsequent location of conflicts, rather than grouping by utility
type. For example, all utilities in an intersection, (i.e., gas, power, cable TV) can be placed within a
single group, rather than all gas for an entire subdivision as a group.

This tool checks for conflicts in elevation but it does not address conflicts in the horizontal plane.

Miscellaneous utilities for a drainage project are defined thru Component>Miscellaneous
Utilities>Add.

gHiscellaneous Utility - ___\utility conflicts. utl

Filez

10 |Utilities j‘ Apply |

Description: |

Offset

Elem.S anitaryFh..

Elerm Conduit_ep... | ... -2.500 0.500

XLOo

- Details

Alignment:  Element 'l =
Elevation Source:  TIM File v|| C:494206 2 surveyheng_de Q
Size: [1.000 Offset: | -4.000

To properly define a utility location, the user needs to specify the horizontal and vertical location of the
buried utilities in the Details section of the dialog box. The options available are:

Alignment Element: specify the MicroStation symbology of the drawn utility.

Chain: select the desired chain from the list of chain available in the
gpk database

Model: it can be selected from the list of all models in the current
site project or GSF file.

Elevation Source

Obiject: it can be selected from the list of all models in the current
site project or GSF file.

Tin file: select the DTM or tin file of project.

Size Defines the diameter of the utility in terms of master units, feet or
meters.
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Lab Exercise: Checking for Utility Conflicts

Offset

Vertical distance (in master units) from the top of the utility to the
specified model, TIN file, object or profile. Negative offsets indicate
below the terrain, while positive offsets are above it.

To Edit any of the previously defined utilities, simply select the one to be edited. Once selected, the
dialog is automatically populated with the data associated with the selected utility. Edit the data as
desired, then click Apply to complete the editing. The only data which cannot be edited is the ID. To
change the ID, delete the utility and use the Add Miscellaneous Utility tool with the new ID and
associated information.

LAB EXERCISE: CHECKING FOR UTILITY CONFLICTS

> Opening the Drainage Project

1
2
3.
4

Execute c:\data\geo\vdot\drain1\LAB07_V8ad.EXE

Open the MicroStation file, c:\data\geo\VDOT\drain1\n17682.dgn.

Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
Select project: 17682.prj located in c:\data\geo\VDOT\drain1, and click OK.

g Project Manager [_ [T =]

Projects  Directory  Admin
| CADatahGeotwvdotydraind

Filter: I".pri Twpe:  Project vI

Projects: Diirectories: -
| []

[projdbs]

[standards]

[C]

D]

[E] =
Job Murber: 101 Unit Systern: Englizh

Description:

OF. Cancel |

5. Access User: VDOT.

VDOT GEOPAK Drainage
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Lab Exercise: Checking for Utility Conflicts

Project Users: 17682_prj

Uzerz

Froject Users:

Dezcription:

Lzer Infa
Full Mame:
Wirginia DOT

OF Code:
WD

LCancel |

6. Click OK. The Road Project dialog will load. This will setup the proper directories for the

location of the gpk file.

# Road Project: 17682.prj [_ ]

File Bemember Options

Wwiorking Directary:

. \ Uzer ¥DOT  Job#: 101 =
¥ working Alignment |rfuence Burs: - | " I E—— |
working Alignment [MAINLINE cEE o or ene
Existing |
Giround Diraw Path  Ewisting Ground E xigting Ground Wertical
faw Fallem Crogs Sections Profile Alignment
Coordinate
Geometry |
Calculate Superelevation Propozed in]
Superelevation Shapes | CmssSections | Models
Harizortal |
Alignment
Flan Yiew J i Earthwork CrogshSetctlon
Design =ets
Flan Wiew Tabular
Quantities Summaries | |
Plar & Prafile Limits of Reparts & x5
Sheets Caonstruction Huantities

7. Minimize the Road Project dialog box.

Access GEOPAK Drainage ( MS Menu: Applications > GEOPAK Drainage > Drainage).
9. Open the drainage project, c:\data\geo\vdot\drain1\h17682.gdf (Drainage Menu: Project >

Open).

> Adding Miscellaneous Utilities

1. Select the Miscellaneous Utilities tool (Drainage: Component>Miscellaneous Utilities>Add).
2. Enter ID: Service_utilities. Click OK when finished.

Add Miscellaneous Utility

Degcript

I Service_utilitied
ion; I

QK. I Cancel |
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Lab Exercise: Checking for Utility Conflicts

3. Enter the electric line information.

Alignment

Element. Level=Level24 , Co=Yellow (4), Style=0,
Weight=7

Elevation Source

TIN File. C:\data\geo\vdot\drainl\survey.tin

Size

2.0

Offset

-3.0

Click Add List Item (right side of the dialog).

Enter the water main data.

Alignment

Element. Level=Level25 , Co=Purple(5) , Style=0, Weight=7

Elevation Source

TIN File. C:\data\geo\vdot\drainl\survey.tin

Size

25

Offset

-6.0

6. Click Add List Item (right side of the dialog).

7. Enter the telephone lines information.

Alignment

Element. Level=Level27 , Co=Brown(6) , Style=0, Weight=7

Elevation Source

TIN File. C:\data\geo\vdot\drainl\survey.tin

Size

0.5

Offset

-1.5

8. Click Apply when done entering all the utilities in the project.

9. Inthe Miscellaneous Utility dialog, select File>Save As. Save the file: Service_utilities.utl
under c:\ data\geo\vdot\drain1\

E’ Mizcellaneous Utility ME E

Filez

10 ISewice_utiIities VI Apply |
Descriptior: |
Alignment | Elevation Sounce | Offzet | Size |
Elem Level 24.4,7.0 survey.tin -3.000 2.000 |
Elem,Level 25,4,7.0 survep.tin -6.000 | 2500
Elem Level 27.6.7.0 survey.tin -1.500 0.500 e
- Details

Alignment:  Element Vl [ ]

Elevation Source:  TIM File v|| survey.tin Q
Size: ID.EEIEI Oiffzet; |-1.EDD

10. Close the Miscellaneous Utility dialog.

VDOT GEOPAK Drainage
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Lab Exercise: Checking for Utility Conflicts

> Checking for Utility Conflicts in Plan View

1. Select the Conflict Finder tool. (Drainage: Utilities>Conflict Finder).
2. Populate the Conflict Finder dialog as shown below.
£ Conflict Finder ME E3

 Check Feature
Select: Drainage Links "I

r Display Options
¥ Display Only _
¥ Conflict Elevation

¥ Feature Elevation V¥ Clearance
[ Surface Elevation [" Depth

¥ iew Center ¥ Plan View Mumber: 1 vI
[ EditProfile ™ Profile View Number | vI

- Conflicts
[ Check Drainage [T Check Sewer
[ Check \Water

¥ Check Misz: 1D: |Service_utilities hd

Clearances:  Oweride vI |1.EIEIEI

Cornpute: | 1 of 3 Conflictz
Preyinus | Al |

3. Double click inside the text display box to setup the plotting parameters.

Set Feature

~ Sumbology

BEIE [ ~]

Calar: I. 3 vl
Wweight: | 2 3|

~ Text Preferences —
Set Justification

Th |2.EIEIEI dl
Tw: |2.EIEIEI

Ft [F=y 0DSTANDARD =]

Decimal: 2 I
ok I Cancel |

4. Click OK when done.
5. Click Compute in the Conflict Finder dialog to initiate the process.
6. Using the Next and Previous buttons verify the utility conflicts.
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Lab Exercise: Checking for Utility Conflicts

£ Conflict Finder = E3

 Check Feature

Select: Drainage Links "I

r Display Options
¥ Display Only
¥ Conflict Elevation

¥ Feature Elevation V¥ Clearance
[ Surface Elevation [" Depth

¥ iew Center ¥ Plan View Mumber: 1 vI
[ EditProfile ™ Profile View Number | vI

- Conflicts
[ Check Drainage [T Check Sewer
[ Check \Water

¥ Check Misz: 1D: |Service_utilities hd

Clearances:  Oweride vI |1.EIEIEI

Compute: 1 of 3 Canflicts

Hrevas | Mext | All |

7. Close the dialog when done.

» Checking for Utility Conflicts in Profile View

1. Edit the previously created drainage profile. (Drainage:Component>Profile>Edit List).

VDOT GEOPAK Drainage

Select Profile to Edit

I} Description

ak. I Cancel |

2. Center the profile in the MicroStation view by clicking the Center Profile icon.

© 2007 VDOT
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Lab Exercise: Checking for Utility Conflicts

7-10

EEdit Drainage Profile - Profile-1

File

Reqizstration ] Displa_l,ll Drainage Infnlmatinnl Grid & Labelsl Link. Profil

~ Reqigtration Point
| 27187755681

hF | 339576722

~ Projection
™ Praoject ta Chain:

Center Profile
dentmpEreiecel |

Yiew Number. 1 v| -@ Apply |
= e

(Bt

~ Scale

Horizontal: I 25,000

Wertical: | 5.000

~ Mode Information ————————————

Frarm: |34 I it
To: |DUTLET I i)

Heset Erafile |

r Grid Stationing and Elevations
Begin Station;  0+00.00
End Station:  1+21.32

b as. Elewation: I 2025.000
Min Elewation: I 2010.000

~ Reference Surface

TINFie || Q

™ Wertical Offsst: [0.000

3. Select the Display Tab
4. Toggle ON the Misc.Utility Crossings group.

E’Edit Drainage Profile - Profile-1 M= E3
File
Descriptior: | Yiew Mumber: 1 7| Apply |
Hegistrationl Display l Crainage Informatinnl Grid & Labelsl Lirk F'rofilel
Saffit — "Water Line Crossings
== .
Fipe Center . :
IV = ~ Drainage Crozzings
et | | | ——— [ e L2
IV k¥ = ~ Sewer Line Crossings
Design Suface m = ™| Label: L
sl ——
r Mizc. Utility Crossings
Original Ground
v —
Fef Surface % ID: |5 ervice_utilities hd
N

2025
2024
2023
2022
2021 & o &
® F3: Qi
2;123"}; i L
2019 |7 B
208 B
207 | # u
ot = ‘T B
o J 1 s e 1
AN 1B Ik Dran Cirond o .—-.m ‘
2a14 [ . “;.g
- ey + ‘h_,.‘
-~ A i
2012
S
2011 vy q
200 o o gy +22
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Lab Exercise: Checking for Utility Conflicts

VDOT GEOPAK Drainage

6. Select the Link Profile tab.

7. Modify the pipe inverts to clear the utility conflicts.

E’Edit Drainage Profile - Profile-1 M= E3
Eile
Descriptior: | Yiew Mumber: 1 7| Apply |

Hegistrationl Displayl Dirainage Informatinnl Grid & Labelsl Lirk, F'lofilel

r— Drainage Frofile Points

Link 1D | Node Elevvation

MNode Elevvation Slope

i 34 15 5 20714 846
pipe-E |35 2014.596 32 2014.330 0,500 0
pipe-? |32 2014.080 OUTLET 2013.000 2.529
- Details
~ Mode Mode
tin. Cover:  201E6.343 Min. Cover.  201E.096

L‘ Hald Inwert: [ 2074.545

™ Hold Invert: [2075.093 ﬁ

r— Drainage Library [tem
|15 Inch Dia. Circular =l

™ Hold Slops: [0500
[ Centeriew: | vI

8. When done, click Apply to redesign the n

etwork with the new pipe inverts and/or sizes.

7. Review the new design and exit MicroStation when done.

© 2007 VDOT
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Lab Exercise: Checking for Utility Conflicts
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8

OBJECTIVES

Plans Preparation

e Review plans preparation procedures under GEOPAK Drainage.
e Renumber Nodes along the network system.

e Plan View Labeling of drainage structures and pipes.

e Plotting flow directional arrows along the pipes.

e Plotting a sketch of the drainage network.

e Compute Automated Quantities

e Create Summary Tables.

PLAN VIEW LABELING

The Labeling automates the composition and placement of plan labels onto drawings. This interactive
tool permits the creation of very simple to complex labels using many of the following features:

Numerous Computed Text Inserts permit standardized computed values to be easily incorporated
into labels. These standardized computed values are based on the type of element to be labeled and
change as you select different elements. Types of elements available for computed inserts include
points, lines, arcs, complex graphic elements, COGO features, and drainage features.

User Text Inserts facilitate the simple inclusion of user defined text strings into the label. These
User Inserts can be customized to include frequently used labeling terms and be saved for
continual use.

Standard shapes can be placed around labels and to accommodate different plan label formats.

Standard leader lines and leader line terminators can also be utilized to create the desired label
formats.

Frequently utilized labels can be stored as Label Styles for subsequent recall. The complete label,
including computed text inserts, user inserts, shapes, and leaders, are all stored within the Style.

Tools to edit, move, and extract labels are also provided to make manipulation and plan changes
easier.

Enhanced ASCII is supported by use of the (\) symbol.

Styles are supported, whereby often used labels and associated settings can be saved off and
recalled in subsequent sessions.

Updating options provide for efficient changing as the project dictates changes in the design.

While the labeler can be used for generic purposes, several of the fields are set up for specific
applications. The specialty modes include:

VDOT GEOPAK Drainage
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Renumber Nodes

e Plan View

e Profile

e Cross Section

e Drainage

o Site

e  Water and Sewer

Under each mode, the types of elements available to label and the associated text inserts change.

RENUMBER NODES

8-2

GEOPAK Drainage provides an automatic tool to renumber all the nodes in the gdf. (Drainage:

Component > Nodes > Renumber).

The renumbering tool will update not only the selected nodes, but all the pipes connected to them,
drainage areas and profiles. Conflict resolution procedures are also available to the user prior the

renumbering process.

gﬂenumhm Hodes ME E
— Alignment Mumnbering
Job Number: IT Q Chain: Im Prefis Mumber Suffis
¥ Station  Start: IW '@» End: lm '@' Mode: |5- 1 |
Search Dist. L: [200.000 R: [500.00( Find | Example Made D 5-1

Modes inzide the soan range:

Mode Mame Conflicts outgide the scan range

Current [0 | Station | Difset

| Renumber ID | Conflict 1D | Rename ID |

Renumber Modes

'\ e X

| Eierame Eanfiicts | I

The Renumber Node dialog box is divided in four groups:

Alignment

Possible nodes for renumbering will be scanned along a
specified chain and station range. The scan range is also
limited by a search distance along the left and right side
of the alignment. The Find button will initiate the
scanning process.

Numbering

The new nodes will be renumbered or renamed
according to the new prefix, number and suffix specified

Nodes Inside the Scan Range

The list box will show the encountered nodes along the
alignment after the scanning process is finished.

Node Name Conflicts outside the scan
range

This list box will be populated only if the new
numbering of the nodes has a name conflict with an
existing node in the system that was not selected by the
FIND process. The designer will have to resolve this on
an individual basis, renaming the conflict node and
place it into the Nodes inside the Scan Range list box.

© 2007 VDOT VDOT GEOPAK Drainage



Lab Exercise: Renumbering Nodes

LAB EXERCISE: RENUMBERING NODES
» Opening the Drainage Project

1. Execute c:\data\geo\vdot\drain1\LAB08_V8ad.EXE

2. Open the MicroStation file, c:\data\geo\VDOT\drain1\h17682.dgn.

3. Access GEOPAK Drainage ( MS Menu: Applications > Drainage > Drainage).

4. Open the drainage project, c:\data\geo\VDOT\drain1\h17682.gdf (Drainage: Project > Open)

» Renumbering the Nodes

Warning Itis recommended that before renumbering, the designer should create a copy of the dgn and
gdf file for the drainage project as a backup.

1. Select the Renumber tool (Drainage:Component>Node>Renumber).

2. Fill out the Renumber Nodes dialog as shown below. We will renumber all the structures
following the direction of the alignment Mainline, starting with structure 3-1.

# Renumber Nodes [ [C]
— Alignment Mumbering
Job Mumber: | 101 2 Chairt: IMAINLINE vl Prefix Murnber Suffix
I Station Start [200+00.00 | 3%  End [222+06.64 | «» Node: [3- T
Search Dist. L: I 100.000 R: I‘IDD.DD[ Fird | Example Mode 1D: 3100
Modes inside the scan range Mode Mame Conflicts outside the scan range
Current [0 | Station | Dffset | Renumber ID | Conflict 1D | Rename ID |
X
e
iz
Herumber Hodes Hemame Carflicts | I
3. Click Find.
E Renumber Hodes M= =

Search Dist. L [100.000 R: [100.000

End: I 222+06.84

— Alighrnent Mumnbering
Job Mumber: |1EI1 Q Chain: IMAINLINE vl Frefix Mumber 5 uffix
[V Station  Start [20000.00 | «» Mode: | 3- [ |

Example Mode 1D: 3-1

Maodes ingide the scan range

Mode Mame Conflicts outzide the scan range

Current |D | Station | Dffset | Renumber 1D | Conflict |D | Rename D |
31 205+86.00 -26.000 | 31 b4
34 205+86.00 26.000 |32 g
COUTLET 206+36.00 42000 |33 &
32 206+36.00 -26.000 34
35 206+36.00 26.000 |35
33 206+86.00 -26.000 | 3B
36 206+86.00 26.000 37
37 208+00.00 26.000 | 348
Renumnber Modes I Eefiame Laricts | I

4. Click Renumber Nodes. GEOPAK will renumber all the drainage structures, update the links
connections, and drainage areas, and accordingly to our previously setup project preferences it
will update the calculations and profiles.

VDOT GEOPAK Drainage
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Lab Exercise: Sketch of the GEOPAK Drainage Network

LAB EXERCISE: SKETCH OF THE GEOPAK DRAINAGE NETWORK
Creating a Sketch of the Network
1. Open VBA Project Manager dialog. (MS Menu: Utilities > Macro > Project Manager).

2. Load the macro: DrainageNetworkSketch.mvba located in the
c:\data\geo\VDOT\drainl\standards\geopak directory.

EVBA Project Manager M= E

0 Iﬁ“; BEE = ® 1o

Marme | Description | Location | Auto-Lod
 Cefault C:AProgra,, SDefaulk. mvba ;
DrainageFlowaramws Draws Dra... . ADrainageFlovedmow.

Dirainaget etwork S ketch Gererate... .. ADrainageMetworkSk. .

1| | ]
3. Select the previously loaded macro and press the Macros button.

EVBA Project Manager M= E

NiE s & E|ﬂ|. B

Marme | m imiiap | Location | Auto-Lod
Default (M1aEres| C:AProgra.. SDefaulk. mvba
DrainageFlowarams Draws Dra... . ADrainageFlovadr

Drainaget h  Generate... . MDrainageh ety

1 |
4. Click the Run button.

tacro name: @
Cancel |
Step Inta |
Edit |
[Sfeate |
Delete |
Macroz in: | <All Standard Projects: j
Drescription:
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Lab Exercise: Sketch of the GEOPAK Drainage Network

VDOT GEOPAK Drainage

5. Set the drainage project and drainage network in the Drainage Network Sketch dialog.

Drainage Network Sketch

Drainage Project File: IC:IDatalGenﬁ,vdot'l,drainl'|,h1?682.gdf

Metwark: |System1 l

6. Upon selection, the sketch will be displayed in the dialog box.

Drainage Network Sketch

adjust:

=Y fems 3]
Mode Cells
EI IV Label Links

Drainage Project File: [ r\Dats)Geo\vdatidraint 17652, 0df

Mebworks IEysteml hd

7. Using the Scale and Move buttons adjust the size of the node labels, node cells and link
labels.
Drainage Metwork Sketch
Drainage Project File: IC:\Data\GeU\vdUt\draln1\h17682.gdf
Networs [oroemt =]
8. Click on the Save icon to store the network sketch as a JPG image file.
Drainage Metwork Sketch
Drainage Project File! [Ci\Data\Geotvdotidraint th1.7652 aof |  Adist L=l
Netvark: m —x;'::é‘jjs - =
il wn?Laels. -
9. Close the dialog when done.
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Lab Exercise: updating the design to vdot cadd standards

LAB EXERCISE: UPDATING THE DESIGN TO VDOT CADD STANDARDS

8-6

Updating the Drainage Design to VDOT CADD Symbology.
1.

2
3.
4

gPrelerences - Plan Symbology

Options

Units

Project Components
Rainfall Farameters
Land Uze Options
Freguency Optionz
Intenzity Option
Junction Loszes
Inlet Options

Mode Options

Link. Optionz
Profile Options
Flan Syumbology
Updates

Save Optionz

QK. | Cancel |

Select the Plan Symbology item.
Toggle OFF the Labels option.
Disable the Set Node Cell Symbology.

Component

Areax
Fipes:
Ditches:
Culverts:

~ Modes

Plan Wiew Parameters

0

Linear Text

Label

Inlets:
Junctions:
Outlets:
Other:

Headwall:

-

JNIG:
HHEHN

L CRCICIC

Set Mode Cell Symbology

Open the Drainage Preferences dialog.(Drainage: Project > Preferences).

[ ] ]

Click OK when done.

Open the Design & Computation Manager. (Applications > GEOPAK Road > Design &
Computation Manager)

gDesign and Computation Manager

File  Edit

Settings

Favoritez  Help

=] B3

In the Design & Computation Manager, open the VDOTenglish.ddb database located in the
c¢:\data\geo\VDOT\drainl\standards\geopak directory. (Design and Computation Manager :
File > Open)

g id

B¢ =%il=

&8 [ A\DatahGeowdothdraind betandardsh G eopak WD OT english, ddb
2= Location & Design
i Alignmentsz
3 Bow Culverts
23 Construction Limits
23 Cross Section
23 Curbing
3 Drop Inlets
3 End Sections
3 Endwalls
23 Erosion Contral
3 Fence
23 Ground Cover
3 Guardrail
3 Manhales
23 Median B arrier
£3 Median Strip

© 2007 VDOT
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Lab Exercise: updating the design to vdot cadd standards

8. Select Settings > Design in order to change the updating properties for the drainage structure

VDOT GEOPAK Drainage

cells.

£ Design and Computation Manager H=] 3
File Edit | Settings Fawortez  Help

o Dizpla

G id e )
& 4D at: Cnmput';\b dardshGeopaki WD OTenglizh. ddb =
mB e Computation U pits _

C1Boy Dialog

3 Cor

£ Cra Criteria Yiewer

/£ Cubrg

3 Drop Inlets

3 End Sections

3 Endwalls

23 Erosion Contral

33 Fence

23 Ground Cover

23 Guardrail

3 Manhales

23 Median Barries

23 Median Strip =

9. Toggle ON the Influence Graphic Cell Symbology option. Then, close the dialog box.

,E Design Settings [_ [}

r— Element Cannectivity

td awiniun Gap Tolerance : I 0.50000

Deduction Talerance : I 0.50000

~ Custom Line Style Creation

| Seale Factor: [1.00000

r Cell Creation

Flot Scale ; I 1.000 /# Creation Scale
W :Influence Graphic Cell Level Symbalagy:

10. Execute the Area Update All option. (Drainage: Component> Area > Update All).GEOPAK
Drainage will clear the previously place drainage area labels.

11. Execute the Nodes Update with Payltems option. (Drainage: Component> Nodes > Update
With Pay Items). GEOPAK Drainage will update the drainage structures level symbology
according to VDOT CADD Standards.

12. Execute the Links Update with Payltems option. (Drainage: Component> Link > Update
With Pay Items). GEOPAK Drainage will update the drainage structures level symbology
according to VDOT CADD Standards.

© 2007 VDOT 8-7



Lab Exercise: Plan View Labeling

8-8

LAB EXERCISE:

>

PLAN VIEW LABELING

Labeling Drainage Structures

1. Open the Drainage Labeler. (Drainage: Utilities > Labeler).

2. Select the Text Tab and set the Component to Node.

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style

Style Files  Optionz  Scale  Tools

i

@w@%/ 7

F'alams.l Shape] Leaderl Fintate] St_l,lles]

® Computed Inserts ©) User Inserts

Element 1D Computed Text

3 - Mode - ID ﬂ
o) Mode - Description

33 Mode - Type

34 Mode - Library ltem Mame

jea] Mode - Library Item Dezcription

36 Mode - Reference Chain

crd ;l Mode - Reference PGL j
¥ Highlight [ ‘wWindow Center Mot Available

Space | Return |

Cear | Delimit |

Place Label |

Aufomatic Cabe] |

3. Select the first Element ID: 3-1.

4. Double-click the Computed Text: Node-ID to add it to the Editor box.

5. Click on the Parameters Tab and set the Text Preferences/Symbology as shown below.

ngainage Labeler - Style: ._.\geopak\bin\diprrd.lsf -> Unnamed Style

Style Filez  Options  Scale  Tools

Ter:t] Params. l Shape] Leaderl Hotate] Styles]

 Teut Preferences / Symbology
Height Iw Juitificatinn:
Wwidth; | 4.000 O _
Lire Sp.: |2.DDD . .

Sample Dutput

+

+

+

Fort: [F=y 3 ENGINEERING
Lewel: ILeveI A VI
Calar: I a vi

Wieight:
=

1 -

WA v

=l

-1

Space | Return |

Cear | Delimit |

Place [ ahbel 1

Aufomatic Cabe] |

© 2007 VDOT
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Lab Exercise: Plan View Labeling

6. Move to the Shape Tab, and set the Shape Preferences and Symbology as shown below:

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style

Style Files

Test | Params. |

Options  Scale  Tools

| Leader | Fotate |

Shape Preferences

= @ GO O

YA

Offzet

Lewel:

Color;

Style
eight,

2] 5 [
Level 31 hd

0 -
—— weed g9
1 S 4w

Styles | 3-1
Sample Dutput
Space | Return |
Clear | Delimit |
Place Label |

7. Move to the Leader Tab and set the Leader Type as shown below.

ngainage Labeler - Stple: .. _Abin\def_drg.lsf -> Unnamed 5tyle

Style Filez

Optiong Scale Tools

Tewt | Params. | Shape |

| Rotate | Styles |

Leader Type Terminator
Nl i —
v 0 [yl 4= ar
Symbology
Lewvel: lm
Coe [J0 =l
Sy —— 0 = 9 .9

eight,

: 3 vé:?

3-1
Sample Jutput
Space | Return |
Cesr | Delmit |
Place Label |
|

8. Move to the Rotate Tab and select the Current Angle option as shown below.

ngainage Labeler - Style: ._.\geopak\bin\diprrd.lsf -> Unnamed Style
Style Filez  Options  Scale  Tools
Test | Paramz. | Shape | Leader | Fiotate | Styles | -1
Sample Dutput
Text Angle
f}‘ Current Angle: | 0.000
+#%  Element Angle
5 Ret
l‘a Alignment Angle: | 0.0 j s | S |
Clesr | Delimit |
Set Angle By
DP |  Element]  aa | Place Label |
© 2007 VDOT
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Lab Exercise: Plan View Labeling

9. Place the label in the design file by clicking Place Label.

gDrainage Labeler - Style: _._\geopakibinidrprrd.lsf -> Unnamed Style

Style Files  Options  Scale  Tools

& | Styles |
Sample Dutput

Tent | Params. | Shape | Leader | H
Tent Angle
W Current Angle: IW
;.fo‘ Element Angle

@ Alignment Angle: | 0.0 j

Set Angle By
OP | Element|  aa |

3-1
Space | Return |
Clear | Delmit |
[\F'Iace Label |
i |

10. Create a new Style by moving to the Styles Tab and clicking on New Style. Provide a style

name for the label, and press OK.

Create Style

Stple Mame: | Struc_|D

[ ok ]

Cancel |

11. Save the Style by selecting Style Files > Save.

gDrainage Labeler - Style: ___\bin\def_drg. lsf -> Unnamed Style
Style Files  Options  Scale  Tools

Mews. tate | Styles |
Open.. i Style Praview
Save gg v

X
E =it Iy
c:wind2appigeopakhbintdel_drg. lsf
oot 2004 geopakhbintdrpred. s

Scale : 1.0 & Mode and Shape Only ¥

Space | Return |
Clear | Delmit |
Flace Label |

|

8-10 ©2007 VDOT

VDOT GEOPAK Drainage




Lab Exercise: Plan View Labeling

12. Move to the Text Tab, and select the second structure: 3-2. By activating the Highlight and

Window Center toggles, the Drainage Labeler will navigate to the correspondent drainage
structure location in the dgn file.

ngainage Labeler - Style: ___\geopak\bin\drprrd_lsf -> Unnamed Style

StleFiles  Options Scale Tools
Text I Params. I Shape I Leader I Ratate I Styles I 3-2
@ Computed Insets C' User Inserts
Al [l
DR o al
Element ID Computed Text
Hode - 1D
Made - Description Space I Fiimn |
Mode - Type
Mode - Library [tem Mame Clear I Dielirnit |
Mode - Library [tem D escription
- Node - Reference Chain Place Label |
37 ;l Mode - Reference PGL ;l e |
I Highlight B ‘window Center  3-2

13. Label the remaining drainage structures.

> Labeling Pipes

1. After labeling the drainage structures, click on the Clear button in order to empty the Editor
box.

ngainage Labeler - Style: .__\geopakibinidrprrd.lzf -> Unnamed Style

Style Files  Options Scale  Tools
Text I Params. I Shapel Leaderl Hotate] St_l,lles] 3-4
@ Computed Inserts ) User Inserts
T o
B Wi S
Element |0 Computed Text
MHode - 1D
Mods - Description Space | Bzl I
Maode - Type
Made - Library Item Mame Clear Drelirnit I
Mode - Library Item Dezcription
Mode - Reference Chain Place Label I
Mode - Reference PGL j ] I
¥ Highiaht ¥ ‘window Center 3-8

2. Select the Text Tab and set the Component to Links.

ngainage Labeler - Style: ___\geopakibin\drprrd_lsf -» Unnamed Style
Stle Filez  Option: Scale Tool:

Te:-cll F'arams.l Shape] Leadel] Hotatel St_l,JIesI

@ Computed Insets ' User Inserts
ks i
ORUFO =
Computed Text
Link - 1D iI
pipe-2 Link - Description Space I Eicturm |
pipe-3 Link. - Type
pipe-4 Link - Upstream Mode Clear I Lrelirnit |
pipe-5 Link. - Downstream Mode
pipe-G Link, - Shape Flacs Label |
pipe-7 Link. - b aterial j e e |
¥ Highlight W ‘Window Center Mot Available

3. Select the first Element ID: pipe-1.

VDOT GEOPAK Drainage © 2007 VDOT 8-11



Lab Exercise: Plan View Labeling

8-12

4. Compose the label by double-clicking into the Computed Text: Link-Library Description.

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style
Style Files  Optionz  Scale  Tools
Text | Params. | Shape | Leader | Rotate | Styles | 15"
® Computed Inserts ©) User Inserts
L [y
ORTHCE R
Element 1D Computed Text
pipe-1 Link - Deszign Bamelz j
pipe-2 Link - Actual Yelocity Downstrea Space | Eefumn |
pipe-3 Link - Actual Welocity Upstream
Lirk - Pay ltem Clear | Delimit |
pipe-5 ink - Library D ption
pipe- Link - lterative Yelocity J Place Label |
pipe-7 Link - Full Welocity j |
[# Highlight ¥ “Window Center 15"

5. Click on the Parameters Tab and set the Text Preferences/Symbology as shown below.

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style

Style Files  Optionz  Scale  Tools

Test | Params. | Shape | Leader | Rotate | Styles | 15"
Test Preferences / Symbalogy

Height: [Z.000 Jugtification:

B B +

Wwidth: [2.000 - I

Line Sp.: [Z.000 R /

Sample Dutput

Fort: [Fy SENGINEERING =] \j\ space | Retum |
- BaidEl I — Cear | Delmit_|
Caolar: i - - S ’|

Weight: T ~ i it :

9 9 & |

6. Move to the Shape Tab, and set the Shape Preferences and Symbology as shown below:

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style

Style Files  Optionz  Scale  Tools

Test | Params. | Shape | Leader | Ratate | Styles | 15"
Shape Preferences

== RoN0)
A ) B p

Sample Dutput

Style: IWI &5
Weight [—— 1 =] é 1

010 Kj\ Space | Return |

Lewel |Level 31 hd — Clear | D elirmit |
Color; I hd

Place Label |
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Lab Exercise: Plan View Labeling

7. Move to the Leader Tab and set the Leader Type, Terminator and Symbology as shown
below:

ngainage Labeler - Style: _._\geopakibin\drprrd_lzf -> Unnamed Style

Style Files  Optionz  Scale  Tools

Test | Params. | Shape | g
Leader Type T erminator

ol — |
¢ {}z /

Fotate | Styles | 15"
Sample Dutput

Symbaology Space | Return |
Level; |Level 21 ol — Cl | D elirmit
Calar: 1} 57 = =
Style: O ByLev=] 9 1§

|
Place Label |
‘wieight: 1 > ey |

8. Move to the Rotate Tab and select the Current Angle option as shown below:

ngainage Labeler - Style: ._.\geopak\bin\diprrd.lsf -> Unnamed Style

Style Filez  Options  Scale  Tools

Tewt | Paams. | Shape | Leader |

| Styles | 15"

Sample Dutput
Teut Angle

‘?“ Current Angle: | 308.818
ﬁ Element Angle
K

5 Riet
Alignment Angle: pace | (Sl |
Clesr | Delimit |
Set Angle By
DP |  Element Ay Place Label |

9. Place the label in the design file by clicking Place Label.

ngainage Labeler - Styple: .. \geopak\bin\drpid.lsf -> Unnamed Style
Style Filez  Options Scale Tools

Tewk | Params. | Shape | Leader | Rotate | Styles | 15"
@ Computed Ingertz C0 Uzer Inzerts

L iz
& W AL
Element 1D Computed Test
pipe-1 Link. - D'ezign B arrels ﬂ
pipe-2 Lirik. - &ctual Velocity Downstrea Space | Bl |
pipe-3 Link. - Auztual Yelocity Upstream
pipe-4 Link. - Pay Item Clear | Drelimit |
pipe-5 ink. - Library D i
pipe-6 Link, - Iterative Welocit | pFlace Label |
pipie-7 Link. - Full elocity =] b |

[+ Highlight M ‘Window Center 15"
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Lab Exercise: Plan View Labeling

10. Move to the Text Tab, and select the second pipe: pipe-2. By activating the Highlight and
Window Center toggles, the Drainage Labeler will navigate to the correspondent drainage
pipe location in the dgn file.

