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Using AutoCAD® Civil 3D® for Stormwater Management Tasks:
Part |, Hydrology

Dana Breig Probert, Engineered Efficiency

CVv314-2 This class will show you how to harness the power of AutoCAD Civil 3D 2008 to
assist in designing and performing a TR-55/TR-20 or Rational Method Stormwater Management
Analysis, including techniques for annotating plans, creating tables and preparing for modeling in
your favorite hydrology software package.

About the Speaker:

Dana received her Bachelor of Science in Civil Engineering from Georgia Tech in 1998. Since then she has
worked on a variety of civil projects in the U.S. and Canada, using Land Desktop, Civil Design, Raster Design,
Map 3D and Civil 3D. In addition, Dana works with several firms on their Civil 3D pilot projects and
implementation plans, and has taught many Civil 3D classes. Dana has been an instructor at AU, worked on
Autodesk courseware projects, and is coauthor of the book, “Mastering AutoCAD Civil 3D 2008,” which can
be purchased at www.masteringcivil3d.com. Dana is also a contributor to www.civil3d.com.
dana.probert@civil3d.com
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Using AutoCAD® Civil 3D® for Stormwater Management Tasks: Part |, Hydrology

While Civil 3D does not include an true set of hydrology tools, there are many ways to get the
data you need for your modeling software. This class will explore some of those techniques.

This class assumes:

1. You are frustrated with how you currently prepare data in CAD for input into TR20, TR55
or rational method analysis.

2. You know that Civil 3D is built on a full version of Map 3D and a full version of AutoCAD.

You understand that Civil 3D does not have any explicit hydrology tools, but there are

lots of great Civil 3D and Map 3D tools that can be used to help you with your analysis.

You are familiar with Civil 3D objects especially surfaces and parcels.

You have a basic understanding of how to create Civil 3D labels.

You are willing to spend some time learning how to create expressions in Civil 3D labels.

You are willing to spend some time learning how to build Map Topologies, make Map

Themes and create Map Annotation templates.

8. You are willing to spend some time learning how to use AutoCAD tables within drawings
and possibly linking them to MS Excel.

w

No vk

J Since Map tools are a skill gap for many civil users, | will be showing quick steps on how to set up
topologies, themes and annotation templates live demo portion of this class. Additional information
can be found in tutorials under the Help menu, AU classes, AUONLINE, skill builders and AOTC. My
shortlist of highly recommended skills for civil users includes: attaching a drawing, creating queries,
importing GIS data through Map>Tools>Import as well as through the FDO.

Best Practices?

What is best practice for me could be completely wrong for you. Conventional wisdom on the
use of Civil 3D is constantly evolving. Many people don't like sharing their best practices
because any time you “stick your neck out” and show procedures you open yourself up for
scrutiny and potential criticism. For me, | like to share information because it starts a dialog and
encourages others to share their approach. The techniques in this presentation are intended to
assist you in opening the Civil 3D bag of tricks and launch you on your own journey to
discovering your own Best Practices.

Much of work that is ongoing is documented on blogs like www.civil3d.com and the Autodesk
discussion groups, so become a regular reader, and when you feel ready, a contributor.
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The Site

Our example site is approximately 170 acres located on the Delmarva Peninsula.

Farm and
Qutbuildings

Majority
&2 = Cultivated
a . Farmland a
A
= Wetlands/Tax
Ditches

Analyzing Surface Elevations

The Surface Elevation Analysis tool is useful for determining how water is moving across your
site, where it is collecting and possible subcatchment delineations.

To create an elevation analysis:

Make sure you have an elevation analysis style that will show you what you need.
Build a surface.

Change the surface style to your elevation analysis style.

“Crunch” the surface and make customizations on the Analysis tab of the Surface
Properties dialog box.

PwnNE
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If the standard analysis ranges do not provide enough contrast, you can increase the number of
elevation intervals.

