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Course Overview

The engineer will need a fundamental understanding of drainage design and the Rational Method
that is used throughout OpenRoads Designer Drainage and Utilities.

This platform includes storm drainage design and analysis as well as utilities engineering with
capabilities to include conflict detection and non-drainage attribution. OpenRoads

.Designer Drainage and Utilities has two drainage calculation options: Analysis will not
change the physical characteristics of the storm drainage; Design may change the physical
characteristics.

It is the designer’s responsibility to adhere to the CTDOT Drainage Manual, CTDOT
Hydraulics & Drainage Directives and Standards.

When possible, drainage components have been set-up to follow CTDOT standards and methods.
The engineer is responsible to verify drainage items properties.

Skills Taught

Obtain NOAA Atlas Data for Point Precipitation Frequency (PF) Estimates
Node and Pipe layout

Storm data input

Preform and review computations

Introduction

Drainage and Utilities uses the terrain model referenced into a DGN file to display the storm
drainage and other utilities in 2D and 3D. Drainage structures and conduits are fully integrated in
graphic and database functions. The data is in the graphics within the design file (*.dgn file). The
design file is part of a “federated” dataset. Design files are segregated by purpose > different
engineering object types or scopes are in their own file. The project is assimilated through the
dynamic use of reference files.

Use Drainage and Utilities to:
e Analyze the existing storm drainage for a project site, a single system or multiple, or
e Analyze the existing storm drainage and upgrade for a project site as needed/required or
e Analyze and/or design proposed storm drainage system(s) for a project site and
¢ Analyze conflicts between existing utilities and proposed drainage.

The designer will be working in the 2D model, Drainage and Utilities will create the 3D model the
same way as in ORD.
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Tools

This guide will not document each tool that is available in the OpenRoads Designer Drainage and Utilities
interface. See the Bentley Online Help for commands not detailed in this document.

[ ; -

E'J ‘Dralnage and Utilities " H l_'[l !-,

¢ OpenRoads Modeling lysis Components
OpenRoads Drawing Production

= Survey \D_Edge_Unpaved v

D Geotechnical r @0 |20
Reality Modeling

Exol Drawing 1%
xplc -
‘CTDOT
] ; I v
v _Drainage and Utilities
OpenRoads Model Workflow
& sSheet Index Set Active Workflow
OpenRoads Standards v
Drainage and Utilities Model ~
LN NN

Figure 1 Drainage and Utilities Workflow

Home Tab

&4 Drainage and Utilities - &~ = d k! % X s

Home Layout Analysis Compaonents Utilities View Tools Report

& ccB * | SU_Storm_Nodes (SUDA Stor * . § i o)
B - &
= = Attach
* =0 v|E=g v 0 ~|lfq0 ~ || Explorer = : Ele
@ - Toolsv & v 7 v | selecti
Attributes Primary
Drawing Production Drawing Utilities iTwin View Help
S® o PN
h 021 = 1 < ] =
Element Fence Civil Terrain Import Import Export
Selection B Tools» H ~ Analysis * Import~* Geometry > Utilities = Utilities ~
Selection Model Analysis Model Import/Export

Figure 2 Drainage and Utilities Home Tab

Attributes — with most workflows, it shows all attributes that are active.

Primary — opens the explorer, properties, attach tools for references and raster files, level
manager, level displays (common MicroStation tools).

Selection — houses the Element Selection tool, Select All, Select None and Fence tools.
Civil Analysis — gives the user the option to analyze various items.
A useful tool for the drainage design is the Analyze Trace Slope - The Trace Slope

tool shows the down/up slope direction of the slope at anyone point within the active
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terrain. The Trace Slope tool should be used in its separate file and referenced into
the drainage file as needed.

2, & X »

Ciwvil Terrain Import |
Analysis ¥ Import* Geometry »  Util

Analyze Point
* ¥ Analyze Between Points
Calculate Area

Analyze Volume

> Inverse Points

£ Analyze Trace Slope

Analyze Pond f
Select Start Point for Trace Path
<ALT> totoggle trace direction
<SHIFT> to toggle trace method
Elevation 1=39.239

Elevation 2=37.093

Elevation Difference=2.146

Element Component Quantities

Create Cut Fill Volumes

f" Trace Slope - X

Trace Method iMammum Slope Trace | v

Minimum Depth ED.TUD

Trace Slope Direction iDown

Feature

Feature Definition iTrace Slope ~ |
Name | Trace Slope

N

Figure 3 Analyze Trace Slope

Model Import/Export - various import and export options.

Terrain Import — creates a terrain model from File, Ascii File, Elements, and Point Cloud etc.,
see Bentley Online help for more Terrain options. Import Geometry from various file types.

Import Utilities — import drainage data from various other software, i.e. InRoads and Export
Utilities to various other software, see Bentley Online help.

Export Utilities — export drainage data to various other software, see Bentley Online help.

Terrain import, geometry import or import utilities should be done in a separate file and
referenced into the drainage file as needed.
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Layout Tab

Home Layout  Analysis Components Utilities View Tools Report Drawing Production Drawing

* & ; y ? [ %, Place Lateral O Place Pond oy
- . 0\9 ) Place Gutter g Place Low Impact Develo... -b
Element .... Place Place Insert Place Extract Filter
Selection .. ¥ | Node Nodes Node Conduit Place Catchment From Graphic Manager | R
Selection Layout
Drawing Utilities iTwin View Help
- L o
woy B W T
-~
Filter Hydraulic Hydraulic  Utility Run Project Civil Civil

¢ Manager | Run From Node Runs to Outfall From Links Run Accudraw Message Center
Profile Runs Toggles

Figure 4 Drainage and Utilities Layout Tab

The Layout tab allow the user to place utility structures and connect the structures with
conduits. The utilities can be below the surface, on the surface or above the surface.

Layout - this is the main tool to place utilities, such as drainage structures and pipes, this will
be explained.

Profile Runs - are profiles along a series of structures. Different profiles can be created from
the Start Node or the Outfall and Links can be added to a profile run.

Toggles - will open/activate Civil Accudraw and the Civil Message Center.

Analysis Tab

<a‘,-ou1 Analysis  components Utilities View Tools Report Drawing Producti

< t Alternatives i @ validate T Engineering Standards
i'o Options fii. Calculation Summary
Scenarios Compute
< - - - L Notifications
(/ Calculation >
S

Sduction Drawing Utilities iTwin View Help

[©] Compute Center 4

& Default Design Constraints

Queries

{ds

. '-
Show Flex
Gutter Flow || Tables

Analysis Tools Analysis Views

Figure 5 Drainage and Utilities Analysis Tab

The Analysis tab set calculation parameters, standards, constraints, and scenarios for
drainage items.

Calculation - this is the center for drainage calculations.

Analysis Tools - holds the Compute Center (one tool box for access to calculations),
Default Design Constraints are set to CTDOT standards and should be reviewed for project
specific constraints (i.e. max. spread, conduit slope), Show Gutter Flow will show the path of
any overflows from catch basins.

Analysis Views - houses the flex tables — CTDOT specific flex tables for hydraulic analysis
have been established, queries can be used to report on specific item
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Components Tab

Layout Analysis Components Utilities View Tools Report Dra

e 4 & & 9 ©

e

: Storm Catalog prototypes = Template Edit Apply
;v Datav M M Template Drop Linear Template
Common Catalog Trenches

Figure 6 Drainage and Utilities Components Tab

The Components tab are used to establish project specific storm data, drainage properties
and settings.

Common - create — import Storm Data, select Global Storm Events.

Catalog - access to engineering libraries, inlet — gutter — conduit catalogs, culvert inlet
coefficients and rainfall curves from csv files. Prototypes for drainage items are set to
CTDOT Standards and can be updated to project specific data if needed.

Trenches - access to template tools — edit template drop — apply linear template for
trenches used in the design.

Utilities View Tab

out Analysis Components Utilities View Tools Report Dray

E Element Symbology @ :E' =5, Queries

EE Open Profile Model ¢ Network Navigator
i ) Flex Selection
= Open Cross Section View Tables Sets

Drawing Views Results Views Selection and Query

rawing Production Drawing View

= Com
@_ZJ @z é 87 Customize Properties

Properties  Utility  Prototypes l?4CustomizeTooltip
Properties

Element Views Customize

Figure 7 Drainage and Utilities Utilities Viewer Tab

The Utilities View tools open views of various drainage properties.

Drawing Views - element symbology allows control how elements and associated label are
displayed; open profile model generates a view presenting a desired feature in profile;
open cross section view creates a dynamic cross section of a selection item; these are the
ORD Modeling tools.

Results Views - houses the Flex Tables — CTDOT specific Flex Tables for hydraulic analysis
have been established and the user can view input data and results for all elements of a
specific type in a tabular format.

Selection and Query - create, edit, and navigate selection sets; display all queries in the
current hydraulic model; open the network navigator.
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Element Views - Properties displays a dialog box containing selected elements associated
properties; Utility Properties displays the subsurface utilities and hydraulic analysis of a
selected element; Prototypes displays and allows edit to default values for elements in a
network. Prototypes have been set-up to CTDOT Standards, the engineer needs to verify
the items in the project.

Customize - Customize Properties allows customization and changes to default user
interface; Customize Tooltip allows customization of tooltips that appear when hovering

over an element.

Tools Tab

ayout Analysis Components Utilities View Tools Report Drawing

—-— p ~ L. -
:| |,. = \ i< Update Descriptions ad - &
2o 5l Fo Branch Labeling " Ii i
Utilities User Data Model _ . Project i-model
¥ | Conflicts Extensions Builder & Set Feature Definition | pefaults Configuration &

General Tools

wing Production Drawing View

& Project « i] Catchment Delineation 5... m

=4 Synchronize Drawing _g‘:‘ Gutter Section Settings
: StormCAD CivilStorm SewerCAD SewerGEMS
& Annotation Unlimited

Project Tools License Activation

Figure 8 Drainage and Utilities Tools Tab
The Tools tab is divided into general tools and project tools.

Tools - utilities conflicts allows detection of physical clashes and clearances between
elements; user data extensions allows adding data fields to the hydraulic model toolbox;
model builder allows existing GIS assets to construct a new model or update an existing
model; update descriptions of conduits in the model; branch labeling sets the labels of
conduits; set feature definition allows setting/locking a feature definition.

Project Tools - houses project defaults, i-model configuration to export drainage
calculations, project properties, synchronize drawing and annotation tool to label the
drainage items.

License Activation - StormCAD Unlimited.
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Report Tab

yout Analysis Components Utilities View Tools Report Drawin

e{:} @ o 7 5 e il Scenario Sum

sis Calculation S

Custom | Flex Network Reports  Corridor Report = i
" | Report = Tables Elements Table v Reports * | options &" Hydraulic Mo
Report Tables Civil
ili Scenario Summary t:;’ Conduit Inventory ® HEC-22 ~
" i Calculation Summary ®a DOT Report ® AASHTO ~

ns ;jﬁ Hydraulic Model Inventory ® Combined Pipe/Node Report

Drainage and Utilities

Figure 9 Drainage and Utilities Report Tab

The Report tab gives the user fast access to various reports for Tables, Civil and Drainage
and Utilities.

Report - Custom Report allows the user to assemble a wide variety of model input, results,
graphs, etc. in a customized report.

Tables - access to all Flex Tables and Network Elements Table for the utility project.
Civil - access to civil reports such as horizontal geometry report and corridor reports.

Drainage and Utilities - access to various reports and summaries for the drainage design.

Drawing Production tab

sis Components Utilities View Tools Report Drawing Production Dr.

vy O O |EHA=|AA8 A7

Create  Update Saved  Apply Place | Place Place | Place Edit Change Tel
Saved View View Settings Saved View | Table = Note Label Text Text Attribut

Saved Views T | Tables Notes Text
ABC P
7951 A 4
A ad L - 5 ACS Plane Lock
Change Text Element Model Named
Attributes A * Annotation~ Annotation~ Boundary ~ é‘ Annotation Scale Lock
xt ] Annotations T Named Boundaries = Drawing Scales

Figure 10 Drainage and Utilities Drawing Production Tab

The Drawing Production tab is divided into tables, notes, text, annotation and named
boundaries, explanations are found in detail under Volume 13.

