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Appendix H

H.1 Ditch Design

H.1.1 Introduction

Obijective:

Provide the user with a general understanding of how to design and analyze
ditches in GEOPAK Drainage.

Goal:

Create a ditch system using GEOPAK Drainage.

The creation of a ditch system in GEOPAK Drainage is similar to the
construction of a storm sewer system, with the difference that instead of
specifying a pipe for the link connection, the user needs to select the ditch

option.

GEOPAK Drainage allows the user to specify a fixed ditch geometry or a
ditch extracted from a reference surface.

H.1.2 Link/Ditch Configuration

£ Link Configuration Definition

. = [ ‘window Center 2
Lirk: 10: ditch > b7 Appl
in 4 [dic 1 » ™ Highlight A pply |
- Details
Descriptiar: |
From Mode: |3-4 vl 5 ToMode: |3-5 vl St
Length:  0L0000 [ Use M5 Element 111
Constraints Configuration

Computation Ditch Type: _Fixed Geometry "I Foughness: |D.D13

Type Ditch width: |5.DDDEI v Design width
© Fipe Ditch Depth: [2.0000 F Design Depth
®! Ditch Side Slope Ratio Left [H:1); |3.DDDD Right H:1]: |3.DDDD

Link options and types are shown in the Option list box on the left side of the
dialog. The corresponding fields and items appear on the right. The four options
are reviewed below.

Definition

Conditions

Defines the Link's path, connectivity, shape, material,
roughness coefficient, size, and design options.

Defines or reviews the elevation condition for the Link
including minimum depth, soffit, invert, and slope data. It
also includes the profiling options for holding certain
values constant.

Constraints Defines the Link constraints including the minimum and

maximum rise (size), slope and velocity used in Link
design.

Computation Reviews the Link hydraulic computation
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H.2 Lab 19: Ditch Design

H.21 Introduction

Lab exercise 19 is an excerpt from the 2011 GEOPAK Drainage VDOT Training
Manual

Step 1. Execute C:\data\geo\VDOT\drain1\LAB19_V8.EXE.

Step 2. Open the MicroStation file c:\data\geo\VDOT\drain1\h17682.dgn.

Step 3. Select Drainage from the Applications > GEOPAK Drainage >
Drainage pull down menu.

Step 4. Access the drainage project h17682.gdf by selecting Project >
Open from the GEOPAK Drainage pull down menu.

H.2.2 Design Ditch Node: ditch1

Step 1. Select from the Drainage Menu: Component > Node > Add.

Mode |0 | ditch]

Description; |
ak I Cancel |

Step 2. Highlight Properties in the Options group box on the Node
Configuration dialog. Select the Node to be used from the
Drainage Library and assign its properties as depicted below:

gNude Configuration - Properties M= E
NodeID 4 [dicht -1 » F‘;‘:;”hdli;”}:tce”te' o K ) Ao |
 Details

Description: |

|_ opeities MNode Type:  Other 'l
ocation s W

Sproad Citeria Erafies [ Erade I
Elevations Library ltem: IDITCH_NDDE ']

Junction Loss
Dizcharge Options

Carnputations -
2} Wode Battom: [Hene Avaiatle ¥ :
™ Owverride Library Payitem: I ﬂl
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Node ID Ditch1
Node Type Other
Library Item Ditch_Node

Step 3. Highlight Location

ENnde Configuration - Location

to describe the inlet's location in the design plane:

] B3

Junction Loss
Dizcharge Options
Computations

MNode 1D 4 Im [ 3 F\;I\.:Ignhclli?:tceme[ Yo e w R Appl |
- Details

@ ¥ Chain: Im ¥ Prcile: Im
Froperties Coordinates / Stationing

Spread Ciiteria Align:  Tangent to Chain v| #F + fngle: IW
Eleations » 2718E50.832

Station; I 205+78.46

4{3»

Offzet from Gutter to [nlet:

Y 335044128
0.000

™ Mimor Mode

Reference Chain Select Reference chain: MAINLINE
Reference PGL Select Reference PGL: MAINLINE
Align Tangent to Ref. Chain

Station 209+78.46

Offset -171.50

Press Enter to automatically place the node at the specified location.