£ilsurface Praperties - Fxisting Ground

Information | Defindion | Anslyss | Ratistes

£nalysta type: [Piacssia
Ebrvations -

Legers) Add more and "crunch”

IR ELEVATION ARALYEIS FOR STL w0 — again 1o see more
o detalls
Rangas
Hber:

n [ '

] e S8.000°
29 000 50,750
1 s 0,300

A Surface Elevation table can be customized to provide the proper look and information for your

plan.
ELEVATION ANALYSIS FOR STORMWATER
Nurber inis Elevati i Bl Color

1 38674 40850 B

2 40850 43040 i ]

3 43.040 45220 B

4 45.220 47.400 [ ] .
5 47.400 49,580 [ Eowte i
& 40580 £1.760 ]

7 51,760 53.940 (]

2 53.940 56.110 [ ]

9 56.110 58.300 ]

10 52.200 80.380 B

1" 60,380 80480 | )

Using Water Drop

Surfaces>Ultilities>Water Drop can help you determine how water will flow across your site and
assist you in making judgments about time of concentration.

Click here- shows path of
waterdrop at that point
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Helps me find
breaks and ridges

Heips me determine likely
sheet flow turning to shallow
concentrated

and predict channelization

Making Quick Profiles

Quick profiles can help you learn more about the drainage nuances of your site. Right click on
an object, or choose Profiles>Quick Profile.

TCTI R

Trace approx CL with polyline

T

Repsat MOYE
Recent Input 4

2.

Isalate Ob
Clipboard - . .
= Pick, right click
Basic Modil

Display Crder 3
Properties... CTRL+1

@ Ohbiject Wiewer. ..

Select Similar
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Quick Profile
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Multiple Quick Profiles can be used to asses your surface, and learn about channel flow.

7 (/ /
c ./
m Cuick Profile

Grip Edit s

V See reactions * ]

Quick Profile Quick Profile

|

J You might find it useful to split your model space into multiple viewports so that you can see what is
happening in plan and profile at the same time. To split your viewport use View>Viewports>2
Viewports.
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Simple Surface Visualization

Surface visualization can assist the designer, the review agency and the client in understanding
site drainage patterns for both existing and proposed ground.

You can visualize the elevation analysis of the surface by changing the elevation analysis style
to 3D faces.

iﬂ Surface Style - Elevation and Slope Arrow Analysis 7'

Information || Borders | Contours || Grid Foints | Triangles | ‘Watersheds |Ana|y5is |Display Summary

Propetties Yalue
Directions
=l Elevations
Group by Equal interval
Mumber of Ranges 10
Range Precision a1
Display Type |2D Salid v
Scheme i
Lesend st %
Elevations Display Mode Hrd
Slopes
Slope Arrows

It often helps to exaggerate the triangle elevations when your site is relatively flat.

Equal interval

10

01

30 Faces

Pastels

ELEVATION ANALYSIS FOR STORMWATER.
Use Surface Elevation w

Use Surface Elevation

B
Exaggerate Elevation

Another thing you can do is to remove the isolines from the visual style. This will make the
surface easier to see in 3D.

Shadow display 0ff
Backgrounds On

Edge maode
Mumber of lines
Calor

Always on top

Edge todifiers

Owerhang

Jitter edium
+  Fast Silhouette Edges ~

Sets edge display to Facet, |solines, or Mone. (WSEDGES swstem variable)

J  Visual styles are an AutoCAD feature. Read up on the AutoCAD visualization tools under help, or
check out other AU classes on the subject.
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Rotate the surface into an isometric view and apply your visual style.

Create a 3D DWF by typing 3DDWFPUBLISH in the command line and saving the resulting file.
A DWF can be shared with non CAD users and provides an easy way to navigate your simple
visualization.
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Labeling your Surface Slopes and Spot Elevations

Surface slope and spot elevation labels can be customized to assist in labeling TC paths.
Alternatively, you can use a set of alignment and profile labels for more powerful TC path
analysis.