EDlainage Labeler - Style: ._.\geopak\bin\diprrd.lsf -> Unnamed Style
Style Filez  Options  Scale  Tools
Tent I Params. I Shape] Leaderl Hotate] Styles] 15"
® Computed Inserts ©0 User Inserts
L [y
ORTHCE R
Computed Text
Link - Dezign Bamelz d
Link - &ctual Yelocity Downstrea Space | B |
Link - Actual Welocity Upstream
Link - Pay ltem Cear | Delmit |
ink - Library D
Link - Iberative Welocity (= Place Lahel |
Link - Full Welocity j b ] |
¥ Highlight W ‘Window Center 15"

11. Label the remaining pipes and close the Drainage Labeler when done.

> Plotting Flow Arrows along the Pipes

1. Open VBA Project Manager dialog. (MS Menu: Utilities > Macro > Project Manager).

EVBA Project Manager M= 3
0 &

e

s >

Mame

| Description | Location

| AutoLod

Default

4]

C:AProgra.. SDefaulk. mvba

|

2. Load the macro: DrawFlowArrow_along_pipes.mvba located in the
c:\data\geo\VDOT\drainl\standards\geopak directory.

3. Select the previously loaded macro and press the Macros button.

EVBA Project Manager M= 3
Ned @ A rle =

Marme | Drdfesintiog | Location | AutoLod
Default [Macros] C:AProgra.. SDefault mvba

4]

Drainager|ow

. hDraina N

Drrava Dra...

8-14
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Lab Exercise: Plan View Labeling

4. Click the Run button.

Macros. E
Macro name;

modDrainageF lows

modDrainageFlowdo

Macras in. | <Al Standard Projects» j
Degcription:
=l
[~

5. Setup the Drainage Profile dialog as shown below.

Drainage Profile

Drainage Project File: IC:'I,Data'l,Gen'l,vdnt'l,drainl'|,h1?682.gdf

Cell

Marne: IFLOWA 'I
Scale: |1| Draw Drainage Arrows

<l 1o

Metwork: ISysteml

6. Click on the Draw Drainage Arrows button to plot the flow lines along the pipes.
7. Close the dialog when done.

VDOT GEOPAK Drainage © 2007 VDOT 8-15



Automated Quantities

AUTOMATED QUANTITIES

The Design and Computation Manager (D&C Manager) is a tool that enables the user to standardize graphics
elements for drafting and pay item quantities.

A D&C Manager Pay Item can be used for Node and Link items within the Drainage Library for use in
performing quantity takeoffs and applying D&C symbology. Pressing the Select button within the specific
Drainage Library Node or Link item invokes the Design and Computation Manager, in order to select the
desired Pay Item.

# Design and Computation Manager M= E
File Edit Settings Favaoites Help

5~ id D ¢ @ N I&

&3 [\Data\Geo\wdotdraind hstandards\Geopak WD O Tenglizh.ddb j

[P Location & Design
£ Aligrments
3 Box Culverts

73 Construction Limits
23 Cross Section
3 Curbing
[ Dirap Inlets
[~ DI-1 TO DI-2CC

06747 DI-2B, L= 4'
06748 DI-28, L=6'
06743 DI-28, L= 8" =l

OPERATIONAL MODES: COMPUTE

Several operational modes are supported within the Design and Computation Manager; one of them is
the Compute mode.

Through the Compute mode of the Design and Computation Manager, GEOPAK offers tools that
make the completion of this task much quicker and easier. In addition, since the software utilizes the
plan view construction drawings to compile quantities, discrepancies between the drawings and the
tabulated quantities are non-existent. Chosen items within either the View or a Fence are calculated.

gDesign and Computation Manager =] B3

Fil=  Edit Seftngs Favortes Help

g 1@ B %

&R D atahGeolwdaothdraind '\standards\ﬁeopakWDDTeninsh.ddbj

[ Location & Design
3 Aligrments
3 Box Culverts
23 Construction Limits
3 Cross Section
23 Curbing
= Drop Inlets
== DI-1 TO DI-2CC
me, 006740 D141
Q06741 DI-14,
D06745 DI-24,
Q0ET4E Dl-2008,
006747 DI-2B, L= 4"
Q06743 DI-2B. L=F' ;I

006740 DI
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Operational Modes: Compute

I_ Q. Extents:  Active Design File v| Inzide v| 5]

Bazeline Reference
Chain *| [<Hores =] [¥ ¥ BeginStation: | 4
¥ Range: [100.00 | ¥ EndStatior: [ | «»

¥ Hilite During Computation "I Compute Cuantities |

Once the MicroStation plan view design file is accessed, the first step is to invoke the Design and
Computation Manager and click the shortcut button at the top of the dialog box to Compute.

The dialog box changes dynamically to reflect the compute operation.

The Design and Computation Manager dialog box is resizable. Within the dialog box, the sash (long,
thin bar between list boxes) enables the user to adjust the partition between the list and collection
boxes while the overall dialog box size remains constant. Simply place the cursor over the sash and
dynamically move.

In addition to dynamically adjusting the main dialog box to reflect the compute operation, the auxiliary
dialog box is invoked as depicted below. Note if the auxiliary dialog box was already invoked from
another operation, it dynamically changes to reflect the Compute operation.

The next step is the selection of the correct item from the hierarchy. GEOPAK computes quantities
only for those hierarchical items that are configured for the computation of quantities.

Two selection methods can be employed. The first method is to select an entire category. GEOPAK
computes quantities for every item found in the selected category as well as any child categories. This
is accomplished by double clicking through the groups until the desired category is contained in the
Content list box. Single click onto the desired category and click the Add to Collection button at the
top of the dialog box.

The second method involves the selection of individual features. This is accomplished by double
clicking through the categories until the desired item appears in the hierarchy list box. When seen in
the hierarchy list box, a single click onto the desired item and subsequent click of the Add to
Collection button places the item in the Collection box.

Several output formats are available as described in the table below.

Item Report

Comp Book

Item Tables

CSV by Item

SDF by
Element

DBMS

VDOT GEOPAK Drainage

Quantities Summary lists pay items, descriptions, units and total quantities for
located elements. File is in ASCII format.

A more detailed report that lists not only quantity summaries, but also geometric
properties such as plan view coordinates and station/offsets for located elements.
File is in ASCII format.

Contains the same information as the Item Report, but formatted in tabular form.

Quantities Summary lists pay items, descriptions, units and total quantities for
located elements. Format is in CSV format.

A more detailed report that lists not only quantity summaries, but also geometric
properties such as plan view coordinates and station/offsets for located elements.
Format is CSV format.

Very detailed information including calculated and rounded quantities, geometric
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Operational Modes: Compute

8-18

Table

properties, pay item numbers, descriptions, station / offset values, etc. The format
is the selected database (i.e., Microsoft Access, Oracle, SQL Server, and dbase.

Places the report into the active design file.

An option button located on the left side of the Compute auxiliary dialog box dictates the Output.
Options that apply to various Output types are detailed in the table below

View / Fence

File / Preview

Description
Display
Highlight in
Computation

Compute

Job Number

Chain

Select

Range

Phase

Run

If the View toggle is selected, only selected items that can be seen in
MicroStation view one will be computed. If the view includes area outside of
the Range, the Range will override. If the Fence toggle is selected, a fence
must be placed, and all specified graphical features, which are inside both
the fence, and the Range will be tabulated. The Fence mode is sensitive to
the MicroStation Inside, Overlap and Clip modes.

If set to File, GEOPAK creates the file whose file format is based on the
Output type and whose name is defined in the key-in field to the right of the
File option. The name can be manually entered or selected via the Files
(folder) icon. The file can be created or appended to an existing file. If
desired, a full path may be specified, otherwise, the report will be found in
the current directory.

If the option is set to Preview, the file is not created and the output is
displayed in a GEOPAK window.

Any description keyed within this field will be printed at the top of the report.
There is a maximum of 48 characters supported for this field.

These short cut icons are functionally identical to the Display mode in the
main dialog box and are discussed in the next section.

When activated, all MicroStation elements utilized in computations are
highlighted.

Commences the computation process.

GEOPAK Coordinate geometry database (GPK) file wherein the specified
chain is stored.

Requires a minimum of one chain, which must be stored in the specified job
number.

When selected, the Chain Selector dialog box appears, wherein the user can
select the desired chain.

Left and right offset limits (in master units) from the chain where the
guantities will be computed. Any specified item located outside of the limits
is not included in the report

Quantities can be separated into various phases, as a means to group
various pay items. Default phases include: Design, Preliminary, and Final.
Note the user can add new phases, but must be aware of naming limitations
of downstream applications (i.e., Transport links in Quantities Manager.)

The user may also runs as a method of grouping various quantities and / or
pay items.
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Lab Exercise: automated plan view quantities

LAB EXERCISE: AUTOMATED PLAN VIEW QUANTITIES

Computing Automated Quantities

1. Utilize the MicroStation command Window Area to view the entire Drainage Network in
view.

|
AQAQALNE Z2BIESE Q00 2 [0 2 86

2. Inthe Design and Computation Manager, set the Mode to Compute by pressing the
‘calculator' icon button.

£ Design and Computation Manager 10| =l

File Edit 3ettings Favorites Help

o~ 14| B ¢ = [T

@ C:4DatahGeohvdothdraind '\stnpak'\\-"DDTeninsh. 1=

[ Road Design
7 Alignments
7 Box Cubverts
3 Construction Limits
3 Curbing

il Diop Inlets

7 End Sections

7 Endwalls

3 Erosion Cantbral

1 Fence

7 Ground Caver

£ Guardrail —
3 Junction Box

7 Manholes

7 Median Barrier

3 Median Stip

1 Mizcellaneous Features

3 Monument

7 Paved Ditches

3 Pavement

£ Pipes =

3. Highlight the Drop Inlets Category under Location&Design, then press the Add to Collection
button on the Design & Computation Manager toolbar.

£ Design and Computation Manager -0l =l

File Edit Settings Favorites Help

g id|@ SERHE

@@ A0 atah\Geohvdothdraind hstandards\Geopak \WDOT Ehiclich ddb ol

[ Road Design &dd Highlighted ta the Collection|
23 Alignments
3 Box Culverts
(23 Canstruction Limits

{23 Curking

i Drop Inlets

23 End Sections

23 Endwalls

23 Erosion Contral

£ Fence

23 Graund Caver

23 Guardrail

23 Junction Bax

3 Manhales ;I
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Lab Exercise: automated plan view quantities

4. Set the Compute dialog as shown below.

gPlan Quantity Computation

Job: |1D1 Q Entents:

Bazeline Reference

Active Design File ™| lrside =] 07

Mohe vI
¥ Hilite During Computation "I Compute Cuantities |

5. Press the Compute Quantities button to start the calculation.

£ Computation Results ME

Item | Description | Quantity | Unit | Export |=
300393 DI-3B. L= 100 1.0000 EA
300405 DI-3C, L=§' 2.0000 EA
300391 DI-3B. L=8" 2.0000 EA
3003395 DI-3B. L= 1§ 2.0000 EA

Export Format: _|tem Report 'II Q. Create Vl Enport I
Huris | Pliases | DesianEstinate j Dizplay |

6. Close the dialog when done.

7. Exit Microstation.
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Lab Exercise: Plotting Summary Tables

LAB EXERCISE: PLOTTING SUMMARY TABLES

Entering the Information in Microsoft Excel

1. Open the Excel file, c:\data\geo\VDOT\drain1\ Erosion Control
Summary_master_data_entry.xIs

2. Enter the pertinent information for your project.

Warning Do not modify any of the first two rows. They are part of the formatting of the Table operation.

3.  When finished, delete the last row of the spreadsheet that contains the column labels.

E Microsoft Excel - Erosion Control Summary_master_data_entry_xls
IZ‘IJ File Edit “iew Insert Fomat Toolz Data  Window  Live Meeting Help  Adobe PDF

DBEHR S SR04 E 5 8= -5 kM 0 - @ g A

A7 - # Shno

A1 B [ ¢ ] D [ E ] F [ 5 [

| 1 |aaaa bbbbbb ccceocc dddddd ceoe FHHHHE gy999y hhhhhh
| 2 |aaaa bbbbbb ccccec  dddddd ceoe HHHNHE 99999y hhhhhh
3
[ 4|
| 5 |
5

Shno TO-CLA TD-CLE TD Channel excavation Erosion control mulch Protective Covering EC-2 Sail Stablization
a8

4. Click in the upper left corner of the spreadsheet to select all columns and rows.

1 Microsoft Excel - Erosion Control Summary_master_data_entiy_xls

IEJ File Edit “iew Insett Format Toolz Data  Window  Live Meeting  Help

NEH RO S BV E| & 5@ R x-!

==
Al - f aaaa

5. Format the cells using the AutoFit function. (Excel: Format > Column > AutoFit Selection)

6. Save the spreadsheet formatted as a space delimited file. (Excel : File > Save As)

Save As B E
Save in: IJ draint @ -3 X Ly e - Tooks~
| projdbs
v | standards
My Recent H Erogion Control Summary_data_entry.pm
Dacuments

Desktop

=

My Documents

-
-
9
[y Computer

L8 : |
- }) File: marne: IErosion Control Summary _master_data_entry.prn hd Save
Iy Mekwork =

Flaces ECULEERTEE o atted Text (Snace delimited) .nrm) ] Cancel
A
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Lab Exercise: Plotting Summary Tables

7. Close Microsoft Excel.
Plotting Tables

1. Open the MicroStation file, c:\data\geo\VDOT\drain1\a5.dgn
2. Open the Tables tool. (Applications: GEOPAK Road > Plans Preparation > Tables)
3. Select the Plot option.

4. Select the Erosion table and load the file c:\data\geo\VDOT\drain1\ Erosion Control
Summary_data_entry.prn.

£ Tables

5. Select the Begin and End line number you desire to plot.
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Lab Exercise: Plotting Summary Tables

6. Give a data point at the location indicated in the dgn file.

7. Click Apply. The table information will be plotted in the dgn file.

£ Tables ME
— Data Packet

" Table Farmat for Plat

ASCI Files I I Erogion

File M armne | Erasion Contral Summary_data e

asaabbbbbboccoccddddddesssg24

|
1 | aaaabbbbbbccococcocddddddesesdtds
2] 2b 3.5
3] 3c 4.5 3.3
4| 4
Lock
[

Beq. Line |1 bF b | 104246650
[ End. Line |4 i | 11349.9570

E{Q Back | M ain |

8. Close the dialog when done.

9. Exit MicroStation.
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Lab Exercise: Plotting Summary Tables
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9

OBJECTIVES

Coordinate Geometry:
Alignments and Profiles

In this chapter, you will learn more about: setting up and accessing the coordinate geometry database
file and create alignments and profiles for a future ditch.

INTRODUCTION

The Coordinate Geometry database file (*.GPK file) is comprised of stored geometric elements such as
points, lines, curves, spirals, chains, parcels and profiles. When COGO calculations are completed, the
results are stored in the binary database file, which is then utilized throughout the design process with
many other applications.

ACCESSING COGO

When Coordinate Geometry is started, the Start-Up dialog appears.

Coordinate Geometry
Project Mame: I
Job Nurnber: I—gl
Operatar Code: I—
Subject: I

Cahicel |

Project Name

Name displayed on reports. This is an optional entry, with a maximum of 60
alphanumeric characters. If Project Manager is active, this field is populated
automatically.

Job Number

Identifies coordinate geometry database file and is a required field. The job number is a
maximum of three alphanumeric characters. If Project Manager is active, this field
populated automatically. This field is required.

Operator Code

Unique 2-character code which enables multiple users access to database file. The user’s
initials are suggested. This field is not required for single user access, but highly
recommended. If Project Manager is active, this field is populated automatically.

Subject

Description of coordinate geometry work (could relate to the project) with a maximum of
48 alphanumeric characters.

This field is optional.

After the dialog is populated and OK is clicked, the main coordinate geometry dialog is invoked.

VDOT GEOPAK Drainage
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Coordinate Geometry Dialog

COORDINATE GEOMETRY DIALOG
& Coordinate Geometry Job: 101 Operatorid Rl

Fil= Edit Element “iew Toals

= ﬁzl_l_rsl_lj_lf%lﬂr_élﬁl_l_l@l_l_&l% Or assee

Disable Visualization v |[OFF (Featwe] | Browse | sa12s  ~| agatz | «| <] > | » |

El

The coordinate geometry dialog box is made up of three separate display areas:

e Tool Bar consisting of drop down options and icons. The display of specific icons is customizable.

e COGO Key-in field enables manual entry of COGO commands. The drop down button allows for
a history of commands to be reviewed.

o Output Display Window shows the results generated by the commands.

FiLE COMMANDS
=1E1x]

| Fle  Edit Element _iew Toolz
Preferences

It i i _IlDFF[Feature J Browse| 99,1234 vI g°g912 | <<| _| >>|

Input File Bestore

JE|
Y
N
&
I
=
s
3
i
D
D
L
B
By
I%

i
Database Utilities
Imnpart 3
Export 3

E it

Preferences Short-cut to COGO preferences and toggles for visualization coordinate readout
and angle display.

Input File This option opens another dialog that contains group of file utilities that will be
Utility explained later.
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Coordinate Geometry Dialog

Input File Loads an ASCII file of GEOPAK commands into the display window. Note no

Restore processing occurs. The file must be named j99900c.inp, where 999 is the current
job number and “oc” is the operator code.

Database Two tools are supported to validate, clean, and compress the COGO GPK database.

Utilities

Import Imports horizontal and vertical alignments and points from ASCII Points, SDMS
Alignments and Points, LandXML 1.0 Geometry, RDS, and VDOT PLT
formats into the GEOPAK .gpk file.

Export Exports ASCII points, SDMS Points, SDMS Alignments, LandXML 1.0
Geometry, and Alignments and Profiles into formats for use in various data
collectors.

Exit Closes the COGO dialog box and ends the coordinate geometry session. A prompt

to save the session appears. Yes saves the audit trail, No exits without saving,
Cancel returns to the COGO session. Whether you pick Yes or No everything you
did is still saved in the .gpk file.

USER PREFERENCES

E[Zuuldinale Geometry Job: 101  Operator: |d - |EI|5|

| File  Edit Element Yiew Tools

Preferences Dialag H e}
JE | |1+m| | |d+23‘ | ”;.fl %9 [ Bedefine

Input File Ltility Bedefinition of Elements
= » 991234 | 33912 b BESE B N
Input File Bestore WVisualization I I —I —I —l J
Database Utilities (Crmmeliete Dkl '
Angle Display 3
Import 3
Expart 3
Exit

The User Preferences (as displayed in the exploded view above) are detailed in the following table.

Dialog

Allows access to COGO Preferences dialog box.

Redefinition of
Elements

Toggles the Redefine option on/off. If Redefine is on, COGO data can be
redefined/overwritten.

Visualization

Enables the elements to be displayed in the MicroStation file permanently,
temporarily, or not at all.

Coordinate Display Toggles between displaying NE or XY coordinates.

Angle Display

Toggles between displaying Bearing or Azimuth.

VDOT GEOPAK Drainage
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Coordinate Geometry Dialog

INPUT FILE UTILITY

The File Utility option invokes the following dialog.

aicix

File Mame | Subject |

b Load [~ Allavs Commands to be 4dded
|
LCatalog m
—  Delete
Dutput
Brint Input File
Erint Dutput File
Save

Load

When selected, a menu appears listing all saved input files. Highlight a file then
click OK. The input lines from the highlighted file are now displayed in the display
window for viewing, editing, or processing.

Append

This command is for input files only. A new input file is created by copying the
contents of an existing input file to the end of the current input file. The Save
command must be used in order to store this new file.

Catalog

When selected, a menu appears listing all saved input files (under the current
operator code) in the project directory. This is for reference only no action is taken.

Delete

When selected, a menu appears listing all saved input files. Highlight a file then
click the OK button to remove this file from your project directory. Although the file
is deleted, the elements stored as a result of processing the commands are not
deleted.

Output

Writes an ASCII file of the current display for reviewing and / or printing.
(Fname999.00c, where 999 is the current job number and oc is the operator code).

Print Input
File

Sends your input file to the printer.

Print Output
File

Sends your output file to the printer.

Save

Saves the current audit trail to a file. (Fname999.ioc, where 999 is the current job
number and oc is the operator code.).

Allow
Commands
to be Added

When this is toggled on, COGO commands are added to a previously loaded file.

9-4
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Coordinate Geometry Dialog

EDIT COMMANDS

Etnmdinale Geometry Job: 101  Operator: |d o ] |

File | Edit Elerment “iew Tools

{17 W i < T <o i [ P 3 P s

> [[OFF Featue]l | x| Erowsel 991234 | a'ga12 vI i LI;ILI

Clear
Delete

Inzert

tadify j
Bead Al

Tuvpe Al

Line Range

Editar

Clear Empties the memory of the current audit trail without saving and initializes the line
numbers to begin a new sequence of commands. This does not clear the display
window.

Delete Deletes input commands in the input buffer by line number (or range of line numbers)
and re-sequences the line numbers for the remaining commands.

Insert Adds a command line to the current input buffer before a specified line number;
subsequent command lines shift down and line numbering is automatically re-
sequenced.

Modify Changes a fragment in a command line. The modified command line is not processed
until a Read command is performed.

Read All  Processes all lines in the audit trail.

Type All  Displays the contents of the audit trail.

Line Opens the Line Range dialog where a range of lines can be entered that can either be

Range read or displayed.

Editor Opens the COGO Command Editor, which enables you to edit the current input file.

VDOT GEOPAK Drainage
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Coordinate Geometry Dialog

ELEMENT COMMANDS

The mainstay of GEOPAK Coordinate Geometry is the various element commands. Tools are
supported for storing, stationing, adding additional data, deleting, etc. GEOPAK supports a wide
variety of elements: points, curves, spirals, chains or alignments, parcels, and profiles. Each element is
detailed on the following pages.

ELEMENT > POINT
E’[Zm:ndinate Geometry Job: 101 Operator: |d _|EI|£|

File Edi | Element “iew Tools

Line

=]

»
- : Cel s
_____ p |sab|e\-"|f Curve P oy v|ggaz | «| <] ] »|
Spial ' Elewation j
Chain »  Eguate
Parcel ¥ Station
Prafile y St

Mest Available Settings Vi

Compare Paints to TIM
Set Elewation From TIM

One of the most utilized sets of COGO tools are the point commands, which are detailed in the
following table.

Utility Opens the Point Utility dialog where the following options are available.
Delete - Deletes a point number (or range of numbers) from the database file.

Print - Displays the selected point numbers X, y, z coordinates, station value and
other stored information in the display output window.

Display - Visualizes the selected point numbers currently stored in the GPK file
(Temporary Visualization or Permanent Visualization must be turned on).

Cell Assigns a cell name to a previously stored point.

Copy Copies points or a point range to a new point number or range within the same
GEOPAK database file

Elevation Assigns an elevation to a previously stored point

Equate Stores a new point with the same values as a previously stored point

Station Adds a station to a previously stored point.

Store Stores a point by key-in coordinates or by selecting a location graphically. A station,
elevation, point code, cell, feature, or description can be optionally stored with the
point.
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Coordinate Geometry Dialog

ESture Point =10] x|
Faint MHame: I

[ Auta Increment
Coordinates

Horthing: I DP
E azting: I

" Station: I—
C| Elevation: [0
O Foade [
" Paint Cell: I— Scale; I—
" Featurs: I—

" Description: |
Transfor- Performs coordinate transformations based on user-defined control pairings
mation
Compare Utilizing a set of COGO points (with elevations) compares the COGO elevation to the
Points to TIN elevation and completes statistical analysis for "goodness of fit."
TIN
Set Utilizing this command, GEOPAK adds or updates an elevation to a previously
Elevation defined point, based on a TIN model.
from TIN

ELEMENT > CURVE

E[Zm:ndinate Geometry Job: 101 Operator: |d - |EI|£|
File Edi | Element “iew Tools
Puairt L ;----’el ::el | .:l ’el = e [ :
g' Line ’I@ s @ _ ﬂ ":;:1 f—j s i+zzd 4| i'bél %al gjr Bedefine
it v T vy sz vlssaiz | «f <[] o]
it Spiral 3 Copy j
Chain r  Data
Parcel ¥ Segment
Prafile p  Station
By Tangents
Mest Available Settings By End Paints
LConcentric
Utility Opens the Curve Utility dialog where the following options are available.

Reverse - Reverses a previously stored curves direction.
Delete - Deletes a curve (or range of curves) from the database file.

Print - Displays the selected curves X, y, z coordinates, station value and other stored
information in the display output window.

Visualize - Visualizes the selected curves currently stored in the GPK file
(Temporary Visualization or Permanent Visualization must be turned on).
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Coordinate Geometry Dialog

9-8

Copy Copies a specified curve to another curve name.
Data Calculates the geometric parameters of a curve, displaying values for Delta, Degree,
Tangent, Length and Radius.
Segment Defines new curves by dividing a stored curve into segments.
Station By identifying a curve and a control point on the curve (PC, PI, or PT), a station value
may be assigned.
Store Provides various options for defining and storing curves such as Store Curve By
Tangents as shown below.
o
Curve name: I— [ Station FC 'I I—
— Back Tangent — Element ———— - Ahead Tangent
/Av Fadius vI A v|
Pe: [ ! P [
=1

ELEMENT > SPIRAL

g[ﬁnurdinate Geometry Job: 101 ODperator: |d o ] |
Fil= Edit | Element ‘iew Tool:

e N CHr A EE S
w7 x| Browss | ssioam w|ewane  w| « | <] > =]

DisableYis  Curve

i =
Chain »  LCopy

Parzel r  Store

Prafile 3

Megt Available Settings

Utility Opens the Spiral Utility dialog where the following options are available.
Delete - Deletes a spiral (or range of spirals) from the database file.

Print - Displays the selected spirals X, y, z coordinates, station value and other stored
information in the display output window.

Visualize - Visualizes the selected spirals currently stored in the GPK file
(Temporary Visualization or Permanent Visualization must be turned on).

Copy Copies a specified spiral to another spiral name.

Store Provides various options for defining and storing spirals.
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Coordinate Geometry Dialog

5 store Spiral Combiations by Tangents. RE
Spiral Mame: I— Tupe: SCS '| | Station T v| I—
~ Back Tangent ~ Element ~bhead Tangent
Enitry Length vI I—
;Av R adiuz vI I— 5 v|
f— Estlengh  ~| [ p—
oe: [
ELEMENT > CHAIN
g[ﬁuoldinate Geometry Job: 101 Operator: d ;|g|5|

File  Edit | Element “iew Tools

Paint 3

L= o‘\ _lj-
<& o & el & 2] A D] el =] 3] ] O e
Disable VYis  Cymve b j Browsel 991234 w| 973912 v| <« | | | e |

it Spiral 3 j

T D U

Parcel d Layout Offzet

Profile ¥ Station

Station Egquation

Mext Available Settings

Erom Elements
Offzet Chain
Tranzition Chain

Utility Opens the Chain Utility dialog where the following options are available.
Area - Calculates the area of a closed chain.

Delete - Deletes a chain (or range of chains) from the database file.

Print - Displays the name of each element in the selected chains.

Describe - Displays the alignment data of each element in the selected chains.

Visualize - Visualizes the selected spirals currently stored in the GPK file
(Temporary Visualization or Permanent Visualization must be turned on).

Layout Offset

Project points onto a chain or compute offset distance and direction between two
chains at each control point or at user defined intervals of a specified station range.

Station

Provides a method for stationing or re-stationing a chain.

Station Equation

Provides a method for applying a station equation to a chain.

Store

Provides three options for storing a chain in the database file, From Elements,
Store Offset Chain, and Store Transition Chain. The Store Chain From
Elements dialog is shown below. (Chain name can be between 1-9 alphanumeric
characters)

VDOT GEOPAK Drainage
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Coordinate Geometry Dialog

9-10

£ store Chain From Elements -10] =]
Chain Mame: I— r Element Selection —————————————
Begin at 0.00 vI I— Element Type:  Point vI

Elernent List: Fairt Mame:

<add| |

Stare Chain I

ELEMENT > PARCEL
gcuoldinate Geometry Job: 101 Operator: d _|EI|1|

File  Edit | Element “iew Tools

Paint 3
L= o‘\ _#-
<& o .AJ@Q&QJJ@IJJﬂ_OIr Esdfe
Disable Vis  Cumve . v Browse 991234 w| 979912 Vl << | | >>|
it Spiral » j
Chain 3
Lhtility
Frafile »  Copy
Megt Available Settings Sz
Subdivide
Editor
Diefault Attribute Preferences

Utility Opens the Parcel Utility dialog where the following options are available.
Delete - Deletes a parcel (or range of parcels) from the database file.

Print - Displays the elements of composition, the area of tract stored, taken and
remaining.

Describe - Displays the elements of composition, the area of tract stored, taken and
remaining and a point, bearing, distance description of the specified tract.

Visualize - Visualizes the selected parcels currently stored in the GPK file (Temporary
Visualization or Permanent Visualization must be turned on).

Copy Copies a specified parcel to another parcel name.

Store Stores a parcel by adding points, curves and spirals.

Subdivide Divides a parcel into individual lots.

Editor Edits a parcel.

Default Defines a set of attributes that are assigned to each additional parcel that is stored.
Attribute

Preferences
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Coordinate Geometry Dialog

PARCEL COMMANDS (MANUAL ENTRY)

Several parcel commands are supported only by manual entry and have no associated dialogs.

Store
Taken

Store the portion of a parcel taken by entering point and curve names in either a
clockwise or counterclockwise direction.

Store
Easement

Store easements by entering point and curve names in either a clockwise or
counterclockwise direction.

Own Parcel

Stores the names of the owners associated with previously stored parcels.

Make Legal

Creates a metes and bounds description and writes it to a user named text file. See
also Legal Description Editor for the ability to create detailed and customizable legal
descriptions.