Step 4. Highlight Elevations to assign the node an elevation and vertical
alignment of the ditch node.
£ Node Configuration - Elevations M= B3
Iﬁ [ \A-f'ind.nw Center N
MNode D 4 |[ditch [ 3 ™ Hihight Yo e w R Appl |
-~ Detailz
Dptions Reference Surface:  TIM File v|| survey.tin Q,
Properties Elevation Source:  Reference TIM | zm5z32
Location
Spread Criteria Mode Elewation Option; - Same az Source '| 205232
_ Wertical Alignment:  Match Invert "l ID.DDD
Junction Loss -
Discharge Optiors tinirurn Depth: I 0.000
Computatians Marimum Depth: [10.000
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Elevation Source

Reference TIN

Node Elevation Option

Same as Source

Vertical Alignment Preference

Match Invert

Minimum Depth

0 feet

Maximum Depth

10.00 feet

Step 5. Highlight Junction Losses to use Defined Equations (defaults to
Preference > Junction Loss Settings).
gNude Conlfiguration - Junction Loss M= B
Iﬁ r ‘u\r_‘ind_ow Center o
Node 1D 4 [ditchi 2  Highlight EoE S w4k Appl |
 Details
Optiong ® Defined Equations
E'DPE_THES ) Equations « Loss Reduction: ID.EIEIEI
ocatian .
Spread Ciiteia ) Abzolute Loss: [wnns
Elesvations O Supplied K - Dutlet Velocity: ID.DDD
) Supplied K. - Change in Yelocity: I ) nu]
Dizcharge Options ) None
Carnputations
Step 6  Highlight Discharge Options to specify the discharge getting into
the ditch. The actual flow was previously calculated. Therefore, keyin
10 cfs at the Supplied Discharge field and activate the toggle.
gNude Configuration - Discharge Options M= E
- inidow C H
Node D 4 [dichi -1 » IE it S e A Aeny |
~ Details
Optionz ) Use Computed Discharge
Erﬂpe.rties ) Supplied Discharge: [10.000
SET:.;IdDrEIriteria [ iDisable Inlet Calculations!  Capacity ID.DDDD
Elevations ™ Link Drainage Area: 21 | )
Junction Loss
Dizcharge Options
Computations
Step 7. Click Apply to add this node to the project.
Step 8. Close the Node Configuration dialog.
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H.2.3 Design Ditch Node: ditch2

Step 1. Select from the Drainage Menu: Component > Node > Add.

Add a New Node

Description:

Ok, I Cancel |

Step 2. Highlight Properties in the Options group box on the Node
Configuration dialog. Select the Node to be used from the
Drainage Library and assign its properties as depicted below:

E Mode Configuration - Properties

M E3
- ™ wWindow Center
odz D 4 [dtc =¥ b S5 9 % ) el |
— Detailz
Description: [
Mode Type:  Other "I
Location o I
Spread Criteria : O Giae —
Elevations WA DITCH NODE - B
Junction Loss
Dizcharge Ophions
Computations _
2| Hiade B attanm: INDne Byaiatle VI :
™ Owveride Library Payitemn: I ﬂl
Node ID Ditch2
Node Type Other
Library Iltem Ditch_Node
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Step 3.

Highlight Location to describe the inlet's location in the design plane:

£ Node Configuration - Location

P 3

[T “window Center

Node|D 4 [dichz = » B M o w [
~ Details

Optionz v Chain; m ¥ Profiles m
Properties Coordinates / Stationing

Spread Criteria Align:  Tanagent to Chain "l # +Angle: IW
Elevations Statior: [208+62.91 | W 2718566.423

Junction Loss
Dizcharge Options
Computations

¥ Oifset: [-151.560

™ Minor Mode

; Y. 339140691

Oiffzet from Gutter ta Inlet; I 0.000

Reference Chain

Select Reference chain: MAINLINE

Reference PGL

Select Reference PGL: MAINLINE

Align Tangent to Ref. Chain
Station 208+67.91
Offset -151.86

Press Enter to automatically place the node at the specified location.