Drawing Production tools enables the user to place notes and labels; place and edit text;

annotate an individual element or an entire model; enables sheet production through the
Named Boundary tool.
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Workspace Files

Feature Definitions

..CT_Configuration\Organization-BIM\ _CT_Civil Standards \ Dgnlib\ Feature Definitions
e CV_DU_Ex_Features_Llevels_ElemTemp.dgnlib
e CV_DU_Pr_Features_Llevels_ElemTemp.dgnlib

Cells
..CT_Configuration\ Organization-BIM\ _CT_Civil Standards\Cell\

e CV_DU_Ex_Ends_Walls.cel
e CV_DU_Pr_Ends_Walls.cel
e CV_DU_Utilities.cel

e CV_DU_Ex_CB_MH.cel

e CV_DU_Pr_CB_MH.cel

Inlet Library
..CT_Configuration\ Organization-BIM\ _CT_Civil Standards\Data
e CV_SubsurfaceUtilitites_Inlets.xml

These files will be updated as needed by AEC Applications to incorporate changes in the CTDOT
standards. Should the designer find an item changed or was added (example: new wing wall)
please bring this to the attention of AEC Applications.
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Exercise 1 - Getting Started

The designer should compile the information and material necessary to complete a
drainage design. The most commonly needed items for a drainage design (existing or
proposed) are storm data and terrain data for the project.

1.1 NOAA ATLAS 14 Data

The Department’s Hydraulic and Drainage Unit advises the designer to use the NOAA Atlas 14
data, which can be accessed through the NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY
ESTIMATES webpage in conjunction with the CTDOT Drainage Manual.

Follow the direction on the NOAA Atlas 14 webpage and directions given by CTDOT Hydraulics
& Drainage unit on how to develop the Point Precipitation Frequency (PF) Estimates, which can
be downloaded in CSV-format and opened with Excel. The data in the PF tabular format will be
used for Storm Data to create a User Defined IDF Table.

(— & hitps.// T scws noaa.govhdse/ plds/plds_map_conthtmiTbkmik=pa

& PF Map: Contiguous US

’ NOAA'S National Weather Sorvice
noRn s
M Hydrometeorological Design Studies Cent
| Precipitation Frequency Data Server (PFDS]
Hesme Sae Map

NOAA ATLAS 14 POINT PRECIFITATION FREQUENCY ESTIMATES: CT
Data description
Data type: [Proclpnahon intensity Vl Units: | English v| Time series type: | Partial duration v/
1) Manisally:
) By location (decmal degioes, uie " for § and Wy Latitude: | Leagitude: | Subenit_ |
b} By station {list of CT stations):|HARTFORD BRAINARD FLD (06-3451) 2 \
€] By address : [a]
m
) Use map {1 ESRI inleractive mag {5 rol 10ading, iy #00ng e Nost: NEp:]s.ancgis.com! 10 the feawall, of contact Us 31 hasc questions@noaa gov)
1) Select location
Mowe crosshal of Gouble cick
b Chick on station kcon
L Show statins on map

Location information:
Hame: Harford, Conneclicud, USA®
Station name: HARTFORD
BRAINARD FLD

Sife 10: 06:3451

Latitude: 417332

Loagitade: -72 65007

Elvation: 20 1

* Source: ESRI Maps:
* Source: USGS

POINT PRECIFITATION FREQUENCY (FF) ESTIMATES

Figure 11 NOAA Atlas 14


https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=in
https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=in
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Scroll down the webpage, making sure CSV format is set to: Precipitation Frequency

Estimates and click Submit.

FOINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
HOAR Atlas 14, Violume 2, Version 3

I [ el ag IRCUrTenca nterval (years) |
1 | 2 | 5 19 % 50 100 200 500 1000 |
£ 0,326 0,389 0473 0.539 D625 0.758 DEX 0927 1.00
(002920, 3566) (0, 3470, 437y {0 423-0.531) (0.480-0,607) 19,5530 658) { 1 mil], 721-0.521) (0.797-1,003) [0.854-1.11)
i 0,507 0.608 0.736 0.832 0.956 1 24 1.36 146
| 18- (085300 565) 0. 5420 BE3) ‘ {0LEST-0.525) £0.74140.931) [0.848-1.07) I (082311 YEARS 1 SI] {1.17-1.51} (1.24-1.62) |
| — 0621 0.743 0.503 | 1.02 " 1.18 | || 147 " " 1.70 " 182
{0.55%-0.503) 006530 835) (Q.B07-1.01) (0.911-1.15) (1.05-1.32) Al 14-1 45) £1.24-1.58) (1 '.‘H-'I 1) {1.46-1.89) (1.55 2‘#2]
e 0822 0.994 1.4 142 1.67 1.85 205 2.25 252
0 735-0.923) (0. 558-1.12) (1.91-1.38) {1.26-1.59) (1.45-1.55) {1.63-2.07) (1.78-2.2%) (1952 50) (2.17-2.80) 2. 1?»-3- '.'IEJ
S8.rain 00 ] 1.22 1.55 181 2.16 [ 2.44 274 305 l 349 l
13 {1.08-1.37) (1.39-1.74) {1.61-2.02) (1,92-2.41) {2.15-2.72) (2. 40-3 0%} (£ 65339 (3.00-3.87) &) 2‘?-4 2’5]
Thr 1. 1.39 1.76 2.06 249 ’ 2.85 3.22 363 4.23 |
{1.01-1 {1,221 58) [1.56-1.98) (1.81-23%) (2 18-2 79) {2 473 18) (2.79-3.58) (A.11-4.04) (3584 T0) ] 56.5 25]
1,88 218 265 I 3.03 344 389 454 |
T-211) {1952 48) (2. 342 B5) {2 68-3.35) (3.00-3 82) (3 38-4.30) {3.ET-5.02) 4. 3-0-5&2]
MIN. - HR. - DAY 2.8 256 20 3.65 413 455 542 .06
# 05.2.55) | {2 38-2.96) " (2.85.355) | (323404 {3.62.4.58) [4.04-5.13) " {4.66-5.97) " (5.15- sar:
| — 1.89 | 227 282 | .28 | 3.95 | 4.52 514 5.82 | 583 | |
{1.71-2.10) {2.05-2 52} [2.54-3.13) {2 95-3.63) (3.52-4 36) {4.00-4.97) 4.51-564) 506636 {3857 45) (6. SD-BJ?J
2.35 270 336 3,00 4569 5.35 609 6.89 807
[2.09-2 43) 2.51-2.93) (3. 11-3563) (261421} (4.32-505) {4 91-5.7&) 05 54-5.54) [&521-738) [ 18-8.64) i W 9.70)
261 313 388 4.51 5.42 6.20 .05 Aar 2.33 10.5
(2.42-2 Bd) {2.90-3.40) (A85-421) {4 164 88) (4.57-5 BB) {5 655 85 (6. 38-7 60 (7. 16-8.58) (B2T10.1) 15113
278 332 41 476 [T 6.52 .3 FET] .74 109
W2 58-3.01) (3085 81) -,,.ﬂ-'l'——“"'-h- {4 3025 45) (5.24-81T) ' (6. T1-7.47) (7518 it f; 4 a 98011 .8)
= a—— R T— —
s I V2124) L (143iss, LT
B 10,7 15 14.0 15 16.5 17.6 16 9.4 206 P
{10.2-11.3) " {11.5-13.1) [13.3-14.7) (14.4-15.9) " (15.2-17.3) {16.7-18.4) (175-19.4) Il (18.4-20.4) (19.4-21.6) [20.2-225) |

' Precigdation bequancy (PF) s8Smales in this 1abks 4re based on Tequenty Anadysis of parial durkbion senes (PDS)
Husmbees in panenihesia ass PF estenales al lower and upper boursds of Bhe 50% confidence inberval. The probakbdity thal precipilation freguency sstimabes (far a given Suralion and average
necurrence inlerval) will be greates than Ehe wpper bound (oo less than the lower bound) is 5% Estimates al upper bounds are nof checked against probable maximuwm precipilation (PMP)

estimabes arﬂmlfbumﬁmmmmviderm

Estimates from the table in CSV funml:lﬁmpltahon frequency estimates » || Submit

Main Link

Home | OWP

Figure 12 Precipitation Frequency Estimates

Either select Open, Save or Save As, (save to Project directory).

1 G5V format | Procitabon frequancy estmates v|| Submi |

click Open or Save

Do you want to open or save PF_Intensity_English_PDS.csv from hdsc.nws.noaa.gov?

Open

V

Save

Cancel

Figure 13 Save, Open, Cancel Buttons
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The Excel file will be used to create an IDF-Table for the projects storm data. The options
available to create an IDF-table will be covered later in this manual.

PF_Intensity_English_PD5_1234 12

Page Layout Formulas  Data Review  View ProjectWise Q Tell me wh vant to do..

= b '.%C“t Calibri M A A === #- FWrapText General - 'I_—#l ’__.d
Paste B Copy - o owm | g= = | 0 €0 0 Condlzlgnal Forn‘ﬁta
S8 Format Painter | B ITUu- I~ &O-A- === € 3= [SlMerge&Center -~ $ -~ % 2 | % e
Clipboard R Font [ Alignment ] Number
N22 - Sr
A | B | = D | E | F L& | H | I | J | K | L . M
1 |Point precipitation frequenc i i
3 |Data type: Precipitation dep! -
4 iTime series type: Partial durz T “ AECGH > Highways > v | Q] | Search Highways P
3_|Project area: Ohio River Basi file nam| PF_Intensity_English_PDS_1234_1234.cs v
6 |Location n Pennsylva USA
7 |station Name: - Save as type: Microsoft Excel Comma Separated Values File (*.csv) w
8 |Latitude: 40.8000°
9 |Longitude: -77.7000°
10 |Elevation (USGS): 1283.3 ft ~ Browse Folders Cance!
11 |
12 |
13 |PRECIPITATION FREQUENCY ESTIMATES
14 |by duratio 1 2 5 10 25 50 100 200 500 1000
15 |5-min: 0.326 0.389 0.473 0.539 0.625 0.691 0.759 0.829 0.927 1
16 .lﬂ-min: 0.507 0.608 0.736 0.832 0.956 1.05 1.14 1.24 1.36 1.46
17 _15-n'ﬁn: 0.621 0.743 0.903 1.02 1.18 1.3 1.42 1.54 1.7 1.82
18 _3D—m1n: 0.822 0.994 1.24 1.42 1.67 1.85 2.05 2.25 2.52 2.73
19 _Eo—min: 1 1.22 1.55 1.81 2.16 2.44 2.74 3.05 3.49 3.83
20 [2-hr: 1.14 1.39 1.76 2.06 2.49 2.85 3.22 3.63 4,23 4,72
21 |3-hr: 1.22 1.49 1.88 2.19 2.65 3.03 3.44 3.89 4.54 5.09
22 |6‘hr: 1.52 1.83 2.28 2.66 3.2 3.65 4.13 4.65 5.42 6.06
23 _12—hr: 1.89 2.27 2.82 3.28 3.95 4,52 5.14 5.82 6.83 7.68
24 _24~hr: 2.25 T 3.36 3.9 4.69 5.36 6.09 6.89 8.07 9.05
25 |2-day: 2.61 3.13 3.88 4.51 5.42 6.2 7.05 7.97 9.33 10.5
26 | 3-day: 2.78 3.32 4,11 4.76 5.71 6.52 7.39 8.34 9.74 10.9
27 _4—dav: 2.94 3.52 4.34 5.02 6.01 6.84 7.74 B8.72 10.2 11.4
28 _?—da\,r: 3.46 4,13 5.03 5.75 6.77 7.61 8.5 9.44 10.8 11.9
29 | 10-day: 4.01 4,75 5.71 6.48 7.55 8.43 9.34 10.3 11.7 12.7
30 |20-day: 5.55 6.54 7.63 8.49 9.64 10.5 11.4 12.3 13.5 14.5
i) l3U-da\r: 6.97 8.17 9.39 10.3 11.6 12.5 13.4 14.4 15.6 16.5
32 _45-da\f: 8.86 10.4 11.8 12.8 14.1 15.1 16 16.9 18 18.8
33 _ﬁﬂ—day; 10.7 12.5 14 15.1 16.5 17.6 18.5 19.4 20.6 21.4
34
- PF_Intensity_English_PDS_1234_1 @

Figure 14 Excel file IDF-Table
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1.2 Terrain Data

Drainage and Utilities uses the terrain model referenced into a DGN file to display the storm
drainage and other utilities in 2D and 3D models. Drainage structures and conduits are fully
integrated in graphic and database functions. The data is in the graphics within the design file
(*.dgn file).

Drainage and Utilities can use the elevations from the active terrain, but Drainage and Utilities
can only work with one terrain; this can make it necessary to merge terrains such as existing,
LIDAR, point clouds and/or proposed into one terrain. The designer should create a specific
“drainage terrain” for use with the drainage layout and calculations.

To merge two or more terrains, add Lidar data the user should visit Bentley Help - Terrain Edit.

This “drainage terrain” is in its own MicroStation DGN file and is referenced into the “drainage”
MicroStation DGN file.

