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Chapter 1 Introduction

1.1 What is GEOPAK Drainage?

GEOPAK Drainage is a comprehensive system for designing and analyzing storm drain systems,
which can leverage many roadway design features to create a seamless information exchange to
the drainage design process. A GEOPAK Drainage project may contain multiple drainage
networks; each comprised of any number of topologically connected drainage areas, inlets, pipes
and ditches. The GEOPAK Drainage workflow closely mirrors conventional design processes
allowing for the design of the surface collection system (i.e. drainage areas, inlets) then the
design of the subsequent conveyance system.

GEOPAK Drainage is extremely flexible, in that the hydraulics designer can create and
manipulate elements of the system, while simultaneously seeing the effects. Interactive dialogs
and design visualization make the process easy to learn and efficiently produce results.
Manipulations and redesign are accomplished quickly and easily, whether it's moving a single
inlet or developing an entire network. At any time during the process, customized reports can be
generated to provide hard copy outputs.

Roadway alignments, vertical profile gradelines, and digital terrain models created as part of the
design process may be used throughout GEOPAK Drainage to provide pertinent information to
drainage design. All drainage components feature interactive graphical placement tools for easy
spatial definition of the drainage system. Visualization tools in GEOPAK Drainage for networks,
drainage components, and computations all but eliminate the tedium of thumbing through pages
of computer output to evaluate whether the system is functioning adequately. The visualization
allows for immediate evaluation of the drainage system.

GEOPAK Drainage hydrologic and hydraulic capabilities include runoff computations, inlet
design and analysis, and pipe and ditch design and analysis. All computations follow
recommended methodologies in the FHWA publication “Drainage of Highway Pavements” as
well as the procedures in the AASHTO Model Drainage Manual.

Runoff computations are performed using either the Rational or SCS method where rainfall
parameters may be specified with common intensity equations, hydrographs, or by tabular
intensity-duration data. Drainage area delineation tools allow easy creation of contributing areas
and the graphical assignment of these to drainage features. The extremely tedious task of
compiling different subareas and runoff coefficients is practically eliminated by GEOPAK
Drainage’s graphical shape tool, allowing easy creation of drainage areas and land use
boundaries. Once the boundaries are defined, the runoff coefficient and associated hydrologic
parameters are computed automatically by delineating the land use zones inside of the drainage
area. Any subsequent modifications to the boundaries will update the runoff coefficient via a
single mouse click.

For GEOPAK Drainage support, please contact the CADD Support Center.
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Chapter 1 Introduction

1.2 Objectives

e Understand the components of GEOPAK Drainage
e Understand the contents of the Drainage Library
e Learn how to set Project Preferences

1.3 Project Workflow

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

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

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

Spatial information describing its location, shape and connectivity.

Hydraulic and hydrologic information describing its properties, conventions and other
associated attributes.
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Chapter 1 Introduction

1.4 Components

GEOPAK Drainage organizes the components of a drainage system according to their spatial
characteristics. Spatial information is stored as Nodes, Links and Networks.

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).
Nodes are used to model:

Inlets (curb inlets, grate inlets, slotted drains)
Junctions (manholes, grade breaks, bends)
Outlets

Others (user-defined)

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). Links are used to represent:

e Pipes (over +1,000 default pipes)
¢ Ditches (any shape — including automatic design capabilities)
e Channels (cross section based utilizing TIN files)

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

Other associated components in GEOPAK Drainage include:

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

Profiles (Hydraulic): 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.
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Chapter 1 Introduction

1.5 Invoking GEOPAK Drainage

GEOPAK Drainage is part of the GEOPAK suite of civil tools and needs to run within the
MicroStation environment. Follow the steps listed to access GEOPAK Drainage.

1. Launch ProjectWise Explorer and navigate to the following location:

District CADD\ Design\Cole#\J5EX501\Data

2. Find the following file and open it with MicroStation:

plan_J5EX501.dgn

3. From the Applications pull-down menu choose GEOPAK > Drainage

Applications | Window Design  Construction  Add-Ons

GEOPAK  *|  ProjectWise Organizer = @ 1:}

& Map b I —
~ | Deactivate GEOPAK

Training

ROAD I

SITE r

SURVEY 3

DRAINAGE * | Drainage

About GEOPAK Help

Once activated, a separate menu for Drainage will show up next to the Applications menu. All
items in Drainage can be accessed through this main Drainage pull-down menu. You can also
use the Drainage Tool Box by choosing the Main option under the Tool Boxes menu or use the
Drainage menu bar which is displayed whenever Drainage is active:

15 | Drainage | Window  Design  Construction  Add-Ons  Help

et [ 4 B B0 2 DB 2 AE-
— Component »
Metwork L4 H DRAIMAGE - Untitled - [Mo Active Metwork]
Reports ’ Project Component MNetwork Reports  Utilities Tool Boxes
LUtilities 3
ki B4 Main Drainage Tool Box =2
. . r— o 5 e~ i
Exit Project in @, le s/ = ‘ﬁ;:jv r_&lﬁ i
Area
MNode
Linl
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Chapter 1 Introduction

Every time GEOPAK Drainage is activated it opens as an untitled project and is set to use the
Bentley default preferences. In order to have the correct default MoDOT preferences you will
want to change this by using one of the procedures outlined below.

Beginning a New Drainage Project - When you are starting a new project and have
activated GEOPAK Drainage for the first time on that project:
1. Click the Project pull-down menu on the Drainage menu bar and select the Preferences
option
2. Click the File pull-down menu on the Preferences dialog box and select the Open
option
- The Open Drainage Preferences dialog should pop up and the folder location
should be set to your project data folder
3. Select MoDOT _Drainage.dpf from the list of available files and click the Open button
in the lower right corner of the Open Drainage Preferences dialog box
- The MoDOT _Drainage.dpf file simply changes all of the variables in the Drainage
Preferences to reflect the suggested MoDOT settings
4. Click the OK button on the Preferences dialog box to apply the new preference
settings to your drainage project
- You will be prompted to save your drainage project at this point
- This must be done before you can change preference settings
Choose the No Wizard option and click OK
6. Inthe Document section of the Save Drainage File dialog box change the Name and
the File Name to the name you would like to use for your drainage project file
- The system automatically fills in these fields using the name of the DGN file you
are currently working in and giving it a GDF extension
- The name you use much match in both the Name and the File Name fields
- Itis not necessary to change the Description but it can be helpful later on if the
project is large and might require the use of more than one GDF file
Click the Save button on the Save Drainage File dialog box
Click the Yes button when the system prompts you to store the preference changes
9. Now you can open the Preferences again and make any changes necessary for your
project situation then click OK to apply to your GDF

o

o N

Opening an Existing Drainage Project - The GDF file stores the preferences that were
assigned at the time the project was last saved and so if you have an existing project then you
simply need to open your GDF file to restore your preferences and settings:
1. Click the Project pull-down menu on the Drainage menu bar and select the Open
option
2. Select your existing GDF file from the list and click the Open button in the lower right
corner of the Open Drainage File dialog box

Once you have done either of these processes the banner for your Drainage menu bar and the
MicroStation window should display your drainage project name.
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4. Follow the instructions provided on the previous page for beginning a new
drainage project.
For step 4 we will make changes to the Preferences as we progress through

the following pages and review the different options
- When you reach step 6 in the instructions use the following name for your
file:

drainage J5EX501.gdf

A little information about the GEOPAK Drainage File (GDF):

The GEOPAK Drainage File or GDF stores the drainage project data in much the same way
that the GPK file stores the data for GEOPAK Road.

A single GDF file can be used to store data for multiple networks (individual drainage
systems). However, the GDF file format can become corrupted if pushed too far and it is
recommended that if networks are large/complex that each network should be stored in a
separate GDF file.

The GDF file can be corrupted if more than one user accesses it at one time, so the GDF file
should be stored in ProjectWise and not on the T: drive.

As mentioned in the instructions given for opening an existing drainage project, the GDF file
stores the preferences that are assigned when the project is saved and those preference settings
will be restored when the GDF file is opened for use.
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Chapter 1 Introduction

1.6 Review Project Preferences
The Project Preferences control the graphic and computational options of the drainage system.
Each category of options contains variables that are set to MoDOT suggested standard settings.
These settings can be manipulated by the user if needed during the design process.

1. Click the Project drop-down menu and select Preferences.

For each of the Options on the Preferences dialog box we will be changing the
settings to fit our project needs. The values we will be using are highlighted.
Please make sure your preferences are set up in a similar manner.

Units

This option defines what system of measure the project will use when performing calculations
and generating output. It also provides the user with information about what units of measure
are being used for specific input and output fields.

English

,H Preferences - Units EI [=] @

File

Optiong
Units @ English Metric

Prqjeu:'t Componerts Drainage Area = Acres
Rainfall Parameters Length = Feet

Land Use Options Dimension = Feet

Frequency Options Depth = Feet

Intensity Option Discharge = Cubic Feet per Second
Junction Losses Velocity = Feet per Second

tnlet Options Intensity = Inches per Hour

Maode Options
Link Options
Profile Options
Flan Symbalogy
pdates

Save Options

Welocity = Meters per Second
tensity = Milimeters per Hour

| oK | |Cance||
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Project Components

M Preferences - Project Components o || =] ER
File
Options Drainage Library File (DLB): | T:\Gpk_5Std“Drainage‘dote dib Q
Units T
Project Componants GPK Job Number: Q| User Preferences |
Rainfall Parameters Drainage Cell Library: | T-'\Gpk_5Std"\Drainage*.Drainage cel Q
Land Use Options o _ Q
Frequency Options Criteria Directory:
Irtensity Option DDE: aQ,
Junction Losses
Inlet Options Water and Sewer Project: Q
Node Options Superelevation Shapes File: aQ,
Link Options
Profile Options Site Project: Q
Plan Symbology Original Ground
Updates T~ Q
Save Options
Design Surface
TINFle = Q
| OK | | Cancel |

Drainage Library File (DLB): T:\Gpk_std\Drainage\dote.dlb

GPK Job Number: job###.gpk (GPK file for the job you are currently working on)

When setting up the preferences for the first time on a Drainage project the user needs
to set the path to the GPK:
1. Click the User Preferences button to the right of the magnifying glass
2. Click COGO Preferences button on the User Preferences dialog box
3. Set Job (GPK) Directory to the correct T: drive data folder for the current job
4. Click OK for the COGO Preferences and again for the User Preferences
5. Once this path is established the user can click the magnifying glass button and
select the correct GPK file from the list.

Drainage Cell Library: T:\Gpk_std\Drainage\drainage.cel
Criteria Directory: MoDOT does not use criteria for Drainage.
DDB: MoDOT does not link Drainage to the GEOPAK D&C manager database at this time.

Water and Sewer Project: MoDOT does not use Water and Sewer projects.
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Supereleveation Shapes File: This field can be pointed to the superelevation shapes file (DGN)
allowing Drainage to read elevations, cross slopes, and grades for jobs with roadway sections
that are superelevated

The superelevation shapes file must also be referenced into the DGN file you are using for your
drainage project

Site Project: This field can be pointed to the GEOPAK Site File (GSF) for a Site project
allowing Drainage to use data from a Site model or object

Original Ground: MoDOT does not typically assign an original ground surface

Design Surface: User can assign a final design (proposed) TIN file that will allow Drainage to
read and use surface elevations when working with components
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Rainfall Parameters

The rainfall Parameters option is used to select the intensity equation to be utilized on the final
project. Both the Rational Method and the SCS Methods are available.

Section 749.4 of the EPG states that the Rational Method should be used on all watersheds less
than 200 acres in size. For further guidance please refer to Category 749 of the EPG.

Select District 5 as the Rainfall Source under the Rational Method.

;l»i Preferences - Rainfall Parameters El [=] @
File
Options
Units Rational Method
Project Companerts Rairtall Source:: |District 5 - |
Rairfall Parameters
Land Use Options 505 Method
Frequency Options ) ] -
Intensity Option Rainfall Source: [2 SC5Type |l |
Junction Losses @ Antecedent Moisture Condition |
Inlet Options Antecedent Moisture Condtion 1
N_':"je Optu:uns Artecedert Maisture Conditian (11
Link Options
Profile Options Hydrograph Time Interval: | 0.000
Plan Symbaology
|pdates
Save Options
| 0K | | Cancel |

Rational Method Rainfall Source: The Rainfall Data Source for computing intensities and
discharges, which is stored within the Drainage Library File, therefore it may only be selected
here.

SCS Method: Rainfall Source is the data source for computing discharges, which is stored
within the 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 11 is the average condition, and Antecedent Moisture Condition 111 is the highest
runoff potential (saturated soil).

Hydrograph Time Interval: Specified in terms of minutes.
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Land Use Options

The Land Use dialog establishes the land use options used to delineate sub-areas and runoff
coefficients for the current project. When selected from the Options list, the dialog depicted
above is displayed.

M Preferences - Land Use Options |= || = || & |

File
Options Hatiu:un.al Method
Units @ Single Land Use tem: [MnDnt v]
Project Companents ) Muttiple Land Use tem:
Rainfall Parameters Land Use lkem Level |Color | Weight Shyle
Land Use Options
Frequency Options
Irtensity Option
Junction Losses - ]
Inlet Options MoDet ) Sl
Mode Options SCS Method
Link Options @ Single Land Use tem: [Mant v]
Profile Options ) Muttiple Land Use ftem:
Flan Symbology e o ot | Wit G
Updates Land Use tem Level | Color | Weight Style
Save Options

| oK | [ Cancel | MoDot v | Symbology:

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.

Select Single Land Use Item and make sure MoDot is set in the list box
- This will allow you to choose from all the predefined land use types and their
corresponding C values contained in the MoDOT library when assigning land uses.

Multiple Land Use Item Allows the use of multiple categories if available in the specified
Drainage Library. 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. Our library does not contain multiple categories,
so this option is not used at MoDOT.
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Frequency Options

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

M Preferences - Frequency Options = || B ER
File
Options
Units Drainage Library (DLE): T:\Gphk_5td"Drainage*dote db
Project Components Rational Frequency Options
Raintal F'alan'!eters Computation Runoff Coefficient
Land Use Options Frequency: Peaking Factor:
Frequency Options —_——
Intensity Option 10 Year 1.0000
Junction Logses
Inlet Options SCS Frequency Options
Node Options Cumulative Runoff Coefficient
Link Options Frequency: Peaking Factor:
Profile Options 200Depth - 1.0000
Plan Symbaology
Updates
Save Options
| OK | [ Cancel |

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.

Computation Frequency The displayed frequencies are selected from the available entries in
the Rainfall Parameters chosen from the library.