Step 4. Highlight Elevations to assign the node an elevation and vertical
alignment of the ditch node.
gNude Configuration - Elevations M= E
oz = I_ \A-f'ind.ow Center "
Node [0 4 [ditchz [ 2 ™ Highlight Yo K m ok Apply |
~ Details
Optionz Reference Suface:  TIM File v|| Furve.tin Q.
F'rnpelrties Elevation Source:  Reference TIM '| 2012561
Location
Spread Criteria Mode Elevation Option:  Same as Source "l 2012 561
_ Yertical dlignment;  Match Invert v| ID.DDD

Junction Lozs .
Discharge Options Finirmum Depth: I 0.000
Computations Magirmum Diepthe [ 10,000

Elevation Source Reference TIN

Node Elevation Option Same as Source

Vertical Alignment Preference | Match Invert

Minimum Depth 0 feet

Maximum Depth 10.00 feet
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Step 5. Highlight Junction Losses to use Defined Equations

Step 6.

Step 7.
Step 8.

(defaults to Preference > Junction Loss Settings).

ENnde Configuration - Junction Loss

] B3

) Supplied K - Change in Welacity: I [0L T
) None

Junction Loz
Dizcharge Options
Computations

- [ window Center
Mode D Idl he vl i Appl
cicl ] BB P Highight @ A _Aoe |
-~ Detailz
Options ™ Defined Equations
PTDPE_ltiES ) Equations % Loss Reduction: I ) FIEE]
Location . ) Absolute Loss: ID.DDD
Spread Criteria
Elevations ) Supplied K - Dutlet Yelocity: I L]

Highlight Discharge Options to specify the discharge getting into the
ditch. This node will not receive any direct discharge other than the one
coming from the previous node. Therefore keyin 0 cfs at the Supplied

Discharge field and activate the toggle.

gNude Configuration - Discharge Options

P 3

Dizcharge Options
Computations

MNode D 4 Im [ 3 F \Izl\-;'lgnhcllingn:tﬁenler Yo K m ok Apply |
~ Detailz
Optionz ) Use Computed Discharge
P":'F'E.'HES @ Supplied Discharge: W
;ET:.;IdDrEIriteria [ iDisable Inlet Calculations!  Capacity IW
Elevations [ Link Drainage &res: [51 =] &)
Junction Loss

Click Apply to add this node to the project.

Close the Node Configuration dialog.
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H.2.4

Design Ditch Outlet Node: ditch-outlet

Step 1. Select from the Drainage Menu: Component > Node > Add.
Mode D | ditch_outlet
Drescription: I
ak. I Cancel |
Step 2. Highlight Properties in the Options group box on the Node
Configuration dialog. Select the Node to be used from the
Drainage Library and assign its properties as depicted below:
£ Node Configuration - Properties M= 3
Mode 1D 4 [dich-outlet ~ » I':L“‘;'g”hd"?;t':e”te' gt M w Sh Appl |
— Detailz
Optians Descriptior; |
i Mode Type:  Outlet "I
Locaion Erafiles i lErams "I (\
Spread Criteria :
Elevations Library Item: [DITCH_OUTLET =] \_./
Junction Loss - =
Discharge Dptions ®) Fix Tailwater at; Critical Depth vI
Computations ) Tailwater Elevation: ID.DDD
2| Hiade B attanm: INDne Byaiatle VI Aligr |
Node ID Ditch_outlet
Node Type Outlet
Library Item Ditch_Outlet
Fix Tailwater Critical Depth
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Step 3. Highlight Location to descri

ENnde Configuration - Location

be the inlet's location in the design plane:

] B3

MNode 1D 4 Iditch-nutlet - »

[ window Center

o w4 Aok |

" Highlight
- Details
Dptions 7| Chairc [MAINLNE =] & Profile: [MAIMLCINE =]
Froperties Coordinates / Stationing

Dizcharge Options
Computations

Spread Ciiteria Align:  Tangent to Chain v| #F + fngle: ID.EIEIEI
Elewations Station; |2D?+?2.29 W 2718472639
Junction Loss I Offset:[113570 | $ ¥ 339200070

3.570

Offzet from Gutter to [nlet: | 0.000

Reference Chain

Select Reference chain: MAINLINE

Reference PGL

Select Reference PGL: MAINLINE

Align Tangent to Ref. Chain
Station 207+72.29
Offset -113.57

Press Enter to automatically place the node at the specified location.