Subcatchment Analysis and Curve Number Determination

TR-55, TR-20, Rational Methods and other accepted forms of hydrologic analysis typically
require the breakdown of our site into a series of areas that combine Drainage Area
(Subcatchment), Soil Hydrologic Group, Cover Type and Cover Quality. The delineation of
these areas is time consuming by hand or with traditional AutoCAD tools.

Polylines for Area Delineation

Benefits of Using Polylines for Area Delineation

Familiar, easy to create and edit AutoCAD objects

Can be labeled with Civil 3D General Line labels (length, area, elevation, etc)
Can be labeled and added to tables using AutoCAD fields

Can be created, queried and manipulated through Map tools

Can be converted to topologies and Civil 3D parcels with some cleanup

Area Contributing to Catch Basin
42576.95 Sq Feet

0.98 Acres | PR-CB-U—.
{ TYPE: TYPED ™.
i RIM = 47.07 3
INV. IN = 46.23 FROM CB 414
INV, OUT = 46.23
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Limits of Using Polylines for Area Delineation

Not reactive to neighboring polylines
Keeps you in AutoCAD mindset
Not controlled by Civil 3D object styles

Recommendations for Use:

When you aren't ready to use Civil 3D parcels to study areas

Rational Method Calculations where you want to use an AutoCAD table

“Contours” for ponds if you cannot met your design intent with Civil 3D corridors/grading
objects/surfaces

Civil 3D Parcels for Area Delineation
Benefits of Using Parcels for Area Delineation

Dynamic with other parcels

Easy to make dynamic tables

Some custom properties available— like description, Tax ID and address, as well as User
Defined Properties

Area, TaxID, and User Defined Properties can be used in expressions for many calculations
as part of labels or tables.

Flexible, dynamic, autosizing, plan readable labels

CAD Standards maintained by Civil 3D Parcel Object Styles

Prospector aids in controlling appearance and labeling quickly

Prospector information can be copied and pasted into excel for further study

- /"
SOIL AREEA TABLE

? PARCEL LABELS

>

22
1121874.06 Sq Ft

TYPE: RuA
GROUP: B PARCEL | SOILTYPE | AREA
) 1 RuA 11.29
- 2 W 56.25
3 SaB 14.50
4 RUA 10.98

Limits of Using Parcels for Area Delineation

Must have good understanding of Civil 3D Site Geometry

User defined properties are difficult to use and manage

Expressions can only calculate based on the current parcel- cannot sum or do “percent of
the whole” calculations in tables or labels.

No intersect topology intelligence (ie cannot blend subcatchments and soils)

Cannot be queried or take advantage of other Map tools
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Recommendations for Use:

» For subcatchments, soils areas and similar on small sites or when you have already done
most of the “overlay” breakdown by hand

=  When you want to do the rational method calculations right in your parcel table or area
labels

* When the truly dynamic nature of parcels outweighs any negatives

Map Polygon Topology

Benefits of Using Topologies for Area Delineation

» Robust analysis tools for intersection of topologies— ie breakdown of subcatchments
overlaid with soil group overlaid with cover type

» Semi-dynamic labeling that “reads” the topology data similar to Civil 3D labels

»= Thematic mapping capabilities for presentation drawings and analysis

= Can be queried, modified and analyzed using Map tools

=  Works with attribute extraction for semi-dynamic tables with can be used to many
different types of calculations