ELEMENT > PROFILE

E’Euuldinale Geometry Job: 101 Operator: |d - |E||5|
File Edit | Element “iew Tools
Puoint 3
= (2 #
K& o . AJ@Q@QJ_I@IJ_I_#I_LJIF Eisdfe
Disable Yis  Curve b J Elowsel 331234 «| a°3a12 Vl << < | >>|
Spiral 3 j
Chain 3
Parcel 3
Prafile Ltility
Megt Available Settings Elevwation
Offset
FBiestation

The Profile commands (as displayed in the exploded view above) are detailed in the following table.
Additional commands are supported as keyin only commands.

Utility

Opens the Profile Utility dialog where the following options are available.
Delete - Deletes a profile (or range of profiles) from the database file.
Print - Displays the data of the selected profile from the database file.

Elevation

Provides three options for reporting elevations along a selected profile, Station, Even
Station, Incremental Stations.

Offset

Stores a new profile within a specified Station Range at a defined vertical offset from
the original profile.

Restation

Creates a new profile with different stationing from a previously stored profile.

VDOT GEOPAK Drainage
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Coordinate Geometry Dialog

VIEw COMMANDS

& Coordinate Geometry Job: 101 Operatorid 0]
File Edit Element | Wiew Tools
= lzans » & B =)
e o Py i3f %9 [~ Bedsfine
%ble Visﬁtﬁw Bedefine Jrow@%ﬁ TllﬁalFld;I?l_ill;lil
I — “isualization 3
d Formnat 4 j
[v COBO Kepin
Carmmand Dutput 3
Eror Alert 3
Icons Enables you to customize which icons appear in the tool bar.
Redefine Displays the Redefine box on the tool bar.
Visualization Displays the visualization items on the tool bar.
Format Displays the format items (i.e. number of decimals, station format, etc.) on
the tool bar.
COGO Key-in Displays the COGO Key-in box for entering commands in the dialog.

Command Output Displays the Command Output Window in the dialog box, and controls
options for the Command Output Window. The Command Output window
can also be saved to a text file in lieu of using the File > Output command.

Error Alert Enables you to activate a beep and/or restore a minimized COGO dialog
when an error occurs.

TooLs COMMANDS

gcuuldinate Geometry Job: 101 Operator: d - |Elli|

File Edt Element “iew | Tools

RIEH W ] ) ) ] ol ] ] 2] O e

Dizable Yisualization hd - 3°9912 vI << < > >

. Ir Locate 3 J —I —I —I —l

LOGO Kepin: [ Intersact hd
Best Fit
Tranzlation and Fiatation
Map Check

Roadway |Intersections
Cul-de-zacs

Bedraw Vizualized Elements
Clear Yisualized Elements [Temparary)
Clear Yizualized Elements [All]
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COGO Navigator

Navigator Invokes the COGO Navigator.

Inverse Calculates the distance and direction between points.

Locate Stores a point or series of points not by specifying coordinates, but based on a
previously stored point using several methods. To locate a point by distance
and bearing, use the Tools > Locate > Traverse as shown in the dialog
below.

=]
Locate Point ; I— I Elevation On
™ Side Shat Mods
— Station Paoint
Mame ; I ﬂl
Eleswation: IEI.DDDDDD Station Helght: ID.DDDDDD
r Direction
¢ Direction E |
™ Offset Distance : [0 000000
r Distance
Slope Distance | [0.000000 i

Zenith Angle I 9000 00.00 Fad Height : I LR[00 00}

Intersect Stores a point at the intersection of any two COGO elements.

Best Fit Calculates a best-fit chain through a set of points.

Translation and Moves, rotates, and scales a data set.

Rotation

Map Check Edits a parcel.

Roadway Calculates data for the intersection of two COGO elements, usually chains.

Intersections

Cul-de-sacs Calculates data for a cul-de-sac.

Redraw Re-syncs the visualized COGO elements in the MicroStation file with the

Visualized coordinate geometry data.

Elements

Clear Visualized Removes all temporary visualized elements from the view.

Elements

(Temporary)

Clear Visualized
Elements (All)

Clears all temporary and permanent visualized elements from the
MicroStation file.

COGO NAVIGATOR

The COGO Navigator is a tool utilized to easily view and edit COGO data. Store, delete, edit, print
elements, plus visualization and selection set commands are easily accessible via the Navigator. The
Navigator can be accessed by the pull down menu COGO > Tools > Navigator or by the Navigator
icon. The following dialog opens.

VDOT GEOPAK Drainage
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COGO Navigator

9-14

SIS

Select  Tools

Mame ™

| Feature | Description | Select| Morthing | Easting | Elevation |

4]

| 2

From the Navigator, points, curves, spirals, chains, survey chains, parcels, and profiles (all COGO
elements contained in the coordinate geometry database file; *.gpk) can be added, deleted, modified,
identified, visualized, printed, or selected.

NAVIGATOR > SELECT TOOLS

A variety of selection tools can be invoked via the Select pulldown, as depicted in the following

exploded view.

£ Navigator[101)
| Select Tools

Select Al %?

Itwert Selection
Clear Selection J

Selection Set | Descrip

Fit Yfiew [Selection Set)

Select All Selects all data items of a certain type. (i.e. all points)

Invert Selects all items not previously selected, and unselects all items previously
Selection selected.

Clear Unselects all items.

Selection

Selection Set

Allows you to create a selection set that meets particular criteria. Same as using the
Selection Set icon

Fit View
(Selection Set)

Fits the selected items to the active MicroStation window.
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COGO Navigator

NAVIGATOR > TOOLS

A variety of tools can be invoked via the Tools pulldown, as depicted in the following exploded view.
Many can also be invoked via the shortcut icons displayed at the top of the Navigator.

£ Mavigator(101)

Select | Tools

\ Add Element
Delete Element
Element  Edit Element

|dentify Element

~

Mame

Print/D ezcribe Elemant
Edit Element Feature

Edit Element Dezcription

=101 ]

ect| Morthing | Easting | Elevation |

Wizualize Element

Wisualize Al

Utvizualize Element

Redraw Visualized Elements
Clear Wizualized Elements [Temparary]
Clear Wizualized Elements [All)

Ewport Selection

Expart Preferences

[

Settings...

I 2

Add Element

&

Enables the selected type of element to be stored. When selected, the
appropriate Store Element dialog is invoked.

Delete Element

x

Deletes the highlighted element(s).

Edit

Element

Invokes the appropriate Store Element dialog, populated with the
associated data of the selected element for editing.

Identify Element

id|

When clicked and a COGO element is graphically selected, the element is
highlighted in the display field. If the selected element is not the
displayed element type (i.e., curve or point), the element type is also
changed.

Print/Describe Element

Displays the selected element’s data.

Edit Element Feature

Changes the feature code of the element.

Visualize Element

Ll

Displays the selected element(s) according to their feature code or default
symbology.

Unvisualize Element

Removes the display of selected element(s) from the design file.

Visualize All

Displays all of the elements of a certain type, or all elements.

Redraw Visualized
Elements

Re-syncs the coordinate geometry data with the data displayed in the
MicroStation file.

Clear Visualized
Elements (Temporary)

Clears only temporary visualized elements from the design file.

VDOT GEOPAK Drainage
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Clear Visualized
Elements (All)

Clears all visualized elements from the design file.

Settings

~ Selection Set

[ idlert Prior ta Clearing Selection Set

~ Mouze Click Actions
[" Single Click Highlight Visualized Element

[" Single Click Window Center Yisualized Element
¥ Single Click Enables List Cell Editing

Double Click Action : Edit Element "I

~ Digplay Options
Faint: _All Pairts -|

Area:  Square Foot Vl 9312 "l

0K I Cancel |

Enables you to define certain actions and behaviors of the Navigator.

LAB EXERCISE: COORDINATE GEOMETRY
» Opening the Road Project Manager

Execute c:\data\geo\vdot\drain1\LABO09_V8ad.EXE

9-16

Open the MicroStation file, c:\data\geo\VDOT\drain1\h17682.dgn.

1

2.

3. Open Project Manager (MS Menu: Applications > GEOPAK Road > Project Manager)
4

Select project: 17682.prj located in c:\data\geo\VDOT\drain1, and click OK.

g Project Manager M= 3
Projectz  Directory  Admin
| CAD atahGeohwvdotsdraint
Filter: I".pri Type:  Project "I
Diirectories: -
(-]
[projdbs]
[standards]
[C]
(]
E =
Job Mumber, 101 Unit System; Englizh
Description:
0K Cancel |
© 2007 VDOT
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Lab Exercise:

Coordinate Geometry

VDOT GEOPAK Drainage

5. Access User: VDOT.

Project Users: 17682_prj

Uzerz

Dezcription:

Lzer Infa
Full Mame:
Wirginia DOT

OF Code:
WD

LCancel |

location of the gpk file.

£ Road Project: 17682 prj
File Remember Dptions

6. Click OK. The Road Project dialog will load. This will setup the proper directories for the

‘wWorking Directory:

¥ #w/orking Alignment Influence Rurs:

Wiorking Alignment | MAIMLIMNE

Uszer WDOT

Select | Define |

Job #: 101 (5
Part Yiewer |

E sisting | |
Giround | Draw Pattemn |— Existing Graund Existing Ground Wertical
Crozz Sectiong Profile Alighment

Coordinate | |
Geometry I |

Calculate Superelevation Propoged an

. Superelevation [ Shapes Cross Sections | Models

Haorizontal |
Alignment

|

Plan View
Design
Plan View Tabular
Quartities Summaries
Flan & Profile
Sheets

7. Click the Coordinate Geometry button.

| Crogs Section
Earthwork Shets
[ |
Limnitz of Fepoits & X5
Caonstruction Quantities
IS E3

g[ﬁnnldinale Geometry Job: 101  Operator: ¥D

File Edt Element “iew Tools

gyata  v| «| <] > >

REZ R+ A/ &R (&l R~ D G-
?% O‘O //) ¥ Redefine | Peimanent Visualization  |[Defaut_Chain | | Erowsel g3123  ¥|

OGO ke []

=l

© 2007 VDOT
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Lab Exercise: Coordinate Geometry

» Storing COGO Points

1. Select Permanent Visualization on the main COGO dialog.
2. Select the Store Point tool (COGO: Element > Point > Store).

g Store Point M= 3

Faint MHame: I hi

C;;:nrdmates

Marthing: |338892.5441 DP
Easting: | 2718861.1832

[ Sitatian: I
| Elevation: |
Ol Poode: |

[ Faintzel | Sealer |

[ Feature: I
I mescrption |
Store Point |

3. To store point hl, enter the point number and coordinates as indicated in the dialog shown
above.

4. Activate the Auto Increment toggle. This will automatically increment the point number by
1 for subsequent Store Point commands.

5. Click Store Point. This stores the point into the COGO database (gpk).

Continue storing points utilizing the coordinates as shown below.

Point Number Northing Easting
H2 339044.1284 2718650.8320
H3 339140.6908 2718566.4231
H4 339200.0702 2718472.6387

7. Close the Store Point dialog.
» Store Curves

1. Access the Store Curve By Tangents dialog. (COGO: Element > Curve > Store > By
Tangents).

2. To store the curve Ditchl, complete the dialog as shown below.

& Store Curve By Tangents [_ [T x|
Curve name: Iditch1 [ Station PC "I I
— Back Tangent — Element ——— | Ahead Tangent
/A"l R adiuz vI A "|
| 300.0
Fairt Back: Praint shead:
| H1 | H3
FI Pairt:
| H2
9-18 © 2007 VDOT VDOT GEOPAK Drainage



Lab Exercise: Coordinate Geometry

3. Click Store Curve to store curve Ditchl into the COGO database.

4. Store curve Ditch2, populating the dialog as shown below.

gStule Curve By Tangents

Curve name; I ditch2

~ Back Tangent

A

Faint Back:

Cr—

Fl Paint;

CER—

~ Element

R adius vI
| 250.0

M=
" StationPC =] |

~bhead Tangent

A

Point &head:

C—

5. Click Store Curve to store curve Ditch2 into the COGO database.

6. Close the Store Curve By Tangents dialog.

» Storing the Ditch Alighment

1.

Enter Ditch for the Chain Name.
Set the option button to Begin Station and enter 0+00.

Build the list of COGO elements which will become a part of the chain. You can fill in the
elements comprising the chain by keyin or by graphically selecting the visualized elements in
the design file. Ensure that the elements are added to the list in the order that you want them
to be stored as a chain.

gSlnre Chain From Elements

Begin Station vI |D+DD”

Element List;

HT CUR DITCHT CUR DITCHZ HA ﬂl

Store Chain

~ Element Selection

Element Type:  Paint vI

Paint MName:

Access the Store Chain From Elements dialog. (COGO: Element > Chain > Store > From

[ ] ]

5. Click Store Chain to store chain DITCH into the COGO database.

6. Close the Store Chain from Elements dialog.

» Describe the Ditch Alignment

1. Access the Cogo Navigator. (COGO: Tools > Navigator).

2. Set the Element option to Chain.

VDOT GEOPAK Drainage
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Lab Exercise: Coordinate Geometry

& Navigator[101) [_ ]

Select  Tools

N X Fid & B

Element 5 Chain -|

Mame |
DITCH

EBL4ED

tAIMLIME

RakPa

REDEUD

K1 I i

3. Highlight the chain DITCH
4. Select the Print/Describe command. (COGO Navigator: Tools > Print/Describe Element).

5. The chain geometry will be displayed in the main COGO window as shown below.

g[ﬁuuldinate Geometry Job: 1001  Operator: ¥D ME E
File  Edit Element View Toolz

E
|

L% 13 DESCRIBE CHAIN DITCH

Chain DITCH contains:
H1 CURE DITCH1 CUR DITCHZ H4

Beginning chain DITCH description
Feature: DEFAULT_ CHAIH

Foint H1 H 338,892 5441 E 2,718,861.1832 Sta 0+00.00
Course from H1 to PC DITCHL M 54° 13' 21.11" W Di=t 224.9266
Curve Data

Curve DITCH1

Feature: DEFAULT_ CHAIH

F.I. 5Station 2+459.28 H 339,044 .1284 E 2,718,650 .8321
Delta = 13° 03" 52 60" (RT)

Degres = 19° 05" 54.94"

Tangent = 343520

Length = 68,4061 ll

Tie 32 . = Aann_ nnnn

6. Close the Navigator dialog.

» Create Output Files

1. Access the Input File Utility dialog. (COGO: File > Input File Utility).
2. Set the option button to Output.
3. Enter Ditch for the Output File Name.

9-20 © 2007 VDOT VDOT GEOPAK Drainage



Lab Exercise: Coordinate Geometry

# Input File Utility [_ ]

File Mame | Subject |

Dutput ~ | it Fiied | ditch

Apply

4. Click Apply.
5. An ASCII file named ditch101.ovd will be created in your project directory.

6. Close the Coordinate Geometry dialog box.
» Drawing the Ditch Alignment

1. Access the Design and Computation Manager (Applications > GEOPAK Road > Design &
Computation Manager). A secondary dialog box will appear to be used in conjunction with
the Design and Computation Manager dialog box.

2. Select the item shown in the dialog box shown below.

gDesign and Computation Manager M=l E3
Fil=  Edit Seftngs Favortes Help

&8 M\DatahGeoydothdraind \standardshGeopak WD O T englizh.ddb =
[ Location & Design
= Alignments
[ Harizartal

m BLZ5 - 25 Scale Bazeli

£ BL5O - B0 Scale Bazelines
& BL100 - 100 Scale Baselines
3 Wertical

3 Box Culverts

23 Construction Limits

3 Cross Section

23 Curbing

3 Drop Inlets

3 End Sections

3 Endwall:

23 Erosion Contral

1 Fence

£ Ground Cover =l

3. Click on the Draw Plan and Profile button from the secondary dialog box.

g CL Centerline of Construction... [JE E3

e
¥ | Adbioe thibutes M atch Point Text

™| HEew Element Grly Drravs Plan & Prafile

VDOT GEOPAK Drainage © 2007 VDOT 9-21



Lab Exercise: Coordinate Geometry

4. Select Chains operation as the Element Type. Each of the chains will be displayed in the list
box as shown. Notice that the options that are to be drawn with the chain are already

activated. Set the Label Scale to 25.

ngaw Plan & Profile [_ [C] =]

Itern: |BL25 - 25 Scale Baselines

Element Type:  Chainz ¥ | Label Scale: |25

Keyin Foints: |

Select Chain to Draw |

DITCH
EBLAED [T Line Direction Labels
MAIMLIME .
RAMES, [" Line Length Labels
REDEUD [ Line Labels Only

[ Curve Labels

[T Curve Data

[ Curve Labels Only

[ Place Curve Data by DP
[ Spiral Labels

[ Spiral Data

[ Spiral Labels Only

[ Place Spiral Data by DP

5. Todraw the chain, click on the name of the chain: Ditch in the list box. Only click once!!

Each time you ID a chain it will be plotted into the design file.

6. Change the Element Type to Stationing and modify the dialog settings as shown.

ngaw Plan & Profile M= E

Iterm: | BL25 - 25 Scale Baselines

Element Type:  Stationin ¥ | Label Scale: |25

K Foitits: |

Select Chain to Draw |

DITCH IV Tick Marks
EBL4ED ¥ Tick Mark Stations
MAIMLINE
RAMPA PC/PTATSACSASCAST Labels
REDBLD
~ Small Ticks
Ticks Left; Labels Left -|
— Large Ticks
Ticks Left; Labels Left -|

~ Contral Point Labels

Az Per Preferences "l

7. To draw the stationing for the chain, click on the name of the chain: Ditch in the list box.

8. Exit the Plan and Profile Draw dialog box and close the D&C Manager.

9-22 © 2007 VDOT
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Existing Ground Profiles : Draw Profile Tool

EXISTING GROUND PROFILES : DRAW PROFILE TOOL

The Draw Profile Tool is not supported by Project Manager. It can be accessed by selecting
Applications > GEOPAK ROAD > Plans Preparation > Draw Profiles or from the GEOPAK ROAD
Tools tool frame.

The generation of profiles must be invoked from within the 2D MicroStation design file where the
profile is to be drawn.

il

File Edit Update Options

Job Mumber: |1D'I 'I g ﬁl Latel Seale: |D.DDDDDD
Chain: |< MHone » vI

| cogo | Proisction |

Tiype| Hame | Drisplay Settings | Diraw |
(|
pad
@
- Ptz
TN File: | ﬂ
Method: | Triangles "I
r Dizplay Settings Filter, Tolerarces
By Level Spmbalogy vI ,7 Harizantal: w
Feature: Imﬂ W amEnce; |D.'IUUU
= Statiot Limits —— [Iffaets
[~ Begim Wﬂl Hizrizomtal: | 0000
= [ { WYertical: 00000
T —

The initial entries that are required are the Job Number and Chain name. Once selected, click Dialog
Profile Cell Control (to the right of the Job Number field).

£ Profile Cell Control o ] oA |

&ctive Chain: NP = |

Microstation File Statian Elevation  H.Scale . Scale  Gap |

X | o

Select the Active Chain that the new or existing profile is to be stationed along. If no profile cell exists,
click Place Profile Cell along the right side of the window to place a new cell. If multiple profile cells
exist, highlight the desired cell and click Activate Profile Cell.

UPDATE OPTIONS

Four update options exist that allow you the control needed to tell the software what to do if a profile
has been previously drawn in the file and needs updated. The options are toggled off/on by each
selection of the option by clicking the Update Options pulldown. The check to the left of the option
indicates the option is active. Only one option may be active at any given time, therefore, if an option

VDOT GEOPAK Drainage © 2007 VDOT 9-23



Surfaces Tab

is selected, the previous active option is de-activated. The four options are detailed in the following
table.

Delete Existing Elements and When this option is activated, any profiles previously drawn with
Redraw this tool are deleted and new ground lines are drawn.

Delete Non-Modified Elements When this option is activated, any profiles previously drawn with
and Redraw this tool and not modified with any MicroStation commands are

deleted and new ground lines are drawn.

Draw on Top of Existing When this option is activated, any previously drawn profiles are

ignored and a new set is drawn, resulting in multiple copies of
each profile.

Query

When activated, you are prompted each time the Draw button is
pressed.

SURFACES TAB

9-24

The Surfaces tab defines the surfaces utilized as source data when drawing profiles. Multiple surfaces
from a variety of sources can be drawn in a single processing. When the tab is selected and a profile
cell is placed, the dialog dynamically changes as shown in the following graphic.

-0l

File Edit Update Options

Job Humber: |1EI1 "I g ﬁl Label Scale: ID.EIEIEIEIDD

Chairi: [MAIMLINE =

| co6o | Projection |

Type| Mame | Dizplay Settings | Draw |
]
g
E
[
- Details®
TIM File: | gl
Method: _Triangles vI
r Display Settings Filter Taolerances
By Level Symbology Vl l: Harizontal: | 0.3000
Feature: [« N Entries > ;Iﬁl Yariance: ID.1DDD
r Station Limity ———— Offsets ———————
[T Begin IWQI Horizantal: | 0.0000
| End: IW |V Vertical IW
LT [ —

Each surface to be drawn must be added to the list box. This is accomplished via the action/edit
buttons on the right side of the dialog box. Each surface draws a cross section line string or lines.
When a line is added to the list box, the profile is drawn. Note: clicking on the draw toggle in the list
box deletes or redraws the profile.

To add to the list box, simply select the source data and method, Display Settings, Tolerances and
Offsets, and then add the profile to the list. Once a profile is drawn, it may be updated at any time by
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Display Settings

using Update Profile. Refer to the Update Options section to review those options. Any profile may
optionally be stored to the GPK file.

DISPLAY SETTINGS

The Display Settings group box specifies the element symbology of the cross section elements being
generated. The symbology may be specified using Level Symbology or a feature selected from a D&C
Manager database.

To use By Level Symbology, set the option to By Level Symbology, then double click on the graphic.
This opens the Set Feature dialog box, wherein the symbology can be specified. Click OK when
completed.

To use By Feature, set the option to By Feature. Next, press the Paintbrush icon, which invokes the
current Design and Computation Manager. Select the desired item, and then press the OK button,
which closes the Design and Computation Manager, and populates the Draw Profile Display Settings
group box.

FILTER TOLERANCES

Both Horizontal and Variance filter tolerances are considered together for each pair of profile
segments. The middle point is deleted if both segment lengths are less than the Horizontal filter
tolerance while the projected distance between the mid-point and the chord between the two end points
is less than the Variance tolerance.

Horizontal Telerance

Variance

OFFSETS

Vertical or horizontal offsets may be specified in terms of master units (feet or meters). The horizontal
offset is the distance offset from the chain. Once the horizontal location for the profile is determined,
the data source is utilized to determine the profile. Any vertical offset is applied after the profile is
generated from the source data.

STORE PROFILE TO COGO

firs When the profile is drawn, it may also be stored in
i COGO by pressing this button, which opens the
dialog box depicted below left.
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Profile Report

i
Prafile Hame: I Select |

¥ Stare Profile in GPK,
[ -Create Input File

[ perator Code I
File 1 ame: I Files |

™| Ereate 300 Frofile Sting

CoGco TAaB

The profile may be stored, or just the input file may
be created. If an input file is created, the Operator
Code and File Name are required. If the dialog box
is invoked while in a 3D file, you may toggle on the
option to create a 3D profile string. The 3D profile
string consists of the circles denoting every location
where the design centerline intersects topographic
elements. If the circles are not deleted at this time,
they can be deleted at any time with a single
application of the MicroStation Delete Element
command.

The COGO tab is utilized for drawing any profile that has been previously stored into the GPK file.

£ Draw Profile

File Edit Update Options

=101 x|

Chair: |MAINLINE =

Surfaces I C ] Proiectinnl

Job Murnber: Iﬁ 5

Label Scale: I A0.00000

Marne

MLGROUND

E0_SEGF

Dizplay Settings

Diraw

X |0

- Details

Yertical Offzet; I 0.0000

Frofile Hame: IMLGHDUND VI

|

Station Limits —————————————
™ Begin: [285+00.00 ﬁl
™ End [347+5154 ﬁl

r Display Settings

By Feature Vl

Feature: [S0_SEGF

= ,ﬂ (I‘ Seale factor: [0.0000

Custarn Line Style

O ptiohs

General ™ Pl Labels

WPl
YC

[ Grade Labels  “+'and“' vI

From WPl vI
Circle vI

To draw a profile, first select the Profile Name to be drawn. Vertical Offset defaults to a value of 0, but
can be set to any value. This instructs the software to draw the profile at a distance above or below the
elevations in the GPK file. Station Limits may also be specified to have the software draw only a
portion of the profile. If the Display Settings are set to By Feature and a feature is selected, the Options
area of the dialog box is un-ghosted. This is where various labeling options for the profile can be
specified. If a value is given for the Strip Grade Increment, elevations will be placed at that increment

along the bottom of the profile.

PROFILE REPORT

To review a textual report listing stations and elevations of a ground profile, open the GEOPAK
Coordinate Geometry dialog box. A couple of different methods can be used to create this listing for

any profile.

9-26
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Lab Exercise: Existing Ground Profiles

By selecting Element > Profile > Utility then
highlighting a specific profile name and clicking
Print. The results of this command will be
displayed in the Command Output window of the
Coordinate Geometry dialog box. To obtain a
hardcopy of this information, create an output file
using the File > File Utility > Output command

and

supply a filename of 1-5 characters. Then use

the File > File Utility > Print Output File
command to print this to the default system
printer.

The second method utilizes

the COGO

Navigator tool to create the Print Profile
command. The advantage to this method is
that multiple profiles can be identified at once
and printed to the Command Output window.
Start the COGO Navigator by clicking Tools >
Navigator or selecting the icon from the

COGO dialog box.

Change the Element to

Profile then highlight the desired profile(s).

Once selected,

click the Print/Describe

Element icon on the Navigator to process the

profile(s).

B

=101 x|

Fiofile |Print

MAIMLINE

MLGROUMD

Select Tools

=101

Bl LI Print/Describe Element
M ame | Feature | Description | Select |
MLGROUMD

LAB EXERCISE: EXISTING GROUND PROFILES

» Extract an Existing Ground Profile Along the Ditch Alignment

VDOT GEOPAK Drainage

1. Select the Draw Profile Tool. (MS Menu: Applications>GEOPAK ROAD>PIans

Preparation>Draw Profiles).

& Draw Profile
File Edit Update Options

= 3

Job Mumber: I'IDT ha u@ ﬁ LLate] Saale: I'IDU.UUDU

DITCH [~]

Surfaces I COGO I Pruiecliunl

Tme | HEme | WisplEw Sethings

[arE |

eXMOo

P

I et
= Display Settings

Trianales ¥

i Fie | @

By lleve Spritiolaay vI _

Harizartal: I (TEITIT]
Ve I L0 | )

" Filter alErances

Feziure: [ONBERES o [

= Etatir Cimits liffsete ——————————
=) Eegir [00000 Ao Hiorfzartal) [ CH00n

r (=i WA 484 etz ID.DDUU

= ver

2. Select chain DITCH.

3. Click Dialog Profile Cell Control icon *ﬁﬁ .

© 2007 VDOT
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Lab Exercise: Existing Ground Profiles

9-28

4. Setthe Active Chain to DITCH
5. Click Place Profile Cell on the right side of the dialog and populate it as follows:

Z Place Profile Cell [ O]
Statior: ID 0o

Horizontal Scale: I 10000000
Wertical Scale: I 1000000

HoGap ¥ I
Cell Fange

Top Delta Vl | 50.0000
Battomn Delta vI I 0.0000

o

Locate the profile cell by giving a data point in a clear area of the design file.

~

From the Surfaces tab, select the Browse TIN File button in the Details area, then select the
SURVEY.TIN file for the TIN File to cut the profile.

8. Setthe Method to Triangles.
9. Set the option button to By Feature in the Display Settings area of the dialog.

10. Click the Browser Feature icon then navigate to the item shown below.

# Select Design & Computation Payitem ... H=] 3
File Edit Settngs Favortes Help
i id ok | Cose |

& D atahGeo\wdothdraind hstandards VG eopak WD O Tenglizh.ddb o
[ Location & Design
= Aligrments
23 Horizontal
= Wertical
& PROEXISTZS - 25 Scale Enisting F'n:uhles
= PROEXISTE0-50 Sca &
gn FROEXIST100 - 100 Scale E:-ﬂshng F'n:uhles
ﬁ PROPRZ55 - 25 Scale Propozed Profiles 5:1
& PROPRS010 - 50 Seale Proposed Profiles 10:1
ﬁ PROPR10020 - 100 Scale Proposed Profiles 2001
3 Box Culverts
23 Construction Limits
3 Cross Section
£3 Curbing =l

11. Click OK.

12. Click Add Surface Settings to add the profile to the list box as well as draw the profile into
the MicroStation file.
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Lab Exercise: Existing Ground Profiles

E Draw Profile [_ |]

File Edit Update Options

Job Humber: |1EI1 VI '@ ﬁ Label Scale: |1DD.DDDD

Chain: [DITCH =l

COGO | Projection |

Type | Name Dizplay Settings Draw
PROEXIS

- Details
TIM File: | survep.tin Q
tethod:  Trangles ™
~ Digplay Settings Filter Tolerances
By Feature "l | Harizontal: | 0.3000
Feature: |FROEXISTEO =l é Y aniance: IIJ.'IDDD
 Station Limits ——————————————— Offsety ————
[T Begin: IW A Harizontal: IW
T End [4497.73  #» Yertical: [0.0000
Cved [

» Store the Existing Ditch Profile into the COGO Database

S
1. Click Store Surface in the Draw Profile dialog. :

2. Populate the dialog as shown below.

£ Store Profile [_ [}
Prafile Mame: I Ex_DITCH Select |

¥ Store Profile in GPE
Create Input File

[ peratorn Eade I
File I armes I Eiles |

™| Ereate 200 Erafile Shing

3. Click Apply to store the EX_DITCH profile into the gpk database.

4. Close the Store Profile and Draw Profile dialogs when done.
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Proposed Profiles : Vertical Alignment Generator

PROPOSED PROFILES : VERTICAL ALIGNMENT GENERATOR

The Vertical Alignment Generator is a GEOPAK tool that can graphically create and modify proposed
design profiles or modify an existing ground profile. These operations may be accomplished through a
dialog box and/or by dynamic manipulation of graphic elements.

The Vertical Alignment Generator can be accessed by selecting Applications > GEOPAK ROAD >
Geometry > Layout Profiles (VPI Based). It can also be invoked from Project Manager by clicking the
Vertical Alignment button or by selecting the VPI Based Vertical Alignment Design Tools icon from

the GEOPAK ROAD tool frame.

When selecting the Vertical Alignment
generator, the first dialog that appears is
labeled Settings, as depicted here. The
entries in this box set the parameters and
define the location within the design file where
the profile components are to be displayed. All
fields must be completed before the design
process can begin. Once OK is clicked, the
Vertical Profile Generator dialog box appears.

Note This tool also utilizes the cell that was
drawn in the previous exercise by
using the Identify Cell button.

USING THE VERTICAL ALIGNMENT GENERATOR

9-30

Job Number; I gl
Operator Code: I
FGEL Chaik: |<None> vl

~ Location and Scales

Haorizantal Scale: I 1.000000
Wertical Scale: I 1.000000
Reference Station: I
Reference Elevation: I 0.000000
K |D.DDDDDD
DF
e |D.DDDDDD

~ Profile Cell
Draw Cell sty | Identify Cell |

Cancel |

This tool enables a user to load a previously stored profile or create a new profile. You will notice the
dynamic changes in the dialog throughout the vertical alignment design.

EPmlile Generator [K Yalue Table: Kvalues 1990english_kvl] - |D|ﬂ
File Tools
Siafion T o ~|
Elewation; I uli} 'I
<l msert | Dynarmic | [VE[ete | | Fgert > |
© 2007 VDOT VDOT GEOPAK Drainage



E’Pmﬁle Generator [K Walue Table: Kvaluez_1990englizh.kvl] o ] e
File Tools
|VF‘I 2 |\-"F'I 3 |\-"F'I 4

Station: I 297+88.67
Elervation: I 138

Back Grade: |1.D28? 0 vI

Length: I 363065

Station; |334+19.22 uli} 'I
Elewation: |818.?4 O vI

Delete |

Station: IW
Elewation: W
FwdGrade: [Z7451 0|
Length: IW

<< Inzert | Dynarmic | Ingert > |

Summetrical Yertical Curve ™ i
Epeed: 70 | L [1714.37
Station; |325+B2.|33 HF Station: |331 +17.50 K |54D.EIEIDD Station; |342+?E.41
Elervation: IBDS.92 HP Elewation: IB'I 278 55D |84?.15 Elesation; IBEIEI.34
Eleviousl 1[4 | 4 Next |

Various design parameters must be defined prior to designing a new profile; which are discussed in the
options supported under the two menu options; File and Tools.