Cumulative Frequency The displayed depths are selected from the available entries in the
Rainfall Parameters chosen from the library.

Peaking Factors These factors are used to adjust runoff coefficients for frequencies other than
the 5-year or 10-year options. The frequency correction factor is 1.10 for the 25-year event, 1.20
for the 50-year event, and 1.25 for the 100-year event. However, the resulting runoff coefficient
(original "C" multiplied by the frequency correction factor) may not be greater than 1.0 (EPG
749.5.2.3).
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Intensity Options
r‘u Preferences - Intensity Opticn El [=] @

File

Cptions
Uriits Drainage Library (DLE): T:\Gpk_Std“Drainagedote.dlb
Project Components

Rairfall Parameters Minimum Time of Concentration: | 5.0000

Land Use Options Accumulate Pipe Flow Time by: [ Uniform Flow Velocity = |
Frequency Options ] )
Intensity Option Intensity Options
Junction Losses @ Compute Intensity from Library Rainfall Data Sounce
Inlet Options Ahsolute Intensity: | 1.0000
Eaieogﬁzﬁgs Weight Time of Concentration
Profile Options _
Plan Symbology Inlet Computation Only
|pdates . _—
Save Options Absolute Intensity: | 1.0000
| OK | [ Cancel |

Minimum Time of Concentration: 5.0000

The Minimum Time of Concentration is used for all drainage area computations and pipe travel
time in discharge computations and is used throughout these 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.

See EPG Section 749.5.3 for Time of Concentration information.

Accumulate Pipe Flow Time by: Uniform Flow Velocity

The Accumulate Pipe Flow options adjust the travel time through the pipe. Options include
Uniform Flow Velocity (uses velocity associated with normal depth to establish travel time), Full
Flow Velocity (uses velocity associated with full flow [V=Q/A] to establish travel time) , and
Iterative Velocity (GEOPAK analyzes the network under three iterations, so velocity and travel
time closely match actual flow conditions).

Intensity Options Compute Intensity from Library Rainfall Data Source

The Weight Time of Concentration is used when combining different types and times of
concentration, activating this toggle weights the times of concentration such that the discharge
will not decrease.

Inlet Computation Only The Absolute Intensity provides 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 box must be activated or the value will

be ignored. Specified in terms of in/hr or mm/hr depending on the project units.
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Junction Losses Options
AASHTO default coefficients and Method 2 are used to compute junction losses.

ﬁ Preferences - Junction Losses o || = || |
File
Options Digable All Junction Loss Computations
Urits . [
Loss Vel . |Actual -
Project Components s Velocty ILI
Rainfall Parameters Description Loss Coefficient - K
Land Use Options et o
Frequency Cptions —L Pressure Expansion: | 0.3000
Intens.'rt{,f Option Y Free Suface Expansion: | 0.1000
Junction Losses L
Inlet Options = Pressure Contraction: | 0.5000
Mode Options —
Link Options 4 — Free Suface Contraction: | 0.3000
Prafile Options S0 e
Flan Symbology T Bend Loss: |Method 2
Updates = Teminal Inlet/Junction: | 1.0000
Save Options
1 F Simple Junction: |Method 1 -
[ 0K | [ Cancel | L Complex Junction: [Method 2 =

Disable All Junction Loss Computations
If the toggle is active, no Junction Loss computations are calculated.

Note: If a single or small number of Junction Losses are not desired, an option is provided later
in the design 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.
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Bend Loss
Specify the methodology and source of bend loss computations.
e 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).

e Method 1 utilizes Modern Sewer Design, while Method 2 utilizes AASHTO methods.

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

e Method 1 utilizes Modern Sewer Design, while Method 2 utilizes AASHTO methods.
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Inlet Options

The Inlet Options establish the default inlet variables to use in the Node Configuration Properties

for each type of inlet.

File

references - Inlet Options =
M pref Inlet Opti EES

QOptions

Lnits

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

Mode Optiong

Link Options

Profile Options
Plan Symbology
|pdates

Save Options

| oK | |Canu:el|

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

Link By Pass Flow Options: [Do Not Alow Inlet By Pass in Link Discharges |

Default Spread n Value: | 0.0160

Bxdend Superelevation Shapes to Inlet at Shape Slope

Inlet By Pass Options: By Pass as Total Discharge
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. 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 Flow Options: Do Not Allow Inlet By Pass in Link Discharges
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. 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: 0.016
The default Manning's roughness coefficient for the spread hydraulic computations.

10/18/12
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Node Options
Select the node-link graphical interface and node naming convention.

ﬂ Preferences - Mode Options E [=] @ﬁ

File

Options
Uriits Default Mode |0 Prefoc: | CB -
Project Components

Rairfall Parameters Scale Mode Cells
Land Use Options Minimum Freeboard: | 1.0000
Frequency Options
Intensity Option
Junction Losses
Inlet Options

Mode Options

Link Options
Profile Options
Plan Symbalogy
|pdates

Save Options

Scale Factor: | 1.0000

| Ok | | Cancsl |

Default Node ID Prefix: CB —

All nodes will be identified as CB-# where # starts at 1and is numerically sequenced by 1 as
additional nodes are added to the system. (Drainage Areas share the same ID’s as Nodes.) Feel
free to change the prefix. For large projects it may be beneficial to break up the project into
different series: (A1, A2, ...An), (B1, B2, ...Bn), etc.

Scale Node Cells should be toggled off. We design projects on a one to one scale. If it is on, just
make sure it is at a Scale Factor of 1.0000

Minimum Freeboard: 1.0000 (see EPG Sec 750.4.4.7)

This option is used to maintain a certain amount of free space in the node from top of water
surface to top of inlet. GEOPAK measures freeboard from the hydraulic grade line to inlet
elevation.

Note: This option does not affect computations in any way. It is only used to trigger a warning
(HGL Blowout) if the hydraulic grade line forces less than minimum freeboard.
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Link Options
Set the preferred design options for the design of the conveyance system.

M Preferences - Link Options = || =) ER
File
Options Default Link |0 Prefoc: | 55 -
|nits Link Profile Options
Project Components Diesign Optimization: | Minimize Fipe Size x|

Rairfall Parameters

Land Use Options Elevation Option: [at Hydaulic Certer |

Frequency Options Link Design Options

Intenﬁg,r Option Design for Maximum Capacity

Junction Losses ) ]

Inlet Options @ Design for Full Capacity

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

Link Options Design Partial Capacity (3/Q) Ratio: | 1.0000

Prafile Options _ _ N —

Plan Symbology Link Slope Decimal: | No Rounding -|

Updates Link Criteria Fie

Save Options File Name: Q
Hydraulic GradeLine Options

| QK | | Cancel | Hydraulic Gradeline Basis: [Egual Hydraulic Gradeline |

Default Link ID Prefix: SS —
All links will be identified as SS-# and start at 1 and numerically sequenced by 1 as additional
links are added to the system. Feel free to change the prefix.

Design Optimization considers the pipe profile envelope created when nodes and links are
placed and a minimum soffit and maximum invert are established.

Minimize Pipe Size uses the entire envelope to size pipes and will choose smaller pipe sizes
with steeper slopes if possible. If the entire envelope does not result in a smaller pipe then the
appropriate size pipe will be selected based on the top of the envelope.

Minimize Depth of Cover bases pipe sizing on the top of the envelope maintaining a
minimum soffit elevation.

Elevation Option is used to establish the elevation that is reported for the ends of each link
when a profile is generated. Hydraulic Center reports the elevation at the center of the node
structure and Actual End reports the elevation at the actual end of each pipe.

Link Design Options: Design for Full Capacity is the preferred option and uses 100% flow
to design the pipe size for capacity greater than the discharge.
Note: In comparison Design for Maximum Capacity assumes approximately 90% flow.

Hydraulic Gradeline Basis: Equal Hydraulic Gradeline is preferred and assumes that the
starting lower end HGL of a link is equal to the upper end HGL of the downstream link.
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Profile Options

GEOPAK Drainage allows users to store chains (hydraulic) and profiles (hydraulic) in COGO.

File

Options

Inits

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

Mode Options

Link Cptions

Profile Options
Plan Symbology
|pdates

Save Options

| 0K | |C.ann::e||

,H, Preferences - Profile Options
P

Default Profile |0 Prefic:

PR -

| Create Cogo Chaing and Profiles

=

=]

24

Default Profile ID Prefix: PR —

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 "PR-1" followed by "PR-2", "PR-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
Project Components. The link name is used as both the chain and profile name. Stationing

starts at 0+00.

1-20
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Plan Symbology

The defined symbology is set to reflect the MoDOT CADD Standards. This symbology may be
revised or manipulated at any time. To change the symbology for any item simply double-click
that item and make the desired revision.

Updates

Choose to Automatically update the components in the current drainage file as changes are made

to the system.

File

M Preferences - Updates

Cptions

Inits

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

Mode Options

Link Cptions

Profile Options
Plan Symbaology
|pdates

Save Options

| 0K | |Cann::e||

Automatic Link Updates on Mode Relocations
Automatic Update Area data on Metworke Design
Automatic Update Mode data on Metwork Design
Automatic Update Link data on Netwark Design
Automatic Update Profiles on Metwork Design

Automatic Update Metwors an Profile Edit

ol ® =)

10/18/12
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Save Options

Choose whether to Automatically save all drainage updates, save a backup or save at give

intervals of time

File

P Preferences - Save Options

Cptions

Inits

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

Mode Options

Link Cptions

Profile Options
Plan Symbaology
|pdates

Save Options

| 0K | |Cann:e||

-

(o] & |

| Automatically Save Drainage Updates
| Automatic Backup

| Automatic Save: |60 Minute -

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.

Because of the corruption issues that we deal with from time to time on the GDF files, it is
recommended that you enable the Automatic Backup option.

Automatic Save To automatically save, activate the toggle to the left of the option, then select

the desired time interval.
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Drainage Preferences may be changed at any time and the system can then be redesigned or
analyzed utilizing the new settings.

There are times when you might want to set up different scenarios using different preference
settings to see how a drainage system will act under different conditions. Preferences can be
saved by going to the File pull-down menu on the Preferences dialog box and choosing the Save
As option and saving the current preference settings as a new DPF (Drainage Preference File).
These preferences can then be recalled anytime they’re needed by using the Open option under
the File pull-down menu.

# Preferences - Units E (=] @
File
Open...
Save @) English Metric
nents
Save As.. Drainage Area = Acres Drainage Area = Hectares
eters _ o
Land Use Onti Length = Feet Length = Meters
and Use ptu:.ms Dimension = Feet Dimension = Meters
Frequ_ency O_pt'c'”s' Depth = Feet Depth = Meters
Intensity Option Discharge = Cubic Feet per Second Discharge = Cubic Meters per Second
Junction Losses Velocity = Feet per Second Velocity = Meters per Second
Inlet Options Intensity = Inches per Hour Intensity = Millimeters per Hour
MNode Options
Link Options

Profile Qptions
Plan Symbology
Updates

Save Options

| oK | |Cance||

2. Click the OK button on the Preferences dialog box to enable the current

settings and close the dialog.
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1.7 Review Drainage Library

The Drainage Library is used to store data and standards that may be shared by different projects
and designers. MoDOT supports one main library (dote.dlb). A metric library is also
available as well as custom libraries if needed. These libraries are maintained at CADD Support,
and should not be modified.

1. Click the Project drop-down menu and select Drainage Library.

Drainage | Window Design Construction Add-Ons  Help
Project 4 . MNew...
= Component 4 Open...
Metwork 4 Save
Reports L4 Save As...
L= ' Preferences
Tool Boxes 4

Exit

Drainage Library

Import
Export

Exit

When the Drainage Library dialog comes up, make sure the banner displays the path as
T:\Gpk_Std\Drainage\dote.dlb

Note the first four tabs in the Drainage Library:

e Rainfall: Contains the Rainfall Data Sources

e Land Uses: Contains the specific Land Uses and their corresponding “C” value
e Nodes: Inlets, Junctions, Manholes, Outlets, etc.

e Links: Circular Pipes, Elliptical Pipes, Pipe-Arch pipes, Boxes, etc.

File _Edi

M Drain age Library - TAGplk_Std\Drainage\dote.dlb

(o] @ /=S

+

Rairfall

Land Use Nmpread Section

R ——

Description

1-24
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Rainfall Tab

Rainfall Items store all the rainfall data information to be used on GEOPAK Drainage Projects.
GEOPAK Drainage supports rainfall sources in the form of intensity duration frequency (IDF)
tables, or as coefficients for intensity-duration-equation formats. Also supported are the SCS,

HYDRO-35 and TP 40 methods of rainfall.

This is the same information used to develop our IDF curves for each District. See the EPG

749.5.4.

To explore the data highlight any rainfall item, then right-click and select Modify. Or select
the modify button on the right. Take a look at the defined information.

When you are finished reviewing the information select the Cancel button to exit the
Rainfall Data Source Item dialog.

M Drainage Library - T\Gpk_Std\Drainage\dote.dlb E (=] @
File Edit
| Rainfall | Land Use || MNodes " Links " Spread Section |
Blement (D Description
District 9 Intensity Equation Modify
District 8 Intensity Equation /
District 7 Intensity Equation ‘ 1
Diigtrict & Intensity Equation
District 5 Intensity Equation ¥
District 4 Intensity Equation I
District 3 Intensity Equation
Diigtrict 2 Intensity Equation
District 10 Intensity Equation =
Diigtrict 1 Intensity Equation
2 5C5Type I SCS Unit Hydrograph
;H Drainage Library - Rainfall Data Source Itemn E =] || E3
ftem 1D Description: | Intensity Equation Data Type: |Eguation v
Equation Selection i=a/b+Tcfe
) |User Defined:
@ i=flab,cTc)
- s T Frequency a b C -
D i =fab.c Frequency. fc) 20000 622400 12.9300 0.8500 a
D) i=flab.cdin(Tcl 5.0000 78.5600 14.1500 0.3400 (=
100000 737700 13.1400 0.8000
250000 856300 13.4500 0.79500
50.0000 835000 126400 07600 ~| X
0.00 0.0000 || 0.0D00 || 0.0000
| OK | [ Cancel |
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Land Use Tab

Land Uses are used to store runoff coefficients ("C" values) and corresponding symbology for
each land use. The runoff coefficients are divided up into two groups: Rural and Urban. The
rural coefficients are based on the topology and soil classification while the urban coefficients
are defined based on the land use. See the EPG 749.5.2,

Land Uses can be automatically delineated with GEOPAK Drainage. The DGN file is scanned
for the land use symbology from the Drainage Library and associates the symbology, as well as
the graphical shape, with the "C" value as set in the library. The “C” values are then weighted
according to their ratio of land area within the main area delineation, and a properly weighted
“C” value is calculated for the land area under consideration. Alternately, the land uses can be
put into the project manually.

