Precision 3D Culvert

User Manual
Release 1.1—March 9, 2015

e Imports DTMs from LandXML and Carlson TINS with texturing
e Automatic Delineation of Watersheds

e Computes Peak Flows by SCS and by Rational Methods

e Automatically Sizes Culvert Pipes, both Circular and Rectangular
o |lllustrates Ponding Extents and Dewaters Ponds with Pipes

e Storm Simulation with color coded Headwater Display

¢ Inserts Headwalls from Extensive Headwall Library

e All Design Conducted in 3D Environment

e Designs can be augmented by 3D objects (trees, poles, buildings)
e Pipe Systems can be Inserted by LandXML

e Collision Analysis

e Full PDF Reporting of Single or Multiple Storm Events

e LandXML Exports to CAD for Plan and Profile Drafting
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I.  Program Layout and Structure

A. Installation

Carlsen Precision 3D 2015

Select platform to use

‘whhich platform would wou lik

InstallShield ’ < Back ” Mext > ] Cancel

Precision 3D Culverts and the entire Precision 3D Series requires a 64-bit processor running
Windows 7 or higher. The above screen appears when these conditions are met, during install.
You can select Intellicad, Autocad or install the software stand alone. If installed stand alone,
the software goes by default to the Carlson Precision 3D subdirectory as shown below:

»ation Faldepooinono--o-2--oo+

If installed on Intellicad or Autocad®, it installs in the directory of the CAD engine. In the case of
Intellicad 8.0, for example, it installs to: C:\Program Files\Carlson2015_ICAD8_X64.

In all installations, a compiler is installed as well, producing the new screen icon shown below:




42 Microsoft Visual C++ 2013 Redistributable (x64) - 12.0.21005 Set,.. [l = it S|

Microsoft Visual C++ 2013
Redistributable (x64) - 12.0.21005

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ REDISTRIBUTABLE FOR VISUAL STUDIO
2013

These license terms are an agreement between Microsoft Corporation {or
hased nn wihere von live nne nf its affiliate<) and wnn Please read them

[¥]1agree to the license terms and conditions

[ Install ] [ Close ]

It sets up automatically that data files recalled by the program go in the directory:
C:\ProgramData\Carlson Software\Precision3DCulverts\Data inside which the following
subdirectories appear:

MName Date modified Type
. ImodelTempdl04 2/19/201511:29 AM  File folder
. gdal 2/18/20153:14 PM  File folder
. models 2/18/2015 3:15 PM File folder
| RainfallLibrary 2/26/2015 %13 AM  File folder
. Report Templates 2/18/2015 3:14 PM File folder
| surfaces 2/18/2015 3:15 PM File folder

B. Overview of Layout

Precision 3D is organized as shown below. The icons on top are command categories for
distinct applications like loading surfaces or placing culverts within the routine. On the left side,
the Scene Explorer shows a tree of all work activity and provides additional commands within
the major, distinct command options. The 3D graphics appear in the middle of the screen and
to the right are Tooltips that illustrate parameters and values as you mouse over key hydrologic
or graphic features. The pulldown menus on top provide alternate ways to initiate the
commands or features of the Scene Explorer and also include additional commands such as
Settings.
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The Scene Explorer column on the left is further divided into an initial “tree” zone in the upper
left which records all commands and operations and organizes them by category such as
surface “TIN” file, Storm Event, Culvert and Headwall insertion, Object insertion, etc. Multiple
scenarios can be created each containing multiple storm events and other features. Below that
is the Property Explorer which allows for parameter, design element and settings changes.
There is also a tab for placing of textures to enhance the screen viewing. An Output zone
appears in the lower left, and records all activity and is particularly useful as an indicator that
calculation processes are done. At the very bottom left of the screen, the coordinates of the
mouse position are presented at all times, including real-time elevation feedback as you move
the mouse. Your active surface file is also displayed for reference.

The Tooltips appear on the right side of the screen, which always include coordinates at the top
right and below that, data on screen elements appears as you mouse across the 3D site. If you
hover over a pond, for example, pond volume, area and maximum depth appears.

Lighting control appears at the bottom right of the screen. As you move the sun closer to the
horizon or edge of the circle, the shading becomes more intense and more contrast is obtained.

Dockable dialogs: The various components of the screen (Scene Explorer, Property Explorer,
Output, Tooltips and the Lighting Control) are movable. At installation, Output may occupy the
entire lower area, but can be gripped and moved to occupy just the lower left as shown above.
The lighting control area can be reduced in size or even removed leaving more room for the




Tool Tip information. You can always click on the Tools pulldown menu and select Light
Settings to adjust them, leaving the entire right column for the Tooltips. Placing the sun near
the horizon leads to more contrast and shadows, and intensity can be adjusted.

File Edit View | Tools | Commands  Utilities Help

\ Light Settings &
! w Settings L ‘h ﬂjjg ( /\
MTTTTTTTTTT

During the design process, if the cursor is placed inside a watershed, you will see the drainage
area (in the case below, 4.879 acres) and the peak flow and all the parameters used in the
calculation. Furthermore, if the cursor is placed over a ponding area, you will also see pond
information in the Tooltips at right, including maximum pond depth and volume of water.

rTOpETy T
Nerthing 417,253.156"
Easting 1,776,059.375"
Elevation 857,716
MName US&dMerge5Pond...
Lat 38°38'41.34"
Len -83°46'30.29"
Elev 261.432

[ SubCatchment Basin 8
Avg Runoff Coeff. 65.000
Area 4,879 Acres
B Fiow Length 560,529°
Avg Land Slope 13.404%

Tirme Of Concentration 8.319 min

B PeekFow 1915 / sec
Rain Intensity 0.000

. Maximum Headwater |867.000'
Maximum Volume 5,716,073 yard
inFlow 0.000 ft* / sec
Sink Water Elev 854,996

t Pond 4

B ceation 861.505'

Max Depth 6.510"

Volume 1,098.469 yard®
Area 0.295 Acre
. Tailwater Velume 0.000 yard®
Excess Yolume 0.000 yard®
Max Potential Elevation 867.000

Max Potential Volume 5,716.074 yard®

To undock any docked window (Scene Explorer, Tooltip, Output, etc...), place the mouse cursor
on the top most dialog menu bar, then left mouse click - holding down the mouse button and
drag the window away from the frame. The dialog will resize to undocked size and may be
placed anywhere on the screen, inside or outside of the main application window.

Below is the Tooltip information gripped and moved to a new free-floating position. Note that
the Light Control then expands to the entire zone on the right. If the Tooltips are moved
upward, they will take on a full screen horizontal appearance at the top of the page. But such a
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position would be a poor use of screen space since the data in the Tooltips is arranged in a
columnar format. For the free-floating position shown, place the Tooltips low enough that they
don’t “snap” to the top of the screen, then expand upwards by moving the mouse over the top
and obtaining the expand grips:

[Froperty Value

Northing 417,203.062"

Easting 1,776,064 875

Elevation 858527

Mame Us68MergeSPondl tin

Lat 38°38'40.84"

Lon -83°46'30.22"

Elev 261680 )

4 SubCatchment Basin 8 i
Avg Runoff Coeff, 65.000 '
Area 4879 Acres :
W Fow Length 560520'

Avg Land Slope 13.404%

Time Of Concentration 8319 min O:
. Peak Flow 11.286 f* / sec el
Rain Intensity 0.000 :
. Maximum Headwater | 867.000" ;
Maximum Velume 5,716.073 yard® :
inFlow 0.000 ft / sec :

Sink Water Elev 854.99%'

{4 Pond 4

B e stion 861.505"
Max Depth 6.510'
Velume 1,098.469 yard®
Area 0.295 Acre
pnd1.tn . Tailwater VYolume ?
Excess Volume
Max Potential Elevation
Elev: 858.527" [US68Merge5Pond] tin] Max Potential Volume 5716.074 yard’

To dock a window to the main application window, place the mouse cursor on the top most
dialog menu bar, then left mouse click - holding down the mouse button and drag the window
towards the main application window edges. As the mouse approaches the top, left, bottom or
right, a shaded preview rectangle will automatically appear to indicate where the window will
dock when the left mouse button is released.

If an existing window is already in a docked area, dragging a window to that same region will
show a shaded preview rectangle and dragging the window up/down or left right will allow
docking above or below the existing docked window.
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Moving the Output window to the left (see below) will allow left frame docking under or above
the existing docked windows.

To hide or make any window visible, use the View menu option. Checked window names are
visible, unchecked windows are hidden.
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The overall effect is a rich and dynamic design environment where the display of textured 3D
surfaces, ponds and flowing water reveal the impacts of hydrologic design decisions and guide
the user quickly to workable solutions.

C. Top Row Icons and Settings

Load Surface

File Edit View Toocls Commands Utilities Help

The “Load Surface” icon is highlighted above. If you place the cursor over this icon, the “Load
Surface” tooltip will appear. You can also choose Load Surface by using the “Right Click” of the
mouse, which brings up all major commands. Left Click to select the command from the list.

Delete ...
Change Texture

Load Surface
Create Pipe

Insert Headwall
Auto Create Culvert
Load Land<ML
Load 20 Medel
Culvert Pipe Report

Draw Polyline




When Load Surface is selected, the following dialog appears, allowing selection of the TIN
surface (triangulated network surface). Click browse (3 dots) to select TIN plus grid or LandXML
surfaces (first LandXML surface found will load): EUEE e RE ER RN

(4 [ 7 el

Select a Surface File to Load

Surface File: | C:/US 68/US68Merge5Pond 1. tin|

Surface Options

[7] Surface in Meters

If the surface is in meters (which has a significant impact on drainage calculations), be sure to
click that option above. The last setting (feet or meters) will be remembered. Surface data can
be placed anywhere, but you can also make use of the default directory shown below (Program
Installed Location\Data\Surfaces).

@7@ o[ | « Carlson2015_ICADE_X64 » Data » « [ 43 |[ Search Data )
Organize = Mew folder = « i I@
< Favorites Mame Date medified Type

BB Desktop I gdal 12/4/2014 12:36 AM  File folder
4l Downloads . models 10/29/2014 5:25 PM  File folder
“Zl Recent Places 1. RainfallLibrary 127472014 12:36 AM  File folder
| Report Termnplates 12/4/2014 12:36 AM  File folder

1 Libraries | . surfaces 12/4/2014 12:36 AM  File folder

Scenarios: Under the File pulldown, there is an option to Add Scenario. If you want to load
more than one surface (even if one is in metric and the other in feet), you should place the new
surface in a new Scenario. You can switch between them by selecting the desired surface in the
Scene Explorer “tree” shown at left:

Scene Explorer

4 Scenario 1
4 LU568Merge5Pondl.tin
4 | Storm Events (1)
4 Storm Event 1 (Active)
I L SubBasins (15)
[ [ Ponds (18)
4 Scenario 2 (Metric)
4 SyncrudePond.tin
4 | Storm Events (1)
Storm Event 1 (Active)
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When a surface is highlighted, a green bounding box is drawn around the surface to indicate it
is selected. Whenever other objects are selected and “active”, such as culvert pipes or
headwalls, they are also highlighted by a green bounding box.

Carlson TIN Files and Auto-Texturing: The Carlson Civil program has the ability to make a TIN
file with color attributes for each triangle in the TIN. These colors are then “mapped” to
textures automatically by Precision 3D Culverts. In this way, TIN surfaces appear with more
clarity. Road and shoulder surfaces, as well as cut and fill slopes and embankment dams are
distinctly colored and then intelligently textured within Precision 3D Culverts. The commands
RoadNet, Pad Template, Valley Pond and Bench Pond all have this built-in coloring capability
when making the output surfaces. When these TIN surfaces are brought into Precision 3D
Culverts, they immediately appear as multi-textured surfaces as shown below:

You can also drag and drop a new texture to replace any existing textures, as shown below:

The actual default mapping of texture is set under the Tools pulldown menu, Texture Map tab:

11



[ System | Units | Geometry | Projection | TextureMap |

Default Color to Texture Mapping

[0, 0, 0, 255]
= [0, 0, 255, 255] Texture File: ‘turesGround,/Sand_2.png

. [0, 255, 0, 255] Texture Resolution: 15
[ [0, 255, 255, 255]
B 1255, 0, 0, 255]

B (255, 0, 255, 255]

Surfaces do not have to be Carlson TIN files (.tin extension). They can also be Carlson Grid files
(.grd extension) or can be generic LandXML surfaces made in other software packages. You
would click the LandXML icon to load these LandXML TIN files. However, the current LandXML
1.0 does not permit association of colors with triangles. Therefore, at loading, only one texture
can be applied to the surface. However, using the polyline icon, a closed perimeter can be
drawn and distinctly textured to distinguish surface land cover types. The new LandXML 2.0,
which is due to be produced in late 2015, will offer coloring of TIN triangles and will allow for
auto-texturing of surfaces similar to the loading of Carlson TIN files.

Surface Viewing Controls: Once surfaces are loaded, they position themselves by default in the
center of the screen as shown below:

b BTN e

& x|

4 Scenario 1
4 US5EMergeSPondl.tin
4 [ Storm Events (1)
Storm Event 1 (Active)

I Property Explorer Y/ Textures \

Property Explorer [
I Properties \f_' Display N\
Property Value I
|4 5torm Event Properties
Hydro Method SCS
Curve Number/Coeff 65000
5C5 Storm Type TYPET48-HOUR =
Rairfall Amount 5.000" 1
Rainfall Duration 24,000 hrs
Return Period 25 Year
Cutoff Area 0115 Acre L
Mazx Pond te Merge 37.037 yard®
Min Pond Depth 0.500"

|4 General Properties

5
o >
7 L

The Background Color is user-defined, under Tools pulldown, Settings, System Tab:
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Video Options
Video Driver: [Dlect)t 9.0 7 ] Refresh Rate: [313 Hz ~ ]
Z Far: 7976.56 Background Colar: [ . ]
Show Moving Water Show Multitexctured Surface
Show Water Reflections Show Rip Rap Textures

The first thing to do is to hold the left button of the mouse down and do a forward motion of
the mouse which pulls the site closer to the horizon and brings the sky into view.

Then roll the mouse wheel forward to zoom in. Hold the mouse wheel down to pan in any
direction. Holding the left mouse button down, move the mouse left and right to “spin” the
site in the desired direction. Double click the left mouse button to zoom in at your clicked
location. Use Ctrl Double click of the left mouse button to zoom out. Double click on the
surface file in the Scene Explorer to zoom extents, restoring the original 3D View.

Contours: If you click on and select the loaded surface, you can scroll down through the
Property Explorer and turn on Contours. Contours will plot at any set interval, with index
contours automatically shown at 5 times the chosen interval. The contours just add to the
program visually, but are not exported.

13



Property Explorer

Properties Display

Property Value
Length 1,787.044'
Width 2,802.801"
Min Z 594.000"
Max Z 926.000'
Triangles 10682
Points 35578

Show Contours True

Contour Step 2,000
Texture Size 15.000
Show Colors [T False
Apply Textures True
Metric False

Place Culvert

File Edit View Tools Commands Utilities Help

The Place Culvert command requires that a surface be loaded first. Typically, you would
compute the subwatersheds and peak flows in each subwatershed using the Calculate Storm
Event icon, prior to placing culverts. This Calculate Storm Event icon appears below. In the
Scene Explorer, you must highlight the Active Storm Event (and set the desired storm
parameters), at which point you obtain the Calculate Storm Event icon shown below.

Rainfall Amount 5.000"
Rainfall Duraticn 24,000 hrs
Return Period 25 Year
Cutoff Area 0115 Acre
Max Pond to Merge 37.037 yard®
Min Pond Depth 0.500'

ulate Storm Event

After a short computation (longer if the terrain model is very large), all areas of ponding as well
as major stream courses are displayed graphically, and culverts can be placed with the purpose
of draining and dewatering these ponds. Little vertical yellow “sticks” indicate low points, and
when placing culverts, the upstream inlet position will automatically “snap” to these low points
when the cursor is moved close to them.

If no storm event has been calculated, a default discharge (in English units) of 10 cfs (cubic feet
per second) is assumed. This value can be changed during the act of placing a culvert by
clicking the inlet position of the culvert, then moving the cursor left to the Property Explorer
that appears for the culvert, where you can real-time adjust the flow to a different number.

14



Property Explorer i B x
Properties Display

Property Value i
Ke Value 0.050
i Calculated Pipe Properties
Calculation Maode CalcPipeSize r
Calculation Control Optimum i
Calc Control Result Outlet Graduall...
NG #t / sec [2]
. Maximum Headwater Elevy | 857,122
Design Headwater Elev 857.122'
Narinn Hoadustar Nanth 2 nnne 2
4| ] &

So if you know the flow of the water to be drained, you can bypass the Calculate Storm Event
procedure and place the culvert by directly entering the desired flow to discharge.If the
Calculation Mode is set to CalcPipeSzie, then once a pipe has been placed, you can change the
discharge or allowable design headwater depth and the pipe will automatically re-size.

Property E)q:lore_:r V Textures \

Property Explorer
Properties Display

Property Value
25,000t/ sec

. Maximum Headwater Elev 858122
Design Headwater Elev 858122

Design Headwater Depth 3.000°
Headwater Depth Result 2.950'
Tailwater Elevation 0.000
Tailwater Stream Width 1.000°
Pipe Diameter 24.000"

P T | Y nase

' n

The Calculation Mode can also be set to Calculate Headwater and Calculate Discharge. In the
Calculate Headwater mode, the culvert pipe diameter and discharge values can be changed,
and a new headwater elevation is calculated. Similarly, in Calculate Discharge mode, the pipe
diameter and headwater can be changed resulting in a new discharge calculation.

In Place Culvert, the pipe always will rest on the ground. During the placement process, if the
pipe is running uphill, it will appear yellow, both in the 3D view and in the Property Explorer
next to Pipe slope:

15



@ Pipe Properties
Invert In 855.459"
Invert Out 861.282'

Pipe Slope 7.149%

Pipe Length 81.668"

@ Culvert Pipe Properties
Pipe Style Round
Number of Barrels il
Barrel Paddina 0.500

'y n | »

This changes to green (good), when the pipe slope is downhill (negative). The pipe takes on its
normal gray coloring when drawn downhill. It is orange if design parameters are exceeded.

M Pipe Properties =
Invert In 856.070" .
Invert Out 843,205
I Pipe Slope -9.004%

Pipe Length 143472

i Culvert Pipe Properties
Pipe Style Round
Murnber of Barrels 1

Pipes can be “locked” so no design process changes them. The lock icon is an action icon that
locks the pipe when clicked. This icon appears gray during the design process, when it is not
accessible. Once placed, the invert elevations of the pipe inlet and outlet can be adjusted.

Placing Culverts to Drain Ponds: Most culvert design is done after a storm event has been
calculated and peak flows are computed by the program, rather than hand-entered as above.
Following “Calculate Storm Event”, ponding occurs in all low areas, and culverts can then be
sized to drain the ponds at the accepted inlet headwater. Shown below are 2 ponding areas in
a 2” rainfall event, as calculated by the SCS method (CN=65):

SYdm:rEth:d Coeff GSSC;OO Avg Land Slope 19.004%
e Numbef/Co : 3 Time Of Concentration 13155 min
SCS Storm Type TYPETD 24-HOUR . el P
Rainfall Amount 2.000" eak § owt L SeC
Rainfall Duration 24.000 hrs . Maximum Headwater | 817120
Return Period 25 Year Maximum VYolume 484,881 yard®
Cutoff Area 0115 Acre inFlow 0.000 ft / sec
Max Pond to Merge  37.037 yard® Sink Water Elev 807.000
Min Pond Depth 0.500' x
>
v
o il TS yard

The above pond calculation is obtained by clicking on a Storm Event (or right-clicking to Add a
Storm Event while highlighting and existing Storm Event) and changing the rainfall to 2” as
shown. Then click the Calculate Storm Event icon highlighted above in the lower left. Note
that the Max Depth of water in the middle pond (obtained by hovering mouse over that pond)

16



is 7.28’. When a culvert pipe is placed to drain the upper embankment, the pond to the right,
the water will drain to the middle pond and increase its depth, as shown below:

[ Properfies \/ Display |
Property Value
4Pipe Properties
InvertIn 855.004"
Invert Out 842,000
I Pipe siope -9.270%
Pipe Length 140.894"
4 Culvert Pipe Properties
Pipe Style Round
Number of Barrels I
Barrel Padding 0.500 bt |-
i v

Maximum depth of the middle pond is now 8.173’, the pond having risen nearly 1 foot after
receiving the water from the upper pond above the embankment dam. The upper pond has
been drained effectively. Note also that the pipe slope, length and invert elevation is displayed
at left, following placement of the pipe. The magenta perimeters indicate the maximum
storage capacity of each pond up to the lowest point of overflow, and helps advise on impacts
from flooding.

Avg Runoff Coeff. 65.000
Area 9.881 Acres
W Fiow Length 1,236,241

Avg Land Slope

TR

Time Of Concentration
. Peak Flow

B tssimum Headwater
Maximum Velume

inFlow

Sink Water Elev
{4 Pond 8
Elevation 815173
Max Depth 8173

Volume 246.592 yard®

In a close-up view of the ponding effects, you can see that Pond 2 has risen, but not yet to the
elevation of Pond 3, which is a higher “perched” pond to its left. At the overflow point
indicated by the upward arrow, Pond 3 first drains to Pond 2 until water rises to a common
level, at which point it fills and overflows at the point indicated by the left-arrow above.
Precision 3D Culverts, by precisely modeling water flow on the surface provided, will reveal
pond and stream behavior graphically based on any number of specified storm event and pipe
design scenarios.

Pipe culverts can be rectangular and circular. Circular culverts can be drawn as concrete
material or as corrugated metal pipes. In addition to single pipes of a certain size, multiple
barrels of pipes can be designed, in which case the pipe dimensions are reduced as appropriate
to handle the design flows. The pipe inlet and outlet can be gripped and moved to new
locations at any time.

17



The Place Culvert command is described more fully in Chapter IV, Culvert and Headwall
Placement.

Insert Headwall

File Edit View Tools Commands Utilities Help

i—

. rt Headwall |

MTTTTTTTTTTT

After a pipe culvert has been placed, the Insert Headwall command can be used to apply a
headwall to both ends of the culvert pipe. Rules are available to push the headwall into the hill,
which reduces the pipe length and cuts out earthwork around the headwall. Then when the
pipe is gripped and moved, the original surface model is restored and the process can be
repeated at a new invert location.

Shown above is a headwall placed on a pipe, prior to selecting the option to “Auto-Design” the
headwall into the hill according to grading rules. Headwalls cans be selected from an extensive
headwall library. Once headwalls are placed they appear in the tree. Select the outlet
headwall as shown, and then use the icon below to grade the headwall into the hill:

Design Headwall }

Here is another headwall shown after the Auto-Design is selected. It pushes into the hill leaving
the user-defined “freeboard” from the top of the headwall against the hill down to the earth.
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Insert Headwall mimics the real-world by reducing pipe lengths to what would be installed
whenever headwalls are involved. With headwalls in place, culvert commands such as 2 barrels
(versus the default 1 barrel) can be used and the appropriate pipe re-sizing and solid modeling
will occur, as shown below:

Auto Create Culvert

File Edit View Tools Commands Utilities Help

. % B teate Culvert @g (‘k m&

The Auto Create Culvert icon is in effect a combination of the Place Culvert icon and the Place
Headwall icon. It accomplishes both processes in one step. You get a pipe and headwalls.
Immediately after placing the pipe, you are prompted for your headwall selection.

Shown below is the result of Auto Create Culvert using an elongated style of headwall.
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4 Scenario 1
4 UU568Merge5Pondl.tin
4 | Storm Events (1)
Storm Event 1 (Active)
4 CulvertPipel
Inlet_ NCDOT310.03.0bj
Outlet NCDOT310.03.0bj

Property Explorer \f Textures |

Property Explorer

“Properties \/ Display

Property Value

|4 Pipe Properties
InvertIn 855,544
Invert Out 842.000'
B rpipe Slope -0.346%
Pipe Length 145553

4 Culvert Pipe Properties
Pipe Style Round
MNumber of Barrels 1
Barrel Paddina 0.500

< |

L

If you grip on the cyan square for the selected Culvert Pipe, you can move the culvert pipe to a
new position. In its final position, if you highlight the Outlet headwall object in the tree, you
can click on the “Auto Design Headwall” icon and push the headwall into the hill to the desired
minimum freeboard, reducing the pipe length and duplicating field installation conditions.
Note how the pipe length reduces from 145.553" above to 120.319’ below.

4 CulvertPipel
Inlet_MCDOT310.03.0bj
Outlet_NCDOT310.03.0bj

Property Explorer \f Textures \_

Property Explorer
Properties Display
Property Value

| Headwall Properties
lCuI*.f&rt Pipe Length 120319 I

Culvert Pipe Slope

-49.346%

l4 Headwall Grading Properties

Show Grading Polyline [ False
Freeboard (Inches) 6,000
Invert Elev Grade Offset  -1.000
Front Grading Distance 0316
Front Grading Width 3.505'
Side Grading Width 5,000

Turn “Show Gradi

ng Polyline” to “False” to hide white grading lines.




Load LandXML

Ltilities

File Edit Commands

Feoon

The Load LandXML command can be used for 2 main purposes:
(1) To bring in surface LandXML files in the form of TIN files allowing specific selection of
the TIN file component to use, if multiple surfaces exist in the LandXML file.
(2) To bring in existing storm and sanitary sewer systems that have been stored in LandXML
format, in order to test for collisions.

View Tools Help

>

&E'nGRT

= Ly =
WL Loncxii

The opening dialog appears below, and in this case, an existing sanitary sewer system in
LandXML format is selected:

Scene Explorer

4 Scenario 1
4 1Js68MergedPondl.tin

Loading a LandXML File
Select the LandXML file to import.

4 [ Storm Events (1) To cancel press ESC
Storm Event 1 (Actwe} e o e . S A
4 CulvertPipel
Inlet_NCDOT310.03.0bj —
Outlet NCDOT310.03.0bj (I [11 » Computer » LocalDisk (C) » USES » = | 44| Search Us 62 o
Organize v MNew folder =« 0 .@.
Property Explorer \/ Textures \ ¢ Favorites * Name Date modified Type -
Property Explorer = 52 Ml Desktop = USBEMerged_p3d_export.xml 12/16/2014 2227 PM XML Documy
Properties \/ Display \ & Downloads ] USEBMERGE4Pond_p3d_export xml 12/11/2014 232 PM XML Documy
Emperty ol £ il RecentPlaces || =] US68Mergel_p3d_exportxml 10/9/20146:30 AM XML Docum| _
“Headwall Properties =] EXISTING SEWER (Fixed).XML 10/1/20147:23AM XML Docurn|
i 203 = — - |
C_L':'E'1 Efpe Lrngth e i 7 Libraries =] US68Merge2_p3d_exportxml 9/30/2014 5:23PM XML Docum|
Culvert Pipe Slop -
een e .CrE . 5| Documents =] US68Merge3_p3d_export.xml 9/30/20141:11 PM XML Documy
4 Headwall Grading Properties — J' i L. ‘T‘ o ~ N
Show Grading Polyline [T False @' Music =] TEST.XML 9/29/2014 4:47 PM XML Docurmi_
Freeboard (Inches) 5.000 =] Pictures 2] USE8ctr_p3d_exportxml 9/23/20141:01 PM XML Documi
Invert Elev Grade Offset  -1.000 & Videos =] EXISTING SEWER.XML 9/23/201410:29 AM XML Docurmi
Front Grading Distance  0.316° 12| US6EMerge_p3d_exportxml 9/19,/2014 5:4_2 PM XML Docurmi ™
Front Grading Width 3.505' M Comnuter | el 0 G
| Side Grading Width 5.000° = File name: EXISTING SEWER (Fixed).XML - [AII Supported Files (*xml) v]
'g ! _“IWI [ Open |v] ’ Cancel ]

Transparency and Viewing Collisions: The plot of this system is shown below, as it interferes
with a newly designed pipe. You can view the pipes through the surface by setting
Transparency “True” and something like 0.75. To do this, click into the surface in the tree in the
upper left, choose the Display tab and locate these transparency options. Restore to
Transparency “False” when done. Note that the Culvert 3 design pipe appears in red because a
decision has been detected with the imported LandXML sanitary sewers.
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| Scene Explorer

4 CulvertPipel
Inlet_NCDOT310.03.0bj
Outlet NCDOT310.03.0bj
CulvertPipe2
CulvertPipe3
4 Pipe Networks
4 Storm Networks
4 [ EXISTING SEWER. (5)
MHL
MH2

(" Property Explorer \/ Textures \

Property Explorer
 Properties \/ Display \
Property Value
(4 Display
Visibili True
Transparent True
Transparency Amount 0750
Backface Culling [¥] True
4 Texture
Resolution 15000
Wrapl texture_clamp_repeat
WrapV texture_clamp_repeat

If a LandXML file is loaded that contains 2 or more surface, you obtain all the files in the tree,
and can delete immediately the surfaces you don’t want to use, isolating to the target surface.

Scene Explorer B X

4 |JS6EMERGESPOMDL o
4 | Storm Events (1)
Storm Event 1 (Active)
4 |JSEEMERGESPOMD
4 | Storm Events (1)
Storm Event 1 (Active)
g
4 | Storm Bvents (1)
Storm Event 1 (Active)

= L Alignments (1)

m

4

Items in the Scene Explorer tree can be deleted by selecting them and pressing the Delete key
or right clicking and selecting Delete.

Load 3D Model

File Edit View Tools Commands Utilities Help

S
ad 3D Model |

You can load 3D Models from the Precision 3D Library of objects, which includes a variety of
features such as trees, light poles, vehicles and other objects that add realism to the design.
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You begin by selecting objects from the available libraries. For example, if you choose the tree
category, the tree objects appear and you can scroll through them and select the one you
prefer:

13

Houses

Street Lights

Survey

Utiities 01 LIME 02 POPLAR

vehicles

| — S | S | S

[
[
[
[ trees
[
[
[

Wind Turbines

03 JUMIPER 04 FIR

These objects can then be placed on the surface at any picked location. Here are trees, light
poles and guardrail as well as a survey tripod as placed near the road above the ponds

4 Scenario 1
4 USE8Merge5Pondl.tin
4 | Storm Events (1)
4 Storm Event 1 (Active)
& [ SubBasins (15)
I L Ponds (18)
4 | Generic Objects (9]
poplar
poplar
poplar
Property Explorer '/ Textures \
Property Explorer

Properties Display

Property Value
 Display

Visibility True
i Visibility

Show Areas ] False

Show Matural Areas True

If you highlight Sub-basins, you can turn off (set False) “Show Areas”, and if you highlight Ponds,
you can turn off“Show Outlines” for a less cluttered graphic. Whenever objects are inserted,
they can be placed vertically or perpendicular to the surface.
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Culvert Pipe Report

File Edit View Teoocls Commands Utilities Help

F o 2% weals] A

Precision 3D Culverts will produce a PDF Report on any selected pipe culvert. First, select the
culvert to report by locating it in the Scene Explorer tree. Then click on PDF Report.

Scene Explorer
4 Scenario 1
4 UsbEMerge5Pondl tin
4 . Storm Events (1)
4 Storm Event 1 (Active)
= [ SubBasins (15)
> il Ponds (18)
CulvertPipel

Cu I\rertPiEeE
&

4 0 Generic Objects (3)

. il
G'\J | | « Data » Report Templates v | 42 [I| Search Report Templotes rl
Organize Mew folder = [l @

- Favoiitas o Mame ’ Date modified Type

¢, !

Bl Desktop 1 Culvert Pipe Report Form.pdf 3/9/2015 6:25 PM Adobe Acrobat
#i Downloads L KYDOT CulvertOutputForm.pdf 130/2015113PM  Adcbe Acrobat
= RecentPlaces |-

Select the desired report. The standard Culvert Pipe Report Form fills out 2 pages worth of data
for the selected pipe. The first page is shown below:
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Culvert Pipe Report

Culvert Fipe ID |(_‘u]~.rertPi ped |

Material |Cn]‘mgﬂtﬁj Mgi Shape |Ruund | }Ia.mﬁngs
Diameter [15.00" | Width (15,00 | Rise [15.00" |
Length |1I1465’ | Slope |_]';_;;'mrj.;) | Barrels
Inlet la16690.3125¢ |  Easting [1776661.87500 | Elev (78588 |
Northing
Inlet [38=3835.74" | Lon  |83462273" | Elev [2395¢4° |
Latitude
Outlet l416599.0625° |  Easting [1776599.12500 | Elev [766.28 |
Northing
Outlet [38=38'3485" | Lon  |83°462353" | Elev [2335¢ |
Latitude

Watershed Details

Sub Basin ID [subCatchment Basin 9 |

Flow Calculation |f-,(_t-, | Drainage Area |19_L}5 Acres |
Method

Curve Mumber/ |E| 5.0000 | Flow Length |1?44.2'F' |
Coefficient

Time of |1;'_u1],-5 min | Peak Flow |?_ﬂ41l] £t [ sec |
Concentration

Draw Polyline

File Edit View Teools Commands Utilities Help
e -.‘;-"
2 e i iy
- (PDF 15

The Draw Polyline icon is used for 2 primary purposes:
(1) To draw a closed perimeter inside which texturing can be applied
(2) To create a horizontal alignment for purposes of computing pipe skew angles

For example, if a certain area has a very distinct ground cover, this can be represented by a
specific texture. So you could first draw a polyline around the target perimeter and then place
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a texture inside. You do not need to remove textures that are there already. The latest texture

will simply override what occupies the perimeter of the new texture.