Step 4. Highlight Elevations to assign the node an elevation and vertical
alignment of the ditch outlet node.
gNude Configuration - Elevations M= E
- [ ‘windaw Center "
Mode D 4 [ditch-outlet -] » ™ Highlight Yo K m ok Apply |
~ Details
Optionz Reference Suface:  TIM File v|| Furve.tin Q.
F'rnpelrties Elevation Source:  Reference TIM '| 2009.100
Location
Spread Criteria Mode Elevation Option:  Same as Source "l 2003100
_ Yertical dlignment;  Match Invert v| ID.DDD
Junction Lozs .
Discharge Options Finirmum Depth: I 0.000
Computations Magirmum Diepthe [ 10,000
Elevation Source Reference TIN
Node Elevation Option Same as Reference
Vertical Alignment Preference Match Invert
Minimum Depth 0 feet
Maximum Depth 10.00 feet
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Step 5. Click Apply to add this node to the project.
Step 6. Close the Node Configuration dialog.
H.2.5 Design Ditch Links

Step 1. Select from the Drainage Menu : Component > Link > Add.

Link 1D | ditch -2
ak I Cahczel |

Step 2. Highlight Definition to Set the ditch spatial characteristics including
From and To Nodes ID's, and geometry.

Graphically select the Nodes by clicking the ID button for each and
identifying the Nodes. Dtich1-2 traverses From Node ditch1 to Node
ditch2

£ Link Configuration Definition

Lirk ID: 4 [dtchi2 <] p [ WindowGenter o) osg o appy |

I Highlight

 Details

Drefinition

Description: |
From Node: [ditchi

Conditions Length:  0.0000 [ UseMS Element [
Constraints Canfiguration
Computation Ditch Type:  Fined Geometry v| Roughness: IEI.D12

Type Diteh Width: [3.0000 [~ Design width
C' Pipe Ditch Depth: [ 3.0000 [~ Desian Depth
! Ditch Side Slope Ratio Left [H:1]: |3.DDDD Right [H:1]): |3.DDDD

Type Ditch
Geometry Fixed Geometry
Manning's n 0.012

Ditch Width 3.00

Design Width Toggle OFF

Ditch Depth 3.00

Design Depth Toggle OFF

Side Slope Ratio 3:1 Left and 3:1 Right
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Step 3. Highlight Conditions. The elevations shown are based on the From-
Node and To-Node elevation minus the min/max depth, as specified
in the Node Definition Dialog Box for Nodes ditch1 and ditch2
respectively.

In this case, no entries are necessary; GEOPAK Drainage will design all the
profiles for this project.

ELink Configuration Conditions

- - [ window Center ,,
Link 10 ditch1-2 > 4 Appl
i 4 [dic 1 » ™ Highlight A pply |

 Detailz
@ Frofie Eonditim;'smm Mode Slope ToMHode
Lefiriion Min Cover. | 201523 0.000 201256
Constraints Saffit: 0.000 ' 0.000 ' 0.000 I
Camputation Invert; 0.000 r 0.000 [
Type Max Depth: | 2005.23: 0.000 2002.56°
) Pipe
@® Ditch

Step 4. Highlight Constraints. Establish the min/max design criteria for Links as

follows:
ELink Configuration Constraints
. [ “window Center % 2
. &ppl
Lirk ID: 4 > - Highlght ¥ S prly |
 Detailz
2 Dezign Constraints
%{ Minirnum taxirnum
efinition :
Conditions Rise: [ 0.100 | £.000
Slope: |0.100 [10.000
Camputation Yelocity: [ 1.000 [10.000
Type
) Pipe
® Ditch
Rise min/max 0.1/6.0 (feet)
% Slope min/max 0.10/10.00 (%)
Velocity min/max 1.00/10.00 (fps)
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Step 5. Highlight Computations to display the computed hydraulic
properties of the ditch.

g Link Configuration Computations

- - ™ wWindow Center 3
Link 1D: ditch1-2 - + Appl

it 4 [dic 1 » ™ Highlight VA PRIy |
— Detailz

@ Link. iz not currently part of a netwark,

Definition Computations Unavailable - Perform Metwork Computations

Conditions
Constraints

Cornput ation

Type
) Pipe
® Ditch

Note: Ditch hydraulics are not available for review until a Network has been
established and designed or analyzed successfully. Check back here for
computations after the Network has been added and designed or analyzed.