To explore, highlight the MoDOT item, right-click and choose Modify
When done select Cancel.

i Drainage Library - T:\Gpl_Std\Drainagehdote.dlb EI =] @
File Edit
Rairfall I Land Use | MNodes " Links " Spread Section |
Blement 1D Description
Mo Dot Land Use ttem
a
X
Ty
&
;Id Drainage Library - Land Use (Runoff Coefficient] Itern E [=] 3
tem ID: | MoDot Description: | Land Use tem
Land Use Description Funoff C Symbology -
Business - Downtown 0.83 Lv:Drainage-Area, Co:65, Lo:0, Wi:1 E
Business - Meighborh 0.60 Lv:Drainage-frea, Co:66, Lo, Wi 1
Residertial - Surbur 0.33 Lv:Drainage-frea, Co:67, L0, Wi:1
Residertial - Single 0.40 Lv:Drainage-frea, Co:68, Lo:0, W1
Residential - Apartm 0.55 Lv:Drainage-Area, Co:69, L0, W1
Industrial - Light 0.65 Lv:Drainage-Area, Co: 70, Lo:0, W1 »
Industrial - Heavy 0.75 Lv:Drainage-Area, Co: 71, L0, W1
Industrial*Railroad 0.75 Lv:Drainage-Area, Co: 72, Lo:0, W1 S
Business - Dowrtown 0.830 —_— I 0K I l Caned I
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Nodes Tab

Nodes contain standard configurations for Grates, Curbs and Slotted Drain inlets, as well as
Junctions, Outlets and Other Nodes. The description, plan view representation and dimensional
information for each Node item is entered only once in the Drainage Library and then referenced

by each project.

Choose the Grate option from Node Types, then select the first node and Modify.
You can review the cell information by pressing the Select button to the right of the Plan

View Cell field.
When complete, close both the cell selector and the node item by choosing Cancel.

ﬂDrainageLibrarj,r-T'."-Lka_'Std"-LDrainage\dote.dlb E =] @
File Edit

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

Node Types:

Bement |D Description
GRATE PB 5%3 5¥3 PARALLEL BAR GR. (USE 5¥3 BTM NODE)
GRATE PB 5x2 B¥2 PARALLEL BAR GR. (USE 5x2 BTM NODE)
GRATE PB 3X3 3%3 PARALLEL BAR GR. (USE 3¥3 BTM NODE)
GRATE PB 3%2 3%2 PARALLEL BAR GR. (USE 3¥2 BTM NODE)
GRATE CV 4x2 4¥2 CURVED VANE GR. {USE 4X2 BTM NODE)
GRATE CV 242 2¥2 CURVED VAME GR. {USE 22 BTM NODE)

M Drainage Library - Mode Item

AV ERIGRATE PE 5X3 oK
Description: | . (USE 5%3 BTM NODE)

155

Payhem: | 614-10.24 Cancel
Criteria File: Q, Plan Wiew Cell:
Flan View Cell: | PBEX3 Select...
Node Type: [Grate x|
Profile Type: [On Grade and Sag = | +
Data for On Grade
Grate Type: |Parallel 1 1/8 x|
Length: | 5.000
Width: | 3.000
Data for Sag
Area: | 11.400

Area Reduction Factor: | 0.500
Permeter: | 13.000
Permeter Reduction Factor: | 0.500
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Links Tab

The Links are categorized by three properties for each pipe: Shape, Material, and Type
(corrugation). Each pipe resides in its own dialog box that contains the specific pipe geometry,

default roughness coefficient and material combination.

Concrete. Highlight the first pipe, then choose Modify.
When done select Cancel.

To explore the type of data common to the links, set the Shape to Circular, the Material to

ol Drainage Library - TAGpk_Std\Drainage\dote.dlb o || B ER
File  Edit
Rainfall | Land Use || Modes | Links | Spread Section
Chape: |Circular  =| Materal: |Concrete =
Blement |D Description *
12 Inch Dia Circular Class Il
15 Inch Dia. Circular Class Il
18 Inch Dia. Circular Class Il E
21 Inch Dia. Circular Class |
24 Inch Dia. Circular Class Il
27 Inch Dia. Circular Class Il
30 Inch Dia. Circular -
13 Inch Dia. Circular .I»{ Drainage Library - Pipe Item E Bl EZ
36 Inch Dia. Circular Pipe Properties
42 Inch Dia. Circular ftem 1D
43 Inch Dia. Circular ;| Class Il
Payltem: | 726-13.12
Roughness: | 0.0130
Thickness: | 0.050
Rise: | 1.000
Trench Details
a: | 0.500
b: | 0.500
c: | 1.000
d: | 0.00D
OK | Cancel
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Spread Section Tab

The Spread Section tab is used to set up roadway section spread situations. MoDOT has not
developed library items for this option.

More information will be given when setting Spread Criteria in the Node Configuration (Inlets)
section of the class.

2. Exit out of the Drainage Library.
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Drainage Areas

0 O O 1 o] [T £ LY SS 1
N O 1V V1= TSP 1
0 B = - TS ol I Yo 1 | USSR 2
2.4 Set Project Preferences ........cccoeviiienieiinie s Error! Bookmark not defined.
2.5 DEFING LANGUSES. .....eiuieiieieieite ittt bbbttt bbb ettt e e e 4
2.6 DEfiNE DIalNAQE ATAS.......ciiiieeeitieitieieeiee st e e stee sttt e sttt et e bt e sbe et e bt e nte et e sbeesbesneesreeeennes 5
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Chapter 2 Drainage Areas

2.1 Objectives

Introduce the designer to Drainage Areas and Land Uses in Geopak Drainage

2.2 Overview

The term drainage area refers to a total extent of land that collects surface water and funnels
that water to a low point that immediately impacts a roadway project. A drainage area can have
just one land use type or might be made up of multiple land use types. A drainage area’s land
use types need to be defined in order to get the correct runoff value.

The land use types of a drainage area are determined by their surface type and functional use.
These two factors are used to determine the amount of rain water that will be absorbed, how
much will run off, and how quickly it will run off during a storm event.

For more information on drainage areas and land uses see Category 749

Establish land uses in the watershed which include an apartment complex, a park, and pavement
as well as an area of undefined land use. All water drains to the gutter at the edge of the paved
road and then to the downstream end of the watershed. The dimensions for the various land
uses and the overall drainage area are given below. Assume a time of concentration of 10
minutes.

100 ft 30 ft 20 ft

100 ft

Undefined Land Use

200ft
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2.3 Basic Layout

Using the steps given below, draw Microstation shapes representing the overall drainage area
and the areas that represent the individual land use types shown in the diagram above.

1. Make sure AccuDraw is activated
2. Select the Place Block tool

m View 1, Default

-

A
[ ] :____J'

-
-

Place Block

YA
FRRTVET T

Place Shape

-

] 3% 2 O

U

Ld

Place Orthogonal Shape

-
Ld

Place Regular Polygon

<
B

MEFNE+ >

-
*

")
=]

Open as ToolBox

¢ PlaceBlock [=| B |[wE3m]
Method: [Orthogonal |

Area: |Solid - |
Fill Type: [None -
Fill Calor: | 1 -

-
*

*

[4] 5o

-

*

X &}

Data point at the location that will represent the bottom left corner of your
drainage area

Move the mouse to the right (X direction) type in 150 to lock distance into
AccuDraw

~} AccuDraw @
[X]
Y [0.0000
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Chapter 2 Drainage Areas

5. Now move the mouse up (Y direction) and type in 300 to lock in this distance,

and hit Enter on the keyboard

- Y —_—

-} AccuDraw @
150.0000

You should now have the rectangle that forms the outside perimeter of the entire drainage area.

Now we can establish the land use areas that will provide runoff to our project.

6. Based on the supplied dimensions complete the areas that represent the

apartments, park, undefined area, and road.

When finished, you should have drawn a total of 5 rectangles, 1 for the overall drainage area 4
more for each land use type inside the overall drainage area.

10/18/12
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Chapter 2 Drainage Areas

2.4 Define Landuses

1. From the Geopak Drainage file menu go to Component >Landuses

2. For the lower left hand area select Parks\Cemeteries
Click the Select Shape button
Data point the edge of the lower left hand area to select the shape
Data point a second time to accept the selection. The area should change to
the assigned color in the drainage library (In this case dark blue)

Cm e e [ e PR — g e e e e

Drainage | Window Design Construction Add-Ons  Help

Project "||_| dal X B Rl | 2 i A~m\m|~=Z~rO 3=~

—| Component b Area 4
Metwork b Mode »
Reports r Link » i
a T ) = &L Land Use Boundary Tools E\ =] @
tilities 4 .
= Profile L - -
Tool Boves = Land Use kem: [MaoDat |
Exit Culvert 4 Runoff C | Land Use Description *
u Routing r 0.750 Industrial - Heavy =
0.750 Industrial.Railroad
Land Uses 0.180 Parks \Cemetaries
Miscellaneous Utilities » 0.300 Playgrounds

0.200 Unapproved Areas hi
Land Use Symbology:

Fick Boundany DF
Elements Create Shape

‘ Select Shape

3. Based on the supplied descriptions assign the remaining land uses. When finished

you should have 3 assigned land uses.
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2.5 Define Drainage Areas
1. Goto Component >Area >Add
Notice the Drainage Area ID defaults to CB - 1. For this example change the
ID to Total
In the Area Definition region click the Select Shape button
Data point on the rectangle that represents the entire drainage area
Data point a second time to accept the selection (The drainage area field
should now contain the area in acres)
Add a Mew Area
rea ID;
Description: | Total drainage area
QK ] | Cancel
r,u Drainage Area Definition EI =] @ﬁ
. - Window Center ; M
ArealD: 4 [Total | e & A W & | Aesly |
Details
Cptions Description: | Total drainage area To Mode [D: Total iﬁf@‘
EEE;EZ Drainage Area: | 1.033 Area Selection / Creation
Computation Base C Value: | 0.600 ‘ Select ‘ Create
Time of Conc.: | 10.000 Shape DTM Shape
Hydro. Method | Compute TC | Pick Boundary DP
@ Rational Elements Create Shape
SCS
2. Enter in the time of concentration (Tc) as 10.000
If the time of concentration entered is below the minimum Tc set in the preferences, the
program will default to the minimum to compute the peak discharge for the area.
3. Enter in the base C value as 0.6
Any areas that do not have a land use associated with them will be assigned the base C
value. In this example the area between the (Apartments — Park) and (Road) will be
assigned a C value based of 0.6.
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4. Select the Subareas option on the left side

5. Select the Automation Delineation button.
This will compute the area for any shapes with an assigned land use. Notice how the
subareas are temporarily filled in the with the assigned land use color. (You may need to
go to >Settings >View Attributes in the Microstation menu and toggle on Fill)

Also note that you could override the default C value for any land use by highlighting
the row and selecting the modify button to the right of the screen.

Pa Drainage Area Subareas El [=] @
Window Center
Area 1D: Total - ;
a1D: 4 [Tota Y @ AW & [ ey |
Details
Options To Mode ID: Total ﬁ%‘
Definition Subarea C Value Description
Automati
El 0.229 0.550 Residential - Apartments
Computation 0.4591 0.180 Parks\Cemetaries cl
0.1377 0.800 Streets & Roofs 7| Display Only
Hydro. Method 3
@ Rational
5CS
0.138 0.800 Streets & Roofs
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6. Select the Computation option

Notice that the remainder is the area of any regions that do not have an assigned land
use.

7. Click the Compute Discharge button

Check the Composite C, Intensity, Total Area, and Discharge computed by Geopak.

.H Drainage Area Computations [=]
9 P
Window Center
Area ID: 4 [Total -] » ——— & H WS
Details
Options Area C Value Compute
Definiti 2
- Total Subareas: 0.826 0.386 Discharge
Computation Remainder: 0.207 0.600
Hydro. Method Composite:  1.033 0.429
@ Rational Computed Intensity: 5.907
3G Computed Discharge: 2617

8. Select the Apply button to add the Drainage Area ID to the drainage area
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Chapter 3 Inlets

3.1 Objectives

Create and place stormwater inlets and associated drainage areas in GEOPAK Drainage

3.2 Overview

Establish inlets to collect run off from the drainage area that we created in Chapter 2. We will
need to place 2 inlets in order to satisfy the ponded width (spread), ponded depth, and
interception criteria. If we recall from Chapter 1 that there must be a 1 to 1 relationship between
inlets and drainage areas, so the overall drainage area will have to be subdivided and each of
these subareas will be associated with an individual inlet.

The first inlet (CB-1) is a 2’x2’ curved vane grate and will be located 80 feet from the
downstream end of the drainage area. The second inlet (CB-2) is a 2’x2’ combo curved vane
grate and curb opening and will be located at the downstream end of the drainage area. The
typical spread section and vertical alignment of the roadway are shown in the figures on the next

page.
100 ft 30 ft 20 ft
100 1t Apartments
Park T
&
200ft CB-1 :
....................................................... CB-2..........

10/18/12 Missouri Department of Transportation
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Chapter 3 Inlets

Inlet Label Inlet Type Tc (min) Elevation (ft)
CB-1 2x2 CV Grate on Grade 5 100
CB-2 2x2 Combo CV Grate 6 99.5

Typical Spread Section

10 ft 10 ft

)
[] 2%
6 in —>

8%

-l

251t

Vertical Alignment

}‘ 80 ft
Neglect flow
from this end

G1=0.7%

VPI
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Chapter 3 Inlets

3.3 Define Subareas

Create MicroStation shapes for subareas CB-1 and CB-2 as defined in the
illustration in 3-1. Area CB-1 is 150 ft wide and 220 ft long and area CB-2 is 150 ft
wide and 80 ft long.

Use the Drainage menu Component >Area >Add option to add each of the two
drainage areas. Be sure to add the Base C Value and Time of Concentration for
each drainage area and use the Delineate Subareas button to include the land uses
previously defined. The Time of Concentration for CB-1 should be set to 5.0 and
set to 6.0 for CB-2.

Make sure that you click the Apply button when you complete your inputs for both drainage
areas to store the values.

Base C Value The runoff coefficient (C value) for the drainage area. If subareas are to be
delineated within the Area, this value will be applied to all subareas which have no associated
land use.

