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Next Webinar – Lesson 3: Hydraulics, Part 2
Tuesday October 29, 2019

11:30 – 1:30 (EDT)

We will try to post a 
recording of this webinar 
and/or the presentation 

material as soon as we can.

To find them:
“Check for Updates”

sometime tomorrow.

support@icpr4.com
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• Learn details of ICPR4 computational methods

• Learn about input data requirements

• Learn about ICPR4’s reporting system

Objectives of the 
Regulatory Review Webinar Series
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• Learn details of ICPR4 computational methods

• Learn about input data requirements

• Learn about ICPR4’s reporting system

Objectives of the 
Regulatory Review Webinar Series

What’s not included:
• 2D overland flow

• 2D groundwater

• Details of the graphical user interface

• Importing/drawing background images, map 
layers and surfaces
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• Nodes
 Mass Balance Equation
 Node Types

• Links
 General
 Pipes
 Channels

• Examples
 Highway Cross Drain & Channel
 Integrated Storm Sewer Hydraulics and 

Pond Routing for a Commercial Site

Lesson 2 Topics
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Nodes
Mass Balance Equation
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Nodes
Mass Balance Equation
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Nodes
Mass Balance Equation
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Nodes

Time/Stage
Node

Stage/Area
Nodes
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Nodes
Time/Stage Nodes

Time/Stage nodes serve as outlets for the surface water 
system. Instead of calculating stage from the mass balance 
equation, stage is forced from a time versus stage table.

If time/stage table is left blank, the Initial 
Stage is used throughout the simulation …

… unless a Boundary Stage table is 
specified.

Node Data Form
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Nodes
Boundary Stage Tables

A boundary stage “set” is 
a collection of time/stage 
tables.  A “set” is typically 
provided for each storm 

to be simulated.

“Set” Tab

“Set” Names
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Nodes
Boundary Stage Tables

“Boundary Stage” Tab

Boundary 
Stage Table 

Names

The table names 
are specified on 
the Time/Stage 
node data form

Time/Stage data obtained from a 
larger watershed model
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Nodes
Boundary Stage Tables

Simulation Manager
“Resources & Lookup Tables” Tab

right click to select
from a list of “Boundary Stage” sets
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Nodes
Time/Stage Table Interpolation
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Nodes
Time/Stage Precedence

• The initial stage on the node data form is used for the entire 
simulation if a time/stage table is not provided.

• If a time/stage table is provided on the node data form, it 
overrides the initial stage.

• If a boundary stage table is specified for the node, it overrides 
the initial stage and the stage/area table on the node data 
form.
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Nodes
External Hydrographs

• “External Hydrographs” are similar to 
“Boundary Stage” tables, except 
instead of forcing stages, flows are 
added to the node. 

• They can be assigned to any node type.
• External hydrographs are optional. 
• There is no limit as to the number of 

external hydrographs that can be 
assigned to a given node.

Node Data Form



17 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Nodes
Stage/Area Nodes

Node 
“Pond 1”

Node 
“LWR-180”
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Nodes
Stage/Area Nodes

Area (ac)Stage (ft)

Stage versus area table usually 
provided for nodes that represent 

ponds, lakes and depressions

Node “Pond 1”
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Nodes
Stage/Area Table Interpolation

If a channel link and/or a pipe 
link is attached to a node and 
the water level drops below the 
first data point in the stage/area 
table, the surface area for the 
node is derived completely 
from the links. 

Otherwise, ICPR uses the area 
specified for the first data point.
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Nodes
Stage/Area Nodes

Area (ac)Stage (ft)

Stage versus area table usually left blank for 
nodes that represent locations along channels.

However, stage-area data can be provided for 
overbank flooding beyond the channel cross 
section limits.

Node “LWR-180”
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Nodes
Base Flow, Initial Stage, Warning Stage

• Base Flow – a constant (steady-state) flow rate. Positive value for inflow, 
negative value for outflow.

• Initial Stage – water surface elevations used at the start of a simulation. 
Initial link flows are calculated based on initial stages. Time-stage tables 
override the initial stage.

