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Next Webinar – Lesson 5: Typical Pre/Post Examples
Tuesday November 5, 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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• French Drain Links
• Percolation Links
• Examples

Lesson 4 Topics
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French Drain Links

Source: An Overview of Urban Stormwater Management 
Practices in Miami-Dade County, Florida, 2004
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French Drain Links

Includes:
• Storage in Trench & Pipe
• Pipe Hydraulics

Does Not Include:
• Percolation
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French Drain Links
Provide treatment volume for 1” of runoff from a 1-ac site

Vtreatment = 43,560 ft2 x (1in) x (1ft/12in) = 3,630 ft3

Apipe = π r2 = π
Atrench = [(Wtrench x Dtreatment) – Apipe] x Porosity

Vtreatment / LF

= (1ft)Apipe + (1ft)Atrench

= π + [(5’ x (6’-3’)) – π] x 0.5

= 9.071 ft3 per ft

LFD = 3,630 / 9.071 = 400 ft
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French Drain Links
Model Data

A = 0.5 ac
CN = 100
TC = 10 min

A = 0.5 ac
CN = 100
TC = 10 min

Vertical Sharp Crested Weir
Geometry = Rect
Max Depth = 1’
Max Width = 4’
Invert Elev = 6’

Trench
Length = 400’
Width = 5’
Height = 15’
Depth Below Inv = 12’
Gravel Porosity = 0.5

Pipe
Length = 416’
Geometry = Circ
Max Depth = 2’
Invert Elev = 3’
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French Drain Links

General Data

Trench Data

Perforated
Pipe Data

Data Form
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French Drain Links

Input Report
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French Drain Links
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French Drain Links

click here to 
see item list

right click in 
this panel 

for options



12 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

French Drain Links

3,630 ft3
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French Drain Links
Infiltration Gallery

1.0’

1.5’

0.5’

4.0’

3.
0’
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French Drain Links
Infiltration Gallery

TBD
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Percolation Links
Concepts
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Percolation Links
Data Form
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Percolation Links
Data Form
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Percolation Links
Data Form

Connectivity
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Percolation Links
Data Form

Options
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Percolation Links
Data Form

Aquifer Parameters
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Percolation Links
Data Form

Computational Grid Parameters
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Percolation Links
Input Report
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Percolation Links
Unsaturated Vertical Flow

Surface Area Option

1. Use 1st Point in Stage/Area Table

2. Vary based on Stage/Area Table

3. User Specified
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Percolation Links
Unsaturated Vertical Flow

Surface Area Option

1. Use 1st Point in Stage/Area Table

2. Vary based on Stage/Area Table

3. User Specified

Constant Surface 
Area Used
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Percolation Links
Unsaturated Vertical Flow

Surface Area Option

1. Use 1st Point in Stage/Area Table

2. Vary based on Stage/Area Table

3. User Specified

Variable Surface 
Area Used
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Percolation Links
Unsaturated Vertical Flow

Surface Area Option

1. Use 1st Point in Stage/Area Table

2. Vary based on Stage/Area Table

3. User Specified

Constant Surface 
Area Used
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Percolation Links
Unsaturated Vertical Flow

• Constant Surface Area
• Variable Surface Area

Percolation Based on Modified 
Green-Ampt Equation                  

(driving head is considered)
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Percolation Links
Unsaturated Vertical Flow

- constant surface area -
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Percolation Links
Unsaturated Vertical Flow

- constant surface area -

q = Kv I                               (Darcy’s Equation)

I = (H + Zf) / Zf (Gradient)

Modified Form of the Green-Ampt Equation

t0 = (F H / Ky) [ (Z0 / H) – ln(1 + Z0 / H) ]
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Percolation Links
Unsaturated Vertical Flow

- constant surface area -

q = Kv I                               (Darcy’s Equation)

I = (H + Zf + Ψ) / Zf (Gradient)

Modified Form of the Green-Ampt Equation

t0 = (F H / Kv) [ (Z0 / H) – ln(1 + Z0 / H) ]



31 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

Percolation Links
Unsaturated Vertical Flow

- constant surface area -
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Percolation Links
Unsaturated Vertical Flow

- variable surface area -

• Constant Surface Area
• Variable Surface Area

Percolation Based on Vertical 
Conductivity Multiplied by 

Wetted Surface Area                  
(driving head not considered)
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Percolation Links
Unsaturated Vertical Flow

- variable surface area -
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Percolation Links
Unsaturated Vertical Flow