M Drainage Area Definition EI =] @
Window Center

Area |D: CE -1 - :

2D 4 | | b e g @ W e
Details
Options Description: To Mode [D: CB -1 ﬁ_;%f
Definition 3 3
- Drainage Frea: | 0,758 Area Selection / Creation
Computation Base C Value: | 0.600 ‘ gs'elﬂ ‘ DTCr{ﬂegthE

Time of Conc.: | 5.000 ERE =0
Hydro. Method | Compute TC Pick Boundary Dp
& PRational Elements Create Shape
SCS
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ﬂ Drainage Area Definition

ArealD: 4 [CB-1

| »

Details

Cptions
Definition
Subareas
Computation

Hydro. Method
i@ Rational
 SCS

Tetal Subareas:
Remainder:
Composite:

Computed Intensity:

Computed Discharge:

g g Window Center
Area |D: iCB -2 il O
= LY vighigh H DG &
Details
Cptions Description: To Mode ID: CE -2 iﬁf@‘
Definition 3 3
. Drainage Area: | 0.275 Area Selection / Creation
Compttation Base C Value: | 0.600 ‘ St ‘ g
Time of Conc.: | 6.000 ___ ___
Hydro. Method Pick Boundary CP
@ Rational Elements Create Shape
 SCS
ﬁ Drainage Area Computations | = | =] | 3 |

[] Window Center
[] Highlight

frea

0.606

0.151

0.758

0.000

0.000

@ & W & [ Aoy

C Value Compute
04723 Dischange
0.600
0.455

ﬂ Drainage Area Computations

ArealD: 4 [CB-2

~| »

Details

Cptions
Definition
Subareas
Computation

Hydro. Method
i@ Rational
® 5C5

Tetal Subareas:
Remainder:
Composite:

Computed Intensity:

Computed Discharge:

[] Window Center
[] Highlight

Area

0.220

0.055

0.275

0.000

0.000

o= =
@ A W &

C Value Compute
0293 Digcharge
0.600
0.347
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Chapter 3 Inlets

3.4 Define an inlet on grade

Go to Component >Node >Add . The node ID should appear as CB —1.

This is important to note because drainage areas and inlets are associated by name only.
In other words, the discharge from drainage area CB-1 will flow into inlet CB-1.
Because of this you may want to give inlet CB-1 a description like “Inlet for sub-area 1”.

.H DRAIMAGE - drainage_pref.gdf - [Mo Active Network] Ex
Project | Component | Metwork Reports  Utilities  Tool Boxes
Area 4 |
| MNode v Add.
Link 4 Edit
Profile »| 1B
Delete
Culvert 3
= Rename
Routing »
Renumber
Land Uses
Miscellaneous Utilities 4 Update All
Update with Pay Items

Use the following information to create CB-1

Properties Option
Node Type: Grate

Profile: On Grade (Note that the hydraulic computations are different for inlets on grade and
inlets at sags so it is important to select the proper profile.)

Library Item: Select GRATE CV 2x2 for a 2’ x 2’ Curved Vane Grate

By Pass to Node allows us to identify the downstream inlet that will collect any runoff that is not
caught at CB-1. This can be accomplished by selecting the ID button and then selecting either
the label or cell for the downstream inlet. Alternately we can type in the node ID. We will
complete this step after placing CB-2.

Max By Pass does not enter into any hydraulic computations, and is just used for querying the
system. This will be discussed later in the course.

Node Bottom won’t be used at this time.

Override Library Payitem enables the user to select an inlet item other than the one specified
from the defined drainage library. We will not use this option.
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Chapter 3 Inlets

L Node Configuration - Properties

Node ID 4 [CB-1

x|

Details

Cptions
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options

Computations

Description:

[] Window Center
[] Highlight

Inlet for sub-area 1

Mode Type: [Grate
Profile: [On Grade
Library tem: [GRATE CV 22

By Pass to Mode:
Max By Pass:

x|

x|

v

BN
w % A

i

3.000

[] Node Bottom: D1 BOX 22
[] Owemide Library Payitem:

Align

3-6
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Chapter 3 Inlets

Spread Criteria Options

Longitudinal Slope Source: This is the actual grade along the vertical curve and not
necessarily the tangent grade G1 or G2. For this example set the option to User Supplied and
enter 0.7

Spread Source: Enter the cross section of the roadway beginning at the curb face and working
towards the crown of the roadway. For this example set the option to User Supplied

Max Ponded Depth is the maximum depth of water that can pond at the inlet. The ponded
depth does not affect inlets at grade but does enter into the calculations for inlets at sags. Since
we are using a 6” curb height, the maximum ponded depth is 0.4 ft.

Max Ponded Width is how much water will pond on the spread cross-section measured from
the curb face. For this example enter 10 ft.

;H Mode Configuration - Spread Criteria for On Grade EI =] @
Node D 4 §|C.E 5 - | > Window Center ot )ﬁ‘ "t @ Bpply
d d Highlight
Details |—|
- Longitudinal Slope Source: |User Supplied | | 0.700
Opt":'”_s Spread Cross Section
Properties Spread Source: [ User Supplied x|
Location
Spread Criteria Width % Slope Roughness -
Blevations 2500 8.000 0.016 Mepdmurm
Junction Loss 17.000 2000 0.01& ., Pond Depth: | 0.400
Discharge Options »
Computations 17000 | 2000 0.018 Pond Width: | 10.000
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Elevations Options

Elevation Source: User Supplied - 100

Node Elevation Option: Same as Source

The next 3 settings deal with establishing pipe elevations

Vertical Alignment Preference: Match Soffit (top inside surface of the pipe)

Minimum Depth for this example is 3 ft. This is the upper limits of the design envelope, the
soffit of the pipe cannot be placed above this line.

Maximum Depth for this example is 12 ft. This is the lower limit of the design envelope; the
invert of the pipe cannot be placed below this line.

The design envelope created by the Minimum and Maximum Depth values are used by

GEOPAK Drainage to set the absolute top and absolute bottom elevations for pipes to enter and

exit the node. Additional information provided in the Chapter 3 Reference material.

w w % w4 [ ey |

M MNode Configuration - Elevations
Window Center
Mode D CE -1 - O
odelD 4 | I [ Highlight
Details
Cptions Reference Surface: | TIN File -
Properties Elevation Source: |User Supplied -|
Location
Spread Criteria Node Elevation Option: |Same as Source -|
?E”mi':‘”iu Vertical Mignment: [Match Soffit -|
unction Loss -
Discharge Options Minimum Depth: | 3.000
Computations Maximum Depth: | 12.000
[[] Add Sump Depth: |0.000

100.000
100.000

Q

Missouri Department of Transportation
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Junction Loss Options

Select Defined Equations

';H Mode Configuration - Junction Loss EI [=] @ﬁ
.-
Node ID 4 [CB-1 - » E:’:‘g”hd";fﬂcemer o N &
Details
Cptions @ Defined Equations
E;DF'E_WES ~) Equations x Loss Reduction: 1
Spfea:dm-ll“,riteﬁa ) Absolute Loss: {
Bevations 1 Supplied K - Outlet Velocity: ]
Junction Loss 1 Supplied K - Change in Velocity: [
o | e
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Discharge Options

Use Computed Discharge will associate drainage area CB-1 to inlet CB-1. Alternately you can
specify a discharge.

Disable Inlet Calculations Capacity: When this toggle is not active, GEOPAK utilizes the inlet
capacity calculations. To override these calculations, the user may activate the toggle and
provide the desired capacity.

Link Base Flow Area/Discharge: When not activated, the drainage area identified for the node
is utilized for calculations. When this toggle is activated, additional drainage areas may be
defined. The area can be identified graphically by pressing the ID button and selecting the
MicroStation shape or may be manually entered in the key-in field. Note the area is included in
the pipe, but is not included in the inlet spread calculations.

A discharge amount may be specified as well by choosing that option from the drop-down box
and inputing

ﬂ Mode Configuration - Discharge Options EI =] @
Node ID 4 [CB-1 ] p L WindowCenter 4y o 5% " 4 [ Aopty
Highlight
Details
Options @ Use Computed Discharge
Properties Supplied Discharge: | 0.00C
Location i ) _ ) —
Spread Criteria Dizable Inlet Calculations  Capacity: | 0.0000
Hevations Link Base Fow Area | ICB-1 - | &
Junction Loss
Discharge Options
Computations
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Location Options

We are not utilizing data from Geopak Road in this example.

1. Setthe Align setting to Tangent to Element

2. Select the MS Alighment Element button

3. Data point on the rectangle that represents the roadway.
Make sure AccuDraw is running

4. Select the Station DP button and snap (single middle mouse click) to the lower
right hand corner of the roadway. Do not left-click to accept the snap!

5. Select the letter O on the keyboard to set the origin.

6. Move the mouse in the negative X direction, enter 18.5
(20’ pavement width, then subtract 6” curb and ¥z the grate width)

7. Move the mouse in the positive Y direction, enter 80, and data point to accept.

8. Finally select the Apply button.

The inlet is now saved to the *.gdf file, any changes to the inlet will now be updates.

&b Node Configuration - Location EI =] @
Window Center g
Mode 1D CE -1 - ;
odelD 4 | | » [ Hohight W e A L
Details
Options Chain: Mo Chains - Profile:  |Mo Profiles -

Location o — .
Soread Citesia Aign: | Tangent to Blement | + Angle: | 0.000

Elevations Station: | 228+03.75 X: 43237742 502
Junction Loss e 3
Offeet: 16500 ., .. Y. 509090.013
Station DP

Discharge Options ) _
Computations Mirror Mode (Cffset from Gutterto Inlet: | 0.000

Properties Coordinates / Stationing MS Alignment Element
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After you are finished CB-1 should appear in this location:

E
w: [18.5000 r
el |50 con i
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Computations Options

The Computations Option will show all the information pertaining to the new inlet based on the
area associated with it.

In this example we can see that the Spread Width is 9.2631, which is less than the 10’ that was
allowed. The ponded depth is .3353, which is less than the .4’ that was allowed. There is some
bypass flow indicating that some flow is going to need to be intercepted downstream of this inlet.

We can see from these computations that this inlet already meets the criteria that we set for our
roadway. However, if this inlet had not worked we would need to consider what steps we could
take to fix any issues that came up. With this being the first inlet in our drainage project, the fix
could be as simple as just establishing the rest of the system to see if it relieves the issues, but if
the computations produced values that fell too far outside of our needs we may want to consider
a larger inlet.

ﬁ Mode Configuration - Computations EI =] @
Window Center
Made D CE -1 - i
ode D 4 | | e % A [ |
Details
Options Digscharge = 2.5052
- Spread Width from Gutter = 92631

E;”':.”'ES Total Ponded Width = 9.2631

csten Ponded Depth = 0.3353
Spread Criteriz Spread Left Intercept = 0.0000
Blevations Spread Right Intercept = 9.2631
Junction Loss Grate Length = 2.0000
Discharge Options Grate Width = 2.0000
Computations Grate Capacity = 1.6343

ByPass Flow = 0.8710
Efficiency = 0.6523

Make sure you have clicked the Apply button to save your work to CB-1 before moving
on to creating CB-2!
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3.5 Define an inlet at a sag location

Add inlet CB-2 at the sag location.

Properties Options

Use the options shown below in the dialog screenshot

&L MNode Configuration - Properties EI =] @
Window Center

Mode D CE -2 -

ode D 4 | Y g P 88 e @) (e |

Details

Cptions Description: | inlet for sub-area 2

Properties Mode Type: |Grate =)

Location o -

Spread Criteria . PI‘D‘fI|E.. Sag ! +

Hlevations Library ftem: [GRATECV 22 |

Junction Loss

Discharge Options

Computations
MNode Bottom: DI BOX 22 - :
Ovemide Library Payitem: i

Location Options

1. Set the Align setting to Tangent to Element

2. Select the MS Alighment Element button

3. Data point on the rectangle that represents the roadway.
Make sure AccuDraw is running

4. Select the Station DP button and snap (single middle mouse click) to the lower
right hand corner of the roadway. Do not left-click to accept the snap!

5. Select the letter O on the keyboard to set the origin.

6. Move the mouse in the negative X direction, enter 18.5
(20’ pavement width, then subtract 6” curb and ¥z the grate width)

7. Move the mouse in the positive Y direction, enter 1.5, and data point to accept.

8. Finally select the Apply button.
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|AccuDraw £
5 [18.5000 r

v: [1.5000 r

Spread Criteria Options

Enter 0.0 for the slope left & right, and 100% of the discharge approaching from the left.
We are neglecting flow from the right hand side. A low point will always have flow approaching
from both sides, the right side was neglected for simplicity.

“ Mode Configuration - Optional Spread Criteria for Sags E =] @
Window Center
MNode 1D CE-2 - O y
Details _ _
Options % Slope Left: | 0.000 Right: | 0.000
: % Discharge Left: | 100.00( Right: | 0.000
Eﬂ:{;‘:s Spread Cross Section:
Fovead Cikeia Spread Source: |User Supplied -| .
Blevations Width % Slope  Roughness Mazdmum
Junction Loss 2 500 3.000 0016 £1 Pond Depth: | 0.400
Discharge Options 17000 2,000 0.016
Computations 3¢ Pond Width: | 10.000
17.000 2.000 0.016
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Elevations Options

Enter the elevation as 99.5

Discharge Options

Remain the same

Computation Options

The spread used by MoDOT for design purposes at sag inlets is not contained in the
computations window. You can compute the spread using simple geometry by taking the
computed head (depth of flow in the gutter) and applying it to the spread section.