1.3 Create a Drainage Model (DGN File)

Ensure OpenRoads Designer Connect Edition is set to the correct Workspace and Workset.
Create a new *dgn file (2D) exclusively for your storm drainage layout, calculations, and utility
conflicts.

1. From the New dialog box, browse to the proper discipline folder, enter the file using Civil
Design CAD File Naming Conventions DD_DC _PROJ_NUMB_Description.

Example: HW_CB_1234_1234_ProposedDrainage.dgn

2. Change the workflow to: Drainage and Utilities (upper left corner), open the Drainage and
Utilities Model within the Explorer dialog box.

EJ |Drainage and Utilities '| H hl H'.

£ OpenRoads Modeling lysis  Components
OpenRoads Drawing Production
2 gunvey \D_Edge_Unpaved
[] Geotechnical r o (o
Reality Modeling
— Drawing PRV
xpic hd
B ‘CTDOT
v _Drainage and Utilities v
OpenRoads Model \Y Workflow
& Sheet Index Set Active Workflow
OpenRoads Standards v
Drainage and Utilities Model ~

Figure 15 Drainage and Utilities Workflow
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3. From the Home tab use the Attach Tools - References to attach the survey, terrain, aerials,
and design files as needed. Turn OFF Levels as needed from the individual files.

Subsurface Utilities - HE Y e & = s  P\AEC_GH\Highways\HW_1234_

Layout Analysis Components Litilities View Tools Report Draw

*  Default v Q [ & - ’ k :
I *

— . Attach
o @0 - 0 - Explorer Element .
- Toal Selection

(8] 13

Prir

Attributes

Figure 16 Attach Tools - References

4. Set the Active Terrain. Using the Element Selection tool click on the boundary line for the
terrain, hover over it, select the tool Set As Active Terrain Model, this will make the terrain
active and will be used for placing the drainage structures.

5. In the 2D view (Default) override the Symbology and turn off triangles. Open the Default 3D
view and set-up as needed to your preference.

Figure 17 Set As Active Terrain Model

6. Save settings.

7. The Drainage and Utilities Hydraulic Engine needs to be activated. From the Layout tab,
select the Place Node command. This has to be done once per DGN file to activate the

15
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utility model and to create the hydraulic project. Only one hydraulic project per dgn
file, but multiple systems can be place and calculated.

[ i e
ﬁ‘J Drainage and Utilities

Home Layout

N
r-. w

Element ...
LE Selection .-
Primary Selection
Explorer
¥ Items

8. The You Cannot Undo This Action message box will open, click Yes. This will open and

¥

Analysis

Node Cg

Place Node

Place Node

Insert Placa

~d & %

Com

You Cannot Undo This Action

This action will create a utility model in the design file. You cannot
undo this action. Proceed?

T

Figure 18 Utility Model Creatin Warning Box

prepare the Drainage and Utilities project in your DGN file, some context menus will pop-up

and disappear, wait until completed and your cursor comes back. Now you are ready to

place your structures, conduits, catchment areas and do your calculations.

1.4 Set Defaults and Constraints

Some project specific properties, defaults and constraints need to be reviewed and set for

each project, where possible CTDOT standards have been set.

141 Options

1. Click on the Tools tab and select Options - Drainage. The Options box opens.

2. Hydraulic Model tab:

e Pipe Length — Use 3D Length? is unchecked.

e Units tab: Default Unit System for New Project is set to: US Customary

¢ make sure all units are set correctly. Such as rainfall intensity is set to the
intervals as shown on the NOAA PPF Estimates.

3. Click OK.

4. Click on the Analysis tab and select Default Design Constraints.

16
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Drawing Productio

," ) Global Hydraulic Model Drawing Units

Options . mogel
T Configy

Utilities

| i Dtamage"___

e

Options

Global Hydraulic Model Drawing Units

n

Options

Element Labeling Options
thcars Element Identifier format Label Only w
Result Files

[]specify custom results file path?

Root path

Path format:

Path

Pipe Length

Round Pipe Length to Nearest: [1000 ft

f | Calculate Pipe Lengths Using Node Elevations {3D Length)

H Save As.. | ¥ Load.. O Reset Defaults = perunit) S er) ) >
Default Unit System for Mew Hydraulic Model US Customary ~
Display ~
Label Unit Precsi Format

Mass Rate - Large

B

Pressiire

Rainfall Intensity

Ib/day 2 Number

ber
sl n Numher
in/h 3|  Number
- rumoer

1

Figure 19 select Options - Drainage

The constraints have been set to follow the CTDOT Drainage Manual where possible. If you
want Drainage and Utilities to design your drainage system, it is especially important to
review, edit and make changes to follow design standards for the individual project, such
as maximum spread. The Drainage and Utilities Help menu should be used for each
specific explanation of the Default Design Constraints topic.

é Drawing Production Drawing View

gineering Standards | [6] Comnute Center S @ B
' Default Design Constraints =
ex

uutter riow | Tables
Analysis Tools Ahalys?

- Default Design Constraints .
B oo orainage wanua
e e

Extended Dessgn
ParFull Design Number of Bamels Section Size

Velocily |Caver Slope Tractive Svess
v 1= PartFull Desigr?

Vislacity Constraints Type: Smpla
Velacily (Minenum) 300 fiis Percent Full Congtrsint Type: [ Simple
Welocity (Maximum) 1000 fifs. Percantage Full 100.0 %

= Default Design Constraints

Gravity Pipe Node = Inlet

Maximum Spread:

Maximum Gutter Depth

Figure 20 Default Design Constraints
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1.4.2 Prototypes

. Click on Components > Catalog > Prototypes.

Prototypes allow for entering default values for elements in a drainage network and are
used to define the hydraulic properties of features. A prototype works in cooperation
with element templates and feature definitions to define the characteristics of a
drainage feature. The most widely used conduits, gutters, catch basins, manholes, cross
sections, catchments, and headwalls etc. have been set to CTDOT Standards.

Some properties are project specific and should be edited as an
individual item within the items Hydraulic Analysis. It is important the
engineer reviews and edits these to fit project needs. See the Bentley

Help menu for further explanation of the prototype settings.

TE

-5 Conduit
-- @ Lateral
-- @ Channel
-- @ Gutter
' & Pressure Pipe
@ Catch Basin
E‘ Manhole

i & Propery Connection . . . .

.. @ Tap - Engineer to review and edit for project needs
B Transition - Review & Compare with Drainage Manual

i) @ Cross Section - ltems are CATALOG or USER DEFINED

[ Outfall

Qﬂ Catchment

-- < Low Impact Development
-- “ Pond

-- “ Pond Qutlet Structure
@' Headwall

' “ Pump

e @ WetWell

< Pressure Junction

. % SCADA Element

# Pump Station

... @ Variable Speed Pump Battery
f @ AirValve

Figure 21 List of Prototypes
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Exercise 2 - Laying Out Drainage

1. In View Attributes turn off Fill to only see the outline of structures (catch basin, etc.), this

will help when placing nodes and conduits.

2. Select the Place Node command to lay out your drainage structures: catch basins,
endwalls, etc.

Layout Analysis Components Utilities View Tools Report Dr:

5 ? I <, Place Lateral (O Place Pond
O\O [ Place Gutter E Place Low Impact Develo...
— Plac rt  Place I
©> 7 Nod de Conduit <. Place Catchment Fror
don Layout

Figure 22 Place Node

3. Click on the reference element for node elevation (active terrain or edge of road) or
click reset to type a node elevation, type in 0.00 for vertical offset, this can be changed
later for the gutter depression of Type "C" catch basins. Rotate as needed to place.

Layout Analysis Cumpu;{éf*
o . .o
o, =1 {

. Plac%ﬂ—. Place ;:
.7 MNod de Conduit &

\ r Elevation 170,106
il (] vertical Offset |0.000

Rotation

Rotation Mode  Absolute
| -
[ Rotation NSO'00'00.0°E

Feature -

,'I. Festure Definition  C CB - 6in Conc-StoneCur >

| : e
[ Mame Prefix Select Reference Element For

HNode Elevation
<Reset> o Type an Elevation

Prefix for
Catch Basin

Qptions:
1. Select an element for reference elevation (EOR)
2. Right-click to type an elevatin

-~ —

Figure 23 Place Node Settings
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4. Hover over the node to enable the context toolbox: properties, utility properties and
delete. The node can be moved and rotated.

5. Continue placing more structures (catch basins, end structures or manholes). After
you placed the last structure, right click once more, and select the Element Selection
tool to end the Place Node command.

o View 2. Default-30 LA
Ol L SOy RBERE ST

uage Of Road |

L'Shnuldar ]
>,

Figure 24 Catch Basins Placement Criteria
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212

1. Select the Place Node command to place a culvert end.

2. Select the Feature Definition (example: 24" RCCE) and follow the pop-up prompts. The
Name Prefix is RCCE- by default.

3. Click on the reference element for node elevation (active terrain or edge of road) or
click reset to type a node elevation, type in 0.00 for vertical offset. Rotate as needed to

place.

Figure 25 Culvert End Placement Criteria

4. After the conduit is placed click and hover over the culvert end for the context menu,
click on properties.

A
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5. Inthe properties box, change the following:
e Use Slope of Surface = False
e Match Slope of Conduit = True

Ground Elevation 161.000

Invert Elevation 158.806

Use Slope of Surface  False

Elevation Reference

Liility ID 76

Station/Offset Referenc Mone

Match Slope of Conduit True

Litility Properties Open Utility Prop

Eng

Figure 26 Culvert End Properties Update
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213 Feature Definitions for Drainage Nodes

1. To view the available Drainage nodes expand the OpenRoads Standards area in
Explorer. Click Standards > Libraries > Feature Definitions.

2. Select either Feature Definition (CV_DU pr...) or (CV_DU Ex...)

Select Drainage and Utilities > Node > Catch Basins and review the options.

4. Browse the other listed folders.

Explorer v X
b8 File

@ Items

w

S:] Resources
" OpenRoads Model
E Sheet Index
e Links
| OpenRoads Standards
Q QL.

13 Feature Definition (CV_Survey_Features_Levels_ElemTemp_Text_Dim_ -

: MK JIE SIE K SIK K 4

P Feature Definition (CV_DU_Pr_Features_Lewvels_ElemTemp.dgnlib (Del
P & Linear
4 B Drainage and Utilities
-4 DArea
P 0= Link
4 Node
@ CommunicationsNode
b @ ConflictNode
@ ElectricalNade
@ GasMode
@ GenericNodefsset
@ POLNode
4 |gF StormWaterNode
4 |gr Catch Basins
<> C CB - 4in ParkCurb
<> C CB - 6in BCLCurb
4> € CB - 6in Conc-StoneCurb
4> C CB - GraniteSlopeCurb

L2 0 CR - Mok

Figure 27 Available Drainage Nodes

21.4 Inlet Catalog

All inlet nodes (structures) available for design are stored in the Inlet Catalog. This catalog

has been set-up for all catch basin types and other structures according to CTDOT
standards.

To view the inlet catalog: Click the Components tab — Catalog — Inlet Catalog
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M RS e~ s X

Analysis Components Utilities View

<

Catalog Template
e Prototypes

Inlet Catalog s

Gutter Catalog | | | Inlet Eesign Libra

Erowse Engineering Lib-rar)r |

Conduit Catalog
) Synchronize from Library pe
Culvert Inlet Coefficients = CB- DbiGrt Typ|

Synchronize to Library

Engineering Libraries i Import from Library

Rainfall Curves from CSV file Export to Library
4 Connect to Library
JTERBRCeRELpLOE T
3 oc or Stongd™ [

2 XED =l | #- Inlet  Design Library MNotes

Label ~ General

"C"CB - DblGrt Typ1 - 4in Park Curb Inlet Type: Grate w
"C"CB - DblGrt Typ1 - 6in Bit Conc Lip Curb

"C" CB - DbIGrt Typ1 - 6in Conc or Stone Curb Structure Width: 4415 |
"C" CB - DblGrt Typ]1 - Granite Slope Curb e = |4.000 | 1
"C"CB - DblGrt Typ1-MNo Curb

"C"CB - DblGrt Typ2 - 4in Park Curb Grate

"C"CB - DblGrt Typ2 - 6in Bit Conc Lip Curb

"C" CB - DblGrt Typ2 - 6in Conc or Stone Curb Grate Type: P-50 mm x 100mm -
"C"CB- DblGr Typ2 - Granite SlopeCurb Grate Width: |2.}'{.3 | &

"C"CB- DblGrt Typ2-MNo Curb
"C"CB - Granite Slope Curb Default Grate Length: |2-312 | ft

P Curb M
vert4 \_/—\_/—\_/
Convert 4ft MH to "C itConc Lip Curb

Close Help

Figure 28 Inlet Catalog
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Conduits are placed between nodes such as catch basins, manholes and head- and end
walls.