After Clicking Draw Polyline, use the right mouse button to pick each vertex of the new polyline

and press C on the keyboard to close to the beginning point. Then click the Texture tab in

Scene Explorer, choose your category and select your texture within the category. To indicate

rip-rap or stone in a steep drainage channel, you might click as shown:

4 |JS58Merge5Pondl tin
4 | Storm Events (1)
4 Storm Event 1 (Active)
* L SubBasins (15)
[> il Ponds (18)
CulvertPipel
CulvertPipe2
CulvertPipe3
4 | Polylines (1)
Polyline 1

Property Explorer )/ Textures
Textures

MName

4 |38 Ground

. Metal
= 4 Paving
b Sky

W Stone

G P

Then use a “drag and drop” motion to pull the texture over to the right and drop it inside the

perimeter. If the scale of the texture is too large, adjust by tapping the Polyline and highlighting
it, then going to the Display tab and increasing the resolution for a smaller scaled hatch pattern:

4 || Polylines (1)
Polyline 1
4 | Generic Objects (9)
poplar
I Property Explorer \f Textures
Property Explorer
\ Properties %/ Display '\

Property Value

4 Display
Visibility [¥] True
4 Texture
Resclution  45.000
Wrapl texture_clamp_repeat
WrapV texture_clamp_repeat
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The second major application of the Draw Polyline command is to create a horizontal alignment
that can be used to compute the skew angle of the selected pipe. First select the alignment and
then when producing the PDF Report, you will be asked to select the target pipe. The KY PDF
report, for example, has a place holder for skew angle:

Existing Bridge or Culver: | Drainage Area; 19.05 : A
Siza, Langth, Type & Matariaiz 115 147.81 Skaw! | 15
I — Re Aut/Ouver |
lntet Ev.: Outtar Eu.: | Siope: 1-7.827% Top/Grate Eu.:
Low Roaa Eun: 876.75 Low Baam Eu.: - MNar Opaning: --
Return Intarval (yaars) 2 | s 0 | 25 [ s0 [ 100 500
Discharga (cfs)
Headwater Erav. | | | |

Measure Distance

File Edit View Teoocls Commands Utilities Help
. P 5
S Ry e 7N
/ PDF H|

This is a very useful command for evaluating distance and slope between any two points. For
example, if we had an area of stone rip-rap in a steep drainage channel, we could measure that
area by picking the 2 endpoints to determine its length and slope. Press Esc to exit Measure.

Measuring Distance
NMext pick the second point to measure distance.
To edit the values, press the CTRL Key.
To cancel press ESC
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D. Pulldown Menus and Settings

File Pulldown Menu

File] Edit View Tools Commands Utilities Help

Open 5cene b o ks
Mg y i
Add Scenario ‘E w.- h e - A

MTTTTTTTTTT

Load Surface

Save to CAD ant 1 [Active)

Save Scene ibBasins (15]

nds (18)

Import »

Dipet eene L Wavefront (.obj)

Quit Stl {.stl)

Palyline 3D Printer

4 | Generic Objects 8]

Open Scene: A Scene is everything under the Scene Explorer, everything in the tree of

commands and objects shown below:

Scene Explorer =€
4 Scenario 1 R
4 US6EMergeSPondl tin ¥
4 | Storm Events (1)
-
I el SubBasins (15)
I W Ponds (18)
CulvertPipel
CulvertPipe?
CulvertPipe3 —
4 0 Polylines (2)
Polyline1
Polyline 2
4 | Generic Objects (9)
poplar ~

So when you Save Scene, you save all the information of the design including the surface, the
texturing and the design aspects. Open Scene recalls any previously saved Scene.

m

Add Scenario: The design process often involves many scenarios. You may take one pipe
design but apply different storm event scenarios to it. You may have two surfaces that you
wish to test in two different scenarios on the same storm event. You may want to simply
distinguish your design by time, referring back to a previous design effort as a distinct scenario.
The option Add Scenario allows you to set up a new scenario that can contain any number of
commands, design decisions, textures and objects.

Load Surface: This command in the File pulldown is identical to the Load Surface command

which is the first icon at the top of the screen, described in detail earlier and in Chapter Il. It
allows you to select a Carlson TIN, a Carlson Grid file or a LandXML file containing a surface.

The surface is then placed in 3D view in the graphic window of Precision 3D.
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Save to CAD: This takes a current snapshot of the design work and created a LandXML file that
can be loaded in any CAD program, such as Intellicad 8.0, Autocad ® and Civil 3D ® and
Microstation ®. These programs have LandXML import commands that will detect the design
features in the LandXML, as shown below in the Carlson LandXML import command using
Intellicad 8.0 as the CAD platform:

=-[w] Surfaces

- [P USEEMERGESPONDT.TIM
=[] PipeMetwarks

..[¥] CULVERTPIFET_NETWORK

You then select which elements of the LandXML you wish to import. The pipes and headwalls
will draw as solids within Carlson and the surfaces will draw as a triangular mesh.

Save Scene: This command saves all aspects of the Scene as recorded in the Scene Explorer.
Scenes including the design surface, pipe designs, watershed data and special 3D objects can
then be shared and loaded by others.

Import: This command will bring in Wavefront objects and Sketchup “.skp” files and plot these
objects directly to the screen. You simply search for the appropriate file. In this case, we are
are selecting a fire hydrant “sketchup” formatted “.skp” file:

= [

O@-| M » Computer » Local Disk (C} » USE8 » « [ %3 |[ Search Us 62 )
Organize - Mew folder =« [ @
4 Downloads * MName Date modified Type
“Zl Recent Places =
| || hydrant?.skp 4/29/2014 9:17 AM  SKP File
o || 953D.5kp 4/21/2014 10:55 AM  SKP File
. Libraries ) )
= 1. hydrant2 310/201510:48 AM  File folder

Then you pick a point on the surface to place the object.
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Export Scene: There are 3 Export options: Wavefront (.obj), Stl and 3D Printer. The entire
scene can be saved as a “.obj” surface. Many programs read “.obj” files, including Solid Works
and Autodesk 3D Studio.

3D Printing: The Stl export and 3D Printer export are both provided to enable 3D Printing.

sl bl

i=0olafof--[HaH[S

P3D provides 3D printing preparation and export to .STL files for the surfaces and objects in the
current scenario. The export feature will create a series of cubes based on the number of rows
and columns entered in the export dialog. To create the 3D print ready files, select the menu
option File->Export Scene->3D Printer.A dialog prompt specifies the output file directory to
create or use and the base file name for the STL files. The number of rows is the number of
vertical divisions and the columns specify the number of horizontal divisions.

Select Folder Filename for 3D Printer Export

Folder D: /Carlsan Projects US68Merge_print E]

File Mame |5638Merges

RowGrid 2 |5 ColumnGrid 2 |5

[ K H Cancel ]

A 2x2 grid will produce a total of 4 STL files each representing a single cube. The files will be
exported to the specified directory using the base file name entered plus it’s cube or cell
number. In this example will produce the following output files:
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b Corputer » LecalDiek (D) » Covhion Projects » USEBMsge_print

Ceganige = B opm = Bum Fira Ioide -
¢ Frooties — -
B Desiicp =% USBaNbeiget.anl 3845 KB QOB AWM VTweane File A
& Rmcent Places T Usbhegedl sl iE 1 1 v Tvaane Fie
53 Deppbes 6 LS Msagetid agl
B Devierdcesh T Uit s

Here are the 4 scene files re-assembled in Blender:

Here is an example of the lower left cell in the 3D printer software, ready to print:

B

Setting | About

(|

Import  Export Save Print
[ /

i

@ Filename USBEMerges0 s

View File Format st

. Volume 1320968 om*
Mova
Dimension X v z
Rolale size 130,88 mm 86.19 mm 2330 mm
FE [Extruger 1 (Right) -
Scale

F
H
3

(=
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The smaller 3D Printers can be purchased for as little as $1000 or less, and larger 3D Printers
are available at higher cost. They can be very useful in making scale models of proposed
designs, and with multi-colored cartridges, they can produce color-coded models as shown
below:

Edit Pulldown Menu

The Edit Pulldown Menu has just 2 options, Undo and Redo.

Precision 30 Culverts

File [Edit| View Tools Cof
: Unde  Ctrl+Z
Redo Ctrl+Y

The Undo command undoes your last action and will keep going stepwise undoing previous
actions. The Redo command will restore your last action only.
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View Pulldown Menu

[

File Edit | Wiew | Tools Commands  Utilities)

¥ | Scene Explorer
v Property Explorer ] wl
¥ Texture Explorer
Scene ore
= v Light Control
4 Scenaric
4 Exg5) ¥ Output
4 | v ToolTip

The View Pulldown Menu allows you to turn off and on any aspect of the screen “zones” that
you don’t consider necessary for your work environment. In case you move an area off the
screen and lose track of it, the View Pulldown Menu also allows you to restore it. The Off-On
controls are intelligent in that the program remembers the last position of the screen element
in question. If you have Light Control and Tool Tips tabbed together in the same column as
shown below, turning off Light Control leads to only Tool Tips on the right side, for example.
This is a useful option, since Tools has the option to review Light Control in a separate
command, making the instant access Light Control less critical.

|~ e ot == |

File Edit View Tools Commands Utilities Help

Foebrwiwii A

T

Light Contral \/ Tool Tip \

Light Control -

Scene Explorer g X
4 Scenario 1
4 EXISTING & Design combined.tin
4 [ Storm Events (1)
Storm Event 1 (Active)

Light Position

Property Explorer \/ Textures \

Textures 8

] » |Ix

Name
4 | Concrete
4 | Grass
4 | Ground

[

5L Metal
4 || Paving

e ]

BN K

|
y

T
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File Edit View Tools Commands Utilities Help

B2 wia il A

Jscene Explorer

B X

4 Scenario 1

4 EXISTIMG & Design combined tin
4 [ Storm Events (1)
4 Storm Event 1 (Active)
I [ SubBasins (51)
&> [ Ponds {91)

Property Explorer Y/ Textures \

Property Explorer 8 x
Properties \/ Display \
Property Value =
b Storm Event Properties
Hydro Method 5CS L
Curve Number/Coeff 65,000 [
SCS Storm Type TYPE148-HOUR
Rainfall Amount 12700 cm
Rainfall Duration 24.000 hrs
Return Period 25 Vear

Tools Pulldown Menu

Tool Tip a
Property Value

Morthing 5,604,940,000 m
Easting 699,384.062 m
Elevation 23773 m
Name EXISTING & Desig|
Lat 89°59'60.00"
Lon -98750'60.00"
Elev 734162

| 5ubCatchment Basin 11
Avg Runeff Coeff, 65.000
Area 624900 Acres
I Flow Length 2833022 m
Avg Land Slope 0801%
Time Of Concentration 321.803 min
I PeskFlow 1972 mé/ sec
B Maimum Headwater | 224.148 m
Maximum Velume 300961 m*
inFlow 0.000 m?/ sec
Sink Water Elev 223573 m

{4 Pond 29
M clevation 224148 m

The Tools Menu has 2 options: Light Settings and Settings. Light Settings has an important
option to set Ambient Intensity. This should be set to a middle level, typically, to obatin
sufficient contrast. A high light intensity is recommended. Placing the light near the edge of
the sky circle (near the horizon) creates more shadows and also can improve viewing.

=

Light Intensity

T

Ambient Intensity

0

ok || cancel
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The embankment dam at left lacks visible edges at the top of the dam with 100% Ambient
Intensity, but with a lower Ambient Intensity as set above, the edges of the dam come back into
view.

The Settings option contains a multi-tab set of Settings. For correct Latitude and Longitude,
choose your correct projection. Projection Types include UTM zones.

| System | Units I Geometry | Projection | Texture Map |

Select Zone for Lat/Long Translation

Projection Type [US NAD 83

Zone  KENTUCKY MORTH]|

The main “System” settings are shown below:

System | Units | Geometry | Projection Texture Map

Application Options

Language: lUSEninsh.qm

Project Path: C:fUs 68
Data Path: C:/ProgramData /Carlson Software /Predsion3DCulverts /data

Model Path: C:/ProgramData,/Carlson Software /Precision 3DCulverts/Data/models

Show Maving Water
[] Show wWater Reflections
[] show Shadows

Rational Rainfall Library File:  C:/ProgramData/Carlson SoftwarePredsion 3DCulverts DataRainfallLibrary /default.rn

SCS Rainfall Library File: fProgramData/Carlson Software Predsion3DCulverts fdata/RainfallLibrary /ScsRainLib. dta E

(30 Hz - |

Show Multitextured Surface

Show Rip Rap Textures
Show Runoff Tracking Values

Pipe Size Library File: ZifProgramData/Carlson Software/Precision3DCulverts/Data/Rainfalllibrary fpipesize.dta
Culvert Inlet Library File: C:fUs 6&8/settings dtinlet.dta

Video Options

Video Driver: [DpenGL - ] Refresh Rate:

Z Far: 10000 Background Color:
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[ show Irrlicht Attributes
[ show Hidden Modes in Explarer

[ Ok H Cancel ]

You can choose among several languages. The defaults for Project Path, Data Path and Model
Path can be set. Libraries for both SCS Rainfall and Rational Method Rainfall can be set and
edited. These libraries can be borrowed from the Carlson Hydrology Module. Pipe Size and
Culvert Inlet Libraries can be specified and adapted to local markets. All libraries are ASCII files
and open to editing.

The Video Driver is an important option. Some computer screens will appear brigther with
OpenGL and others with the DirectX 9.0 option. These options will also handle line highlighting
differently. For example, when watersheds have been drawn using the Calculate Storm Event
icon (appears when a Storm Event is highlighted), moving the cursor across watersheds will
highlight each one when you move inside the watershed, and the highlighting will have
different brightness with different Video Driver options depending on computer type.

You can also experiment with Refresh Rates, although a medium setting such as 30 Hz is
recommended:
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5Hz -

10 Hz
20 Hz
40 Hz
50 Hz
&0 Hz
J0Hz
80 Hz
90 Hz o

The Z Far setting of 10000 is recommended. The background color is the color below the sky
and below the surface itself. The following zone of settings can have a far-ranging effect on
speed and viewability and should be selected carefully:

Shaow Moving Water Show Multitextured Surface
[] sShow Water Reflections Show Rip Rap Textures
[] Show Shadows Show Runoff Tracking Values

Showing Moving Water is a “safe” setting having little effect on speed, but adding a lot to the
impression of the water. Water will “flow” and move in ponds and in streams, particularly
when you zoom in close. This setting does not tap resources.

If you turn on “Show Water Reflections”, this will begin to draw upon resources. Ponds will
reflect the sky above. The most demanding on resources is Show Shadows, which also has 3
control settings beneath it. With this option on, the graphics may not react to mouse
movement as quickly, but surface objects will project shadows and if set to DirectX, ponds will
display transparency allowing viewing of the surface beneath the water. (Show Moving Water is
on).
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If Show Multi-Textured Surfaces is turned off, the site reverts to a single default texture:

The “Show Rip-Rap Texture” option will automatically place rip-rap at the outlets to headwalls,
with dimensions defined in the headwall placement. “Show Runoff Tracking Values” will
present flow rates and flow volumes along streams below pipe culverts at the bottom of the
screen (see below). Just mouse over the streams to see these values. Add these flow rates to
the peak flow from the culvert pipe calculation, and you have total flows that help you design
open channel dimensions and select channel lining.
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[ Pipe Siope -9.045%

Pipe Length 136488
@ Culvert Pipe Properties

Pipe Style Round

Mumber of Barrels 1

Output
Dane

Load an Object From a File
Pick Upstream Location
Pick Downstream Location
Fipe Created

Northing: $16989.772", Easting: 1776152.035', Elev: 819.862", Peak Flow Rate: 0,418 ft’ / sec, Runoff Volume: 0.146 acre-ft [US68MergeSPondl tin]

The Polyline Thickness settings at the bottom of the Settings dialog control the thickness of
polylines for better viewability. Show Irrlicht Attributes brings up 2 additional tabs in Property
Explorer: Attributes and Materials. These control aspects of the 3D View. For example,
Materials has an option to show “Wireframe”. With turned on, the wire mesh of the 3D View
becomes visible. Showing hidden nodes in the Scene Explorer would add more information

than necessary and is default off.

The Units tab within Settings offers the flexibility to switch between English and Metric in terms
of the Units shown in the Property Explorer and Tooltips dialogs. You can mix units. For
example, you can have metric distances but size pipes in English (as may occur in metric
countries where they purchase U.S.-produced pipes with diameters in inches). The full list of

Units is shown below:

System Units | Geometry Projection I Texture Map

Property
Angular Unit
Linear Unit
Diarneter Linear Unit
Rain Depth Unit
Mass Unit
Tirme Unit
Time of Cencentration Unit
Rainfall Duration Unit
Slope Unit
Area Unit
Yelurme Unit
Currency Unit
Pressure Unit
Temperature Unit
Flow Unit
Flow Velocrty Unit

Value

Degrees

US Feet

Inches

Inch

Pounds
Minutes
Minutes

Hours
Percentage
Acre

Acre Foot
Dollar

mimHg
Fahrenheit
Cubic Feet Per Second
Feet Per Second
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The Geometry tab of the Application Settings is shown here:

L (2 ]l
System | Unitz Geometry Projection Texture Map |
Property Value
Drape 2D Polylines on Surface by Default True
Default 2D Polyline Height Above Surface 5.00

It has just a few options governing display of 2D Polylines for things like watershed boundaries.

The Projection tab was discussed earlier. The Texture Map tab offers many controls for viewing
textures:

= (2 el

| System | Units | Geometry Prajection Texture Map

Default Color to Texture Mapping

[0, 0,0, 255]
= [0, 0, 255, 255] Texture File: ‘turesfGround/Sand_2.png ‘_—J

[0, 255, 0, 255] Texture Resolution: 15

[0, 255, 255, 255]
B 255, 0,0, 255
B 1255, 0, 255, 255)

The default Texture File for each selected color is set at right. The Texture Resolution may need
to be adjusted for any selected default texture, to create the best appearance in the 3D view.
The Default Color to Texture Mapping column at left allows you to add more colors and
associated textures, in case the TIN files being loaded have a greater variety of color than
shown.

At the bottom of the Texture Map screen is a + and — button to add more color mapping or to

remove colors that are mapped. Sometimes, due to TIN editing in CAD or other functions, you
may lose the colors of a certain area on the textured surface or have unwanted colors:
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Just right click over the area in question and select Change Texture:

Delete ...
Change Texture

‘ Load Surface

A similar texture is Ground type, “Just Add Bison” (odd sounding texture). This will blend in this
area more closely with the surrounding texture:

You can right click over any particular mapped texture on the site to see its current texture
setting and scale.
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Commands Pulldown Menu

This menu allows for selecting of commands also found in the icons.

Commands | Utilities Help
i Load Surface
& Create Pipe
£ Insert Headwall
Auto Create Culvert
W |oad LandXML
i Load 30 Model
o Culvert Pipe Report

Draw Polyline

Utilities Pulldown Menu

This menu currently offers the Measure Utility, with operation identical to the icon “Measure”.

Help Pulldown Menu

This menu offers Help, which shows the product name and build date. The initial Release 1.1
has a build date of March 9, 2015.

The Registration option within Help shows your serial number and status (registered or demo).
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Il. Loading DTMs, LandXML Surfaces and Scenes (entire P3D
Projects)

As previously mentioned, Precision 3D Culverts allows you to use three types of Digital Terrain
Models: Carlson TIN files (.tin), Carlson Grid files (.grd), and LandXML files (.xml). These surfaces
can be imported to Precision 3D using the Load Surface Icon, or by Right Clicking and selecting
Load Surface. You will see a dialog box which allows you browse for the surface file. It is
important to note that surfaces are expected to be in English coordinates with units of feet.
Therefore, it is import to select the Surface in Meters checkbox if your surface uses metric
coordinates.

When a surface is imported, it will be brought into the active Scenario. If you would like to
import multiple surfaces, it is recommended that you use different Scenarios for each surface.
To create a new Scenario, click the File Pulldown Menu > Add Scenario. You can then double
click the Scenario to make it active. You can change the way a surface appears by using the
Property Explorer. For detailed information, see Section | Part C of this document.

A. Loading Carlson DTM Surfaces with Texturing (TIN and LandXML)

TIN’s, Grid files, and LandXML files can all be used for watershed analysis and culvert design,
but TIN files have added support for automatic texturing. Current LandXML files (version 1.0) do
not support this automatic texturing feature, but LandXML 2.0 (expected to release in late
2015) will support this feature.

A 3D view of a Carlson TIN file is shown below (viewed in Carlson Civil 2015). Notice how the
colored triangles mark out specific areas of the surface. This surface was generated using
Carlson Road Network, which can be set to automatically generate colored TIN files according
to user settings.

Default
Road
Shoulder
Cut

Fill
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TIN files can also be colored manually using Triangulation File Utilities within Carlson Civil 2015.
To color a TIN file, you must first draw a closed polyline around the area to be colored. You can
then use Triangulation File Utilities (Found under Carlson Civil 2015 Module > Surface Pulldown
Menu > Triangulation File Utilities) to load the TIN surface and select the inclusion line to mark
the area to be colored. In the below picture, the surface has been loaded into Triangulation File
Utilities and the bounding polyline has been selected. Notice how the triangles within the
bounding polyline are highlighted in green, indicating that only these triangles will be affected
by the next action. The ‘Set Color’ button can then be used to assign a color to the highlighted
triangles. The surface can then be saved to a new TIN file (be sure to select all three checkboxes
under “Output Options” to ensure you save the entire surface to the new file).

| AddVaue || SubtractValue |
| MutiplyValue ||  Divide Value |
| ATN || SubtmatTIN |
== [ Min TIN [ waTn |
| MegeTIN || EnhanceFats |
; | Tensiate || Rotate ]
[ Scale | [ Offset ]
| Subdvide || Simplify ]
TIN Statistics I Set Color I
| SetNewBev || SetNULLs ToBev |
| SetBlevtoNULL || Set Blev By Suface |
Output Options
Insides Border Outsides
| SaveAsTIN || SavensDXF |
@ aBn=E |2 e

Notice that after the manual edit, the triangles included in the bounding polyline have been set
to an orange color, whereas they were previously green.
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Default
Road
Shoulder
Cut

Fill

Manual Edit

With the TIN File edited, it can be brought into Precision 3D and textures can be applied to each
of the various TIN colors. The Tolls Pulldown Menu > Settings > Texture Map tab will bring up
the dialog shown below. Here we have added the new orange color to match that of the
manual edit shown above. Notice that colors are input in Red-Green-Blue (RGB) format, which
is named when selecting the triangle color in CAD. With the color set, an image can be applied
to the color by clicking the ellipse next to Texture File. This will allow you to select a texture
image from the included library, or you may select your own.

| system | Units | Geometry | Projection | TextureMap |

Default Color to Texture Mapping

[0, 0,0, 255]
= [0, 0, 255, 255] Texture File: ‘tures/Ground/Sand_2.png
. [0, 255, 0, 255] Texture Resolution: 15
[ [0, 255, 255, 255]
B 255, 0,0, 255]

B (255, 0, 255, 2551
I (255,127, 0, 255]

[ (=]

Once the color has been added and a texture has been ‘mapped’ to that color, the change will
be reflected in the Graphics Window, as shown below. If you would like to texture a scene
without making manual edits to the TIN file, you can use closed polylines to mark out areas for
texturing. This is discussed in the following section.
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B. Polylines and Applications for Texturing and Station/Skew Angle

Polylines can be added to the scenario for 3D object animation, texturing areas,
station and angle referencing for culverts, and simply marking out areas of
interest. Clicking the icon shown to the right will start the command. Simply pick
the points for the line to follow and press ‘Enter’ to end the command.
Alternatively, you can right-click to pick the final point on the line, or press ‘C’ to
close the polyline.

Once drawn, a new group will be created in the Scene Explorer, which lists all polylines that
have been drawn using this command. You can edit the name of the polyline to make
identification easier by right-clicking on the polyline name. The polyline color can also be edited
by clicking the button to the right of “Line Color” in the Property Explorer. Polylines can be
turned on and off by toggling the “Visibility” option under the Display tab in the Property
Explorer.
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Scene Explorer

4 Scenario 1
4 s68Mergetin
I+ L Storm Events (1)
4 [ Polylines (1)
Reoad Centerline

“Praperty Explorer \/ Textures \
Property Explorer

" Properties "/ Display \

Property Value

W Surface Line Properties

Draping Surface USsEMerge.tin
Draping Mode Default

2D elevation mode | Default

2D elevation 931.000

“ Line Properties

Mo, 20,21 @259)

Red 200
Green 20
Blue 3
Alpha 255

@ General Properties
Easting 1,775,938.125'
Merthing 416,929,594
Elevation 0.000"

Polylines can be drawn in the horizontal plane at a fixed elevation or they can be draped onto
the surface. By default, polylines are draped onto the active surface, but can be reassigned to
drape to another surface in the Property Explorer. You can also edit the polyline to be drawn at
a fixed elevation. The default elevation can be edited by clicking Tools Pulldown Menu >
Settings > Geometry Tab, and is shown in the below picture. In this menu the “Height Above
Surface” refers to the highest point on the surface. For example, using the default value of 5.00
would draw a 2D polyline 5.00 feet/meters above the highest point on the surface.

| System | Units | Geometry | Projection | Texture Map |

Property Walue
Drape 20 Polylines on Surface by Default True
Default 20 Polyline Height Above Surface 5.00

Closed polylines can be used to texture specific areas. In the below picture, the closed polyline
has been drawn around the outflow of the pipe to mark the new stream area. This area can be
textured to show that it will be different from the original ground. To change the texture, click
on the Texture Tab next to the Property Explorer, select a texture, and drag-and-drop it into the
closed polyline area. The texture can also be changed by right-clicking inside the closed polyline
area. Right-clicking to edit will also allow you to change the texture resolution, which is defined
as number of images per unit area; the higher the value, the smaller the size of the individual

texture image.
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Scene Explorer

4 JS68Merge.tin
4 | Storm Events (1)
© Storm Event 1 (Active)
Pipel
4 . Polylines (1)
Stream Bed

Property Explorer /' Textures

Textures

Mame
>y Concrete
bl Grass

. Ground
bl Metal
> i Paving

Polylines can also be used to report skew angles and station referencing for culverts. In the
below picture, the road centerline has been drawn in orange, and has been assigned as the
reference polyline for the culvert.
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4 Scenario 1
4 |JSEEMerge.tin
* L Storm Events (1)
4 | Polylines (1)
Road Centerline
» CulvertPipel

i~ Property Explorer \/ Textures \

Property Explorer

V" Properties "/ Display

Property Yalue
Palyline 542) Road Centerline
Inlet Station 509322
Inlet Offset -37.404'
Outlet Station 532.985
Outlet Offset 64.716'
Skew Angle 13.046 deg

@ Cost
Unit Cost £1.00
Total Cost §1.00

A visual explanation of the reported values is shown below. The skew angle (shown in magenta)
is reported as the angle between the pipe and the direction perpendicular to the reference line.
The stationing (shown in red) is reported as if the inlet and outlet were projected onto the
reference line. The offset of the inlet and outlet (shown in cyan) is given as the perpendicular
distance from the reference line to the respective point.
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Polylines can also be used for animation of 3D Objects. For detailed information about
objection animation, see Section VI Part C of this document.




C. Saving and Loading Scenes
Projects within Precision 3D Culverts can be saved and later re-opened to further analyze and
edit your design. To save a scene, click the File Pulldown Menu > Save Scene. This will create a
.3dp file in the directory you specify.
The .3dp file type is simply a zipped folder with a different file extension. This allows you to
move the .3dp file between various machines, and even to other users without having to
reference the original files. You can actually rename the file extension to that of a zipped folder
to see the individual files contained within the scene. For example, the file ‘My_Scene.3dp’
could be renamed to ‘My_Scene.zip’, which would change the file type to a standard zipped
folder. This folder contains images used to texture the scene, the original surface file, the
updated surface file, a LandXML file containing polyline information, a zipped folder containing
the headwall files, and more depending on your specific project.

Mame Date medified Type
|| My Scene - Copy.3dp 3/13/201512:53 PM 3DP File
|| My Scene 3dp 3/13/201512:53 PM 3DP File
Mame Date modified Type
1) My Scene - Copy.zip 3/13/201512:53 PM  Compressed (zipp...
|| Wy Scene 3dp 3/13/201512:53 PM  3DP File

My Documents » Test » My Scene - Copy » - |¢f| | Search
Share with - Slide show Burn MNew folder
*  Mame Date Type
Ra Ashphalt 1.png 1/30/2015 1:14 PM PMG image
|| designTinl.tin 3/13/2015 12:53 PM TIM File

= Just Add Bison.jpg 1/30/20151:14 PM
3/201512:53 PM

JPEG image

J
=
L

=] My Scenexml XML Document

|| UssEMergetin

i

2/15/2014 7:41 PM

1) NCCulvertl_headw...  3/13/201512:53 PM Compressed (zipp...
L k= pebbles,jpg 1/30/2015 1:14 PM JPEG image
| & rockitjpg 8/16/2007 4:43 PM JPEG image

| shoulder jpg f30/20151:14 PM JPEG image

TIM File
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Scenes can also be saved to a format intended for 3D Printing. This does not, however, allow
you to open the scene again for further watershed analysis. For detailed information about
saving Scenes to these formats, see Section | Part D of this document.

To open a saved Scene, simply click the File Pulldown Menu > Open Scene. Here it is important
to note the difference between a Scene and a Scenario. A Scenario contains a surface file,
polylines, culverts, headwalls, 3D objects, etc. to be used for watershed analysis. A Scene is a
collection of Scenarios. A Scene can be saved, but individual Scenarios cannot. You can only
open one Scene at a time.
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lll. Watershed Delineation and Peak Flow Calculation

A. Calculating Watershed Boundaries

When a surface TIN or LandXML surface is loaded, the program immediately highlights the
Storm Event as shown below. When this is highlighted, you can click Calculate Storm Event in
the lower left, which uses all the parameters set in the Property Explorer for the Storm Event.
Storms can be defined by the SCS method or by the Rational Method.

Scene Explorer g X

4 Scenario 1
4 UJS5EMergeSPondl.tin
4 | Storm Bvents (1)
Storm Event 1 (Active)

So the procedure at start-up is a two-step process of loading your Surface (verifying your
settings and storm parameters) and then clicking on the Lightning Bolt icon shown above, to
Calculate Storm Event. If you have worked other commands in the meantime, you will need to
click on and highlight the Storm Event (1 or higher number in different Scenario) which brings
up the Calculate Storm Event icon. Click this icon to calculate the watershed boundaries.

{ Light Contral %/ Tool Tip \

Toal Tip =1
Property Value
|
Narthing 417 348 268
Easting 1,776,163.377"
Elevation 881.861"
Mame US6EMergeSPomn
Lat 1°9'3.11"
Lon -08°37'41.14"
Elev 268.792
[ SubCatchment Basin 8
;L Avg Runcff Coeff, 65.000
3 Area 4879 Acres
: B Fow Length 560.529'
} Awg Land Slope 13.404%
; Time Of Concentration 8.319 min
B reakFiow 11286 ft* / sec
. Maximum Headwater | 867.000°
Maximum Yolume 3543 acre-ft
inFlow 0.000 ft / sec
Sink Water Elev 854,996

The program outlines all watersheds and subwatersheds. A watershed, like the one shown
above, is a self-contained area where the water does not overflow or leave the watershed in
the prescribed storm event. When you move the cursor into the watershed, you see all the
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major hydrologic information such as longest flow length, average land slope, time of
concentration and peak flow. If you hover over any ponds shown, you will also see maximum
pond depth and pond volumes.

But in areas where basins fill and overflow, the subwatersheds are automatically combined into
the largest watershed that doesn’t exceed two conditions under Property Explorer:

(1) Cutoff Area
(2) Maximum Pond to Merge

So if the water pools in what amounts to a large puddle, you don’t want to consider that as a
separate watershed. Very few TIN surface files are so exact that you won’t have some small
low areas even with the best of design tools. So the program will “ignore puddles” in effect, by
combining small pond volumes up to a Maximum value, above which the pond will be isolated
as a distinct watershed. Small areas or volumes of water are ignored and connected to larger
watersheds. Using these 2 settings, a roadside ditch with little puddles or tiny basins will
therefore avoid creation of excessive watershed areas needing their own special culverts for
drainage.

Gate Technology: Even if watersheds are combined by the program, you have the ability to
isolate watersheds using the Gate lcons.

Blue as shown above indicates that water is flowing through the gate by natural processes. This
is the normal setting when a gate between subwatershed appears. You can click on the gate
and change it to Green, which forces the water to flow through and automatically links what
otherwise could be separate watersheds, or to Red, which stops the water from flowing
through for calculation and design purposes, isolating your study to the volume of water and
peak flow above the gate. Each time a gate is changed, to see its effect on the watershed
calculation, it is important to click the icon Calculate Storm Event.
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Since the program makes a decision whether to link watersheds based on size and volume of
dammed up water, these Gates provide control to force a linked watershed (upper to lower) or
block a linked watershed. If the water from the storm doesn’t pool up sufficiently to create a
gate, then no gate will appear.