Spread can be generated using the Report Builder which is not covered in this class

M Node Configuration - Cormputations

oo =]

Window Center
MNode 1D CE-2 - I b
ode D 4 | | Y g ® 98 e &) el ]
Details
Options Discharge = 0.6586
: Grate Area = 2.1000

E;“g‘f."'es Area Reduction = 05000

caton Grate Perimeter = 5.0000
Spre.-arti Criteria Permeter Reduction = 0.5000
Hlevations Grate Capacity = 2.3429
Junction Loss Computed Head = 0.1717
Dizchange Options
Computations

T <

2%

Spread 4

Computed

251t
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Set By Pass Flow

Now that we have a downstream inlet we can set it up to catch the water that isn’t collected by
our upstream inlet. To catch that flow, and make sure it is intercepted by the next inlet:

Open the previous instance, in this case, CB - 1

Click on the Properties Option

Select the 1D By Pass Node tool next to By Pass to Node

Using the left mouse button, select the inlet downstream, in this case, CB -2

M tode Configuration - Properties

[] Window Center

=l = =]

Mode 1D CE -1 - 3
ode D 4 | | Y e w0 &) el |
Dietailz
Options Description: | Inlet for sub-area 1
Properties Mode Type: [Grate v
Location _ -
Spread Criteria Profile: [On Grade | —+
Hevations :
Junction Loss
Discharge Options
Computations :
[] Mode Bottom: |D1 BOX 242 - -
[] Owenide Library Payitem: i
e Now open the CB — 2 and look at the computations again
ode Configuration - Computations =
M Node Configuration - Computati = || = | =]
Node ID 4 [CB-2 <] p [ WindowCenter w5t i
[ Highlight
Detail=
Options Discharge = 1.5296
: Grate Area = 21000
E;”';‘f.”'es Area Reduction = 0.5000
eation Grate Perimeter = 6.0000
SF"'EE"?I Criteria Permeter Reduction = 0.5000
Blevations Grate Capacity = 2.3429
Junction Loss Computed Head = 0.3010
Discharge Options
Computations

10/18/12
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Chapter 3 Inlets-Reference

Node Placement Options

Node: Properties

Node ID

Description (optional)

Node Type

Profile

Library Item

By Pass to Node

Max By Pass

Node Bottom

Override Library Item

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.

This may be used to better describe the node.

This will show the different node types defined in the drainage
library.

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.

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

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

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.

This allows the user to specify a box size to be used along with the
type of inlet and enables GEOPAK to assign an item for quantity
calculations.

MoDOT has not use this type of node in the past and currently the
system is not yet set up to use the Node Bottom for quantity
calculation purposes. The new drainage library contains Node
Bottom items that can be used if desired.

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.

10/18/12
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Chapter 3 Inlets - Reference

Node: Location

Chain

Profile

Align: At Point

Align: Tangent to Chain

Align: Tangent on
Element

Align: Tangent to
Element

Angle

Station and Offset

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.

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.

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

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.

When this option is utilized, the 1D 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.

When this option is utilized, the 1D 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.

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.

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.
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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.

10/18/12
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Node: Spread Criteria

User Supplied

Reference TIN

Library Item

Shape

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.

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 referenced since for most MoDOT projects the only
TIN file generated is the existing ground DTM.

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.

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.
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Shape and Library Item

Maximum Ponded Depth

Maximum Ponded Width

Reference PGL

User Supplied

Shape

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 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.

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.

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.

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.

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

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

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

10/18/12
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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.

% 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 Defines the percentage of the total discharge to the inlet to allocate
Right 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

Reference Surface

Elevation Source

Node Elevation Options:

Vertical Alignment

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

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:
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.

The designer may adjust the inlet elevations up or down from the
Elevation Source item. These options are:

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

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.

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.

Alignment preferences for incoming and outgoing pipes from the
Node. As pipes are designed the elevations will be set according to
the selected preference.

10/18/12
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Options available are:

» Match Soffit: aligns all the pipes in the system by matching
the inside top surface of each pipe. (Also referred to as the crown
of the pipe)

» Match Invert: aligns all the pipes in the systems by matching
the bottom inside surface of each pipe.

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

* 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.

* Min. Fix Drop: sets a minimum drop in elevation between the
pipes arriving and exiting the node.

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. For additional information
see 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. For additional information see 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. MoDOT does not use
this option
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Minimum and Maximum Depth at Nodes Definition

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.

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.

| Mode Elevation J

F 3

— hin. Depth in Modes Configuration

Min. Cover Elevation
| ¥ in Link Configuration

—— Max. Depthin Nodes Configuration

hax. Depth Elevation in
Link Configuration
____________________ | 1. ¥
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Nodes: Discharge Options

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 When toggled on, the designer may provide the desired inlet

Capacity capacity overriding any GEOPAK Drainage calculated value.

Link Base Flow Area/ When toggled on, an additional drainage area may be defined. The

Link Base Flow area can be identified graphically by clicking ID and selecting the

Discharge 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 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.
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Storm Sewers
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Chapter 4 Storm Sewers

4.1 Objectives

Link established inlets with storm sewer pipes and create a drainage network in GEOPAK
Drainage then design the network and view output.

4.2 Overview

Place an outfall approximately 100 ft to the left of inlet CB-2. Design pipe SS-1 between inlet
CB-1 and CB-2. Design pipe SS-2 between inlet CB-2 and the outlet. Assume the outfall is at
an elevation of 99.0 ft and the HGL begins at normal depth in the pipe.

100 ft 30 ft 20 ft
100 ft
Park kS
%
200t [ CB-1M
SS-1
Outfall
....................................................... ce2bH =2 0
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4.3 General Pipe Design Criteria

The basic design of the pipe is controlled by the parameters set in three locations:

Preferences >Link Options
Link Profile Options -Minimize Pipe Size or Minimize Depth of Cover
Link Design Options -Design for Full Capacity

Node Configuration >Elevations >Vertical Alignment Preference

Use Match Soffit (Top inside surface of the pipe)

Set the Minimum Depth and Maximum Depth. This determines the design envelope for the pipe
design. The preferred minimum depth of cover is 3 ft; the absolute minimum is 1 ft below the
pavement. EPG 750.4.2.1

Link Configuration >Constraints

As a rule of thumb use a minimum slope of 0.0103 and a minimum velocity of 3.0 ft/s. See EPG
750.4.2.5 for a table of minimum slopes to achieve a self-cleaning velocity when the pipe is
flowing a quarter full. The maximum slope and velocity is up to the discretion of the designer.
Use a minimum rise (diameter) = 1. This is the smallest pipe in the drainage library.

Use a maximum rise (diameter) = 9°. This is the largest pipe in the drainage library
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4.4 Create an Outfall

#L DRAINAGE - DrainagePrefs_J5P0555.9df - [No Active Network] ==
Project | Component | Metwork  Reports  Utilities  Tool Boxes
Area [ |
| Node v Add.
Link b Edit
Profile p| P
Delete
Culvert L
= Rename
Routing [
Renumber
Land Uses
Miscellaneous Utilities | e
Update with Pay Items

1. Goto Component >Node >Add

Name the node OUTLET

2. Configure the Outlet node according to the following specifications:

Properties Option

Node Type: Outlet

Library Item: Std Outlet

Fix Tailwater at: Uniform Depth for this example.

Note: For information on establishing tailwater for storm sewers see EPG 750.4.4.1

;H Mode Configuration - Properties EI =] @

Node ID 4 [Outlet v p L WindowCenter oo ooer i @) [ Apply |
Highlight —_—

Details

Cptions Description: | Outlet for total area

Properties Node Type: [Outlet hd

Location Profile: |On Grade -

Cevaions Library kem: [Std Outlet = @

Junction Loss @ Fix Taiwaterat: [Uniform Depth ]

E[SEhE-F%I:E_C-"p‘tiDHS Tailwater Elevation: | 0.000

————— Node Bottom: [DI BOX 2X2 - _

Ovemide Library Payitem: -
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Location Option

Place the outfall approximately 100 ft to the right of CB-2, using the same approach used for

placing inlets CB-1 and CB-2.

Elevations Option
Elevation Source: User Supplied — 99

M Node Configuration - Elevations E [=] @
Window Center
MNode ID Cutlet - ] 3
Dietailz
Options Reference Surface: | TIM File - Q
Froperties Blevation Source: [User Supplied =| | 59.000
Location
Spread Criteria Mode Elevation Cption: | Same as Source =| 99000
?E“a*iﬂnin Vertical Alignment: [Match Soffit =) [0.000
unction Loss -
Discharge Options Minimum Depth: | 3.000
':E'Fﬂl:".ftﬂtit‘”ﬂ MENI'I'IIJI'I'I DEp‘th: EDDDD
[] Add Sump Depth: | 0.000

Junction Loss
No changes required.

Discharge Options
Select Use Computed Discharge

Finally select the Apply button

Accy £
s [177.7666 r
. [-15.9334 r
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4.5 Add Pipes to the Storm Sewer Network

1. Goto Component >Link >Add.
The link 1D should appear as SS-1.

#! DRAINAGE - DrainagePrefs_J5P0555.gdf - [No Active Network] ==
Project | Component | Network Reports  Utilities  Tool Boxes
Area 2
MNode 2
| Link | Add.
Profile y| Edit
ID
3
Culvert Delete
i 3
Routing P
L= Update Al
i iliti 3
Miscellanecus Utilities Update with Pay Items

2. Configure SS -1 by following the information provided below:

Definition Option
Set the From Node and the To Node fields by using the drop-down lists or by using the ID option
and selecting the nodes graphically.
Shape: Circular
Material: Concrete
Toggle on Design Size and select any pipe from the drainage library.
With the Design Size toggle enabled GEOPAK will run through the pipes contained in
the drainage library starting from the smallest diameter until it finds one that will work
for the supplied design parameters.
You can force a pipe diameter by un-toggling Design Size and selecting a pipe from the
drainage library.
Number of Barrels: 1
Check the Override Library Payitem
This will allow for a deviation from the standard pay item number.
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#4 Link Configuration Definition o B |-
i i i Window Certer a
Link 1D: 155 -1 - | O %
n 4] o [ Highiight AP Apply
Detailz
Oplions Description:
Definition From Mode: [CB -1 ~ | %& ToMNode: [CB-2 - | 4t
Conditions Length: 765000 [ Use MS Blemert [l
Constraints Corfiguration
Computation Shape: |Circular = | Materal: |Concrete -
Type Design Size Size: 12 Inch Dia Circular Select...
@) Fipe [] Design Bamels  Mumber of Bamels: (1 | Roughness: | 0.013
~) Ditch Ovemde Library Payitem:
Conditions Options

The elevations corresponding to minimum cover and maximum depth are taken from the node
configurations.

Note the soffit (top inside surface of pipe) and invert (bottom inside surface of pipe) are initially
zero. After the pipe has been designed (or if a pipe diameter had been selected under the
definitions option) these values will be populated.

Any two parameters can be fixed in this dialog, by selecting the toggle next to the field. For
example you could force the soffit at node CB-1 to an elevation of 97 and a slope of 1.5%.

M Link Configuration Conditions E =] @
i Window Center
Link 10 55 -1 - O % ¥,
n 4| | » [ Highlight v S 7 Apply
Details
- Profile Conditions
[?;t_m;s From Mode Slope To Mode
inition : . - -
Conditions Min Cover:  57.000 0.637 56.500
Constraints Soffit: 57.000 O 1.300 [l 55.980 [l
Computation Invert: 56.000 ] 54.980 [
Type Max Depth:  20.000 0.637 79.500
@ Fipe
= Ditch
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Constraints Option
Set the minimum and maximum rise (pipe diameter) the program should use. The program
will design a pipe by choosing from the drainage library between these two extremes.
Set the minimum and maximum pipe slopes. Select a minimum slope steep enough to
establish a self-cleaning velocity.
Set the minimum and maximum velocity. Select a self-cleaning velocity for the minimum.

i Link Cenfiguration Constraints El [=] @

i Window Center A . |
Link: 1D 55 -1 - +
nk 1D: 4 | | ¥ S hghight ¥ /% |ty |
Dietails

. Design Constraints
[?;t.m;s Minimum Mepdmum

inition o
Conditions Rise: | 1.000 5000
Constraints Slope: | 1.300 10.000
Computation Velocity: | 3.000 15.000

Type

@ Pipe

Ditch
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Computation Option

Note there will not be any computations available until after a network has been created.

3. Select the Apply button to store the pipe in the gdf file.

4. Add pipe SS-2 in a similar fashion.

M Link Configuration Definition o @ [
. i ; Window Center A |
Link: 1D {55 -2 - | %
ok D: 4 | [ Y Shgine Y ¥ 2 et ]
Details
— T Description:
oo Fom Node: 0 To Node: .
Conditions Length: 97.0027 lUse M5 Element 1l
Constraints Configuration
Computation Shape: |Circular | Materal: [Concrete - |
Type | Design Size Size: 12 Inch Dia Circular | Select... |
@ Fipe Design Bamels  Number of Bamels: [1  +| Roughness: | 0.013
Ditch | Owemide Library Payitem:
Fatig
ey

4.6 Create a Network

1. Go to Drainage >Network >Add menu

2. Enter Example 1 for the network id
3. Specify the Outlet Node as Outlet

4. Select OK
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ﬁ DRAIMAGE - DrainagePrefs_J5P0555.gdf - [Mo Active Network] [ 27 |
Project  Component | Metwork | Reports  Utilities  Tool Boxes
Add.. |
Edit M AddaNewNet.. [ o | B 3]
Delet et :
= Networkc 1D | Bxample1
LI Description:
Design Outlet Node: [Outlet *| i
Analyze [ ok | [ Cancel |
Active Network

5. Select the Build Network button
The Build Network function checks for connectivity and establishes the flow direction
through all of the links. This function also validates all components for errors and
unresolvable issues such as loops, duplicate links, no outlet, or multiple outlets.

6. Select the Apply button to place the network in the GDF file.

7. Select the Design button to design the network based on any design toggles that have
been selected. (Do not click the Apply button after choosing Design)

The Analyze button will ignore any design toggles that have been selected and simply
performs a hydraulic analysis of the network.

;H Metwork Configuration - [Mo Active Metwork] E [=] @
Network ID: 4 [Example1 ~| » ¥ O OW o
Dietails
Description: Outlet Node: [Outlet | &

Bl N k‘-.-’alidatiu:un Computations l —— H — ]
uild Networ "

| I Lock Hevations ] IUnIuck Ele'u'a‘tinnsl
Design Analyze

| R | | s |
INTIWUIR INTIVWUIR

Lock Sizes will lock all sizes in the network before designing
Lock Elevations will lock all elevations in the network before designing
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8. Now go to the Network drop-down menu on the Drainage menu bar and select

Active Network

ﬁ DRAIMAGE - DrainagePrefs_I5P0555.gdf - [Examplel Active] L
Project Component | Network | Reports  Utilities  Tool Boxes
Add...
Edit
Delete

Rename

Design
Analyze

| Acti'.reﬂetwu-rk|

A drainage project can contain multiple networks and GEOPAK Drainage uses the Active
Network feature to limit the amount of information processed by the application. This speeds up
performance by focusing reporting, querying, and navigation tools on the current active network.
It is a good practice to assign the network you are working on as the active network.