- variable surface area -
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Percolation Links
Unsaturated Vertical Flow

- variable surface area -
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Percolation Links
Unsaturated Vertical Flow

- variable surface area -
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Percolation Links
Unsaturated Vertical Flow

- stair stepping approach -

The advantages of the modified Green-Ampt 
equation can be combined with a 

variable surface area by “stair stepping” up 
the slope of the pond with multiple perc links.
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Percolation Links
Unsaturated Vertical Flow

- stair stepping approach -
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Percolation Links
Transition to Saturated Horizontal Flow

- vertical flow termination option -

1. Horizontal Flow Algorithm

2. Percent of Final Rate

3. Constant Rate
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Percolation Links
Transition to Saturated Horizontal Flow

- vertical flow termination option -

1. Horizontal Flow Algorithm

2. Percent of Final Rate

3. Constant Rate
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Percolation Links
Transition to Saturated Horizontal Flow

- vertical flow termination option -

1. Horizontal Flow Algorithm

2. Percent of Final Rate

3. Constant Rate
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Percolation Links
Transition to Saturated Horizontal Flow

- vertical flow termination option -

1. Horizontal Flow Algorithm

2. Percent of Final Rate

3. Constant Rate

Computational 
Grid
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Saturated Horizontal Flow



45 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

Percolation Links

1. The aquifer base is assumed to be flat.

2. The ambient water table is assumed to be flat. Sloping
water tables are not permitted.

3. Soil properties are homogeneous.

4. A physically-based rainfall-recharge mechanism is not
included with percolation links.

5. Each percolation link is independent of other
percolation links. Consequently, modeling ponds that
are near one another or near other surface water bodies
may require adjustments to the computational
perimeters.

Assumptions and Limitations of Perc Links
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Saturated Horizontal Flow
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Percolation Links
Input Parameters: Aquifer
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Percolation Links
Input Parameters: Computation Grid
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Percolation Links
Input Parameters: Computational Grid
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Percolation Links
Input Parameters: Computational Grid
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Percolation Links
Input Parameters: Initial Conditions

The water table (an input parameter) 
is used to initialize heads.
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Percolation Links
Input Parameters: Boundary Condition at Outer Edge (P3)

• For “Annual Recharge” = Zero, use 
“Fixed Head” = Water Table

• Otherwise, use “Zero Flow” and let 
Head fluctuate as needed
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Percolation Links
Input Parameters: Boundary Condition at Pond (P1)

Use “Variable Head” = Pond Elevation

unless, Qvertical < Qhorizontal

in which case, 

set Qhorizontal = Qvertical
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Percolation Links
Input Parameters: Final Perc Rate for Pond

The flux (horizontal flow) across the innermost 
computational ring becomes the percolation rate for 

the pond or trench.  
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Percolation Links
Setup Example: Storm Chamber & Pond
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Percolation Links
Setup Example: Storm Chamber & Pond
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Percolation Links
Setup Example: Pond with Retaining Wall
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Percolation Links

P1* = P1 x (h2 / h1)

Setup Example: Pond with Retaining Wall
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Percolation Links
Setup Example: Pond with Retaining Wall
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Percolation Links
Setup Example: Dual Ponds in Close Proximity

If the computational rings for adjacent ponds do not 
intersect, then the ponds are independent and no 

adjustments to the perimeters are required. 
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Percolation Links
Setup Example: Dual Ponds in Close Proximity

If the computational rings do intersect, then 
an adjustment to the perimeters is required. 
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Percolation Links
Setup Example: Dual Ponds in Close Proximity

The computational rings must be blended together 
and then proportioned between the two ponds. 
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Percolation Links
Setup Example: Ponds in Close Proximity to Canal
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Percolation Links
Setup Example: Ponds in Close Proximity to Canal
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Example #1 – French Drain with Percolation
Nodal Network

Each perc link serves half the 
length of the French drain.
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Example #1 – French Drain with Percolation
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Example #1 – French Drain with Percolation
Perc-1 Perc-2

½ P2

½ P1

½ P3

½ P1

½ P2

½ P3

200’

150’

50’

• Water will percolate from both 
sides of the trench. 

• Each perc link serves ½ of the 
French drain.

Therefore:

P1 = 2 x ½ L = 2 x (½ x 400’) = 400’

P1 = P2 = P3

Distance P1 to P2 = 50’
Distance P2 to P3 = 150’

400’
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Example #1 – French Drain with Percolation
Nodal Network

Soil Conductivity: Saturated horizontal conductivity for projects in South Florida are 
calculated from field tests at 10-foot and 15-foot depths (and sometimes to 20-feet). A 
weighted average conductivity is needed for ICPR4. 