B. Tooltips and Subcatchment Information

The right side of the screen offers “Tooltips” when moving the cursor across a site. If a drainage
area that the program internally isolates is joined to the lower area by a green gate, the cursor
in the position shown below might reveal a higher Peak Flow and drainage area, considering
what is above and below the gate. Peak flow here is 7.04 cfs and the drainage area is 19.055
acres.

i SubCatchment Basin 9
Avg Runoff Coeff, 65,000
Area 19.055 Acres
B row Length 1,744.266'
Avg Land Slope 19.714%
Time Of Concentration 17,012 min
B Fesrow 7.041 £ / sec
. Maxirmum Headwater |788.917°
Maximum Velume 0.041 acre-ft
inFlow 0.000 ft* / sec
Sink Water Elev 7858771

But if this same area is gated off with a red gate, as the program may have internally done on
its own, the cursor in that same position shows only the upper subwatershed data on the right:
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[ SubCatchment Basin 9
Avg Runoff Coeff, 65,000
Area 9.841 Acres
I Fow Length 1,236.241'
Avg Land Slope 19.003%
Time Of Concentration 13156 min
B Fe:iFiow 3733 f/ sec
. Maximum Headwater | 817.120°
Maximum Volume 0,301 acre-ft
inFlow 0.000 ft* / sec
Sink Water Elev 807,000

Peak flow is now 3.73 cfs from a subwatershed area of 9.841 acres. When you move the cursor
over a pond, you see in addition the maximum pond depth and all pond data, at the bottom of
the Tooltip on the right:

B FeakFow 3733/ sec
. Maximurm Headwater  817.120°
Maxirmum Volume 0.301 acre-ft
inFlow 0,000 ft* / sec
Sink Water Elev 807.000"

M4 Pond 6
B eevation 817.120°
Max Depth 10120
Volume 0.301 acre-ft
Area 0102 Acre
. Tailwater Volume 0.000 acre-ft
Excess Volume 0.000 acre-ft
Mazx Potential Elevation 817120
Max Potential Yolume 0.201 acre-ft

Here, the maximum depth of this pond is shown as 10.12 feet, volume 0.3 acre feet. This would
be more than a “puddle” —you need to place a culvert to drain this pond, ideally with the
upstream invert at the low point indicated by the yellow stick. Bear in mind that these yellow
sticks may be submerged. You can turn off the blue pond water by selecting Ponds in the Scene
Explorer, then going to the Display tab in Property Explorer and turning off Show Ponds:

Scene Explorer

4 Scenario 1
4 UUS68Merge5Pondl.tin
4 | Storm Events (1)
4 Storm Event 1 (Active)
I Wl SubBasins (15)
& [0 Ponds (16)

Property Explorer \/ Textures \

Property Explorer
_ Properties Display
Property Value
4 Display
Visibility True
4 Visibility

Show Ponds D False

Show Outlines True




By doing this, we discover a still lower point in the “double pond” shown above (2 low points).

Subcatchment information will be drawn back to CAD in the form of a LandXML file that will
import into nearly all CAD software. This subcatchment information is useful by itself, separate
from the added value gained when culverts are designed and exported to CAD. First, you need
to enter Precision 3D from CAD, using Carlson Civil Suite (any module) in Autocad or Intellicad
or using Carlson Simplicity in Microstation. Then be sure to “Save to CAD” under the File
pulldown menu after watersheds are drawn in Precision 3D Culverts. Then return to CAD and
the watersheds will plot (some watershed boundaries below are gripped to reveal their
perimeters):

/'x‘l :

|

-.-=

,-'-'/-'

Everything is layerized for selective freezing and thawing, including the watershed and pond
data shown below:

SabCatchment Basin8
PaakFlow=1.91 ft/sec
Te=8.3185 min
MaxFlowlangth=560.53"
AveragellandSlope=13.
SinkWaterElevati

Elev=861.51'
Area=0.30 Acre

Volume=0.68 acra-ft

Depth=6.51"
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C. Peak Flow by SCS Method and by Rational Method (Q=CIA)

SCS Method Rainfall: If the SCS Method is chosen, rainfall is defined very simply as a depth in
inches or millimeters (or the unit depth specified under Tools > Settings). TR-20 is used. Time
of Concentration is computed from the curve number, average land slope and length of flow.

Property Explorer g X
I Properties \/ Display \
Property Value i
4 5torm Event Properties
Hydro Method SC5
Curve Mumber/Coeff  65.000 )
SCS Storm Type TYPED 24-HOUR 1
Rainfall Amount 12,700 cm
Rainfall Duration 24,000 hrs
Feturn Period 25 Year
Cutoff Area 0.046 Hectare
Max Pond to Merge 28317 m’
Min Pond Depth 15.240 emn -

Rational Method Rainfall: If the Rational Method is selected (click to the right of Hydro
Method to see SCS and Rational options), various rainfall libraries can be chosen from which to
calculate your rainfall amount based off of the return period and in some cases the rainfall
duration. Each library can contain many storm types, which contain rainfall information specific
to the site. The location of the rainfall library can be specified in Settings, and can actually be
recalled from the Carlson Hydrology library location (default c:\carlson projects\settings):

Rational Rainfall Library File: C:/ProgramData/Carlson Software Predsion3DCulverts/data/RainfallLibrary /RainLib. dta
or

Rational Rainfall Library File: C:/Carlson Projects/Settings Kentucky Rainfall Intensity.rn :]
Once a rainfall library has been set, you can choose between the various storm events included

in the library. This can be done by clicking to the right of Rational Storm Type in the Property
Explorer as shown below:
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4 Storm Event Properties
Hydre Method Rational
Curve Mumber/Coeff 0,650

Rational Storm Type  |FALEL 8 =

Rational Method Albany 4 N -
Rainfall Amount Anchorage |_|
Ashland Dam 29

Barbourville Water Work
Return Pericd Bardstown

Rainfall Duration

Cutoff Area Barren River Reservaoir
Max Pond to Merge Beatyville

_ Beaver Dam
Min Pond Depth Belton 6 5W

4 General Pronerties Bantnn -

Libraries can be edited/created to fit your site via the Carlson Hydrology Module by simply
inputting collected rainfall data using one of seven methods shown below.

2% New Rainfall Ent X

Rainfall Total 2100 Year (TP-40)

Rairfall Tatal 2/100 Year (Hydro-35)

Rainfall Accumulation

Rairfall Intensity

Enter IDF Equation Coefficients

Feced Rainfall Intensity

Rainfall Irntensity Lookup Table

Cancel

This information is used to calculate the Intensity-Duration-Frequency (IDF) Curve coefficients,
which are used to calculate the rainfall amount for a given return period and in some cases the
storm duration. For more information on editing and creating storm events using the Carlson
Hydrology Module, please see the Carlson Software 2015 Manual > Hydrology Module >
Network Menu > Rational Rainfall Library, which can be found under the Help Pulldown Menu
in any Carlson Module or online at

http://files.carlsonsw.com/mirror/manuals/Carlson 2015/index.html.

An example of how you might set up a rainfall library is shown below. The Ohio DOT uses a
single rainfall library containing four storm types — each one corresponding to a specific region
in the state. The rainfall library as it would be seen in the Carlson Hydrology Module is shown
below. Notice that each storm type was created by manually entering the IDF Equation
coefficients, and that the Rainfall ID is the same as a Rational Rainfall Storm Type in Precision
3D.
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http://files.carlsonsw.com/mirror/manuals/Carlson_2015/index.html

Rainfall 1D Input/Edit Method

Chio-B |DF Equation Coefficients
ChioC |DF Equation Coefficients
Chio-D |DF Equation Cocfficients

The below picture shows the information contained in the Ohio-A storm type. Here we have the
three IDF coefficients listed for six return periods.

Rairfall ID Ohig-£&
IDF Equation Coefficients
Intensity {n/hr) = A7 {t + BY™M), & is time of concentration in Min.)
A, B b
2 YEAR 5.900 0.853
5YEAR 150271 18,400 1.082
10*YEAR F0.474 10,200 0e74
25YEAR 96.280 11.100 08939
A0YEAR 51.622 5,100 0747
100%YEAR 85.930 8.000 0834

In Precision 3D, the rainfall library is used to calculate the effects of the various storm events.
As the Rainfall Return Period rises from, say, 10 year to 50 year to 100 year, a higher rainfall
intensity is calculated, leading to a greater Peak Flow. Each calculated Rainfall Return Period
used will appear on page 2 of the standard Culvert Report, so this report can include multiple
Rainfall Return events.

Runoff can be calculated by Universal, Dekalb or Modified Rational Methods. As previously
mentioned, the rainfall amount is interpolated from the rainfall libraries for a given return
period and rainfall duration. However, the rainfall duration is automatically calculated when the
Dekalb or Universal Methods are used. This value is defined as 10*T, for the Dekalb Method
and 11*T, for the Universal Method.

D. Pond Display, Stream Display and Controls

Ponds are drawn automatically in low points when Calculate Storm Event is clicked. The water
surface is drawn to the extent water would be collected and impounded by the storm, based on
ground cover (curve numbers and runoff coefficients) and rainfall depth or intensity. This water
extent is drawn by a dark blue line. The magenta line indicates the maximum headwater level
before overflow out of the basin would occur. The cyan polyline is the longest flow line in
length. The thick white perimeter is the watershed itself, which may include some component
pink subwatersheds.
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Water in the pond can be drawn as solid blue, a motion-based blue (as above) or a sky-
reflecting blue. These settings are found within Tools, Settings, System Tab:

Videa Driver:

Z Far:

[DpenGL - ] Refresh Rate:

10000 Background Color:
Showe Maoving Water
[ Show Water Reflections
[ show shadows

The individual indicator lines for headwater can be turned off and on using the Display tab, with
Ponds selected in Scene Explorer:

Property Explorer
[ Properties %/ Display

Property Value

4 Display

True
4 Yisibility

Show Ponds [ False
Show Outlines [ False
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Streams: Moving the cursor across the site, after Calculate Storm Event has been clicked, will
reveal the flow rates at that point on the natural surface. If you move the cursor along a flow
line stream, you can see the increasing flow from the right position (shown first below) to the
position where the stream enters the pond:

Peak Flow Rate: 0.021 ft* / sec, Runoff Volume: 0.007 acre-ft [US6EMergeSPondl. tin]

First, a peak flow rate of 0.021 cfs on the right-side of the above screen, and then just as the
stream enters the pond, the flow rate has increased to 0.75 cfs.

Peak Flow Rate: 0.750 ft° / sec, Runoff Volume: 0.268 acre-ft [USeEMerge5Pondl tin]

Note that flow enters the pond not just from the longest flow line but from all directions
surrounding the blue pond perimeter inclusive of the pond itself. Total Peak Flow in this
example, entering the pond, is 1.915 cfs with the selected storm event.
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IV. Culvert and Headwall Placement

Once you have calculated the storm events of interest, watershed boundaries and ponds will be
shown in the Graphics Window. By placing culverts, you can dynamically drain these ponds and
effectively direct flow to lower ponds.

A. Placing, Editing, Moving, and Locking Culverts

As previously mentioned, you can easily place a culvert using the Create Pipe Icon on the top
row of icons. To place a culvert, simply click the icon and select the inlet location. Here it is
important to note that when watersheds are calculated, yellow ‘sticks’ will be drawn at the
pond low points, as shown below. When selecting the inlet location for the culvert, you can
‘snap’ to these low points, ensuring that the pond will be completely drained.

Once the inlet is set, the pipe will be drawn and the cursor will control the outlet location. The
ground surface will automatically be made transparent so that the full length of the pipe can be
seen. Before selecting the outlet location, the outflow path of the culvert will dynamically
update based on where you place the cursor.

Once you select the outlet location the pipe will be drawn and will be listed in the Scene
Explorer. Notice that in the Scene Explorer, the pipe is listed under the surface file itself and is
not tied to any one storm event. This allows you to analyze the pipe for any storm event you
have calculated.

In the Graphics Window you will notice that the pipe will have drained the pond, and the Tool
Tip will reflect this drained volume. Although the pond is drained, water will still be shown 3”
above the invert for simple visual effect. The outflow line of the culvert will also be shown with
a 1’ wide texture, but it is important to not this does not in fact suggest the true width of the
outflow stream. Both of these visual effects are shown below.
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Once placed, pipes can be moved by selecting the pipe and dragging-and-dropping the blue grip
shown at the outlet and the inlet location. The grip is shown below.
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The pipe properties will be listed in both the Tool Tip and the Properties Explorer, as shown below.

Property Explorer @
Properties \/ Display \

Property Value

@ Pipe Properties
Invert In 829,393
Invert Out 785617
I Pipe Siope -14.740%
Pipe Length 300195

@ Culvert Pipe Properties
Pipe Style Round
MNumber of Barrels 1 I
Barrel Padding 0.500

Il Pipe Material Concrete

Mannings Value 0.013
Ke Value 0.050
Calculated Pipe Properties
Calculation Mode CalcPipeSize
Calculation Control Optimum
Calc Control Result Outlet Gradually Varied Flow
Discharge 10.000 ft* / sec

. Maximum Headwater Elev  0.000'
. Design Headwater Elev 0.000"

Design Headwater Depth 2.000'
B Headwater Depth Result | -629.393"
Tailwater Elevation 0.000"
Tool Tip & X Tailwater Stream Width 1.000'
p Pipe Diameter 24.000"
ek Outlet Flow Depth 0.510°
Outlet Flow Velocity 18.877 ft/sec
Merthing 416,779.809" Station/Offset
. I , Polyline Mone Selected
Easting 1,776,202.023 Inlet Station 0.000°
Elevation 815322 Inlet Offset 0.000"
Mame USsEMerge.tin Outlet Station 0.000°
AF'ipEInfcrmaticn Outlet Offset 0.000
. ) Skew Angle 0.000 deg
Pipe Length 01.244 Cost
Diameter 24.000" Unit Cost 52.00
. —e Total Cost 860039
Z Diff -0.753 i
Slope -0.825% ﬁ
Discharge 24837 ft* / sec

All ‘non-ghosted’ properties in the Property Explorer can be edited, which will dynamically change the
appearance of the pipe in the Graphics Window. The pipe properties that are ‘ghosted’ cannot be
changed due to the calculation method selected or because they are dependent on other properties
which need to be set directly.

The pipe properties are divided into five sections: Pipe Properties, Culvert Pipe Properties, Calculated
Properties, Station/Offset, and Cost. The Pipe Properties are related to the location, slope, length of the
pipe. Changing these values can set the pipe off of the surface, and so for this reason it is not
recommended to change them manually, but to instead move the pipe using the grips on either end of
the pipe.
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The Culvert Pipe Properties are related to the technical properties of the pipe primarily used in flow
calculations. The pipe style can be set to either rectangular or round, which will greatly affect the flow
calculations. If the Round pipe style is selected, the Pipe Material can be changed to Concrete or
Corrugated Metal. The three types of pipes are shown below. The Number of Barrels can be increased to
either 1) create multiple, smaller pipes to hold the discharge constant or 2) increase the dischaage by
duplicating the pipe. This will be determined based on the pipe calculation method. The Manning’s
coefficient and Ke values can also be edited.

The Calculated Pipe Properties will be discussed in detail later, and the properties associated
with Station/Offset are discussed in Chapter Il Section B.

The Cost properties are discussed in detail in Section D of this chapter.

The pipe diameter can be ‘locked’ to prevent it from artificially changing size. To lock a pipe,
simply select the pipe and click the ‘Lock Pipe Dimensions’ icon in the Property Explorer. The
icon is shown below.

B. Pipe Calculation Examples
The first few examples below are taken from Schaum’s Solved Problems Series, 2500 Solved
Problems in Fluid Mechanics & Hydraulics by Jack Evett and Cheng Liu © 1989. These academic
examples can be readily created and duplicated within Precision 3D Culverts.

Example 1--Rectangular Concrete Pipe, No Tailwater, Solving for Flow, English Units: Find the
maximum volumetric flow in a 3-ft by 3-ft concrete box culvert (n=0.013) with a rounded
entrance (Ke=0.05) if the culvert slope is 0.65%, the length 100 ft, and the headwater level 5 ft
above the culvert inlet. Assume free outlet conditions.
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Property Explorer

Property Value
[ Pipe Slope -0.650%
Pipe Length 100.067

4 Culvert Pipe Properties

Pipe Style Rectangular
Mumber of Barrels 1

Barrel Padding 0.500
Mannings Value 0.013

Ke Value 0.050

|4 Calculated Pipe Properties

Calculation Mode CalcDischarge

You can load the provided file US68Merge5Pond1.tin, click the culvert pipe icon and place a
100’ long pipe through the embankment dam as shown above. You do not have to calculate
the watersheds and select a rainfall event in advance. You can study the pipe hydraulics in pure
calculation mode. As you locate the downstream side of the pipe, you can observe the length
and pick a position as close to 100-ft as possible, then after placement, adjust to exactly 100-ft.
Then within the Property Explorer (see above), set the pipe slope to exactly -0.65%, Pipe Style
to “Rectangular”, Manning’s n=0.013 and Ke value of 0.05. Set Calculation Mode to
“CalcDischarge” as shown.

There are several options when calculating pipes. These include Inlet Control, Outlet Control
HDSS and Outlet Control Gradually Varied Flow. Optimum selects the most conservative,
lowest flow throughput solution for the given pipe parameters. Enter the Design Headwater
Depth of 5’. Set the “Pipe Rise” to 36”, which also changes the pipe width. Ignore Tailwater
Elevation (which is ghosted out in pure calculation mode, but may be edited when a storm
event is active).

These values lead to a calculation of 88.41 cfs, and the Calculated Control Result is “Outlet
Control Gradually Varied Flow”.
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Property Value =

Calculation Control

Calc Control Result I
Cutlet Control HDSS

Cutlet Control Gradual...
. Maxirnurmn Headwater Elev  [FlRaiaan

Design Headwater Elev 861.943

Discharge

Design Headwater Depth 5000
Headwater Depth Result 5.000° =
Tailwater Elevation 8171200
Tailwater Stream Width 1.000°
Pipe Width 36.000"
Pipe Rise 36.000"
Outlet Flow Depth 3.000°
Cutlet Flow Velocity 9824 ft/sec -

From a calculation standpoint, here are the governing equations:

Headwater/d = 5/3 = 1.7. Since 1.7>1.2, first assume “Normal Depth > Barrel Height”.
R = A/Pw (wetted perimeter) = (3)(3)/(3+3+3+3) = 0.750 feet

(h)1-3=(y1—y3) + (z1—23) =y1—y3 + soL

delta h = (Ke +29n2L/R*> + 1)(v¥/28)  y1 -ys+sol = (Ke +29n2L/R*? + 1)(v%/2g)

5—3 + (0.0065)(100) = [0.05 + (29)(0.013)%(100)/0.75*3 + 11{v*/[(2)(32.2)]} v=9.82 ft/s
Q = Av = [(3)(3)](9.82) = 88.4 ft3/s = (A)(1.486/n)(R¥*)(s*?)

The depth y, that would occur with normal uniform flow at a flow rate of 88.4 ft*/s =
(3y0)(1.486/0.013)[3yo/(yo+ 3 + y0]2/3(0.0065)1/2, Yo = 3.16 ft. Since yo> d, and free discharge at
the outlet is given, the culvert flows full by Outlet Control. If not the case, Inlet Control would
govern.

Example 2--Rectangular Concrete Pipe, Tailwater, Solving for Flow, English Units: Solve for
the same pipe as in Example 1 but assume 2 feet of tailwater above the top of the box at the
outlet.

You can use any site that allows the placement of a 100 ft length pipe using the Culvert icon.
For example, load the tin file US68Merge5Pond1.tin and place a 100 ft pipe through the
embankment dam. If you pick something different than 100 feet, you can change its length to
100 after first adjusting the slope to -0.65%.
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| Property Explorer \/ Textures %

" Property Explorer \/ Textures \

Property Explorer g x Property Explorer g X
[ Properties \/ Display " Properties \/ Display \
Property Value * | | Property Value i
InvertIn 855.366" Calc Control Result Outlet HDS5
Invert Qut 854.718' Dizcharge 43.756 ft* / sec
Pipe Slope -0.650% 3 . Maximum Headwater Elev | 860,366
Pipe Length 100.000° Design Headwater Elev 8A0.366'
@ Culvert Pipe Properties Design Headwater Depth 5.000°
Pipe Style Rectangular Headwater Depth Result 5.000
Number f e ;
Barrel Padding 0.500 Tailwater Stream Width 1.000°
Mannings Value 0.013 Pipe Width 36.000"
Ke Value 0.050 Pipe Rise 36.000"
4 Calculated Pipe Properties Qutlet Flow Depth 5.000
Calculation Mode CalcDischarge Outlet Flow Velocity 4867 ft/cec
Calculation Control Optimum < || laStation/Offset ) il

Change Pipe Style to “Rectangular”, Manning’s n to 0.013, Ke Value to 0.05 and set the
Calculation Mode to “CalcDischarge” and Calculation Control to “Optimum”. Then review the

Invert Out and set the Tailwater Elevation to 5 ft above the Invert Out, to match the
requirement of being 2 ft above the top of the 3 ft concrete box culvert. Then note the
calculation of 43.8 ft3/sec and Outlet Flow Velocity of 4.862 ft/sec. This confirms that the
tailwater condition, with the outlet submerged with a total of 5 feet of tailwater depth, cuts the
flow and velocity in half, in this case. This can be done purely in “Calculation Mode” without

clicking the “Calculate Storm Event” icon (the lightning bolt).

Submerged Outlet Condition (Outlet Control)

R = A/Pw (wetted perimeter) = (4)(4)/(4+4+4+4) = 1.000 feet
(h)1z=(y1—vya) +(z1—23) =y1 —ys + oL

delta h = (Ke +29n°L/R*" + 1)(v*/2g)

V1 - Vs + sol = (Ke +29n°L/R*3 + 1)(v¥/2g)

The actual formulas involved in this calculation are confirmed below:

5 -5+ (0.0065)(100) = [0.05 + (29)(0.013)%(100)/0.75*° + 1]{v*/[(2)(32.2)]} v=4.86ft/s
Q=Av =[(3)(3)](4.864) = 43.8 ft*/s

Example 3-- Corrugated Metal Pipe, Solving for Pipe Size, Metric Units: A culvert under a road
must carry 4.3 m*/s. The culvert length will be 30 m and the slope will be -0.3% (0.003 in
decimal form). If the maximum permissible headwater level is 3.6 m above the culvert invert,

what size corrugated pipe culvert (n = 0.025) should be selected? Assume free discharge (no

tailwater) at outlet. Assume square-edged entrance with entrance loss coefficient Ke = 0.5.
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CulvertPipel
| System | Units | Geometry Projection Texture Map
Prope Value
Property Explorer \f Textures \ Eel R
e A.ngular U.mt Degrees
“roparties \/ D\ LI.I'I ear Unit . Meters
Propety Value Dla.meter Lmea.r Unit MEtE.fi
. N Rain Depth Unit Centimeter
4Pipe Properties Mase Unit Pounds
Invert I 304.212
Invert g t 304122 o Tome ot pnutes
nvel - u deem Time of Concentration Unit Minutes
- Pipe Slope -0.300% Rainfall Duration Unit Hours
Pipe Length 30,000 m Slope Unit Percentage
4 Culvert Pipe Properties Area Unit 5q Meters
Pipe Style Round Volume Unit Cubic Meters
Mumber of.BarreIs 1 Currency Unit Dollar
Barrel Padding 0.500 Pressure Unit mmHg
Pipe Material Corrugated Metal Temperature Unit Fahrenheit
Mannings Value 0.025 Flow Unit Cubic Meter Per Second
Ke Value 0.500 Flow Velocity Unit IMeter Per Second

Select a surface suitable for the placement of a 30 meter pipe. Be sure the surface is loaded as
a “metric” surface and in Tools, Settings, go to the Units tab and be sure your units are metric
as shown above right. Use the Culvert Pipe icon to place the pipe and dial in the 30 meter
length at -0.3% slope. Switch Pipe Material to Corrugated Metal and set the Manning’s n to
0.025 and the Ke Value to 0.5.

Then set the desired flow rate to 4.3 m?/s. This leads to a calculated pipe size of 1.219 meters
diameter. Note below how the pipe material appears as corrugated metal, when selected. For
calculation, assume d < 3 meters, meaning Headwater/d > 3.6/3.0 (max)=1.2. With
headwater/d >1.2, we can assume normal depth > barrel height. The governing formulas for the
calculation are:

(h)is = (y1—ys) + (21— 23) =y1 —ys +soL  delta h = (Ke +19.62n’L/R** + 1)(v*/2g)

yi— Vs + sl = (Ke + 19.62n°L/RY® + 1)(v?/2g) v =Q/A =4.3/(3.14159*d*/4) = 5.475/d>
3.6 —d +(0.003)(30) = [0.5 + (19.62)(0.025)*(30)/(d/4)* + 1]{5.475/d%)?/[(2)(9.807)]]}

d =1.2 meters Q = (A)(1.0/n)(R¥?)(s*?)
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Property Explorer S
I Properties %/ Display \

Property Yalue -
Calculation Control Optimum
Calc Control Result Outlet Gradually Varied ...
Discharge 4.300 m’/ sec

. Maximum Headwater Elev | 53,536874 m
Design Headwater Elev 307812 m

Design Headwater Depth

Headwater Depth Result 3350 m

Tailwater Elevaticn 0.000 m
Tailwater Stream Width 0.305 m
Pipe Diameter 1.219m
Clutlet Flow Depth 1101 m
Cutlet Flow Velocity 3877 misec b

Example 4--Pipe Sizing from Storm Event, Metric Units but Pipe Diameters in Inches: In the
example below, the Pipe and Gutter Spead rainfall event (found within Pipe-FixedIntensity.rn,
applied here as metric values in centimeters) creates the ponding shown, using Rational
Method. Note that Rational Rainfall events are “.rn” files and values store in inches but recall
and convert to centimeters for purposes of display. There are many types of Rainfall events
including IDF Equation type, and Rainfall Intensity type across a range of “Return Period”
storms. Select the “.rn” file within Tools, Settings, “Rational Rainfall Library File”.

4 Scenario 1 | Tool Tip E
4 QilTankstin piapeity Value
LR
P Storm Event 1 (Active) bz
© L SubBasins (109) Marthing 50151946 m
I Ll Ponds (140) Easting 52,807.668 m
» I Generic Objects (6) Elevation 302739 m
m Name QilTankstin
I tyE)q;i‘orev 8 x| Lat 37°50'26.29"
i T Lon -89°19'58.51"
“Properties \/ Display
Elev 302,740
Property Value =t e
- 4 SubCatchment Basin 0
a
StHw;" E::"thpr:pem“ s Aivg Runoff Coeff, 0,600
e ey o Ares 143,085,426 m°
Curve Number/Coeff 0,600 . TR Ere
Rational Storm Type  Pipe and Gutter Spread i eng- : = )
Rational Method Universal Rational £ :"9 L;’;dcs'”" ;f:gg .
Rainfall Amount 12700 cm SR Loh e AT
Rainfall Duration 24,000 hrs . Peak Flow 3.268 m’/ sec
Return Period 10 Year Rain Intensity 13818 cm
Cutoff Area 464,515 m* Maximurn Headwater 307319 m
Max Pond to Merge 2,831.685 m* Maximum Velume 30,867.403 m*
Min Pand Depth 0152 m inFlow 0.000 m*/ sec
4General Properties - Sink Water Elev 302739 m
[ Pond 0
H teation 305.696 m
Max Depth 2857 m
=T Volume 8,945,294 m’

There are a number of settings or procedures that are involved here that we can enumerate
one-by-one:

1. Set to Rational Method and pick the “Return Period” such as 25 year, 50 year, etc. The
larger the Return Period, the greater rainfall intensity will be calculated using the
formula Q=CIA (Flow = Runoff Coefficient * Rainfall Intensity * Area). A Runoff
Coefficient of 0.6 is entered above. For the selected “Fixed Rainfall Intensity” type of
“.rn” file, the Return Period will not apply—the rainfall has a fixed intensity.
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In Tools, Settings, System Tab, select the Pipe-FixedIntensity.rn Rational Rainfall event.
This is a 5.44 in/hour, 13.818 cm/hour fixed rainfall intensity event, used specifically for
the pipe sizing and peak flow calculation. You can enter your own Rational Rainfall
event using Carlson Hydrology or by modifying any existing event (.rn extension) that is
provided with Precision 3D Culverts. Also note that rainfall volumes by Rational Method
are computed using Hydrographs that apply the Universal Rational, Dekalb Rational or
Modified Rational methods. Only the Modified Rational Method applies the rainfall
duration to the calculation, and the Universal applies 11*Tc for duration and the DeKalb
method applies 10*Tc for duration, by design.

In Tools, Settings, System Tab, select “Show Shadows”. This slows the speed of
operation somewhat, not noticed on high performance computers. Will require a re-
start if you are not in that mode by default.

In Tools, Settings, Units Tab, select metric units except for pipe diameter in English
(consider this as a Canadian example where pipes may be purchased in inch diameters).
Using the Insert Symbols icon, cylindrical oil tanks have been selected and placed as
shown, on the elevated pads. This adds interest and contrast to the visualization.
Calculate the rainfall by clicking on the Calculate Storm Event icon highlighted above, in
the lower left of the Property Explorer area. For this icon to appear, you must first
select the Storm Event 1 (Active) and highlight that feature (or create a new Storm Event
by right-clicking on Storm Events and choosing “Add Storm Event”). The Calculate Storm
Event icon calculates all subcatchment areas, and shows ponding that would occur at
the entered runoff coefficient (0.6 in this example).

View the maximum depth of the pond in the foreground above by moving your cursor
over it, and the context sensitive aspect of the program will expand the Tooltip area on
right and report detail about the subcatchment area and the pond itself, including “Max
Depth” in the pond, as highlighted.

72



ghostion |
Northing 50170142 m
Easting 52,805,645 m
Elevation 302739 m
Mame QilTanks.tin
Lat 37°50'26.88"
Len -89°19'58.63"
Elev 302.740

M SubCatchment Basin 0
Avg Runoff Coeff, 0,600
Area 143085426 m’
B Fiow Length 385.922 m
Avg Land Slope 4.680%
Time Of Concentration 24,359 min
. Peak Flow 3.268 m’f sec
Rain Intensity 13,818 cm
. Maximum Headwater 307319 m
Maximum Volume 30,867.403 m*
inFlow 0.000 m’/ sec
Sink Water Elev 302.739 m

|4 Pond 0
B eestion 305.606 m
Max Depth 2.957 m
Volume 8,945.294 m*
Area 3,916.155 m”

Note that if you hover the cursor over the lower pond at left, which we will drain to from
the pond at right, that the sink water elevation is 302.739 at the base of this pond (see Tool
Tip above), but that the Max Depth is 2.957 meters and surface water elevation is 305.696m
(lower right of Tool Tip). This adds correctly, as 302.739 base + water depth of 2.957 meters
= 305.696 water surface elevation.

Gate Technology: Because of the high flows from the area at left, we are getting water flow
through the blue gates, highlighted above, into the Pond 0 Basin. Since you may do design
work to drain the leftward area later, you have the ability to isolate the Pond 0 Basin from
the left side drainage by “closing the gates”, turning the blue gates to red. This is done by
double-clicking them. This process first turns them green (force flow) to red (block flow).
Blue represents natural flow conditions. We refer to using the gates to isolate drainage
areas as “gate technology”.
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8. With Pond 0 now isolated from flow effects from the drainage area at left, click the
lightning bolt icon and run “Calculate Storm Event” again. Note lower Max Depth.

Elevation 302739 m
MName QilTanks.tin
Lat 37°50'26.96"
Lon -89°19'58,73"
Elev 302.740

4 SubCatchment Basin 0
Avg Runoff Coeff. 0.600
Area 17,918,649 m’
B Fiow Length 182.058 m
Avg Land Slope 14.907%
Time Of Concentration 13.024 min
. Peak Flow 0.409 m’/ sec

" Rain Intensity 13818 cm
. Maximum Headwater |307.159 m
Maximum Volume 15,424,947 m°
inFlow 0.000 m’/ sec
Sink Watér Elev 302739 m

[ Pond 0

Elevation 302,850 m

Max Depth 0110 m
Volume 242.W
With the pond isolated from external sources of flow, drain the pond at right into Pond 0.

The next procedure is to actually insert a culvert pipe to drain that pond at right over to the

pond at left. Begin by picking the Pipe Culvert icon and then look for the “yellow stick” low
point indicator in the northwest corner of the main pond at right in the foreground:

When you move over the low point, a circular “snap” appears, which serves as a “low point
snap”. Pick there and then move the cursor to the left and pick somewhere near the base of
the pond at left, at elevation 302.739. This procedure places, and sizes, the culvert. Note how
the very action of placing the pipe drains the pond to the right into the pond on the left.
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Property Explorer

Properties Display

Property Value
Calculation Mode CalcPipeSize
Calculation Control Optimum
Calc Control Result Inlet Submerged
Discharge 0.938 m/ sec

. Maximum Headwater Elev | 311.451 m
Design Headwater Elev 310243 m

Design Headwater Depth 1.680 m
Headwater Depth Result 1023 m

Tailwater Elevation 302.850 m

Tailwater Stream Width 0.305 m

Pipe Diameter 30.000"
Pipe Placement: Pipes are always placed with pipe inverts resting on the ground, as
interpolated from the DTM or “.tin” file surface. However, after placement, pipes may be
raised or lowered by changing the invert elevations (or slopes) of the pipes. If the slope or
length of pipe is changed, the invert of the inlet is held and the outlet elevation is raised,
lowered or extended. Click on the pipe to see Invert In and Invert Out elevations, within
Property Explorer. These are fully editable. When placing the pipe, if you are going uphill, you
are warned by a yellow color, which turns gray when a downhill slope is detected as you move
the outlet real-time. Pipes will often change their size as you move them, since greater
downhill slopes can lead to lesser pipe diameters to carry the same peak flow.