• Warning Stage – an optional parameter used to identify potential problems 
such as street flooding or out-of-bank flooding. Warning stages are not 
used for hydraulic computations but do appear in various reports and 
charts.
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Nodes
Initial Stage
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Nodes
Stage/Volume Nodes

• Stage/volume nodes are converted to stage/area 
nodes at runtime using a reverse average-end-area 
method.

• At least 3 points are needed for the conversion.
• The accuracy of the conversion from stage/volume 

to stage/area improves with more points. 
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Nodes
Storm Chambers

Stage/Volume nodes are typically used 
for storm chambers
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Nodes
Stage/Volume Nodes
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StormTech Calculator
Mass Balance Equation
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CULTEC Calculator
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Pipe & Channel Links
Data Forms

Pipe Link Data Form
Channel Link Data Form
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Pipe & Channel Links
General Considerations

• Connectivity
• Count
• Flow Direction
• Damping Threshold
• Energy Switch
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General Considerations
- Connectivity -

PIPE-1

• Links are used to move water “from” one 
node “to” another node

• Connectivity is established by setting a 
“from node” (upstream node) and a “to 
node” (downstream node)

• The positive flow direction is established 
with the connectivity

positive
flow

Pipe & Channel Links
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General Considerations
- Link Count -

PIPE-1

• The link count is the number of identical 
links connecting the same two nodes

• It is always a positive integer
• Flow is calculated for one link and then 

that flow is multiplied by the “Link 
Count”

Pipe & Channel Links
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General Considerations
- Flow Direction -

PIPE-1

• “Both” allows flow in the positive and 
negative directions

• “Positive” only allows flow in the 
direction of the defined connectivity

• “None” turns the link off, but retains the 
link data in the project

Pipe & Channel Links
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General Considerations
- Damping Threshold -

PIPE-1

• This parameter can be used to help 
smooth out instabilities

• It is normally set to zero on the link data 
form unless there is a problematic link

• Typically, values range from 0.0001’ to 
0.01’ when used, and should rarely 
exceed 0.1’

Pipe & Channel Links
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General Considerations
- Damping Threshold -

When the absolute value of the 
difference in water levels at both 
ends of a link fall within the 
specified “Damping Threshold”, the 
calculated flow is reduced in 
accordance with the equation 
below.

The parabolic function is currently 
used in ICPR.

Pipe & Channel Links
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Pipe & Channel Links
Energy Switch

Momentum
(St. Venant Eq)

Energy

Diffusive Wave
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Pipe & Channel Links
Subcritical Flow (Outlet Control)
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Subcritical & Supercritical Pipe Transitions

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition

100’20’ 40’

Inverts at 100’ Inverts at 90’

WSE 
at 102.5’

WSE 
at 91.5’
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Subcritical & Supercritical Pipe Transitions

100’20’ 40’

Inverts at 100’ Inverts at 90’

WSE 
at 102.5’

WSE 
at 91.5’



39 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Subcritical & Supercritical Channel Transitions
8,000 cfs

Rectangular cross section – 200’ wide
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Subcritical & Supercritical Channel Transitions
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Pipe & Channel Links
Friction Minor Losses

• Friction Loss
• Contraction/Expansion Loss    

(channels only)
• Entrance Loss
• Exit Loss
• Bend Loss
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Pipe & Channel Links
Friction Loss
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Pipe & Channel Links
Friction Loss

ICPR includes several friction slope 
averaging techniques. These are 
automatically applied and depend on 
the flow regime.
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Channel Links
Contraction/Expansion Loss Coefficients

• Eddy losses account for 
contracting or expanding flow 
from one end of a channel 
link to the other. 

• They do not account for 
contractions or expansions 
beyond the extents of the 
channel link. 

• The eddy loss for a channel 
link is a function of the 
velocity heads at its upstream 
and downstream ends.
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Pipe & Channel Links
Entrance Loss Coefficient

Press “F1” key for list of 
entrance loss coefficients

Partial listing of entrance 
loss coefficients for pipes
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Pipe & Channel Links
Exit Loss Coefficient

The exit loss coefficient, Cexit, can vary from 0 to 
1 and, in general, depends on the differences in 
velocities between the outlet of the pipe and 
immediately downstream of the outlet. 