FILE
Fil= Tools

Breferences. ..

Profile Cell Settings...

K walue Table...

Load Praofile. .
Sawe Profile

Save Profile fs...

Clear Prafile

Ciraw Profile

E =it

TooLs
Tools

lzsue D atapoint

Lritical Points
Best Fit

VDOT GEOPAK Drainage

Preferences — Elevation, length, grade increment and vertical curve preferences.
Profile Cell Settings — contains the profile cell definition.

K Value Table — defines the stopping sight distance K-values for crest and sag
conditions at various design speeds.

Load Profile - retrieves a previously stored profile from the coordinate geometry
database (.gpk).

Save Profile - stores a new profile or updates (redefines) a previously stored
profile under the same name.

Save Profile As - is used to store the profile or to save a modified profile under a
different name.

Clear Profile - clears the profile display from MicroStation graphics and removes
all VPI’s from the dialog box.

Draw Profile - write the graphic elements of the profile to the MicroStation file.
Exit - ends the process.

Issue Data Point - Permits you to type in stations and elevations, issue a data
point that can be part of a MicroStation place line, place a cell or perform other
generic operations. This is useful in displaying visual references within the profile
that need to be considered in design of the vertical profile.

Critical Points - Vertical curves may also be defined by one or two critical points
— i.e. the curve will pass through these points If mathematically solvable, the
vertical curve will be drawn and the design speed display adjusted to fit the
current parameters.

Best Fit — Allows you to best fit a line, parabola (vertical curve), or profile
through a series of existing VPI’s.
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Creating A New Profile

CREATING A NEW PROFILE

Warning The enter/tab key must be used to ensure values are accepted.

A new profile can be created with the following steps:

1. Place the first VPI using one of the four supported options.

e Type station and elevation of the VVPI into the appropriate fields in the Profile Generator
dialog.

e Enter station of VVPI as precision input (type in value), and allow the elevation to be
defined through dynamic cursor placement on screen.

e Elevation is defined via precision input, and the station is defined through dynamic cursor
placement on screen.

e Both values for the VVPI can be established dynamically on screen by clicking on the
Dynamic button and placing a DP in the view at the desired station and elevation.

2. Define ahead (or back tangent).

Station, elevation, grade and length parameters may be defined via precision input, dynamic
manipulation or a combination of both.

3. Define remaining VPI’s and Grades.
A repetition of Step 2 with an option to insert VPI’s between two existing VPI’s.
4. Define Vertical Curves.

Simply define the design speed from the Speed option button and GEOPAK will reference the
K-value table and draw the vertical curve. If a curve overlap occurs, an overlap message will
be displayed in the dialog box along with the overlap length. Length of Curve or K-value may
also be keyed in.

5. Adjust Curve Lengths.

The vertical curve can be modified by directly keying in either the K-value, curve length or
defining the design speed in the dialog box. You will see the values computed automatically
adjust to reflect the results of any modifications.

6. Save the Profile.

Select File > Save As to name and save the newly created profile. The names of profiles are
any 1-9 alphanumeric characters.

PRECISION PLACEMENT OPTIONS
Options available for creating or modifying vertical curves, VPI’s and grade lines:

e OFF - Values change.
'Lr”éi i ¢ INC (Increment) - Ensures that the designated profile parameter

will be adjusted as defined in the Preferences dialog.

e LCK (Locked) - Forces selected operations to maintain the
designated profile parameters.
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LAB EXERCISE : VERTICAL ALIGNMENT GENERATOR

» Creating a Proposed Ditch Profile

1. Select the Vertical Alignment Generator dialog. (MS Menu: Applications > GEOPAK Road >
Geometry > Layout Profiles (VPI Based) ).

2. Click the Identify Cell button and select the previously plotted profile cell. This will
automatically populate the Settings dialog as shown below.

g Settings

Jab: [107 Q
Operator Code; IVD
PGL Chair: |DITI:H vi

- Location and Scales

Harizontal 5 cale: IW
Vertical Scale: IW
Reference Station: IW
Reference Elevation: Im

s | 2713945.2625
DF
Y1 | 335761.01472 ) 0

~ Prafile Cel

Diraw Cell at =7 |

Identiby Cell

ok | Cancel |

3. Click OK. This will invoke the Profile Generator dialog.

4. Provide the initial VVPI Station = 0+00 and the initial VPI Elevation = 2033.50 as shown in the
diagram below. Be sure to press Enter after each entry is made.

g Profile Generator [K Value: KV¥alues_ 2001 english.kvl]

File Tools

ISE B3

IVF'I 1
Statian: | 0+00.00 : Lock VE
Elevation: |2033.50 Off vI

<< Inzert I Dynamic | DelEte I Insert > I

5. Click the Insert button and complete the VPI Station and Elevation of the subsequent VPIs as
detailed in the table below.

VPI Station Elevation
2 2+20 2018.00
3 3+90 2012.05
4 4+95.13 2009.11

6. Click the Previous button to return to VPI 2 as shown in the diagram below. Enter a 200 ft

vertical curve.

VDOT GEOPAK Drainage

© 2007 VDOT

9-33



Lab Exercise : Vertical Alignment Generator

gPloﬁle Generator [Active Profile: DITCH, K Value: KValues_2001 english.kvl)

File  Tools

v
Station: W
Elevatiary W
Back Grade: [ 70459 |Oif_ ¥

IVPI 2
Station: |2+20.DU Qi vI
Elevation: IZD‘I a.00 Off vI

ER
Station: W
Elevation: W
Fwd Grade: [-35000 O ¥

<< Insert I D'ynamic | Delete I Insert > I
Length: W Lenath: IW
Symmetrical Vertical Curve l|
Speed: M i W
Station: IW LP Station: W ks m&— Statior W
Elevation: [2025.05 LP Elevation: [201450 SSD: [MNA Elevation: [201450
Eleviousl 1[d | ol 4 Mext |

7. Click the Next button to move to VPI 3. Enter a 100 ft vertical curve.

gPloﬁle Generator [Active Profile: DITCH, K Value: KValues_2001 english.kvl)

File Tools

ez
Station W
Elewation W
Back Grade: [ 35000 |0 ¥

|VPI 3
Statian: |3+SD.DD O Vl
Elevation: IZD‘I 205 Off vI

ECER
Station: W
Elevation: W
Fwd Grads: [-25000  ||Of ¥

<< Inzert I Dynamic | Delete I Insert > I
Length: IW Lenagth: IW
Symmetrical Vertical Curve l|
Speed: M [iooog
Station: W LP Station: IW K: IWM Statior: IW
Elevation: [2012.80 LP Elevation: [2010.65 SSD: [ MNA Elevation: [201065

LI [

Eleviousl 1 [
8. Select File > Save Profile to save the profile DITCH.

Next |

9. Close the Profile Generator dialog.

» Drawing the Ditch Profile

1. Select the Draw Profile tool. (MS Menu: Applications>GEOPAK ROAD>Plans
Preparation>Draw Profiles).

Click the COGO tab then set the Label Scale to 50 in the upper right hand corner.
Select the Profile Name DITCH in the Details section.
Set the option button to By Feature in the Display Settings area of the dialog.

o kr wDn

Click the Browser Feature icon then navigate to the item shown below.
= E3

aK | Cloze

@ [\D ata'Geowdotdiainl bstandards\Geopak D O Tenglizh.ddb -
[ Location & Design
= Aligrments

1 Horizontal

(2 Wertical
é PROEXISTZ5S - 25 Scale Existing Profiles
& PROEXISTS0 - 50 Scale Existing Profiles
ﬁ PROEXIST100 - 100 Scale Existing Prafiles

gSelecl Design & Computation Payitem __.
File Edit Seftings Favaortes Help

g id

7 Box Culverts

£ Construction Limits

3 Cross Section

23 Curbing LI

6. Click OK.
7. Click Add COGO Profile Settings to draw the profile.

9-34 © 2007 VDOT VDOT GEOPAK Drainage



Lab Exercise : Vertical Alignment Generator

VDOT GEOPAK Drainage

10.

E Draw Profile [_ |]

File Edit Update Options

Job Humber: |1EI1 VI '@ ﬁ Label Scale: IED.DDDDD

Chain: [DITCH =l

Surfaces] COGO ] Prniection]

Mame Dizplay Settings
PROPR5010

~ Detailz

Profile: [DITCH -lr

\ertical Offset [0.0000 [ Begin: | 0+00.00
[ End [2+3513

 Display Settings

[ Station Equation

By Feature "I | — Customn Line Style
Feature: |PROPRE0T0 =4 I"| Scale factor: [0.0000
Optiong

Strip Grade Increment: | 0.0000

WF ¥ Horizontal &wis Labels

A Wi

Review the proposed ditch profile. This will draw the proposed profile with the proper

symbology in addition to labeling the stations.
Close the Draw Profile dialog.

Exit MicroStation.
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10 Stream Design: From GEOPAK to
HEC-Ras

OBJECTIVES

Provide you with a general understanding of GEOPAK Cross Section Reports and their capability to
generate geometric information for the HecRas program.

INTRODUCTION
The creation of a stream or river cross sections requires the usage of different tools within the
GEOPAK software.

The GEOPAK Cross Section Report tool enables us to extract information from the stream cross
sections in a format accepted by the HecRas software.

The designer should be able to place a basic alignment along the stream and generate existing ground
cross sections. These cross sections will be used in the GEOPAK Cross Section Report to format the
data accordingly to HecRas GIS format.

LAB EXERCISE: IMPORTING STREAM GEOMETRIC DATA TO HEC-RAS

> Creating a River Baseline

1. Execute c:\data\geo\vdot\drain1\LAB10_V8ad.EXE
2. Open the MicroStation file, C:\Data\Geo\VDOT\drain1\Survey_river.dgn

3. Access Store Graphics (MS Menu: Applications > GEOPAK Road > Geometry > Store
Graphics)

4. Enter the information as shown in the dialog below.

gStule Graphics M= E3

Settings

Job: [107 @
Operator Code: IJD—
Chain___ ~|[FWER
Beginning Paint; W

Mode: _Complex Chain vI

1D Element | Stare |

5. Press ID Element and select each of the lines that represent the alignment of the river stream
until the Store button activates.
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

Note

Remember to consider that for HEC-RAS the highest station value of a section is the
upstream point of the channel. In our example, the river flows from south to north.

Click on the Store button.

Click OK at the Store Graphics notification dialog. The alignment will be saved into the
geometric database and a copy of the generated commands will be written into the ASCI| file

j10lojd.inp.

Close the Store Graphics dialog and delete the MicroStation lines that represented the stream

alignment.

> Drawing the River Alignment

1.

10-2

Access the Design and Computation Manager (Applications > GEOPAK Road > Design &
Computation Manager). A secondary dialog box will appear to be used in conjunction with

the Desigh and Computation Manager dialog box.

Select the item shown in the dialog box shown below.

%5 Design and Computation Manager [_ [0}

File Edit Settings Favortes Help

= BLZ5 - 25 Scale Baselines
g BLEO - 50 Scale Bazelines
& BL100 - 100 Scale Bazelines
7 Vertical

7 Box Culverts

3 Construction Limits

7 Cross Section

3 Curbing

3 Drop Inlets

7 End Sections

3 Endwealls

3 Erosion Control

3 Fence

7 Ground Cover

& CAData\Geowdothdraind \standardz\Geopak WD OTenglizh.ddb =
[~ Location & Design
= Aligrments
[~ Horizontal

[

Click on the Draw Plan and Profile button from the secondary dialog box.

FHEBL2S - 25 Scale Baselines  [H[E
| ,
= Edboe Attutes Match Point Text
= Hew Element Ml Ciraw Plan & Profile

Select Chains operation as the Element Type. Each of the chains will be displayed in the list
box as shown. Notice that the options that are to be drawn with the chain are already

activated. Set the Label Scale to 25.

© 2007 VDOT
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

VDOT GEOPAK Drainage

gPlan & Profile Draw M= E3
Operation
IV Chainz | BLZ25 - 25 Scale Baszelines™
Select Chain
EEL4ED W Line Direction Label
EELT;-'L‘NE [ Line Length Labels
REDBUD ™ Line Labels Only
RIVER I¥ Curee Label

W Curve Data

[T Curve Labels Only

™ Place Curve Data By DP
™ Spiral Label

¥ Spiral Data

™ Spiral Labels Only

™ Place Spiral Data By DP

[

5. To draw the chain, click on the name of the chain: River in the list box. Only click once!!
Each time you ID a chain it will be plotted into the design file.

6. Change the Element Type to Stationing and modify the dialog settings as shown.

# Plan & Profile Draw M= E3
Operation

IV Stationing | BLZ25 - 25 Scale Baszelines™
Select Chain to Station
EEL4ED W Tick Marks
EELT;-'L‘NE W Tick Marks Stations
REDELID ¥ PC&PT &C5... labeks
RIVER I¥ Pl labels

~ Small Ticks

Ticks LT; Labels LT _|
~ Large Ticks

Ticks LT: Labels LT |

~ Contral Paint Labels

As Per Preferences I

7. To draw the stationing for the chain, click on the name of the chain: River in the list box.

8. Exit the Plan and Profile Draw dialog box and close the D&C Manager.
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

> Existing Ground Cross Sections: Drawing Pattern Lines

1. Access Draw Patterns (Applications > GEOPAK Road > Cross Sections > Draw Patterns
by Station Range).

ngaw Pattern Lines M= E3 GEOPAK 5et Feature
Jake |1D1 Q Chait: IFEIVEF! vl ﬁ Erafile: IM.-’-‘«INLINE vl Sumbology
Beginning Ending
Left Dffsetf+]): [E0 Left Dffsetf+]): [E0 Color: [l 5 =l
Station: [2+00.00 o Station: [7+00.00 o Style: | L =
: . : : weight: | 2 E3|
Right Offzet(+): IED Right Offzet(+): IED
ak I Cancel |
Even 'l |1EIEI.DD [T Skewdngle [0.00
Level Symbalogy: _ Draw PatteinLines |

2. Click Draw Pattern Lines to initiate the plotting of the patterns into the design file.

3. Adjust the length of the pattern lines, using MicroStation commands, at both ends of the
bridge just enough to cover the channel section.

Note The designer has the option to add, delete or modify patterns lines manually using the Place
Line command in MicroStation. GEOPAK identifies any line as a pattern line for cross section
plotting by searching for user specified CADD symbology.

4. Close the Draw Pattern Lines dialog box.

> Existing Ground Cross Sections: Generating the Stream Cross Sections

1. Open MicroStation file c:\data\geo\VDOT\drain1\xsriver.dgn

2. Access Draw Cross Sections from Surfaces (Applications > GEOPAK Road > Cross
Sections).

Select the job number: 101 and chain name: RIVER in the Draw Cross Sections dialog.

4. Generate the existing ground cross-sections by populating the dialog boxes as shown below.
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

ngaw Crozz Sections

File Edit Up

date Optiohs

M= E3 #5 Draw Cross Sections [_ [}

File Edit Update Options

Job Murmber: |

11 x| Chain: [RIVER

#5 Cells I Surfacesl

=l Ciraw | Job Mumber: |1D1 vl Chair: IF!IVEFH vl Diraw |
" DF Origin [ DF Origin
g Cellsl Surfaces I

 Pattem Type| Mame Dizplay Settings Method
Bu DGM File vI Triangle:z: 1
[l
Design File: | Survey_river.dgn a,
¥ Levels: |Level G ¢1 [/ 50 |
¥  Colors: |5 71 I¥ Line [ Line Sting
~ Details*
M| Stles [0 a Match Feset | = ) .
. — TIM File: | creek. tin Q.
I wieights: |2 d ey | Method: Triangles ™ Type: Line "I
- Scale Spacing ~ Display Settings Filter Tolerances
Harizortak [1.000000 [ 000,000 By Level Symboiogy | | NEEEEEENR Harizontal: [0.3000
Vertical: |1.DDDDDD Vertical: IEDD.DDDD Feature: o o Enfics > =1 & Yariance: |D,1IJIJIJ
Murnber of %5 by Colurn: |2D
— Text Settings
KN W o | —

Note The Display Settings for the existing ground line are set to level 1, color 1, style 2, weight 5

5. Click DRAW to generate the cross sections.

g Draw Cross Sections M=
File Edit Update Optiohs

Job Mumber: [101 =] Chain: [RIVER =l Diraw |
" DP Origin

by CeIISI Surfaces I

a|
th
X
— Details®
TIM File: [cresktin | @
Method:  Trangles ™ Type: Line 'l
— Dizplay Settings Filter Tolerances

By Level Symboiogy | NN Harizontal: [ 0.3000
Feature; B Entizs = 25 Varianoe: [ 01000
~ Test

-

En P i —

6. Exit the Draw Cross Sections dialog box.

> Review the Cross Sections

1. Select the Cross Section Navigator tool. (Applications > GEOPAK Road > Cross Sections >
Navigator)

Cross Section Mavigator - RIYER - Scale TH: 1 ¥

3+00.00 = ‘ 44 4 H P PP | ':.‘:'_T'\" *ﬁ'\" "HHH"; ;ﬁ| &Z

VDOT GEOPAK Drainage
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

2. Use the Cross Section Navigator to browse and check your existing cross sections.

3. Close the XS Navigator dialog box
> [Exporting to Hec-Ras

1. Access the HEC-RAS report (Applications > GEOPAK Road > Cross Sections > Reports)

& %5 Rep_ HEHE

[REY

Clearing |
Closure |
DTH Input |
DT Prop 3D |
HEC-2 |
HEC Ras |
Multi-Line |
Frafile Grade |
R adial Staking |
RT40 |
Seeding |
Slope Stake |
Staking Detail |
WSPRO |
5 List |

[ Hilite

2. Populate the dialog box as shown below.

& HEC RAS Repor BE E # HEC RAS Select Element Sy... [HE E3
: f101 ¥ LvMames: [Level1 |
HEC RAS Elements Disgly | L imbers: | d
¥ Colors: |1 |
Iv! Shles: [ 4 |
HEC RAS Repart File | ssriver. geo Files | v WE|ghts [ A
Apply | M atch | Dizplay | Resst

3. Click Apply to generate the Hec-Ras cross section geometry file.
4. Exit MicroStation.
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

> Importing Cross Section Data into Hec-Ras

1. Activate Hec-Ras from c:\ data\geo\vdot\drain1\hecras\ras.exe.
HEC-RAS 3.1.3 M= B

File Edt FRun “iew Optionz Help
I I Hydrologic Engineering Center
oy HT. 25]
vl //-ﬂﬁl %I IC = I}—\I Kl E IEI IDSEil US Army Corps of Engineers

] B = P

Froject:

Flan:

|

| I
Geometry: | |

| I

| I

Steady Flow:

Unsteady Flow:

Description : || I;’ IUS Customary Units
2. Access the included Hec-Ras project: xsriver.prj located in the c:\data\geo\vdot\drainl

HEC-RAS [_ =] =]

File Edit Simulate Wiew Optiohs Help

Meva Project ...

=3 E 7] Hydrolegic Engineering Center

=l -' pss|US Custarnary  Hydrelegic Eng a

e E 1= Army Corps of Engineers
Save Brofest

Save Project Az
Hename Brajest .

Delete Project ...
Project Surmrmary ..

Import HEC-2 Data ... \;‘

3. Access the Geometric data module of Hec-Ras by selecting Edit > Geometric Data from the
Hec-Ras pull down menu.

HEC-RAS 3.1.3 [_[5[=]
Filz | Edit Fun “iew Options Help

e 2 5 1 5 I ) [ el 1

US Army Corps of Engineers

Froje  Unsteady Flow Data .. |
Plan cEdimeRtiEE. |
Geometry: I— |
Steady Flow: l |
Unsteady Flaw: | |
Descrphion ; || \:‘ Im

4. Import the cross section data generated by GEOPAK. (File > Import Geometry Data > GIS

Format )
VDOT GEOPAK Drainage © 2007 VDOT
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

Edit and/or create bridges and culverts M= E3
File Edit ‘iew Tables Tools Help
Puim)
New Geometry Data Staiign RS @
Open Geomety Data O | = 12.99
Save Geomety Data j

Save Geomety Data Az
Fename Geometry Title
Delete Geometry Data

Copy to Clipboard
Prirt ...

Impart Geometry Data m
USACE Survey Data‘Format ...

Exit Geometry Data E ditor HECRAS Format
Latoral HEC-2 Farmat ...
Structure UMET Geometry Format ...
w CwMS Shream Alignment

Storage tike 11 Cross Sections ...
Firea

Storage
Area Conn.,

=
Pumg
Station

1

HTak

Param. =
wiewe L A

-0.0178, 0.5087 |

5. Select the file we created from the GEOPAK cross sections:

Import #G15 Format data file

Title File: M arne: [} Directaries

I I:-tsriver.geo oD atahGechwdothdrain

[1HECRAS

(2 projdbs
[ standards |+

Drives

QK. | Cancel | Help | Create Directary | IQC; vI

[Select GIS Format file to import

6. Review the alignment and layout of the imported cross section data.
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Lab Exercise: Importing Stream Geometric Data to HEC-Ras

Geometric Data H=] E3
File Edit Wiew Tablez Toolz Help

Tools | River |Storage | S.A. Pump RS
Edit Reach | Area Conn. | Station @
= O = O] (<129

Junct.

Inline
Structure

Lateral
Structure

Storage

Param. =
im0 LIJ
|

10094920,00, 52221220 |

7. Review the generated cross sections by clicking on the Cross Section button in the Geometric
Data dialog box. Click on the Expand XS Editor button to see a graphical representation of
the cross section data.

Cross Section Data [_ o] =]
Exit Edit Options Plot Help
River: |101 - LppllDiata |I% + | Plot Options @I ™ KeepFrewxS Plots  Clear Prey |
Reach: [RIVER =] River Sta: 300,000 =b 1 lan
Description I Q
DelR o lea
= I 15 Legend
=
Ground
*
_1 it Bank Sta
e
_ 3|3.37 11.61 | | | =y 5
_ 4361 123 — — <
5536 123 Main Channel Bank P ohs ﬁ
6|65z 1223 IRIEHGEE: E
_7|6E4 1157
_ 8|9.4E 1067 oefficients ?
3|8.56 878 Contraction E xpanszion =
_10|9.87 873 [0 o3
11]11.38 729 =
| -10
= == d 50 100 150
I Station (ft)
|Edit Station Elevation Data [f)

8. Save your project data and exit Hec-Ras.
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1 1 Site Design

OBJECTIVES

e  Provide the user with a general understanding of GEOPAK Site Modeler functionality. Gain
a general understanding of Site Models, Site Objects and Site Element interaction,
associations, and terminology.

e Design of a Pond and Channel

e Review Pond Routing Calculations.

e Review a procedure for Flood Plain Determination

INTRODUCTION

The GEOPAK Site Modeler enables fast, dynamic development of site models and easy management
of the many changes that occur on site projects. It captures design intent as users work and provides
immediate visual feedback. The software performs engineering modeling within a Digital Terrain
Model (DTM)—without merging or extracting graphics into the DTM. Many traditionally
cumbersome processes are reduced to one step: for example, you can dynamically move a building pad
in a single drag and drop step—without measurement, clipping, merging, and placement steps.

The Site Modeler offers unprecedented flexibility in interactively working with site designs without
the limitations of traditional iterative steps. No cumbersome triangle or point editing is necessary. The
software maintains existing ground and provides full control over defining elevations and side slopes
and balancing cut-and-fill. Analytical tools are included to afford powerful evaluation of site designs.

GEOPAK Site integrates digital terrain modeling with interactive 3D site design. The software allows
you to incorporate design features in the model while maintaining existing ground: Move building
pads, change pond elevations, extend retaining walls, trim curbs, or resize berms. The Site Modeler
automatically regenerates the DTM, yet retains full integrity of the models and the original DTM.
There is no need for merging or extracting graphics into the terrain model. Easy on-the-fly functions
let you change elevations and side slopes and balance cut-and-fill. You can add features such as
contours to the model as needed to define your design. Tools are supported for evaluating the site
design and producing drawings and site models.

SITE MODELER PROJECT COMPONENTS

A GEOPAK Site Project is comprised of three components: Elements, Objects, and Models.

GEOPAK SITE ELEMENTS

Elements are any MicroStation graphical element assigned an elevation and DTM Feature (breakline,
boundary, contour, etc.) with GEOPAK Site tools. They can be placed into a 2D or 3D design file
utilizing any generic MicroStation command, except Make or Drop Complex Chain. Once the
elements are drawn, elevations are assigned with GEOPAK Site tools. At any time, they can be
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GEOPAK Site Elements

moved, copied, or otherwise manipulated. Once a group of elements is drawn to the designer's
satisfaction, they can be defined as an object.

Elements can be modified at any time during the site design process. To move the location of an
object in the X-Y plane, utilize any MicroStation command, except Create Complex Chain.

Let's review several types of modifications, their impact on element elevation(s) and their results on
the site project. If using the Site Element Association feature, the elements elevations will be recreated
per their original definition. If not using the associations then the following will apply to the elevations
of the site elements.

Note All modifications support selection sets and fence operations.

Extend / Shorten Line

Use generic MicroStation commands to shorten or lengthen. The Site
Modeler holds the elevations of the original element.

Insert Vertex

Elevation of new vertices is interpolated between adjacent vertices.

Move Element

Maintains all vertices at the original elevations.

Scale Maintains the elevations at all vertices.
Rotate Maintains the elevations at all vertices.
Mirror Maintains the elevations. |If there are duplicate vertices due to the
mirroring, the second elevation is utilized.
Delete Line Removed from the DTM object.
GEOPAK SITE OBJECTS

11-2

Site Objects are collections of Site Elements that are grouped together into Objects for the purposes of
side slope definition, model merging, volume quantity options, and logical geometric components. Site
Elements can be added to Objects as they are created or at any point in the design process. Site
elements can also be removed and included in more than one Site Object. Examples include:

e Parking lots
e Buildings
e Ponds

Each object can contain an unlimited number of elements. In addition, it has other site attributes and
capabilities that should be considered during object creation:

o Side slopes - defines the interrelationship between the object and the model. Cut and fill side
slopes are automatically generated around the extent or boundary of each Object in the model.
The boundary is automatically determined from the extent of the elements contained in the object.
Side Slopes can be as basic as a single cut or fill slope from the edge of a building to existing
ground, or intersecting slopes between two objects, i.e., a building and a parking lot.

e Quantity depth - In order to do excavation quantities, an object may have an associated depth. For
example, a building may have a quantity depth of two master units, which represents the amount
of granular material required beneath the building. These quantities can be easily changed, and
quickly computed.

e A specific set of visualization settings can be applied to each object to control the display
symbology of each.
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e A Site Model is created by merging each of the triangulated Objects specified in the Model. The
designer determines which slopes control the merging process by means of a FIFO list. The first
object, also referred to as the Base Object is the starting surface. Each object is then merged "on
the fly" in the order listed. To change the controlling slopes for intersecting, simply change the
order of the list.

e Site Objects can be raised and lowered in their entirety to easily evaluate design alternatives.

e  The Objects layout and the geometry of the member elements should be evaluated. The boundary
of Objects is determined from the extent of the elements and the objects triangulated
representation will include all elements. Therefore, specific attention to the grouping of elements
based on vicinity and shape of the desired objects in the model should be made. It is recommended
to create more objects than fewer as it provides more control and more flexibility in the design and
evaluation of the final model.

Obijects can be modified at any time during the site design process. The following are methods of
modification:

e Add/remove elements from the object

e Modify Object Slopes

e Raise or lower the object

GEOPAK SITE MODELS

A model is comprised of an unlimited number of objects, one base object (i.e., existing ground), and a
“First In — First Out” (FIFO) list which dictates the merging order. Note the designer does not have to
merge, as it's done automatically "on the fly." As a new object is added to the model, its resultant
slopes, contours, etc., can be displayed on the screen.

Models can be modified at any time during the site design process. This can be accomplished in three
methods:

e Add or remove objects from the mode

e Change the base object, i.e., update existing ground terrain data

e Changing the FIFO list

The workflow involved in using the Site Modeler is designed to expedite the creation of digital terrain
models while providing enough flexibility to easily accommodate design changes. The following
outlines getting started with the Site Modeler.

e Establish base design planimetrics in 2D or 3D MicroStation design file. This includes design
features that define the DTM (e.qg., centerlines, curbs, berms, ponds, property line etc.).

e Obtain design information such as original ground or survey information that serves as the basis of
the initial design.

e Review the geometric layout of design features and determine a preliminary concept for the type
and configuration of Site Objects to be used in the design.

e  Start Site Modeler New Project Wizard.

o Create an empty Model.

e Import the base design information into the Model.

e Select a location to begin the DTM design.

e Create a new Site Object that fits the starting location.

e Begin defining the elevations of the Site Elements and adding them to the Active Object.
e Continue to create Site Objects, Site Elements as needed.
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Site Modeler Main Menu

e Evaluate and analyze the Site Model and adjust Site Elements, Site Objects and Model.

SITE MODELER MAIN MENU

GEOPAK Site is invoked from within a MicroStation design file. If the Project Wizard dialog is
bypassed (by activation of the Don't Show this dialog at Startup), the GEOPAK Site Modeler main
menu bar (along with the Active site Object Control) is automatically displayed. An alternate method
of invoking the menu bar is completion (without pressing the Cancel button) of the Project Wizard.

Each menu selection accesses GEOPAK Site project information, feature placement and tools
necessary to complete a GEOPAK Site project. Tool frames and tool boxes are also supported for all
functions and are accessed via the Tool boxes pull down. The current Site working directory and
Project File are displayed in the header of the menu bar.

PrRoJECT MENU OPTIONS

The Project Menu selections are utilized for creating new GEOPAK Site projects, opening existing
projects, saving projects, establishing the project Preferences, Importing and Exporting data in and out
of the project file, and exiting the Modeler.

When working on a project, frequent use of the File > Save pull down is important. Any changes
made in the project are not recorded in the GEOPAK Site File (GSF) file unless a File > Save or File >
Save As operation is executed. Hence, any power interruption or other malfunction will result in loss
of data that can be avoided through the judicious use of the File > Save tool.

Each GEOPAK Site project contains a set of Preferences which control the project file components
and visual symbology which are accessed through this menu selection.

GEOPAK Site Modeler supports two operations to import data into a site project:

o Data
e 3D to Object

In addition, it supports three operations to export data from a site project:

e Visualization to DGN (Contours, Triangles, etc)

e Model / Object (Creates DAT & TIN Files)

e To COGO (Creates Points in the COGO Database)

e Export to COGO Profile (Creates a Profile in COGO)

To exit GEOPAK Site, the designer may utilize the File > Exit tool on the Project pull down. When
exiting, GEOPAK Site Modeler prompts for saving the current project.

PROJECT PREFERENCES

11-4

GEOPAK Site Modeler supports a wide array of user defined Preferences which enables the designer
to set project specific options, or a larger organization to set parameters to maintain standards. Each
GEOPAK Site project contains a set of Preferences and they remain with the project.
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The g_eneral & Site Preferences - Tolerances M= B
groupings of e
Options are =

P . Linear Stioking: [25.000
displayed in a
list b inth T'3'|"5""'3'35= Curve Stroking: | 0.010

19, Dox In T Project Companents Camer Stroking: [ 10.000
left side of the izualization -
dialog, while Objects B-zpline Plan Stroking: | 0.01a
the right side gpdating E-zpline Profile Stroking: ID.EIEH
displays e b amimum Triangle Length: I 100,000

parameters for ok |

Elewation Decimal. 2 ™

Cancel |

the highlighted

Option. As different options are selected in the list box, the right side of the dialog changes
dynamically to reflect the parameters for highlighted Option.

These Options and very brief descriptions are detailed below.