Note that Examplel is now displayed in the banner as the active network.

lata\drainage_l5P0555.dgn [2D - V8 DGM] - Drainage: DrainagePrefs_J5P0555 - Metwork: Examplel
Window  Design  Construction  Add-Ons  Help

NEdB @ 2R ?2 i A-EB-2-Oid0=-

H DRAIMAGE - DrainagePrefs_J5P0555.gdf - [Examplel Active]

Project Component Metwork Reports  Utilities  Tool Boxes
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The computations for the pipes can now be viewed.
1. Goto Component >Link >Edit

.H DRAIMAGE - DrainagePrefs_J5P0555.gdf - [No Active Network] 3

Project | Component | Metwork Reports  Utilities  Tool Boxes

Area 2

Mode k

Link P Add.

Profile | Edit
ID

Culvert Pl mial

2. Data point on either the link or text for pipe SS-1

Both the conditions and computations now have values.

M Link Configuration Conditions El =] @
) Window Center .
Link: 10 55 -1 - 5 |
nk ID: 4| | Y gt Y S F 7 ey
Detail=
! Profile Conditions
[?;t_m;s From Mode Slope To Mode
inition : _ - -
Conditions Min Cover:  57.000 0.637 56.500
Constraints Sooffit; 57.000 1.300 55.920
Computation Irvert: 96.000 54 580
Type Max Depth:  B0.000 0637 79.500
@ Pipe p .
Ditch H Link Configuration Computations E =] @
) Window Center P
Link: 1D: 55-1 - .
ricID: 4| | ¥ S highigh Y L 7 | ey
Details
Options Flow is supercritical *
Definition Digcharge = 2505 3
Conditions E]_E'F'E'D"t'-a’ E'I}D 4.062 3
i se= 1.
Ennstzgs Roughness = 0.013
ampuAation Slope =  1.300
Type Friction Slope = 1.2597
! Crtical Slope = 0.766 S
@ Pipe
Ditch
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Chapter 5 Advanced Storm Sewer Placement

5.1 Objectives

Create and place stormwater inlets and associated drainage areas in GEOPAK Drainage
using advanced placement options

Use existing GEOPAK Road data in drainage design

Create a reach and view the storm sewer profile

We will be introducing a few new tools and options in this exercise including the
Navigator feature in Drainage.

5.2 Overview

GEOPAK Drainage allows the use of existing GEOPAK Road data in the design of drainage
systems. Information such as topography, stationing and roadway cross-sections can be
incorporated into GEOPAK Drainage, greatly simplifying the manual input of data.

Using existing GEOPAK Road data, we will construct a drainage system as shown below.

Simplified Plan View

A B
38+00 39+00 42+00 44+48
~100 ft ~300 ft ~248 ft

)
\ MHal A2 Al
\ O—11—
)
/ Out MHb1 2 Bl

There is a 40 ft wide bridge structure from Sta 38+00 to Sta 39+00 that we will collect runoff
from. From Sta 39+00 to Sta 44+48 we will be collecting runoff from centerline out to a
distance of 75 feet.

We will design for a 10-year storm in District 5.
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Additional geometry that we will use for constructing our system is shown below:

Profile View

A Low Point B
!
o o) ?
o 7 L
r () -+

o
r—“_‘__—__“____“——H_ﬁ_th
:I : T S
\ f—o.am . 29%
\! !

Typical Section

<
<

75 ft

—>» |[¢— 6in fOfI
Curb Opening ol
—>| |[«—7in
T
Man Hole
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5.3 Set Project Preferences

For this exercise we will be working with the Cole\JSEX502 project.

The first few steps will involve creating the files we will be using to construct our
drainage system and setting up the project preferences.

. Using ProjectWise, open the plan_J5EX502.dgn file from the project’s data
folder

. Using the MicroStation File menu, choose the Save As option and save as a new
file named drainage J5EX502.dgn

e You can use the No Wizard option when that dialog pops up, and make sure
you save your new file to the data directory of the project (it should default to
the correct location)

e Make sure to Check-In the plan_J5EX502.dgn file when prompted

A file has already been set up that outlines the land uses for our project area. We simply
need to make this file available to us by referencing it into our drainage plan.

3. Access the References dialog box and attach the landuse_J5EX502.dgn file
(located in the project data directory) using the Coincident-World orientation

In order for Drainage to recognize the land use assignments the geometry must
be in the active design file, so using the Merge to Master function merge the
landuse_J5EX502.dgn file into the active file and then close the References
dialog

Now we need to set up our drainage preferences for the project.

5. Follow the instructions in Chapter 1 outlined on page 5 for Beginning a New
Drainage Project

When you reach step 6 in the instructions name your drainage project
drainage_ J5EX502.gdf

6. Once your project is saved then open the Preferences dialog box again so we can

make some changes necessary to fit our project
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7. Select the Project Components Option. Associate job502.gpk with this

drainage project. The gpk file is located at T:\de-proj\Cole\J5EX502\data.

M Preferences - Project Components = || = || E3
File
Options Drainage Library File (DLB): | T:A\Ge d".Drainage‘dote db Q

Err;rjt:ct Components GFK Job Numbe Q | - |
Rainfall Parameters Drainage Cell Library: | T:\Vapk_oid \Drainage'Drainage cel Q
Land Use Options o

Frequency Options Criteria Directory: Q

Also make sure your working directory is set to \J5EX502\data in the correct
ProjectWise location under the User Preferences

8. Select the Rainfall Parameters Option and choose District 5
9. Make sure the Frequency Option is set to 10 years
10. Select the Node Option and change the prefix from*“CB —“to“ A - “

11. Click OK on the Preference dialog and choose Yes when prompted to store
changes

12. Under the Drainage Project menu options, choose the Save option

This will store the changes we made to our project GDF file

13. Zoom in on area between station 38+00 and station 45+00
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5.4 Inlet Placement using Navigator

One of the methods for adding components to a project is with Drainge’s Navigator. We will be
working with the basic operation of the Navigator throughout the rest of this exercise.

1. Access the Navigator by going to Utilities >Navigator

.l»{ Mavigator E =] @ﬁ

Yiew Tools

W [Blwg/ mey /Addnem

1D Description

None Avalable A / Modify Item

cd—" Delete Item

z / ID Item

Highlight Window Center Cluery

}c_b{

Displays components for all networks in the Drainage file

Displays components for only the active network

|| K

Displays the drainage areas

&

Displays the inlets

Diplays the nodes (inlets will also be included)

Displays the links (pipes or ditches)

Displays the profiles (reaches)

Displays the culverts (not covered in this class)

< N F N &

Displays system routing (not covered in this class)
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B | The options along the right side of the Navigator dialog allow you to:

Y
— 1 — Add Item
14

I Modify Item
><<\

112 Delete Item
1 Identify Item

. Select the Inlet icon from Navigator and choose the Add Item icon on the right.

. The inlet should automatically be assigned the name A-1 since we set that up in the

Preferences, so click OK to begin assigning the properties of the inlet.

Now use the information provided for each option to construct the A-1 inlet.

Instruction 4 involves using the data and screenshots contained on the following 5 pages.
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Properties
Node Type: Curb
Profile: On Grade
Library Item: CURB 5

Click Apply in the upper right corner

Reference Chain: DESIGN
Profile: PROPOSED
Align: Tangent to Chain

Station: 42+00
Offset: —20 ft

Click Apply

“ Mode Configuration - Properties EE@
Window Center
Node ID 4 [A-d - = y
odeD 4 | ]}DHighIigI'rt w @ % w4 [ el |

Details

(Options Description:

Properties Node Type: [Curb =)

Location . =

Spread Criteria . F‘roflle.. [On Grade | |

Elevations Library ftem; [CURB 5.0 |

Junction Loss By Pass to Node: et

Discharge Options Max By Pass: | 3.000

Computations §
[] Node Bottom: D BOX 22 - .
[] Ovemide Library Payitem: Align

Location

M MNode Configuration - Location

Node ID 4 [A-1

~| p

Dietails

Cptions
Properties
Location

Spread Critera
Blevations
Junction Loss
Discharge Options
Computations

Chain: |DESIGN -

[] Window Center
[] Highlight

Coordinates / Stationing

Align: [ Tangent to Chain | # + Angle: | 0.000

Station: | 42+00.00 ¥ 1700515759
Cffget: | -20.000 (-é}) Y: 559252 356
[ Miror Mode Offfset from Gutterto Inlet: | 0.000

= | = =]

o w B
Profie: [PROPOSED

10/18/12
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Spread Criteria
Longitudinal slope: Reference PGL

Enter the provided spread section data in the input fields highlighted below and then click
the add item icon along the right side.

Width = 20

Slope = 2%

Manning’s n = 0.016

Maximum Ponded Depth: 0.4

For inlets at grade this does not enter into the hydraulic computations. It is merely used
for querying the system. The depth is measured at the inside of the curb face. For a 6”
curb a maximum allowed depth is 0.4 ft.

Maximum Ponded Width (spread): 12

This value does not enter into the hydraulic equations. It is merely used for querying the
system and generating a warning if the value is exceeded.

Section 640.1.2.2 of the EPG covers Gutter Spread. The allowable spread is based on the
functional classification of the roadway. The maximum allowed under any circumstances
is 12 ft and so we will use that for our situation.

Click Apply
M Nede Configuration - Spread Criteria for On Grade | = || = || 22|
Window Center
Maode D A -1 - (W 5
Dietail=
) Longitudinal Slope Source: |Reference PGL | 1.289
Optu:ln.s Spread Cross Section
Froperties Spread Source: | User Supplied -|
Location
Spread Criteria Width % Slope Roughness
Blevations 20.000 2.000 0.016 @ Mazdmum
Junction Loss =1 Pond Depth: | 0.400
Discharge Options bt
Computations 20000 | [2000 |[006 Pond Width: | 12.000
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Elevations
Choose a TIN File by selecting the magnifying glass icon and selecting J5SEX502.tin
from the file listing in our data directory.

Elevation Source: PGL+Spread Section
The program will use the PGL elevation at the specified station in conjunction with the
spread section to compute the elevation at the inlet.

Node Elevation Option: Same as Source

One of the options is to select constant offset. A possible application would be if a
profile were defined along the top of curb. The elevation could be offset a distance of the
curb height to achieve the inlet elevation.

Vertical Alignment Preference: Match Soffit
Another option that could be utilized is select match surface. Match surface will align the
pipes based on the flow line.

Minimum depth: 2.0
Maximum depth: 15.0
This will set the “design envelope” for your pipes.

Click Apply
M Nede Configuration - Elevations | o || = || |
Window Center M. |

Maode 1D A -1 - i

ode ID 4 | | » Highlight Yo K &) | Apply
Details

Options Reference Surface: | TIM File | ¥502\data“JSEX5024in |
Froperties Elevation Source: |PGL + Spread Section ~| 763.176

Location

Spread Criteria Mode Elevation Option: [Same as Source -| 76175
?E”aﬂ':""ij Vertical Aignment: [ Match Soffit -|

unction Loss .

Discharge Options Minimum Depth: | 2.000

CDmpu‘taﬂDns |"-"|E[:l:II'I'ILIITI DEp‘ch 15'}'}'}

Add Sump Depth: | 0.000
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Junction Loss
Select Defined Equations

;H Mode Configuration - Junction Loss EI =] @
Window Center

Node ID 4 [A-1 - O .
Details
Options @ Defined Equations
Properties ) Eguations x Loss Reduction: 0.0
Location ) _—
Spread Criteria ) Absolute Loss: 0000
Hlevations 1 Supplied K - Outlet Velocity: 0.0
Junction Loss 71 Supplied K - Change in Velocity: | 0.000
Discharge Options None
Computations

Discharge Options
Select Use Computed Discharge

1“ Mode Configuration - Discharge Options EI =] @
Window Center
Mode D A-1 - Ol i
Details
Options @ Use Computed Discharge
Properties ) Supplied Discharge: | 0.000
Location i ) _ ) —
Spread Criteria [] Disable Inlet Calculations ~ Capacity: | 0.0000
Hlevations [ |Link Base Fow Area T | |None Awvailable - | &
Junction Logs ]
Discharge Options
Computations
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Computations
The computations window will be empty until drainage area A -1 has been added or a

discharge has been supplied.

r;u Mode Configuration - Computations EI =] @ﬁ
Node ID 4 A1 -] » Window Center w % A

Highlight

Details

Options Inlet A -1 - Emor Performing Inlet Computations
Drainage Area A -1 Mot Found

Properties
Location

Spread Criteria
Blevations
Junction Loss
Discharge Options
Computations

5. Finally click the Apply button to save the inlet to the drainage project. Note that

after the inlet has been added it is now contained in the navigator.

= e = | r‘u Mavigator El =] @ﬁ
View Tools
” Apply
w & [ oot | x| SME S meY
1] Description
A1 ]
X
1
1y
Highlight Window Center Cluery
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5.5 Area Placement

The area corresponding to inlet A-1 can be placed in several different ways. The first method is
accomplished in a similar fashion as inlet A-1 was placed using the Navigator. The second
method utilizes the Edit Area button within the Node Configuration dialog located in the upper

right hand corne

r.

& |) Aeply

r;u Mavigator El =] @ﬁ OR
View Tools W
WA RS Sme Y
D Description (\ =
v ) 2
¢ ]
f
1
Highlight Window Center Cuery

1. Select either of the options above to begin constructing the area

2. Assi

gn the name for your area as A-1 and click OK

Now we need to draw the shape that we will use to establish our physical area boundary. This
shape will extend from inlet A-1 to the high point and should have a width of 75 ft measured
from the centerline. Utilizing GEOPAK Road tools like Draw Transition provides an efficient
method of creating the desired shape.

Select the ROAD Tools option under GEOPAK >ROAD in the Applications Pull down

menu

Applications ~ Drainage  Window Design  Construction  Add-Oms  Help
GEQP&K *|  ProjectWise Organizer 1_ _—"—.I .3 " a | 7

ErT— IR

Deactivate GEOPAK |

Training

RChAD

NTE
SLIRVEY
DRAINAGE

ROAD Tools

Project Manages

v w | w

Camidor Madeling

About GEOPAK Site Madeling

Bictne Chain Control
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Select the Draw Transition tool from the Plans Preparation set of tools

&
84~
% &) 7
£ Draw Cell by Feature

= L e I e

Plan View Labeling
DP Station Offset

(S L L

Draw Transition

| =

Key in the job number 502 and select the DESIGN chain

Begin Station: 44+48.00

The high point is located at 44+48.

End Station: 42+00.00

The inlet at A -1 is located approximately at 42+00.

Begin & End Offset: 0.0000

For the first line, we want to trace over the top of the centerline from these two locations,
so keying in an offset of 0 will ensure this first line will fall directly on top of the existing
centerline.