Note: If a structure is deleted the associated conduit connecting the node is also deleted.

k4 subsurface Utilities - HE %« 2 &2 s praEC GH\High
File Home Layout Analysis Components Utilities View Tools R
J’"H\ o [
Q * o VOIS Place Lateral (0 Place Pond
B - Q\O Place Gutter § Place Low Impact
Element ..., Place Insert = Place
LLE| Selection i ¥ Node Node Conduit - Place Catchment
Primary Selection Layout

Figure 29 Place Conduit

1. Select the Place

Conduit command, choose i -

the Feature Definition for the pipe Opu oczs Connection
[7] segment Length |2 440 Region

you want to place (example: RC e .

Pipe). The Name Prefix — g

is SW- (Storm Water) by default. v roror

The Type: is greyed out — this >

comes from the conduit catalog ‘ )

already “ Region
attached, for Description click on |
the down arrow to select the pipe
size (example: 15”).

2. Follow the prompts: Select Start
Node, in the drawing hover your
courser over/close to the first inlet
(node i.e. catch basin), it will snap
to the node where the conduit can
connect, this is called 3D VIEW
the Connection
Region. Accept (left click).

Figure 30 Place Conduit Criteria
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3. Select next node to make a connection. Again, hover your cursor close to the inlet to
connect the conduit to (second node i.e. catch basin). Accept (left click).

4. Continue to place conduits to connect the drainage structures from the first inlet to the
outlet for the system. Select the Element Selection tool to end the place conduit command.

2.2.2 Conduit Catalog

Go to Components - Conduit Catalog to see available conduits. In the Conduit Catalog the
designer is able to set conduits Available for Design for the drainage design.

Home Layout Analysis Components ;
k & a - "ff 0
= 0

Element ... Storm  Catalog prototypes 2
Selection ... ¥ Data~ M >
Selection Common 'él_'l Inlet Catalog g
LT Gutter Catalog >

Conduit Catalog

Conduit Catalog

NMXpel - @ Conduit Library Notes
Label ConduitS.. Material Conduit Shape
¥ Concrete Circle Concrete Conduit Shape: Circle
#cmp Circle CMP
f"} CJ.rcIe - Corrugated .. C.chle Cormugated H Catalog Conduit Class Sizes
¥ Circle - PVC Circle PVC
0%
Inside
Avaiable for -
Label Desian Diameter
S
2 15" 15.0
3 18" 18.0
4 21" ] 21.0
5 24" 24.0
3 30" 30.0
7 36" 36.0
8 42" 42,0
- . L | .- -
<
Class Availability
Available For Design?
Roughness
Mot Conarste |-

Figure 31 Conduit Catalog
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2.3 Inputinvert Elevations

After completing the layout for the drainage structures and conduits you will enter the invert
elevations for all structures and conduits, Drainage and Utilities sets conduit inverts to the
bottom of the structures by default.

Drainage and Utilities has the capability to calculate the pipe inverts when you use the Base
Design Scenario in the Hydraulic Analysis. The Default Design Constraints need to be set for the
project as required. It is recommended the designer reviews the Bentley Learning

path for Hydraulic Analysis and Design in OpenRoads Designer.

By selecting a placed utility feature, some feature properties can be edited, rotated and/or
moved in the graphic (just as with other OpenRoads tools), it shows the label and level. Also,
the context toolbox displays and offers two options to input/edit utility information:

Propetrties - lists the CADD properties such as level, color, feature, feature definition etc.; and

Utility Properties- lists every available hydraulic property including user customized
properties.

enliFe NaTe CH-

Fosiuw Defrsbon © CB - 6o Conc-Siona
Drescnphion

h 4
Vedtical Offset 0167 & @

[ 169 440

levwert Elevation 166,065 .
Use Slops of Surft Trus o o
Elrvation Fieleesn EOR_n o
Seanor OFee et Nona

ty I 10
Usity Propartios  Opon LRility Properiso: 184

.. = Latsad B
Pioani BONOT 463 174017 31 Patirs
x B0 463 GAE-0e aColachon [ Bemas
Y 1M TN Fhyparknics cbollecton 0 dema>
Fratater SEIFETE Festurs Defntion MeduiSiemi stnrloda Dranage
A 1is A T rusis = {Gm"‘

bl GONATRIT
[EET 501071 46317401731 ¥ i) 0188
Secalg X 1 00000 ]
= Active Topology
Seake Y 1 (a0 1 Aciive’™ _—
“  Dasgn
Local Pipe Maiching Consimnts? True

(]
Figure 32 Properties vs Utility Properties
Drainage and Utilities tools represent the merger of two diverse technologies. OpenRoads
Designer builds the 3D models of the utilities, but Bentley's Haestad technology (StormCAD)

executes the analytic modeling for hydraulic and utility engineering. We will concentrate on
Utilities Properties.
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Click and hover over a node (catch basin or manhole) from the context toolbox
select Utility Properties, click on the Hydraulic Analysis tab.

Check and edit the physical properties for the node:
e Elevation (Ground) = Terrain elevation at node
e Set Rim to Ground Elevation? False/True
o Elevation (Rim) = Top of Grate elevation
e Elevation (Invert) = bottom elevation of structure
e Update and edit Inlet properties for the node:
 Inlet Type: set to Catalog Inlet (CV_SubsurfaceUtilities _Inlet.xml)
¢ Inlet: click the down arrow and select from the available structures
e Other items edit can be edited later

B @ [

Ctakog et
“C* B - Bin Conc of Stong Curb

<Ech Indet Catalogr

oo

grayed out
elevation ruled &

to feature

Resulls [Cairyaves Flow)
Flesulis [Cosmesiing Links)

Flescalis {1 ngeres Frsng)

Flonuits [T o)

Floawits (HEC- 27, Thind Edixm)
Elromtusn { Grourf) 1)
L

Figure 33 Utility Properties, Hydraulic Analysis tab

The Inlet catalog: CV_SubsurfaceUtilities _Inlet.xml has been set-up for CTDOT catch
basin standards and will be updated as needed.The catalog should be available
automatically when starting the drainage engine, but is also available here:

..CT_Configuration|Organization-BIM|_CT_ Civil Standards|Data |
CV_SubsurfaceUtilties_Inlet.xIm
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Click and hover over a conduit, in the context toolbox select Utility Properties, click on

the Hydraulic Analysis tab.

Check and edit as needed the Physical Properties for the conduit:

e Conduit Type: Catalog Conduit

e Catalog Class: click the down arrow and select: Concrete, PVC, CMP

e Size: click down arrow and select size

e Invert (Start): enter elevation

» Invert (Stop): enter elevation

e Has user Defined Length? True (default) or False
o Length (user defined) enter length

e Other items will be edited later

Subsuface Usises  Hydraulic Analysis

¥ View 1, Default

CONTEXT TOOLBOX > [
Properties - Open Profile Model  Aclive Topalogy
- Bend Link Segment - rred
Delete Link Segment - Do s
Utility Properties - Delete |~ Pimcsicaeg

Y= Physical
Conduit Typs
Catalog Clsss

Sere

Sl Irvedt 10 Slan? Falsa

et (Start) (l) 160
Sel Irneet to Stop? Falsa

L St} (Rt 16545
; angth? False

538

54000

ength (Constnaction) (1] s
AT

<E it Condat Calalogs

Conerate P

Figure 34 Utility Properties, Hydraulic Analysis tab

Most used conduit classes have been added to the catalog, if others are needed those can

be added:

Click Catalog — Conduit Catalog — Import from Library

Select the conduit to add from the available Conduits Library.xmil.
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2.4 Define Drainage Areas

Drainage areas are defined using existing and proposed terrains, which can be merged with
terrains coming from various other sources such as LIDAR.

There are several options to place catchment areas (see Bentley Help):
e Place Catchments by Picking Shapes
e Place Catchments by Picking Points

e Place Catchments by Flood Fill
Catchment properties include catchment area, runoff coefficient, time of concentration types, and time of
concentration.

241 Catchment Area

1. From the Layout Tools select Place Catchment and select the Method that best serves
your purpose: example Pick Points

2. From the Feature Definition pick the land use most appropriate for the catchment area:
example Pavement

B Layout Analysis Compaonents Utilities Vie

ek < Place Lateral Q
L . o\ﬁ 01—
{‘ i [~ Place Gutter 8
ent . Place Insert Place

ion & Node Node Conduit @ Place Catchment
ion L

Figure 35 Place Catchment TOOL

Method IF'ick Paints
Pick Shape
Feature  pick Points

Feature Definition [Flm Fa

Name Prefix

3. For each land use prototypes have been
created that follow the CTDOT Drainage Manual.
designer should adjust the Runoff Coefficient
(Rational) for the project if needed in the
Hydraulic Analysis tab for the catchment area.

The

4. Follow the command prompts: Select First
Vertex, Select Next Vertex, (Reset) To
Complete, Select Outflow, and Select
Reference Surface.

Figure 36 Select Prototype
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2.4.2 Runoff Coefficient

Runoff Coefficients have been defined as prototypes following the CTDOT Drainage
Manual. They are composites from Chapter 6 — Runoff Coefficient — Table 6-4
Recommended Coefficient of Runoff Values for Various Selected Land Uses and Table 6-5
Coefficients for Composite Runoff Analysis. More Catchment types can be added and/or

the coefficients can be changed specific to the project need.

&4 Prototypes - *
Hydraulic Analysis |

b =
7 d

5 27 Conduit
FF Concrete Box

AT N TN -
Cr03T ot ~— S RATIONAL METHOD
=8 gt’_}m;" " Calchment Area Runoff Coefficent
& CT_Unimproved Areas CT_Uni dA 02
S [T .
% CT_Residental Heavy | CT_Pavement 0.9
¥ CT_Residental Light CT Residntial Heavy 0.6
L2 CT_Parks Cemeteries Playgrounds RR-yard CT_Residential Light 04
= | CT_Parks Cemeteries Playgrounds RR-yard 0.35
wllat e ‘

Figure 37 Runoff Coefficients List
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2.4.3 Time of Concentration

Time of Concentration (Tc) is defined as the time required for a particle of runoff to flow
from the hydraulically most distant point to the outlet or design point (catch basin etc.).
Factors affecting the Tc are length of flow, slope of flow path and roughness of flow path.

Please see the CTDOT Drainage Manual - Chapter 6 for more detail.

Tc Input Types:
e User Defined Tc -where the user inputs minutes for Tc or
e Composite Tc -where the user inputs a data collection of Tc's (Tc Data Collection)

’ Properties - Catchment - CT_Pavement ... Notes — here the user can enter pro]ect specmc
Subsurface Utiities| Hydraulic Analysis /| data/notes

V| @e \!T/ Use Scaled Area - True or False — TRUE the area
[_]Add o Selection % | ofthe CAD file will be used, FALSE: user inputs area
<Show Al> \) Inflow (Wet) Collection — Set up a list of inflows
Propary Search | directly injected into the system at the node
S > / . P
MG;"W | Runoff Method - Drainage & Utilities uses the
~ sznn'T;T R : \\ Rational Method
gty i [} '| Area Defined By - Single Area or Multiple Subareas
Inflows (VWet) Collection “Collechon: 0 tems=
~*  Runoff / i -
et Aotona Method /| Runoff Coefficient — value from CTDOT H&D
Area Defined By Single Area Ir Manual
Runoff Coefficient (Rational) P77 77 Y
Te Input Type User Defined Tc % | TcInput Type - User Defined Tc
Time of Concentration {min) U
/] Time of Concentration — measured in minutes is
Notes either for a 'Single Area’ or a Composite with a
'lr N
Additional information about this element. [ co"ectmn Of data
Ay
T~ ﬁbn\m ﬁ,/" ' '““\,‘ e ' '“\5 e ' '"‘\H_
Runaff Mathod Rational Mathod .
roa Dofned By Singlafrea Tc Input Type -Composite Tc
Runatf Costficient (Rational) E:;;r;posne Te
Tc Data Calection <Lollecton: U tems> Tc Data Collection - <Collection: 0items>[...]

Figure 38 Time of Concentration Information
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2.4.4 Time of Concentration using Tc Data Collection

This follows the CTDOT Drainage Manual by using the TR-55 Sheet Flow, Shallow
Concentrated Flow and Channel Flow Tc Data Collection method.