Tolerances Tolerance and stroking options used in the creation of Site Elements.
Visualization Variety of element symbology and display options

Updating Toggle for automatic updating

Objects Standard List of Object Types and default values for Object parameters
Save Automatic saving and backup options

On the right side of the dialog, the OK and Cancel buttons commence closing the dialog and storing

the preferences, if required.

TOLERANCES

ESite Preferences - Tolerances
File

I =T e

Tolerances

Praject Compaonents

Linear Stroking: I 2R.000
Curve Stroking: IIJ.D1D
Cormer Straking: I 10.000

[izualization

Ohjects B-zpline Plan Stroking: I 0.010
|pdating B-zpline Prafile Stroking: | 0.001
Save

[

t amimunn Triangle Length: | 100.000
Elervation Decimal: 2

Cancel |

Linear Stroking

The Linear Stroking option densifies portions of linear elements and is
utilized to interpolate new spots from the linear elements.

Curve Stroking

The Curve Stroking feature densifies the curved portions of the break
lines. Curved break lines in GEOPAK are handled by segmenting the
curve into small chord segments. The length of the chord segments can
be determined by setting the Curve Stroking.

Maximum Triangle
Length

External triangles whose external edge is longer in length than the
Maximum Triangle Length user specified distance are dissolved.

VDOT GEOPAK Drainage
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Elevation Decimal

The Elevation Decimal controls the number of decimal places displayed
on the elevation labels for points within the objects and models.

VISUALIZATION

Note Stroking is the process of automatically inserting points along Site Elements by interpolating
new points from the linear and curved sections of the data.
A variety of Site Preferences - Yizualization ME E
user-defined —
parameters are Optiong IV iew dctive Dbject ™ Wiew ctive Model
Tolerances [T Object Display Snaps [ Model Displap Snaps

supported, to

provide the - Cantaur Smaathing
designer with Objects Fupe! Thiee Foint ¥ |
maximum Updating :
S ere s ave -~ Canstruction Elements —————

flexibility in 5 Construction Element

; F— [ Elements: [— Model Yisualizai
Visualization. 0Ok, | Cancell odel Visualization |
These [ Wertices: [ EIementVisuaIizationl

Froject Components

parameters are
briefly detailed below.

View Active Object

When activated, the current object listed in the Active Site Object Control
dialog is displayed. This object will maintain the display settings during
view updates and changes. All visualization settings are derived from the
definition of the specific object that is active.

View Active Model

When activated, the current model listed in the Active Site Object Control
dialog is displayed. This model will maintain the display settings during
view updates and changes. All visualization settings are derived from the
definition of the specific model that is active. If the mode is inactive, no
models are displayed as depicted in the example below, where only the
MicroStation elements are displayed.

Smooth Contours

When active, an algorithm is employed to smooth contours.

Construction Elements

The element symbology for Site Elements created in the modeler that is
not contained in a Site Object. It may be desirable to establish Site
Elements and their elevations purely as a reference or to construct other
elements. These Site Elements are not needed in the Site Objects
themselves and are considered Construction Elements. Site Elements
contained in Site Objects are displayed according to the object
visualization of the object to which they belong. The Construction
Elements are displayed using these settings in the preferences.

MODEL VISUALIZATION

11-6

When the Model Visualization button is pressed, the dialog below is invoked.

© 2007 VDOT VDOT GEOPAK Drainage



Site Modeler Main Menu

# Edit Object Visualization - Default Model Visualization [HJE] EI

Visualizationl Slopelndicatnlsl Apply | Lancel |
¥ Boundary: [ [ ertices: 12
tajor Cantour ————— 1~ Minor Contowr ———————————
W Plce [ P  [mm—

Elew. Intereal | 1.000 Elew. Interwal | 0.500

¥ Label: “ ¥ Label: 1=

Label Interval: I 0.000 Label Interval: I 0.000

The Visualization tab contains specifications for all features that are available for display in Site
Models including triangles, boundaries, and vertices. These settings will be applied to all models
created subsequent to setting these. All symbology controls, the sample line and text graphics in this
case, can be set by double clicking the sample and using the Set Feature dialog shown below.

GEOPAK Set Feature
Symbaology
Level: |Level 1 =]
Color: [ 0 =l
Style: | i =l
-
0K I Cancel |
Additional options can be invoked by clicking the right mouse button over these sample controls.
£ Edit Model = 3
todel Mame: [h176582-pond =l

FIFQ I Dizplay Model I Display Elbiectsl

¥ Triangles: _ Apply |
Byassument
[ Wertices:
12 By Element _

Major Contowur —————————————— r

W Place: [— Cop —
Blast
Elew. Interval: [10.000 e —bival: [2000

Label Interval: I 0.000 Label Interval: I 0.000

OBJECTS
When the Objects option is selected, the dialog changes as reflected below. This option is utilized for

creation, deletion, and manipulation of the library of objects. The information includes both the Object
Type and Naming Prefix.

VDOT GEOPAK Drainage © 2007 VDOT 11-7



Site Modeler Main Menu

gSite Preferences - Objects ME E
File
Options | Ohbiject Type MHamitng Prefis ;l
Tolerances pen Space Open ]
Praject Components E wisting Graound Exizt Ground J
Wizualization Temporar Gradi Temp Grading ¥
Ohijects Charirel Channel =l
gpdatlng | Evisting Ground | | Exist Ground
ave ; .
— Object Details
oK | Cancel | ® Vizualization ) Slope Indicators ©) Default Slopes
[T/ Triangles: || EE—
™ EBoundan: = ™ Vettices; 12
Major Contour ——————————————— ~ Minor Contour ————————————
¥ Place: | —| ¥ Place: _
Eler. Interval | 10.000 Elew. Intereal | 2.000
™ Labek _ [ Label: 12
[Latse! [ atenal: ID.DDD [Latee! [ nteral: ID.DDD

This list box displays all Object Types within the active project. Default types which are initially
displayed include: Parking, Building, Pond, Roadway, Lot, etc. These Object Types assist in
organizing and categorizing design features, controlling standard symbology, and establishing defaults

for Objects created.

The portion of the dialog titled Object Details allows you to set Visualization of the highlighted Object
Type. Each Object Type may have its own settings, providing maximum flexibility for you to display
only specified parameters for the particular Object Type. Note its similarity to the Default Model

Visualization dialog.

When an Object Type is highlighted and the Object Details is set to Default Slopes, the dialog depicted

below is displayed.

g Site Preferences - Objects ME E
File
Options | Ohbiject Type MHamitng Prefis ;l
Talerances Building Eldg J ]
Praject Components Pand Pand
Wizualization Roadway Foad ¥
Ohjects Lot Lat ;I
gpdatlng | Pord | Pord
ave ; ;
— Object Details

ak. | Cancell

) Wizualization ) Slope Indicators ™ Default Slopes

Default Side Slope: _Cut-Fill Slope vI

Cormer Option; . Rounded Vl F adial v|

Cut:_Slope run:rize "I |4.DDD :I'I.DDD
Fil: _Slope run:rize "I |4.DDD :I'I.DDD

As new Objects of a particular type are created they will obtain the default settings. Note that an
Obiject slopes can be modified at any time, these defaults are applied when the object is created and
remain in effect until the slopes are modified while editing the Object. Slopes are applied around the
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UPDATING

SAVE

boundary of the entire object and are generated as the intersection from the Object boundary to the
Model. Three Default Side Slope options are supported:

e No Slopes

e Cut - Fill Slope

e Cut-Fill Table

Corner Options can be specified to generate either Rounded or Straight slopes around corners of
Obijects and can be projected Radial or Planar. Supported options for Cut and Fill specifications are:

e Slope run:rise

e Slope rise:run

e Slope %

e Slope Unit/ Unit (ft. / ft. or meter/meter)

Simply specify the desired slope.

The Updating dialog is depicted below.

gSite Preferences - Updating [ (=]
File
Optiong IV Auto Update Model
Tolerances ¥ Prompt on Site Element Delete
Froject Components L -
\isualization Element Azzociations:  On I
Objects Wwiorking Boundary D efinition
[T Clip Model on ‘wWaorking &rea Boundarny
Save -
Elaee ok Eaurdan |
Ok | Cancel |

When the Auto Update Model is active, the model is updated whenever a change is made to an

element, object, or the FIFO of the Active model. As Models get larger, it may not be necessary to
update the Model on every single edit. Deactivating this speeds up the modifications that are being
performed, but must either be activated or the Model itself processed to view any changes incurred.

Element Association refers to the relationship elements maintain with the original method by which
they were defined. Elements defined by other elements / object / models can always maintain the same
dependency on the items referenced in their creation.

When activated (On), it enables the associations. All subsequent element modifications that occur to

the dependent elements or referenced identity utilize the original association when computing the
impact of the modifications. Clearing the toggle (OFF) disables the associations.

The Save dialog is depicted below.
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MOoDEL MENU

EDIT MODEL

gSite Preferences - Save [_ 51 =]
File

Optiong

Tolerances ™ Automatic Backup

Project Comporents V¥ Automatic Save: | 30 Minutes ¥
[izualization

Ohjects

|Jpdating

ak. | Eancell

When the Automatic Backup option is activated, a backup file is always created (in the project
directory with a *.bak extension) when the project is opened.

The Automatic Save Option saves the GEOPAK Site project file (.GSF) to the disk at the user
specified interval. Automatic Save intervals include 1, 2, 5, 10, & 30 minutes.

The Model menu selections provide the [T =i
mechanism to add, edit and delete the various
elements which comprise a Model, including i & &

Display parameters, merging order (FIFO), and
Display options. Each of these tools invokes a dialog wherein the specific model information can be
added or edited, or entire models deleted.

The Model editing options provide the mechanism to change the list of Objects contained in the model
and modify the display setting of the model and its objects. When invoked, the dialog depicted below
is displayed.

FIFO FUNCTIONALITY

11-10

The FIFO, or "First in First out," contains the list of all the Site Objects contained in the model and the
order in which the Objects are to be merged. This Object list is processed from the top to bottom,
starting with the Base Object any time a change is made to a Site Object or Site Element contained in
the Model. The Site Preferences contain an option to disable this automatic updating should this
immediate feedback be unnecessary or grow time consuming as the model grows. Since Objects can
easily be added and removed from the FIFO list, certain time savings can be achieved by removing
Objects not needed for the current design process and can be added back at the end or at such time as
their impact is needed.

The process used in the creation of the final triangulated Site Model is as follows:

e The Base Object starts as the initial state of the Model.

e The first Object in the FIFO list is retrieved.

e The boundary of the Site Object is determined from the extent of all the Site Elements contained
init.

e The Side slopes associated with that Object are applied around the boundary down or up to the
Model depending on the cut fill situation.

e This Object is then merged into the Model.
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e This new state of the Model with the first Object and its side slopes merged into the base Object
becomes the initial sate of the model for the next Object in the FIFO list and the process is
repeated for all the objects in the list.

DisPLAY MODEL TAB

The Display Model Tab is utilized to control the visualization settings of the entire model. The dialog
is depicted below and contains specifications for features displayed within the Modeler including
triangles, boundaries, and vertices. When the toggle to the left of the feature is active, the element is
displayed. When inactive, it is not drawn. To the right of each feature is the level and element
symbology.

£ Edit Model = 3
todel Mame: [h176582-pond =l

FIFD | {Display Madek | Display Objects |

[T Triangles: [ — Apply |
[ Vertices: [T Boundary: —|[—
Major Cantour ———— [~ Minar Contour

P Plce (| phce  —
Elew. Interval: |1D.EIEIEI Elevw. Interval: |2.EIEIEI

v Label: “ v Label: 1z

Label Interval: I 0.000 Label Interval: I 0.000

DisPLAY OBJECTS TAB

When the Display Objects Tab is selected, the dialog depicted below is displayed.

£ Edit Model M B3
todel Mame: |hl7682-pond =l

FIFO | Display Model | |

Object Type | Apply |

[JPond

[ Clip Objects from Maodel: “iew without D bjects v|
[ Displap Base Object: wiew ithont N bests v|

Object Type List box containing all current Object Types in the current model. If the
eye icon is displayed to the left of the Object Type, then all objects of the
specified type are displayed with their visualization settings.

Clip Objects from When activated, this clips every object out of the model prior to display.
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Model It is good for showing proposed vs. existing.

Display Base Object This toggle indicates whether the Base Object should be displayed with
its visualization settings.

Apply Cor;mences the display procedure, which reacts to any display changes
made.

OBJECTS MENU

EDIT OBJECT

The Object menu selections provide tools
to Add, Edit, Copy, Move, Raise, Lower,

or Delete an Object.

The object editing options
provide the mechanism to
modify an Object's properties,
side slopes, and display
settings.

OBJECT PROPERTIES

g Edit Object - Properties

Object Mame: [Pond 1

Descriptior: |

Object Type:  Paond

(Huantity Depth: ID.DDD taw. Triangle Length: I'IDD.DDD

=l

Apply |

=l
00 % 0 5 03| It A8
I 3

Under the Properties Tab (shown above) the Object Name for the object to be edited is displayed in the
dialog. A description can be entered if desired. Quantity Depth is the vertical depth beneath an Object
where the earthwork volume is adjusted to compensate in the total volume. Note that this depth is
applied to the limits of the Object's elements and is optional when Volumes are computed.

OBJECT ELEMENTS TAB

11-12

Three tools are supported within
the Elements group box.
Highlight and/or window center
Site elements within the Active
Site Object. Add previously
created Site Elements to the
Active Site Object and Remove
Site Elements from the Active
Site Object.

gEdit Object - Highlight Elements
Object Mame: [Pond 1

=l

] Slopesl Display] Slope Indicalors]

=[O %]

Apply |

Elements ——————

Member Elements | ;
54 @ ™ Window Center
1035

T
1036 %f

gt
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OBJECT SLOPES TAB

The Slopes options dictate the type of side slopes gen

erated from the outer extent or boundary edge of

the Object. These slopes are applied when the Object is placed into a Model and computed from the
Obiject to whatever the state of the Model when it is merged. When the Display with Object toggle is
activated, GEOPAK includes the display of slopes in the Object symbology.

Z Edit Object - Side Slopes

s 3

Object Mame: [Fond 1

Prnperties] Elementsl Slopes I Display] Slope Indicalors]

Side Slope: _CutFill Slope vI [ Display with Object Apply |

Cormer. Rounded

| Radial *|

Cut: Slope runcrise vI |2.EIEIEI :|1.EIEIEI
Slope runcrise vI |2.EIEIEI :I'I.EIEIEI

=l

There are four slopes options available: No Slopes, Cut - Fill Slope, Cut-Fill Table, and Dynamic
Slopes. Corner Options can be specified to generate either Rounded or Straight slopes around corners

of Objects.

DispLAY OPTIONS TAB

The Edit Object Display Tab is utilized to control the visualization settings of the Active Object
displayed in the dialog. The dialog is depicted below and contains specifications for features displayed
within the Modeler including triangles, boundaries, and vertices. When the toggle to the left of the
feature is active, the element is displayed. When inactive, it is not drawn. To the right of each feature

is the level and element symbology.

75 Edit Object - Display ME R
Dbject Mame: [Pond 1 [
I Slope Indicalors]

[T Triangles: | EE— Apply | Apply ta. |
[ Vertices: 12 ¥ Boundary: — |[—
Major Contour ———————— ¢ Minor Contour ——————————————
¥ Place: e | | ¥ Place: | ——|

Elew. Interval: | 5.000 Elew. Interval: | 1.000
¥ Label “ ¥ Label

Label Intersal: W Label Intersal: W

SLOPE INDICATORS TAB

The Slope Indicators Tab is used to set the display preferences of Object Slopes Indicators.

VDOT GEOPAK Drainage © 2007 VDOT
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CopPy OBJECT

MoOVE OBJECT

The copy tool is useful when the object is comprised of numerous elements which need to be copied.

To copy an object, simply key in the Elev Diff (0 if
there is none), then press the Start Move / Copy [ Add to Active Modsl
button and identify the object to be copied. A Elev. Diff; [0.000

second data point defines the revised location. Object Type: [Fond =

Mew Dbject Name; | Pond 2
[ Copy Sectionfs)

Start Copy |

Note When the Make Copy toggle is not activated, the dialog dynamically changes to a Move
Object dialog.
To move an object, simply key in the Elev Diff (0 if # Move Dbject M= B

there is none), then press the Start Move / Copy button
and identify the object to be moved. A second data

point defines the revised location. m

RAISE/LOWER OBJECT

Raise/Lower Object tool can be used to change the & Raise / Lower Dbject M= B3

elevation of an entire object by raising or lowering it. Object Name: [Pord 1 = 7
Note the value is in terms of master units, i.e., feet or Fiajse/Lower: | 0.000
meters.

Apply |

DELETE OBJECT

The Delete Object tool deletes the entire object from 25 Delete Dbject M= =
the project file and (if desired) all the Site elements (W7
that are part of the Object. ¥ &l Elements :

Apply |

ELEMENTS MENU

11-14

The fundamental components in the GEOPAK Site Modeler, Site Elements are simply MicroStation

graphics (2D or 3D) that have been assigned elevations using one of these Site Element tools.

GEOPAK Site Modeler supports a wide variety of tools that when combined with generic
MicroStation commands create and modify elements. These operations include:

e Creating / editing elements
e Changing element feature types
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e Change Element Associations

e Raising/Lowering of elements

e  Copy parallel existing elements

e Modifying elements

e Deleting element Z

e 3D elements

e Composite Sections

e  Edit Profile

e  Obtaining and modifying element information

The 3D Element is active only within MicroStation 3D design files.

ELEMENT FEATURE TYPES

All Site Elements require a Feature Type to describe the way in which to process and interpret the
features within the terrain model.

A Boundary is used to constrain the external boundary of the object or model. For example, an L-
shaped building can be defined as a boundary, so that no triangles are created within the internal
corner. If no boundary elements exist within an object, the limits of the object would result from the
convex area of all the elements contained in the object.

Feature types can be modified at any point in the design to create the desired results. It is often
desirable to leave features as break lines until the object design is near completion and then the desired
elements can be specified as boundaries.

Break Lines designate linear features such as edges of buildings, parking lots, and other pavement.
The generated triangles never cross a break line, rather the edges of the triangles are coincident with a
break line.

A Contour is an element of constant elevation. Triangles can intersect and / or cross over contours.

A Void delineates an area of no data or obscured area and is defined in a series of points forming a
closed element.

A Hole is extremely useful when the base object surface (i.e., existing ground) is desired within an

object. For example, an area of existing within a building footprint is to be landscaped and remain at
the original ground elevation, while surrounded by a building pad.
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SELECTION SETS

Many of the Element tools utilize selection sets, therefore, a generic discussion is warranted into the
operation and use of selection sets. Two options are supported: the MicroStation Power Selector or
GEOPAK selection tools within each dialog.

Define Elements

AR —

™ Redsfine Site Element

USE POWER SELECTOR

When active, the MicroStation Power & PowerSelector I ES

Selector (as depicted below) is Methad: | <= [ 0|7

utilized. To invoke, press the Select _ =
Elements button in the Element Hheiz ”E =410 C
Selection group box. -

GEOPAK SELECTION TOOLS

Selection commands can be utilized

without the Power Selector. The Diefine Elements

leftmost button is Select Elements. -|
Simply press the button, then select the ﬁ ﬁ% %
desired elements. To select multiple I Redefine Site Element

elements, depress the <Control> button

on the keyboard while selecting. To view the highlighted elements, rather than the "handles,” a change
in the preferences is needed. To change, select the MicroStation Workspace > Preferences. Then
select Input and activate the option Highlight Selected Elements.

After utilizing numerous MicroStation commands, the highlighted elements may not be highlighted.
To display previously selected elements, press the Reselect Elements button (center of the three) and
the highlighted elements are displayed again in the specified color. To remove all selected elements
from the selection set, press the Reset Selection Set button (rightmost of the three). The color of the
selected elements is set with the color picker on the far right side of the group box. Note that Element
Selection must be invoked through these selection icons. While the Site Modeler uses a selection set,
it must be started through the use of these commands not the MicroStation Selection set commands.

NEW/EDIT SITE ELEMENTS

One of the primary tools within Elements is the New / Edit Elements tool. When invoked, the dialog
depicted below is displayed.
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gNew / Edit Site Elements-> Slope/0ffset From Site Element [_ [T =]

v idd to Active D_!;gjgg_t_:_glpnnﬂ =l MNew.. | &pply |

Element ] F'ointl Seclion] Display]

v Llze Power Selector
Hg {&b f}’y Xj Lfr:t/_r j%,lx_‘l !-Define Elements
Feature Tupe:  Break Line "I ﬁ%:\& {% % _vl
| Ersenreny] oo | o [T Redsfire Site Element
" Offset Height: W ~ Reference Element ————
Projection Option:  Yertices "l Source MI
™ Use Reference Element &ssociation Select Reference |

The dialog contains five main options: Element, Point, Section, Side Slope and Display. When a tab
is selected, the dialog dynamically changes to reflect the selection. The fields below are displayed
regardless of which tab is selected.

Add to Active Object | When toggled, created and/or edited elements are automatically added to
the active object. Refer to the Active Object Control toolbar for the
current active object.

Current Object Located between the Add to Active Object and the Apply button, the
active Object can be selected.

Apply Commences the processing. This includes redrawing of the elements,

inclusion into the active object, and if the active object is part of a model,
reprocessing of the model.

ELEMENT TAB OPTIONS

The element options provide for the primary mechanism for the creation and redefinition of Site
Elements. When the Element option is selected, the dialog depicted below is displayed.

gNew / Edit Site Elements-> Slope/Oifset From Site Element M= E3

I/ iAdd to Active Object: [Pond 1 Xl New. | Apply |

Element I F'Dintl Section] Display]

‘0 {:}. ff’y .::_“:ﬁ:! g i ~ Define Elements ————

Feature Tupe:  Break Line vI ﬁ {% % _vl
[ Sl BEE UtHiEE vI W - IW [ FRedsfine Site Element
" Offset Height: W ~ Reference Element ————
Frojection Optiorn: Wertices "l Saurce MI
™ Use Reference Element Association Select Reference |

W Use Power Selector

Six tools to assign or modify elevations are provided. As each option is selected, the title bar as well
as the left side of the dialog dynamically changes to reflect the selection. These options include:

VDOT GEOPAK Drainage
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<

Slope/Offset

The Slope/Offset from Site Element option is used for assigning

#
i
¥

from Site elevation to Site Elements by placing the elements at an optional slope

Elements and offset height from existing Site Elements. In calculating the elevation
from the existing Site Element, a projection is performed from the new
Site Elements to the reference based on the minimum distance from the
element to the existing reference element.

Radial From The Radial From Existing Point option is useful for establishing the

Existing Points

elevation of elements relative to points within another model or object.
The tool uses a reference data point elevation and an optional slope and
offset height to compute the elevation for the new element vertices.

Along Element
From Existing
Point

The Along Element from Existing Point tool assigns the elevations along
an element at a constant slope and/or offset height from a data point. The
data point will be projected to the element and the distance along the
element from this point to the vertices will be used in conjunction with
the slope and offset height to compute the elevation of the new element
vertices.

i~ | Drapeon The Drape on Model/Object tool is used to establish the elevation of Site

+#7%% | Model / Object | Elements relative to the elevations contained in a model or object. It is
useful to set the elevation of elements relative to existing ground or other
object.

AN Constant Placing elements at a constant elevation may be utilized when the desired

iiii | Elevation elevation of an element is known. It can be used to set the elevation of a
building or even place a contour into an object. If the computed contours
within an Object do not exactly match the desired results, simply draw
the contour wanted and then place in the Object as a Contour Feature at a
constant elevation.

=ik | Alignment The alignment tool is used to create Site Elements from a GEOPAK

horizontal and vertical alignment. The alignments must have previously
been created using one of the GEOPAK Coordinate Geometry features or
the Horizontal and Vertical Alignment Generators. Once a Site Element
is created from an alignment, the curbs, edges of pavement, etc., can be
created using one of the other Site Element Creation tools. Typically this
would be the Slope/Offset from Site Element.

POINT TAB OPTIONS

When the Point Tab is selected within the New/Edit Site Element dialog, the dialog changes as
displayed below.

11-18
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gDeﬁne Site Point -> Consztant Elevation

[ ] ]

Iv Add ta Active Object: |Pond 1 =l MNew.. | &pply |
Elementl Faint ] Seclion] Display]
- : o Paint to Define
- &Y ( [ oe T

{[0.000

Poirt Type:  Element ™ I

Point elements can be created and added to Objects to refine the surfaces or edit the vertices of existing
Site Elements. When placing points, the Site Modeler can detect when an existing Site Element is

snapped to and rather than placing a new point in the Object, the snapped vertex will be changed to the
new elevation defined in the Point options. This provides for "pull and tug" editing of Site Elements on

a vertex by vertex basis. If no existing Site Element is detected, a MS point graphic element will be
added to the design file and the Object.

If a point is snapped to a Site Element, but not to a natural vertex of the graphic element, the Site
Modeler will actually insert the point along the Site element. This point is now considered dependent
on the site Element and as the element is modified or moved, so will the point.

Five options are supported within the Point tab.

Ha VY

As each option is selected, the title bar as well as the left side of the dialog dynamically changes to
reflect the selection. These options include:

¥ Constant Used to add a point or edit a vertex of an existing Site element at a
=t | Elevation constant elevation.
5 Drape Point on The Drape on Model / Object option is useful for placing or editing
4 Model / Object points and placing them at an elevation relative to the elevation in a
Model or Object.
"_\ Slope from Site The Slope from Site Element option is used for placing points at a
Element given slope from a Site Element.
4] | Min./Max. The Min. / Max Elevation at Slope from Elements option is used for
i Elevation at Slope | placing points at the minimum or maximum elevation computed
From Elements from a set of Site Elements. It can be used to insure a low point or
high point amongst elements.
“a Slope from Point | The Slope from Point to New Point option is used to create a point at
to New Point a given slope to an existing point in an object or model.

VDOT GEOPAK Drainage
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SECTION TAB OPTION

Sections are special Site Elements that are created and attached to existing Site Elements that define a
constant vertical and horizontal offset from the existing element(s). It can be used to attach curb and
gutter sections to the edge of pavement, retaining walls or benching sections.

SEC:;‘]OH Eletmentsk:s th gDefine Site Element Sections ME E
another feature where the

. MHew... aopl
MS graphics are actually Element | Pain| Sectinn] = Nen.. | il

- Emen fullyl 15play
E:reated by the Site Modeler o - - ¥ Uss Poster Selostor
in the active MS Optiort._Table - Set I ~ Reterence Elements
symbology. Section Feature Tupe:  Break Line vI E
elements cannot be directly Offest Dist _ Dffset Elev  Pay ltem | ﬁ%& ﬁ% %
edited, they are locked and 1.500 0.500 cth al _ _
connected to the elements [ Manipulate Section
on which they are placed. X b % ,—@
As the Site Elements S
[1.500 [0500 [t

containing the section are
modified, moved, deleted,
or elevations reassigned, the Section Elements are automatically updated accordingly.

Provisions for assigning sections to multiple Site Elements at once, even disconnected Site Elements,
are available. This capability is provided by gathering all the Site Elements selected for section
placement and assigning the Direction or which side to place the section element. The Site Modeler
may not be able to logically determine a direction given very complex sets of Site Elements. Suitable
messages are provided in this case and a smaller selection set of Site Elements should be used.

CREATING SECTIONS

The following is the procedure for creating Section Elements.

e Select the Reference Elements to place the section along. It is recommended that the Power
Selector be used in Single element select mode. If the elements are chosen in an order which
would easily accommodate chaining the elements together the resulting sections will be
simplified.

e Determine if a cell or table of horizontal and vertical offset is desired and fill tables.

e Set the Direction — this will indicate the side of all the elements for which to place the Section
Elements.

e The Site Modeler attempts to chain all the elements together and then determine the side based on
a single data point. If the element selection does not easily facilitate this process, it may be
necessary to hit any key and reselect a smaller set of elements.

e Once the site modeler has chained the elements together, a dynamic display will indicate which
direction would correspond to positive offsets.

e  Set the Feature type and press Apply.

e The Section Elements are created and added to all the Objects that contain the Site Elements for
which they were placed.

MANIPULATING SECTIONS

11-20

The Manipulate Section has three tools, as detailed in the table below.
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f"" Reverse Section This button flips all sections currently selected to the other side of
“*-f’“ the Site Elements that they are attached.

H Remove Section This button removes the sections from the selected Site Elements.
>i< Since Section Elements are locked, this is the only way to remove
them from graphics.

rj@ Query Section This button queries a Site Element and populates the offset table
1 with the values from the Site Element.

DispLAY TAB OPTIONS

When the Display Tab is selected, the dialog depicted below is displayed.
gDefine Site Element Display M= E3

___________________ New... Apply |

— Element Type
™ Al Elements: [ Selected Elements Ornly

) Active Model Elements:

—
—

) Active Object Elements: = Reset Display |
—

[ Temporary Display Only

) Construction Elements:

Element symbology is supported in this dialog for the following elements:

e All Elements

e Active Model Elements
e Active Object Elements
e  Construction Elements

Activate the desired elements option. Options are also supported for:

e Selected Elements Only
e Temporary Elements Only

Both of these toggles may be active simultaneously. The Reset Display button redisplays the Elements
within the selected group in the desired symbology.

CHANGE SITE ELEMENT FEATURE & ASSOCIATIONS

These two element tools can be used to change the feature type of a previously defined site element or
group of site elements as well a turn on or off the site element associations.

The dialogs below will appear when their respective tool is selected.
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£ Change Featwre [HJEI E3 £ Change Associ.. [H[E
W i o W iU o

Element Selection Element Selection

[ o R P

Feature:  Boundary vI Azzocigtions  OFf vI
Apply | Apply |

RAISE/LOWER SITE ELEMENTS

This tool is utilized to change the elevation(s) of an existing element.

E’Haise / Lower ... [HE E3
el

Element Selection

A [R] r| m~|

RaizesLower: I 0.000
Apply |

MODIFY SITE ELEMENTS
A variety of tools are supported to modify existing site elements.

The tools (from left to right) are:

e Site Element Extend Line
e Site Element Extend Arc [Modify

e Site Element Extend to Intersect I/ !«y !_(
e Site Elements Extend Both to Intersect

x|
LB

e Site Elements Fillet
e Sijte Elements Chamfer

All tools function identically to their generic MicroStation counterparts, except the Extend to Intersect
and Extend Both To Intersect. These two commands have elevation options to be considered. The

Modify Element Tools are only available within a 2D MicroStation Design File.
DELETE SITE ELEMENTS

This tool is used to delete a Site element that is 2 Delete Element Z MIEI K3
associated with a MicroStation Element.

R x|
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3D ELEMENT

Elements placed at the correct X, Y, and Z
coordinates within a MicroStation 3D design
file can be utilized within this dialog. When
invoked, the dialog depicted below is
displayed.

SITE ELEMENT INFORMATION

The Information Tool can be used to
display coordinate information,
Feature type, stroking information and
Member Objects and Site Element
Association information. Most
importantly however, the Information
Tools can be used to quickly change
element information when needed.

330 Element M= E

¥ Use Power Selector

Element Selection

R —

Feature:  Break Line "I
Apply |

gSite Modeler Element Information

ol T

Properties I

I Dbiects] Assncialionsl

= -

The dialog below shows one option of
the Information Tool. Each vertices of

2718324.28
27183663
271E315.86

the Site element can be modified to
achieve the desired result.

COMPOSITE SECTION TOOL

0 20040000
339357.04 2004.0000
339357.68 2004.0000
339350.38 2004.0000
33933810 2004. 0000 =

| 0.0000

s 3

The Composite Section Tool is used to create multiple Site Elements which will be grouped into a Site
Object. This tool can be useful for creating Roadways, Channels, Levees, etc.

g Composite Section - ___Abin\Typical_30i_CG_SW_Rt_ROW sec

File

[T &dd to Active Object; [Eardi

Primary Element Definition

=1 HERL |

Apply |

By Chair-Profile |

Alignment Definition| Chain: Mo Chains

Frofile: Mo Profiles

[ Superelevation By SHiapes vI &
Section Manager I l Right Side Detailz I
Elem. Type | Feat. Type | Definition |Slope | Offset | MaxDist | =
Feature EBreak, Line DesEafP -2.000 | 0.000 16.000 A
Section Break Line By Tahle n'a n'a n'a
Feawe  Bounday | 100ROW 10000 0000 4100 | % v
Iy
- Define

Element Type:  Element vI

Feature Type:  Break Line vI

- Method

Jzer Slope [%]

| 0000

Wertical Offzet:

Radial To: | Prirary "I

Projection Option: - Wertices vI

0.000

~ Search Extent

Max. Distance: I 0.000
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ACTIVE SITE OBJECT CONTROL TOOLBAR

Upon opening an existing GEOPAK Site Project or creation of a new project, the Active Site Object
Toolbar is displayed as shown below.