Pipe Sizing: Referring to the graphic above, the initial “Design Headwater” is chosen always
below pond topological overflow (the magenta Maximum Headwater Elevation) and above the
top of pipe. The maximum headwater elevation is 311.451 and the original pond elevation is
309.035. Halfway between actual pond elevation from the rain, and overflow elevation is
elevation 310.243. This becomes the design headwater elevation. It always defaults to halfway
between the dammed up water surface and overflow. The actual headwater elevation of the
selected pipe is shown as the yellow line. The next size smaller pipe to handle the peak flow
would exceed the design headwater. The pipe selected therefore typically is slightly oversized
and therefore has an actual “yellow line” headwater less than the initial target design
headwater. Water at peak flow would rise to the level of the yellow line. This can be simulated
by clicking the “Simulate Storm Event” icon shown below. Water will rise, as if in the storm,
then subside to near empty. Ponds, even when drained by a pipe and empty, will show a
residual 3” (8 cm) of water at the pipe inlet.
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| Property Explorer
Properties Display

Property

14 Storm Event Properties
Hydro Method

Curve Number/Coeff
Rational Storm Type
Rational Method
Rainfall Amount
Rainfall Duration
Return Period

Cutoff Area

Max Pond to Merge
Min Pond Depth

14 General Properties

Value

Rational

0.600

Pipe and Gutter Spread
Universal Rational
12,700 cm

24,000 hrs

10 Year

464.515 m*

2831685 m*

0152 m

The default mode of calculation is “Peak Flow” mode, where the pipe is sized strictly based on

the source watershed it is draining and the tailwater it is emptying to on the outlet side. The

water itself is not transferred from one pond to the other. Inflow from upstream, however, is

considered in terms of peak flow downstream. The peak flow from above the pipe is

transferred to the downstream side and is additive to the lower subcatchment peak flow, but

volumes are not transferred. But in “Transfer Volume” mode, the entire volume of water is

transferred from any upper pond to the next lower pond when pipes are placed, and this

volume accumulates if, for example, 2 ponds are drained into a third pond. Because the

volume accumulates, higher pond elevations are achieved prior to draining to lower ponds, and

these higher pond water elevations will raise the default headwater elevation used to calculate

pipe size. Pipe size can be adjusted by the user by switching to Calculate Headwater and by

changing pipe diameters.

[ SubCatchment Basin 0
Avg Runoff Coeff.
Area

. Flow Length

Avg Land Slope

Time Of Concentration
. Peak Flow

Rain Intensity

. Maximum Headwater
Maxirmum Volume
inFlow

Sink Water Elev

[ Pond 0

. Elevation

Max Depth

Volume

0.650
17,918,649 m°
182058 m
14.907%
11.722 rin
0.443 m*/ sec
13.818 cm
307159 m
15,424,947 m®
1.017 m*/ sec
302739 m

302,848 m

0108 m
238118 m’
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Adding Additional Pipes: To continue draining or dewatering the ponds, a culvert pipe can be
placed connecting the pond above left to the similarly elongated pond to its north. This can be
done by the same procedures as above. Select the pipe culvert icon. Pick in Pond 0 above at
some point in the face of the embankment connecting the 2 elongated ponds. Note there is no
low point to select in Pond 0, since the base of the pond is perfectly flat from the DTM surface
file. On the downhill side, a low point “snap” appears as shown below. Click and select the low
point for the downstream invert location, or to save on pipe length, select a point on the
downhill bank in the third pond. Because there is inflow to Pond 0, the total flow will be
calculated by adding Peak Flow to Inflow.

Elevation 301359 m
Mame CilTanks.tin
Lat 37°50'31.14"
Lon -89°19'58.98"
Elev 301.360

|8 Downstream Location
Nerthing 165,032.150
Easting 173,242.895
Elevation 988.712

4 Pipe Information
Pipe Length 60.218 m

Diameter 42,0007

Z Diff -1.467 m
Slope -2.438%
Discharge 4.206 m’/ sec

[ SubCatchment Basin 29
Avg Runoff Coeff. 0.600
Area 7,920.553 m*
B Fiow Length 136645 m
Avg Land Slope 34.307%
Time Of Concentration 11.791 min

Water is still shown in the pond at right, even though it is drained, because the slight 3” water
depth used to indicate a fully drained pond covers the entire base of the pond due to its
perfectly level surface. The pond receiving water from the “middle” Pond O rises with the
addition of water from the 2 upstream ponds if in “Transfer Volume” mode but will remain
essentially the same elevation in “Peak Flow” mode.
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8 Calculated Pipe Properties

Calculation Mode CalcPipesize
Calculation Control Optimum

Calc Control Result Inlet Submerged
Discharge 4,206 m*/ sec

. Maximum Headwater Elev | 307,319 m
Design Headwater Elev 306.508 m

Design Headwater Depth 3.681 m

Headwater Depth Result 3.584 m
Tailwater Elevation 301472 m

ailwater Stream Width 0305 m

Changing Pipe Size and Pipe Material: The pipe draining the large pond at right to the pond at
left (the middle pond, also with ID Pond 0) was automatically sized at 30”, defaulting to
concrete. It had a slope of over 10% as shown below. Say that there is a rule that pipes over
10% in grade need to be corrugated metal.

4 Cubertpipel L

" Property Explorer \/ Textures "\

Proper S
 Properties \/ Display \
Property Value
4Pipe Properties
Invert In 308.563 m
Invert Cut 302739 m
B Fipe siope -10.801%
Pipe Length 54,235 m
4 Culvert Pipe Properties
Pipe Style Round
Mumber of Barrels 1
Barrel Padding 0.500
Pipe Material Concrete
Mannings Value 0013
Ke Value 0,050

To change the pipe to corrugated metal (Manning’s n = 0.024), click on Pipe Material and select
Corrugated Metal. Adjust Manning’s Value to 0.024. Click on Storm Event 1 and re-calculate
the Storm Event (lightning bolt icon). This leads to a new calculation. Pipe size remains at 30”,
so now select Calculation Mode and change it to “CalcHeadwater”. This allows direct entry of
different pipe sizes. Try a smaller pipe, 24”. Note that the yellow headwater line immediately
goes up but is still below the overflow (magenta) “Maximum Headwater Elevation”. If you can
tolerate a brief rise of water to the yellow line level, you can live with a 24” pipe for this design.
At the same time, the blue line represents the maximum ponding level without a pipe, so the
yellow headwater line is theoretical.
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4 Storm Event 1 (Active) 4
I L. SubBasins (109)
I [ Ponds (140)

4 CulvertPipel -
Aot
(" Property Explorer \/ Textures \
Property Explorer 8 x
Properties 3y
Property Value £
Calculation Mode  CalcHeadwater
Calculation Control Optimum
Calc Control Result Inlet Submerged
Discharge 10.938 m’/ sec

. Maximum Headwater Elev _311.451 m
Design Headwater Elev 310289 m

Design Headwater Depth |1.680 m
Headwater Depth Result 1726 m
Tailwater Elevation 1305.696 m
Tailwater Stream Width 0.305 m
Outlet Flow Depth 0421 m i

Moving the Pipe to a New Position: Both the inlet and outlet pipe positions can be moved. If a
pipe is selected, little blue “cubes” appear as above. If these are picked and selected, holding
down the left mouse button, the pipe can be dragged to a new position in the same pond or
even to a new position in a different pond. The most dramatic way to illustrate the immediate
effect here is to grip and move the above pipe inlet to the large pond to its north. Note the
“before” condition below.

The pond that is currently being drained shows the original blue water line, the yellow
headwater line for the peak storm and current pipe size, and finally, the magenta pond
overflow line (maximum headwater). If that inlet is gripped and moved to the pond in the
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foreground that contains water, water will re-fill the pond at left and the pond at right will drain
to the new inlet elevation:

Calculation Control Optirmum
Calc Control Result Outlet Gradually Varied ...
Discharge 0.930 m’/ sec

. Maximum Headwater Elev | 309,363 m
Design Headwater Elev 309.205 m

Design Headwater Depth 0338 m
Headwater Depth Result 0,496 m
Tailwater Elevation 305,696 m
Tailwater Strearn Width 0.305 m
Pipe Diarmeter 96.000"
Dutlet Flow Depth 2957 m 1l

Example 5--Pipe Sizing from Storm Event, English Units: The example Tin file
US68Merge5Pondl.tin can be found in the surfaces directory within 3D Precision Culverts. If
this file is loaded, you see a road with drains to the north that will require several culverts
under the road and an additional culvert pipe to drain the embankment dam. If you have a
surface loaded already in Precision 3D Culverts, it is recommended, to conserve memory, that
you save the scene (if needed) and then exit and re-load the program.

| System | Units | Geometry | Projection

Prajection Type LS NAD 83

Zone KEMTUCEY MORTH

Here is a list of steps to prepare the site for culvert pipe placement:
1. To obtain a PDF Report for each pipe with correct Latitude and Longitude, go to Tools,

Settings, Projection tab and set to US NAD 83, Kentucky North Zone.
2. Set all the units to English (Imperial) in Tools, Settings, Units tab.

80



3. Torestore the brown sand-textured area at the head of the low depression above, right
click on it and choose Change Texture. Browse to Ground, and on the lower page of
Ground, there is a matching greenish coloring named “Just Add Bison”. Select and the
area blends in.

4. Choose SCS Method, Type II-24 hour storm, and enter 2.3 inches for the 25-year storm.
This can be obtained by using the Carlson Hydrology Module using the dialog below (1-
hour duration in this case). Peak Flow Calculations are based on SCS, TR20. Set CN=65.

Hydro Method 5CS |
Curve Number/Coeff 65,000 !
SC5 Storm Type TYPET 24-HOUR
Rainfall Amount 2300" E
Rainfall Duration 24.000 hrs
Return Period 25 Year |
Cutoff Area 11.478 Acres I
Max Pond te Merge 2.296 acre-ft |
Min Pond Depth 0.500" L.
@ General Properties
Easting 1,776, 220.000° i

&5
-
X LIS A
b oAy
IR

Rairfall Source

i@ Lookup Table (7 User-Defined
STATE STORM fyr)
GA a 2
HI M h :
& — |10
ID
IL H0
I 100
K3
_ -

DURATION thr)

2

G
|zer 2 24
|ser 3
|ser 4
|Jzer b

[ Zoom Out ]

[ ] Rairfal )

5. Click on the Calculate Storm Event icon highlighted above. Note that this auto-
calculates all distinct watersheds and prepares you for pipe culvert placement:
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Northing 416,710.222'
Easting 1,776,642.064"
Elevation 787713
MName US68Merge5Par
Lat 38°38'35.04"
Len -§3°46'22.08"
Elev 240,095

M SubCatchment Basin 12
Avg Runoff Coeff. 65.000
Area 16,361 Acres
B Fow Length 1,377.039'
Avg Land Slope 23.403%
Time Of Concentration 12,923 min
. Peak Flow 2745 / sec
. Maximum Headwater | 754.000°
Maximum Volume 0.000 acre-ft
inFlow 0.000 ft*/ sec
Sink Water Elev 754.000°

|4 Pond 14
B c-stion 788917
Max Depth 3.040"
Volume 0.041 acre-ft
Area 0.035 Acre
. Tailwater Volume 0.000 acre-ft
Excess Volume 0.000 acre-ft
Max Potential Elevation J8B91T
Max Potential Yolume 0.041 acre-ft

When you hover over a particular watershed, that watershed highlights with a bold white line.
Data for the watershed is displayed on the right in the Tool Tips (or wherever you choose to
place the Tool Tips). In this case the watershed highlighted above has an area of 16.361 acres, a
Tc of 12.923 minutes and a Peak Flow of 2.745 cfs (ft3/sec). The Pond that is formed (Pond 14)
has a maximum depth of 3.040 feet, which is relatively shallow, before the overflow occurs
through the blue gate shown below:

Gate Technology: Because the water is flowing through the blue gate even in the 2.31 inch
storm, indicating the pond is overflowing, the water from above the gate is being combined
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into a larger watershed. To close it off and consider just the watershed feeding this pond, close

the gate, turn it to red, by double-clicking on it. It will first turn to green, then to red.

[ SubCatchment Basin 15
Avg Runoff Coeff.
Area
. Flow Length
Avg Land Slope

Time Of Concentration

. Peak Flow
. Maximum Headwater
Maximum Volume
inFlow
Sink Water Elev
14 Pond 16
. Elevation
Mazx Depth

Volume

Area

65.000

9,214 Acres
816.482'
20472%
9,085 min
1.886 ft° / sec
788.917
0.041 acre-ft
0.000 ft* / sec
7185877

788917
3.040°
0.041 acre-ft

0.035 Acre

Note above how the SubCatchment Basin 15 (even the ID has changed) feeding the pond is now

just 9.214 Acres, and peak flow has been reduced to 1.886 ft*/sec. The bold white boundary

confirms that the target watershed has been isolated properly.

Placing a Culvert: Now size the culvert automatically by placing it through the embankment.

Prior to doing so, if you simply move the cursor across the road embankment, you will notice

that the elevation in the center of the road is 8.5’ to 9’ above the elevation of the base of the

pond, allowing plenty of vertical clearance for a well-placed culvert pipe. Use the Pipe Icon to

place the culvert. Snap to the low point on the uphill, inlet side (yellow stick) and then pick the

downhill location. Note as you move across the road, a blue stream appears advising on the

flow direction from the outlet. You are also advised on pipe slope and pipe length, real-time.

4Pipe Properties
Invert In
Invert Qut
. Pipe Slope
Pipe Length

4 Culvert Pipe Properties
Pipe Style
Mumber of Barrels
Barrel Padding
Pipe Material
Mannings Value
Ke Value

785877
774,201
-13.303%
88.546"

Round

1

0.500
Concrete
0.013
0.050

m

A small, 9” pipe can actually handle this storm. This small storm of 2.31 inches is used to

illustrate an unusual pond-filling scenario upstream. Note how there are 2 ponds below the
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embankment dam, and the upper, “perched” pond, closer to the road, more shallow and at a

higher elevation, is spilling through the “blue gate” into the deeper lower pond, helping to fill it,

and not running downhill along the roadside. But at 2.31 inches rainfaill, the lower pond is not

full yet. The magenta line below represents the maximum headwater, overflow level for Pond

7, the upper pond. The lower pond next to it, Pond 8, must fill first before the combined ponds

spill the water down along the roadside ditch. This complex analysis of water flow is one of the

significant features of Precision 3D Culverts, and also helps locate unusual and unwanted DTM

anomalies. When a larger rainfall event is used, the ponds 7 and 8 naturally merge into a single
pond.

“fgPostion |
Merthing 416,866.723'
Easting 1,776,220.581"
Elevation 815.518
Mame US68Merge5Po
Lat 38°38'37.51"
Lon -83°46'28.28"
Elev 248.570

[ SubCatchment Basin 10
Avg Runoff Coeff, 65.000
Area 9.841 Acres
B Fow Length 1236241
Avg Land Slope 19.003%
Time Of Concentration 13156 min
. Peak Flow 1.621 ft* / sec
. Maximum Headwater 817120
Maximum Velume 0.301 acre-ft
inFlow 0.000 £/ sec
Sink Water Elev 807.000"
[MPond 7
B cestion 816.367"
Max Depth 1.798'
Valume 0,010 acre-ft
Area 0.016 Acre
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But now consider designing for the 50-year, 24-hour SCS storm. From the Carlson Hydrology
Module, this can be obtained at 5.14 inches.

=

Rainfall Source

@) Lookup Table 1 User-Defined
STATE STORM fyr)

IA ol 2

D 5

IL 10
IM 25
K5 CI—
[N 0

LA

MA 5

DURATION fhr)

1

2
In —_— b
Jzer 2
User 3
User 4 d

User 5

I Zoom Out J

I:I Rairfall {in)

Adding Storm Events to a Single Scenario: While still in Scenario 1, add the Storm Event 2,
which will be defined as a 50-year storm, 24-hour duration. Right-click on Storm Events and
choose “Add Storm Event”. This creates Storm Event 2 and makes it active.

Scene Explorer & x Scene Explorer

4 Scenario 1
4 UseEMergeSPondl.tin
4 Starm Events (2)

4 Scenario 1
4 | J568MergeSPondl.tin

4 Storm | Add Storm Event 4 Storm Eventl
’ " Run Storm Events ’ ?LIbga?l”;E] (18]
’ > onds

CulvertPig Renarme Storm Event 2 (Active)

While active in Storm Event 2, enter the data as shown below. As in the previous example,
assume CN = 65 (CN =100 would indicate 100% impervious land cover).



4 Scenario 1 ool Tip
4 US68Merge5Pondl tin Property Value
A o e gPositon |
4 Storm Eventl
L4 SubBasins (16) Northing 416,917 483
» 8 Ponds (17) Easting 1,776,175.935'
4 Storm Event 2 (Active) Elevation 813471
il US6EM
[ Property Explorer \/ Textures \ [Jat_” - 3;]338";;’31%%
q S |
Property Explorer
Lon -83°46'28 84"
“Properies \( g\ = S
ev 247.947
Propes Value
L perty | 5ubCatchment Basin 9
Storm Event Properties oG Rimor Coett ——
Hydro Method 5C5 i 36,738 Acres
Curve Number/Coeff 65000 [ 2 418 — E
SCS Storm Type TYPE 11 24-HOUR , L“; ;"9 e
5 Avg Land Slope 762%
Rainfall Amount 5140
2103
Rainfall Duration 24,000 hrs T'.’“e Of Concentration. 121031 min
: Peak Flow 44519 ft™ / sec
Return Pericd 50 Year
Cutoft Area 11478 Acres B Maximum Headwater | 754,000
Masx Pond to Merge 2.296 acre-ft Maximum Volume 0.000 acre-ft
Min Pond Depth 0.500" inFlow 0.000 £ / sec
l4 General Properties Sink Water Elev 754.000
Easting 1,776,220.000 [4Pond 11
= W cieation 817120
o~
< Max Depth 10120
“ Volume 0301 acre-ft
= —— o nant Ao

The 2 separate ponds are now merged as Pond 11 due to the added rainfall, with a maximum
depth of 10.12°. However, the water flows now through all the overflow points and in doing so,
unites subwatersheds into larger watersheds. To deal with the water in the newly merged
pond 11, close the gate on its downhill overflow point:

Easting 1,776,326.813"
Elevation 824 .980"
Mame US68MergeSPor
Lat 38°38'37.07"
Lan -83%46'26.94"
Elev 251.454

| SubCatchment Basin 9
Avg Runoff Coeff, 65,000
Area 26,238 Acres
I Fow Length 2418759
Avg Land Slope 21,762%
Time Of Concentration 21,031 min
B PeakFiow 44619 £ / sec
. Maximum Headwater | 754,000
Maximum Volume 0.000 acre-ft
inFlow 0.000 f° / sec
Sink Water Elev 754.000

Another method of preventing watersheds from merging is use of the “Cutoff Area”, “Max
Pond to Merge” and “Min Pond Depth” options. The idea here is that small, shallow ponds,
such as 0.5 in depth or less, should never be considered in isolation and should not be
displayed (to avoid confusion). The “Cutoff Area” setting limits the acreage to be merged,
which helps to isolate subwatersheds as distinct. The Max Pond to Merge, in units of volume,
will isolate to individual ponds and their own distinct watersheds if the volume is exceeded.
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> L SubBasins (16)
. Ponds (17)
4 Storm Event 2 (Active)

" Property Explorer V Textures \

Property Explorer
" Properties \/ Display \
Property Value

4 Storm Event Properties
Hydra Methad SCs
Curve Number/Coeff 65,000
SCS Storm Type TYPET 24-HOUR
Rainfall Amount 5.140"
Rainfall Duration 24.000 hrs
Return Period 50 Year
Cutoff Area 11.478 Acres
Max Pond to Merge 2.296 acre-ft
Iin Pond Depth 0.500'

|4 General Properties

Always re-calculate the Storm Event after creating a red gate. With the red gate in place a pipe

can be designed under the road embankment for the local watershed. Then as an experiment,

a second pipe can be placed underneath the light green embankment dam, and the existing

lower pipe can be tested to see if it can handle, as first designed, the additional flow.

First, run the Storm Event Calculation with the above 50-year, 24-hour storm:

gPosion |
MNaorthing 416,870.689"
Easting 1,776,218 440
Elevation 815.793"
Mame USE6EMergeSPer
Lat 38738'37 55"
Lon -83°46'28.31"
Elev 248.654

M SubCatchment Basin 9
Avg Runoff Coeff, 65.000
Area 9.841 Acres
I Fiow Length 1,236.241'
Avg Land Slope 13.003%
Time Of Concentration 13156 min
B reakrion 20,767 £/ sec
. Maximum Headwater | 817120
Maximum Volume 0,301 acre-ft
inFlow 0.000 ft* / sec
Sink Water Elev 807.000'

M 4Ponds

B c=stion 817120
Max Depth 101200
Volume 0.301 acre-ft
Area 0.102 Acre

The merged pond is now Pond 6, and the Peak Flow is 20.767 ft3/sec. Use the Place Culvert

icon to create a pipe culvert across the road. Make the Culvert Corrugated Metal with a

Manning’s n = 0.024. This results in a 21” culvert pipe.
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Property Explorer '/ Textures \

Property Explorer
Properties Display
Property Value

Calc Control Result
Discharge

. Maximum Headwater Elev

Design Headwater Elev
Design Headwater Depth
Headwater Depth Result
Tailwater Elevation
Tailwater Stream Width
Pipe Diameter
Cutlet Flow Depth
Outlet Flow Velocity

Inlet Submerged
20,767 ft* / sec
817.120'
817.120'
10.120'

4093

762712

1.000'

21.000"

1.523'

9.346 ft/sec

Note elevation of calculated headwater (yellow line), well underneath the overflow max
headwater (magenta line). With this 21” pipe, with peak flow, the water will rise to the level of

the yellow line.

Now drain the upper embankment pond into the lower basin. Although normal design would

be to drain the upper embankment first, then size the lower culvert pipe, this procedure will

put to the test the 21” pipe size as currently designed.

Note that this upper embankment watershed has a peak flow of 11.938 ft*/sec.
Culvert command, the program sizes at 15”:

Elev

[ SubCatchrment Basin 8
Avg Runoff Coeff.
Area

. Flow Length
Avg Land Slope

Time Of Concentration

. Peak Flow

. Maximurm Headwater
Maximum Velume

inFlow

Sink Water Elev

@ Pond 4

. Elevation

Max Depth

Volume

Area

260.910

65.000

4 879 Acres
560.529'
13.404%

8.319 min
11.938 7 / sec
867.000'

3.543 acre-ft
0,000 ft* / sec
854.996'

861633
6.637'

0.719 acre-ft
0.306 Acre

Using the Place
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Calculation Control Optimum
Calc Control Result Outlet HDS5
Discharge 11.938 £/ sec
. Maximum Headwater Elev  867.000
Design Headwater Elev 864316 F
Design Headwater Depth 9312 =
Headwater Depth Result 6.147"
Tailwater Elevation 817120 "
Tailwater Stream Width 1.000"
Pipe Diameter 15.000"
Qutlet Flow Depth 1173

If you recalculate the Storm Event, note the effect on the lower culvert pipe (goes to 24”) and
its yellow maximum headwater line: Hw=4.93 has risen to Hw=5.968. So the additional water
has an effect. Pipe outlet velocities have increased.

Property Explorer

Properties Display
Property Value
Discharge 32,705 ft* / sec
. Maximurn Headwater Elev | 817.120°
Design Headwater Elev 817,120
Design Headwater Depth 10120
Headwater Depth Result 5968
Tailwater Elevation T62.712'
Tailwater Stream Width 1.000°
Pipe Diameter 24.000"
Outlet Flow Depth 1877
Outlet Flow Velocity 10,683 ft/sec

If the Design Method is changed to Calculate Headwater, you can change the pipe size back to
21” to see the effect:

Property Explorer

Properties Display

Property Value

Calc Control Result Outlet HDS5

Discharge 32,705 ft* / sec

. Maximum Headwater Elev  |817.120°
Design Headwater Elev 817.120°

Design Headwater Depth 10120
Headwater Depth Result 101200

Tailwater Elevation 762712

Tailwater Stream Width 1.000°

Pipe Diameter 21.000"

The 21” pipe won’t work any longer—the yellow line reaches the Maximum Headwater
Elevation and overflows. If you click into Storm Event 1, the current design will be tested. You
can then select any designed pipe, click on PDF Report and all Storm Events that are selected
will be reported on page 2 of the Standard Pipe Report.
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Adding a Scenario for Rational: Under the File pulldown menu, you can select Add Scenario:

File | Edit View Toocls Commands  Utilities Help

Open Scene

Add Scenario w‘. wl- ih még

In the new Scenario 2, choose the US68Merge5Pond1.tin. Select Rational method.
pulldown menu and change to the KY Rainfall events as shown here:

System | Units | Geometry | Projection I Texture Map |

Go to Tools

Application Options

Language: [USEninsh.qm - ]
Project Path: C:jUs 68

Data Path: C:/ProgramData /Carlson Software Precsion3DCulverts/data

Model Path: C:/ProgramData/Carlson Software/Predsion3DCulverts Data/models

SCS Rainfall Library File: {ProgramData/Carlson Software Precision3DCulverts /data/RainfallLibrary /ScsRainLib. dta

Rational Rainfall Library File:  C:/Carlson Projects/Settings/Kentucky Rainfall Intensity.rn

Users of Carlson Hydrology can find the Rainfall libraries in c:\Carlson Projects\Settings as

shown above. With this library selected, many options appear within the Property Explorer.

You may need to switch back to SCS and back to Rational again to get any new Rainfall Library

freshly recognized. Among the Kentucky Rainfall Intensity Libraries is the Maysville option.

{ Properties \/ Display \

Property Value =

1 Storm Event Properties
Hydro Method Rational
Curve Number/Coeff 0,650

[EEREEETTENTN Nws - BOWLING GREEN

Rational Method NWS - BOWLING GREEN

Rainfall Amount NWS - BOWLING GREEN FAA AP
NWS - LEXINGTON WSO AIRPORT
NWS - LOUISVILLE

MNWS - LOUISVILLE - UPPER GAGE
MNWS - LOUISVILLE - W50 AIRPORT

Rainfall Duration
Return Pericd
Cutoff Area
Max Pond to Merge
Min Pond Depth

4 General Properties

[ T
‘(_\
T rERT

- OWENSBORO 3 E
NWS5 - OWENSBORO 3 W

This library can be viewed and edited within the Carlson Hydrology module, as shown:
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Rainfall ID NWS - MAYSVILLE
Rainfall Intensity {n./hr)

Duration [mik) 1¥EAR 2YEAR 5YEAR 10YEAR 25YEAR 50 vEAR 100 vEAR

5.000 4.520 5410 £.440 ¥.260 8.300 3120 3.320
10.000 3.330 4.220 5.010 5.600 6.350 6.320 7460
15.000 2510 3.440 4.100 4.600 5.230 5710 6.180
30.000 1.550 2.300 2810 3130 3.630 4.030 4.460
E0.000 0.910 1.410 1.760 2.030 2.400 2.630 2.330
120.000 0.620 0824 1.030 1.200 1.430 1.620 1.820
180.000 0.430 0.586 0.733 0.854 1.030 1.170 1.320
360.000 0.300 0.354 0.441 0.513 0615 0.7 0.733
¥20.000 0170 0.208 0.257 0.233 0.356 0.405 0.457

Note that you can choose different rainfall durations. Use the Universal Rational Method and a
10-year storm event. Using the Universal and Dekalb Rational Methods, the duration for
Volume Calculation is a fixed multiple of the computed Tc (time of concentration), 11x for
Universal and 10x for Dekalb. For Modified Rational Method, the user-entered duration is used
for volume calculations. But for peak flow, the Tc itself is used to interpolate the rainfall
intensity. So to test the use of interpolated rainfall intensity in inches/hour, choose the
Modified Rational Method with a 10-year return period. Note that “.rn” files always store
rainfall in inches/hour, and convert to metric (cm/hour) for purposes of presentation. If you
have a table of rainfall in cm/hour, you would need to convert it to inches/hour if you want to
edit an existing rainfall table, save it and re-use it for metric calculations. To repeat, Rational
Rainfall tables are stored in inches/hour.

The next step in the process is to Calculate the Storm Event. Before clicking the Calculate Storm
Event icon, set the runoff coefficient to whatever applies, such as 0.65.

Property Value
4Storm Event Properties |
Hydro Method Rational
Curve Number/Coeff  0.650
Rational Storm Type  NWS - MAYSVILLE
Rational Method Universal Rational

Rainfall Amount 5.000

Rainfall Duration 1.000 hr
Return Period 10 Vear
Cutoff Area 11478 Acres L
Max Pond to Merge 2.296 acre-ft

Min Pond Depth 0.500"

Maximum Volume

inFlow

The Rain Intensity of 5.8 in/hour is interpolated for the 9.07 minute Tc, leading to peak flow of
18.3 ft*/sec for the upper embankment pond watershed.
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Pipe Length “Projecting” vs Headwalls: A smaller pipe length will be calculated if a headwall is
used versus using only a standard “projecting” pipe. For the pipe-only scenario, place a pipe in
the low point of the pond and connect through to the toe of the slope of the embankment as

shown below:

Mame Usb8MergesPo
Lat 38°38'39.78"
Lon -83°46'29.54"
Elev 256.903

i (4 Fipe Information
Pipe Length 129397

Diameter 18.000"

Z Diff -13.004'
Slope -9.370%
Discharge 13,204 ft* / sec

An 18” pipe is calculated with a length of 139.397’, headwater depth result of 5.2’. (Note if that
headwater is considered too high, switch to Design Headwater Mode and enter a larger pipe
size such as 24”.) Now delete the pipe (select it in the Scene Explorer and press Delete).

=
Choose the icon that draws the pipe and applies headwalls in one process: &‘

Place the pipe at the same positions and choose the NCDOT top-left headwall from the list.

ADOT

Caltrans

" ~,

France

Iowa

Jensen Precast

MCCulvertl _headwall MCCulvertl_headw...

Kentucky DOT
MAG

-

MC DOT

Old Castle

e — s ——— ——— —— ——— ———— ————
| LS | R ) S S o | S | S | S | ="

WS5DOT

MCCulvert?_headwall NCCulvertd_headwall
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[ Pipe Information
Pipe Length 118.189"
Diameter 18.000"
Z Diff -11.023
Slope -0.367%
Discharge 18.294 ft* / sec
[ SubCatchment Basin 10
Avg Runoff Coeff. 0.650
Area 9.841 Acres
B 70w Length 1,236.241'
Avg Land Slope 19.003%
Time Of Concentration 14977 min
- . Y ]

The pipe length is now reduced to 118.2" (over 20’) as the headwall treatment pushes into the
hill. A smaller headwall could easily accommodate the pipe above. Two examples of culverts
with headwalls pushing into the hill (reducing pipe length) are shown below:

Use File, Save to CAD, to bring the pipe designs, including the modified DTM surfaces, back to
CAD by LandXML.

C. Visual Indicators

Certain design flaws will produce visual indicators in the Graphics Window. If a pipe is draw
with a positive slope from the inlet to the outlet, water will not be able to flow through it. This
error is indicated by a yellow pipe as shown below. Notice that the inlet (at the right) is in the
pond and the outlet is at a higher elevation.
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If multiple pipes are being used to drain a ponding area, you may accidently cross the pipes.
This error will be indicated by coloring the crossing pipes red as shown below.

Another visual indicator is a red exclamation point hovering above a pond. This is shown if the
addition of a culvert causes a pond to overflow. In the below picture, the pond requires an
extra ~3,000 ft* of volume to prevent overflow. This excess volume is reported in the tool tip.

Property Value |
Marthing 50,343.756'
Easting 52,804.991'
Elevation 301.436'

Mame SyncrudePond.ti
[ SubCatchment Basin 23
Avg Runoff Coeff. 65.000
Area 0.182 Acre
B Fow Length 136.645'
Avg Land Slope 34.307%
Tirme Of Concentration 1.681 min
B Pesk Flow 0.076 ' / sec
. Maximum Headwater | 307,790
Maximum Yolume 25,112,934 ft*
inFlow 3.068 ft* / sec
Sink Water Elev 301.280°
1 Pond 47
B o-stion 307.790'
Max Depth 6.510'
Volume 25,112,934 £t
Area 0.151 Acre

F Tailwater Volume 27,065.201 ft°
Excess Volume 3019190/
Max Potential Elevation 307.790°
Max Potential Volume 25,112,934 ft°

94



D. Inserting, Editing, and Designing Headwalls

Once the culverts have been designed, headwalls may be added, edited, and incorporated into
the surface. As mentioned in Chapter 1 Section C, headwalls can be placed using the Insert
Headwall Icon. Clicking this icon will bring up the Headwall Library which lists a variety of
headwall designs. To add a headwall to a pipe, simply drag-and-drop the headwall from the
library to the inlet or outlet. This will place the culvert on both ends of the pipe. To change the
headwall, simply drag-and-drop another headwall onto the invert of interest. It is important to
note that once a headwall has been placed, dragging-and-dropping a new headwall in place will
only change one of the headwalls. This allows you to use a different headwalls for the outlet
and the inlet.