Step 6. Press Apply to incorporate the link to the project.

Step 7. Add the remainder of the ditch system from Node ditch2 to Node
ditch-outlet using the Drainage Menu Component > Link > Add.

Step 8. After adding the last portion of the ditch, close the Link configuration
dialog.

H.2.6 Ditch Network Design

Step 1. Select Network > Add from the Drainage menu.

Add a Hew Metwork
Metwaork, 1D ||:Iit|:h

Description; |

Outlet Mode: Iditch-nutlet vi
Ok, I Cancel |
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Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

In the Network Configuration dialog, enter the following information:

gNetwulk Configuration - [ditch] M= B
Netwark ID: 4 > ¥ W _beob |
-~ Detailz
Description: | Oluthet Mode: Iditch-nutlet -
" alidation Computations Lonck Sizes I Urlack Sizes I
’V T}:: }f: ’Vﬁ}fz P}f: LockEIevationsI UnIockEIevatinnsI
Network ID: DITCH
Description: (Optional)

Click the ID button and select the

Outlet Node
DITCH- OUTLET node.

Click the Build Network button. This feature verifies the nodal
topology and link connectivity. The Highlight Network feature
highlights all components (ditch nodes and ditch links) connected to the
active Network.

2 Network Configuration - [System 1] M= B3
Metwork 1D: 4 g =] P OO oF Apply |
~ Details
Descriptior: | Dutlet Mode: [ditch-outlet = *

" alidati C kati
Sieaten B L Lock Sizes I Unlock Sizes I
ﬂ I}:: d}:: P}:: Lock Elewvations I Unlock Elevatinnsl

Build Netwoik

Click the Apply button. Network "DITCH" has been added to the project.

Click the Design button. This command initiates the hydraulic design of the
components contained in the Network.

Then GEOPAK will design the network and issue the pertinent Warning
messages, if necessary.

Metwiork ditch Hydraulics Successfully Computed
Total Node in Metwork = 3
Tatal Linkz in MHetwark = 2
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Step 7. Set the Active Network to Ditch so we can review some of the provided reports.

Step 8. We can now review some of the GEOPAK provided reports. Drainage >
Reports > Storm Drain Links.

E’Stulm Drain Hpdraulic Calculation Summary for Hetwork ditch - Emmors in Hetwork Calculations

|Jpstream Downztream  Upstream Downstream Unifarm Actual
In] | 1D |ID | HGL | HGL | Discharge | Capacity | Slope | Loss | Welocit) Depth | Yelositl Depth
: ditch-outle ditche ditch-outlet 2010136 | 2006404 | 10.000 1093952 | 3120 | 0.000 | 8460 | 0.302 | 8.410 | 0.304
ditch1-2 ditchl ditch2 2012807 | 2009.900 | 10.000 894,122 2083 0000 7360 0338 7345 0339
[ ‘windaw Center

A5C File: | & [EdT | " Highlight Apply |

Step 9.  Exit MicroStation.

VDOT CADD Manual H-15 of 15 Lab 19 Ditch Design



	Main Table of Contents
	Appendix H - Drainage Ditch Design - Lab
	TABLE OF CONTENTS
	H.1 Ditch Design
	H.1.1 Introduction
	H.1.2 Link/Ditch Configuration

	H.2 Lab 19:  Ditch Design
	H.2.1 Introduction
	H.2.2 Design Ditch Node: ditch1
	H.2.3 Design Ditch Node: ditch2
	H.2.4 Design Ditch Outlet Node: ditch-outlet
	H.2.5 Design Ditch Links
	H.2.6 Ditch Network Design