Active Site Object Control ]

Dizplay Wiew 1 vI

Model [h17682pond =] Object [Pond 1 vi| 0f7

The toolbar is resizable, can be docked and remains open throughout the entire Site Modeler session.

Display View When the toggle to the left of Display View is activated, the Active
Model and/or Active Object are displayed, based on their respective
visualization settings.

Model The active model is displayed. Selection of any other model from the list
changes the active model. When the model is selected, all Objects which
belong to the model are listed in the Object listing to the right. When
<All Objects> is selected, all objects in the project are listed. When
<Orphan Objects> is selected, all objects which currently do not belong to
a model are listed.

Object The Object list changes dynamically based on the Model selection.

ID? Pressing the ID button and then identifying any Site Modeler object
highlights the selected element and invokes the Select Object dialog

107 depicted below.

Center Window On After setting the Object list to the desired Object, then pressing the

Object Window Center on Object button, the Site Modeler window centers (and
fits the object) to the Display View.

MAIN TOOLBAR

11-24

The Tools menu selections provide access to all Tool Boxes. The Main 5i x|
Tools tool frame is depicted below and accesses the other tool boxes.

Each icon in the tool frame (except single tools) is a tool box that one can

"tear off" to become a "tool box." The individual tool boxes (except those ', ﬁ,
which have single tools) can be docked and resized. There are seven tool I oo
boxes, with the following titles (order down first column, then down == @,
second column): @

e Project tools

e  Obiject tools

e Composite Section
o Exit

o Elements tools

© 2007 VDOT

VDOT GEOPAK Drainage



Site Modeler Main Menu

e Model tools
e  Analysis tools

If the function of an icon is not apparent to the user, position the cursor on the icon. A detailed
description is displayed in the status bar and a tool tip (flyover) appears.

The Network computations serve as the final calculation process in the design or analysis of a storm
drain system. Drainage Areas and Inlets may be computed individually and are not dependent on any
type of Network topology. Pipes and Ditches, however, are dependent on the connectivity and
Network characteristic and therefore, require a Network be defined and successfully built, in order to
complete the hydraulic computations on these features.

Several options are supported to add, edit, and delete Networks and are invoked via the Network pull
down on the main menu bar as depicted below. Alternately, the Network tools are invoked by selecting
Tools > Tool Boxes > Network, then identifying the desired tool from the tool box.

x|
pR e A AY Al

Seven tools are supported in the Network tool box (from left to right).

Tools Description

Add Initially utilized to define the Network and associated data. When
invoked, the Network Configuration dialog is blank.

Edit Utilized to edit any previously defined Network. When selected, the
Select Network dialog is invoked, wherein the desired Network is
highlighted. Note the Network Edit dialog is identical to the Network Add
dialog, however all associated data is displayed.

Delete Utilized to delete the specified Network and associated data.
Rename Utilized to rename any previously defined Network.
Design This mode enables when an Active Network is defined. It's a shortcut to

the Design procedure without having to invoke the Network dialog.

Analyze This mode enables when an active network is defined. It's a shortcut to
the Analyze procedure without having to invoke the Network dialog.

Set Active Network GEOPAK Drainage uses an Active Network as a shortcut and
organization tool. Many of the reporting, query, and navigation tools
support the use of the Active Network to limit the information viewed to
the system currently under design (the Active Network). When selected,
the Active Network dialog is invoked, wherein a previously defined
Network may be specified as active. The current Active Network is
displayed on the main menu bar for quick reference.
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LAB EXERCISE: POND DESIGN

> Creating a Site Modeler Project

1. Execute c:\data\geo\VDOT\drain1\LAB11_V8ad.EXE

2. Open the MicroStation file, c:\ data\geo\VDOT\drain1\h17682.dgn.

3. Access the Project Wizard. (Applications > GEOPAK Site > Site Modeler > Site Modeling)
4

Select the Create New Project button and then press the Next> button to continue.

& Project Wizard [_ =]

) Open Existing Project: ﬂl M
. draii i 7EEEas =l Cancel |
Browse...l

og on Startup

[ D

5. The Project Wizard dialog will appear filled out as shown. Click the Next> button to
continue.

g Project Wizard [ _ [}

Current *Warking Directary: ﬂl M
Cancel |
Create a new project file:

[ ata'Geo'wdat\drain \hi 7682 gsf Bmﬂl

> Defining the Project Preferences
1. Create a new Model: h17682-pond.

g Project Wizard M= B

¥ Create a Mew Model ﬂl M
Madel Name. [ h176824pand _Cancel

Set Project Preferences |

2. Click Set Project Preferences, and populate the dialog as shown below.

& Site Pieferences - Tolerances M= B2
File
Linear Straking: IW
T'3'|"5""'3'35= Curve Stroking: W
S:SDLZ?;;?DTJD”ENS Carner Stroking: IW
Objects B-spline Flan Stroking: W
Updating B-zpline Profile Stroking: W
Save b amimumn Triangle Length: IW

akK. | Eancell Elervation Decimal: 2

3. Select the Visualization item and toggle on the View Active Object and View Active Model.
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VDOT GEOPAK Drainage

gSile Preferences - Yizualization

File

Dptions ¥ Wiew dctive Object ¥ iew Active Model
Talerances [ Object Dizplay Snaps [ Model Display Snaps
Project Components .

W r— Contour Smoathing

Objects Type: MNaone vI

Updating

Save - Congtruction Elements

[~ Elements: |——| todel Visualization |
ok Canicel
[ Wertices: 12 [ | Elemerit Wisuslization |

dialog. The Edit Object Visualization dialog will appear.

# Edit Object Visualization - Default Model Visualization [HJE] EI

Apply | Cancel |

Yizualization l Slope Indicators I

[T Triangles: | =
™ veiices: [ KENE T Eonday: NN
tajor Cantour ———— 1~ Minor Contowr ————————————

¥ Place: _ ¥ Place: _

Elew. Interwal | 5.000 Elew. Intereal | 1.000

™ Latel - [ Label

LLate! [ nteral: I LAl LLate! [ nteral: I LAl

Click the Model Visualization button in the lower right corner of the Site Preferences

5. Click Apply to return to the Site Preferences dialog.

6. Select the Updating option as shown below.

gSite Preferences - Updating [ (=]
File
Optiong IV Auto Update Model
Tolerances ¥ Prompt on Site Element Delete
Froject Components L -
\isualization Element Azzociations:  On I
Objects Wwhorking Boundary D efinition
[T Clip Model on ‘wWaorking &rea Boundarny
Save -
Elaee ok Eaurdan |
Ok | Cancel |

7. Select the Save option and set the Automatic Save to 30 minutes.

gSite Preferences - Save M= B

File

Options

Talerances [ Automatic Backup

Project Components | ¥ Autematic Save: | 30 Minutes |
izualization

Objects

|Ipdating

ak. | Eancell

8. Click OK.
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> Completing Project Setup
1. Click Next>.

& Project Wizard [_ =]

¥ Create a Mew Model ﬂl M
Modsl Mame: [h17682 pond _Cancel |

| Set Project Preferences |

2. Toggle On the Open Object Import Wizard and click OK.

g Project Wizard M= B
< Prew | ak. |
Mev Project = . hdrain yWh1 B2 gef Cancel |

Mew Model Mame = hl 7E82-pond

¥ :Open Object Impart wizard:

3. Select Tin File in the Import Data Wizard, and Browse for the survey.tin file located in
c:\data\geo\VDOT\drainl

g Import Data Wizard M= B
Select Impart Data Type ﬂl M

File Type:  TIM File vI Cancel |
File Marne: | survey.tin =

4. Click Next> and select the Existing Ground object type.

& Import Data Wizard [_ =]
Select Object Type: < Prey |

|Existing Ground 3| Cancel |
Enter Hew Object Mame;

| Exist Ground 1 Hew

5. Click Next> and setup the dialog as shown and click OK.
& Import Data Wizard M= 3

< Prew | ak. |

Modet: [h17652-pond =l Caneel |

Mew Object = Exist Ground 1
Object Type = Exizting Ground
Source File = surves tin
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> Creating the Pond
1. Access the Pond Design tool. (MS Menu: Modeler > Tools > Pond Design)

g[ileale a Pond - Start M= E3

~ Pond — Owerview

Thiz wizard will gtep through
the creation of a pond...

Steps
1] Defing the Pond Hame.
2] Defing the Pond elements.

3] Define Pond glopes and Berm
slope details.

4] Finish.

< Back |
Cancel | Firirsh
2. Click Next>.

g[ireate a Pond - Define name and dezign constraints
~ Define Pond M ame

| | The Pond will be placed in an existing
| | or new ohject.

| Add to Dbject: [Exist Ground 1 MHew...
| Design Constraints —

| ;DBS|gn Bottom - Up VJ
To'water Eley. 0.000

[ Use aFreeboard:

¢ Back l

Cancel | Eitarsy |

3. Click New and create a new object Pond1. Click OK when done.
g Create New Object [_ [}
Ohbject Type: IF'ond vl
Dbjest Name: | Pond 1 Cancel |

W Add to Active Model
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4. Setup the dialog as shown below.

g[ireate a Pond - Define name and deszi

-~ Pond - = 1 Define Pond Name

|| The Pand will be placed in an sxisting

||TWTTWII|WT'TI| = Efornewobiect_

| | 3 | Add to Object: ]Wl Mew...
YO 1 | 1 DeS|gn Constraints ———
| I | | Design _Battam - Up VJ
Semsreesuees || [TowsterBler. | [2010.000
By ===
AT v Use a Freeboard: | 1.000

Cancel l Eirgi |

5. Click Next>.
6. Setup the pond bottom at a constant elevation.

g[ireate a Pond - Define the elements -> Constant Elevation

Pond Elesation

0 {‘:}' Elervation: IW
h\“/‘ Fe
JE

Select elermd Constant Elevation
the pond.

A ) =

i

Select elements that define
the pond.

]

L%
2

Cancel | |

8. Click Next>. Then, setup the Pond Side Slopes, Berm and Side Slopes as shown in the dialog
below.
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Create a Pond - Define pond slopes and berm HE
~ Pond Side Slope
Slope run:rise vI W ; W
sl T e

 Berm Details
| Create Berm Width: [10.000 | [ Fill Only
Relative Ta:  Object "I W
Slope % «| [oooo |
Feature Tupe:  Break Line vI

'T'_F.Dnd Berm Symbology ¥ I |< I Enfries vi
| Sprtology v|= |< e Enties > VI
<Back |  Mes> | [ SidsSlopss

EE I R I Cut: _Slope run:rise v||2.|:I|:I :|1.DD
Fill:  Slope run:rize "IIE.DD :|1.DD

9. Click Finish to build the pond.

Note The pond bottom could be modified using MicroStation commands like: move, modify and
scale. This will recompute new elevations and adjust the slopes based on the original pond
configuration.

> Computing the Pond Volume

1. Access the GEOPAK Volume Calculations tool. (MS Menu > Modeler > Analysis >
Volumes).

# Yolume Calculations [_ [}

Caleulation Method
’7@ Frizmoidal ) Grid Points: I e ‘

~ Calculation O ptions

Calculation:  Plane to Object "|
From Plane: |2DDS.DDD
To Object: [Pond 1 3|

Rakge |

~ Wolume Calculations
[ Use Factors:
(Eut: [ TR00n il {1000
Cut Valume :

Fill Yolume :
Balance :

Area: ¥

Process |

2. Click the Range button.

Rakge |

3. Set the Volume Elevation Range as shown below.
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£ Volume Elevation Range ==

File

Range:  Auto Bange [ncrement Vl

Auto Range Optiohs

R ange Increment; I 1.000

Minimum Elewation: |2DD4.DDD 2004000 I
b amimunn Elesation: |2DDS.DDD 2013614 I

Low High Active |
2004.000 2005.000 YES
2005.000 2006.000 YES
2006.000 2007.000 YES
2007.000 2008.000 YES
2008.000 2009.000 YES
[0.000 [0.000 [

XL O

4. Click the Process button on the Volumes Calculation dialog.

£ Volume Calculations [_ [}

Caleulation Method

® Prigmoidal T Grid F'nints:lmﬂ

~ Calculation O ptions

Calculation:  Plane to Object "|
From Plane: | 2003.000

To Object: [Pond 1 3|

¥ Use Range: Rakge |

~ Wolume Calculations
[ Use Factors:
(Eut: [ TR00n il {1000

Cut Vaolume ; BE4.665 CY

Fill *olume : 383,253 CY

Balance : 281.407 Cv
Area; 1287989 5 ¥

Process |

5. The following report is generated.

£ Elevation Range Summary M= E3
Low High Cut Fill

2004000 2005000 83544 0.000

2005.000  2006.000  106.086 0.000
2006.000 2007000 130682 0.000
2007.000  2008.000 157392 0.000
2002000 2009.000 186973 0.000

6. Close the Volume Calculations dialog when done.
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LAB EXERCISE : POND VISUALIZATION FOR PLANS
Adjusting the Existing Ground Level Symbology

1. Select the Edit Object Display tool. (MS Menu: Modeler > Object > Edit)

2. Select the Object Name : Exist Ground 1
3. Click on the Display tab.

£ Edit Dbject - Display

Object Mame: [Exist Ground 1 =l

F'mpertiesl Elementsl Slopesl DiSD|a}'l Slopelndicatnlsl

[T/ Triangles: | S

IS E3

Apply to... |

[T Werices: “ [V Boundary: | —

Major Contour ————————— = Minor Contour

P Plce DN | Pl [—
Elevw. Interval: |1.DDD Elew, Intenval: |1.EIEIEI

Label Interval: I 300,000 [Late! [htenal: I AT

4. Toggle ON the Major Contour option and setup the symbology as shown below.

Symbology
L Level 1 [~
Color; I. 3 vl
Styls: [------ 2 =]
weight: | 1 =l
-
ak. I Cancel |
5. Toggle ON the Label option and setup the text parameters as shown below.
~ Sumbology

Wweight: |

- Test Preferences ———————
Set Justification

Th: |2.DDD &
T |2.DDD

Ft [F=y 0STAMDARD 3

Decimal. 0 I
ok I Cancel |

6. Setup the Elev. Interval and Label Interval spacing as shown below.
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Z5 Edit Obiject - Display

Object Mame: |Exist Ground 1 =l

F'ropertiesl Elements] Slopesl Displa_l,l] Slopelndicatnrsl

=[O %]

™ Triangles:
™ Wertices:

td ajor Cantour
v Place;

Elev. Interval:
v Label:

Label Interyal:

1.000

300.000

“ ™ EBoundan: =

Minor Contour
" Place;

bl [htenval:
[ Labek:

[Latelntenal:

Apply ta. |

JRLan
o

7. Click Apply when done. The Exist Ground 1 symbology in the dgn file will update.
8. Close the Edit Object dialog when done.

Setting Up the Model Display

1. Select the Edit Model tool. (MS Menu: Modeler > Model > Edit)

2. Click on the Display Model tab

& Edit Model

=[O %]

todel Mame: [h17632-pond 3|

FIFD I Dizplay Maodel I Dizplay Dbiectsl

™ Triangles:
™ Wertices:

b ajor Contour
v Place;

Elev. Interval: | 1.000

v Label:

Label Intaral

; | 200.000

“ ¥ EBoundany: _

Minor Contaur
V| Place:

Elew. Intersal:

v Label:

Label Interval:

1.000
1z
0.000

3. Toggle ON the Major Contour option and setup the symbology as shown below.
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Symbology
Color: [ 2 =l
Styls: | 0 =l
weight: | 1 =l
-
ak. I Cancel |
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4. Toggle ON the Label option and setup the text parameters as shown below.

~ Sumbology
Level: |Level 2 =l
Wweight: | 2 =l
[ Text Preferences SetJustification
Th |2.DDD ﬁ 19
Tw:. [2.000 =
Ft: IE'.:j OS5TAMDARD =l
Decimal: 0 I
Ok I Cancel |
5. Setup the Elev. Interval and Label Interval spacing as shown below.
£ Edit Model =
todel Name: [h17632-pond [

FIFO I Dizplay Madel I Dizplay Dbiectsl
[T/ Triangles: [
[ Werlices: “ [T Boundary: — |[—

tajor Cantaur ———— 1 MinorContour —————————————
P Place [ || Plce [
Elew. Interval: |1.DDD Elew, [mtenal: |1.DDD

v Label: “ [ Label 41z

Label Interval: I 200.000 [Latell ntemal: I LAl

6. Select the Display Objects tab and setup the dialog as shown below.

£ Edit Model =
todel Name: [h17632-pond [

FIFO | Display Model | Display Objects |

Object Type |
JPond

¥ Clip Objects from Model: Yisw ‘With Objects Only Vl
¥ Display Base Object: Wiew Without Objects Vl

7. Click Apply when done. The Model display will update.
8. Close the dialog when done.
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Lab Exercise : Pond Visualization for Plans

Writing the Model Display to DGN

1. Select the Object: Exist Ground 1 in the Active Site Object Control dialog as shown below.

Active Site Object Control <]
v | Display iew 1| Model [BASINT ~] Object YRR /o

2. Select the Export Visualization to DGN tool. (MS Menu: Modeler > Project > Export >
Visualization to DGN).

3. Setup the dialog as shown below.

gExpult Visualization to DGN M=l E3

® dodel [h17682-pond =l

) Dbject: [Fozdi =

¥ Set Graphic Group

Apply |

4. Click Apply.
5. Click OK to the Alert message. The pond contours will be written into the dgn file.

todel h1 7E682-pond graphics will be written ta file. Do you want
® to proceed ¢

oK k Cancel |

6. Inthe same Export Visualization to DGN dialog, select Object and select Exist Ground 1

gExpult Visualization to DGN M=l E3

) Model: |BﬁS|N1 =l
® Dbject: [Exist Ground 1 =l

¥ Set Graphic Group

Apply |

7. Click Apply.

8. Click OK to the Alert message. The existing ground contours will be written into the dgn file.

Object Exist Ground 1 graphics will Be written ta file. Do you
® want o proceed 7

Cancel |
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Lab Exercise: Channel Design

9. Toggle OFF the Display View option in the Active Site Object Control. We can verify that the
final contours were written into the dgn file.

I, | Display view 1 7| Model [h17682pond =] Object ‘ D o

10. Save the Site project. (MS Menu: Modeler>Project>Save).

LAB EXERCISE: CHANNEL DESIGN
Creating the Channel Object

1. Toggle ON the Display View option in the Active Site Object Control.

EJDispla}lView 1 "I Model [H17682-pond =] Object
2. Access the Channel Design tool. (MS Menu: Modeler > Tools > Channel Design)

# Create a Channel - Start [_ [T x|

 Channel ~ Dverview

Thiz wizard will step thraugh
the creation of a channel...

Steps
1] Define the Channel MHane.
2] Define the Channel elements.
3] Define side zlope detailz
4] Finish.

< Back |

Cancel |

3. Click Next>

g[ﬁleate a Channel - Define Hame ME E
~ Channel - Define Channel Name

The Channel will be placed in an existing
o new object,

Add ta Object: IE:-tislGround1 vl Mew... |

< Back | MEest.
Cancel | Eirsty |
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Lab Exercise: Channel Design

4. Click New and create a new object: Channel 1

g reate New Object M= E3
[0 Channel

Object Marne: IChanneI'l Caricel |

¥ Add to Active Model

5. Click OK when done.

# Create a Channel - Define Name [_ =]
 Channel ~ Define Channel Mame
! The Channel will be placed in an existing
o new object,

Add to Object: IChanneH "I Mew. . |

< Back I i :
Cancel | Eirsty |

6. Click Next> and setup the dialog as shown below. We will use the alignment and profile
created in a previous chapter.

g[ireate a Channel - Define the elements -> Alignment
~ Channel Center Line

B Job Mumber: [101 | =

Skl Chaire [DITCH =]

Profile: Im

[ Use Station Flange:

Eegitn I— o
Endt

E2 WS

¢ Back I [
Cancel | Eirsty |

7. Click Next> and setup the dialog as shown below.
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Lab Exercise: Channel Design

gl:leate a Channel - Define the zide slopes and zection details M= B3

- Channel Section
~ Bottam

‘width: Fixed 'Il £.000 Slope(%) |D.EIEIEI
Symbaology vI_ |< I Enfres =

- Side
Depth |3.DD
Channel Side _Slope run:rise vI I 2.00 : |1.EIEI
Symbaology v|= |< I Enfres =

 Berm Details

whidth | 3.000 Rel To Object "IIEHist Ground 1 vl
Symbalogy v|= [ HEEntizss =1

< Back | [Hexts |

— Object Side Slopes

Eagce] I il I Cut: _Slope run:rise 'IIS.DD :|1.DD
Fill: Slope run:rize "IIS.DD :m_

8. Click Finish to build the channel.

Reviewing the Channel Section

1. Access the profile tool. (Modeler > Analysis > Profiles).

2. Setup the dialog as shown below.

& Piofile ME E3
Eile

Profile I Preferences I

Type | Feature | Level | Color |'weight Stule | Extract |

[]=A] Euist Ground 1 Lewvel1 E I} I} 3] I—

MOD | h17E32-pond Level 1 0 4 0 On 3|
bt

Site Model ¥ | [h17682pond = | e— I
Create Legend |

3. Select the Profile tab.

4. Click on the Place Element button and draw a MicroStation line across the channel section.
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Lab Exercise: Channel Design

& Profile [_ =]
Eils

Selection | Profie | Preferences |

Place Element | Place Prafile | Curve Stioking: [ 0.000

Eutracted Profile Yiew

5. Reviewing the section, we can see that the ditch profile could be lowered to better follow the
ground.

Adjusting the Ditch Profile
1. Open the Coordinate Geometry tool. (Applications > Geopak Road > Geometry > Coordinate
Geometry).
2. Setup the dialog as shown below and click OK when done.

Coordinate Geometry

< | 17682
1m @
Operator Codes [vd |

Subjest |

QK. | Cancel |

3. From the Coordinate Geometry tool, open the Offset Profile tool. (Coordinate Geometry >
Element > Profile > Offset).

# Coordinate Geometry Job: 101 Operator: vd [_ [0 x]
Eile Edit Element Yiew Tools
Paint 3 4o @ Q
= e gy O
. V& TR & D e W # T [P Bedeine
Cuve vl =] Bowse | ss1zm v wmmie v <« <] ] |
Spiral 3 -
Chain v
Parcel 3
wiy

Mext Avallable Settings Elevation

Riestafl
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Lab Exercise: Channel Design

4. Setup the Offset Profile dialog as shown below. Click the Add icon when done.

& Dffset Profile [_[Olx]
Saurce Profile; | MG j Target Profile: |DITEH2

Begin Station | End Station | Wertical Offzet |

Begit Station; |D+DD.EIEI End Station: |4+95.'|3
Wertical Offzet; |-2

Create Profile |

5.  We will lower the Ditch profile 2 feet and create a new profile : Ditch2

Z5 Difset Profile [_ O]
Source Profile: IDITCH j Target Profile:; IDITCHE

Begin Station | End Station | Wertical Offzet |
0+00.00 4+95.13 -2

DX O

Begin Station: |D+DD.EIEI End Station: |4+35.13
Wertical Offzet; |-2

6. Click the Create Profile button. The new profile Ditch2 will be created and stored.

& Coordinate Geometry Job: 101 Dperator: vd M E3
Fils Edit Elsment Visw Took

t Rk Y &K RO (Rl RS Do - T ) Redelie
Disable Visualization ¥ |[OFF Featurel | =| Browse | 991234 w|aaaiz | « | <] 2| » |

G Keyini [End Profie =
<x 1 Store Profile DITCHZ

<% 2 YPI 1 STA 0+00.000000 EL  2021.500902

<% 3 YPI 2 5TA 2+20.000000 EL 2016 .000000 L 200 000000

% 4 ¥PI 3 STA 3+90.000000 EL  2010.050000 L 100.000000

% 5 YPI 4 STA 4+95.129930 EL 2007 . 106360

q* 6 End Profils

Profile DITCHZ storsd
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Lab Exercise: Channel Design

Updating the Channel Design with the New Profile

1. Select the Element Information tool. (Modeler > Elements > Information).

2. Click the Select Element icon and select the centerline of the ditch in the dgn file.
gSite Modeler Element Information ME E

oE®
k -
I Wertic Select Elemert ssnciationsl

~ Element Data
Id: 0 Yertices: 0

Type:  Break Line vI

 Straking

Linear: I 25,000
Curver I n.01oo

3. Select the Associations tab and switch the Options to Reference Associations
@ E pdate_|
- o

" fions ]

P fi o S
ML I Dependent Azsociations

b Reference Associs tu:nr'u:'k_
Chain Mame:  DITCH
Frafile: IDITCH vi
™ Highlight

4. Change the Profile to Ditch2 and click Update when done.
£ Site Modeler Element Information [_ [}
DR e

Froperties I Yertices I Objects I Azzociations I

Options:  Reference Associations Vl

Chain Hame:  DITCH

[~ Highlight

5. Click Yes on the Alert box in order to accept the changes.

O Save changes to Site Modeler Element 1001949 7

W Ho
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Lab Exercise: Channel Design

Reviewing the New Channel Section

1. Access the profile tool. (Modeler > Analysis > Profiles).
2. Setup the dialog as shown below.

£ Pidfile S
File

tt | Profile | Prefersnces |

Type | Featue Level Color Weight Stele | Extract |

(]=A] E izt Ground 1 Lewel1 E a a On ,—

MOD | h17EBZ2-paond Level1 1] 4 1] On 3|
X

Site Model || [h17682-pond =l  e—
Create Legend

3. Select the Profile tab.

4. Click on the Select Element button and select the MicroStation line across the channel
section.

& Piofile [_]
Eile

Selection | Profile | Prefererces |

Select Element | Place Element |

Eutracted Profile Yiew

Curve Stroking: | 0.000

5. Click the Place Profile button to place the cross section of the channel in the design file.
6. Save the Site project. (MS Menu:Modeler>Project>Save).
7. Exit Modeler. (MS Menu: Modeler > Project > Exit).
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Lab Exercise : Pond Routing

LAB EXERCISE : POND ROUTING

> Review GEOPAK Drainage Project Preferences

1.

2
3
4,
5

Click Project Components.
Activate the GEOPAK Site Project as shown below.

Select the Preferences tool (Drainage > Project > Preferences)

Activate GEOPAK Drainage. (MS Menu > Applications > GEOPAK Drainage > Drainage)
Open the drainage project: c:\data\geo\vdot\drain1\h17682.gdf. (Drainage > Project > Open)

gPleIemnces - Project Components M= E
File
Optiots Drainage Library File (DLB: | c:\datahgeo'wdotydrain wstandards Q
Unitz

Rainfall Parameters
Land Uze Optiong
Frequency Options
Intenzity Option
Junction Loszes
Inlet Options

Mode Options

Link Options
Frofile Options
Plan Symbalogy
Updates

Save Options

ak. | Cahicel |

Components

GPE. Job Murber
Dirainage Cell Library

Criteria Directony:

. | CADatahG echwdothdraind standard:

GPK. DDE

Water and Sevser Project:

Superelevation Shapes File:

¥ Site Project;

0 I'ID'I 2 Road Preferences |

. | CDatahG echwdothdraind standard: Q

|+ ?582.gsf[}

~ Original Ground

TIM File "I | C:AD atahGenhwdot drain haurvey tir

o}
o}
[}
[}
o}
[}

— Dezign Surface

TIH File vI | C:AD ata\Geohvwdotdraind \proposed Q

6. Click OK to save the changes in the drainage project.

> Create a Drainage Area for Routing

1. Create a new drainage area for the routing calculation. (Drainage > Components > Area >

11-44

Add)

Description:

[ ok ]

Cahicel |

Add a New Area

© 2007 VDOT
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Lab Exercise : Pond Routing

VDOT GEOPAK Drainage

2. Setup the drainage area dialog as shown below.

£ Drainage Area Definition M= E3
[ window Center
Area D |ﬁ3« 1 vl Appl
realD: 4 fArea Y g @ @ & Gl e |
~ Detailz
Description: | ToMode ID: Areal St
D efinition ) i i
— Dirsinage Avea: [1.000 Area Selection / Creation
Computation i Select Create
Shape DT Shape
Hydio. tethod Campute TC | Pick Boundary DR
® Bational Elements Create Shape
) 5C5

3. Click the Compute TC button. Setup the dialog as shown below.

£ Time of Concentration [_ [}

Drainage Area ID:  Areal

Model || =l
~ Define Path
Trace | i 1D - Segments |

¥ Sheet Flow
Method:  Seelye ¥

= I LAl

Length: I 235.000
Slope: I 1.000

1T Shallow Flow

[ften e

{Lerathn I ) nun]
Slope: I [T

¥ Concentrated Flow

Method: _Kirpich vI Length: ISDD.DDD

Height abowe outlet:

: |F".IZIEIEI

Accum. Distance:
Accum. Avg. Slope;

0.000
0.000

L

Te=

3151

Apply |

4. Click the Compute button and then, Apply to return to the Drainage Area Definition dialog.

5. Highlight Compute in the Drainage Area Definition dialog and press the Compute

Discharge button.

© 2007 VDOT
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Lab Exercise : Pond Routing

g Drainage Area Computations M= E

™ Window Center
Area |D: I,.f_-._ 1 vi : Appl
realD: 4 Jaea P I Highight & i Bl G | Awb |
- Details
Optians Area L Walue R
Diefiritior _ Dt
Subareas Total Subareas:  0.000 0.000 it o
Eorpuiston Remainder: 1.000 0,500
- Hydro. Methad Composite:  1.000 0.500
) Rational Computed Intensity: 5763
T 53 Computed Discharge: 2885

6. Click Apply to store the drainage area into the h17682.gdf project.

7. Close the Drainage Area Definition dialog.

> Create a Runoff Hydrograph

1. Create a new routing ID: Routel. (Drainage > Components > Routing > Add).

Create New Routing Configuratio
Description: |

[ ok ]

Cancel |

2. Select the Runoff icon (1% icon located in the top middle of the dialog) and highlight the
Definition item in the Options list. Select Areal as the Area ID.

gEdil Routing Configuration

IS E3

Routing ID: 4 IFh:uute'I =l »

™ Window Center
™ Highlight

# YA Y ﬁDD'P|

- Details

Descriptior: |

® v«
=

Stage Dizcharge
Computations

Area

fea |D: [Areal =] &)
Duration TC Factor I 0.000

r— Cell Display

e

Cell

FLOWA

Dp A |EI.DDD
hF |EI.DDD

3. Keyin the storm Duration TC Factor = 1.

4. Click the Select button and select the any cell, since it is just used as a graphical marker, a
procedure will be executed in the dgn file.
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Lab Exercise : Pond Routing

VDOT GEOPAK Drainage

Select Cell from Library

Flat Wiew Cell

-l

DITCH MODE BEG..

[ o ]

Cell Mame | Description

DITCHE DETAILDITCH T C
DITCHD DETAILDITCH TY D
DITCHE DETAILDITCH TY' E
EC23 DETAILEC 23
BOPLMC BEDDIMG DETAIL...
PCPLUG PRECST PIFE PLUG
PSPLUG

ABANDONED F'IF'E...j

Cancel |

5. Click OK to continue.

6. Click the DP button and data point in MicroStation view window 1 in the area where the pond
is located. This will place a cell that graphically represents the routing configuration in

MicroStation.