SHEET FLOW

-1A|g|glicable to T, Segment LR NEE ST

only ID O-X B e

Tc Method
I Surface description TR-55 Sheet Flow
(Table 6.C.1)
2 Manning’s roughness &
coeff., n

(Table 6.C.1)
3 [Flowilengh Dl m(i

(See Section 6.C.4) S — 0000 |
4 Two-yr 24-hr rainfall, P> mm (in) | 000 -
able B- L a0 |
5 Land slope, s m/m (fvfi) | -
oversboron 00 .
6 Travel Time, T, h from NOAA Atlas 14 Point Precipitation
(Equation 6.C.2) Frequency Estimates

Figure 39 Sheet Flow

SHALLOW FLOW

Tc Data Collection
— ..

1D Tc Method
TR-55 Sheet Flow
TR-55 Shallow Concenirated Flow

7 Surface description

8 [Flowlength L.~ mf)

9  Watercourse slope, s ml}(ﬂ"ﬁ); :

10 Average velocity, V \E‘Lw
(Equation 6.C.4 or6.0.5) ——0M

11 Travel Time, T, h
(Equation 6.C.3)

Figure 40 Shallow Flow
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CHANNEL FLOW

12

13

14

15

16

17

18

19

D
Cross sectional _\nf (ft*)
Wetted perimeter, py nh\ﬂ
Hydraulic radius, r =@'py . m l:ﬂ)\

Te Data Col

O-X B

Te Method
TR-55 Sheet Flow
TR-55 Shallow Concentrated Flow

TR-85 Channel Flow

I

| %

| e

Channel slope, s m'in I';fl.'fl]l\
Manning's roughness
coeft., n(Table 7-1 & [0.000
Append. A, Ch. 8 L
Average velocity.| ¢ = (r2? x s" [0.00
(Equation 6.C.6) — ) [0.000
Flow length. I m (ft)

[oo
Travel Time, T, h |0.000

(Equation 6.C.3)

Figure 41 Channel Flow
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Gutters are the method by which a catch basin bypass flow is assigned to a downhill catch
basin (inlet). Gutters only represent the hydraulic relationship between the inlets and are not
accurate 2D and 3D models.

To display and add gutters to a drainage system:

Turn Off Annotation Scale Lock (it is usually turned on by default): Drawing Production

tab — Drawing Scales tools — Annotation Scale Lock

Change the display in the 2D view to use Analytic Symbology. In View 1, Default (2D
view) click on View Attributes, check off ‘Text’ under Presentation, then expand
the Analytic Symbology (if not expanded) and check on “Use Analytic Symbology”.

This will turn on “labels” in the plan view (2D view only). If the labels do not show, refresh

the view.

53 View Attributes - View 1
View Number: 1~ 530y

() Presentation

Display Style: i

1+ Text Nodes

1‘:‘.1 Height Field

Glebal Brightness ‘

] View Setup
[&& Background Map

[%] Analytic Symbology

O Use Analytic Symbology s

o . et b siciaing:
« & VIEW 1, DEFAULT (NORMAL VIEW) || Symbeclegy Definitio

Reference : Default 3D is turned OFF

G Tronsparency

1 VIEW 1, DEFAULT
g Analytic Symbology is tumed ON

Figure 42 Place a Gutter Setup
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There are four (4) gutters available that correspond to the CTDOT Drainage Manual, Chapter
11 - Storm Drainage Systems, 11.9 Gutter Flow Calculations:
e 11.9.3 - Uniform Cross Slope Procedure and
e 11.9.3 - Full-Super Uniform Cross Slope Gutter
¢ 11.9.4 - Composite Gutter Sections Procedure and
e 11.9.5 - V-Type Gutter Sections Procedures.

The engineer (user) has to decide which gutter best fits their project and edit as needed.

« Prototypes

Drainage
z«

)
i @ Lateral
S Unanne

1= 57 Gutter
¥ Uniform Cross Slope Gutter (11.9.3)
# Composite Gutter Section (11.9.4)
& Vv-Type Gutter Section (11.9.5)
£ Full-Super Uniform Cross Slope Gutter (11.9.3)
2 Use Gutter Section
“ T Pressure Pipe
i) 87 Catch Basin
i 8 Manhole
Property Connection
' Tap
0 Transition
# @ Cross Section
Qutfall

P

Utiities  Drainage

< Properties - Gutter - Composite Gutter Section (11.9.4)

Utilities  Drainage

<« Properties - Gutter - Uniform Cross Slope Gutter (11.9.3)

[JAddto Selection

<Show All>
Property Search
v <(:iéneml>
Notes
~ Physical

Gutter Type User Defined
Gutter Shape Conventional
Maximum Gutter Depth (ft) 042
Road Cross Slope (%) 150
Depressed Gutter? True
Gutter Cross Slope (%) 600
Gutter Width (ft) 4.000
Gutter Material Asphalt pavement (smooth)
Manning's n (Gutter) 0013
Has User Defined Length? False

engtl ale -1.000
Length (Canstruction) (ft) (NJA)Y

about this element.

[[]Add o Selection

<Show All>

Property Search

~ <General>

Notes

~ Physical
Gutter Type UserDefined
Gutter Shape Conventional
Maximum Gutter Depth (ft) 042
Road Cross Slope (%) 150
Depressed Gutter? True
Gutter Cross Slope (%) 600
Gutter Width (ft) 4.000
Gutter Material Asphalt pavement (smoath)
Manning’s n (Gutter) 0013
Has User Defined Length? False
Length (Construction) (ft) (NIA)

Notes
Additional information about this element

Utilites  Drainage

4 Properties - Gutter - V-Type Gutter Section (11.9.5)

[

[[]Add to Selection

<Show All>

Utilites  Drainage

[Property Search

[JAdd 10 Selection

~ <General>
Notes
~ Physical
Gutter Type User Defined
Gutter Shape V-Shaped
Maximum Gutter Depth {ft) 050
Curb Cross Slope (%) 833
Road Crass Slope (%) 400
Depressed Gutter? True
Gutter Cross Slope (%) 833
Gutter Width (ft) 2000
Gutter Matesial Synthetic mat
Manning's n (Gutter) 0025
Has User Defined Length? False
-1.000
Length (Construction) (ft) (NiA)
Notes

Additional information about this element

<Show All>

<4 Properties - Gutter - Full Super Uniform Cross Slope Gutter (11.9.3)

~|e. e =

Property Search

~ <General>
Notes
~ Physical
Gutter Type
Gutter Shape
Maximum Gutter Depth (ft)
Road Cross Slope (%)
Depressed Gutter?
Gutter Cross Slope (%)
Gutter Virdth (ft)
Gutter Matenal
Manning’s n (Gutter)
Has User Defined Length?

Lengih (Canstruction) )

Notes
Additional information about this element.

User Defined
Conventonal
042

Asphalt pavement (smoath)
0013
False
-1.000
(NiA)

Figure 43 Gutter Properties

1. From the Layout tab, select the Place Gutter tool.

2. From the Feature Definition select the Gutter needed for your project.

3. Example: Uniform Cross Slope Gutter for proposed, Uniform Cross Slope eGutter for

existing.
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4. Follow the prompts: Select Start Node.

Layout Analysis Companents U ng
o__? , Place Lateral €

T© [~ Place Gutter g

Place Insert Place = = -~
IIW\/\/W\;'

/% Place Link Between N..
Curve Variables A

[ Puit 0025

Segment Length | 2440

Feature A

Select Start Node

Node: CB-7
Level: Default

Festure Dufindion  Uniform Cross Slope Gutler (119,17

Name Prefic Conduit

Descnpbon

[ 55 Slope eGuller (11.9.3]
& FulkSuper Undorm Cross Slope Gulter (11.9.3
& Uniform Cross Slope eGuter (11.9.3)
L

fl Unifgem Cross Slope Gutier (11.9.3

Figure 44 Place Gutter Criteria

5. Select next node to make connection. <Alt> to place curve. <Ctrl> to place bends.
<Reset> to select start node. Example select the next node.

exct node 1o make 8
ion.

<Alt> 1o place curve.

<Ctl> to place bends

Select next node to make &
connection

Figure 45 Place Gutter Criteria

6. After placing the gutters turn off the analytic symbology under view attributes.
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2.6 Creating Storm Data

Storm Data is a single rainfall curve that represents one rainfall event for a given recurrence
interval. Once the storm data is created it can be used globally by selecting Global Storm
Events.

1. Click on the Components tab and click on the Storm Data tool. Several methods for

specifying storm data are available, the User Defined IDF Table will be discussed and used.

2. Right-Click on User Defined IDF Table, New, User Defined IDF Table.

3. Right-Click to rename the new User Defined IDF Table;
example IDF_Table_Prj_No_XXX_YYYY

Analysis | Components

<

yout

N- X =1 B3| @- Storm Data Editor

= Time-Depth This dialog box is used b
> Sample Stem Is dialog box Is u 0 en
- Catflug Prototypes | Te Time-Intensity start creating a new collection

User Defined IDF Takl Enaineerina Libraries butto
Hydro-35 Mew ¥ User Deﬁged IDF Table
IDF Table Equation
IDF Curve Equation
IDF Palynomial Log Equation

M

mq Global Storm Events  View 1,
-

X=IB [ @

Storm Eventinput Library MNotes

-

Time-Depth @ Xk~ X
r-|'- Se-\Imtple $mrm Duration
ime-intensity (min)

S-1 User Defined IDF Table

Hydro-35 New ’
IDF Table Equation Delete
IDF Curve Equation Rena
IDF Polynomial Log E me
Rain Fil

Figure 46 Strom Data Dialog Box

There are two options for the precipitation frequency estimates to be imported or
used: Importing an IDF Table from a File or Creating a New IDF Table using the Dialog.
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2.6.1 Create IDF-Table by importing CSV-file

¢ Use Excel to open the PF_Intensity _English_PDS.csv file saved from NOAA Atlas 14.
¢ You need to edit the file to only show the columns for durations and the rows for
minutes.
e Itis recommended to edit further by adding/interpolating the data for more minutes,
follow Hydraulic and Drainage recommendations.
e Toimport an IDF table the data has to be in either the CSV-format or in a TXT-format.
d A | ® ¢ T E e | & " i 4 A B C D E F G H I
e mn T ) | by duratio 1 ] 5 10 5 50 100

2 | A Atlas 14 Vohame 10 Vorson 3

2 | Dwta ype: Precipitation inbensity

4 | Time weties type: Fastial duration h
5 |Peojert area: Marhrastem Sales &

§ |Location n Connectic L5A

# | Sustican Naroe: ILATTTOAD DRAMARD MO
B |Latasde: 41. 7320

9 | Langituds: - 12 W00°

10| Eevation [45G5): 20 1L &#

Lil|

2

13 | PRECIPITATION FREQUENCY ESTI

T4 | by sl i H in L] 50 l=)
15 | S-min: 197 606 744 506 ol 11.6
s | 1 i £l m‘&: T ey (] LR 219

17 | 15-rmin * 269 348 41 s sm 642

V8 | 3-rminc 181 M im 1 185 432
19 | fid-rminc 0931 L& 1.47 L7 213 24y EA
20_? hr: 060 D78 0.549 112 L3y 155 Lrs
21 | 3=hr: 0488 0.547 o7 0862 108 118 113
22 | brhr: 0243 0356 Q.43 0.543 L5 0747 0841
23 |12 he: LM s [ 0434 (LR Lo LY |

24 | 24-he; 0103 D128 0189

d A B c | b E F oL 6 H
1 | by duratier 1 ] 5 0 » 50 W00
d 5 397 4.85 618 T.44 B.06 103 156
] 0 181 548 444 w2f .42 ‘
4 15 n 288 148 414 542
5 3 148 181 2. 185 .31
6 6 098 14 1‘ e 213 2.42 272
i 120 ﬁ *‘ ofis 112 1.37 1.55 174
8 ! o8 [1R-LF} 1o Ll L33
k) w 93 0356 458 0543 0661 0747 [CE 2]
0 W 0ATS Q.8 028 033 0408 0462 0521
L1 1240 (L8 [LE] LS P 0169 0,203 02 0784 0327
= X 0. 49

Figure 47 Create IDF-Table by importing CSV-file

1. Inthe Storm Data box select the user Defined IDF Table (IDF_TobIe_Prj_No_XXX_YYYY)
and click on the Import icon. A Warning message will come up (Importing data will
clear all ....) click Yes.

Import IDF Data?

=3 T\i\me-Deplh . o :jn;gu;:;spdma will clear all existing IDF curves for the current storm
. 52 Sample 5'1 Import | '

! - . Are you sure ant to continue?

i Time-Intensity you sure you w fu

User Defined IDF Table

e =)

Figure 48 select the user Defined IDF Table
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2. In the Explorer select and open the NOAA Atlas 14 (edited & interpolated) CSV-file. Imported data
will be populated in the Storm Data window.