Once a headwall has been placed, the pipe will cut through the headwall. Making changes to
the pipe such as the number of barrels or pipe diameter will also be reflected by the headwall,
and changing the pipe position will move the headwall along with it. As with other 3D objects,
the visibility and transparency of the headwall is listed under the Display tab of the Property
Explorer.

Selecting a headwall will show three types of grips on the headwall itself. The red cylinder
allows you move the headwall along the length of the pipe. The blue cube allows you to move
the headwall and the pipe. The two yellow spheres control the rotation of the headwall about
the vertical axis. These grips are shown below.

The white lines around the headwall are visual indicators of the Headwall Grading Properties
shown in the Property Explorer. These properties are visually described in the below picture.
These lines can be toggled on and off in the Property Explorer.
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Freeboard

Invert Elev Grade Offset

o

Back Grading
Distance

Front Grading
Distance

e
Side Grading ‘J
M T W

Once the grading parameters have been set, the surface can be edited to reflect the new grading
solution using one of the two icons shown below. These icons are listed in the Property Explorer when
the headwall is selected. The icon on the left will execute the ‘Auto-Design Headwall’ command while
the icon on the right will execute the ‘Grade to Surface’ command.

The ‘Grade to Surface’ command creates a new grading solution based on the headwall’s current
location. This will produce results as shown below.
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Rather than manually moving the headwall along the length of the pipe, grading to the surface,
and repeating as needed, you can use the ‘Auto-Design’ Headwall to automatically move the
headwall and produce a grading solution. This command will move the pipe along the headwall
until the distance between the ground and the top of the headwall matches the Freeboard
distance (specified in the Property Explorer).This will produce results similar to those shown
below.

It is important to note that producing a new grading solution will shorten the length of the pipe,
which will be reflected in the Tool Tip. Moving the headwall after creating a new grading
solution will ‘heal’ the surface file to its pre-designed state. This allows you to edit your design
multiple times without changing the surface file.

E. Scenario Cost Calculation

Objects placed in a Scenario can have an associated cost, which is assigned by the user. The
Scenario Properties, shown in the Property Explorer when the Scenario is selected in the Scene
Explorer, keeps a running total of all costs for objects placed in the Scenario. This is shown
below.

Scene Explorer & X
4 -
4 |J568Merge.tin |j

4 | Storm BEvents (1)
4 Storm Event 1 (Active)

{ S e | . Fr =

" Property Explorer \/ Textures \
Property Explorer g X
/" Properties \/ Display

Property Value

4 General Properties
Easting 1,776,220.000°
Morthing | 417165.062'
Elevation | 754,000'

4 Cost Estirnation

Total Cost | 53 400.08
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Costs can be assigned to three types of objects: culverts, headwalls, and generic/custom 3D
objects. To assign a cost to specific culvert, simply select the culvert and edit the Unit Cost in

the Property Explorer. The Unit Cost is the cost per ft/meter of pipe, and the default value is set
to $2.00/ft. The Total Cost is simply the Unit Cost of the pipe multiplied by the total pipe length.

Costs can be assigned to headwalls within the Headwall Library to affect all headwalls of that

type, or the cost can be assigned to single instances of a headwall. To edit the default cost of a
specific type of headwall, open the Headwall Library, select the headwall of interest, then click
Edit Properties (outlined below). Here you can edit the Unit Cost of the headwall, which will be

applied to every new headwall of this type. To edit the cost of a single instance of a headwall,

simply use the same method as when editing the unit cost of a culvert. Costs can be applied to

generic/custom 3D Objects in the same method as headwalls.

Caltrans
France

121020

4

1211040

[ setas prevew Image I Echt Promertas I

Prapesty Value

Property Value
4 Headwall Grading Properties
Show Grading Polyline False

Freeboard (Inches) 6,000
Invert Elev Grade Offset  -4.800
Front Grading Distance 1,000
Front Grading Width 4.098"
Side Grading Width 0,000
Back Grading Distance  (.000"

Qutlet Grade Slope 1,000.000%
Madel is ¥ Up False

“Headwall Hydro Parameters
K 0,000
M 0.000
C 0.000
¥ 0,000

a Coct

I unit Cost 51 .y

Total Cost 31

Once costs have been assigned to objects, you can inspect the total cost of a specific Scenario.
This can be a useful tool for comparing the cost of materials for multiple Scenarios.
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V. PDF Reporting and Exporting to CAD
A. PDF Reports on Culverts and Watersheds

PDF reports can be generated to organize information about culverts and the

## | watersheds with which they interact. To generate a report, you can click the

a Culver Pipe Report icon, shown here to the left. The below picture shows a small
PDF [ portion of the default PDF template that can be used for reporting.

Culvert Pipe Report

Culvert Pipe ID  [CulvertPipel |

Material [Concrete | Shape  |[Round | Mannings [0.0130
Diameter [12.00" | Width  {12,00" | Rise [12,00" |
Length [120.604' | Slope  [-16.047% | Barrels
Inlet l4a16863.8023° |  Easting [1776216.2005° | Elev (81451 |
Northing

Inlet | | Lon | | Elev | |
Latitude

(Ohitlet 416746 nEae | Eactino [177¢107 151¢" | Elev  l7as any |

You can also create your own PDF template using Adobe software which supports forms and
form fields, such as Adobe Acrobat Pro. Customized reports can be created from scratch, or
from a scanned form. The below image shows a portion of a blank, custom form to be
populated with information from Precision 3D Culverts. Notice that this form calls for the return
periods and tailwater depths for the culvert of interest.

Return Interval (years) 2 5 10 25 50 100 500

Discharge {cts)

Flow Depth . Tailwater (ftJ

N oot Pt Fu OHW Fre. | [ B Mo | [ Pan i

This form can be populated by creating text boxes in the appropriate location on the form and
inserting the corresponding Precision 3D form field. The below image shows the form partially
prepared for use with Precision 3D Culverts. Once a report is generated, these form fields will

be replaced with the corresponding design value/name.
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/ '"PipeCulvert.Result.2Year.Discharge'

Return Intervat (years) 2 // 5 10 25 50 100 500

Discharge {cls}

FlDW Depth . Tailwater (ft) M

Moo i Pt Fu [ obw F\\' [ R M e IR TR

"PipeCulvert.Result.2Year. Tailwater'

Once the PDF template has been edited with the appropriate form fields, it can be saved and
placed in the C:\ProgramData\Carlson Software\Precision3DCulverts\Data\Report Templates

folder for use. Note that to access the C:\ProgramData folder, you will need to enable ‘Show
Hidden Folders’ in Windows. This can be done through the Windows Control Panel >
Appearance and Personalization > Folder Options > View Tab > Hidden Files and Folders > Sh

ow

hidden files, folders, and drives. Once the template is placed in the appropriate folder, simply

return to Precision 3D Culverts, click the Culvert Pipe Report icon, and select the template.

A list of the supported form field codes is provided below.

e  PipeCulvert.Name e  PipeCulvert.Result.5Year.Headwater

e  PipeCulvert.Diameter e  PipeCulvert.Result.5Year.OutletVelocity
e  PipeCulvert.Length e  PipeCulvert.Result.5Year.Tailwater

e  PipeCulvert.Mannings e  PipeCulvert.Result.5Year.FlowDepth

e  PipeCulvert.Shape e  PipeCulvert.Result.5Year.FlowControl

e  PipeCulvert.Material e  PipeCulvert.Result.5Year.Rainfall

e  PipeCulvert.Width e  PipeCulvert.Result.10Year.Rainfall

e  PipeCulvert.Rise e  PipeCulvert.Result.10Year.Discharge

e  PipeCulvert.Slope e  PipeCulvert.Result.10Year.Headwater

e  PipeCulvert.Barrels e  PipeCulvert.Result.10Year.OutletVelocity
e  PipeCulvert.Inlet e  PipeCulvert.Result.10Year.Tailwater

e  PipeCulvert.Inlet.Elev e  PipeCulvert.Result.10Year.FlowDepth

e  PipeCulvert.Inlet.GIS e  PipeCulvert.Result.10Year.FlowControl

e  PipeCulvert.Inlet.GIS.Elev e  PipeCulvert.Result.25Year.Rainfall

e  PipeCulvert.Inlet.Easting e  PipeCulvert.Result.25Year.Discharge

e  PipeCulvert.Inlet.Latitude e  PipeCulvert.Result.25Year.Headwater

e  PipeCulvert.Inlet.Longitude e  PipeCulvert.Result.25Year.OutletVelocity
e  PipeCulvert.Inlet.Northing e  PipeCulvert.Result.25Year.Tailwater

e  PipeCulvert.Outlet.Elev e  PipeCulvert.Result.25Year.FlowDepth

e  PipeCulvert.Outlet.GIS e  PipeCulvert.Result.25Year.FlowControl

e  PipeCulvert.Outlet.GIS.Elev e  PipeCulvert.Result.50Year.Rainfall

e  PipeCulvert.Outlet.Latitude e  PipeCulvert.Result.50Year.Discharge

e  PipeCulvert.Outlet.Northing e  PipeCulvert.Result.50Year.Headwater

e  PipeCulvert.Outlet.Longitude e  PipeCulvert.Result.50Year.OutletVelocity
e  PipeCulvert.Outlet.Easting e  PipeCulvert.Result.50Year.Tailwater

e  PipeCulvert.Result.1Year.Rainfall e PipeCulvert.Result.50Year.FlowDepth

e  PipeCulvert.Result.1Year.Discharge e  PipeCulvert.Result.50Year.FlowControl

e  PipeCulvert.Result.1Year.Headwater e  PipeCulvert.Result.100Year.Rainfall

e  PipeCulvert.Result.1Year.OutletVelocity e  PipeCulvert.Result.100Year.Discharge

e  PipeCulvert.Result.1Year.Tailwater e  PipeCulvert.Result.100Year.Headwater
e  PipeCulvert.Result.1Year.FlowDepth e  PipeCulvert.Result.100Year.OutletVelocity

100




e PipeCulvert.Result.1Year.FlowControl e  PipeCulvert.Result.100Year.Tailwater
e  PipeCulvert.Result.2Year.Rainfall e  PipeCulvert.Result.100Year.FlowDepth
e  PipeCulvert.Result.2Year.Discharge e  PipeCulvert.Result.100Year.FlowControl
e  PipeCulvert.Result.2Year.FlowControl e  Watershed.SubBasin.Name
e  PipeCulvert.Result.2Year.FlowDepth e  Watershed.SubBasin.Area
e  PipeCulvert.Result.2Year.Tailwater e Watershed.SubBasin.FlowCalculationMethod
e  PipeCulvert.Result.2Year.OutletVelocity e  Watershed.SubBasin.Coefficient
e  PipeCulvert.Result.2Year.Headwater e  Watershed.SubBasin.FlowLength
e  PipeCulvert.Result.5Year.Discharge e  Watershed.SubBasin.TC
e  Watershed.SubBasin.PeakFlow

B. Exporting Plan, Profile, Pipe Networks, and Revised DTM Data to CAD

Once a scenario has been designed, you can easily export the culvert and watershed
information to CAD by clicking File Pulldown Menu > Save to CAD. This action creates a
LandXML file, a .dxf (drawing exchange file), and a .sew (Carlson Sewer Network file) of the
culverts in the scenario. If Precision 3D Culverts was opened with the ‘P3DCULVERT’ command
in CAD, this action will also automatically draw the watershed and flow information, and then
prompt you to draw the updated surface (showing the new grading solution for headwalls) and
pipe information. If Precision 3D Culverts was opened directly from the desktop, you will need
to import the files into CAD manually. For this reason, it is recommended that you always open
Precision 3D Culverts through CAD rather than opening the program directly through the
desktop.

If you have opened Precision 3D Culverts through CAD,
you will see the below dialog box upon exiting the

Draw surface now? program and returning to CAD. Clicking ‘Yes’ will draw
the triangulation mesh or the grid file surface,
Structure Labels | Ppe Labels | General Settings depending on the type of
BAvailable Labels Used Labels Row Surface you Origina”y
Invert In Structure Name 1 Ioaded Into the prOgram-
Invert Cut 2
NHorthing 3
Easting :
T EX) You will also be prompted

E to draw the plan view labels

for the culvert. The below
pictures show the three
tabs available for plan view
labeling.

soelfomst gkl e = = The Structure Labels tab
_ L allows you to select the
Select labels that will be drawn in
[¥] Use MTEXT CAD. These can be edited
Ll Setup by moving labels from the

‘Available’ column to the
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‘Used’ column. Labels are moved between the columns by selecting the label and clicking the
‘Add’ or ‘Remove’ button between the two columns. Labels can also be edited with prefixes and

suffixes by double clicking on the label.

Structure Labels | Pipe Labels | General Settings

Label Pipe Length ~ Position Prefix Suffic
Label Pipe Size Position Prefix Suffix
[] Label Pipe Material Above Pips
Label Fipe Slope Position Prefoc Suffix 3
Slope Format
@ Percent ) R/
Draw Pipe Type Pipe Direction Label
Draw Pipe Thickness NONE Set 1.00

[ Stack Labels for Short Pipes

Justification

[7] Pipe Label In MTEXT

The Pipe Labels tab allows
you to select specific labels
to be drawn for the pipe.

Structure Labels | Pipe Labels | General Settings |

Teat Size Scaler
Amow Size Scaler
Blevation/Depth Decimals

Lenath Decimals

LebelLayer ~ CULVERT
Amow Layer CULVERT
Line Layer CULVERT
Dash Layer CULVERT
The General Settings tab allows you to Lsbel Syle  STANDARD

control text height, decimal reporting,and
the layers on which the labels will be
drawn.

0.100
0.100

Slope Decimals

5

[7¢] [7¢) mi
) ][] ) []

Sat Linetype BYLAYER
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Once these options have been selected, the scenario will be drawn in CAD. An example of a
culvert and watershed information as it will be drawn in CAD is given below

Culvert

Watershed Boundary

s Max Flow Line

_ - s Pond Boundary

Culvert Outflow
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VI.

3D Object Insertion

A. Inserting 3D Objects

This icon allows you to add 3D objects to the Graphics Window, making your
project appear more realistic. Precision 3D Culverts comes with a small library of

| k objects such as Vehicles, Trees, Utilities, and more. To place an object, click this

within the category, and the right column shows a second preview and the properties

associated with the selected object. Before placing an object, you can edit the properties as

icon to open the 3D Object Library, shown below. The left column in the window
shows the various object categories. The middle column shows the objects

well as the preview image by clicking the respective buttons. To place an object, simply click the

category of interest and drag-and-drop the object into the Graphics Window. The dialog

window will auto-hide once the cursor is in the Graphics Window. You can also place multiple

objects by double clicking the object and then selecting the insertion points in the Graphics

Window.

Houses

Street Lights

Survey

trees

Utilities

Vehicles

Wind Turbines

Bugatti Veyron

w

Land Rower

L7

s/

Silverado

| Set as Preview Image | |

Edit Properties

Property
Dimensions
Height
Vertical Scale
Perpendicular to Surface
Model is Y Up
|4 Cost

Unit Cost

Total Cost

Value

o £33
a.0f3

1.000
True

False

£1.00

£1.00
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Once placed, the object(s) will be listed in the Scene Explorer under the Generic Objects folder.
When selected, the object properties will be shown in the Property Explorer, which you can
then edit dynamically. As another means of editing the objects, you can use any of the three
grips shown in the below picture. The blue grip allows you to move the object’s insertion point,
the yellow grip controls the rotation of the object, and the red grip controls the height of the
object.

Scene Explorer

4 Scenario 1
4 Us6EMerge.tin
4 | Storm Events (1)
Storm Event 1 (Active)
4 | Generic Objects (1)
Silverado

|/ Property Explorer \/ Textures \

Property Explorer

" Properties \/ Display \

Property Value

4 Dimensions
Height 10.003"
Vertical 5cale 0.980"
Perpendicular to Surface  [V] True
Model is ¥ Up [T False

4 Line Animation
Animation Line Mone Selected
Animation Speed 35.000

| Cost
Unit Cost §1.00
Total Cost $1.00

Object Properties

e Height — controls the height of the object

e Vertical Scale — applies a vertical scale to the object’s height

e Perpendicular to Surface — controls whether the object is oriented in the horizontal
plane orin line with the slope at the insertion point

e Model Y is Up — controls the orientation of the object; this can be especially useful
when adding your own 3D objects to the Object Library

e Animation Line/Animation Speed — discussed in detail below

B. Expanding the 3D Object Library

In addition to the included objects, you can add your own 3D objects to the 3D Object Library.
This can be done by simply placing the objects in the proper directory on your computer. By
default, 3D objects are stored in the
C:\ProgramData\CarlsonSoftware\Precision3DCulverts\Data\models\Generic Models directory.
Objects must be placed in a folder within one of the category folders. For example, in the below
picture the ‘Cylinder.skp’ object has been placed in the “Cylinder” folder the “My 3D Objects”
category folder. Precision 3D currently supports .skp and .obj formats for 3D Objects. It is
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important to note that .obj files must have an associated .mtl file with the same name (e.g.
Cylinder.obj and Cylinder.mtl).

TIOGBE30PH (C:) » ProgramData ¢ Carlson Software » Precision3DCulverts » Data

v madels » Generic Models ¢ My 30 Objects » Cylinder
' |

Houses

My 30 Ohjects

Street Lights

Survey

trees

Cylinder

Utilites

Vehicles

Wind Turhines

—— —— — —— —— ———— ———

Setas B

[ setas

Property

’

Note that to access the C:\ProgramData folder, you will need to enable ‘Show Hidden Folders
in Windows. This can be done through the Windows Control Panel > Appearance and

Personalization > Folder Options > View Tab >

Hidden Files and Folders > Show hidden files, il Precision 3D Culverts

folders, and drives. File | Edit View Tools Commands Utilities
Open Scene e B

Alternatively, you can add custom 3D objects to the Add Scenario :_‘? - XML

scene without having to add them to the 3D Object Load Surface

Library. This can be done with a direct import by Save to CAD ints (1)

clicking File Pulldown Menu > Import, and selecting Save Scene ent 1 (Active)

the appropriate file format you wish to use. This Import N 'bBaSL::imnt(Db_j

will open the file explorer. Simply select the .obj or Evort Scene > o

.skp file of interest, click “OK”, and then select the ° — Stpleke) |

insert point in the Graphics Window. T p—

C. Animating Objects

To add to the visual effect of the design, objects can be animated to move along specified paths
at a constant speed. This could be used to show a car moving along a road, a bird moving
through the air, etc. To animate an object, you only need to specify a speed and a reference
polyline, both of which are specified in the Property Explorer. Animation lines generate the
drop down list automatically, and include every polyline in the Scenario. This includes polylines
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that you draw yourself, which can be done using the Draw Polyline tool (see Section Il Part B for
detailed information). Drawn polylines will be shown at the bottom of the list. Once these
parameters are specified, the objects will automatically start moving along the polyline.
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VII. LandXML Files
A. Importing LandXML Files

LandXML files can be imported using the icon shown on the left. The command
can also be executed by These can be in the form of storm sewer systems,
parcel boundaries, or alignments. To import a LandXML, simply click the icon
and select the file. The below picture shows an example of a sewer system that
has been imported to further visualize the project.

B. Exporting LandXML Surfaces, Pipe Networks, and Hydrology Data
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Culverts and surfaces can be saved to a LandXML format once they have been designed.
This can be done by clicking File Pulldown Menu > Save to CAD. Even though you may
not have a CAD platform available to you, this will create a LandXML file of the culverts
and the surface, as well as a .dxf which shows the 3-dimesional linework of the outer
side of the pipes (this linework does not show pipe thickness). An example of pipe’s .dxf
file is shown with contour lines in the below picture, and is intended primarily for
visualization of the pipe.
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VIIl. System/Program Performance

A. Required/Recommended Hardware

Minimum Requirements
e CPU: dual core Pentium 2.0GHz (or equivalent AMD processor)
e RAM: 8GB DDR3, DDR4 1333GHz
e Disk: Install requires 400MB free space
e Video Card: hardware accelerated DirectX 9 or OpenGL 3.3 and above with dedicated
2GB VRAM, Nvidia GTX 400 series (or AMD/ATI equivalent) and above

Recommended

e CPU: quad core Core i5 or i7 3.0GHz

e RAM: 16GB DDR3, DDR4 2400Ghz

e Disk: Install requires 400MB free space

e Video Card: dedicated nVidia GTX700 series or above (or equivalent AMD/ATI video),
hardware accelerated drivers for DirectX 9 or OpenGL 3.3 and above with 4GB dedicated
VRAM

0OS: Windows 7 x64, service pack 1 or above

B. Ways to Improve Speed

Precision 3D Culverts can place a high demand on computer hardware, but it is expected that
some users will need to change program settings to match the capabilities of their hardware.
There are several ways to reduce hardware demand so that the program can be used on less
powerful computers.

Type of Surface File

The type of surface file used for watershed analysis can have a great impact on computation
time as well as visual representation of the scenario. Although there are three types of surface
files that can be used within Precision 3D Culverts — TIN, LandXML, and Grids (binary and ASCII
format) - it is highly recommended to use TIN or LandXML formats as they allow for better
representation of flow lines and in general require less computation time. These two surfaces
are characterized by triangles with vertices on an irregular network. Grid surfaces, however,
have data points set at a regular grid spacing, which limits the accuracy of the surface by the
grid resolution. The below pictures show the same surface represented as a 25’ x 25’ Grid, a 5" x
5’ Grid, and a TIN file.
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25’ x 25’ Grid 5’ x 5’ Grid TIN Surface

As seen above, grids tend to show less detail than TIN surfaces. In order to match the general
resolution of a TIN surface, the Grid spacing must be made very small, which in turn requires
longer computation times. As an example from a simple time test, the above TIN surface
required less than 1/10" of the time to calculate a storm event compared to that of the 5’ x 5’
Grid. Although the 25’ x 25’ Grid required less time to calculate a storm event compared to the
TIN file, the lack of detail shows that this surface cannot provide an accurate representation of
the flow paths or pond storage volumes. For this reason, it is highly recommended to use TIN or
LandXML files for hydrology analysis as they allow for faster and more accurate computations.
Further comparison of surface files is provided in the Time Test section of this chapter.

Subdividing and Simplifying Surfaces

Some surface files, even in TIN and LandXML format, may be too large to allow reasonable
calculation times for hydrologic analysis. In these instances, it is recommended to either
subdivide or simplify the surface file. This can be done easily within the Carlson Civil 2015
module. The below picture shows a TIN surface which covers a rather large area with a high
level of detail. This surface could require a significant amount of time to analyze in Precision 3D
Culverts. However, this surface file may cover more area than is of interest or it may provide
more detail than is necessary.
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4049
2990
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3872
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3518
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If only a section of the surface is required for analysis, such as the outlined section in the above
picture, this area can be isolated and saved as a new surface file for analysis. To isolate this
section of the surface in Carlson 2015 Civil, draw a closed polyline around the area of interest,
then use the Carlson 2015 Civil Module > Surface Pulldown Menu > Triangulation File Utilities
command. Load the TIN file of interest, then click ‘Pick Bounding Polyline’ to select the polyline

marking out the area of interest as shown below.

Select Source(g) of The TIN

[ Load TIN File

( Load DXF File

[ Select 2DFACES

[ Fick Bounding Polylines

Fast TIN Intersect
Fillin holes
[~ Region Mode

Load TIN{s), specify

inclusion/exclusion
pohdines i amy and then
click Next to continue.

» a4

a

Ll

B

You can then click ‘Next’ to show the TIN editing options. To save the selected area as a new
surface, simply click ‘Save as TIN” with the Output Options set to include only the Insides and
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the Border as shown below. The new surface will be more manageable than the full surface and
will allow for faster computations.

Output Options

Insides Border [ Outsides

| SaveAsTIN || SaveAsDXF |
I Diraw I

If subdividing the surface is not an option, you can simplify the TIN file to show less detail and
thus provide for faster computations. Using Triangulation File Utilities as before, simply load the
surface and click ‘Next’. On the next dialog screen, click ‘Simplify’, which will bring up a new
dialog box as shown below. Here you can specify a tolerance to remove detail from the surface.
In the below picture, the tolerance has been set to 0.3 and to use 3 passes. This will allow the
program to remove vertices from the TIN surface which will change the surface elevation by
less than 0.3 feet/meters. This process will be repeated 3 times as specified by the number of
passes. It is recommended to compare various levels of surface simplification to ensure
accurate results.

I Add Value J I Subtract Value ‘
| MutiplyValue || Divide Value |
[ AdTN || SubtmctTIN |
[ Min TIN [ MaxTIN |
|  MegeTIN || Enhance Fiats |
I s J l Rotate ‘ Select Simplfication Method
@ Hlevation Difference  (*) Edge Cost

[ Scale ] [ Offset ‘ o 0
| Subdvide || Smply S S =
[ TNSwtses ||  SetColor | S
| SetNewBev || SetNULLs To Bev | 1
| SetBevtoNULL || Set Blev By Suface | ok || cancel

Output Options

Insides Border [ Outsides

| savessTN || SavessDXF |

—————

Once a surface has been simplified, it can be saved as a new surface file for analysis within
Precision 3D.

Video Settings

The below picture shows the Video Settings which can be edited to increase program
performance. Depending on your hardware specifications, you may need to edit a combination
of these settings to maximize performance. These settings can be found by clicking Tools >
Settings > System Tab.
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Video Options
Video Driver: OpeniGL - | Refresh Rate: |31.'.I Hz - |
Z Far: 10000 Background Color: | . ‘
| Show Moving Water | Show Multitextured Surface
Show Water Reflections | Show Rip Rap Textures
| Show Shadows | Show Runoff Tracking Values
Render Resolution: | 1024 - | Polyline Thickness (OpenGL) 1.0 =
Shadow Map Resolution: | 1024 - | Highlighted Polyline Thickness (OpenGL) 5.00 =
Shadow Filter Type: |Nnne - |
Shaow Irrlicht Attributes
Show Hidden Modes in Explorer

Precision 3D Culverts can be run on one of two Video Drivers: OpenGL and DirectX 9.0. Certain
graphics cards support one or the other, but higher end graphics cards often support both. The
best way to select one driver over the other is to simply try both of them and using the one that
provides better results (speed, level of detail, lighting, etc.). It is important to note that some
features, specifically the thickness of the polyline, cannot be edited when using the DirectX 9.0
driver.

The Refresh Rate determines the number of times the Graphics Window will be updated in a
second. The higher the refresh rate, the more fluid the animations and camera movements.
This value can be turned down from the default value of 30 Hz to improve program
performance. It should be noted, however, that decreasing this value will produce choppier
camera movements, which could be incorrectly interpreted as the program running slowly.

The Z Far setting controls how much of the scene is shown to the user. This essentially allows
you to view features within the specified units from the viewing position. For example, the
above pictures shows a Z Distance of 10,000. This will allow you to see all surface features up to
a distance of 10,000 ft/m.

The ‘Show Water Reflections’ option is one of the most demanding video settings within
Precision 3D. This option is purely for visual effect, and can be turned off if it causes the
program to run slowly. The below picture shows the difference between showing and hiding
the water reflections. The effect of this feature on calculation time can be found in the Time
Test section of this chapter.
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Shadows can be toggled on and off for added visualization of the scene. Although this option
places less of a demand on hardware than the ‘Show Water Reflections’ option, it can still slow
down the program. Turning off this option will increase program performance, but it is
recommended to first edit the Render Resolution, the Shadow Map Resolution, and the Shadow
Filter Type, as shadows allow you to see changes in slope across the surface.

The Render Resolution determines the amount of detail shown on surfaces and objects. A
higher resolution will result in a higher quality picture, but this could slow down your machine.

The Shadow Map Resolution determines the smoothness of the shadows. The below pictures
show a shaded surface with a shadow map resolution of 1024 and 4096, respectively. Using the
default resolution of 1024 is generally sufficient for shadow visualization.

The Shadow Filter Type — The Shadow filter type controls the ‘smoothness of the shadow,
measured in Percentage-Closer Filtering (PCF). In simple terms, the higher the PCF value, the
smoother the shadow. The below pictures show an object with a PCF setting of 4 and 16,
respectively. Notice how the second picture has a less jagged shadow.
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The other settings listed in the Video Options dialog box have a negligible effect on
performance, and for this reason are not detailed here.

Running Multiple Programs
As previously mentioned, an absolute minimum of 8 GB of RAM is required for Precision 3D
Culverts, but 16 GB of RAM is encouraged. If you find that Precision 3D is running slowly, you
may need to try closing other programs first. To put this in perspective, the below picture
shows the Windows Task Manager with a few programs running. Notice that programs such as
AutoCAD can use over 2.2 GB of RAM. By closing other programs before opening Precision 3D,
you will free up more of the computer’s memory and thus allow for faster computations and
higher-end visualization effects.

Applications | Processes | services | Performance | Networking | Users |

Image Mame User Mame CPU Memory {Private Werking Set) = Description it

acad.exe tfaulkner an 2,273,860 K  AutoCAD Application L

WINWORD,.EXE tfaulkner 01 145,584K  Microsoft Word 3

chrome.exe *32 tfaulkner 13} 143,452 K Google Chrome i

CrashPlanDesktop.exe tfaulkner an 71,068 K  CrashPlan desktop appli...

Softphone. exe *32 tfaulkner aa 57,472K  Office@Hand

chrome.exe *32 tfaulkner aa 43,672K Google Chrome

Ac\WWebBrowser.exe 32 tfaulkner oo 36,644K  Chromium host executable

Ac\iebBrowser.exe *32 tfaulkner oo 35,880 K  Chromium host executable

explarer.exe tfaulkner 01 24,276 K Windows Explorer

chrome.exe *32 tfaulkner i} 21,892K Google Chrome

Dropbox.exe *32 tfaulkner an 15,328 K Dropbox

dwm.exe tfaulkner 13} 18,428 K  Desktop Window Manager

chrome.exe *32 tfaulkner an 14,948 K Google Chrome

AcSettingSync.exe tfaulkner an 11,736 K AutoCAD component

VProTray.exe *32 tfaulkner an 7,620K  Tray Application =
[ 'ﬁ'show processes from all users
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C. Time Tests

The following time tests are meant to serve as an example of how Precision 3D performs on
various machines at various video settings. All tests were performed on machines that were
recently reset — the only installed programs aside from defaults were Precision 3D and the

Carlson Civil Suite on AutoCAD. Precision 3D build 31581 (released 3/25/2015) was the only

program running during the time tests. Specifications for the three test machines are given
below.

Machine CPU RAM Video Card System Type

Intel® Core™ i5-4310U

PC1 4.00GE | NVIDIA GeForce GT 720 M 64-bit
CPU @ 200Ghz 2.60 GHz

Intel® Core™ i7-3537U

PC2 8.00 GB AMD Radeon HD 8730M 64-bit
CPU @ 200Ghz 2.50 GHz

Intel® Core™ i7-4310U

PC3 8.00 GB AMD Radeon R7 M260 54-bit
CPU @ 200Ghz 2.60 GHz

The time tests were performed to isolate the effect of single variables on overall performance.
This is meant to give the user an idea of how a combination of the video settings might affect
performance on their own machine. For tests where a variable was not changed, the settings
shown below were applied. Unless otherwise specified, the US68Merge.tin surface file was
used for analysis (this surface file is included with the installation of Precision 3D).

Video Options
Video Driver: |OpenGL - | Refresh Rate: |31.'.I Hz - |
ZFar: 10000 Background Color: | . |
Show Maving Water Show Multitextured Surface
Show Water Reflections Show Rip Rap Textures
Show Shadows Show Runoff Tracking Values
Render Resolution: 1024 Polyline Thickness {OpenGL) 1.0 =
Shadow Map Resolution: | 1024 Highlighted Polyline Thickness (OpenGL)  5.00 =
Shadow Filter Type: Mone

Test 1 — Render Resolution

The results of Test 1 show the effects of larger render resolution sizes for the three test
machines. This test was performed using the US68Merge.tin surface file.

117




PC1 PC2 PC3
Render Surface Storm Surface Storm Surface Storm
. ) ) General Camera ) ) General Camera ) ) General Camera
Resolution| Load Time | Calculation Load Time | Calculation Load Time | Calculation
. ) Controls ) Controls ) Controls
(pixels) (s) Time (s) (s) Time (s) (s) Time (s)
1024 1 18 Somewhat Choppy)| 1 20 Smooth 1 16 Smoath
2048 1 20 Choppy 1 19 Somewhat Choppy 1 18 Somewhat Choppy
4096 1 24 Very Choppy 1 30 Choppy 1 18 Very Choppy
£192 1 22 Very Choppy N/A N/A MN/A 1 26 Unusable

This test shows that the three test computers all showed a noticeable change in camera
movements at a render resolution of 2048. Surface loading time and storm calculation time
were generally unaffected by the render resolution. It is important to note that PC 2 was unable
to load the surface at a render resolution of 8192.