• If exit velocity is expected to drop to zero 
or near zero after leaving a pipe or channel 
outlet, then Cexit = 1.0

• If exit velocity is expected to be unchanged, 
then Cexit = 0.0
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Pipe & Channel Links
Exit Loss Coefficient
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Pipe Links
FHWA Inlet Control Equations

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition
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Pipe Links
FHWA Inlet Control Equations

Press “F1” key for list of 
FHWA codes

When a non-zero FHWA control code is specified for a pipe link, ICPR 
calculates flows for both inlet and outlet control and then uses the most 
restrictive. Normal depth at the pipe outlet is used for inlet control.
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Pipe Links

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition
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Pipe Links
FHWA Culvert Code

Press “F1” key for list of 
FHWA codes

• If FHWA code set to 
zero, critical depth at 
entrance used for 
supercritical flow

• Normal depth is used at 
the pipe outlet for inlet 
controlled pipes
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Pipe Links
FHWA Inlet Control

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition
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Pipe Links

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition
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Pipe Links
FHWA Inlet Control

Source: FHWA 2012 “Hydraulic Design of Highway Culverts” 3rd Edition
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Pipe Links
FHWA Inlet Control – Does it Matter?

FHWA Code 3, Circ. Conc., 
Grooved End, Projecting

FHWA Code 1, Circ. Conc. 
Square Edge, Headwall

FHWA Code 6, Circ. 
CMP, Projecting

FHWA Code 0, Inlet 
control eqs not used.100’ – 36” circular pipe

S = 0.001%
n = 0.012
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Pipe Links
Geometric Considerations

Drop Down List of 
Geometry Types
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Pipe Links
Geometric Considerations
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Pipe Links
Geometric Considerations

These Fields Depend on 
Geometry Type
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Pipe Links
Geometric Considerations
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Pipe Links
Geometric Considerations
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Pipe Links
Geometric Considerations



62 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Pipe Links
Geometric Considerations

Source: CONTECH

CONSPAN BRIDGE
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Pipe Links
Geometric Considerations

Create a “Channel” 
Cross Section



64 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Pipe Links
Geometric Considerations

Right click to select from a list 
of cross sections
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Channel Links
Geometric Considerations

Drop Down List of 
Geometry Types
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Channel Links
Geometric Considerations

Wetted Perimeter Held Constant Above Max Depth

Trapezoidal
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Channel Links
Geometric Considerations

Wetted Perimeter Held Constant Above Max Depth

Parabolic
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Pipe & Channel Links
Bottom and Top Clips
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Pipe & Channel Links
Bottom and Top Clips
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Pipe & Channel Links
Bottom and Top Clips
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Channel Links
Placement of Irregular Cross Sections

Channel invert elevations are specified 
at each end of a channel link.

35.7’ 34.9’

Upstream
Node

Downstream
Node

Channel Link
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Channel Links

Typically, different cross sections are used at each 
end of the link for natural channels.

Upstream
Node

Downstream
Node

Channel Link35.7’ 34.9’
X-1 X-2

Placement of Irregular Cross Sections
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Channel Links
Placement of Irregular Cross Sections
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Channel Links

If a channel invert elevation is different than the low elevation of 
the corresponding channel cross section, then every data point 

in the cross section is translated vertically by a distance equal to 
the difference in elevation between the invert and the low spot 

on the cross section, including overbank areas.

Placement of Irregular Cross Sections
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Channel Links

Be careful when applying the same cross 
section to both ends of a channel link!

Upstream
Node

Downstream
Node

-10.13’ -1.86’X-1

Placement of Irregular Cross Sections
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Channel Links
Geometric Considerations

If the terrain in the overbank areas does not follow the 
slope along the channel bottom, artificial cuts and fills 
can occur and potentially produce erroneous results.
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Channel Cross Sections



78 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Channel Cross Sections

subdivides the conveyance 
calculation based on roughness

Conveyance Method “ICPR v3”

i=1 i=2 i=3 i=4 i=5
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Channel Cross Sections
Conveyance Method “HEC-RAS”

Left Overbank Right OverbankMain Channel

Composite n-value used for the 
main channel if side slopes 

steeper than 5H:1V
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Channel Cross Sections
Conveyance Method “Composite Manning’s n”

The composite Manning’s n conveyance 
method calculates a composite n-value 

and conveyance at each unique elevation 
included in the data entered for the 

cross section by the user. 