7. Select the Use Compute Discharge radio button in the Discharge option.

gEdit Routing Configuration M= 3
- [T window Center
Routing ID: 4 [Routel = Appl |
outing ID: 4 |Route [ 2 ™ Highlight S s A PRIy
- Details
Options @ |Jze Computed Discharge
Definition

T} User Supplied

rge
Stage Storage
Stage Dizcharge
Computations

8. Select the Computations list item in the Options list.

9. Click the Compute button.

gEdit Routing Configuration M= E3
: [T “window Center
Fouting ID: Routel hd Appl
outingID: 4 [Route 1 » ™ Highiight HOY R Y pply |
- Details
Options FI‘;SUHS:EE Hyd: h R 1
Defintion Uno vdrograp e=ults
Dischange Hydrograph Area Id = Routel
Stage Storage Drainage Area = 1.00 (acre)
Stage Dizcharge Time of Concentration = 9.15% (min)
Computations Runoff Coefficient 0.500
Peale Discharge = 2. 885 (ci=s)
Time to Peal = 9.15 (min)
~ Output
File Mame: Create Vl Wi I
| Q

10. Click Apply to accept the calculations.

© 2007 VDOT
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>

Create the Reservoir Routing

1. Create a new routing ID: Route2. (Drainage > Components > Routing > Add).

Create Hew Fouting Configuratio
Routing 10 IHDute2

Cancel |

2. Select the Reservoir icon and highlight the Definition list item from the Options list.

gEdit Routing Configuration

s 3

. [T “window Center

FoutingID: 4 [Rouwsz =] ke Appl |

e 4 FRoue - [ Highlight AR Y B
- Details

| Feservoir Routing

D efinition 1 Beserar

Discharge + Inflave Bunaff (D Im #

Stage Storage |é e :

Stage Discharge Starting ' ater

Computations é f Surface Elevation: |2DDE.EIEIEI

 Cell Display
I/‘ Cel: | DITCH op x: [2715356.742
e’ Select | v: [339310.660

3. Select Routel for the Inflow Runoff ID and set the Starting Water Surface Elevation at

2005.00.

gEdit Routing Configuration

s 3

. [T “window Center

FoutingID: 4 [Rouwsz =] ke Appl |

e 4 FRoue - [ Highlight AR Y B
- Details

i | Reservoir Routing

L efinition 1 Beserar

Discharge + Inflave Bunaff (D Im #

Stage Storage |é e :

Stage Discharge Starting ' ater

Computations é f Surface Elevation: |2DDE.EIEIEI

 Cell Display
I/‘ g Cel [DITCH op x: [2715356.742
e’ Select | v: [339310.660

4. Click the DP button and data point in MicroStation view window 1 in the area where the

control structure is located. This will place a cell that graphically represents the second
routing configuration in MicroStation.

below.
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Lab Exercise : Pond Routing

EEdit Routing Configuration

: [ “window Center

Routing I0: 4 [RouteZ ~] Appl |

outing 1D; 4 |Route » ™ Highight # ¥ ¥ PRy
~ Detailz

[Optors | ® {lse Eompied Siorage

Dghmtlnn ) User Supplied

Dizcharge

Stage Storage Type:  Site Object vI

Stage Dizcharge =

Computations {Pond | =l

6. Select the Stage Discharge list item from the Option list. Set the type, size, coef., and
elevation options as shown.

EEdit Routing Configuration
: [ “window Center
: - Appl
Fouting ID: 4 [Routez 1 » ™ Highiight A . A pply |
~ Detailz
Optiong ® Use Computed Stage Discharge
Dgfinitinn ) User Supplied
Dizcharge
Stage Storag Type [tem ID Size Coef. Elervation |
s Orifice nia 1.000 0.600 2005000 fal
Computations
X
Orifice Vl [1.000 [ 0600 | 2005000
7. Select the Computations list item from the Options list.
8. Type routing.txt as a filename in the Output group box.
9. Click the Compute button to perform the routing calculations.
gEdit Routing Configuration M= E3
: [T “window Center
: - Appl
Fouting ID: 4 [Routez 1 » ™ Highiight A . A pply |
~ Detailz
Dgfinitinn Reservoir Routing Results
Dizcharge
Stage Storage Inflow Hydrograph Id = Foutel
Stage Dizcharge Outflov Hydrograph Id = Route?

Connputations

Start Elewation = Z004.196 (ft)
Peal. discharge = 2,794 (ci=s)
Time to Peal = 9.15 (min)

~ Dutput
Create Vl Wig

File: Mame:
| StageStorage.tat Q,

10. Click Apply to store the routing configuration.

VDOT GEOPAK Drainage
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Lab Exercise : Flood Plain Determination

11. Click View to review the calculations.
12. Close the dialog when done.
13. Exit MicroStation.

LAB EXERCISE : FLOOD PLAIN DETERMINATION

> Determining the Water Surface Elevation

1. Execute c:\data\geo\vdot\drain1\LAB11 V8ad_Flood.EXE
2. Open the MicroStation file, c:\data\geo\VDOT\drain1\Survey_river.dgn.
3. Activate Hec-Ras from c:\ data\geo\vdot\drainl\hecras\ras.exe.

B HEC-RAS 3.1.3
File Edit Run “iew Optiohe Help

= =1 B4 = S R A

US Army Corps of Engineers

\‘F"I ’,‘ﬂ:::l %IICIEIII_\IIE_LIE IEIIDSEEI Hydrologic: Engineering Certer M
e
I

Project: |

Plar: | |

Geametry: | |

Steady Flow: | |

Unsteady Flow: | I

Diezcription || III IUS Cusztornary Units
4. Access the included Hec-Ras project: xsriver.prj located in the c:\data\geo\vdot\drainl
HEC-RAS [_ ]

File Edit Simulate View Options Help

Mew Project ... = E E 055 US Custamary  Hedrologic Engineering Genter
el UZ Army Corps of Engincers
Save Fiaest

I
Save Project g ... |
I
I

Eemame Eraest..
Delete Project ...
Project Summary ...

Import HEC-2 Data ... E‘

5. The project contains the geometric and hydraulic information of the channel shown in the dgn

file.
HEC-RAS mE B3
File Edit Simulate “iew Options Help
e I 1 o L oo 1
Project: [Rivver Analysiz |C:AD atahGeohvdothdraind \wariver. pri
Flar: |F'|an o |C:\Data'\Geo\vdnl\drain1 hariver.pll
Geometm; JGeom 01 |C:AD atahGeohwdothdraind wsriver. g0l
Flemar: [Flow 07 |C:AD atahGeohwdotdraind wsriver i
Froject
Degcription ; I EI

11-50 © 2007 VDOT VDOT GEOPAK Drainage



Lab Exercise : Flood Plain Determination

6. The geometry and station information has been updated according to the channel
configuration. (HEC_Ras: Edit > Geometric Data)

Geometiic Data - Geom 01
File Edit View Tables Options Help

[_[O]x]

Fiiver
Reach
=
Junet
®

Cross
Section

Brdg/Cul

Inline Weir
Spilkray

200,000

Wigws
Picture

-

259704200, 32524.52 |

Cross Section Data - Geom 01
Exit Edit Options Plot Help
River:  |101 - Applinliata |
Reach: [RIVER =] Riversta: [500000 | [3][]
Descrption I Q

tes

Station Elesweation | l Channel ROE
HE 777 | oo [100 [100
2|38 7T
AL 772
| 4503 7.7
| 5|37.82 75
| Bl4272 5.91
| 7| 4294 517
| 8|44.38 393
| 3(43.93 393
| 10] 60 1.87
R E

[Enter to move to nest downstream river station location

VDOT GEOPAK Drainage

Simulate>Steady Flow Analysis)

Steady Flow Analysis [_ [}
File Option: Help
Flan: [Flan 01 Shot 1D [Plan 01
Geometry File : IGeom m j
Steady Flow File : |F|D'N m j

Flows R egime

Flan Dezcription :

& Suberitical
" Supercritical
' Mired

L

COMPLTE

%7

[Enter ta campute water surface profiles

© 2007 VDOT

7. Review the Steady Flow Data information (Hec-RAS: Edit>Steady Flow Data)
Steady Flow Data - Flow 01 H=] 3
File Optionz  Help
Enter/Edit Mumber of Prafiles [100 max): |1 Reach Boundary Conditions | SpplData |
of Flow D ata Changes
River: 101 |
Reach: IFEIVEF! ﬂ River Sta.: I?DD.DDD VI Add & Flow Change Location |
Flow Change ion
RS
700,000
|
|E|:Iil Steady flow data far the prafiles [cfs)
8. Perform the Steady Flow Analysis in order to get the new water surface elevation. (Hec-RAS:
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Lab Exercise : Flood Plain Determination

9. Review the water elevation in the channel thru the cross section display. (Hec-RAS:
View>Cross Section).

Cross Section H=] 3
File Optionz Help
River. [1m | I
Reach: [FIVER ~| Riversta: [soo000 < [8][1]
River Analyms Flan 01 11/5/2007 =
e 04 04 te— 04 —
Legend
161 [E——
14] EC PF 1
124 Wi PR 1
i UL
24 Graund
= *
% ay Bank =ta
>
L 51
w
41 -
2]
o
.2 T T T T T )
0 20 40 B0 a0 100 120
Station (7t =
=l 3

>

Creating a HEC-RAS Profile Table

1. Create a profile table that will allow us to export the information needed. (Hec-RAS:

View>Profile Table).

HEC-RAS M= =

File Edit Simulate | Yiew Option: Help

[=[=]<=]

Cross-Sections ...
Water Surface Profiles ..

s Eustomary Hydrolegic Engineering Cenker
12 Army Corps of Engineers

Fraject: [Fiver  Rating Curves .. [C:ADatahGeohwdatydrain wsriver, pri

Plar: Flan{  hidrograpts |C:AD atahGeotwdotydrain Sesriver, pli

Geometry: IGenm T PRy el PlEs ... |C:AD atahGeohwdotydrain wsriver.gll

Fla: [Flaw(  Cross Section Table . |C:\D atahGenvwdotidrain hwsriver 01

Proect W

DESC”P“DH Summary Err bkam, Motes B

Define a new table (P

=% Profile Output Table - Standard Tal

rofile Output Table: Option > Define Table).

ble 1

Flle Options  Std. Tables  User Tables

Flans ...

Help
an; Plan 01 River: 101 Reac

Frafiles ...

[ 5. Elex| Crit w.5. [ E.G. Elev|E.G. Slope| ‘el Chnl |Flow Areal Top Width| Froude # Chl

Reaches ...

v Include Interpolated X5's
Include Prafile Marme in Table
Tahle Cross Section Order
Standard Table # Dec Places
Unitz Spstem for Yiewing

Save Table .. g

Femove Table ...

»

| | g [ i | ) | sl | (saf | |
3.67 375 0.001359 249

335 (0.002949
318 0.000832
312 0.000283
3.07 0.000970

a7
ain
309
3.00

346
228
1.47
2.08

Reload D ata I

Tatal flow in cross section.
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Lab Exercise : Flood Plain Determination

3. Click on the Clear All Table Headings button.

Create a Table Heading

Select Yariables I Additional Options |

T able Column Headings

Column 1 | 2 | 3 | 4 | 5

Wariable 0 Total Min Ch El W5, Elev Crit w5, E.G. Elev

Units [cfs) [ft) [ft] [ft] [ft)

Decimal Pts 2 2 2 2 2

<] | 2
Delete Column | Inzert Column | Clear &1l F.able Headings |

H Barnrelz Baze WS Center Station Convy. Left Crit Enrgy 1
lblpha Beta Chstal Cony, Fatio Crit Enrgy 2
lrea BR Open Area ChStaR Conv. Right Crit Enrgy 3
lrea Chanrnel BR Open el Chv EG Mo Corw, Total Crit Mum
lrea Left Br Sel Method Coef of [J Crit Depth Crit w5,
lrea Right C%E Loz Coree. Chil Ciit E.G. Crit 5.1
N I il
| 1] I Cancel | Help |

4. Add the following variables in each column: Center Station, Sta W.S. Lft, Sta W.S. Rgt

and W.S. Elev.

Create a Table Heading

Select Yariables I Additional Options |

T able Column Headings

Column 1 | 2 | 3 | 4 | 5

Y aniable Center Station | Sta'w’.5. Lt | Sta'w’.5. Rat WS Elev

Units [ft] [ft) [ft] [ft]

Decimal Ptz 2 2 2 2

<] | 2
Delete Column | Inzert Column | Clear &1l Table Headings |

Available W ariables

VDOT GEOPAK Drainage

Std Stp Caze Trvl Trne Awg Wel Taotal WP Left el dwg Depth
Top ' Chnl Trvl Tme Chi Wol Chan WP, Right el Maw Depth
Top ' Left Wl Chil ol Left W P Tatal e Sta Lft
Top ' Right Yel Head ol Right &ir Sta Rgt
Top Wwdth Act Wl Left Wolurne WS, Prime wielr Submerg
T op Width el Right P, Channel WS LS, Wt Flws Brea
4] s n
Calculated water surface fram energy equation.

QK. Cancel Help

5. Click OK when done.

© 2007 VDOT
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11-54

6. Include the profile name in the newly created table. (Profile Output Table: Options > Include
Profile Name in Table)

%% Profile Dutput Table - Standard Table 1

File Options Std. Tables Help

Reach [ River Sta [Profile | Center Station] Sta'w/ 5 LiSta'w S Rotw S Flev
Mmoo m [ m [

RIVER__|_700.000 PF 1 5169 5473 11922

RIVER | 500.000 PF 1 EE1E 53.84 89.03

RIVER

400.000

300.000

200.000

E8.14 44,58 2476
20.22
36.99

7. Select all the elements in the profile by clicking the upper left corner of the table.

F#7 Profile Output Table - Standard Table 1
File Options Std Tables Help

Feload Data I

River Sta

Prafile

700,000 FF1
RIVER 500,000 FF1
RIVER 400.000 FF1

300,000

200,000

Center station of main channel

8. Copy the elements to the clipboard. (File>Copy to Clipboard)

=% Profile Output Table - Standard Table 1
File Options 5td Tables User Tables Help

Prirt ﬁ l

“wirite to Tewt File ..

Erport HEEEESE Heaards .

Reload Data I

Exit

RIVER 300.000
RIVER 200.000

Profile number.

9. Open a new Microsoft Excel file and name it: Flood_plain_table.xls

10. Paste the contents of the clipboard into the spreadsheet. (Excel: Edit > Paste)
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Lab Exercise : Flood Plain Determination

B3 Microsoft Excel - Flood_plain_table.xls [_ O[]
@_] Eile | Edit | Miew Inseit Format  Tools [Data  Window  LiveMestng Help  Adobs PDF Type a question for help -3 X
W $ BB S0-0 R 5 A8 - @ -0 -8 A-B
2 & By g2 Feply wih Changess. End Review . [
Al & Cut Chil+<
53 Copy CulC D | E | F [ G ] H | | | J [ K] L [ M =

; (% Office Clispoard.

3 | Paste N Chil+y

4 Paste Spedil.

]
|5

7 Fill s
|18 Clear v
=N B

10 Delete.

11 Delete Sheet
% Move or Copy Sheet...

14 33 End. Cibf
|15 Replace... Ctrl+H

16

17 GoTo.. Chrl+G

16

19

20

21

22

23

24

25

26
|27 -
28

29

30 il
W 4 » H]\Sheetl {Sheetz £ sheet3 4] ]
Ready UM 4

11. Save the spreadsheet (Excel: File > Save)
12. Exit Microsoft Excel.

Creating a DTM Surface from the Profile Table

1. Inthe MicroStation file: Survey_river.dgn, load the VDOT_FloodPlainDTM macro located in

c:\data\geo\VDOT\drainl . (MS Menu: Utilites > Macro > Project Manager)

EVBA Project Manager [_ [

s EEI= T
[Load F'miectl | Description | Location | Auto-Loa
It C:\Progra.. \Default. mvba

4] | 2

2. Highlight the VBA application and click on the Macros button.

VDOT GEOPAK Drainage

© 2007 VDOT

11-55



Lab Exercise : Flood Plain Determination

EVBA Project Manager [_ [
] @@?E‘E:\”. I

Mame | Dﬂﬁzunhﬂm | Location | .t’-‘n.uto-Lnd
Default M C:\Progra..\Default. mvba

FloodPlainDi T reate aF.. 1T _FloodPlainDT...

4]

3. Execute the loaded macro by clicking on the Run button.

Macros.

b acra name:
madFlaadPlainh T, FloodPlainD T

modFloodPlainD T M. FloodPlainD T

UG -

Step Inta
Edit

[Sfeate

Delete
Macros in: | <Al Standard Prajects> ﬂ

Dezcription:

=
[ -]

4. Setup the Flood Plain DTM dialog as shown below and generate a Flood Plain DTM. This
will create a GEOPAK TIN file at the floodplain level.

Flood Plain DTH E3

HEC-R.AS Report File: IC:'|,Data'|,Geo'|,vdot'l,drain1'|,FI00dJ:Iain_tabIe.xIs |

GECQPAK TIM File ko Create: IC:'I,Data'l,GeD'l,vdot'l,drainli,FloodJJIain.tin |

GEOPAK Job Mumber: IlEIl vl | Generate Flood Plain DTM I

5. Close the dialog when done.
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Lab Exercise : Flood Plain Determination

Plotting the Flood Plain Encroachment Limits in the Channel

1. Select the DTM Tools from GEOPAK Road. (MS Menu: Applications > GEOPAK Road >
DTM Tools)

2. Select the DTM Menu icon.

ez B
&

o
T

it
[

-

#, YD

r iS]
e T oA

£h rhes
=on

3. Select the Elevation Differences dialog from the DTM Menu. (DTM > Analysis > Elevation
Differences).

4. We will need to find where the floodplain dtm (flood_plain.tin) intersects at the same
elevation into the existing ground dtm (creek.tin). Setup the dialog as shown below.

Caloulation: _TIM to TIM vI
Fram TIM: IW @
ToTIN: [oreektin | &
~ Option

Cut/Fill Comtours vI [ oy | —
v Even: _
Mumnber of Grid Points: I 200000

Contour Elevation Interval: | 1.000

Contour Label Interval: I 100,000

~ Dizplay
¥ Display Only ™ Set Graphic Group

=} Eil ™ Planarize at: [0000

~ Boundany Selection
™ Use Boundary: Flace I Select I

| ]

5. Click Process.

A series of lines will be plotted delineating the flood elevation as it is encroaches into the
existing dtm.

7. Exit MicroStation.
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12 Technical Reference

OBJECTIVES

e The objective of this chapter is to review the computation methods utilized by GEOPAK
Drainage.

THE RATIONAL METHOD

The Rational method is the most widely used formula to calculate storm water runoff. VDOT
recommends the use of that for pipe sizing, inlet capacity and spread computations.

This method uses certain assumptions that make their use only suitable for areas of less than 200 acres.
These assumptions are:
e The entire drainage area contributes to the discharge

o Rainfall intensity, measured in inches per hour, is distributed evenly in the whole drainage
area.

e Rainfall intensity is at a constant rate along the entire duration of the storm. The storm
duration is at least equal to the time of concentration.

e Frequency of the computed flow is of the same frequency as that of the rainfall intensity. A 5
year rainfall intensity is set to produce a 5 year peak flow or discharge.

o  Coefficient of runoff is the same for all storms and probabilities of recurrence.
The rational formula is given as:
Q=CIA
Q = computed peak discharge in cubic feet per second (cfs)
C = runoff coefficient (non dimensional value)
I = intensity of storm in inches/hr.
A =drainage area in acres
The formula is not dimensionally correct as it is a result of empirical studies.

Let’s analyze in detail each component of the formula.

VDOT GEOPAK Drainage © 2007 VDOT 12-1



THE RATIONAL METHOD

RUNOFF COEFFICIENT (C)

INTENSITY (1)

12-2

The runoff coefficient is a function of the ground cover and other hydrological abstractions.

This is a dimensionless number that represents the fraction of rainfall that remains on the surface of the
ground.

The runoff coefficient relates the estimated peak discharge to a theoretical maximum of 100 percent of
runoff.

VDOT provides a table of runoff coefficients that depends on the slope of the terrain being analyzed
and the use of it.

In more practical terms we can summarize that for storm drain projects, we can divide our drainage
area into pervious and impervious areas.

We can conclude that a pervious area is the one with a ¢ value equal or less than 0.5. A typical
pervious area could be woodlands, grassy terrain or residential areas. Then we can also say that an
impervious area is the one with a ¢ value greater than 0.5. Pavement areas or heavy commercial and
industrial lots are a good representation of this type of drainage area.

Therefore, we can say that for storm drain projects the following assumption is valid:

C = 0.95 for pavement areas

C =0.50 for grassy areas

In a drainage area, multiple types of surfaces could be present with different runoff coefficients. Then,

a weighted runoff coefficient should be determined. The weighting is based on the area of each land
and is found by the following formula:

. > CA

-5

Intensity is usually represented at the rate of rainfall in inches over an hour period. Intensity
computations in GEOPAK Drainage are based on one of several options for defining the Intensity-
Duration-Frequency (IDF) relationship.

The selection of the intensity over a drainage area depends of the frequency of the storm to be analyzed
and their duration, than in general we equal to the time of concentration of the area.

The intensity over a drainage area is calculated or extracted from widely develop I-D-F (intensity-
duration-frequency) curves. VDOT also provides mathematical functions for each of the curves so they

can be implemented in computer programs. GEOPAK Drainage uses a four parameter intensity curve
with the time of concentration in logarithmic format to represent the intensity rainfall in Virginia.

| =a+Dblin(tc) + cIn(tc)® + d In(tc)®

I = rainfall intensity for frequency (inch/hr)
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THE RATIONAL METHOD

n = time of concentration (min)

a,b,c,d = empirical factors which are input for each frequency.

ngainage Library - Rainfall Data Source Item mEE
Item ID: [Zone 9 Description: | Intensity E quatior] Data Type:  Eguation 'l
Equation Selection ci=a+b Rl +c* nTc)™2 +d* InTe)™3
) User Defined:
T i=flabcTel
. Frequency a b & d &
© i=ftab.cFequency.Tc] 20000 | 11.0806 | 16602 | 0.26846 | 0.0445 fal
® i =flab.cdinTc] 3.0000 11.5467 | 1.4935 | -0.3596 | 0.0507
5.0000 11.7666 | -1.3839 | -0.3988  0.0535 i,
10,0000 120840  -1.0033  -0.5366  0.0E49
25.0000 12,3859 | -0.2735 07753 | 00837 ;I X

[ooo | [o.0o00 | [ooooo | [o.0000 | [o.0000

Ok | Cancel |

VDOT has also published I-D-F curves covering the State of Virginia for different frequencies under
different rainfall zones.

In order to find the intensity for drainage area, we have to do the following.
1.- Localize our project inside one of the zones VDOT has divided the State.
2.- Select the proper I-D-F curve according to the selected zone.

3.- Enter the chart using the time of concentration as the storm duration and intersect the proper
frequency curve.

4.- At the point of intersection, read the rainfall intensity in inches per hour.

TIME OF CONCENTRATION (TC)

Time of concentration is defined as the time required for a drop of rainfall to travel from the most
remote point of a watershed to the point of analysis. GEOPAK Drainage time of concentration
calculations are derived from FHWA HEC-22.

VDOT recommends a minimum time of concentration equal to 5 minutes despite a lower calculated
time.

To calculate time of concentration, we have to recognize the different types of flow that occur inside
the drainage basin and along the flow path. These are sheet flow, shallow concentrated flow and open
channel or pipe flow. For each type of flow a myriad of formulas could be used; each one of them
using their own assumptions. FHWA in their “Urban Drainage Design Manual” cites the following
formulae for each types of flow.

Sheet Flow Travel Time: it is the starting type of flow in a drainage basin in which runoff has a
uniform depth along a sloping surface. We can say that the limit is the first 400 ft. The formula is a
version of the kinematic wave equation.

K, ( nL o
Toneet =Jos s

T = sheet flow travel time (minutes)
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THE RATIONAL METHOD

n = Manning’s roughness coefficient of the watershed.
L = flow length (ft)

I = rainfall intensity (inches/hr)

S = surface slope (ft/ft)

K, = empirical coefficient equal to 0.933

Manning's Roughness Coefficient (n) for Overland Sheet Flow

Surface Description n
Smooth Asphalt 0.011
Smooth Concrete 0.012
Ordinary concrete lining 0.013
Good wood 0.014
Brick with cement mortar 0.014
Vitrified clay 0.015
Cast iron 0.015
Corrugated metal pipe 0.024
Cement rubble surface 0.024
Fallow (no residue) 0.05

Cultivated soils:

Residue cover < 20% 0.06
Residue cover > 20% 0.17
Range (natural) 0.13
Short grass prairie 0.15
Dense grasses 0.24
Bermuda grass 0.41

Woods (when selecting n, consider cover to a
height of about 30 mm. This is the only part of the
plant cover that will obstruct sheet flow.
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THE RATIONAL METHOD

Light underbrush 0.40
Dense underbrush 0.80

This is an iterative process since the intensity depends on the time of concentration. Therefore, the
assumed time of concentration must be the same as the calculated one in order to stop the iterative
process.

Shallow Concentrated Flow Travel Time: Up to a distance of 400 ft, sheet flow tends to

concentrated in rills and then gullies of increasing proportions. First, we need to calculate the velocity
in order to estimate the travel time.

V =K_kS 05
V = velocity (ft/s)
K, = coefficient of 3.28
k = intercept coefficient.
S = slope in percentage

Intercept Coefficients for Velocity vs. Slope Relationship

Land cover / Flow regime k

Forest with heavy ground litter; hay meadow (overland 0.076
flow)

Trash fallow or minimum tillage cultivation; contour or strip 0.152
cropped; woodland (overland flow).

Short grass pasture (overland flow) 0.213
Cultivated straight row (overland flow). 0.274
Nearly bare and untilled (overland flow) alluvial fans in 0.305

western mountain regions

Grassed waterway (shallow concentrated flow). 0.457
Unpaved (shallow concentrated flow.) 0.491
Paved area (shallow concentrated flow); small upland 0.619
gullies

Open Channel and Pipe Flow Travel Time: It is the flow collected in channel and pipes. The
Manning’s equation can be used to estimate the average flow velocities in pipes and open channels.
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THE RATIONAL METHOD

12-6

_L49

V R2/380.5

V = velocity (ft/s)

n = Manning’s runoff coefficient

R = hydraulic radius (flow area divided by the wetted perimeter)
S=slope (ft/ft)

Then the travel time could be calculated as:

L
Tchannel = W

Values of Manning Coefficient (n) for Channels and Pipes:

Conduit Material
Closed Conduits:
Asbestos — cement pipe
Brick
Cast Iron pipe
Cement-lined & seal coat
Concrete (monolithic)
Corrugated-metal pipe (1/2 in x 2 %2 in corrugations)
Plain
Paved Invert
Spun Asphalt Lined
Plastic pipe (smooth)
Vitrified Clay:
Pipes

Liner Plates

© 2007 VDOT

Manning n

0.011-0.015
0.013-0.017

0.011-0.015
0.012-0.014

0.022-0.026
0.018-0.022
0.011-0.015
0.011-0.015

0.011-0.015
0.013-
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THE RATIONAL METHOD

Open Channels

Lined Channels:

A. Asphalt 0.013-0.017
B. Brick 0.012-0.018
C. Concrete 0.011-0.020
D. Rubble or riprap 0.020-0.035
E. Vegetal 0.030-0.40

Excavated or dredged

Earth, straight, and uniform 0.02-0.030
Earth, winding, fairly uniform 0.025-0.040
Rock 0.030-0.045
Not maintained 0.050-0.14

Natural channels (minor streams, top width at flood

stage < 100 ft.
0.03-0.07

Fairly regular section
0.04-0.10

Irregular section with pools

Then, the total time of concentration for a watershed will be:

T =T, . +T +T

concentration sheet shallow channel

STORM FREQUENCY
Frequency can be defined as the return period of a specific storm or their exceedance probability.
Exceedance probability is the probability that an event having a specific volume and duration will be
exceeded in a specified time period. Return period is the average length of time between events having
the same volume and duration.
Be careful, saying that a storm has a 50 year frequency does not mean that it happens every 50 years.
The probability of a storm happening is inversely proportional of the return period. This means that a
50 year storm has a 2% probability of recurrence.

VDOT recommends the following design frequencies depending of the type of project:
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THE RATIONAL METHOD
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Type of Project Design Frequency
General Design 3 year
General design with ditch replacement 10 year
and adding of side pipes.
General design work on interstates 10 year
Interstate facilities which only outlet is 50 year

a storm drain system and for the outlet
of systems requiring pumping stations.

© 2007 VDOT
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INLET SPREAD COMPUTATIONS

INLET SPREAD COMPUTATIONS

The spread or ponded width of runoff at an inlet location is a geometric function of the cross sectional
geometry, longitudinal pavement/gutter slope and discharge. A direct solution is not possible for
complex cross sections with multiple breaks in the transverse slope so an iterative procedure derived
from HEC-22 is employed.

— dg
= I ———
39 dq G___Eg——_—A S3 ‘
o Wy W, W ‘

CURB INLETS ON-GRADE

The computation of on-grade curb opening inlets involves a determination spread or ponded width
characteristics, computation of length required for total interception, and consideration of inlet
efficiency.

T

el
- —

Curb
Opening
Inlet

Pavement

The hydraulics of Curb Inlets On Grade is derived from HEC-22. The applicable equations are as
follows:

The length of curb inlet required for total interception using Equation:

0
L, =040 Quu 03 [L]
nA,

where:

L, = length of curb inlet required (ft)

Q = flowrate in gutter(cfs)

S = longitudinal slope (ft/ft)

n = Manning's roughness coefficient

Se = equivalent cross slope (ft/ft) for non depressed inlets

The equivalent cross slope (Se) for a depressed curb-opening inlet using Equation:
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CURB INLETS IN SAG CALCULATIONS

where:

Se = equivalent cross slope (ft/ft)
Sx = cross slope of the road (ft/ft)
a = gutter depression depth (ft)
W = gutter depression width (ft)

Eo = ratio of depression flow to total flow

The Ratio of depression flow to total flow is determined using the following equation:

where:
Eo = ratio of depression flow to total flow

Inlet interception capacity is then defined by:
Qitﬂr@m‘ = Qmﬁ b Eﬁd‘ié‘?@f
where:
Qi = intercepted discharge (cfs)
Qt = total inlet discharge (cfs)
Efficiency = inlet efficiency defined below

L
Efficiency = 1-1(1- L—}m

where:
L, = length of curb inlet required for 100% interception (ft)

L = length of curb inlet provided (ft)

CURB INLETS IN SAG CALCULATIONS

12-10

The capacity of a curb inlet in a sag depends on the water depth at the curb opening, and the height of

the curb opening.

© 2007 VDOT
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CURB INLETS IN SAG CALCULATIONS

The inlet operates as a weir to depths equal to the curb opening height and transition to orifice flow on
higher depths. In the transition the capacity is based on the lesser of the computed weir and orifice
capacity.