» |nformation can be reported and exported to drawing tables or external files

PREDEVELOPMENT CURVE MUMBER INFORMATION
SUBCATCHMENT | AREA | COVER TVPE ] COVER_CONDITION ] SOIL_NAME =) TN % ARER
T 583 | ROWCROFS GooD = 51 373230000
T 326 | ROWCROES [ Fa 70 3000 |
TOTAL 150600 1645100
SUBCATCHMENT
Z 055 ROAD e ] EE
F T74 | ROWCROPS Goon b 78 35 720000
7 527 | ROWCROFS Gooo W 78 411060000
A 038 | FARMSTEAD Goon o 74 8 170000
7 061 | ROWCROFS GooD b 78 48 3E0000
E LT RORD) B £ A7040000_|
Z 035 | ROWCROFS GaoD Fo T Ta.060000_|
E 337 | FARMSTEAD Goon BT 74 537360000 |
H 565 | ROV CROFS GaoD Fo 78 T218.140000 |
7 [EE] ROAD Fo ] T _|
2 705 | ROWCROFS GooD & TE 60 620000 |
b FEER W Gaon = 74 176 Bo0000_|
F] 053 | ROWCROFS GooD 5 73 EENETT
b ERER M Gaon Fa 74 [
F] U7 | ROWCROFS GooD e 73 BLB0000_|
TOTAL a0 T2A0.1000
SUBCATEHMENT
—=

SUBCATCHMENT Mo.:
COVER TYPE: ROW/ CROPS
COVER CONDITICN, (000
SOILNANE: E=H
ARCA: 193

BUBCATCHMENT Mo <
ACRTS COVER
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Limits of Using Topologies for Area Delineation

= Cannot be used as Civil 3D objects nor easily converted in an intelligent way
= Often challenging to prepare data property to create a sound topology
= Map tools are often unfamiliar to Civil 3D/Land Desktop users

Recommendations for Use:

= Medium to large sites with several subcatchments, soil groups, cover types and other
constraints for entering into Rational, TR-55 or TR-20 based modeling programs

=  When you'd like to do TR-55 and composite CN calculations right in your drawing in a
semi-dynamic way

=  When you'd like to put together themed maps or presentation drawings based on the
analysis

Using Civil 3D Parcels for Area Delineation
Civil 3D parcels can be used to delineation, labeling and analysis of subcatchment, soils
boundaries and cover.

Civil 3D parcels interact as site geometry with other Civil 3D objects such as alignments and
feature lines.

Make sure they
touch the outer
boundary

Fy 4

.
-y
]
4 '.I'._,. g
oo
/ -
5
}:.f' b
Make sure no duplicate edges

Always be sure to create parcels from lines that formed closed areas with no overlap. Make a
new site for each parcel type.

If you were doing all of your SWM area study using Civil 3D Parcels, you should have a site for
each different type of area such as:

=  Soil Area Site
= Subcatchment Area Site
= Cover Type Site
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Take advantage of the extra fields available in Prospector for additional labeling and study
capabilities, or add user defined properties. Also experiment with building custom parcel labels
and tables to call out your additional information.

Using Map Topologies for Area Delineation

Civil 3D parcels can be used to delineation, labeling and analysis of subcatchment, soils
boundaries and cover.

This is by far the most powerful analysis tool available to us in the Civil 3D environment.
(Remember, Civil 3D is built on Map 3D). It will be important for you to read through the Map
3D Tutorials on Polygon Topologies, Drawing Cleanup, Object Data and other Map tools.

This will be difficult to repeat with your own data at first. Map topologies are rather picky about
their geometry. Don’t give up! Go through the tutorials a few times and look for ways you can
leverage this in your work. There are many, many uses for topologies.

Gerterds | lrder | Favontes Search |

g o cpmetion and pres Brder usre Tos

feresteg a potigentopicgy [l ek

a Click Next.

|

2nel faliau Pha AR-ERrEaR iREtRbiRne ba snarifs tha ki 0 1iEa tn Pra3te tha tren

Build Your Geometry: Polylines and Centroids

Start with AutoCAD polylines, and then break at intersection points per topology requirements
(see Help). Make sure each enclosure has a centroid. Centroids can be blocks, nodes, or text.
You can manually place centroids, or if you are importing GIS data (such as a shapefile) you
can use Map>Tools>Create Centroids.