Click the Draw button

'ﬁ Drraw Transition [= [ =@ |[==]
Job: | 502 Q,
Chain: | DESIGN [v] 1%
Beqin Station: | 44+43.00
Beqin Cffset: | 0.000000 :’@[L
End Station: | 42+00.00
End Cffset: }
Drraw )
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Chapter D Advanced Storm Sewer Placement

Now we wi

Il place the outer boundary of our shape.

With the Draw Transition tool, use the same settings except make the Beginning and
Ending Offsets -75 and click Draw

Now using the Place line tool, snap to connect the endpoints of the two chains created in
the above steps.

_{_
Noli

View 1, Default

Place SmartLine

@,

30
Illti
=

x =2 Openas TeolBox

‘E: ‘-\< r.-/:i_.'l |
I

=

/

- 6 Construct Minimurn Distance Line

Place Line

|

Place Streamn Line String

Place Point or Stream Curve

Construct Angle Bisector

Construct Line at Active Angle

Use the Create Complex Shape tool and select each of the lines and chains that will make

up this area

B A,

b

Create Complex Chain

()

Create Complex Shape

Y

5 Lol [

LA
pod '

)
Fi
=

QMY X
U Bjes

I
i

=]

Create Region

Add Te Graphic Group

|wn

Crop From Graphic Group

k=]

Crop Element

|==d

Drop Association

Open as ToolBox

You can use either Manual or Automatic as the Method and you will have to Accept the
boundary items once you have all of them selected so that MicroStation will establish the

shape.
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Chapter 5 Advanced Storm Sewer Placement

High Foint 44+48

Now that we have our shape created, we can use it to define the boundary of our first
drainage area. We will be using the Drainage Area Definition dialog for this.

3. Click the Select Shape button in the Drainage Area Definition dialog and data
point on the drainage area and accept the selection

Once the shape has been accepted the Drainage Area field should be populated. This
value will be in acres. The shape that we established in the previous steps should also
change to reflect the symbology of a GEOPAK Drainage area and should be labeled
with the area name.

High Foint 44+48
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Chapter D Advanced Storm Sewer Placement

4. Enter the following values for the Definition option:
Base C value: 0.6
This is the runoff coefficient used in any portions of the drainage area that do not
have a pre-defined land use.
Time of Conc.: 15
Section 749.5.3 of the EPG outlines Time of Concentration

.l-l Drainage Area Definition E =] @
Window Center

Area ID: A-1 -

=2 | ¥ 5 ighigh & @ W & | ooy |
Details
Options Description: To Node ID: - A-1 {’%f
Definition 3 :
i Drainage fvea: | 0.416 Area Selection / Creation
Computation Base C Value: | 0.600 ‘ B ‘ TS ‘

Time of Conc.: | 15.000 __ __
Hydro. Method Pick Boundary DP
@ Rational Elements Create Shape
SCS

5. Select the Subareas option on the left of the dialog box and use the Automatic

Delineation button to delineate the subareas based on the defined land uses

Note that the sub areas will become temporarily shaded based on the corresponding
color contained in the drainage library.

If satisfied with the results select the Apply button.

r,lvi Drainage Area Subareas El =] @ﬁ
Window Center

AreaD: 4 [A-1 -] » s & i W & | Aeely

Details

Options To Mode ID: A-

Definition Subarea C Value Description

Subareas 0.0743 0.650 Industrial - Light

Computation 0.1131 0.200 Streets & Roofs

Hydro. Method
@ Rational
SCS

0.113 0.200 Streets & Roofs
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6. Select the Computation option and then click the Compute Discharge button

to generate intensity and discharge for the drainage area.

&4 Drainage Area Computations

Window Center

Area 1D: A -1 -
2o | Highlight
Dietails
Options Area
Definition -
Subareas Total Subareas: 0.187
Computation Remainder: 0.225
Hydro. Method Compaosite: 0.416
@ Rational Computed Intensity:  5.035
SC3 Computed Discharge: 1.391

=] & ==
& A & [ o]

C Value

Compute
Discharge

Finally select the Apply button to place Drainage Area A-1 in the drainage

project

Note that after the area has been added the area is now contained in the navigator.

Based on the data supplied in the following screenshots and information, add the

remaining nodes and areas.

Inlet A-2

M Mode Configuration - Properties

Window Center

=

W Y w4 | Aeely

Mode D A2 -
odelD 4 | l Highlight
Details
Options Description:
Properties Mode Type: |Curb x|
Location _
Spread Criteria Profile: |Ging |
Hevations Library tem: [CURE 10 - |
Junction Logs
Discharge Options
Computations
Mode Bottom: (DI BOX 232 -

Crwvermide Library Payitem:

= || &

10/18/12
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M Node Configuration - Location

[] Window Center

= | = |

[=]

Mode 1D A-2 hd i

ode 1D 4 | Y i ) el |
Details
Options Chain: |DESIGN - Profile: |PROPOSED -
Properties Coordinates / Stationing
Location o - — ]
Spread Crteria Aign: | Tangent to Chain | # + Angle: | 0.000
Elevations Station: | 40+56.00 X 1700412837
Junction Loss Offset: | -20.000 i Y. 999265.882
Discharge Options ) —
Computations [] Miror Node (Offset from Gutter to Inlet: | 0.000

ﬂ Mode Configuration - Optional Spread Criteria for Sags | = | = | 3 |

Window Center
Made D A-2 - Ol i
ode D 4| I Y e % e ) el |
Detail= _ _
Options % Slope Left: | 0.630 Right: | 1.250
. % Discharge Left: | 50.000 Right: | 50.000
E;?;firg:s Spread Cross Section:
Bovead Citesia Spread Source: | User Supplied x| -
Blevations Width % Slope  Roughness Mzodmum
Junction Loss 20000 2000 0.016 1 Pond Depth: | 0.400
Discharge Options
Computations ¢ Pond Width: | 12.000
20.000 2.000 0.016

M Node Configuration - Elevations

Node D 4 [A-2 - |

Details

Cptions Reference Surface
Froperties Elevation Source
Location

Spread Criteria Mode Blevation Option
Bevations Verical Aignment
Junction Loss Mini Deoth:
Discharge Options |n?mum 2L
Computations Mzodmurmn Depth:

[] Add Sump Depth:

[] Window Center
[] Highlight

: | TIM File v | 502\data\JHEXB0Z.TIN | &

W

- |PGL + Spread Section «| 767.387

. [Same as Source | 767387
- [ Match Soffit =] |0.000
2.000
15.000

rnornn
U Uy

= | = |

' &) [Lremy |

[=]
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Chapter 5 Advanced Storm Sewer Placement

Once you’ve completed Inlet A-2, you can create and assign Area A-2 in a similar
manner to what we used for Area A-1 using the Draw Transition tool in GEOPAK.
*Remember that Area A-2 contains the bridge as well as the roadway section, so there
will be a change in the width that occurs from Sta 38+00 to Sta. 39+00.

Then follow the same process for creating Areas B-1 and B-2. The only change is that
we will use a Tc value of 12 for these areas.
*Area B-2 contains the bridge just like A-2 so there will be a similar offset in width.

Inlet B-1
ﬁ Mode Configuration - Properties o || = || ==
Window Center
Made D B -1 - O i
Details
Options Description:
Properties Node Type: [Curb ~]
Location o -
Spread Crteria Profile: [On Grade |
Hlevations Library tem: [CURE 5.0 - |
Junction Loss By Pass to Mode: it
Discharge Options M By Pass: | 0.000
Computations
[] Mode Bottom: |DI BOX 2¢2 hd -
[] COwvemide Library Payitem: Align
ﬁ Mode Configuration - Location o || = || ==
Window Center

Mode D B -1 - O g
ode D 4 | | > = e ) [l
Details
Options [#] Chain: |DESIGM - Profile: |PROPOSED -
F‘n:npe.rties Coordinates / Stationing
g;:::élzrlériteﬁa Mign: [Tangertto Chain  =| # = Angle: | 0.000
Blevations Station: | 42+00.00 X 1700510902
Junction Loss Offset: | 20.000 i Y: 999212651
Discharge Options )
Computations [] Mimor Node (Dffset from Gutter to Inlet: | 0.000
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JH Mode Configuration - Spread Criteria for On Grade | = | =] | 3 |

Window Center

Mode D B -1 - O J

Details

Ooti Longitudinal Slope Source: |Reference PGL ~| 1285

ptlnn.s Spread Cross Section

Properties Spread Source: | User Supplied -|

Location

Spread Criteria Width % Slope Roughness

Blevations 20.000 2.000 0.016 €] Madmum

Junction Loss ., Pond Depth: | 0.400

Discharge Options »

Computations 20000 | (2000 |[0016 Pond Width: | 12.000

,ﬂ Meode Configuration - Elevations | = | [=] | &AL |

Window Center

Node 1D B -1 - O g

Details

Oiptions Reference Surface: | TIM File - || B0Zdata"JEEXE02TIN | O

E;DF:_FHES Elevation Source: [PGL + Spread Section =| 768.176

cation

Spread Criteria Mode Elevation Option: [ Same as Source | 768176

E'E“E'ﬁDHED Vertical Alignment: [Match Soffit =) [0.000

unction Loss . ]

Discharge Options Minimum Depth: | 2.000

Computations Mzedmum Depth: | 15.000

[] Add Sump Depth: | 0.000
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Inlet B-2
,H Mode Configuration - Properties | = | =] | E3 |
Window Center
MNode D EB-Z - O g
Details
Options Description:
Properties Node Type: [Curb -
Location g -
Spread Criteria Profic: (Sag ]
Hevations Library tem: |[CURE 10 - |
Junction Loss
Discharge Options
Computations
[] Mode Bottom: |DI BOX 242 - R
[7] Overide Library Payitem: L Ao /
JH Mode Configuration - Location | = | =] | 3 |
Window Center
Mode D E-2 - O i
Detail=
Options [¥] Chain: |DESIGN - Profile: |PROPOSED =
Properties Coordinates / Stationing
oy Aign: | Tangent to Chain | # + Angle: | 0.000
Spread Criteria ' S ==
Blevations Station: | 40+56.00 ¥ 1700407 598
Junction Loss Offset: | 20.000 i Y. 999226227
Discharge Options ) —
Computations [] Miror Node (Offset from Gutter to Inlet: | 0.000
JH Mode Configuration - Optional Spread Criteria for Sags | = | =] | 3 |
Window Center
Mode D E-2 - O i
Detail= _ _
Options % Slope Left: | 0.630 Right: | 1.250
- % Discharge Left: | 50.000 Right: | 50.000
E;?;TE:S Spread Cross Section:
Bosead Citesia Spread Source: | User Supplied -] .
Elevations Width % Slope  Roughness Mzodmum
Junction Loss 20000 2000 0.016 €1 Pond Depth: | 0.400
Discharge Options
Computations % Pond Width: | 12.000
20.000 2000 0016
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ﬁ Mode Configuration - Elevations | = | =] | 3 |
Window Center
Mode D B-2 - O J
Details
Options Reference Surface: |TIN File || 502\data"JBEXE0Z TIN | Q
E;-::E;rties Elevation Source: [PGL + Spread Section »| 767.387
cation
Spread Critenia Node Blevation Option: |Same as Source ~| 767387
?E"miﬂniu Vettical Alignment: [Match Soffi =) [0.000
unction Loss - ]
Discharge Options Minimum Depth: | 2.000
Computations Mzdmum Depth: | 15.000

i
u. oy

[[] Add Sump Depth:

Once you’ve constructed your 4 inlets as outlined above, make sure you go back to A-1
and B-1 and assign your bypass flow to the downstream inlet.

Now we’ll place the manholes and the outlet for our system.

Node MHa-1
ﬁ Mode Configuration - Properties |?| =] |E|
Window Center

Node ID 4 [MHa -1 = O .

Details

Options Description:

Froperties Node Type: [Junction -]

Location _ -

Spread Criteria Profile: |On Grade +

Elevations Library ttem: [MANHOLE 4 - |

Junction Loss

Discharge Options

Computations
[] Node Bottom: D1 BOX 22 - ~
[] Ovenmide Library Payitem: Align
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ﬁ Mode Configuration - Location | = | =] | 3 |
Window Center

MNode 1D MHa -1 - O J
Details
Options Chain: [DESIGN - Profile: |PROPOSED
Properties Coordinates / Stationing
Location . - - )
Spread Crteria Mign: | Tangert to Chain | #  +Angle: | 0.000
Blevations Station: | 40+50.00 ¥ 1700367 495
Junction Loss Offset: | -22.000 i Y: 999273.830
Discharge Options ) _
Computalions [] Mimor Node Cffset from Gutter to Inlet: | 0.000

We will use the same Spread Criteria for MHa-1 that we’ve used for the inlets. This will
allow us to use this data to set the Elevation Source by using the PGL + Spread Section

option.
rﬂ Mode Configuration - Elevations |E| =] |E|‘
Node ID 4 [MHa -1 -] » Eﬂ;”h?i‘;fﬁmer o A
Detailz
Options Reference Surface: 502\data\JSEX502.TIN | Q
E;i‘:i'::s Blevation Source: [PGL + Spread Section «| 767.549
Spread Criteria Mode Elevation Option: | Same as Source | 767549
Elevations Vertical Alignment: [Match Soffit =] [0.000
g‘:i‘;;:”g;m Minimum Depth: | 2.000
Computations Mzzdmum Depth: | 15.000
[[] Add Sump Depth: | 0.000
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Node MHb-1
“ Mode Configuration - Properties [ = || & |
Window Center
Mode D MHb -1 - [l i
ode D 4 | Y w98 @ [ ey |
Details
Options Description:
Properties Mode Type: [Junction -|
Location Profile: |On Grade -
Spread Criteria - +
Hevations Library kem: [MANHOLE 4 - |
Junction Loss
Discharge Options
Computations
[7] Mode Bottom: (DI BOX 242 - -
[] Ovenide Library Payitem: .
“ Mode Configuration - Location = || = || &
Window Center
MNode D MHb -1 - O i
Details
Options [¥] Chain: [DESIGN - Profile: |PROPOSED =
Properties Coordinates / Stationing
Location - : = ]
Spread Criteria Align: [Tangent to Chain | # + Angle: | 0.000
Elevations Station: | 40+00.00 X 1700312163
dunction Loss Offset: | 22.000 i Y. 999236.818
Digcharge Options _
Computations [ Mimor Node (Offset from Gutterto Inlet: | 0.000