Test 2 - File Types
The results of Test 2 show the effects of using various file types. The table shown below lists the
variations of the US68Merge.tin surface file used in this test. The LandXML and the four grid

surfaces were made from the TIN surface file.

Surface Format Resolution (if applicable) |File Size (KB)| # of Data Points
1 Tin - 2,008 34,261
2 LandxNL - 3,635 64,261
3 Binary Grid 5%5 2,429 187,048
4 Binary Grid 25%25 101 7,456
& ASCI Grid 5x5 1,829 187,048
) ASCI Grid 25x25 74 7,456

Test 2 also references the volume of a specific pond on the US68Merge.tin surface file. This
pond was analyzed with the default storm values with a rainfall of 1.5”. The referenced pond is
shown below.

Froperty Yalue

B Storm Evert Properties
Hydra Method 505
Curve Mumber Coefl 55000
SC5 Storm Type TYPE 148-HOUR
Eainfall &mount 1.500"
Rainfall Duration 24000 hes
Foeturn Penod 5 Yewr
Cutodf Area & 000000 f”
Max Pond to Merge 1,000,000 ft°
Min Pand Depth 05000

b Gerersl Propertes
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The results of Test 2 are given below.

PC1 PC2 PC3 Reference

Time to Storm Time to Storm Time to Storm Pond
Surface Load Calculation Load Calculation Load Calculation | Velume

Surface (s) Time (s) Surface (s) Time (s) Surface (s) Time (s) (ft)

1 1 18 1 16 1 17 3,442

2 1 26 1 25 1 22 3,014

3 ] * 5] 291 7 ) 3,049

4 1 1 ] 1 ] 3,967

5 ] * 7 283 5] a4 3,049

il 1 a4 1 5] 1 2 3,967

*Cannot complete computation

Test 2 shows that for a given surface, the time required to load the surface can vary significantly
depending on the file format and resolution. Although the time required to load the surface is
not greatly affected by the file format, the storm calculation time can be greatly affected.
Notice how the 5x5 grids contain a very large number of points relative to the TIN file, which
results in a longer calculation time. It should also be noted that such a small grid cell is required
to attain the level of detail of a TIN file, which was demonstrated in an earlier section of this
chapter. It can also be seen that the pond reference volumes can vary by as much as 10%
compared to the volume suggested by the TIN file.

In conclusion, the results of this test show that TIN files allow for relatively short computation
times while maintaining a high level of surface detail.

Test 3 — Show Water Reflections
The results of Test 3 show the effect of the Show Water Reflections option. This test made use
of the US68Merge.tin surface file.

PC1 PC2 PC3
Storm General Storm General Storm General
Show Water ] . .
. Calculation| Camera |Calculation Camera Calculation Camera
Reflection Status . . .
Time (s) | Controls | Time (s) Controls Time (s) Controls
On 15 Unusable 16 Very Choppy 15 Very Choppy
off 13 Smooth 16 Smooth 17 Smoaoth

All three test machines show that Water Reflections place a very high demand on computer
hardware. This feature requires the use of high-end graphics capabilities and processing speeds.
Although this feature has very little effect on storm calculation times, it greatly decreases the
fluidity of the camera controls due to the hardware limitations of the test machines.
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	/
	Precision 3D Culverts and the entire Precision 3D Series requires a 64-bit processor running Windows 7 or higher.  The above screen appears when these conditions are met, during install.  You can select Intellicad, Autocad or install the software stand alone.  If installed stand alone, the software goes by default to the Carlson Precision 3D subdirectory as shown below:
	/
	If installed on Intellicad or Autocad®, it installs in the directory of the CAD engine.  In the case of Intellicad 8.0, for example, it installs to: C:\Program Files\Carlson2015_ICAD8_X64.  
	In all installations, a compiler is installed as well, producing the new screen icon shown below:
	/
	/
	It sets up automatically that data files recalled by the program go in the directory:
	C:\ProgramData\Carlson Software\Precision3DCulverts\Data inside which the following subdirectories appear:
	/
	Precision 3D is organized as shown below.  The icons on top are command categories for distinct applications like loading surfaces or placing culverts within the routine.  On the left side, the Scene Explorer shows a tree of all work activity and provides additional commands within the major, distinct command options.  The 3D graphics appear in the middle of the screen and to the right are Tooltips that illustrate parameters and values as you mouse over key hydrologic or graphic features.  The pulldown menus on top provide alternate ways to initiate the commands or features of the Scene Explorer and also include additional commands such as Settings.
	/
	The Scene Explorer column on the left is further divided into an initial “tree” zone in the upper left which records all commands and operations and organizes them by category such as surface “TIN” file, Storm Event, Culvert and Headwall insertion, Object insertion, etc.  Multiple scenarios can be created each containing multiple storm events and other features.  Below that is the Property Explorer which allows for parameter, design element and settings changes.  There is also a tab for placing of textures to enhance the screen viewing.  An Output zone appears in the lower left, and records all activity and is particularly useful as an indicator that calculation processes are done.  At the very bottom left of the screen, the coordinates of the mouse position are presented at all times, including real-time elevation feedback as you move the mouse.  Your active surface file is also displayed for reference.
	The Tooltips appear on the right side of the screen, which always include coordinates at the top right and below that, data on screen elements appears as you mouse across the 3D site.  If you hover over a pond, for example, pond volume, area and maximum depth appears.
	Lighting control appears at the bottom right of the screen.  As you move the sun closer to the horizon or edge of the circle, the shading becomes more intense and more contrast is obtained.
	Dockable dialogs:  The various components of the screen (Scene Explorer, Property Explorer, Output, Tooltips and the Lighting Control) are movable.  At installation, Output may occupy the entire lower area, but can be gripped and moved to occupy just the lower left as shown above.  The lighting control area can be reduced in size or even removed leaving more room for the Tool Tip information.  You can always click on the Tools pulldown menu and select Light Settings to adjust them, leaving the entire right column for the Tooltips.  Placing the sun near the horizon leads to more contrast and shadows, and intensity can be adjusted.
	/
	During the design process, if the cursor is placed inside a watershed, you will see the drainage area (in the case below, 4.879 acres) and the peak flow and all the parameters used in the calculation.  Furthermore, if the cursor is placed over a ponding area, you will also see pond information in the Tooltips at right, including maximum pond depth and volume of water.
	/
	To undock any docked window (Scene Explorer, Tooltip, Output, etc...), place the mouse cursor on the top most dialog menu bar, then left mouse click - holding down the mouse button and drag the window away from the frame. The dialog will resize to undocked size and may be placed anywhere on the screen, inside or outside of the main application window.
	Below is the Tooltip information gripped and moved to a new free-floating position.  Note that the Light Control then expands to the entire zone on the right.  If the Tooltips are moved upward, they will take on a full screen horizontal appearance at the top of the page.  But such a position would be a poor use of screen space since the data in the Tooltips is arranged in a columnar format.  For the free-floating position shown, place the Tooltips low enough that they don’t “snap” to the top of the screen, then expand upwards by moving the mouse over the top and obtaining the expand grips:
	/
	/
	To dock a window to the main application window, place the mouse cursor on the top most dialog menu bar, then left mouse click - holding down the mouse button and drag the window towards the main application window edges. As the mouse approaches the top, left, bottom or right, a shaded preview rectangle will automatically appear to indicate where the window will dock when the left mouse button is released.
	If an existing window is already in a docked area, dragging a window to that same region will show a shaded preview rectangle and dragging the window up/down or left right will allow docking above or below the existing docked window.
	/
	Moving the Output window to the left (see below) will allow left frame docking under or above the existing docked windows.
	/
	To hide or make any window visible, use the View menu option. Checked window names are visible, unchecked windows are hidden.
	/
	The overall effect is a rich and dynamic design environment where the display of textured 3D surfaces, ponds and flowing water reveal the impacts of hydrologic design decisions and guide the user quickly to workable solutions.
	Load Surface
	/
	The “Load Surface” icon is highlighted above.  If you place the cursor over this icon, the “Load Surface” tooltip will appear.  You can also choose Load Surface by using the “Right Click” of the mouse, which brings up all major commands.  Left Click to select the command from the list.
	/
	When Load Surface is selected, the following dialog appears, allowing selection of the TIN surface (triangulated network surface).  Click browse (3 dots) to select TIN plus grid or LandXML surfaces (first LandXML surface found will load):  /
	/
	If the surface is in meters (which has a significant impact on drainage calculations), be sure to click that option above.  The last setting (feet or meters) will be remembered.  Surface data can be placed anywhere, but you can also make use of the default directory shown below (Program Installed Location\Data\Surfaces).
	/
	Scenarios:  Under the File pulldown, there is an option to Add Scenario.  If you want to load more than one surface (even if one is in metric and the other in feet), you should place the new surface in a new Scenario.  You can switch between them by selecting the desired surface in the Scene Explorer “tree” shown at left:
	/
	When a surface is highlighted, a green bounding box is drawn around the surface to indicate it is selected.  Whenever other objects are selected and “active”, such as culvert pipes or headwalls, they are also highlighted by a green bounding box.
	Carlson TIN Files and Auto-Texturing:  The Carlson Civil program has the ability to make a TIN file with color attributes for each triangle in the TIN.  These colors are then “mapped” to textures automatically by Precision 3D Culverts.  In this way, TIN surfaces appear with more clarity.  Road and shoulder surfaces, as well as cut and fill slopes and embankment dams are distinctly colored and then intelligently textured within Precision 3D Culverts.  The commands RoadNet, Pad Template, Valley Pond and Bench Pond all have this built-in coloring capability when making the output surfaces.   When these TIN surfaces are brought into Precision 3D Culverts, they immediately appear as multi-textured surfaces as shown below:
	/
	You can also drag and drop a new texture to replace any existing textures, as shown below:
	/
	The actual default mapping of texture is set under the Tools pulldown menu, Texture Map tab:
	/
	Surfaces do not have to be Carlson TIN files (.tin extension).  They can also be Carlson Grid files (.grd extension) or can be generic LandXML surfaces made in other software packages.  You would click the LandXML icon to load these LandXML TIN files.  However, the current LandXML 1.0 does not permit association of colors with triangles.  Therefore, at loading, only one texture can be applied to the surface.  However, using the polyline icon, a closed perimeter can be drawn and distinctly textured to distinguish surface land cover types.  The new LandXML 2.0, which is due to be produced in late 2015, will offer coloring of TIN triangles and will allow for auto-texturing of surfaces similar to the loading of Carlson TIN files.
	Surface Viewing Controls:  Once surfaces are loaded, they position themselves by default in the center of the screen as shown below:
	/
	The Background Color is user-defined, under Tools pulldown, Settings, System Tab:
	/
	The first thing to do is to hold the left button of the mouse down and do a forward motion of the mouse which pulls the site closer to the horizon and brings the sky into view.
	/
	Then roll the mouse wheel forward to zoom in.  Hold the mouse wheel down to pan in any direction.  Holding the left mouse button down, move the mouse left and right to “spin” the site in the desired direction.   Double click the left mouse button to zoom in at your clicked location.  Use Ctrl Double click of the left mouse button to zoom out.  Double click on the surface file in the Scene Explorer to zoom extents, restoring the original 3D View.
	/
	Contours:  If you click on and select the loaded surface, you can scroll down through the Property Explorer and turn on Contours.  Contours will plot at any set interval, with index contours automatically shown at 5 times the chosen interval.  The contours just add to the program visually, but are not exported.
	/
	Place Culvert
	/
	The Place Culvert command requires that a surface be loaded first.  Typically, you would compute the subwatersheds and peak flows in each subwatershed using the Calculate Storm Event icon, prior to placing culverts.  This Calculate Storm Event icon appears below.  In the Scene Explorer, you must highlight the Active Storm Event (and set the desired storm parameters), at which point you obtain the Calculate Storm Event icon shown below.
	/
	After a short computation (longer if the terrain model is very large), all areas of ponding as well as major stream courses are displayed graphically, and culverts can be placed with the purpose of draining and dewatering these ponds.  Little vertical yellow “sticks” indicate low points, and when placing culverts, the upstream inlet position will automatically “snap” to these low points when the cursor is moved close to them.
	If no storm event has been calculated, a default discharge (in English units) of 10 cfs (cubic feet per second) is assumed.  This value can be changed during the act of placing a culvert by clicking the inlet position of the culvert, then moving the cursor left to the Property Explorer that appears for the culvert, where you can real-time adjust the flow to a different number.
	/
	 So if you know the flow of the water to be drained, you can bypass the Calculate Storm Event procedure and place the culvert by directly entering the desired flow to discharge.If the Calculation Mode is set to CalcPipeSzie, then once a pipe has been placed, you can change the discharge or allowable design headwater depth and the pipe will automatically re-size.
	/
	The Calculation Mode can also be set to Calculate Headwater and Calculate Discharge.  In the Calculate Headwater mode, the culvert pipe diameter and discharge values can be changed, and a new headwater elevation is calculated.  Similarly, in Calculate Discharge mode, the pipe diameter and headwater can be changed resulting in a new discharge calculation.
	In Place Culvert, the pipe always will rest on the ground.  During the placement process, if the pipe is running uphill, it will appear yellow, both in the 3D view and in the Property Explorer next to Pipe slope:
	/
	This changes to green (good), when the pipe slope is downhill (negative).  The pipe takes on its normal gray coloring when drawn downhill.  It is orange if design parameters are exceeded.
	/
	Pipes can be “locked” so no design process changes them.  The lock icon is an action icon that locks the pipe when clicked.  This icon appears gray during the design process, when it is not accessible.  Once placed, the invert elevations of the pipe inlet and outlet can be adjusted.
	Placing Culverts to Drain Ponds:  Most culvert design is done after a storm event has been calculated and peak flows are computed by the program, rather than hand-entered as above.  Following “Calculate Storm Event”, ponding occurs in all low areas, and culverts can then be sized to drain the ponds at the accepted inlet headwater.  Shown below are 2 ponding areas in a 2” rainfall event, as calculated by the SCS method (CN=65):
	/
	The above pond calculation is obtained by clicking on a Storm Event (or right-clicking to Add a Storm Event while highlighting and existing Storm Event) and changing the rainfall to 2” as shown.   Then click the Calculate Storm Event icon highlighted above in the lower left.  Note that the Max Depth of water in the middle pond (obtained by hovering mouse over that pond) is 7.28’.  When a culvert pipe is placed to drain the upper embankment, the pond to the right, the water will drain to the middle pond and increase its depth, as shown below:
	/
	Maximum depth of the middle pond is now 8.173’, the pond having risen nearly 1 foot after receiving the water from the upper pond above the embankment dam.  The upper pond has been drained effectively.  Note also that the pipe slope, length and invert elevation is displayed at left, following placement of the pipe.  The magenta perimeters indicate the maximum storage capacity of each pond up to the lowest point of overflow, and helps advise on impacts from flooding.
	/
	In a close-up view of the ponding effects, you can see that Pond 2 has risen, but not yet to the elevation of Pond 3, which is a higher “perched” pond to its left.  At the overflow point indicated by the upward arrow, Pond 3 first drains to Pond 2 until water rises to a common level, at which point it fills and overflows at the point indicated by the left-arrow above.  Precision 3D Culverts, by precisely modeling water flow on the surface provided, will reveal pond and stream behavior graphically based on any number of specified storm event and pipe design scenarios.
	Pipe culverts can be rectangular and circular.  Circular culverts can be drawn as concrete material or as corrugated metal pipes.  In addition to single pipes of a certain size, multiple barrels of pipes can be designed, in which case the pipe dimensions are reduced as appropriate to handle the design flows.  The pipe inlet and outlet can be gripped and moved to new locations at any time.
	The Place Culvert command is described more fully in Chapter IV, Culvert and Headwall Placement.
	Insert Headwall
	/
	After a pipe culvert has been placed, the Insert Headwall command can be used to apply a headwall to both ends of the culvert pipe.  Rules are available to push the headwall into the hill, which reduces the pipe length and cuts out earthwork around the headwall.  Then when the pipe is gripped and moved, the original surface model is restored and the process can be repeated at a new invert location.
	/
	Shown above is a headwall placed on a pipe, prior to selecting the option to “Auto-Design” the headwall into the hill according to grading rules.  Headwalls cans be selected from an extensive headwall library.   Once headwalls are placed they appear in the tree.  Select the outlet headwall as shown, and then use the icon below to grade the headwall into the hill: 
	/
	Here is another headwall shown after the Auto-Design is selected.  It pushes into the hill leaving the user-defined “freeboard” from the top of the headwall against the hill down to the earth.
	/
	Insert Headwall mimics the real-world by reducing pipe lengths to what would be installed whenever headwalls are involved.  With headwalls in place, culvert commands such as 2 barrels (versus the default 1 barrel) can be used and the appropriate pipe re-sizing and solid modeling will occur, as shown below:
	/
	Auto Create Culvert
	/
	The Auto Create Culvert icon is in effect a combination of the Place Culvert icon and the Place Headwall icon.  It accomplishes both processes in one step.  You get a pipe and headwalls.  Immediately after placing the pipe, you are prompted for your headwall selection.
	 Shown below is the result of Auto Create Culvert using an elongated style of headwall.
	/
	If you grip on the cyan square for the selected Culvert Pipe, you can move the culvert pipe to a new position.  In its final position, if you highlight the Outlet headwall object in the tree, you can click on the “Auto Design Headwall” icon and push the headwall into the hill to the desired minimum freeboard, reducing the pipe length and duplicating field installation conditions.  Note how the pipe length reduces from 145.553’ above to 120.319’ below. 
	/
	Turn “Show Grading Polyline” to “False” to hide white grading lines.
	Load LandXML
	/
	The Load LandXML command can be used for 2 main purposes:
	(1) To bring in surface LandXML files in the form of TIN files allowing specific selection of the TIN file component to use, if multiple surfaces exist in the LandXML file.
	(2) To bring in existing storm and sanitary sewer systems that have been stored in LandXML format, in order to test for collisions.
	The opening dialog appears below, and in this case, an existing sanitary sewer system in LandXML format is selected:
	/
	Transparency and Viewing Collisions:  The plot of this system is shown below, as it interferes with a newly designed pipe.  You can view the pipes through the surface by setting Transparency “True” and something like 0.75.  To do this, click into the surface in the tree in the upper left, choose the Display tab and locate these transparency options.  Restore to Transparency “False” when done.  Note that the Culvert 3 design pipe appears in red because a decision has been detected with the imported LandXML sanitary sewers.
	/
	If a LandXML file is loaded that contains 2 or more surface, you obtain all the files in the tree, and can delete immediately the surfaces you don’t want to use, isolating to the target surface.
	/
	Items in the Scene Explorer tree can be deleted by selecting them and pressing the Delete key or right clicking and selecting Delete.
	Load 3D Model
	/
	You can load 3D Models from the Precision 3D Library of objects, which includes a variety of features such as trees, light poles, vehicles and other objects that add realism to the design.
	You begin by selecting objects from the available libraries.  For example, if you choose the tree category, the tree objects appear and you can scroll through them and select the one you prefer:
	/
	These objects can then be placed on the surface at any picked location.  Here are trees, light poles and guardrail as well as a survey tripod as placed near the road above the ponds
	/
	If you highlight Sub-basins, you can turn off (set False) “Show Areas”, and if you highlight Ponds, you can turn off“Show Outlines” for a less cluttered graphic.  Whenever objects are inserted, they can be placed vertically or perpendicular to the surface.  
	Culvert Pipe Report
	/
	Precision 3D Culverts will produce a PDF Report on any selected pipe culvert.  First, select the culvert to report by locating it in the Scene Explorer tree.  Then click on PDF Report.
	/
	/
	Select the desired report.  The standard Culvert Pipe Report Form fills out 2 pages worth of data for the selected pipe.  The first page is shown below:
	/
	Draw Polyline
	/
	The Draw Polyline icon is used for 2 primary purposes:
	(1) To draw a closed perimeter inside which texturing can be applied
	(2) To create a horizontal alignment for purposes of computing pipe skew angles
	For example, if a certain area has a very distinct ground cover, this can be represented by a specific texture.  So you could first draw a polyline around the target perimeter and then place a texture inside.  You do not need to remove textures that are there already.  The latest texture will simply override what occupies the perimeter of the new texture.
	After Clicking Draw Polyline, use the right mouse button to pick each vertex of the new polyline and press C on the keyboard to close to the beginning point.  Then click the Texture tab in Scene Explorer, choose your category and select your texture within the category.  To indicate rip-rap or stone in a steep drainage channel, you might click as shown:
	/
	Then use a “drag and drop” motion to pull the texture over to the right and drop it inside the perimeter.  If the scale of the texture is too large, adjust by tapping the Polyline and highlighting it, then going to the Display tab and increasing the resolution for a smaller scaled hatch pattern:
	/
	The second major application of the Draw Polyline command is to create a horizontal alignment that can be used to compute the skew angle of the selected pipe.  First select the alignment and then when producing the PDF Report, you will be asked to select the target pipe.  The KY PDF report, for example, has a place holder for skew angle:
	/
	Measure Distance
	/
	This is a very useful command for evaluating distance and slope between any two points.  For example, if we had an area of stone rip-rap in a steep drainage channel, we could measure that area by picking the 2 endpoints to determine its length and slope.  Press Esc to exit Measure.
	/
	File Pulldown Menu
	/
	Open Scene:  A Scene is everything under the Scene Explorer, everything in the tree of commands and objects shown below:
	/
	So when you Save Scene, you save all the information of the design including the surface, the texturing and the design aspects.  Open Scene recalls any previously saved Scene.
	Add Scenario:  The design process often involves many scenarios.  You may take one pipe design but apply different storm event scenarios to it.  You may have two surfaces that you wish to test in two different scenarios on the same storm event.  You may want to simply distinguish your design by time, referring back to a previous design effort as a distinct scenario.  The option Add Scenario allows you to set up a new scenario that can contain any number of commands, design decisions, textures and objects.
	Load Surface:  This command in the File pulldown is identical to the Load Surface command which is the first icon at the top of the screen, described in detail earlier and in Chapter II.  It allows you to select a Carlson TIN, a Carlson Grid file or a LandXML file containing a surface.  The surface is then placed in 3D view in the graphic window of Precision 3D.
	Save to CAD:  This takes a current snapshot of the design work and created a LandXML file that can be loaded in any CAD program, such as Intellicad 8.0, Autocad ® and Civil 3D ® and Microstation ®.  These programs have LandXML import commands that will detect the design features in the LandXML, as shown below in the Carlson LandXML import command using Intellicad 8.0 as the CAD platform:
	/
	You then select which elements of the LandXML you wish to import.  The pipes and headwalls will draw as solids within Carlson and the surfaces will draw as a triangular mesh.
	Save Scene:  This command saves all aspects of the Scene as recorded in the Scene Explorer.  Scenes including the design surface, pipe designs, watershed data and special 3D objects can then be shared and loaded by others.
	Import:  This command will bring in Wavefront objects and Sketchup “.skp” files and plot these objects directly to the screen.  You simply search for the appropriate file.  In this case, we are are selecting a fire hydrant “sketchup” formatted “.skp” file:
	/
	Then you pick a point on the surface to place the object.
	/
	Export Scene:  There are 3 Export options:  Wavefront (.obj), Stl and 3D Printer.  The entire scene can be saved as a “.obj” surface.  Many programs read “.obj” files, including Solid Works and Autodesk 3D Studio.  
	3D Printing:  The Stl export and 3D Printer export are both provided to enable 3D Printing.
	/
	P3D provides 3D printing preparation and export to .STL files for the surfaces and objects in the current scenario. The export feature will create a series of cubes based on the number of rows and columns entered in the export dialog. To create the 3D print ready files, select the menu option File->Export Scene->3D Printer.A dialog prompt specifies the output file directory to create or use and the base file name for the STL files. The number of rows is the number of vertical divisions and the columns specify the number of horizontal divisions.
	/
	A 2x2 grid will produce a total of 4 STL files each representing a single cube. The files will be exported to the specified directory using the base file name entered plus it’s cube or cell number. In this example will produce the following output files:
	/
	Here are the 4 scene files re-assembled in Blender:
	/
	Here is an example of the lower left cell in the 3D printer software, ready to print:
	/
	The smaller 3D Printers can be purchased for as little as $1000 or less, and larger 3D Printers are available at higher cost.  They can be very useful in making scale models of proposed designs, and with multi-colored cartridges, they can produce color-coded models as shown below:
	/
	Edit Pulldown Menu
	The Edit Pulldown Menu has just 2 options, Undo and Redo.
	/
	The Undo command undoes your last action and will keep going stepwise undoing previous actions.  The Redo command will restore your last action only.
	View Pulldown Menu
	/
	The View Pulldown Menu allows you to turn off and on any aspect of the screen “zones” that you don’t consider necessary for your work environment.  In case you move an area off the screen and lose track of it, the View Pulldown Menu also allows you to restore it.  The Off-On controls are intelligent in that the program remembers the last position of the screen element in question.  If you have Light Control and Tool Tips tabbed together in the same column as shown below, turning off Light Control leads to only Tool Tips on the right side, for example.  This is a useful option, since Tools has the option to review Light Control in a separate command, making the instant access Light Control less critical.
	/
	/
	Tools Pulldown Menu
	The Tools Menu has 2 options:  Light Settings and Settings.   Light Settings has an important option to set Ambient Intensity.  This should be set to a middle level, typically, to obatin sufficient contrast.  A high light intensity is recommended.  Placing the light near the edge of the sky circle (near the horizon) creates more shadows and also can improve viewing.
	/
	/
	The embankment dam at left lacks visible edges at the top of the dam with 100% Ambient Intensity, but with a lower Ambient Intensity as set above, the edges of the dam come back into view.
	The Settings option contains a multi-tab set of Settings.  For correct Latitude and Longitude, choose your correct projection.  Projection Types include UTM zones.
	/
	The main “System” settings are shown below:
	/
	/
	You can choose among several languages.  The defaults for Project Path, Data Path and Model Path can be set.  Libraries for both SCS Rainfall and Rational Method Rainfall can be set and edited.  These libraries can be borrowed from the Carlson Hydrology Module.  Pipe Size and Culvert Inlet Libraries can be specified and adapted to local markets.  All libraries are ASCII files and open to editing.
	The Video Driver is an important option.  Some computer screens will appear brigther with OpenGL and others with the DirectX 9.0 option.  These options will also handle line highlighting differently.  For example, when watersheds have been drawn using the Calculate Storm Event icon (appears when a Storm Event is highlighted), moving the cursor across watersheds will highlight each one when you move inside the watershed, and the highlighting will have different brightness with different Video Driver options depending on computer type.
	/
	You can also experiment with Refresh Rates, although a medium setting such as 30 Hz is recommended:
	/
	The Z Far setting of 10000 is recommended.  The background color is the color below the sky and below the surface itself.  The following zone of settings can have a far-ranging effect on speed and viewability and should be selected carefully:
	/
	Showing Moving Water is a “safe” setting having little effect on speed, but adding a lot to the impression of the water.  Water will “flow” and move in ponds and in streams, particularly when you zoom in close.  This setting does not tap resources.  
	/
	If you turn on “Show Water Reflections”, this will begin to draw upon resources.  Ponds will reflect the sky above.  The most demanding on resources is Show Shadows, which also has 3 control settings beneath it.  With this option on, the graphics may not react to mouse movement as quickly, but surface objects will project shadows and if set to DirectX, ponds will display transparency allowing viewing of the surface beneath the water. (Show Moving Water is on).
	/
	If Show Multi-Textured Surfaces is turned off, the site reverts to a single default texture:
	/
	The “Show Rip-Rap Texture” option will automatically place rip-rap at the outlets to headwalls, with dimensions defined in the headwall placement.  “Show Runoff Tracking Values” will present flow rates and flow volumes along streams below pipe culverts at the bottom of the screen (see below).  Just mouse over the streams to see these values.  Add these flow rates to the peak flow from the culvert pipe calculation, and you have total flows that help you design open channel dimensions and select channel lining.
	/
	The Polyline Thickness settings at the bottom of the Settings dialog control the thickness of polylines for better viewability.  Show Irrlicht Attributes brings up 2 additional tabs in Property Explorer:  Attributes and Materials.  These control aspects of the 3D View.  For example, Materials has an option to show “Wireframe”.  With turned on, the wire mesh of the 3D View becomes visible.  Showing hidden nodes in the Scene Explorer would add more information than necessary and is default off.
	The Units tab within Settings offers the flexibility to switch between English and Metric in terms of the Units shown in the Property Explorer and Tooltips dialogs.  You can mix units.  For example, you can have metric distances but size pipes in English (as may occur in metric countries where they purchase U.S.-produced pipes with diameters in inches).  The full list of Units is shown below:
	/
	The Geometry tab of the Application Settings is shown here:
	/
	It has just a few options governing display of 2D Polylines for things like watershed boundaries.
	The Projection tab was discussed earlier.  The Texture Map tab offers many controls for viewing textures:
	/
	The default Texture File for each selected color is set at right.  The Texture Resolution may need to be adjusted for any selected default texture, to create the best appearance in the 3D view.  The Default Color to Texture Mapping column at left allows you to add more colors and associated textures, in case the TIN files being loaded have a greater variety of color than shown.
	At the bottom of the Texture Map screen is a + and – button to add more color mapping or to remove colors that are mapped.  Sometimes, due to TIN editing in CAD or other functions, you may lose the colors of a certain area on the textured surface or have unwanted colors:
	/
	Just right click over the area in question and select Change Texture:
	/
	A similar texture is Ground type, “Just Add Bison” (odd sounding texture).  This will blend in this area more closely with the surrounding texture:
	/
	You can right click over any particular mapped texture on the site to see its current texture setting and scale.
	Commands Pulldown Menu
	This menu allows for selecting of commands also found in the icons.
	/
	Utilities Pulldown Menu
	This menu currently offers the Measure Utility, with operation identical to the icon “Measure”.
	Help Pulldown Menu
	This menu offers Help, which shows the product name and build date.  The initial Release 1.1 has a build date of March 9, 2015.
	The Registration option within Help shows your serial number and status (registered or demo).
	II. Loading DTMs, LandXML Surfaces and Scenes (entire P3D Projects)
	A. Loading Carlson DTM Surfaces with Texturing (TIN and LandXML)
	B. Polylines and Applications for Texturing and Station/Skew Angle
	C. Saving and Loading Scenes