/S Feand i sy s
T
Ay Duraton L Year 2 Year 5 Year 10 vear 25 Yaar | 50 Vaar | 100 ez 200 e ~
1 . I . ] {inh) (/) (/) (i) ) ) [/m;
AL [ G000 39 &850 6,260 Taan 2060 L300 11.600 17
/ i I I ]
..-' 2 pRE L) J.Mu 4540 LAl Fo10 [ERINIE | S_A00 10920 | 1.
| |2 7.000 3500 2380 5530 6.570 2000 2090 10240 11
\ 4 EREET) J.am 4000 L1400 —\-\Q_EIL‘ —_— "‘W.'_\_‘_- . —__l.’;lf-"" — 9_::_'J_IL-- --\_,__\l_\l__ e --\.,___\_- - T . T —-.,_____ _—
|2 2,000 40 3710 a0 750
Al 10000 2810 230 a0 f
T L1000 2,650 3.280 4,250
| |4 12000 2.5/0 ER) 4060
b 13,000 2450 2,990 3,860 |
W RERE 1] FAR )] 2 B4 RETIN
q1€
7
[ ITF Tanks Prj
14,000
|
/ T 1000
il P 7
\ 8 e0o
H
£ 4o L\'
| 2.000 ]
i [ERiE] .
"\ 500000 1,000,600 \
1 = 1Year = 2Year = SYear
o Zanvesr - sonves | 250,000 £00.000 750,000 1,000,000 1,250,000 1.5
|L % Duration (i
e
| = 1Yaar = I Yaar = EYaar = 10 Yaar

Figure 49 NOAA Atlas 14 CSV-file

3. Close the Storm Data box.
4. Select the Tools tab, click Options, Drainage - this will open the Options box.

5. In the Options box click on the Units tab. Scroll down to the Rainfall
Intensity and ensure that it matches the units in the IDF file. Click OK.

<OIN'I' PRECIPITATION FREQUENCY (PF) ESTIMATES

~WITH 50% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION

S

View Tools
. NOAA Atlas 14, Volume 10, Version 3

riptions

eling sy information MY =

T
intervals (in inches/hour]>
f——

Definition

Global Hydraulic Model Drawing Units:
H Save As.. ¥ Load.. |"O) Reset Defaults ~

Default Unit System for New Hydraulic Model

Label
46 Number
47 Percent
48 Pipe Sope
49 Population
S50 Power
51 __ Precawe
52 | Rainfal Intensity
53 | Kamo

55 | Relative Fiow Change

56 Rotational Frequency

57  Roughness - Darcy Weisbach
Roughness - Hazen Willams
Roughness - Kutters

Figure 50 Drainage Options Match Intensity Units
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2.6.2 Create IDF-Table Adding Return Periods and Durations (quick & dirty)

Note:

Merriam-Webster's Definition of quick and dirty: Expedient and effective, but not without flaws or unwanted

side effects.

Repeat steps 1 through 3 to create an IDF-Table. Instead of importing a CSV-file, we are
adding data into the Storm Event Input.

In the Storm Data box under the Storm Event Input tab, click on the down arrow
for Add Range...

Figure 51 Definition of Quick and Dirty

Add the years needed for your project; example: 2 enter, 5 enter, and so on for: 10, 25,
50, 100 years.

Click on the down arrow for Add Duration and Add Range... Enter the data from the

saved PF_Intensity_English_PDS.csv file.

Start in the first column, enter the data, tab to the next column, and enter the data and so

on.

Siomm Eventinget | Libary | Notes

BrxXB8r X
Curation 2 Year 5 Yiear 10 Year 25 Year 50 Year 100 Year
{min) (ryh) () (rvh) (nvh) (nh) {nh)
1 S0 4.850 6260 ?.m' G060 10,300 10600
2 10000 3430 4.430 5270 ™ ., &AM 7310 8.190
3 15.00 2650 3.480 4,140 "-..5.010 5.730 6420
i S0 1.810 2.340 2.780 3_‘?&)" 3.860 4.320
(5 60,00 1.|1|J 1750 2100 ™., 2420 2720
6 120,00 0.738 0.949 1.120 1370 ".).550 1.740
N\f’\-‘ = T W W WS
I0F Table s PRECIPITATION FREGUATCY ESTIMATES
_Prj_Mo_xoce_yyy s N
12,000 & S-mmin: 197 a4 BN T
10-mim n 143 44 537
= 30000 15-mie rn LE8 Las ans
% E.000 B miey 148 181 1M 7
; & B mie L8]] L4 147 L
6.000 0 2 a6 0TI 09 112
E 4,000 b X"} 0 St ors 0.8
T 2.000 4
0000
12.50 2500 37.50 SO.00 42.50 7500 @750 100.00 11250
D atson (man)
[- 2vear - Svyewr - 10vew - 25vew 50 Year - 100 Yeur |
| Close Halp

Figure 52 Storm Event Input
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Exercise 3 - Drainage Computation

3.1 Setting Global Storm Events and Alternatives

Drainage and Utilities calculations are run on groups of settings called Scenarios, which have
distinct subgroups of settings focused on aspects of drainage design or analysis. The
subgroups are called Alternatives and include scopes as Physical Alternative, Design Option
Alternatives and Rainfall Runoff Alternatives (focus here). Each Rainfall Runoff

Alternative points to a Storm Event selected from the Storm Data collection (the IDF-Table
imported previously).

Storm Events used for analysis and design of storm drainage systems are usually:

e 2-year for water handling
e 10-year for the drainage system and
e 25-year and/or 50-year for sag condition

(See Table 11-2 Pavement Drainage Design Criteria, Chapter 11 — CTDOT Drainage Manual)

 EEE——— —
/daynut Analysis  Components W a Global Storm Events

\F':.} o
@ < ¥ @
O Alternative Global Storm Event Source

L~
o . S;?am: Cﬂ'i"“{i Prototypes Tﬂ'rx'\
," " | |12: B|Base Ranfal Runoff omphan (local) |
B s D -, Lo
$ — N N N
] \.‘iew(/
l A

L_|0 Global Storm Events
~
~

AN

/

S
i}

‘ Global Storm Event S0l gﬁ

I - %rnhan(mf

8

Storm Eventinput  Library Motes

- X <IB) [ @ |
=+ Time-Depth v ¥ |k v X

;mia;”nz':sﬁ;‘”m Duration 1 Year 2 Year 5 Year
_(hours) | (in/h) (in/h) (in/h)
i 3.970

= User Defined IDF Table
3.740

Ll ]

Hydro-35
able E on

Figure 53 Storm Events

1. Select the Components tab, click on Storm Data, click on Global Storm Events. You should
see one Alternative - Base Rainfall Runoff.

2. Clickinside the Global Storm Event box for Base Rainfall Runoff.
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3. Click on the ellipsis (..) and select the IDF_Table_Prj_No_XXX_YYYY created
previously and the year you would want as your base rainfall runoff and click Close.

4. Close the Global Storm Events box.

5. Select the Analysis tab, here tools are combined to calculate and report on the drainage
scenarios.

8. The Analysis tab is split into three (3) sections: Calculation, Analysis Tools and Analysis
Views. Most tools in the Calculation section are also available in the Compute Center box
from the Analysis Tools section.

out Analysis Components Utilities View Tools Report Drawing Produ

=H—f . Alternatives @Validate T Engineering Standards
- [ Options il Calculation Summary
Scenarios Compute
v v 0 Notifications
Calculation
uction Drawing View
EL queries
@ Compute Center
ﬁ Default Design Constraints = Flex
Tables
Analysis Tools Analysis Views

Figure 54 Analysis Tools - Compute Center

tion Drawing View

|§| Compute Center ;“ E, Queries

& Default Desig nstraints =

Q Compute Center

— re
R+ B8 | @
Scenario
Base Analysis N = i
*~ Calculation Options ~
Solver Calculation Options Base Analysis v
~ <General>
Active Numerical Solver GVF-Rational (StormCAD)
Calculation Type Analysis
Minimum Time of Concentration (min) 5.000
~ Gravity Hydraulics
Gravity Friction Method Manning's
*~ Pressure Hydraulics
Pressure Friction Method Hazen-Williams

Figure 55 Compute Center tools
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Select the Scenarios icon, there are two Scenarios: Base Design and Base Analysis.

e Base Design will resize pipes, change inverts to Default Design Constraints.

e Base Analysis will not resize pipes or change inverts but will check if pipes and inverts

conform to Default Design Constraints. Any discrepancies will be shown in ‘User
Notifications’ after verified or computed.

Scenarios

i

— Scenarios =
=] M AE v

Hydraulic Analysis

O-Xe=1 B - » B55E 2 Fsearch @ >
>

o Base Design
i« Base Analysis

Base Design
-

Make Current

Compute > >
Validate ;
MNew >

Properties

Rename
Delete

Figure 56 Scenarios Properties

1. Click on the Scenarios icon for the Scenarios box to open.

2. Select the Base Analysis, right-click and click on Properties, click on the Hydraulic
Analysis tab in properties.

«f Properties (no selection)

Subsurface Utiliies = Hydraulic Analysis
[ | @@ 5% |
[[]Addto Selaction
<Show All> =
.F‘r:;pf ty Search w -
~  <General>
109
Base Analysis
Notes
~ Alternatives
Active Topology Base Active Topology
User Data Extensions Base User Data Extensions
Physical Base Physical
Boundary Condition Base Boundary Condition
Initial Settings Base Inttial Settings
Hydrology Base Hydrology
Qutout Base Qutout
Rainfall Runoff Base Rainfall Runoff
Sanitary Loading Base Sanitary Loading
Headloss Base Headloss
Operational Base Operational
Design Base Design
System Flows Base System Flows
SCADA Base SCADA
Energy Cost Base Energy Cost
~ Calculation Options
Solver Calculation Options Base Analysis
Rainfall Runaff
The Rainfall Runcff Altemative allows you to define runoff data for relevant elements.

Figure 57 Hydraulic Analysis Rainfall Runoff setting
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3. Click on Rainfall Runoff, click on the down arrow next to Base Rainfall Runoff

and click <New...>.

4. In the Create New Alternative box enter a new rainfall alternative for your Project: Base
Analysis - 2-yr Storm, click OK.

Create New Alternative X

Enter New Alternative Name

[Base Analysis - Base Analysis - 2-yr Storm

Figure 58 Create New Alternative

5. Select <New...> again add more Rainfall Alternatives as needed:

e Base Analysis — 10-yr Storm
e Base Analysis — 25-yr Storm
e Base Analysis — 50-yr Storm

Hydr Base gy
Cutput Base Output
Infiltration and Inflow Base Infiltration and Inflow
Base Analysis - 10-yr Storm bec
Water Quality <New...>
Sanitary Loading B A ( 0
Headloss Base Analysis - 25-yr Storm
; Base Analysis - 2-yr Storm

gepse.ratlnnal Base Fiain?all Fiunsz

ign Dase oeag
System Flows Base System Flows
SCADA Base SCADA
Energy Cost Base Energy Cost

Figure 59 Create New Alternative Properties

6. Select the Base Analysis you want to run, example: Base Analysis - 10-yr

Storm. Close the properties box. Close the Scenarios box.

7. Select the Components tab, click on Global Storm Events. There are now additional

alternatives.

8. Change the Global Storm Event to the projects corresponding event storms (2-yr, 10-yr,

25-yr and 50-yr). For Base Analysis - 2-yr Storm click on down arrow and select: IDF
Table_Prj_No_XXX_YYYY - 2 Year. Repeat for each Base Analysis and Storm.
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a Global Storm Events X

Return Depth &ﬁ% M;:“__‘n:#nm Intensity Cimate Climate
Alternative Global Storm Event Source Event = 5 - (Average) Adjustment | Adjustment
) (in) Rational) Intensity (i) T (%)
bt (min) (in/h) L ype
12: B |B.ase Rainfal Runoff |lDF7Tab|e7Quick&D\rty - 10 Year Orphan (local) 10 0.0 60.000 7.440 0.000 None 0.0
519: |Base Analysis - 2-yr Storm IDF_Table_Prj_No_XXX_YYYY - 2 Year | Orphan (local) 2 0.0 60.000 4.850 0.000 | None 0.0
520: | Base Analysis - 10-yr Storm  |IDF_Table_Prji_No_)0X(_YYYY - 10 Year |Orphan (local) 10 0.0 60.000 7.440 0.000 None 0.0
521: Base Analysis - 25-yr Storm | IDF_Table_Prj_No_XCO{_YYYY - 25 Year |Orphan (local) 25 0.0 60.000 9.060 0.000 None 0.0
522: Base Analysis - 50-yr Storm IDF_Table_Prj_No 30CC_YYYY - 10 Year | Orphan (local) 10 0.0 60.000 7.440 0.000 None 0.0
Close Help

Figure 60 Global Storm Event

9. Select the Analysis tab and select the Scenarios icon. Right-click on Base Design and
select Properties. Click on the Hydraulic Analysis tab.