If we use the same Elevation Source and Node Elevation options that we used for the last
manhole you’ll notice that the elevation is higher than MHa-1. This won’t necessarily
create a problem since we can always adjust the elevation that the pipes enter MHb-1, but
let’s adjust the elevation for this node anyway. There are times when you will want to
manually set the elevation of a node in order for your system to function properly or to
achieve a desired outcome. Drainage offers a couple ways this can be done, we can
choose User Supplied and input the elevation we want to set our node at or we can tie the
elevation to our GPK referenced data and then adjust the final elevation by using the
Constant Offset setting under Node Elevation Options.
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ﬁ Mode Configuration - Elevations | = | =] | 8 |
Window Center
MNode D MHb -1 - O i
Details
Options Reference Surface: [TIM File - || B0Z'data"JBEXE02.TIN | O
E;Di':_mes Elevation Source: [PGL + Spread Section »| 767.862
cation
Spread Criteria Mode Elevation Option: [Constant Offset =| | 0.400
E'E“aﬁmiu Vertical Alignment: [Match Soffit =] [0.000
unction Loss .
Discharge Options Minimum Depth: | 2.000
Computations Mzzdmum Depth: | 15.000
[C] Add Sump Depth: | 0.000
Node Out
ﬁ Mode Configuration - Properties | = | =] | X |

Node ID 4 [Out

~

Details

Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

Description:

[] Window Center
[ Highlight

% A [ Aesly |

Mode Type: [Outlet

v)

Prafile:

On Grade

-

Library tem: [Std Outlet

¥

[] Node Bottom: Dl

Mo
U U

BOX 242

[] Cvenide Library Payitem:

i@ Fic Tailwater at: | Uniform Depth -

(7 Tailwater Bevation:

0,

Align

We are going to assume a constant normal depth of flow in the channel or stream that we

are draining our system into, so we will use the Fix Tailwater at option and use the

Uniform Flow setting.
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JH Mode Configuration - Location

[] Window Center

= || =2 |

[=]

Node ID 4 [Out

v

Details

Options
Properties
Location

Spread Criteria
Elevations
Junction Loss
Discharge Options
Computations

Reference Suface
Blevation Source
Mode Blevation Option
Wertical Alignment

Minimum Depth:
Madmum Depth:

[[] Add Sump Depth:

[] Window Center
[ Highlight

Mode D Cut - J
Details
Options Chain: [DESIGN - Profile: |PROPOSED
Properties Coordinates / Stationing
Location . - - )
Spread Crteria Mign: | Tangert to Chain | #  +Angle: | 0.000
Blevations Station: | 35+00.00 X 1700212632
Junction Loss [ Offset: | 25.000 i Y: 999246.941
Discharge Options ) _
Computalions ] Mimror Mode Cffset from Gutter to Inlet: | 0.000

JH Mode Configuration - Elevations | = | =] | 3 |

W % ' A [ Aesly |

: | TIM File ¥ | 502\data’\JSEXE02.TIN |

. [User Supplied *| 763680
. [ 5ame as Source ~| 763660
- [ Match Soffit =] |0.000
2.000
15.000

i
u. oy

Upon completion you should have a drainage system resembling the screenshot on the next page.

5-26

Missouri Department of Transportation

10/18/12



Chapter 5 Advanced Storm Sewer Placement

o

/|

= 40+36

Low Foint
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5.6 Pipe Placement

Now we need to link our inlets and nodes together.

1. Using the Navigator, select the Link icon at the top and then select the Add Item

button.
.l»{ Mavigator E =] @
View Tools
WMt AW me Y
D Description
3
11
Highlight Window Center Guery

Select the Add Item Icon
@
-_|
¥

You could also use the Component drop-down menu from Drainage and choose the Link >Add
option to place your pipe. Another option is to launch the Drainage Main Tool Box and use the

Link tool set.

We will be using the default naming convention for our pipes, so you can click OK when

prompted to name SS -1 for your first link.
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2. Now use the information outlined below to configure SS -1

Definition
Description: Pipe from A-1to A-2

Use the drop-down lists to assign the From Node and To Node

Define the configuration:

Shape: Circular

Material: Concrete

Size: Select any pipe from the drainage library
Enable Design Size

Number of Barrels: 1

M Link Configuration Definition = = )
.
Link ID: 4 S5 -1 - » :‘:'g”hd"';“:ﬂcemer v /¥ 7
Details
Oplions Description: | Pipe from A-1to A-2
Definition From Node: |4 -1 » | %5t ToMode: [A-2 - |
Condtions Length: 94.3076 sz MS Element 1
Constraints Configuration
Computation Shape: [Gircular | Material: [Concrete =
Type 7| Design Size Size: 12 Inch Dia Circular Select...
@ Fipe 7| Design Bamels  Number of Bamels: (1 =] Roughness: | 0.013
Citch Cwemide Library Payitem:
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Conditions
The soffit and invert will not be populated until after the network has been created.

;H Link Configuration Cenditions EI =] @
) Window Center
Link 1D 55 -1 - O % y
A | » 7] Highiight y SE
Details
. Profile Conditions
[?;t_m;s From Mode Slope To Mode
Inan . . ¥ ! ! ! 3
Conditions Min Cover:  766.176 0.760 765387
Caonstraints Soffit: 0.000 [ 0.000 0 0.000 ]
Computation Invert: 0.000 | 0.000 ]
Type Max Depth:  753.176 0.760 7h2 387
@ Fipe
Ditch

Constraints
Use the design constraints listed at the start of the exercise.

;H Link Configuration Coenstraints EI =] @

) Window Center
Link 1D: 55 -1 - (= + 2
3 I» 7] Highliaht Y S F | ey
Details

: Design Constraints
[?;t_m;s Minimum Madmum

infticr -
Conditions Rise: | 1.000 5 000
Constraints Slope: | 1.300 10.000
Computation Velocity: | 3.000 15.000

Type

@ Fipe

Ditch

5-30 Missouri Department of Transportation 10/18/12



Chapter 5 Advanced Storm Sewer Placement

Computations
The network must be created before computations will be performed.

=Rl =5
Eﬂ:';nhclli;u:rtCemer v W {?

Jd Link Configuration Computations

Link ID: 4 [S5-1 | »

Details
Options
Definition
Conditions
Constraints
Computation

Type

Link is not cumently part of a network
Computations Unavailable - Perform Metwork Computations

@ Fipe
1 Ditch

3. Based on the supplied data add the remaining links.

Pipe ID From Node To Node Shape Material
SS-1 A-1 A-2 Circular Concrete
SS-2 A-2 MHa-1 Circular Concrete
SS -3 MHa -1 MHb -1 Circular Concrete
SS -4 MHb -1 Out Circular Concrete
SS -5 B-1 B-2 Circular Concrete
SS -6 B-2 MHb -1 Circular Concrete

The screenshot below should be used for all pipes when setting the Constraints

Details
i Design Constraints
[?;t_n::s Mirirnum Madimum
inition -
Conditions Rise: | 1.000 5 000
Constraints Slope: | 1.300 10.000
Computation Velocity: | 3.000 15.000
Type
@ Fipe
1 Ditch
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5.7 Network Creation

Now that we have our nodes and our links established, we need to build and design our network.

1. Using the Drainage menu bar go to Network and select the Add option

2. Name your network Network-1 and make sure the outlet node is designated as Out

Click OK

3. Select the Build Network option under Validation

Selecting the Highlight Network button will highlight your entire network to show you
which components are recognized by GEOPAK as being part of your network

4. Select the Apply button to add the network to the drainage project

5. Select the Design Network option under Computations
The Design Network process accounts for any design options that were enabled during
the component placement process (for example: we enabled the Design Size function
under the Configuration options when we placed our pipes)

.H Metwork Configuration - [Mo Active Network] E [=] @
Network ID: 4 {Network-1 > p TR O¥ o
Detail=
Description: Outlet Node: [Qut | 4
S Utati
; 4 ons | Lock Sizes | | Unlock Sizes |
Build o) “}3: 5
Network [T & o | Lock Bevations | | Unlock Bevations |
| Design AN
Information ormation
' v Network “”f\i
. Network Network-1 Successfully Bum r Network Network-1 Hydraulics Successfully Computed
'\l!) Total Node in Network =7 \!r) Total Node in Network = 7
Total Links in Metwork = 6

Total Links in Network = &

=]
Fa

oK

6. Now set the active network by going the Network menu on the Drainage menu bar

and selecting the Active Network option then select Network-1 from the list of
available networks

The banner should now display Network-1 Active

5-32 Missouri Department of Transportation 10/18/12



Chapter 5 Advanced Storm Sewer Placement

5.8 Profile/Reach Creation

Profiles are constructed in a path running in any direction (upstream or downstream) in a
drainage Network and are utilized to visualize the network cross—section. A profile can also be
utilized to construct a customized profile (including groundline, pipes, depth of cover, hydraulic
gradeline, etc. according to what display options are checked during creation) along any path.

Just like most of our other components, we can use a number of different ways to add our profile.

Adding a profile can be done by going to the Component drop-down menu on the Drainage
menu bar or by using the Add tool from the Drainage Profile tool set.

H DRAINAGE - drainage_Junk.gdf - [Metwork-1 Active] 0
Project | Component | Metwork Reports  Utilities  Tool Boxes

Update All Drainage Profiles

Automatic Create Profile

I=l |

Area »
Mode »
o ' Drainag... [2
Profile v [ Add | ] B
Culvert y | EditList.. @ é]
Routing v B vt
ID Link v
Land Uses Del_ete H
Miscellaneous Utilities () E— %% i —————
Ilndata Al % i -
Y 2 Drainage Profile List
L3 E
%] % 3 ID Drainage Link in Profile
aﬁ;% 4 Modify Drainage Profile
T
'% 5 Delete Drainage Profile
=

Open as ToolBox

Let’s use the Navigator to add our profile.
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1. Select the Profile option along the top of the Navigator then choose the Add button

on the right-hand side

Complete the Add Profile information as follows:

Profile ID: PR -1

Description: Profile from A-1 to Outlet

From Node: A1l (Select from drop-down list or use 1D option to select element)
To Node: Out (Select from drop-down list or use 1D option to select element)

Click Apply
b Add Profile o B |-
: i| PR
Description: | Profile from A-1 to Outle
From Node: |4 -1 - | Yt
To Node: |Dut v| gt
Apply

In the Registration tab for PR-1 use these settings:

Reference Surface: TIN File
Select JSEX502.tin (If left blank, individual Node elevations are utilized to construct
the ground profile.)

M Edit Drainage Profile - PR -1 o] @ |3
File
Description: | Profile from A-1to Outlet View Number: [1 =] | Apply |
Registration | Display || Drainage Information || Grid & Labels | Link Profile
Registration Pairt Projection
¥ | 43237896 567 ‘ = ‘ Project to Chain: dertify Profile Ce
Y. | 508583.366 Chain :
Scale (Grid Stationing and Elevations
Horzontal: | 10.000 Begin Station: 0+00.00
Vertical: | 1.000 End Station: 3+17.54
Node Information I"-ﬂa?n;. Elevat?cun: 780.000
From: |.-’-". 3 v| At Min Blevation: | 740.000
To: [Out - | Reference Surface

| | 502\data\JSEXE02tin | O

Vertical Cffset:
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3. Click the DP button in the Registration Point section and then data-point click a

spot in your design where you want to place the profile

Now before we graphically generate our profile, we will want to set up some of the different
options and parameters.

4. Choose the Display tab

At this point you could enable any available option and change the colors and levels as
necessary by double-clicking on the symbology box for that item. However, for this
example a preference file has been created and saved in our data directory as:

drg_profile_prefs.ppf

Use the File >Open option in the Profile dialog and choose this file to load the
preferences for our profile

&4 Edit Drainage Profile - PR -1 - ..\drg_profile_prefs.ppf E (=] @
File
Description: | Profile from A-1to Outlet View Number: |1 =] Apply
Registration | Display | Drainage Information || Grid & Labels || Link Profile
Soffit Water Line Crossings
[l Label: 12
Pipe Center : :
7 .. Drainage Crossings
Imvert e 12
v Sewer Line Crossings
Design Surface Label: 12
W

T e Misc. Ltilty Crossings
V Label: 12
Ref Surface 0 |Mone Available -
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5. Choose the Drainage Information tab
This will allow you to check the items you wish to show on the profile. Loading the
preference file in step 5 will check certain items and give them a color and level. You

may still choose to show other items here.

J'{ Edit Drainage Profile - PR -1 - .A\drg_profile_prefs.ppf E' (=] @

File
Description: | Profile from A-1 to Outlet View Number: |1 =] Apply
Registration || Display | Drainage Information | Grid & Labels || Link Profile

Hydraulic Grade Line Madmum Soffit Drainage Mode

o o o

Critical Depth Minimum Irnvert

Unifarm Depth Minimum Cover

Energy Grade Line Madmum Depth

6. Choose the Grid & Labels tab

This tab allows the horizontal and vertical grids to be placed in the profile along with the

appropriate text.

File
Description:

Registration

S Edit Drainage Profile - PR -1 - ..\drg_profile_prefs.ppf

Profile from A-1to Outlet
Display | Drainage Information | Grid & Labels | Link Profile

Mode Labels

B
View Number: [1_+]

Mode
Link Label
Blevations

Position: [Along Profile |
Label Offset: | 0.000
Library kem Name

12

O Grid Boundary
Horizontal Grid
Vertical Grid

Elevation

Library kem Description
Profile Name
Station

Flace Label: Prefoc
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7. Choose the Link Profile tab

This tab displays the link configuration associated with a selected profile. You can gather
information on elevations and even edit them in this tab. You can select elevations or
key them in, and change the library item currently being used from one section of your
network to another.

M Edit Drainage Profile - PR -1 - ..\drg_profile_prefs.ppf El (=] @
File

Description: | Profile from A-1 to Outlet View Mumber: [1 |

Registration || Display | Drainage Information || Grid & Labels | Link Profile
Drainage Profile Points

Link ID' | Mode Elevation MNode Blevation Slope -
551 A1 765.176 A-2 763.827 1.300 E
S5-2 A2 763.827 Ma -1 763228 1.300 1
S5-5 Ma -1 763228 Mb -1 762 344 1.300 -
Dietails
Node MNode
Min. Cover: 766176 Min. Cover: 764327
Hold Invert: | 765.176 & Hold Invert: | 763.827 &
Drainage Library ftem Hold Slope: [ 1.300
(12 Inch Dia Circular - |

Certer View: [1 -

8. Finally select the Apply button to save the profile to drainage project.

Take a look at the generated profile.

&"ﬁ—n_\h . —— —
-%_""—'\-—_L.‘__;_J N "—|—|_._‘_‘_‘__‘_‘_‘
= = b =

Discuss options to affect the hydraulic jump.
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