	As previously mentioned, Precision 3D Culverts allows you to use three types of Digital Terrain Models: Carlson TIN files (.tin), Carlson Grid files (.grd), and LandXML files (.xml). These surfaces can be imported to Precision 3D using the Load Surface Icon, or by Right Clicking and selecting Load Surface. You will see a dialog box which allows you browse for the surface file. It is important to note that surfaces are expected to be in English coordinates with units of feet. Therefore, it is import to select the Surface in Meters checkbox if your surface uses metric coordinates. 
	When a surface is imported, it will be brought into the active Scenario. If you would like to import multiple surfaces, it is recommended that you use different Scenarios for each surface. To create a new Scenario, click the File Pulldown Menu > Add Scenario. You can then double click the Scenario to make it active. You can change the way a surface appears by using the Property Explorer. For detailed information, see Section I Part C of this document.
	TIN’s, Grid files, and LandXML files can all be used for watershed analysis and culvert design, but TIN files have added support for automatic texturing. Current LandXML files (version 1.0) do not support this automatic texturing feature, but LandXML 2.0 (expected to release in late 2015) will support this feature. 
	A 3D view of a Carlson TIN file is shown below (viewed in Carlson Civil 2015). Notice how the colored triangles mark out specific areas of the surface. This surface was generated using Carlson Road Network, which can be set to automatically generate colored TIN files according to user settings. 
	/
	TIN files can also be colored manually using Triangulation File Utilities within Carlson Civil 2015. To color a TIN file, you must first draw a closed polyline around the area to be colored. You can then use Triangulation File Utilities (Found under Carlson Civil 2015 Module > Surface Pulldown Menu > Triangulation File Utilities) to load the TIN surface and select the inclusion line to mark the area to be colored. In the below picture, the surface has been loaded into Triangulation File Utilities and the bounding polyline has been selected. Notice how the triangles within the bounding polyline are highlighted in green, indicating that only these triangles will be affected by the next action. The ‘Set Color’ button can then be used to assign a color to the highlighted triangles. The surface can then be saved to a new TIN file (be sure to select all three checkboxes under “Output Options” to ensure you save the entire surface to the new file).
	/
	Notice that after the manual edit, the triangles included in the bounding polyline have been set to an orange color, whereas they were previously green.
	/
	With the TIN File edited, it can be brought into Precision 3D and textures can be applied to each of the various TIN colors. The Tolls Pulldown Menu > Settings > Texture Map tab will bring up the dialog shown below. Here we have added the new orange color to match that of the manual edit shown above. Notice that colors are input in Red-Green-Blue (RGB) format, which is named when selecting the triangle color in CAD. With the color set, an image can be applied to the color by clicking the ellipse next to Texture File. This will allow you to select a texture image from the included library, or you may select your own.
	/
	Once the color has been added and a texture has been ‘mapped’ to that color, the change will be reflected in the Graphics Window, as shown below. If you would like to texture a scene without making manual edits to the TIN file, you can use closed polylines to mark out areas for texturing. This is discussed in the following section.
	/
	Polylines can be added to the scenario for 3D object animation, texturing areas, station and angle referencing for culverts, and simply marking out areas of interest. Clicking the icon shown to the right will start the command. Simply pick the points for the line to follow and press ‘Enter’ to end the command. Alternatively, you can right-click to pick the final point on the line, or press ‘C’ to close the polyline. 
	Once drawn, a new group will be created in the Scene Explorer, which lists all polylines that have been drawn using this command. You can edit the name of the polyline to make identification easier by right-clicking on the polyline name. The polyline color can also be edited by clicking the button to the right of “Line Color” in the Property Explorer. Polylines can be turned on and off by toggling the “Visibility” option under the Display tab in the Property Explorer.
	/
	Polylines can be drawn in the horizontal plane at a fixed elevation or they can be draped onto the surface. By default, polylines are draped onto the active surface, but can be reassigned to drape to another surface in the Property Explorer. You can also edit the polyline to be drawn at a fixed elevation. The default elevation can be edited by clicking Tools Pulldown Menu > Settings > Geometry Tab, and is shown in the below picture. In this menu the “Height Above Surface” refers to the highest point on the surface. For example, using the default value of 5.00 would draw a 2D polyline 5.00 feet/meters above the highest point on the surface.
	/
	Closed polylines can be used to texture specific areas. In the below picture, the closed polyline has been drawn around the outflow of the pipe to mark the new stream area. This area can be textured to show that it will be different from the original ground. To change the texture, click on the Texture Tab next to the Property Explorer, select a texture, and drag-and-drop it into the closed polyline area. The texture can also be changed by right-clicking inside the closed polyline area. Right-clicking to edit will also allow you to change the texture resolution, which is defined as number of images per unit area; the higher the value, the smaller the size of the individual texture image.
	/
	Polylines can also be used to report skew angles and station referencing for culverts. In the below picture, the road centerline has been drawn in orange, and has been assigned as the reference polyline for the culvert. 
	/
	A visual explanation of the reported values is shown below. The skew angle (shown in magenta) is reported as the angle between the pipe and the direction perpendicular to the reference line. The stationing (shown in red) is reported as if the inlet and outlet were projected onto the reference line. The offset of the inlet and outlet (shown in cyan) is given as the perpendicular distance from the reference line to the respective point.
	/
	Polylines can also be used for animation of 3D Objects. For detailed information about objection animation, see Section VI Part C of this document. 
	Projects within Precision 3D Culverts can be saved and later re-opened to further analyze and edit your design. To save a scene, click the File Pulldown Menu > Save Scene. This will create a .3dp file in the directory you specify. 
	The .3dp file type is simply a zipped folder with a different file extension. This allows you to move the .3dp file between various machines, and even to other users without having to reference the original files. You can actually rename the file extension to that of a zipped folder to see the individual files contained within the scene. For example, the file ‘My_Scene.3dp’ could be renamed to ‘My_Scene.zip’, which would change the file type to a standard zipped folder. This folder contains images used to texture the scene, the original surface file, the updated surface file, a LandXML file containing polyline information, a zipped folder containing the headwall files, and more depending on your specific project.
	/
	Scenes can also be saved to a format intended for 3D Printing. This does not, however, allow you to open the scene again for further watershed analysis. For detailed information about saving Scenes to these formats, see Section I Part D of this document. 
	To open a saved Scene, simply click the File Pulldown Menu > Open Scene. Here it is important to note the difference between a Scene and a Scenario. A Scenario contains a surface file, polylines, culverts, headwalls, 3D objects, etc. to be used for watershed analysis. A Scene is a collection of Scenarios. A Scene can be saved, but individual Scenarios cannot. You can only open one Scene at a time.
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	When a surface TIN or LandXML surface is loaded, the program immediately highlights the Storm Event as shown below.  When this is highlighted, you can click Calculate Storm Event in the lower left, which uses all the parameters set in the Property Explorer for the Storm Event.  Storms can be defined by the SCS method or by the Rational Method.
	/
	So the procedure at start-up is a two-step process of loading your Surface (verifying your settings and storm parameters) and then clicking on the Lightning Bolt icon shown above, to Calculate Storm Event.  If you have worked other commands in the meantime, you will need to click on and highlight the Storm Event (1 or higher number in different Scenario) which brings up the Calculate Storm Event icon.  Click this icon to calculate the watershed boundaries.
	/
	The program outlines all watersheds and subwatersheds.  A watershed, like the one shown above, is a self-contained area where the water does not overflow or leave the watershed in the prescribed storm event.  When you move the cursor into the watershed, you see all the major hydrologic information such as longest flow length, average land slope, time of concentration and peak flow.  If you hover over any ponds shown, you will also see maximum pond depth and pond volumes.
	But in areas where basins fill and overflow, the subwatersheds are automatically combined into the largest watershed that doesn’t exceed two conditions under Property Explorer:
	(1) Cutoff Area
	(2) Maximum Pond to Merge
	So if the water pools in what amounts to a large puddle, you don’t want to consider that as a separate watershed.  Very few TIN surface files are so exact that you won’t have some small low areas even with the best of design tools.  So the program will “ignore puddles” in effect, by combining small pond volumes up to a Maximum value, above which the pond will be isolated as a distinct watershed.  Small areas or volumes of water are ignored and connected to larger watersheds.  Using these 2 settings, a roadside ditch with little puddles or tiny basins will therefore avoid creation of excessive watershed areas needing their own special culverts for drainage.
	Gate Technology:  Even if watersheds are combined by the program, you have the ability to isolate watersheds using the Gate Icons.
	/
	Blue as shown above indicates that water is flowing through the gate by natural processes.  This is the normal setting when a gate between subwatershed appears.  You can click on the gate and change it to Green, which forces the water to flow through and automatically links what otherwise could be separate watersheds, or to Red, which stops the water from flowing through for calculation and design purposes, isolating your study to the volume of water and peak flow above the gate.   Each time a gate is changed, to see its effect on the watershed calculation, it is important to click the icon Calculate Storm Event.
	/
	 Since the program makes a decision whether to link watersheds based on size and volume of dammed up water, these Gates provide control to force a linked watershed (upper to lower) or block a linked watershed.  If the water from the storm doesn’t pool up sufficiently to create a gate, then no gate will appear.
	The right side of the screen offers “Tooltips” when moving the cursor across a site.  If a drainage area that the program internally isolates is joined to the lower area by a green gate, the cursor in the position shown below might reveal a higher Peak Flow and drainage area, considering what is above and below the gate.  Peak flow here is 7.04 cfs and the drainage area is 19.055 acres.
	/
	But if this same area is gated off with a red gate, as the program may have internally done on its own, the cursor in that same position shows only the upper subwatershed data on the right:
	/
	Peak flow is now 3.73 cfs from a subwatershed area of 9.841 acres.  When you move the cursor over a pond, you see in addition the maximum pond depth and all pond data, at the bottom of the Tooltip on the right:
	/
	Here, the maximum depth of this pond is shown as 10.12 feet, volume 0.3 acre feet.  This would be more than a “puddle”—you need to place a culvert to drain this pond, ideally with the upstream invert at the low point indicated by the yellow stick.  Bear in mind that these yellow sticks may be submerged.  You can turn off the blue pond water by selecting Ponds in the Scene Explorer, then going to the Display tab in Property Explorer and turning off Show Ponds:
	/
	By doing this, we discover a still lower point in the “double pond” shown above (2 low points).
	Subcatchment information will be drawn back to CAD in the form of a LandXML file that will import into nearly all CAD software.  This subcatchment information is useful by itself, separate from the added value gained when culverts are designed and exported to CAD.  First, you need to enter Precision 3D from CAD, using Carlson Civil Suite (any module) in Autocad or Intellicad or using Carlson Simplicity in Microstation.  Then be sure to “Save to CAD” under the File pulldown menu after watersheds are drawn in Precision 3D Culverts.  Then return to CAD and the watersheds will plot (some watershed boundaries below are gripped to reveal their perimeters):
	/
	Everything is layerized for selective freezing and thawing, including the watershed and pond data shown below:
	/
	SCS Method Rainfall:  If the SCS Method is chosen, rainfall is defined very simply as a depth in inches or millimeters (or the unit depth specified under Tools > Settings).  TR-20 is used.  Time of Concentration is computed from the curve number, average land slope and length of flow.
	/
	Rational Method Rainfall:  If the Rational Method is selected (click to the right of Hydro Method to see SCS and Rational options), various rainfall libraries can be chosen from which to calculate your rainfall amount based off of the return period and in some cases the rainfall duration. Each library can contain many storm types, which contain rainfall information specific to the site. The location of the rainfall library can be specified in Settings, and can actually be recalled from the Carlson Hydrology library location (default c:\carlson projects\settings):
	/
	Once a rainfall library has been set, you can choose between the various storm events included in the library. This can be done by clicking to the right of Rational Storm Type in the Property Explorer as shown below:
	/
	Libraries can be edited/created to fit your site via the Carlson Hydrology Module by simply inputting collected rainfall data using one of seven methods shown below.
	/
	 This information is used to calculate the Intensity-Duration-Frequency (IDF) Curve coefficients, which are used to calculate the rainfall amount for a given return period and in some cases the storm duration. For more information on editing and creating storm events using the Carlson Hydrology Module, please see the Carlson Software 2015 Manual > Hydrology Module > Network Menu > Rational Rainfall Library, which can be found under the Help Pulldown Menu in any Carlson Module or online at http://files.carlsonsw.com/mirror/manuals/Carlson_2015/index.html. 
	An example of how you might set up a rainfall library is shown below. The Ohio DOT uses a single rainfall library containing four storm types – each one corresponding to a specific region in the state. The rainfall library as it would be seen in the Carlson Hydrology Module is shown below. Notice that each storm type was created by manually entering the IDF Equation coefficients, and that the Rainfall ID is the same as a Rational Rainfall Storm Type in Precision 3D.
	/
	The below picture shows the information contained in the Ohio-A storm type. Here we have the three IDF coefficients listed for six return periods.
	/
	In Precision 3D, the rainfall library is used to calculate the effects of the various storm events. As the Rainfall Return Period rises from, say, 10 year to 50 year to 100 year, a higher rainfall intensity is calculated, leading to a greater Peak Flow.  Each calculated Rainfall Return Period used will appear on page 2 of the standard Culvert Report, so this report can include multiple Rainfall Return events.
	Runoff can be calculated by Universal, Dekalb or Modified Rational Methods.  As previously mentioned, the rainfall amount is interpolated from the rainfall libraries for a given return period and rainfall duration. However, the rainfall duration is automatically calculated when the Dekalb or Universal Methods are used. This value is defined as 10*Tc for the Dekalb Method and 11*Tc for the Universal Method.
	Ponds are drawn automatically in low points when Calculate Storm Event is clicked.  The water surface is drawn to the extent water would be collected and impounded by the storm, based on ground cover (curve numbers and runoff coefficients) and rainfall depth or intensity.  This water extent is drawn by a dark blue line.  The magenta line indicates the maximum headwater level before overflow out of the basin would occur.  The cyan polyline is the longest flow line in length.  The thick white perimeter is the watershed itself, which may include some component pink subwatersheds.
	/
	Water in the pond can be drawn as solid blue, a motion-based blue (as above) or a sky-reflecting blue.  These settings are found within Tools, Settings, System Tab:
	/
	The individual indicator lines for headwater can be turned off and on using the Display tab, with Ponds selected in Scene Explorer:
	/
	Streams:  Moving the cursor across the site, after Calculate Storm Event has been clicked, will reveal the flow rates at that point on the natural surface.  If you move the cursor along a flow line stream, you can see the increasing flow from the right position (shown first below) to the position where the stream enters the pond:
	/
	First, a peak flow rate of 0.021 cfs on the right-side of the above screen, and then just as the stream enters the pond, the flow rate has increased to 0.75 cfs.  
	/
	Note that flow enters the pond not just from the longest flow line but from all directions surrounding the blue pond perimeter inclusive of the pond itself.  Total Peak Flow in this example, entering the pond, is 1.915 cfs with the selected storm event.
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	Once you have calculated the storm events of interest, watershed boundaries and ponds will be shown in the Graphics Window. By placing culverts, you can dynamically drain these ponds and effectively direct flow to lower ponds.
	As previously mentioned, you can easily place a culvert using the Create Pipe Icon on the top row of icons. To place a culvert, simply click the icon and select the inlet location. Here it is important to note that when watersheds are calculated, yellow ‘sticks’ will be drawn at the pond low points, as shown below. When selecting the inlet location for the culvert, you can ‘snap’ to these low points, ensuring that the pond will be completely drained.
	/
	Once the inlet is set, the pipe will be drawn and the cursor will control the outlet location. The ground surface will automatically be made transparent so that the full length of the pipe can be seen. Before selecting the outlet location, the outflow path of the culvert will dynamically update based on where you place the cursor. 
	Once you select the outlet location the pipe will be drawn and will be listed in the Scene Explorer. Notice that in the Scene Explorer, the pipe is listed under the surface file itself and is not tied to any one storm event. This allows you to analyze the pipe for any storm event you have calculated.  
	In the Graphics Window you will notice that the pipe will have drained the pond,  and the Tool Tip will reflect this drained volume. Although the pond is drained, water will still be shown 3” above the invert for simple visual effect. The outflow line of the culvert will also be shown with a 1’ wide texture, but it is important to not this does not in fact suggest the true width of the outflow stream. Both of these visual effects are shown below.
	//
	Once placed, pipes can be moved by selecting the pipe and dragging-and-dropping the blue grip shown at the outlet and the inlet location. The grip is shown below.
	/
	The pipe properties will be listed in both the Tool Tip and the Properties Explorer, as shown below.
	//
	All ‘non-ghosted’ properties in the Property Explorer can be edited, which will dynamically change the appearance of the pipe in the Graphics Window. The pipe properties that are ‘ghosted’ cannot be changed due to the calculation method selected or because they are dependent on other properties which need to be set directly.
	The pipe properties are divided into five sections: Pipe Properties, Culvert Pipe Properties, Calculated Properties, Station/Offset, and Cost. The Pipe Properties are related to the location, slope, length of the pipe. Changing these values can set the pipe off of the surface, and so for this reason it is not recommended to change them manually, but to instead move the pipe using the grips on either end of the pipe. 
	The Culvert Pipe Properties are related to the technical properties of the pipe primarily used in flow calculations. The pipe style can be set to either rectangular or round, which will greatly affect the flow calculations. If the Round pipe style is selected, the Pipe Material can be changed to Concrete or Corrugated Metal. The three types of pipes are shown below. The Number of Barrels can be increased to either 1) create multiple, smaller pipes to hold the discharge constant or 2) increase the dischaage by duplicating the pipe. This will be determined based on the pipe calculation method. The Manning’s coefficient and Ke values can also be edited.
	/
	The Calculated Pipe Properties will be discussed in detail later, and the properties associated with Station/Offset are discussed in Chapter II Section B.
	The Cost properties are discussed in detail in Section D of this chapter.
	The pipe diameter can be ‘locked’ to prevent it from artificially changing size. To lock a pipe, simply select the pipe and click the ‘Lock Pipe Dimensions’ icon in the Property Explorer. The icon is shown below.
	/
	The first few examples below are taken from Schaum’s Solved Problems Series, 2500 Solved Problems in Fluid Mechanics & Hydraulics by Jack Evett and Cheng Liu © 1989.  These academic examples can be readily created and duplicated within Precision 3D Culverts.
	Example 1--Rectangular Concrete Pipe, No Tailwater, Solving for Flow, English Units:  Find the maximum volumetric flow in a 3-ft by 3-ft concrete box culvert (n=0.013) with a rounded entrance (Ke=0.05) if the culvert slope is 0.65%, the length 100 ft, and the headwater level 5 ft above the culvert inlet.  Assume free outlet conditions.
	/
	You can load the provided file US68Merge5Pond1.tin, click the culvert pipe icon and place a 100’ long pipe through the embankment dam as shown above.  You do not have to calculate the watersheds and select a rainfall event in advance.  You can study the pipe hydraulics in pure calculation mode.  As you locate the downstream side of the pipe, you can observe the length and pick a position as close to 100-ft as possible, then after placement, adjust to exactly 100-ft.  Then within the Property Explorer (see above), set the pipe slope to exactly     -0.65%, Pipe Style to “Rectangular”, Manning’s n=0.013 and Ke value of 0.05.  Set Calculation Mode to “CalcDischarge” as shown.
	There are several options when calculating pipes.  These include Inlet Control, Outlet Control HDSS and Outlet Control Gradually Varied Flow.  Optimum selects the most conservative, lowest flow throughput solution for the given pipe parameters.  Enter the Design Headwater Depth of 5’.  Set the “Pipe Rise” to 36”, which also changes the pipe width.  Ignore Tailwater Elevation (which is ghosted out in pure calculation mode, but may be edited when a storm event is active).
	These values lead to a calculation of 88.41 cfs, and the Calculated Control Result is “Outlet Control Gradually Varied Flow”.
	/
	From a calculation standpoint, here are the governing equations:
	Headwater/d = 5/3 = 1.7.  Since 1.7>1.2, first assume “Normal Depth > Barrel Height”.  
	R = A/Pw (wetted perimeter) = (3)(3)/(3+3+3+3) = 0.750 feet
	(hL)1-3 = (y1 – y3) + (z1 – z3) = y1 – y3 + s0L
	delta h = (Ke +29n2L/R4/3 + 1)(v2/2g)       y1  - y3 + s0L = (Ke +29n2L/R4/3 + 1)(v2/2g)
	5 – 3 + (0.0065)(100) = [0.05 + (29)(0.013)2(100)/0.754/3 + 1]{v2/[(2)(32.2)]}    v=9.82 ft/s
	Q = Av = [(3)(3)](9.82) = 88.4 ft3/s = (A)(1.486/n)(R2/3)(s1/2)
	The depth y0 that would occur with normal uniform flow at a flow rate of 88.4 ft3/s =
	(3y0)(1.486/0.013)[3y0/(y0 + 3 + y0]2/3(0.0065)1/2, y0 = 3.16 ft.  Since y0> d, and free discharge at the outlet is given, the culvert flows full by Outlet Control.  If not the case, Inlet Control would govern.
	Example 2--Rectangular Concrete Pipe, Tailwater, Solving for Flow, English Units:  Solve for the same pipe as in Example 1 but assume 2 feet of tailwater above the top of the box at the outlet.
	You can use any site that allows the placement of a 100 ft length pipe using the Culvert icon.  For example, load the tin file US68Merge5Pond1.tin and place a 100 ft pipe through the embankment dam.  If you pick something different than 100 feet, you can change its length to 100 after first adjusting the slope to -0.65%.
	/
	Change Pipe Style to “Rectangular”, Manning’s n to 0.013, Ke Value to 0.05 and set the Calculation Mode to “CalcDischarge” and Calculation Control to “Optimum”.  Then review the Invert Out and set the Tailwater Elevation to 5 ft above the Invert Out, to match the requirement of being 2 ft above the top of the 3 ft concrete box culvert.  Then note the calculation of 43.8 ft3/sec and Outlet Flow Velocity of 4.862 ft/sec.  This confirms that the tailwater condition, with the outlet submerged with a total of 5 feet of tailwater depth, cuts the flow and velocity in half, in this case.  This can be done purely in “Calculation Mode” without clicking the “Calculate Storm Event” icon  (the lightning bolt).
	/  The actual formulas involved in this calculation are confirmed below:
	Submerged Outlet Condition (Outlet Control)
	R = A/Pw (wetted perimeter) = (4)(4)/(4+4+4+4) = 1.000 feet
	(hL)1-3 = (y1 – y3) + (z1 – z3) = y1 – y3 + s0L
	delta h = (Ke +29n2L/R4/3 + 1)(v2/2g)       y1  - y3 + s0L = (Ke +29n2L/R4/3 + 1)(v2/2g)
	5 – 5 + (0.0065)(100) = [0.05 + (29)(0.013)2(100)/0.754/3 + 1]{v2/[(2)(32.2)]}    v=4.86ft/s
	Q = Av = [(3)(3)](4.864) = 43.8 ft3/s 
	Example 3-- Corrugated Metal Pipe, Solving for Pipe Size, Metric Units:   A culvert under a road must carry 4.3 m3/s.  The culvert length will be 30 m and the slope will be -0.3% (0.003 in decimal form).  If the maximum permissible headwater level is 3.6 m above the culvert invert, what size corrugated pipe culvert (n = 0.025) should be selected?  Assume free discharge (no tailwater) at outlet.  Assume square-edged entrance with entrance loss coefficient Ke = 0.5.
	/
	Select a surface suitable for the placement of a 30 meter pipe.  Be sure the surface is loaded as a “metric” surface and in Tools, Settings, go to the Units tab and be sure your units are metric as shown above right.  Use the Culvert Pipe icon to place the pipe and dial in the 30 meter length at -0.3% slope.  Switch Pipe Material to Corrugated Metal and set the Manning’s n to 0.025 and the Ke Value to 0.5.  
	Then set the desired flow rate to 4.3 m3/s.   This leads to a calculated pipe size of 1.219 meters diameter.  Note below how the pipe material appears as corrugated metal, when selected.  For calculation, assume d < 3 meters, meaning Headwater/d > 3.6/3.0 (max)=1.2.  With headwater/d >1.2, we can assume normal depth > barrel height. The governing formulas for the calculation are:
	(hL)1-3 = (y1 – y3) + (z1 – z3) = y1 – y3 +s0L    delta h = (Ke +19.62n2L/R4/3 + 1)(v2/2g)
	y1 – y3 + s0L = (Ke + 19.62n2L/R4/3 + 1)(v2/2g) v = Q/A = 4.3/(3.14159*d2/4) = 5.475/d2
	3.6 – d + (0.003)(30) = [0.5 + (19.62)(0.025)2(30)/(d/4)4/3 + 1]{5.475/d2)2/[(2)(9.807)]]}
	 d = 1.2 meters    Q = (A)(1.0/n)(R2/3)(s1/2)
	/
	Example 4--Pipe Sizing from Storm Event, Metric Units but Pipe Diameters in Inches:  In the example below, the Pipe and Gutter Spead rainfall event (found within Pipe-FixedIntensity.rn, applied here as metric values in centimeters) creates the ponding shown, using Rational Method.  Note that Rational Rainfall events are “.rn” files and values store in inches but recall and convert to centimeters for purposes of display.  There are many types of Rainfall events including IDF Equation type, and Rainfall Intensity type across a range of “Return Period” storms.   Select the “.rn” file within Tools, Settings, “Rational Rainfall Library File”.
	/
	There are a number of settings or procedures that are involved here that we can enumerate one-by-one:
	1. Set to Rational Method and pick the “Return Period” such as 25 year, 50 year, etc.  The larger the Return Period, the greater rainfall intensity will be calculated using the formula Q=CIA (Flow = Runoff Coefficient * Rainfall Intensity * Area).  A Runoff Coefficient of 0.6 is entered above.  For the selected “Fixed Rainfall Intensity” type of “.rn” file, the Return Period will not apply—the rainfall has a fixed intensity.
	2. In Tools, Settings, System Tab, select the Pipe-FixedIntensity.rn Rational Rainfall event.  This is a 5.44 in/hour, 13.818 cm/hour fixed rainfall intensity event, used specifically for the pipe sizing and peak flow calculation.   You can enter your own Rational Rainfall event using Carlson Hydrology or by modifying any existing event (.rn extension) that is provided with Precision 3D Culverts.  Also note that rainfall volumes by Rational Method are computed using Hydrographs that apply the Universal Rational, Dekalb Rational or Modified Rational methods.  Only the Modified Rational Method applies the rainfall duration to the calculation, and the Universal applies 11*Tc for duration and the DeKalb method applies 10*Tc for duration, by design.
	3. In Tools, Settings, System Tab, select “Show Shadows”.  This slows the speed of operation somewhat, not noticed on high performance computers.  Will require a re-start if you are not in that mode by default.
	4. In Tools, Settings, Units Tab, select metric units except for pipe diameter in English (consider this as a Canadian example where pipes may be purchased in inch diameters).
	5. Using the Insert Symbols icon, cylindrical oil tanks have been selected and placed as shown, on the elevated pads.  This adds interest and contrast to the visualization.
	6. Calculate the rainfall by clicking on the Calculate Storm Event icon highlighted above, in the lower left of the Property Explorer area.  For this icon to appear, you must first select the Storm Event 1 (Active) and highlight that feature (or create a new Storm Event by right-clicking on Storm Events and choosing “Add Storm Event”).  The Calculate Storm Event icon calculates all subcatchment areas, and shows ponding that would occur at the entered runoff coefficient (0.6 in this example).
	7. View the maximum depth of the pond in the foreground above by moving your cursor over it, and the context sensitive aspect of the program will expand the Tooltip area on right and report detail about the subcatchment area and the pond itself, including “Max Depth” in the pond, as highlighted.
	/
	Note that if you hover the cursor over the lower pond at left, which we will drain to from the pond at right, that the sink water elevation is 302.739 at the base of this pond (see Tool Tip above), but that the Max Depth is 2.957 meters and surface water elevation is 305.696m (lower right of Tool Tip).  This adds correctly, as 302.739 base + water depth of 2.957 meters = 305.696 water surface elevation.
	Gate Technology:  Because of the high flows from the area at left, we are getting water flow through the blue gates, highlighted above, into the Pond 0 Basin.  Since you may do design work to drain the leftward area later, you have the ability to isolate the Pond 0 Basin from the left side drainage by “closing the gates”, turning the blue gates to red.  This is done by double-clicking them.  This process first turns them green (force flow) to red (block flow).  Blue represents natural flow conditions.  We refer to using the gates to isolate drainage areas as “gate technology”.
	/
	8. With Pond 0 now isolated from flow effects from the drainage area at left, click the lightning bolt icon and run “Calculate Storm Event” again.  Note lower Max Depth.
	/
	With the pond isolated from external sources of flow, drain the pond at right into Pond 0.
	The next procedure is to actually insert a culvert pipe to drain that pond at right over to the pond at left.  Begin by picking the Pipe Culvert icon and then look for the “yellow stick” low point indicator in the northwest corner of the main pond at right in the foreground:
	/
	When you move over the low point, a circular “snap” appears, which serves as a “low point snap”.  Pick there and then move the cursor to the left and pick somewhere near the base of the pond at left, at elevation 302.739.  This procedure places, and sizes, the culvert.  Note how the very action of placing the pipe drains the pond to the right into the pond on the left.
	/
	Pipe Placement:  Pipes are always placed with pipe inverts resting on the ground, as interpolated from the DTM or “.tin” file surface.  However, after placement, pipes may be raised or lowered by changing the invert elevations (or slopes) of the pipes.  If the slope or length of pipe is changed, the invert of the inlet is held and the outlet elevation is raised, lowered or extended.  Click on the pipe to see Invert In and Invert Out elevations, within Property Explorer.  These are fully editable.  When placing the pipe, if you are going uphill, you are warned by a yellow color, which turns gray when a downhill slope is detected as you move the outlet real-time.  Pipes will often change their size as you move them, since greater downhill slopes can lead to lesser pipe diameters to carry the same peak flow.
	Pipe Sizing:  Referring to the graphic above, the initial “Design Headwater” is chosen always below pond topological overflow (the magenta Maximum Headwater Elevation) and above the top of pipe.  The maximum headwater elevation is 311.451 and the original pond elevation is 309.035.  Halfway between actual pond elevation from the rain, and overflow elevation is elevation 310.243. This becomes the design headwater elevation.  It always defaults to halfway between the dammed up water surface and overflow.  The actual headwater elevation of the selected pipe is shown as the yellow line.  The next size smaller pipe to handle the peak flow would exceed the design headwater.  The pipe selected therefore typically is slightly oversized and therefore has an actual “yellow line” headwater less than the initial target design headwater.  Water at peak flow would rise to the level of the yellow line.  This can be simulated by clicking the “Simulate Storm Event” icon shown below.  Water will rise, as if in the storm, then subside to near empty.  Ponds, even when drained by a pipe and empty, will show a residual 3” (8 cm) of water at the pipe inlet.
	/
	The default mode of calculation is “Peak Flow” mode, where the pipe is sized strictly based on the source watershed it is draining and the tailwater it is emptying to on the outlet side.  The water itself is not transferred from one pond to the other. Inflow from upstream, however, is considered in terms of peak flow downstream.  The peak flow from above the pipe is transferred to the downstream side and is additive to the lower subcatchment peak flow, but volumes are not transferred.   But in “Transfer Volume” mode, the entire volume of water is transferred from any upper pond to the next lower pond when pipes are placed, and this volume accumulates if, for example, 2 ponds are drained into a third pond.  Because the volume accumulates, higher pond elevations are achieved prior to draining to lower ponds, and these higher pond water elevations will raise the default headwater elevation used to calculate pipe size.  Pipe size can be adjusted by the user by switching to Calculate Headwater and by changing pipe diameters.
	/
	Adding Additional Pipes:  To continue draining or dewatering the ponds, a culvert pipe can be placed connecting the pond above left to the similarly elongated pond to its north.  This can be done by the same procedures as above.  Select the pipe culvert icon.  Pick in Pond 0 above at some point in the face of the embankment connecting the 2 elongated ponds.  Note there is no low point to select in Pond 0, since the base of the pond is perfectly flat from the DTM surface file.  On the downhill side, a low point “snap” appears as shown below.  Click and select the low point for the downstream invert location, or to save on pipe length, select a point on the downhill bank in the third pond.  Because there is inflow to Pond 0, the total flow will be calculated by adding Peak Flow to Inflow.
	/
	Water is still shown in the pond at right, even though it is drained, because the slight 3” water depth used to indicate a fully drained pond covers the entire base of the pond due to its perfectly level surface.  The pond receiving water from the “middle” Pond 0 rises with the addition of water from the 2 upstream ponds if in “Transfer Volume” mode but will remain essentially the same elevation in “Peak Flow” mode.
	/
	Changing Pipe Size and Pipe Material:  The pipe draining the large pond at right to the pond at left (the middle pond, also with ID Pond 0) was automatically sized at 30”, defaulting to concrete.  It had a slope of over 10% as shown below.  Say that there is a rule that pipes over 10% in grade need to be corrugated metal.
	/
	To change the pipe to corrugated metal (Manning’s n = 0.024), click on Pipe Material and select Corrugated Metal.  Adjust Manning’s Value to 0.024.  Click on Storm Event 1 and re-calculate the Storm Event (lightning bolt icon).  This leads to a new calculation.  Pipe size remains at 30”, so now select Calculation Mode and change it to “CalcHeadwater”.  This allows direct entry of different pipe sizes.  Try a smaller pipe, 24”.  Note that the yellow headwater line immediately goes up but is still below the overflow (magenta) “Maximum Headwater Elevation”.  If you can tolerate a brief rise of water to the yellow line level, you can live with a 24” pipe for this design.  At the same time, the blue line represents the maximum ponding level without a pipe, so the yellow headwater line is theoretical.
	/
	Moving the Pipe to a New Position:  Both the inlet and outlet pipe positions can be moved.  If a pipe is selected, little blue “cubes” appear as above.  If these are picked and selected, holding down the left mouse button, the pipe can be dragged to a new position in the same pond or even to a new position in a different pond.  The most dramatic way to illustrate the immediate effect here is to grip and move the above pipe inlet to the large pond to its north.  Note the “before” condition below.
	/
	The pond that is currently being drained shows the original blue water line, the yellow headwater line for the peak storm and current pipe size, and finally, the magenta pond overflow line (maximum headwater).  If that inlet is gripped and moved to the pond in the foreground that contains water, water will re-fill the pond at left and the pond at right will drain to the new inlet elevation:
	/
	Example 5--Pipe Sizing from Storm Event, English Units:  The example Tin file US68Merge5Pond1.tin can be found in the surfaces directory within 3D Precision Culverts.  If this file is loaded, you see a road with drains to the north that will require several culverts under the road and an additional culvert pipe to drain the embankment dam.  If you have a surface loaded already in Precision 3D Culverts, it is recommended, to conserve memory, that you save the scene (if needed) and then exit and re-load the program.
	/
	Here is a list of steps to prepare the site for culvert pipe placement:
	1. To obtain a PDF Report for each pipe with correct Latitude and Longitude, go to Tools, Settings, Projection tab and set to US NAD 83, Kentucky North Zone.
	2. Set all the units to English (Imperial) in Tools, Settings, Units tab.
	3. To restore the brown sand-textured area at the head of the low depression above, right click on it and choose Change Texture.  Browse to Ground, and on the lower page of Ground, there is a matching greenish coloring named “Just Add Bison”.  Select and the area blends in.
	4. Choose SCS Method, Type II-24 hour storm, and enter 2.3 inches for the 25-year storm.  This can be obtained by using the Carlson Hydrology Module using the dialog  below (1-hour duration in this case).  Peak Flow Calculations are based on SCS, TR20.  Set CN=65.
	/
	/
	5. Click on the Calculate Storm Event icon highlighted above.  Note that this auto-calculates all distinct watersheds and prepares you for pipe culvert placement:
	/
	When you hover over a particular watershed, that watershed highlights with a bold white line.  Data for the watershed is displayed on the right in the Tool Tips (or wherever you choose to place the Tool Tips).  In this case the watershed highlighted above has an area of 16.361 acres, a Tc of 12.923 minutes and a Peak Flow of 2.745 cfs (ft3/sec).  The Pond that is formed (Pond 14) has a maximum depth of 3.040 feet, which is relatively shallow, before the overflow occurs through the blue gate shown below:
	/
	Gate Technology:  Because the water is flowing through the blue gate even in the 2.31 inch storm, indicating the pond is overflowing, the water from above the gate is being combined into a larger watershed.  To close it off and consider just the watershed feeding this pond, close the gate, turn it to red, by double-clicking on it.  It will first turn to green, then to red.
	/
	Note above how the SubCatchment Basin 15 (even the ID has changed) feeding the pond is now just 9.214 Acres, and peak flow has been reduced to 1.886 ft3/sec.  The bold white boundary confirms that the target watershed has been isolated properly.
	Placing a Culvert:  Now size the culvert automatically by placing it through the embankment.  Prior to doing so, if you simply move the cursor across the road embankment, you will notice that the elevation in the center of the road is 8.5’ to 9’ above the elevation of the base of the pond, allowing plenty of vertical clearance for a well-placed culvert pipe.  Use the Pipe Icon to place the culvert.  Snap to the low point on the uphill, inlet side (yellow stick) and then pick the downhill location.  Note as you move across the road, a blue stream appears advising on the flow direction from the outlet.  You are also advised on pipe slope and pipe length, real-time.
	/
	A small, 9” pipe can actually handle this storm.  This small storm of 2.31 inches is used to illustrate an unusual pond-filling scenario upstream.  Note how there are 2 ponds below the embankment dam, and the upper, “perched” pond, closer to the road, more shallow and at a higher elevation, is spilling through the “blue gate” into the deeper lower pond, helping to fill it, and not running downhill along the roadside.  But at 2.31 inches rainfaill, the lower pond is not full yet.  The magenta line below represents the maximum headwater, overflow level for Pond 7, the upper pond.  The lower pond next to it, Pond 8, must fill first before the combined ponds spill the water down along the roadside ditch.  This complex analysis of water flow is one of the significant features of Precision 3D Culverts, and also helps locate unusual and unwanted DTM anomalies.   When a larger rainfall event is used, the ponds 7 and 8 naturally merge into a single pond.
	/
	But now consider designing for the 50-year, 24-hour SCS storm.  From the Carlson Hydrology Module, this can be obtained at 5.14 inches.
	/
	Adding Storm Events to a Single Scenario:  While still in Scenario 1, add the Storm Event 2, which will be defined as a 50-year storm, 24-hour duration.  Right-click on Storm Events and choose “Add Storm Event”.  This creates Storm Event 2 and makes it active.
	/
	While active in Storm Event 2, enter the data as shown below.  As in the previous example, assume CN = 65 (CN =100 would indicate 100% impervious land cover).
	/
	The 2 separate ponds are now merged as Pond 11 due to the added rainfall, with a maximum depth of 10.12’.  However, the water flows now through all the overflow points and in doing so, unites subwatersheds into larger watersheds.  To deal with the water in the newly merged pond 11, close the gate on its downhill overflow point:
	/
	Another method of preventing watersheds from merging is use of the “Cutoff Area”, “Max Pond to Merge” and “Min Pond Depth” options.  The idea here is that small, shallow ponds, such as 0.5’ in depth or less, should never be considered in isolation and should not be displayed (to avoid confusion).  The “Cutoff Area” setting limits the acreage to be merged, which helps to isolate subwatersheds as distinct.  The Max Pond to Merge, in units of volume, will isolate to individual ponds and their own distinct watersheds if the volume is exceeded.
	/
	Always re-calculate the Storm Event after creating a red gate.  With the red gate in place a pipe can be designed under the road embankment for the local watershed.  Then as an experiment, a second pipe can be placed underneath the light green embankment dam, and the existing lower pipe can be tested to see if it can handle, as first designed, the additional flow.
	First, run the Storm Event Calculation with the above 50-year, 24-hour storm:
	/
	The merged pond is now Pond 6, and the Peak Flow is 20.767 ft3/sec.  Use the Place Culvert icon to create a pipe culvert across the road.  Make the Culvert Corrugated Metal with a Manning’s n = 0.024.  This results in a 21” culvert pipe.
	/
	Note elevation of calculated headwater (yellow line), well underneath the overflow max headwater (magenta line).  With this 21” pipe, with peak flow, the water will rise to the level of the yellow line.
	Now drain the upper embankment pond into the lower basin.  Although normal design would be to drain the upper embankment first, then size the lower culvert pipe, this procedure will put to the test the 21” pipe size as currently designed.
	/
	Note that this upper embankment watershed has a peak flow of 11.938 ft3/sec.  Using the Place Culvert command, the program sizes at 15”:
	/
	If you recalculate the Storm Event, note the effect on the lower culvert pipe (goes to 24”) and its yellow maximum headwater line:  Hw=4.93 has risen to Hw=5.968.  So the additional water has an effect.   Pipe outlet velocities have increased.
	/
	If the Design Method is changed to Calculate Headwater, you can change the pipe size back to 21” to see the effect:
	/
	The 21” pipe won’t work any longer—the yellow line reaches the Maximum Headwater Elevation and overflows.  If you click into Storm Event 1, the current design will be tested.  You can then select any designed pipe, click on PDF Report and all Storm Events that are selected will be reported on page 2 of the Standard Pipe Report.
	Adding a Scenario for Rational:  Under the File pulldown menu, you can select Add Scenario:
	/
	In the new Scenario 2, choose the US68Merge5Pond1.tin.  Select Rational method.  Go to Tools pulldown menu and change to the KY Rainfall events as shown here:
	/
	Users of Carlson Hydrology can find the Rainfall libraries in c:\Carlson Projects\Settings as shown above.  With this library selected, many options appear within the Property Explorer.  You may need to switch back to SCS and back to Rational again to get any new Rainfall Library freshly recognized.  Among the Kentucky Rainfall Intensity Libraries is the Maysville option.
	/
	This library can be viewed and edited within the Carlson Hydrology module, as shown:
	/
	Note that you can choose different rainfall durations.  Use the Universal Rational Method and a 10-year storm event.  Using the Universal and Dekalb Rational Methods, the duration for Volume Calculation is a fixed multiple of the computed Tc (time of concentration), 11x for Universal and 10x for Dekalb.  For Modified Rational Method, the user-entered duration is used for volume calculations.  But for peak flow, the Tc itself is used to interpolate the rainfall intensity.  So to test the use of interpolated rainfall intensity in inches/hour, choose the Modified Rational Method with a 10-year return period.  Note that “.rn” files always store rainfall in inches/hour, and convert to metric (cm/hour) for purposes of presentation.  If you have a table of rainfall in cm/hour, you would need to convert it to inches/hour if you want to edit an existing rainfall table, save it and re-use it for metric calculations.  To repeat, Rational Rainfall tables are stored in inches/hour.
	The next step in the process is to Calculate the Storm Event.  Before clicking the Calculate Storm Event icon, set the runoff coefficient to whatever applies, such as 0.65.
	/
	The Rain Intensity of 5.8 in/hour is interpolated for the 9.07 minute Tc, leading to peak flow of 18.3 ft3/sec for the upper embankment pond watershed.
	Pipe Length “Projecting” vs Headwalls:  A smaller pipe length will be calculated if a headwall is used versus using only a standard “projecting” pipe.  For the pipe-only scenario, place a pipe in the low point of the pond and connect through to the toe of the slope of the embankment as shown below:
	/
	An 18” pipe is calculated with a length of 139.397’, headwater depth result of 5.2’.  (Note if that headwater is considered too high, switch to Design Headwater Mode and enter a larger pipe size such as 24”.)  Now delete the pipe (select it in the Scene Explorer and press Delete).  Choose the icon that draws the pipe and applies headwalls in one process:   /
	Place the pipe at the same positions and choose the NCDOT top-left headwall from the list.
	/
	/
	The pipe length is now reduced to 118.2’ (over 20’) as the headwall treatment pushes into the hill.  A smaller headwall could easily accommodate the pipe above.  Two examples of culverts with headwalls pushing into the hill (reducing pipe length) are shown below:
	/
	Use File, Save to CAD, to bring the pipe designs, including the modified DTM surfaces, back to CAD by LandXML.
	Certain design flaws will produce visual indicators in the Graphics Window. If a pipe is draw with a positive slope from the inlet to the outlet, water will not be able to flow through it. This error is indicated by a yellow pipe as shown below. Notice that the inlet (at the right) is in the pond and the outlet is at a higher elevation.
	/
	If multiple pipes are being used to drain a ponding area, you may accidently cross the pipes. This error will be indicated by coloring the crossing pipes red as shown below.
	/
	Another visual indicator is a red exclamation point hovering above a pond. This is shown if the addition of a culvert causes a pond to overflow. In the below picture, the pond requires an extra ~3,000 ft3 of volume to prevent overflow. This excess volume is reported in the tool tip. 
	/
	Once the culverts have been designed, headwalls may be added, edited, and incorporated into the surface. As mentioned in Chapter 1 Section C, headwalls can be placed using the Insert Headwall Icon. Clicking this icon will bring up the Headwall Library which lists a variety of headwall designs. To add a headwall to a pipe, simply drag-and-drop the headwall from the library to the inlet or outlet. This will place the culvert on both ends of the pipe. To change the headwall, simply drag-and-drop another headwall onto the invert of interest. It is important to note that once a headwall has been placed, dragging-and-dropping a new headwall in place will only change one of the headwalls. This allows you to use a different headwalls for the outlet and the inlet. 
	Once a headwall has been placed, the pipe will cut through the headwall. Making changes to the pipe such as the number of barrels or pipe diameter will also be reflected by the headwall, and changing the pipe position will move the headwall along with it. As with other 3D objects, the visibility and transparency of the headwall is listed under the Display tab of the Property Explorer.
	Selecting a headwall will show three types of grips on the headwall itself. The red cylinder allows you move the headwall along the length of the pipe. The blue cube allows you to move the headwall and the pipe. The two yellow spheres control the rotation of the headwall about the vertical axis. These grips are shown below.
	/
	The white lines around the headwall are visual indicators of the Headwall Grading Properties shown in the Property Explorer. These properties are visually described in the below picture. These lines can be toggled on and off in the Property Explorer.
	/
	Once the grading parameters have been set, the surface can be edited to reflect the new grading solution using one of the two icons shown below. These icons are listed in the Property Explorer when the headwall is selected. The icon on the left will execute the ‘Auto-Design Headwall’ command while the icon on the right will execute the ‘Grade to Surface’ command.
	/
	The ‘Grade to Surface’ command creates a new grading solution based on the headwall’s current location. This will produce results as shown below.
	//
	Rather than manually moving the headwall along the length of the pipe, grading to the surface, and repeating as needed, you can use the ‘Auto-Design’ Headwall to automatically move the headwall and produce a grading solution. This command will move the pipe along the headwall until the distance between the ground and the top of the headwall matches the Freeboard distance (specified in the Property Explorer).This will produce results similar to those shown below. 
	//
	It is important to note that producing a new grading solution will shorten the length of the pipe, which will be reflected in the Tool Tip. Moving the headwall after creating a new grading solution will ‘heal’ the surface file to its pre-designed state. This allows you to edit your design multiple times without changing the surface file. 
	Objects placed in a Scenario can have an associated cost, which is assigned by the user. The Scenario Properties, shown in the Property Explorer when the Scenario is selected in the Scene Explorer, keeps a running total of all costs for objects placed in the Scenario. This is shown below.
	/
	Costs can be assigned to three types of objects: culverts, headwalls, and generic/custom 3D objects. To assign a cost to specific culvert, simply select the culvert and edit the Unit Cost in the Property Explorer. The Unit Cost is the cost per ft/meter of pipe, and the default value is set to $2.00/ft. The Total Cost is simply the Unit Cost of the pipe multiplied by the total pipe length. 
	Costs can be assigned to headwalls within the Headwall Library to affect all headwalls of that type, or the cost can be assigned to single instances of a headwall. To edit the default cost of a specific type of headwall, open the Headwall Library, select the headwall of interest, then click Edit Properties (outlined below). Here you can edit the Unit Cost of the headwall, which will be applied to every new headwall of this type. To edit the cost of a single instance of a headwall, simply use the same method as when editing the unit cost of a culvert. Costs can be applied to generic/custom 3D Objects in the same method as headwalls. 
	/
	Once costs have been assigned to objects, you can inspect the total cost of a specific Scenario. This can be a useful tool for comparing the cost of materials for multiple Scenarios. 
	V. PDF Reporting and Exporting to CAD
	A. PDF Reports on Culverts and Watersheds
	B. Exporting Plan, Profile, Pipe Networks, and Revised DTM Data to CAD