10. Change the Rainfall Runoff to the Base Analysis as previously. Example: Base
Analysis = 10-yr storm. Close the properties box.

ﬂ Properties - Scenario - Base Design (1)

Subsurface Utilities Hydraulic Analysis

[
d [ ]Add to Selection
Hydraulic Analysis
:L‘ W =] . B EE-E"-E <Show All>
_. Base Design — |Property Search f
i.lv Base Analysis ~ <General>
1
Base Design
Notes
~ Alternatives
Active Topology Base Active Topology
User Data Extensions Base User Data Extensions
Physical Base Physical
Boundary Condition Base Boundary Condition
Initial Settings Base Initial Settings
Hydrology Base Hydrology
Cutput Base Output

Rainfall Runoff Base Analysis - 10-yr Storm
" watef Luality base Water Quany” "

Sanitary Loading Base Sanitary Loading

Headloss Base Headloss

e Operati

Figure 61 Properties — Scenario — Base Design

1. This is the minimum preparation needed to Compute the storm drainage system(s) for

a project.
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3.2 Validate

The Validate command is in the Analysis tab — Calculation section and within the Compute
Center menu box. The Validate command will run a diagnostic check on the network data
(drainage system) and alert you to possible problems that could be encountered during the
calculations. This is a manual validation and checks only for input data errors.

The Compute command is the automatic validation that Drainage and Utilities runs when it is
initiated, and it will check for input data errors and for network connectivity errors as well as
many other things beyond the manual validation checks. It is a good idea to first check
(validate) the drainage system for any input data errors or missing items/data especially
when there is a large system. This may need to be done multiple times, because some errors
may be hidden after the initial validation.

Analysis Components Utilities View Tools Report Drawing Pro

e S o Alternatives & validate 1" Engineering Standards
t_ iis Options ! Calcul Summary
cenarios Compute
v v Motifications
Calculation

", Compute Center

Hydraulic Analysis
PRER B B 13| @
Scenario
Base Analysis ~ - Bﬂ
AN
~ Calculation Options
Solver Calculation Options Bi Validate
1
~ <General>
Active Numerical Solver GVF-Rational (StormCAD)
Calculation Type Analysis
Minimum Time of Concentration (min) 5.000
~ Gravity Hydraulics
P Gravity Friction Meth Manning's

Figure 62 Validate

Click on the Validate command, you will/may get a message for errors or warnings: Click OK.
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Drainage and Utilities

One or more validation errors or warnings were found. Please refer to
the User Notification panel for validation messages.

OK

Figure 63 Validate Warning

After the validation is complete you will probably see two different kinds of markers in your
2D view window (usually View 1, Default).

Figure 64 Validate Symbols

Click on Notifications or the User Notification icon in the Compute Center.
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Analysis Components Utilities View Tools ‘5’ Compute Center
‘E-_ Alternatives a Validate Hydraulic .ﬁ.nah;sis

— iiy Options iiik Calculation Summary %EE‘ qﬁ (2]
enarios ompute _

Base Analysis User Notification |
Calculation e Sy |
.7 7 = | ~ calculstion Options
Solver Calculation Options

Figure 65 User Notification

The notifications window will come up displaying a list of warnings generated during the
validation process. There are two types:

Red error must be corrected before the model (system) can be computed.

does not prevent successful calculation of the model, but element does not meet
certain criteria.

Figure 66 User Notification Symbols

In the user Notification box, you will see messages with the RED and/or icon as well
as a toolbox (see below).

49



Volume 5 - OpenRoads Designer Drainage and Utility Modeling

Selects Element
in Drawing

Report Zoom To

Select In Drawing

Selects All Elements with
same Message ID in Drawing

«§ User Notifications

Hydraulic Analysis
@ UserNotfications Engineering Standards <
HEHe %@ \
Message.. Scenario Element Type Eleme.. Label Time (min) Message
(1) ase Analysis Catch Basin 354 CB- (MNfA) The calculation option Structure
i aich Basin 394 CB- (MfA)  There is no guitter Ieawingmis'DnG\}
-1 Base Analysis cB1 (N/A)  The rim elevation is below the ground
044125 Base Analysis Catch Bas calculation option Structure Los
-1 Base Analysis Catch Bas ﬁx bEfGre CO M PUTE rim elevation is below the gro
044125 Base Analysis Calch Basin - & calculation option Structure L
- Base Analysis Catch Basin 398 CB-3 (NfA)  The rim elevation is below the groun
944125 " oi= Calch Basin 398 CB-3 (M/A)  The calculation option Structure Loss
-1 Base Analysis 199 CB-4 (MfA)  The rim elevation is below the grow

@ 44125  Base Analysis  Caich Bas I/A) The calculation option Structure L
0 44125 Base Analysis Catch Bas Ok to COMPUTE /&) The calculation opfion Structure Lo

-1 Base Analysis Catch Basin 407 CH® (NfA) The rim elevation is below the groun
0 44125 Base Analysis Calch Basin 40 CB-6 (M/A)  The calculation option Structure Lc:‘57/

-1 Base Analysis Calch Basin 402 CB-7 (MfA)  The rim elevation is below the gro
25 Base Analus=ie. Catch Basin cB-7 The calculatio inn Structure L

Figure 67 User Notification List

Example of User Notifications:
¢ Message: The calculation option Structure Loss Mode must be set to EGL in order to use
the HEC-22 Energy (Third edition) Headloss Method.
e Meaning: Inlet calculations use the Headloss Method: HEC-22 Energy (3" Edition) to use
this, the Structure Loss mode must be set to the Energy Grade Line (EGL) in the
Calculation Options.
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e Solution: Analysis tab, Options, Right-Click on Base Analysis, Properties. In the properties

box, select Structure Loss Mode and select Energy Grade.
\.

Analysis Components Utilities View Tools Report Dr,

2 Alternatives avalidate T Engineerin

Options
Scenarios @ B Compute
¥ v Q Notifications

1l Calculation Summary

Calculation

» 0 X g

alculation Options =

Hydraulic Analysis

Oxber@

Solver

iz Base Design

NN TN AT,

ﬂ Properties - Solver - Base Analysis (95) - K

Subsurface Utilities  Hydraulic Analysis

1 Hydra rgence T - —
Average Velocty Method Actual Uniform Flow Velocity

Minimum Structure Headloss (ft) 0.00
Governing Upstream Pipe Selection Method  Pipe with Maximum QW
Energy Grade E
Include Conduit Flow Travel Time in Design g
Save Detailed Headloss Data? Hydraulic Grade
Gravity Friction Method Manning's

e Explicit Dept lope Equations2 False

er g

Figure 68 Example of User Notifications

Some more examples:
Message — Meaning — Solution:

There is no gutter leaving this ‘On Grade’ catch basin. Bypassed flow is directed to the
subnetwork outfall. — The catch basin doesn’t have a gutter attached. — Open the
Analytical View and place a gutter to direct the flow to next catch basin or system. If
going to overland flow (no curbing) you can disregard.

Conduit does not meet minimum cover constraint. — The min. cover that is set in Default
Design Constraints is not met. — Change the inverts, or size or add barrel if possible, or
ignore for calculations and use Class V RCP for callouts and estimating.

Structure and pipe inverts do not agree with selected benching type. — Benching method
is set to HEC-22 Benching Method = Flat in accordance with the CTDOT Drainage
Manual. — You can disregard this message.
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3.3 Computation and Results

3.3.1 Compute

You are ready to compute after all RED issues are resolved and all issues are

modified or considered.

1. Click the Compute icon. Drainage and Utilities will run the calculations, you will see

some windows pop-up, wait until the GVF-Rational Calculation Summary box opens.

#*a GVF-Rational Calculation Summary

Scenario
Label: |
Storm Event
Rainfall Alternative Label: Base Rainfall Runoff |
Global Storm Event: User Defined IDF Table - 1-10 Year
Return Event: 10 | years

Calculation Executive Summary

>>>> Info: Subsurface Network Root RCCE-
>>>> Info: Subsurface Analysis iterations: 2
>>>> Info: Convergence was achieved.

Show this dialog after Compute  Messages. .. Report Details... Close Help

Figure 69 GVF-Rational Calculation Summary

Calculations were successful if you see: Convergence was achieved in the Calculation
Executive Summary box.

Click on Messages... to see the newest User Notifications, if there is an error, the
calculations will stop at that point, you will have to solve the error and rerun calculations.

Click on Report and for the Scenario Summary preview, this can be printed.
Click Details... the Calculation Detailed Summary box will open showing:

e Calculation Options

e Catchment Summary
e Link Summary

e Node Summary

e Inlet Summary

e Pond Summary
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6. Click on Report to get one combined report to review/print/save. For individual and

more complex reports use Flex Tables.

%5 Calculation Detailed Summary

Calculation Options | Catchment Summary Link Summary Node Summary Inlet Summary Pond Summary

3.3.2

General Hydraulics and Hydrology

(el e — Flow Profile Method Backwater Analysis
Flow Convergence Test: \0.001 | Mumber of Flow Profile Steps: |5
Inlets Hydmulic Grade Comvergence Test \0.00

Neglect Side Flow?

ture Headloss: jo-m

# Calculation D

hmen
Calculation Opfions CBIC me tsumman’ ary Mode Summary Inlet Summary Pond Summary
Area

Time of Runoff | Catchment | Catchment | Catchment
Concentration  Coefficient CA Intensity Rational Flow
(acres) (min) (Rational) | (acres) (in/h) (cfs)

7440 x

me of Concentration: (5.000 ]

|4
Average Vielocity Method Actual Uniform Flow Velocity

| ft

man

Options  Catchmaent Summary ummary InletSummary Pond Summary
Hydraulc | Hydraulc

: % Depth | Depth
Section | Branch Subnetwork Fow Velocty | Grade Line | Grade Line
Label | “type | D | ol | @) | (s | () (out) P >
f ()
SW1 Circle 3 RCCE-1 1.50 4.16 167.18 167.14 0.48 0.94

Sw2  drce 3 RCCE-1 2.13 4.85 166.78 165.98 0.58 048

MNode Summary Summary Pond Summary

Flow Energy | Energy /
Elevation | Elevation . =
(T G D | (nver) Grade Line | Grade Line

Out) (In) (0ut)

@ @ | ® | m ®)
[cB- JcatchBasn  RCCE- 1.69 150| 16961 16606  167.44)  167.40
CB-1 Catch Basin RCCE-1 243 2.13 169.86 164.20 167.16 167.05

CB-2

Catch Basin RCCE-1

s Calculation Detailed Summary

1.40 169.63 164.00 166.74

Calculation Options Caichment Summary Link Summary Node Sumr
L
Cataiog Fow | Fow (Total emeency | Depth | Spread/ /
Label = InketType | Iniet Catalog Inket (Captured) | Bypassed) | {0 (Ol ireyy | (Gutter) | Top Width
Type @ | @ =0 ® | ®
Catalog Ikt |Grate  |"C” CB - 6in Cone or Stone Curb 0.63 0.53 |{N/A) 54.3 0.121 6.067
CB-1 |Cataloginket Grate |"C" CB - 6in Conc or Stone Curb 0.93 0.00 | (N/A) 100.0 0.176 8.808
CB-2 Cataing - S o i - i i i —
CB-3 Catalog #g Calculation Detailed Summary 5
CB-4  Cataldd | caleulation Options Catchment Summary Link Summary MNode Summary  Inlet Sumr />
——

Figure 70 Calculation Detailed Summary

Flex Tables

Drainage and Utilities shows the engineering data in tabular format called Flex Tables. The

most common flex tables have been established as CTDOT Flex Tables have been

formatted to follow the CTDOT Drainage Manual. Any flex table can be edited to best fit the

project. The designer should use the drainage manual as a guide to determine the

information needed to represent the drainage system.
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Click the Flex Tables icon in the Analysis Views section. In the Flex Tables box click on
the Hydraulic Analysist ab. Tables are characterized into Hydraulic Model — Shared
— Predefined.

Drainage and Utilities has ‘predefined tables’ set-up that can be edited as

needed. Expand the Tables — Hydraulic Model folder, here CTDOT Flex Tables are available
for use and are formatted to show all information and data required. Should you have to
edit to reflect information/data needed for the drainage computations, they still can be
edited as needed specific to the project. Copy the flex table and rename project specific.