? /T )?\1\

,/

I looked up the hydrologic soil
group for each type of soil on B
my site

I then just put a quick piece of
dtext inside each area
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Create Three Topologies
Use Map>Topologies>Create to define your topology. Work through the Wizard picking the

appropriate geometry to each topology:

1. Subcatchments
2. Soil Groups
3. Cover Types

Define Object Data for Your Topologies
Create the object data tables under Map>Object Data>Define Object Data that will house the
information to give each polygon intelligence such as soil group, subcatchment number, cover

type and any other important information.

Da
4 Table: | _ v Mevs Tahle
Object D ata Fields :
0
Define New Object Data Table
Table Name: Caver_Type
Object Data Fields
Cover_Type « \
Delete &l
Field D efirition
Figld Name: Cover_Condition Type: rCharacter Vi
besrpon: |Hydm|og\c Cover Condition |
]  Defaul: | |
[ [ oK I [ Cancel ] [ Help ]
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Attach Appropriate Object Data to Each Polygon Centroid

After you define the object data, use Map>Object Data>Attach/Detach Object Data to attach
the appropriate data table to each centroid. Use the AutoCAD Properties box to go through and
assign the correct values to each centroid.

[ T

m

i

= Pasition % -5117.21581

% Pasition 19621.0199

2 Position 2 0.0000

i

— Upside down Mo
Backward Mo
Cover_Type FARMSTEAD

)1. 2 " Cover_Condition FAIR
FARMETEAD  em— ’

Type Polygon centroid
jin] 12

Area 1338155.0789

Create Two Overlay Topologies

Unfortunately, Map won't let us to a “three way stack” of our topologies. Make an overlay
topology that combines Subcatchments with Soil Groups called “Sub_Soil”, then make a second
overlay topology that combines “Sub_Soil” with Cover Types.

|

Scale 2 1.0000

Display

Name AeccTickTriangle
Rokation [

Block Linit Unitless

Uikt Factor

Subeatchment_No 3
Cover_Type FARMSTEAD
Cover_Condition FAIR.
Soil_Graup

Subcatch_Cover_ID

Soil_Groups_ID 7
- Subcatch_Cover PERCEM... 80,8257

Soil_Groups_PERCENTAREA 39,4132

Type Palygon centroid

D 131

Area 731213.3970

Perimeter 4255.6423

Links 7

Make an Annotation Template For Labeling Each Polygon

An annotation, not unlike a Civil 3D label, harvests the resulting object data from the final
overlay topology.

SUBCATCHMENT No.:
COVER TYPE:
COVER CONDITION:

SOIL GROUP:
e

SUBCATCHMENT
COVER_TYPE
COVER_CONDITION
S0l NAME

AREA| ACRES
L

K

1

Wipeout Object

Special Anributes that bring
BUT our lopology dara
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Apply a Theme to Your Topology Including Annotation

Create a theme that separates the topology into its smallest parts. Apply hatch color and
annotation.

SUPCAT CHMENT Mo.: 3
COVER TYPE: ROW CROPS
GOVER CONDITION: DR
$0IL GROUP:
SUBGATCHMENT Wa.: AREA:B52  ACREE
QOER TYPE: BRUSH
CAVER CONBITION: 5000
2OL SROUR: 2
AREAC 019 AGRES

HMENT Na.: 3
WER TYPE: ROV CROPS
J0MDITION: FOOR

DIL GROUP: B
AREA:ID1  ACREE

SUBCATOHMENT Wa. T
oavER TYPR BRUSH
©OVER CONDITION; GOD D
S0IL #ROUF: B
ARBA: (38 AQREE

Create a Data Extraction Table

Annotations are really just attributed blocks. That attribute information can be extracted as a
.csv, exported to Excel, or made into an AutoCAD table. Additional columns can be added for
formulas, user data, fields and more. Also, you can explore the possibilities of creating a
dynamic link to Excel using the new AutoCAD 2008 tools.