81 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Example #1
Highway Cross Drain & Channel

Acknowledgement:

ATKINS
Drainage Report

SR 77, from Bay County Line to North of CR 279
Washington County, Florida
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cross 
drain
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Stage/Area
Nodes

Time/Stage
Node
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Pipe Link

Channel Link
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Simple 
Basins
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Simple Basin Data Form

CN 
Worksheet
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Pipe Data Form
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Channel Data Form
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Channel Cross Section Data Form
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Channel Cross Section Data Form
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#1
right click

#2
select

“Capture View”

#3
name view &
pull window

“Capture View” for Custom Report
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“Capture View” for Custom Report
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Preparing a Custom Report
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Preparing a Custom Report
Background Image

N/A
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Preparing a Custom Report
Simple Basin
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Preparing a Custom Report
Node
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Preparing a Custom Report
Link
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Preparing a Custom Report
Channel Cross Section

N/A
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Preparing a Custom Report
Print Control
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Custom Report (Background Image)
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Custom Report (Simple Basin)

Input Data

Basin Runoff Summary
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Custom Report (Node)

Input Data

Node Max Conditions
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Custom Report (Link)

Input Data
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Custom Report (Link)

Link Min/Max Conditions
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Custom Report (Channel Cross Section)

Input Data
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Custom Report (Channel Cross Section)

Cross Section Chart
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Example #2
Integrated Storm Sewer Hydraulics and Pond 

Routing for a Commercial Site



108 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Nodal Network Strategies for Storm Sewers

Option 1
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Option 2

Nodal Network Strategies for Storm Sewers
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Option 3

Nodal Network Strategies for Storm Sewers
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• This example includes a storm sewer 
system that drains part of a 
commercial site into 2 detention 
ponds 

• A storm sewer is also used to 
connect the two ponds together

• “Option 1” from the previous slides is 
used for the nodal network strategy

• A control structure serves as the 
outfall for the system*

• The storm sewer hydraulics are 
integrated with the pond routing 
computations (dynamic tailwater 
condition)

* We will discuss control structures in Lesson 3

Integrated Storm Sewer Hydraulics and Pond Routing 
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Integrated Storm Sewer Hydraulics and Pond Routing 

• a time/stage node is 
place at the northern 
outlet

• stage/area nodes are 
placed at catch basins 
and at the ponds
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Integrated Storm Sewer Hydraulics and Pond Routing 

• add pipe links
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Integrated Storm Sewer Hydraulics and Pond Routing 

• add drop structure*
link (control structure)

* to be discussed in Lesson 3
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Integrated Storm Sewer Hydraulics and Pond Routing 

• delineate “manual” 
basins

• assign basins to nodes
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Integrated Storm Sewer Hydraulics and Pond Routing 

right click

use “Process Polygons” 
tool to automatically 

takeoff land cover and soil 
data for each basin
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Integrated Storm Sewer Hydraulics and Pond Routing 

manual basin data forms are 
automatically populated
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Integrated Storm Sewer Hydraulics and Pond Routing 

DCIA is not used in this 
example. The curve numbers 

include impervious areas.
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Integrated Storm Sewer Hydraulics and Pond Routing 

DCIA is not used in this 
example. The curve numbers 

include impervious areas.
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Integrated Storm Sewer Hydraulics and Pond Routing 

“% Impervious” is set to zero for 
all land covers because 

impervious areas are incorporated 
into the curve numbers
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Integrated Storm Sewer Hydraulics and Pond Routing 

The lookup tables are specified in 
the simulation manager



122 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Integrated Storm Sewer Hydraulics and Pond Routing 

- Pipe Data -
Using the “grid” tab, columns can be 

moved and sorted for QC/QA purposes
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Integrated Storm Sewer Hydraulics and Pond Routing 