Analysss ¢ FlexTables
Alt E, Queries
- B om Subsurface Utiliies | Hydraulu: Analysis :
enanos Flex My . =T | ¥ = e
Flow Tables — - =
Anlysis Views [=-[F] Tables - Hydraulic Model
----- ] CTDOT Guiter Flow Analysis

----- ] CTDOT Catchment Table
----- 71 CTDOT Catch Basin Table
- .7 CTDOT Conduit Table

----- “ CTDOT Manhole Table

----- ] CTDOT Gutter Table

----- “ CTDOT Quifall Table

----- 1 CTDOT Storm Drain Computation Sheet
----- ] CTDOT Headwall Table
-{E] Tables - Shared

=-[F] Tables - Predefined

----- ] Metwork Elements Table

----- [ Conduit Table

----- 1 HEC-22 Table A

----- 1 DOT Report

----- 1 Combined Pipe/Node Report
----- Z Lateral Table

----- “ Channel Table

----- 1 Gutter Table

----- ] Catch Basin Table

----- “ Manhole Table

----- 4 Tap Table

----- # Transition Table

----- [ Cross Section Table

----- Z Qutfall Table

----- ] Catchment Table

----- ] Headwall Table

- Q0 -+H0O

Right-Click > Duplicate > as
Hydraulic Model > Rename to
Prji.Ne_XXX_YYYY_table name

PMO>PZ->20
WM=—A=r—=-C

Figure 71 Flex Tables

CTDOT Gutter Flow Analysis, CTDOT Gutter Flow Analysis at Low Point and CTDOT Strom
Drain Computation Sheet follows the computation sheets of the CTDOT Drainage Manual
Chapter 1.
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B FlexTable: CTDOT Catchment Table ¢ min) (iw 1234 1234 propose.

| @ v | Bl ®
outh Runoff Area | Catchment Time of Cath
ID | Labal Element Coefficient | (Unified) CA Concentration
(Rational) | (acres) = (acres) (min) (ch
s60:cm3 [ a69]cM3 (cB2 | 0900 | 0067  0.061 5.000
470: CM4 470/CM4 CB-1 | 0900 | 0071  0.064| 5.000
471 5.000

M Catch Basin FlexTable: CTDOT Gutter Flow Analysis iy 1234 123

4 _Proposedl

Jrainage -- Defaultsts

Tniet Total Total L
X ¥ Drainage Tniket
i) Label Iniet Inket C | Inket Tc CA
(ft) (ft) Area Intensity
(acres) {min) o (
394: CB- [ 394]ce- "C"CB-6nConcorStone Curb | 601,072.17 | 174,018.35| 0173 0900 5000  7.440 n.%
396: CB-1 396 |CB-1 |"C"CB- Ehcnmurstunecur‘b 601,029.92 | 174,051.96 0.138 0900 5.000 7.440 0.
307: CB-2 : . 5.000
ve:ce-3 M| Conr‘iuﬂ FIP!-' able (..TDf')T Storm Draln Co m‘:putatll on Shf‘-ﬁt 1_1234_1234_ProposedDs
399- £H4 B
g = . %
i Q ﬂ | I__l_| - | E" - [ Eh -
Upsh'e?/
Start Stop Upstream Upstream | Tme (Pipe | System System CA System
Label Node Node Inket Area  Inket Tc Fiow) Flow Time (acres) Intensty Fow (T
(acres) | (min) {min) (min) (in/h) Sl::rfﬂce
407: SW1 CB- | CB-1 0.173 5.000 0216  10.104 0.283 5.246
d0B: SW2  SW2 CB-1 | CB4 0.138 5.000 0223 10.321 0.407 5.196 0
400: SW3 |SW3 (B3 (B2 0.683 10000 0227  10.000 0.177 5.270
410: SW4  SW4  CB-2 | CB-d 0.193  5.000 0341 10.227 0.267 5218
411: SWS SWE CE-4 CB—E 0.116 7.000 0.695 10.568 0.715 5.139
412: W6 CB-5 LO01Z | 15.000 0.277| _15.000

Wf “x,w"" ~L__o Kw’"ﬁ“&%,ﬁ

Figure 72 Flex Tables

Double-Click on a flex table to open it. Each table has various tools such as: export, copy,

paste, edit, zoom to, report, options and select in drawing.
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Report
Zoom To Report In XML

Copy
Copy With Headers

f‘fgv?'

@.‘ s,

I Export to File... |

ISeIect in Drawing I

Figure 73 Flex Tables Tools

Export to File... — creates a text or csv file to work within Excel or shape file if needed.

Edit... — allows columns to be added or removed from the flex table. Example: scroll in
the Available Columns to X, click on Add. Now X is added to the Selected Columns side and
click OK. X column is added to the catch basin flex table.

Zoom To... — highlight a row and click on Zoom To, the active view will zoom in to the
item/row selected and is highlighted.

Report... — creates a report that can be printed. Paper size and page set-up can be edited
in the report page.

Options... — gives the ability to create selection sets.

Create Selection Set — can be used to filter various items. As example to split up the
drainage data into left and right side of the roadway.

Within the catch basin flex table select the catch basins for the left side of the
roadway (highlight all left CBs using the CTRL key).

e Click on the down arrow next to Options and select Create Selection Set..., type in
selection set name: RteABC-LT. Click OK.

e Repeat these steps for the catch basins on the right side of the roadway.

e Click on the Utilities View tab and click on Selections Sets, click on Hydraulic
Analysis tab. Here all Selection Sets for the project are stored.
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B FlexTable: CTDOT Catch Basin Table (Current Time: 0.000 min) (Drainage-06-07-2021-001 -- Default.
Byl F| @ #| BB R
| Create Selection Set...

Add to Selection Set..
Remove from Selection Set...

vation Elevation
ound) (Rim)
ft) (ft)

6985  69.68 |/

471 |CB-LT D&k  Relabel _
472 CB-RT-1 ” 0T 6985 698/

474 |CB-LT-2 "C"CB-4

CBRT3  |"C'CB-4

Create Selection Set

il IS8 e E LIS EatEall New selection setname
: CBRT-7 __|"C"CB-4  [meARCLT

480 |CB-LT-8 "C"CB- 4

~a _ 4

OK Cancel Help

ents Utilities View Tools

"N
\“'bl

Utiliies Drainage

O-XBF=H -0

|:;_ -
Flex Selection | Select In Drawing N_
Tables Sets Add to Current Se
Results Views g j Remove from Current Selection

Select within Current Selection

‘, FlexTables
Utilies Drainage
O-X=1[0-90

= [ Tables - Hydraulic Model
[ CTDOT Gutter Flow Analysis

‘[E'L?D! B"@,H|v‘@v‘sab,

i1 CTDOT Catchment Tabls

- ]

[ CTDOT Conc  OPen Label Inlet

i3 CTDOT Mant Open on Selection /

[ CTDOT Gutte -

; DOT Outfa Ney 472: CB-RT-1 |CB-RT-1 "C" CB - 4in Park Curb |On
475: CB-RT-3 |CB-RT-3 "C" CB - 4in Park Curb | O
479: CB-RT-7 |cB-RT-7 | |"C" CB - 4in Park Curb |On\
481: CB-RT-9 CB-RT-9 "C" CB - 4in Park Curb |Oi
483: CB-RT-11 - |CB-RT-11 "C" CB - 4in Park Curb |0
485: CB-RT-13 |CB-RT-13 "C" CB - 4in Park Curb |Oi
487: CB-RT-15 CB-RT-15 "C" CB - 4in Park Curb |0
489: CB-RT-17 CB-RT-17 "C" CB - 4in Park Curb |On
491: CB-RT-19 - |CB-RT-19 | |"C" CB - 4in Park Curb |Inl
566: CB-RT-5 56@ CB-RT-5 "C" CB - 4in Park Curb |On

g an——

Figure 74 Flex Tables
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You can view the profile of any single pipe between two drainage structures by right-
clicking on the pipe and hovering over for the pop-up menu to come up

and picking the Open Profile Model bottom, it will ask to Select or Open View to place the
Profile of the pipe.

B View 1, Default ‘| ® Views, Profile - Pipe-4 !

ik~ 48 20 BE SEls & s B

B View 5, Default /‘;
=~ @ik~ 1.8 SO ElE SX?

Select or Opan View

Figure 75 Single Pipe Profile
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Profile Runs show hydraulic information such as Hydraulic Grade Line (HGL) and/or Energy

Grade Line (EGL), show the depth of cover, and show whether slopes of conduits are in the
same direction and magnitude as the road design.

me Layout Analysj ) dction Drawin: View <
Q\, ¥ y: F\f g S
’ = - o ) et x e ¢
2 IR == U? g%; c? ég o L
<_. 1 0\‘0\.\ %o "
“yent ... Place Insgg% " Filter Hydraulic Hydraulic  Utility Run Project Civil ™
qéction wi ¥ Node Node. ‘“~Manager | Run From Node Runs to Outfall From Links Run Accudrz””
™ )| A -
~Selection C Profile Runs /"\

Figure 76 Profile Runs Tools

Hydraulic Run From Node: will create one profile run from a selected node to the outfall, or
between two selected nodes.

i —ar

LE

Fid € 4 ¢

Fl Diainege and Utililies Model

B View 4, Profile - Profile Run 2 —

Figure 77 Hydraulic Run From Node
Hydraulic Run To Outfall: will create a profile run for every path, from farthest upstream

node to the outfall. This tool will create profile runs for each run to the system outfall. When
completed there will be 2 or more profile runs depending on the system.

sox] .

Mb=a B - E
EBFloiik- 4 2R QNEE S0%

b Drainage Area B View 4, Profile - CB-7 to RCCE-1

4 B8 Profile Runs
> <y CB-3toCB-2
CB-5to CB-4

Figure 78 Hydraulic Run To Outfall

59



Volume 5 — OpenRoads Designer Drainage and Utility Modeling
Utility Run From Links: will create a profile run from selected links, for any type of utility
(storm, communication, sanitary, electric, water). The links must be consecutive without

gaps between them.

> 4 Drainage Area

4 EB Profile Runs

N & ruiern ||

[ o |5, parnis (Brusnagps s i kot

Figure 79 Utility Run From Links
Project Run: This will project a previously created profile run onto a linear element such as a
centerline or another profile run. Great tool to show the drainage structures and pipes on
the road's centerline profile (vertical alignment).

Exphorer =ix[,
M-l i B BOTHNEE S

Coamag st ey ased -
e,

-

[ e | =, Propees Sinige s Unins biseies

Figure 80 Project Run
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In the Explorer, expand Profile Runs (click on down arrow); the newly created profile runs
are now available to view. Right-click on the run to see all available options to view/edit

the profile data.

Survey

"0, Explorer I i Prop

=

B L N N
b <, Drainage Area

4 B profile Runs
r <, CB-5to CB-4
b 4y CB-310CB-2
> CB-1to CB-
>

44
m' BB Open Profile Model

B View 3, Profile - R

places the profile run into a view window

shows annotated profile, display can be edited,
saved to a pdf-file

shows annotated profile, display can be edited,

Open Analysis Profile saved to a pdf-file

Cpen Engineering Profile
edit the profile run name

Rename
REVESE Lol changes the direction of the profile run upstream or

Regenerate Profile Run downstream

Lock - Deactivate Profile Run Rules .
refreshes the profile run after changes to drainage

Fit To View components
Delete
allows or disallows edit of individual items
Zoom
Isolate
Clear Isolate

Figure 81 Profile Runs

Open Profile Model - right-click on a Profile Run, select Open Profile Model — click in the
view window to place the profile run.

® View 6, Profile - CB-7 to RCCE-1

Figure 82 Profile Model

Open Analysis Profile - right-click on Profile Run, select Open Analysis Profile - a window
opens with the analysis profile. This can be modified to include Hydraulic Grade Line (HGL),
Energy Grade Line (EGL), labels and table annotation and legend. The file can be exported
to a drawing or can be printed.
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Figure 84 Saved as a pdf-file
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Open Engineering Profile — right-click on Profile Run, select Open Engineering Profile -

window opens with the engineering profile. This can be modified to include inverts, slopes,

types, length and more. The file can be exported to a drawing or can be printed and

exported to a document.

T ——
TxmaAY Lo < Engineering Profile window >
A u

Tevnar
07| # SEADA Element

:!:i ;i.';':"‘wl'ép\-vSM _.-
Figure 85 Engineering Profile
Saved as a pdf-file

Profile Report
Engineering Profile - CB-T to RCCE-1 (test-04162020-01 - Dalault stsw)

(_i; _liiEtEreview of Engineei_ir@:_:__ -

S-S VIR0 — Dt sl ot S VD000 — Dt st o
L4200

Paga 11

Figure 86 Saved as a pdf-file
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