K10 = 3.7 x 10-4 cfs per sqft per foot of head (fps per foot of head)
(from 0-ft to 10-ft depth)

K15 = 6.1 x 10-4 cfs per sqft per foot of head (fps per foot of head)
(from 10-ft to 15-ft depth)

Weighted average: 
K = 4.5 x 10-4 cfs per sqft per foot of head (fps per foot of head)

Assuming 1-ft of head*:
Kicpr4 = (4.5 x 10-4) x (24 x 3600) = 38.9 fpd (19.45 fpd, F.O.S. = 2.0)

* Perc links in ICPR4 automatically include head and hydraulic gradient components. 
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Example #1 – French Drain with Percolation
Perc Link Data Form

Kv = ½ Kh

GWT > BTM of Trench

P1 = P2 = P3 = 2(1/2)L

= (5x200)/43560

bottom of trench
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Example #1 – French Drain with Percolation
Slug Load
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Example #1 – French Drain with Percolation
Slug Load

• Initial stage at the weir overflow elevation of 6’ 
(pollution abatement volume)

• No rainfall
• Recovery to elevation 3’ must occur by hour 72
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Example #1 – French Drain with Percolation
Slug Load
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Example #1 – French Drain with Percolation
Slug Load
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Example #1 – French Drain with Percolation
Slug Load
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Example #1 – French Drain with Percolation
Slug Load

Weir 
Elev

Pipe Invert

Distance 
away 

from”P1”

Water Table
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Example #1 – French Drain with Percolation
8.5” Storm

• Initial stage at the pipe invert elevation of 3’
• 8.5” rainfall in 24 hours (FLMOD distribution)

Node Data Form Simulation Manager
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Example #1 – French Drain with Percolation
8.5” Storm
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Example #1 – French Drain with Percolation
8.5” Storm
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Example #1 – French Drain with Percolation
8.5” Storm
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Example #1 – French Drain with Percolation
8.5” Storm

Weir 
Elev

Pipe Invert

Distance 
away 

from”P1”

Water Table
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Example #1 – French Drain with Percolation
8.5” Storm

• Turn perc links off and rerun the 8.5” storm
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Example #1 – French Drain with Percolation
8.5” Storm
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Example #1 – French Drain with Percolation
8.5” Storm

with Perc

no Perc
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Example #2 – Dual Ponds in Close Proximity
Layout 1 (P3@190’)

N

S
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Pond 1 Pond 2
Pollution Abatement 

Elev 76.8’

Layout 1 (P3@190’) No Flow at P3

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Kh = 20 fpd
Kv = 10 fpd

Fillable Porosity = 0.25

N S

no flow 
boundary condition

Example #2 – Dual Ponds in Close Proximity
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5’ cell size

50’

140’

140’

50’

Layout 1 (P3@190’)
Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Pollution Abatement 
Elev 76.8’

P1 P1 P1 P1

Layout 1 (P3@190’)

N S

Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2
Pollution Abatement 

Elev 76.8’

P1

P2

P1 P1 P1

P2 P2 P2

Layout 1 (P3@190’)

P1 to P2 = 50’

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

N S

Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2
Pollution Abatement 

Elev 76.8’

P1

P2

P3 P1 P1 P1

P2 P2

P3

P2

P3

Layout 1 (P3@190’)

P2 to P3 = 140’

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

N S

Example #2 – Dual Ponds in Close Proximity
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Layout 1 (P3@190’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity
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Layout 1 (P3@190’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity
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distances from 
“P1”

POND 1

Example #2 – Dual Ponds in Close Proximity
Layout 1 (P3@190’) No Flow at P3

Wetting 
Front

100YR – 24HR

Unsaturated 
Vertical Flow

Saturated 
Horizontal Flow
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distances from 
“P1”

POND 1

~ 1’ or less

Example #2 – Dual Ponds in Close Proximity
Layout 1 (P3@190’) No Flow at P3

Pond Recovery
~ 180 hrs

100YR – 24HR
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POND 2

Example #2 – Dual Ponds in Close Proximity
Layout 1 (P3@190’) No Flow at P3

distances from 
“P1”