CURVE NUMBER CALCULATIONS
SUBCATCHMENT | COVER_TYPE | COWER_CONDITION [ SOIL_NAME | AREA CHN{CM X Area
1 ROW CROPS GOoD A, 15.08 67
2 ROAD RES B = 97 64.0200
2 ROW CROPS FOOR B 617 a1 4897700
2 ROW CROPS G0oD B 0.a0 78 39.0000
2 ROW CROPS GOoD A, 054 67 36.1800
2 ROAD [NE B 0.81 97 78.5700
2 FARMETEAD FAIR B 279 74 206.4600
2 FARMSTEAD FAIR A, 033 57 18.8100
2 ROW CROPS FOOR B a.01 a1 405.58100
2 ROAD [NE2S A, 0.44 97 428800
2 ROW CROPS POOR A, 17.69 72 |1266.4800
2 ROW CROPS FOOR B 405 a1 328.0500
2 ROW CROPS GOoD B 0.o7 78 5.4600
2 ROW CROPS GOoD A, 0eg 67 39,5300
TOTAL 39.5500 30308200
WEIGHTED |7EB326
CH
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Using Polylines for Area Delineation

Regular polylines can be used for area delineation, and can be labeled with Civil 3D General
line labels.

L
7 d§
5]
Area Contributing to Catch Basin
42576.95 Sq Feet
0.98 Acras
PR-CB-1
TYFE: TYFED
Ritd = 47.07
- . INV. IN = 46,23 FROM CB 414
_| Civil 3D General Line Label INV. OUT = 4623
—
H—R_H
—
.
ﬁ%
B Multipurpose Styles ‘ |
= 7 Label Styles
@ @ Mate abe e Compose atch Basin Contributing Area
=- @ Line R
Y7 Catch Basin Contributing Area Information | General | Layout |Draggad State ”Summary ‘
) standard .
;’?’,é Exprossions Component name: A @ Preview ’m
A A | [
@ corve B
7 Marker Property Walue i
i@ Link =l General
7 shape Mame Area
7 Commands Visibility true
& Point Anchor Component <Feature=
& surface Anchar Paint Anchar Segment
A Parcel [ Teut
L Gra —
= flig EH Text Component Editor - Contents
b Pro B tios: Area Contributing to Catch Basin
i Prof | Froperties: B || |<[General Querall Area(Usy_fiIP2IRNIAP|SAIOF)]> Sq Feet
= sa | General Overal Length v & | |<[Beneral Overall Area(Uacre|PZIRNIAPISN|OF)]> Acres
g :E Modifier Walue &
- PE Unit oot El
| Precision 0.001 2
s Fip Rounding round normal
_L’? St Decimal character  period "' |—
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A Few ldeas for Obtaining Pond Information

Surfaces>Utilities>Extract Objects from Surface is useful for obtaining polylines that
represent contours. These contours can then be labeled with a general line label which can
make it easier to obtain contour areas. This information can now be quickly typed into your
stormwater modeling software.

ﬁ] Extract Objects from Surface - <Surfacel > rz\
i| Learn more
Property Walue
Major Contour Select Al ~
Minaor Contaur Select Al v
[ (a4 ] [ Cancel ] [ Help ]
Bl Toxt Component Editor - Contents E|
a - ‘N‘Eﬂ' Elevation: <[General Segment Start Z{Uft|POIRMIAR|Sn|OF)]="
SR s Area: <[General Overall Area(Use_RIP2IRNIAPISNIOF)]»
|General Overall Length v| %
&
Modifier Walug "é
Unit foak =
o
Precision 0.001 —
Rounding round normal
Decimal character  period "'
Sign sign negative '
Output Full
Ln 1 Col 1
ok (oo ) [
Elevation: 30'
Area: 7184.36
Elevation: 28'
Area: 6463.90
Elevation: 26'
Area: 5780.15
Elevation: 24'

Area: 5133.12