	PDF reports can be generated to organize information about culverts and the watersheds with which they interact. To generate a report, you can click the Culver Pipe Report icon, shown here to the left. The below picture shows a small portion of the default PDF template that can be used for reporting.
	You can also create your own PDF template using Adobe software which supports forms and form fields, such as Adobe Acrobat Pro. Customized reports can be created from scratch, or from a scanned form. The below image shows a portion of a blank, custom form to be populated with information from Precision 3D Culverts. Notice that this form calls for the return periods and tailwater depths for the culvert of interest. /
	This form can be populated by creating text boxes in the appropriate location on the form and inserting the corresponding Precision 3D form field. The below image shows the form partially prepared for use with Precision 3D Culverts. Once a report is generated, these form fields will be replaced with the corresponding design value/name.
	/
	Once the PDF template has been edited with the appropriate form fields, it can be saved and placed in the C:\ProgramData\Carlson Software\Precision3DCulverts\Data\Report Templates folder for use. Note that to access the C:\ProgramData folder, you will need to enable ‘Show Hidden Folders’ in Windows. This can be done through the Windows Control Panel > Appearance and Personalization > Folder Options > View Tab > Hidden Files and Folders > Show hidden files, folders, and drives. Once the template is placed in the appropriate folder, simply return to Precision 3D Culverts, click the Culvert Pipe Report icon, and select the template. 
	A list of the supported form field codes is provided below.
	 PipeCulvert.Result.5Year.Headwater
	 PipeCulvert.Name
	 PipeCulvert.Result.5Year.OutletVelocity
	 PipeCulvert.Diameter
	 PipeCulvert.Result.5Year.Tailwater
	 PipeCulvert.Length
	 PipeCulvert.Result.5Year.FlowDepth
	 PipeCulvert.Mannings
	 PipeCulvert.Result.5Year.FlowControl
	 PipeCulvert.Shape
	 PipeCulvert.Result.5Year.Rainfall
	 PipeCulvert.Material
	 PipeCulvert.Result.10Year.Rainfall
	 PipeCulvert.Width
	 PipeCulvert.Result.10Year.Discharge
	 PipeCulvert.Rise
	 PipeCulvert.Result.10Year.Headwater
	 PipeCulvert.Slope
	 PipeCulvert.Result.10Year.OutletVelocity
	 PipeCulvert.Barrels
	 PipeCulvert.Result.10Year.Tailwater
	 PipeCulvert.Inlet
	 PipeCulvert.Result.10Year.FlowDepth
	 PipeCulvert.Inlet.Elev
	 PipeCulvert.Result.10Year.FlowControl
	 PipeCulvert.Inlet.GIS
	 PipeCulvert.Result.25Year.Rainfall
	 PipeCulvert.Inlet.GIS.Elev
	 PipeCulvert.Result.25Year.Discharge
	 PipeCulvert.Inlet.Easting
	 PipeCulvert.Result.25Year.Headwater
	 PipeCulvert.Inlet.Latitude
	 PipeCulvert.Result.25Year.OutletVelocity
	 PipeCulvert.Inlet.Longitude
	 PipeCulvert.Result.25Year.Tailwater
	 PipeCulvert.Inlet.Northing
	 PipeCulvert.Result.25Year.FlowDepth
	 PipeCulvert.Outlet.Elev
	 PipeCulvert.Result.25Year.FlowControl
	 PipeCulvert.Outlet.GIS
	 PipeCulvert.Result.50Year.Rainfall
	 PipeCulvert.Outlet.GIS.Elev
	 PipeCulvert.Result.50Year.Discharge
	 PipeCulvert.Outlet.Latitude
	 PipeCulvert.Result.50Year.Headwater
	 PipeCulvert.Outlet.Northing
	 PipeCulvert.Result.50Year.OutletVelocity
	 PipeCulvert.Outlet.Longitude
	 PipeCulvert.Result.50Year.Tailwater
	 PipeCulvert.Outlet.Easting
	 PipeCulvert.Result.50Year.FlowDepth
	 PipeCulvert.Result.1Year.Rainfall
	 PipeCulvert.Result.50Year.FlowControl
	 PipeCulvert.Result.1Year.Discharge
	 PipeCulvert.Result.100Year.Rainfall
	 PipeCulvert.Result.1Year.Headwater
	 PipeCulvert.Result.100Year.Discharge
	 PipeCulvert.Result.1Year.OutletVelocity
	 PipeCulvert.Result.100Year.Headwater
	 PipeCulvert.Result.1Year.Tailwater
	 PipeCulvert.Result.100Year.OutletVelocity
	 PipeCulvert.Result.1Year.FlowDepth
	 PipeCulvert.Result.100Year.Tailwater
	 PipeCulvert.Result.1Year.FlowControl
	 PipeCulvert.Result.100Year.FlowDepth
	 PipeCulvert.Result.2Year.Rainfall
	 PipeCulvert.Result.100Year.FlowControl
	 PipeCulvert.Result.2Year.Discharge
	 Watershed.SubBasin.Name
	 PipeCulvert.Result.2Year.FlowControl
	 Watershed.SubBasin.Area
	 PipeCulvert.Result.2Year.FlowDepth
	 Watershed.SubBasin.FlowCalculationMethod
	 PipeCulvert.Result.2Year.Tailwater
	 Watershed.SubBasin.Coefficient
	 PipeCulvert.Result.2Year.OutletVelocity
	 Watershed.SubBasin.FlowLength
	 PipeCulvert.Result.2Year.Headwater
	 Watershed.SubBasin.TC
	 PipeCulvert.Result.5Year.Discharge
	 Watershed.SubBasin.PeakFlow
	Once a scenario has been designed, you can easily export the culvert and watershed information to CAD by clicking File Pulldown Menu > Save to CAD. This action creates a LandXML file, a .dxf (drawing exchange file), and a .sew (Carlson Sewer Network file) of the culverts in the scenario.  If Precision 3D Culverts was opened with the ‘P3DCULVERT’ command in CAD, this action will also automatically draw the watershed and flow information, and then prompt you to draw the updated surface (showing the new grading solution for headwalls) and pipe information. If Precision 3D Culverts was opened directly from the desktop, you will need to import the files into CAD manually. For this reason, it is recommended that you always open Precision 3D Culverts through CAD rather than opening the program directly through the desktop. 
	If you have opened Precision 3D Culverts through CAD, you will see the below dialog box upon exiting the program and returning to CAD. Clicking ‘Yes’ will draw the triangulation mesh or the grid file surface, depending on the type of surface you originally loaded into the program. 
	You will also be prompted to draw the plan view labels for the culvert. The below pictures show the three tabs available for plan view labeling.
	The Structure Labels tab allows you to select the labels that will be drawn in CAD. These can be edited by moving labels from the ‘Available’ column to the ‘Used’ column. Labels are moved between the columns by selecting the label and clicking the ‘Add’ or ‘Remove’ button between the two columns. Labels can also be edited with prefixes and suffixes by double clicking on the label.
	The Pipe Labels tab allows you to select specific labels to be drawn for the pipe.
	The General Settings tab allows you to control text height, decimal reporting,and the layers on which the labels will be drawn. 
	Once these options have been selected, the scenario will be drawn in CAD. An example of a culvert and watershed information as it will be drawn in CAD is given below/
	VI. 3D Object Insertion
	A. Inserting 3D Objects
	B. Expanding the 3D Object Library
	C. Animating Objects

	This icon allows you to add 3D objects to the Graphics Window, making your project appear more realistic. Precision 3D Culverts comes with a small library of objects such as Vehicles, Trees, Utilities, and more. To place an object, click this icon to open the 3D Object Library, shown below. The left column in the window shows the various object categories. The middle column shows the objects within the category, and the right column shows a second preview and the properties associated with the selected object. Before placing an object, you can edit the properties as well as the preview image by clicking the respective buttons. To place an object, simply click the category of interest and drag-and-drop the object into the Graphics Window. The dialog window will auto-hide once the cursor is in the Graphics Window. You can also place multiple objects by double clicking the object and then selecting the insertion points in the Graphics Window. 
	/
	Once placed, the object(s) will be listed in the Scene Explorer under the Generic Objects folder. When selected, the object properties will be shown in the Property Explorer, which you can then edit dynamically. As another means of editing the objects, you can use any of the three grips shown in the below picture. The blue grip allows you to move the object’s insertion point, the yellow grip controls the rotation of the object, and the red grip controls the height of the object. 
	/
	Object Properties
	 Height – controls the height of the object
	 Vertical Scale – applies a vertical scale to the object’s height
	 Perpendicular to Surface – controls whether the object is oriented in the horizontal plane or in line with the slope at the insertion point
	 Model Y is Up – controls the orientation of the object; this can be especially useful when adding your own 3D objects to the Object Library
	 Animation Line/Animation Speed – discussed in detail below
	In addition to the included objects, you can add your own 3D objects to the 3D Object Library. This can be done by simply placing the objects in the proper directory on your computer. By default, 3D objects are stored in the C:\ProgramData\CarlsonSoftware\Precision3DCulverts\Data\models\Generic Models directory. Objects must be placed in a folder within one of the category folders. For example, in the below picture the ‘Cylinder.skp’ object has been placed in the “Cylinder” folder the “My 3D Objects” category folder. Precision 3D currently supports .skp and .obj formats for 3D Objects. It is important to note that .obj files must have an associated .mtl file with the same name (e.g. Cylinder.obj and Cylinder.mtl). 
	/
	Note that to access the C:\ProgramData folder, you will need to enable ‘Show Hidden Folders’ in Windows. This can be done through the Windows Control Panel > Appearance and Personalization > Folder Options > View Tab > Hidden Files and Folders > Show hidden files, folders, and drives.
	Alternatively, you can add custom 3D objects to the scene without having to add them to the 3D Object Library. This can be done with a direct import by clicking File Pulldown Menu > Import, and selecting the appropriate file format you wish to use. This will open the file explorer. Simply select the .obj or .skp file of interest, click “OK”, and then select the insert point in the Graphics Window. 
	To add to the visual effect of the design, objects can be animated to move along specified paths at a constant speed. This could be used to show a car moving along a road, a bird moving through the air, etc. To animate an object, you only need to specify a speed and a reference polyline, both of which are specified in the Property Explorer. Animation lines generate the drop down list automatically, and include every polyline in the Scenario. This includes polylines that you draw yourself, which can be done using the Draw Polyline tool (see Section II Part B for detailed information). Drawn polylines will be shown at the bottom of the list. Once these parameters are specified, the objects will automatically start moving along the polyline.
	VII. LandXML Files
	A. Importing LandXML Files
	B. Exporting LandXML Surfaces, Pipe Networks, and Hydrology Data

	LandXML files can be imported using the icon shown on the left. The command can also be executed by These can be in the form of storm sewer systems, parcel boundaries, or alignments. To import a LandXML, simply click the icon and select the file. The below picture shows an example of a sewer system that has been imported to further visualize the project.
	Culverts and surfaces can be saved to a LandXML format once they have been designed. This can be done by clicking File Pulldown Menu > Save to CAD. Even though you may not have a CAD platform available to you, this will create a LandXML file of the culverts and the surface, as well as a .dxf which shows the 3-dimesional linework of the outer side of the pipes (this linework does not show pipe thickness). An example of pipe’s .dxf file is shown with contour lines in the below picture, and is intended primarily for visualization of the pipe.
	VIII. System/Program Performance
	A. Required/Recommended Hardware
	B. Ways to Improve Speed
	C. Time Tests

	Minimum Requirements
	 CPU: dual core Pentium 2.0GHz (or equivalent AMD processor)
	 RAM: 8GB DDR3, DDR4 1333GHz
	 Disk: Install requires 400MB free space
	 Video Card: hardware accelerated DirectX 9 or OpenGL 3.3 and above with dedicated 2GB VRAM, Nvidia GTX 400 series (or AMD/ATI equivalent) and above
	Recommended 
	 CPU: quad core Core i5 or i7 3.0GHz
	 RAM: 16GB DDR3, DDR4 2400Ghz
	 Disk: Install requires 400MB free space
	 Video Card: dedicated nVidia GTX700 series or above (or equivalent AMD/ATI video), hardware accelerated drivers for DirectX 9 or OpenGL 3.3 and above with 4GB dedicated VRAM
	OS: Windows 7 x64, service pack 1 or above
	Precision 3D Culverts can place a high demand on computer hardware, but it is expected that some users will need to change program settings to match the capabilities of their hardware. There are several ways to reduce hardware demand so that the program can be used on less powerful computers.
	Type of Surface File
	The type of surface file used for watershed analysis can have a great impact on computation time as well as visual representation of the scenario. Although there are three types of surface files that can be used within Precision 3D Culverts – TIN, LandXML, and Grids (binary and ASCII format) - it is highly recommended to use TIN or LandXML formats as they allow for better representation of flow lines and in general require less computation time. These two surfaces are characterized by triangles with vertices on an irregular network. Grid surfaces, however, have data points set at a regular grid spacing, which limits the accuracy of the surface by the grid resolution. The below pictures show the same surface represented as a 25’ x 25’ Grid, a 5’ x 5’ Grid, and a TIN file. 
	TIN Surface
	5’ x 5’ Grid
	25’ x 25’ Grid
	As seen above, grids tend to show less detail than TIN surfaces. In order to match the general resolution of a TIN surface, the Grid spacing must be made very small, which in turn requires longer computation times. As an example from a simple time test, the above TIN surface required less than 1/10th of the time to calculate a storm event compared to that of the 5’ x 5’ Grid. Although the 25’ x 25’ Grid required less time to calculate a storm event compared to the TIN file, the lack of detail shows that this surface cannot provide an accurate representation of the flow paths or pond storage volumes. For this reason, it is highly recommended to use TIN or LandXML files for hydrology analysis as they allow for faster and more accurate computations. Further comparison of surface files is provided in the Time Test section of this chapter.
	Subdividing and Simplifying Surfaces
	Some surface files, even in TIN and LandXML format, may be too large to allow reasonable calculation times for hydrologic analysis. In these instances, it is recommended to either subdivide or simplify the surface file. This can be done easily within the Carlson Civil 2015 module. The below picture shows a TIN surface which covers a rather large area with a high level of detail. This surface could require a significant amount of time to analyze in Precision 3D Culverts. However, this surface file may cover more area than is of interest or it may provide more detail than is necessary. 
	/
	If only a section of the surface is required for analysis, such as the outlined section in the above picture, this area can be isolated and saved as a new surface file for analysis. To isolate this section of the surface in Carlson 2015 Civil, draw a closed polyline around the area of interest, then use the Carlson 2015 Civil Module > Surface Pulldown Menu > Triangulation File Utilities command. Load the TIN file of interest, then click ‘Pick Bounding Polyline’ to select the polyline marking out the area of interest as shown below.
	/
	You can then click ‘Next’ to show the TIN editing options. To save the selected area as a new surface, simply click ‘Save as TIN’ with the Output Options set to include only the Insides and the Border as shown below. The new surface will be more manageable than the full surface and will allow for faster computations. 
	/
	If subdividing the surface is not an option, you can simplify the TIN file to show less detail and thus provide for faster computations. Using Triangulation File Utilities as before, simply load the surface and click ‘Next’. On the next dialog screen, click ‘Simplify’, which will bring up a new dialog box as shown below. Here you can specify a tolerance to remove detail from the surface. In the below picture, the tolerance has been set to 0.3 and to use 3 passes. This will allow the program to remove vertices from the TIN surface which will change the surface elevation by less than 0.3 feet/meters. This process will be repeated 3 times as specified by the number of passes. It is recommended to compare various levels of surface simplification to ensure accurate results.  
	/
	Once a surface has been simplified, it can be saved as a new surface file for analysis within Precision 3D. 
	Video Settings
	The below picture shows the Video Settings which can be edited to increase program performance. Depending on your hardware specifications, you may need to edit a combination of these settings to maximize performance. These settings can be found by clicking Tools > Settings > System Tab. 
	/
	Precision 3D Culverts can be run on one of two Video Drivers: OpenGL and DirectX 9.0. Certain graphics cards support one or the other, but higher end graphics cards often support both. The best way to select one driver over the other is to simply try both of them and using the one that provides better results (speed, level of detail, lighting, etc.). It is important to note that some features, specifically the thickness of the polyline, cannot be edited when using the DirectX 9.0 driver.
	The Refresh Rate determines the number of times the Graphics Window will be updated in a second. The higher the refresh rate, the more fluid the animations and camera movements. This value can be turned down from the default value of 30 Hz to improve program performance. It should be noted, however, that decreasing this value will produce choppier camera movements, which could be incorrectly interpreted as the program running slowly. 
	The Z Far setting controls how much of the scene is shown to the user. This essentially allows you to view features within the specified units from the viewing position. For example, the above pictures shows a Z Distance of 10,000. This will allow you to see all surface features up to a distance of 10,000 ft/m.
	The ‘Show Water Reflections’ option is one of the most demanding video settings within Precision 3D. This option is purely for visual effect, and can be turned off if it causes the program to run slowly. The below picture shows the difference between showing and hiding the water reflections. The effect of this feature on calculation time can be found in the Time Test section of this chapter.
	//
	Shadows can be toggled on and off for added visualization of the scene. Although this option places less of a demand on hardware than the ‘Show Water Reflections’ option, it can still slow down the program. Turning off this option will increase program performance, but it is recommended to first edit the Render Resolution, the Shadow Map Resolution, and the Shadow Filter Type, as shadows allow you to see changes in slope across the surface. 
	The Render Resolution determines the amount of detail shown on surfaces and objects. A higher resolution will result in a higher quality picture, but this could slow down your machine. 
	The Shadow Map Resolution determines the smoothness of the shadows. The below pictures show a shaded surface with a shadow map resolution of 1024 and 4096, respectively. Using the default resolution of 1024 is generally sufficient for shadow visualization. 
	//
	The Shadow Filter Type – The Shadow filter type controls the ‘smoothness of the shadow, measured in Percentage-Closer Filtering (PCF). In simple terms, the higher the PCF value, the smoother the shadow. The below pictures show an object with a PCF setting of 4 and 16, respectively. Notice how the second picture has a less jagged shadow.
	//
	The other settings listed in the Video Options dialog box have a negligible effect on performance, and for this reason are not detailed here.
	Running Multiple Programs
	As previously mentioned, an absolute minimum of 8 GB of RAM is required for Precision 3D Culverts, but 16 GB of RAM is encouraged. If you find that Precision 3D is running slowly, you may need to try closing other programs first. To put this in perspective, the below picture shows the Windows Task Manager with a few programs running. Notice that programs such as AutoCAD can use over 2.2 GB of RAM. By closing other programs before opening Precision 3D, you will free up more of the computer’s memory and thus allow for faster computations and higher-end visualization effects. 
	/
	The following time tests are meant to serve as an example of how Precision 3D performs on various machines at various video settings. All tests were performed on machines that were recently reset – the only installed programs aside from defaults were Precision 3D and the Carlson Civil Suite on AutoCAD. Precision 3D build 31581 (released 3/25/2015) was the only program running during the time tests. Specifications for the three test machines are given below. 
	/
	The time tests were performed to isolate the effect of single variables on overall performance. This is meant to give the user an idea of how a combination of the video settings might affect performance on their own machine. For tests where a variable was not changed, the settings shown below were applied. Unless otherwise specified, the US68Merge.tin surface file was used for analysis (this surface file is included with the installation of Precision 3D). 
	/
	Test 1 – Render Resolution
	The results of Test 1 show the effects of larger render resolution sizes for the three test machines. This test was performed using the US68Merge.tin surface file. 
	/
	This test shows that the three test computers all showed a noticeable change in camera movements at a render resolution of 2048. Surface loading time and storm calculation time were generally unaffected by the render resolution. It is important to note that PC 2 was unable to load the surface at a render resolution of 8192.
	Test 2 – File Types
	The results of Test 2 show the effects of using various file types. The table shown below lists the variations of the US68Merge.tin surface file used in this test. The LandXML and the four grid surfaces were made from the TIN surface file.
	/
	Test 2 also references the volume of a specific pond on the US68Merge.tin surface file. This pond was analyzed with the default storm values with a rainfall of 1.5”. The referenced pond is shown below.
	/
	The results of Test 2 are given below./
	*Cannot complete computation
	Test 2 shows that for a given surface, the time required to load the surface can vary significantly depending on the file format and resolution. Although the time required to load the surface is not greatly affected by the file format, the storm calculation time can be greatly affected. Notice how the 5x5 grids contain a very large number of points relative to the TIN file, which results in a longer calculation time. It should also be noted that such a small grid cell is required to attain the level of detail of a TIN file, which was demonstrated in an earlier section of this chapter. It can also be seen that the pond reference volumes can vary by as much as 10% compared to the volume suggested by the TIN file. 
	In conclusion, the results of this test show that TIN files allow for relatively short computation times while maintaining a high level of surface detail.
	Test 3 – Show Water Reflections
	The results of Test 3 show the effect of the Show Water Reflections option. This test made use of the US68Merge.tin surface file.
	/
	All three test machines show that Water Reflections place a very high demand on computer hardware. This feature requires the use of high-end graphics capabilities and processing speeds. Although this feature has very little effect on storm calculation times, it greatly decreases the fluidity of the camera controls due to the hardware limitations of the test machines.