0.25

0.25

1.00
1.00

1.00

0.25
1.00

0.40

0.25

1.00
0.25

1.00

0.901.00
0.25

Exit Loss Coefficients
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Integrated Storm Sewer Hydraulics and Pond Routing 

Four TabsThree 
Simulations
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Integrated Storm Sewer Hydraulics and Pond Routing 

The “General” Tab
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Integrated Storm Sewer Hydraulics and Pond Routing 

The “Output Time Increments” Tab
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Integrated Storm Sewer Hydraulics and Pond Routing 

The “Resources & Lookup Tables” Tab
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Integrated Storm Sewer Hydraulics and Pond Routing 

The “Tolerances & Options” Tab
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Integrated Storm Sewer Hydraulics and Pond Routing 
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Integrated Storm Sewer Hydraulics and Pond Routing 

% Error
(By Inflow)
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Integrated Storm Sewer Hydraulics and Pond Routing 

Generally, “% Error”
should be less than about 2%

% Error = 100 x (dVflow – dVgeom) / Total Inflow
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Integrated Storm Sewer Hydraulics and Pond Routing 

Right Click
on Link Path 

Name

North Run

South Run
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Integrated Storm Sewer Hydraulics and Pond Routing 

North Run
10-year 3-hr Storm


Webcam - BisonCam, NB Pro  
Microphone - Microphone (Realtek High Definition Audio)
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Integrated Storm Sewer Hydraulics and Pond Routing 

South Run
10-year 3-hr Storm


Webcam - BisonCam, NB Pro  
Microphone - Microphone (Realtek High Definition Audio)
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Integrated Storm Sewer Hydraulics and Pond Routing 
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Integrated Storm Sewer Hydraulics and Pond Routing 

N/A
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Integrated Storm Sewer Hydraulics and Pond Routing 

N/A



138 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Integrated Storm Sewer Hydraulics and Pond Routing 

N/A



139 © 2019, Streamline Technologies, Inc. Lesson 2 - Hydraulics, Part 1

Integrated Storm Sewer Hydraulics and Pond Routing 
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Integrated Storm Sewer Hydraulics and Pond Routing 
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Integrated Storm Sewer Hydraulics and Pond Routing 
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Custom Report (Background Image)

Nodal Network “captured” 
as a background image and 
included in report
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Custom Report (Curve Number Lookup Table)
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Custom Report (Curve Number Lookup Table)
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Custom Report (Impervious Lookup Table)
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Custom Report (Manual Basin “Pond 1”)

Input Data

Manual Basin Runoff Summary
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Custom Report (Manual Basin “Pond 1”)

Runoff 
Hydrographs
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Custom Report (Manual Basin “S-20”)

Input Data

Manual Basin Runoff Summary
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Custom Report (Manual Basin “S-20”)

Runoff 
Hydrographs
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Custom Report (Node “Pond 1”)

Input Data

Stage/Area 
Table
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Custom Report (Node “Pond 1”)

Stage/Area 
Chart
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Custom Report (Node “Pond 1”)

Node Max Conditions
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Custom Report (Node “S-20”)

Stage Hydrographs

Warning 
Stage
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Custom Report (Node “S-20”)

Node Max Conditions

Input Data
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Custom Report (Node “S-20”)

Stage Hydrographs

Warning 
Stage
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Custom Report (Pipe Link “S-19”)

Pipe Input Data

Link Min/Max Conditions
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Custom Report (Pipe Link “S-19”)

Link Discharge 
Hydrographs
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Custom Report (Pipe Link “S-19”)

Link Downstream 
Velocities
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Custom Report (Pipe Link “S-32”)

Pipe Input Data

Link Min/Max Conditions
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Custom Report (Pipe Link “S-32”)

Link Discharge 
Hydrographs
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Custom Report (Pipe Link “S-32”)

Link Downstream 
Velocities
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Next Webinar – Lesson 3: Hydraulics, Part 2
Tuesday October 29, 2019

11:30 – 1:30 (EDT)

We will try to post a 
recording of this webinar 
and/or the presentation 

material as soon as we can.

To find them:
“Check for Updates”

sometime tomorrow.

support@icpr4.com
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