The head on the inlet is computed by adding the ponded depth (y) and the inlet depression (a) using the
following Equation:

h=y+a
where:
h = head at inlet opening (ft)
y = ponded depth in gutter (ft)
a = inlet depression depth (ft)

The capacity of the inlet when operating under weir conditions is calculated with the equation:

- L5
Q=C_ L+18Wh

where:

Q = total flow reaching inlet (cfs)

Cw = weir coefficient = 2.3

h = head at inlet opening (ft)

L = length of curb inlet opening (ft)

W = lateral width of inlet depression (ft)

The equation for interception capacity of a curb opening operating as an orifice follows:

J=0C,hL. f2gd,

where:

Q = total flow reaching inlet (ft*/s)

C, = orifice coefficient = 0.67

h = depth of opening (ft)

L = length of curb opening inlet (ft)

g = acceleration due to gravity = 32.2 ft/s’

d, = effective head at the centroid of the orifice (ft)
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GRATE INLETS ON-GRADE CALCULATIONS

GRATE INLETS ON-GRADE CALCULATIONS

The capacity of a grate inlet on-grade depends on its geometry and the cross slope, longitudinal slope,
total gutter flow, depth of flow, and pavement roughness. The design of a grate inlet on-grade involves
an analysis of given grate dimensions to estimate the interception rate. The difference between the
estimated interception rate and the total approach discharge equals the bypass rate. The following
procedure is applicable to grate inlets on-grade:

The Ratio of discharge over the grate (Frontal Flow) to flow to total flow is determined using the
following equation:

where:

Eo = ratio of flow over the grate to total flow

The ratio of frontal flow intercepted to total frontal flow:
Re=1-03(V-V), V=¥,
R,=101fV ¥,

where:

R = ratio of frontal flow intercepted to total frontal flow

V = approach velocity of flow in gutter (ft/s)

V, = minimum velocity that will cause splash over grate (ft/s)

The splash over velocity is of the form of
W, = ALY factort™

where:

Vo = is splash over velocity

A = constant for different grate type

N = a power coefficient for different grate type
L = grate length

factor = 1 for English and .3048 for metric
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GRATE INLETS ON-GRADE CALCULATIONS

Grate Type Coefficient A Coefficient N
P-1-7/8 5.74872 0.5038679
P-1-1/8 454822 0.5058875
Curved Vane 3.92812 0.5954068
45 Tilt Bar 3.35159 0.5926234
30 Tilt Bar 2.67291 0.7567052
P-1-7/8-4 3.01181 0.6454720
Reticuline 2.48235 0.7659749

The ratio of side flow intercepted to total side flow:

o —[1+ (0.083 zv”a)T
R PO b

L23

where:

Rs = ratio of side flow intercepted to total flow
z = inverse of transverse slope

V = approach velocity of flow in gutter (ft/s)

L = length of grate (ft)

The efficiency of grate, E;, using equation:
E.=[RE, +R,(1-E,)]
The interception capacity of the grate, Q;, using equation:
Q:=E.Q=Q[RE, +E,(1-E,]]

The bypass flow rate:

Co=Q-Q,
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GRATE INLETS IN SAG CALCULATIONS

A grate inlet in sag configuration operates in weir flow at low ponding depths. The transition to orifice
flow begins as the ponded depth increases. The procedure for calculating the inlet capacity is as
follows:

The capacity of a grate inlet operating as a weir is determined with the following equation:
0, =(1- B)C,Pr"

where:

Q. = weir capacity of grate (cfs)

Cw = weir coefficient = 3.087

P = perimeter of the grate (ft)

h = allowable head on grate (ft)

Pr = perimeter reduction factor to account for clogging

Under orifice conditions, the grate area controls the capacity. The capacity of a grate inlet operating
under orifice flow is computed equation:

Q.::l = ﬂ*ﬂ _ﬂkjca"\l zg';g

where:

Q, = orifice capacity of grate (cfs)

C, = orifice flow coefficient = 0.67

A = clear opening area (ft?) of the grate (the total area available for flow)

g = acceleration due to gravity (32.2 ft/s?)

h = allowable head on grate (ft)

Ag = area reduction factor to account for clogging

The capacity of a grated inlet in a sag is based on the minimum flow calculated from weir and orifice
conditions. The figure below demonstrates the relationship between weir and orifice flow. If Q is
greater than Q,, (to the left of the intersection in the figure), then the capacity would be that calculated

with the weir equation. If, however, Q, is less than Q,, (to the right of the intersection), then the
capacity as determined with the orifice equation would be used.
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Weir (Quech™)

A
£

S
Orifice (Q=h'"

Irlet C apacity ()

-

& pit Orifice
/ ' ontr ol M——P C ontrol

Effective Head ()
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LINK HYDRAULIC COMPUTATIONS
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LINK HYDRAULIC COMPUTATIONS

Numerous algorithms are employed to perform the pipe and ditch hydraulic computations. The
fundamental equations and terminology are presented here for reference purposes.

The most widely used formula for determining the hydraulic characteristics of storm drain networks is
the Manning Formula, expressed by the following equation:

v=1lpasga
i}

where:

V = mean rate of flow (ft/s)

R = the hydraulic radius (ft)

S = the slope of hydraulic gradeline (ft/ft)
n = Manning's roughness coefficient

The hydraulic radius (R) is defined as follows:

where:
Wp = wetted perimeter (ft)
A = cross sectional area of flow (A?)
To satisfy continuity,
Q=AY

where:
Q =discharge (m%/s)

Combining these equations gives the following equation:

1 213 o142
=— &R 5
Q I

Conveyance describes the geometric carrying capacity of a hydraulic conduit and is described by the
following equation:

(R

.
1
o
1
E =
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LINK DESIGN CONSTRAINTS

Friction Slope is the slope (S) in Manning's formula required to convey a specified discharge under
uniform flow conditions given a depth, roughness, and shape. Under uniform flow, depth and flow area
are constant and the friction slope, the actual slope, and the energy slope are all equal.

Sy = (%'2

LINK DESIGN CONSTRAINTS

The Constraints establish further design criteria for Links. GEOPAK Drainage utilizes the physical
constraints of minimum and maximum size and slope to determine a suitable pipe size.

ELink Configuration Constraints

Link1D: 4 [pipe-T = » Fh“f'g”hﬁ'i';”;tcemer v L% s by |
~ Detailz
2 Dezign Constraints
M Finimum F axinmum
efinition )
Conditions Rise: [1.500 | 5.000
Conztraints Slope: | 0.150 [10.000
Computation Welocity: | 2500 [10.000
Type
) Fipe
) Ditch

GEOPAK Drainage will perform the following steps to determine the “allotted pipe envelope”

e  Starting upstream, GEOPAK computes each link slope by connecting the nodes at the
elevation set by the node elevation minus the minimum depth.

o If this slope is less than the minimum slope, GEOPAK Drainage sets the slope equal to the
minimum slope. This will provide the upper limit of the envelope. Then, it continues
downstream.

e To setup the bottom part of the “envelope” , it starts from the outlet elevation, move upstream
and setup the minimum invert of the pipes by using node elevation minus the maximum depth
values on each node.

e If the invert falls within the minimum and maximum slopes the link is placed at the calculated
elevation. If not, the link is once again placed at the minimum specified slope from that node
to the upstream end of the system.

e If during the construction of the envelope, any elevations that the user has held will be
accommodated if physically possible and the envelope constrained to that elevation.
However, if a held elevation of a pipe violates the minimum or maximum depth line, the
elevation will not be held. With the minimum and maximum depth profiles computed,
GEOPAK Drainage can then design a suitable pipe within this envelope that satisfies all the
constraints possible.
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LINK DESIGN CONSTRAINTS
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The other constraints, minimum and maximum velocity are for querying purposes and evaluating the

adequacy of the design.

Minimum Rise

Constraint - Minimum rise (diameter, height) for pipe or ditch in master
units (i.e. feet or meters). The Department’s minimum round pipe size is
1.5'(18™).

Maximum Rise

Constraint - Maximum rise (diameter, height) for pipe or ditch in master
units (i.e. feet or meters). Unless the designer knows a constraint, it is
recommended that this be set for a large pipe such as a 6' (72”).

Minimum Slope

Constraint - Minimum physical slope for pipe or ditch expressed in
percentage. The minimum pipe slope varies with the pipe size (0.15% for
18”, 0.102% for 24” etc.) See the discussion in the Storm Drain Handbook.
During the initial design, the pipe sizes are not known, so this constraint
may need to be changed as the design progresses. In moderately sloped
terrain, using 0.15% may be acceptable for all pipes, because the terrain
will force the pipes to be steeper than that. In flat terrain, using 0.15% for
all pipes may cause the downstream pipes to be too deep.

Maximum Slope

Constraint - Maximum physical slope for pipe or ditch expressed in
percentage. The Department does not have a maximum slope constraint, so
it is recommended that this be set high for all pipes.

Minimum Velocity

Query - Minimum velocity for pipe or ditch expressed in feet per second or
meters per second. This value must be something greater than zero for the
program to do the hydraulic calculations.

Maximum Velocity

Query - Maximum velocity for pipe or ditch expressed in feet per second or
meters per second.
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HYDRAULIC GRADE LINE COMPUTATIONS

HYDRAULIC GRADE LINE COMPUTATIONS

The methodology employed by GEOPAK Drainage to compute the water surface profiles through a
storm drain network is typical of any open channel water surface procedure. A backwater analysis is
performed through the system beginning at the most downstream point (outlet) and progressing
upstream to the most remote nodes. GEOPAK Drainage will compute the hydraulic grade line using
gradually varied flow analysis in free surface flow conditions and pressure flow computations under
full flow conditions.

The resulting hydraulic gradeline represents the set of elevations to which the water would rise if open
to atmospheric pressure (e.g., piezometer tubes) along a pipe run and can be used to evaluate the
adequacy of the design and identify areas where flooding occurs.

HYDRAULIC GRADELINE

The hydraulic gradeline (HGL) procedure begins at the most downstream node (outlet) and proceeds
upstream through each link in the same fashion. A starting HGL at this downstream point elevation
must be defined. The procedure for developing the HGL through a link of the network from
downstream node to upstream node is as follows:

D t .
EE"L“"S ream | ax I ~——— Energy Gradeline (EGL)
I 7 -
\,'2 L R VY =
DT o | pee— 1y ,— Hydraulic Gradzline|{HGL}
2g |, iy 7 e
I ——___,.—--‘;E" .
Downstream —7’ _....--------"":' T~ uniform depth
HGL | R
........ e | critical depth
o 1 1 2 |
/

1. Beginning with the HGL at the downstream node (HGL,), the Energy Gradeline (EGL,) is computed
from:

2

EGL= HGL+ —
ig

where:

v = velocity at flow depth HGL (ft/s)

g = gravity (32.2)

HGL = elevation of hydraulic gradeline

Assuming a very small change in the energy and depth (y) compute the HGL, from HGL, = HGL+ y

2. Determine the distance along the pipe (x) to create the y loss due to friction = x = Sgy where S¢=
0.5(S1+Sy)
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SPECIAL CONSIDERATIONS

3. This procedure of computing HGL, and the distance along the pipe proceeds until the end of the
pipe has been reached yielding the HGL at the upstream end of the pipe.

4. The resulting upstream HGL is subsequently used on the next upstream pipe as its starting
downstream HGL. GEOPAK Drainage can alternatively use the computed energy gradeline upstream
as the starting downstream EGL on the next pipe upstream. This alternative method differs in that the
EGL's upstream and downstream at a node are equal rather than the conventional assumption that the
HGL's are equal.

5. If junction losses are desired they computed prior to progressing upstream and added to the
hydraulic gradeline.

SPECIAL CONSIDERATIONS

12-20

If the starting HGL is less than critical depth then critical depth will be assumed.

If the HGL converges to equal the uniform depth the computations proceed to the upstream
end at uniform depth

Once the HGL reaches the soffit of the pipe full flow conditions begin.

Hydraulically steep pipes where uniform depth is less than the critical depth are checked with
a backwater profile to verify if the resulting upstream HGL drowns out critical depth at the
upstream end. If it does than the backwater profile is accepted. If the backwater curve does
not exceed the critical depth, then a forewater profile is generated for this supercritical
condition. A forewater profile uses the same procedure as above but progresses from the
upstream end towards the downstream end. It begins at critical depth at the upstream end and
converges towards uniform depth as the calculations proceed downstream.

Hydraulic jumps may occur when mixing supercritical and subcritical water surface profiles.
GEOPAK Drainage does not compute the exact location of a jump but will check if
downstream subcritical depths have sufficient energy to force a supercritical profile to its
conjugate depth thereby satisfying the conditions required for a jump to occur. Message will
be appear indicating the existence of a jump.
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JUNCTION LOSS METHODOLOGIES

JUNCTION LOSS METHODOLOGIES

Five junction loss methodologies are discussed:
e  Free surface transition losses
e  Pressure flow transition losses
o Bend losses
e Terminal inlet / junction losses
e Complex junction losses

FREE SURFACE TRANSITION LOSSES

The energy losses may be expressed in terms of the kinetic energy at the between the incoming and
outgoing pipes:

Prﬂ
H:r = K:é‘(z_)
g

where K is the transition Loss Coefficient.

2 2
H:r = K:r (VL _iz'
2g g
forV, >V,
H, = K:(L_ L:‘
2g  Zg
forV; >V,
where:

V, = upstream velocity
V, = downstream velocity

K = Loss Coefficient for expansion of contraction

PRESSURE FLOW TRANSITION LOSSES

The energy losses may be expressed in terms of the kinetic energy at the between the incoming and
outgoing pipes:
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BEND LOSSES

BEND LOSSES

12-22

i, = K:((ﬁmz

g

where K is the transition Loss Coefficient.

2
7, — V)
H, =K, (—2 1
2g
forV,>V;
e Ty
HI - K! I:—
2g
forV,>V,
where:
V, = upstream velocity
V, = downstream velocity
K = Loss Coefficient for expansion of contraction
Method 1 (From Modern Sewer Design)
Bend losses may be estimated from the equation:
i
H,=K,—
b b zg

Where the Kj can be estimated from the following table.
K - Bend Loss Coefficient

0.10

0.32
0.64
1.06

1.32
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CURVE LOSSES

Method 2 (From AASHTO)

Bend losses may be estimated from the equation:

Tz
H, = K, E

Where the Kj can be estimated from the following table.

K - Bend Loss Coefficient Degree of Turn at Bend
0.19 15
0.35 30
0.47 45
0.56 60
0.64 75
0.70 90

CURVE LOSSES

Losses for curved pipe segments may be estimated from the equation:

K, =25 %
where:
= central angle of bend in degrees
TERMINAL INLET /JUNCTION LOSS
H, =K, (V—jj
2g

where:
V = Velocity at terminal end of junction

K = Loss Coefficient for terminal junction
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COMPLEX JUNCTIONS

COMPLEX JUNCTIONS

Manhole losses in many cases comprise a significant percentage of the overall losses within a sewer
system. Losses at junctions are dependent upon flow characteristics, junction geometry and relative
sewer diameters.

Method 1

Losses at junctions where one or more incoming laterals occur may be estimated by combining the
laws of pressure plus momentum where H;is equal to the junction losses.

e
HJ-=KJ-E

Using the laws of pressure plus momentum, the loss H; can be estimated as follows:

4+4)_@° o o
2 Azg HLE 4‘133

cos &

':Hj +Ly - L)

Method 2
Losses at junctions where one or more incoming laterals occur utilize the principle of conservation of

energy, involving position energy and momentum energy. The energy content of the inflows is equal to
the energy content of the outflow plus any losses due to the collision and turbulence.
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COMPLEX JUNCTIONS

The loss H; can be estimated as follows:

g = Q4V42 B lerlz _QEVEE +KQ'1F12
! 2 g

where:
Q =discharges
V = horizontal velocities

K = bend loss factor
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GEOPAK DRAINAGE WARNING MESSAGES

GEOPAK DRAINAGE WARNING MESSAGES

PREFERENCES

AREAS

NODE:

12-26

Error Opening GPK file: The directory path for the location of the project’s geometric database (gpk file) is
not properly defined in the Drainage project preferences.

Error Opening Drainage Library: The directory path for the location of the project’s drainage library (dib
file) is not properly defined in the Drainage project preferences.

Close All Open Library Item Dialogs Before Exiting Librarian: All edit dialogs must be saved or cancelled
before exiting the drainage library dialog.

Unable to load path data: The directory paths for any of the project components are invalid or do not exist as
defined in the Project preferences dialog.

Unable to find shape file in preferences: The roadway superelevation shapes dgn file is not at the location
specified in the Project preferences dialog.

No element meets the boundary level/symbology criteria: The dgn element symbology specified as a search
criteria for the area definition does not match any of the elements in the dgn file.

Area Creation Failed or Aborted - Area Must be Enclosed: A drainage area must be closed shape element in
Microstation.

No Boundary Elements Selected: A boundary or borderline Microstation elements to define a drainage area
were not selected.

Sum of Subareas = ## Exceeds Total Drainage Area = ## Do You wish to Reset Total ?: The sum of the
subareas entered in the Area>Subareas option exceeds the total area defined in the Area>Definition dialog box.
GEOPAK will adjust the total area as the total sum of the subareas.

Error Retrieving Cell: The Microstation cell library containing the drainage node cells is not attached to the
dgn file, it is not found or it is not specified in MS_Celllist variable.

NO element identified: User has not selected/identified the Microstation element where the drainage node is
going to take as a reference for placement while using the Tangent to Element or Tangent on Element option in
the Node>location dialog.

Unable to determine PGL Elevation: The station where the node is placed does not exist along the profile
specified as a reference.

Unable to compute TIN Elevation: The node is placed outside the boundary of the TIN file specified or the
TIN file does not exist.

Error Finding D&C Manager: The D&C Manager ddb file is not found at the location specified in the Project
Preferences.
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LINK:

e Error Computing Inlets Calculations for Network: GEOPAK Drainage was not able to compute any
hydraulics for the specified inlet. No flow is getting to the inlet. This could be caused by a wrong spread criteria
definition in which the first slope of the spread criteria cross section is diverting the flow out of the inlet
(negative slope) or the user has not defined a drainage area or discharge into the node.

e Error Opening ACBOOK: The D&C Manager ddb file is not found at the location specified in the Project
Preferences.

e Error Accessing TIN or Model: The TIN file or Site Model gsf file do not exist at the directory path specified
in the Project Preferences.

e Errorin Inlet By Pass Designations - Loop Detected: User is bypassing flow into the same node.

e Error using shapes: GEOPAK was unable to extract information from the roadway superelevation shapes
defined in the Project preferences. This could be caused by wrong definitions inside the shapes (chain and
profile), the shape dgn file does not exist in the path specified in the Project preferences or there are not shapes
defined at the node location.

LINK:

e Link placement ERROR: Link was not placed and stored in the drainage database (gdf file). This could be
caused by a wrong definition (from and to node are the same) or a Microstation element to define the link is not
selected.

e Cannot Hold the Slope and From and To Node Elevations: User can not specify hold values for the inverts
and slope of the link/pipes at the same time. User should specify the inverts and let the slope to be calculated by
the software.

e Cannot Hold From Node Soffit and Invert Elevations: User can not specify values for the soffit and invert
elevations in the same FROM node. User should specify either one of them and let the software calculate the
remaining elevation with the link rise or pipe diameter.

e Cannot Hold To Node Soffit and Invert Elevations: User can not specify values for the soffit and invert
elevations in the same TO node. User should specify either one of them and let the software calculate the
remaining elevation with the link rise or pipe diameter.

e Cannot Hold More than Two Conditions: User can not specify hold values for the inverts and slope of the
link/pipes at the same time.

e Rise Exceeds Maximum allowed by Profile Envelope: The selected or designed link for the segment is
encroaching in the profile envelope defined by the elevations and minimum depths of the connected nodes.

o Downstream HGL sufficient for Hydraulic Jump: GEOPAK Drainage does not calculate the exact location
of a hydraulic jump but it can warn the user of its possible occurrence.

e Minimum Slope used for Positive Drainage: Link slopes were adjusted to the minimum specified slope in
order to assure gravity/positive flow. Adverse slope pipes are not allowed.

e Min Depth Exceeded at Upstream or Downstream of Link: Link rise is encroaching the limits defined by
the node elevation minus the minimum depth.
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NETWORK:

NETWORK:

Error Building Network : An invalid network has been defined. Multiple outlet nodes or “loop” connections
are not allowed.

Network Calculations Containing Profile are not up to date, Please Perform Network Calculations:
Shown results may not be up to date since possible edit operations have occurred in the network.

An Active Network must be selected: The Drainage>Network>Active Network has not been selected in the
project. Some reporting options required this definition at the user request.

Network Computations are not up to date show results anyway ?: Shown results may not be up to date since
possible edit operations have occurred in the network.

Network Calculations involving link are not up to date, Please perform Network Computations: Shown
results may not be up to date since possible edit operations have occurred in the network.

Errors Preclude Computations: GEOPAK Drainage was unable to calculate the network system. This could
be caused by some zero values in the node or link definitions (no flow into the nodes, minimum
velocities equal to zero) or no drainage areas defined for inlets.

HGL Blowout at upstream end: The hydraulic grade line is encroaching the limits defined by the node
elevation minus the minimum freeboard value (defined in the Project Preferences).

Commingling Runoff Methods not supported: GEOPAK Drainage can compute a network either using the
Rational or SCS method for the drainage areas definitions.

Error Building Network - More than One Outlet found: An invalid network has been defined. Multiple
outlet nodes are not supported.

Error Building Network - Loop or Multiple Downstream Links: An invalid network has been defined. Loop
or closed circuits connections are not supported.

Error Building Network - More than five Incoming Links for Node: GEOPAK Drainage does not allow
more that five link/pipes connections in a node.

PROFILES

12-28

e Unsuccessfully projecting to chain __ from link __: The chain extends/limits does not include the
link location.

e Error Accessing TIN or Model: The TIN does not exist at the directory path specified in the Project
Preferences.

e Drainage Profile __ contains Node _: The Drainage Profile dialog must be closed to edit this node:
The Drainage Profile dialog must be closed before editing a node that is part of the active profile.

e Drainage Profile __ contains Link _ :The Drainage Profile dialog must be closed to edit this link:
The Drainage Profile dialog must be closed before editing a link that is part of the active profile.
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NAVIGATOR

NAVIGATOR

e No Queries Available for Selected Type: There are no query options for the drainage element type
selected.

e No Elements Meeting Query were found: An specific query has returned no results.
ROUTING

e Unable to load computation file: The ASCII file specified to store the computations was not
previously created while in Append mode.
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GEOPAK REPORT BUILDER VARIABLES

AREA

Area-1D: Drainage area name/identification stored in the drainage database (gdf file)

Area — Description:; Drainage area user provided description.

Area - Time of Concentration: User provided or calculated time of concentration.

Area - Tc Used: Time of concentration used in the calculation for the drainage area discharge.
Area — Discharge: Computed discharge for the drainage area.

Area — Intensity: Intensity rainfall used as computed from the time of concentration and rainfall
library.

Area - Composite C Value: Calculated composite C coefficient for the Rational method.

Area - Composite Area: Calculated composite area value for the Rational method.

Area - Total Subarea C Value: Calculated composite C value for only the delineated subareas.
Area - Total Subarea: Sum of the delineated subareas only.

Area - Remainder C Value: C coefficient of the area not included into the delineated subareas.
Area - Remainder Area: Calculated value equal to Total Drainage Area minus the Total Subareas.
Area - Subarea 1...20 Area: Area value of the 1..20 delineated subarea.

Area - Subarea 1...20 C Value: C coefficient of the 1..20 delineated subarea.

Area - Subarea 1...20 Description: Description of the 1..20 delineated subarea.

NODE

Node-ID: Drainage node name/identification stored in the drainage database (gdf file)
Node — Description: Drainage node user provided description.

Node — Type: Node type as defined in the drainage library. E.g. curb, grate, junction, other, curb-grate,
headwall.

Node - Library Item Name: Node name as it is stored in the drainage library.
Node - Library Item Description: Node description as it is stored in the drainage library.
Node - Reference Chain: GEOPAK chain used to locate the node by station.

Node - Reference PGL: GEOPAK profile used to compute the elevation and longitudinal slope for the
node.
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NoODE

Node - Reference TIN: GEOPAK DTM file used to compute the elevation of the node.
Node - Station : Station value computed at the node location using the Node - Reference Chain.

Node - Offset : Offset or distance value computed from the Node - Reference Chain to the node
location. A negative value will indicate the left side of the chain.

Node - Location X Node/ Node - Location Y Node : Coordinate location of the drainage node.
Node — Rotation Node: Angle value in which the node is rotated.
Node - Cumulative Tc : Accumulated time of concentration at the node location.

Node - Supplied Discharge: Applied flow into the node. A discharge is entered directly without a
drainage area definition.

Node - Cumulative Supplied Q : Accumulated directly-entered discharge in the node.

Node — Freeboard : Distance computed as node elevation minus hydraulic grade line elevation.
Node - Cumulative Discharge : Accumulated discharge/flow in the node.

Node - Cumulative Area : Accumulated drainage area in the node.

Node - Cumulative C Value : Accumulated C coefficient in the node.

Node - Cumulative Intensity: Accumulated intensity in the node.

Node - Hyd Center X / Node - Hyd Center Y : Coordinate location of the node hydraulic center.
Node - Elev Point X / Node - Elev Point Y : Coordinate location of the node elevation point .
Node - Origin X / Node - Origin Y : Coordinate location of the node cell origin.

Node - Minimum Depth / Node - Maximum Depth: Distance measured from the node elevation point.
glr;iséed .distances paired with the next connected node creates en envelope in which the links can be

Node — Depth : Distance computed from the node elevation point minus the node bottom elevation.

Node - Minimum Invert Elevation : Minimum invert elevation computed from the links arriving or
leaving the node.

Node - Maximum Rise In : Maximum link size arriving into the node.
Node - Maximum Rise Out: Maximum link size leaving the node.

Node - Minimum Invert In / Node - Minimum Invert Out : Minimum invert elevation of the links
arriving or leaving the node.

Node - Bottom Name : Name as stored in the drainage library of the bottom structure attached to the
node.

Node - Bottom Description : Description as stored in the drainage library of the bottom structure
attached to the node.
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INLET

Node - Pay Item : D&C Manager item ID attached to the node.
Node - Bottom X / Node - Bottom Y : Coordinate location of the bottom structure attached to the node.

Node - Bottom Station: Station value computed at the bottom of the structure attached to the node
using the Node - Reference Chain.

Node - Bottom Offset: Offset or distance value computed from the Node - Reference Chain to the
bottom of the structure attached to the node . A negative value will indicate the left side of the chain.

Node - Bottom Elevation: Elevation of the bottom of the structure attached to the node.

Node - Sump Depth: Extra depth specified by the user added after computing the node bottom
elevation.

Node - Is Link Base Flow: Returns a value of -1 if a Baseflow (offsite drainage discharge) option is
added to the node.

Node - Link Base Flow Type: Returns a value of 1 if the Baseflow (offsite drainage discharge) is
entered as a numeric value. Returns 0 if the baseflow discharge is entered as a predefined drainage
area.

Node - Link Base Flow Area: Returns the name or ID of the drainage area entered as baseflow.
Returns N/A if not.

Node - Link Base Flow Discharge: Returns the numeric value entered as baseflow discharge. Returns
N/A if not.

INLET

Inlet - ID: Drainage inlet name/identification stored in the drainage database (gdf file).

Inlet — Description: Drainage inlet user provided description.

Inlet - By Pass Node ID : Node name in which by pass flow is directed from the present inlet.

Inlet — Type: Inlet type as defined in the drainage library. E.g. curb, grate, curb-grate.

Inlet - Profile Type : Inlet placement profile condition. Either On Grade or Sag.

Inlet — Discharge : Inlet computed discharge from the drainage area or supplied discharge.

Inlet — Capacity : Capacity of the inlet based on their physical properties and placement conditions.

Inlet - Max By Pass: Maximum by pass flow/discharge assigned to the inlet as a query value. It is not
used for design purposes.

Inlet - By Pass Flow: Computed flow that the present inlet will bypass due to lack of capacity.
Inlet - By Pass Flow Into: Inlet name in which by pass flow is directed from the present inlet.
Inlet - Curb Length: Curb length as defined in the drainage library.

Inlet - Curb Depression: Curb Depression as defined in the drainage library.
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INLET

Inlet - Curb Height: Curb Height as defined in the drainage library.

Inlet - Curb Depression Width: Curb Depression Width as defined in the drainage library.
Inlet - Slot Length: Slot Length as defined in the drainage library.

Inlet - Slot Width: Slot Width as defined in the drainage library.

Inlet - Grate Type: Grate Type as defined in the drainage library.

Inlet - Grate Length: Grate Length as defined in the drainage library.

Inlet - Grate Width : Grate Width as defined in the drainage library.

Inlet - Grate Area: Grate Area as defined in the drainage library.

Inlet Grate Perimeter: Grate Perimeter as defined in the drainage library.

Inlet - Grate Clog Area: Grate Clog Area as defined in the drainage library.

Inlet - Grate Clog Per Inlet: Grate Clog Per Inlet as defined in the drainage library.

Inlet - Max Ponded Depth: Maximum allowed spread depth. This is used a query value and not for
design purposes.

Inlet - Max Ponded Width: Maximum allowed spread width. This is used a query value and not for
design purposes.

Inlet - Longitudinal Slope: Slope along the direction of stationing defined by the user or a GEOPAK
profile.

Inlet - Computed Ponded Width: Computed spread width.

Inlet - Computed Ponded Depth: Computed spread depth.

Inlet - Right Spread Intercept: : Computed spread width at the right side of the inlet.
Inlet - Left Spread Intercept: Computed spread width at the left side of the inlet.

Inlet - Length Required: Computed inlet required in order to handle all the discharge.
Inlet - Spread N: Manning’s coefficient for the spread section.

Inlet - Composite Spread Slope: Composite slope across the inlet.

Inlet - Inlet to Gutter Offset: Distance applied when the inlet is set at a certain offset of the section
considered for computing spread width and depth.

Inlet - Spread Slope 1...5: Slope of the different segments of the Spread Criteria cross section. Section
1 is the closest to the inlet.

Inlet - Spread Width 1...5: Width of the different segments of the Spread Criteria cross section.
Section 1 is the closest to the inlet.
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LINKS

LINKS
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Link — ID: Drainage link name/identification stored in the drainage database (gdf file).
Link — Description: Drainage link user provided description.

Link — Type: Link type. Either pipe or ditch.

Link - Upstream Node: Upstream node 1D of the connecting link.

Link - Downstream Node: Downstream node 1D of the connecting link.

Link — Shape: Link shape as defined in the drainage library. E.g. Arch, box, circular, ellipse or pipe
arch.

Link — Material: Link material as defined in the drainage library. E.g. aluminum, concrete, plastic, or
steel.

Link - Corr — Type: Link corrugation or type as defined in the drainage library. E.g. Standards, low
profile, high profile, horizontal, or vertical.

Link - Library Item: Link name as it is stored in the drainage library.

Link - Number of Barrels: Number of parallel pipes going from one node to another.
Link - Actual Length: Link length measured from the graphical ends of the element.
Link - Hydraulic Length: Link length measured from hydraulic center to hydraulic center of each node.
Link - Manning's N Value: Manning’s coefficient of the link.

Link — Slope: Link slope in percentage.

Link — Rise: Link rise in feet or meters.

Link — Span: Link span in feet or meters.

Link — Discharge: Link discharge/flow.

Link - Uniform Depth: Flow uniform depth at the link.

Link - Uniform Velocity: Uniform velocity computed at the link.

Link - Critical Depth: Critical depth computed at the link.

Link - Critical Velocity: Critical Velocity computed at the link.

Link - Friction Slope: Friction slope computed at the link.

Link - Critical Slope: Computed slope caused by critical flow at the link.

Link - Actual Depth Downstream: Downstream runoff depth at the link.

Link - Actual Depth Upstream: Upstream runoff depth at the link.

Link — Capacity: Link capacity under the present physical conditions.
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LINKS

Link - HGL Downstream/ Link - HGL Upstream: Hydraulic grade elevation at the link ends.

Link - EGL Downstream/ Link - EGL Upstream: Energy grade line elevation at the link ends.
Link - Upstream Junction Loss: Junction loss value at the upper portion of the link.

Link - Soffit Upstream /Link - Soffit Downstream: Soffit or crown elevation at the link ends.

Link - Invert Upstream/Link - Invert Downstream: Invert elevation at the link ends.

Link - Minimum Rise: Minimum link rise used for design purposes.

Link - Maximum Rise: Maximum link rise used for design purposes.

Link - Minimum Slope/ Link - Maximum Slope: Minimum/maximum slope at which links would be
placed.

Link - Minimum Velocity/Link - Maximum Velocity: Minimum/maximum velocity at which links
would be placed.

Link - Design Size: Return a Yes/No value if GEOPAK Drainage will design the size of the links.

Link - Design Barrels: Return a Yes/No value if GEOPAK Drainage will consider parallel links from
node to node.

Link - Actual Velocity Downstream/Link - Actual Velocity Upstream : Velocities computed at the link
ends.

Link - Pay Item: ID of the Design and Computation Manager item associated with the link as defined
in the drainage library.

Link - Library Description: Link description as it is stored in the drainage library.
Link - Iterative Velocity: Computed velocity at the link after 10 iterations.
Link - Full Velocity: Computed velocity assuming that the links are flowing full.

Link - Upstream Freeboard: Computed elevation from the upstream node minus the assigned freeboard
to the node.
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