100YR – 24HR

~ 1’ or less

Pond Recovery
~ 185 hrs
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Layout 1 (P3@190’) P3 = WT Elev
Example #2 – Dual Ponds in Close Proximity

P3= WT Elev
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Layout 1 (P3@190’) P3 = WT Elev
Example #2 – Dual Ponds in Close Proximity

distances from 
“P1”

100YR – 24HR

POND 1

< 1’ increase

Pond Recovery
~ 175 hrs



101 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

Layout 1 (P3@190’) P3 = WT Elev
Example #2 – Dual Ponds in Close Proximity

distances from 
“P1”

100YR – 24HR

POND 2

< 1’ increase

Pond Recovery
~ 185 hrs
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Layout 2 (P3@500’)
N

S

Example #2 – Dual Ponds in Close Proximity
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Layout 2 (P3@500’)
Example #2 – Dual Ponds in Close Proximity
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Layout 2 (P3@500’)

5’ cell size

190’310’

190’

310’

Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Pollution Abatement 
Elev 76.8’

P1 P1 P1 P1

Layout 2 (P3@500’)

N S

Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Pollution Abatement 
Elev 76.8’

P1P2 P1 P1 P1P2 P2

Layout 2 (P3@500’)

190’

N S

Example #2 – Dual Ponds in Close Proximity
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Pond 1 Pond 2

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Pollution Abatement 
Elev 76.8’

P1P2P3 P1 P1 P1P2 P2 P3

Layout 2 (P3@500’)

310’

N S

Example #2 – Dual Ponds in Close Proximity
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distances from 
“P1”

POND 1

Example #2 – Dual Ponds in Close Proximity
Layout 2 (P3@500’) No Flow at P3

Pond Recovery
~ 180 hrs

100YR – 24HR

< 1’ increase
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Layout 2 (P3@500’) P3 = WT Elev
Example #2 – Dual Ponds in Close Proximity

distances from 
“P1”

POND 1

100YR – 24HR

Pond Recovery
~ 180 hrs

< 1’ increase

No difference in results 
because P3 is far 

enough away from P1
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Pond 1 Pond 2

Aquifer Base 
Elev 62’

Water Table 
Elev 70’

Pollution Abatement 
Elev 76.8’

P1P2P3 P1 P1 P1P2 P2 P3

Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3

310’

N S

190’

Example #2 – Dual Ponds in Close Proximity
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3

Set initial stages to 
elevation 76.8’ 
(pollution abatement) 
or higher, including 
the storm sewer 
system

Example #2 – Dual Ponds in Close Proximity
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3

Pond Recovery
~ 62 hrs

no wetting front
100% saturated horizontal flow

Example #2 – Dual Ponds in Close Proximity

POND 1



115 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3

Pond Recovery
~ 67 hrs

no wetting front
100% saturated horizontal flow

Example #2 – Dual Ponds in Close Proximity

POND 2
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity

“Aggregate” to add node volumes
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity

click here to see 
item selection list

right click 
in this panel 
for options
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Slug Load Recovery, Layout 2 (P3@500’) No Flow at P3
Example #2 – Dual Ponds in Close Proximity

Cumulative Volume 
of Percolation
(~ 96,140 ft3) 

< 72 hrs
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Dry Ponds in Close Proximity
Example #3 – Multiple Land-Locked Ponds

other ponds in 
close proximity

360’

360’

Irregular 
Configuration

150’

650’

725’
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Dry Ponds in Close Proximity
Example #3 – Multiple Land-Locked Ponds

Basins Land Use Soil Hydrologic Group



Basins Land Use Soil Hydrologic Group
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Dry Ponds in Close Proximity
Example #3 – Multiple Land-Locked Ponds

right click
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Dry Ponds in Close Proximity
Example #3 – Multiple Land-Locked Ponds

right click



123 © 2019, Streamline Technologies, Inc. Lesson 3 - Hydraulics, Part 2

Dry Ponds in Close Proximity
Example #3 – Multiple Land-Locked Ponds

right click
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Example #3 – Multiple Land-Locked Ponds
Dry Ponds in Close Proximity
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Example #3 – Multiple Land-Locked Ponds
Dry Ponds in Close Proximity

CNs are for 
pervious areas only
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Example #3 – Multiple Land-Locked Ponds

Stage/Area 
Nodes

Time/Stage 
Nodes

Pipe 
Links

Perc 
Links

Nodal Network
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Example #3 – Multiple Land-Locked Ponds

Typical Aquifer Parameters

all parameters except “Annual Recharge Rate” vary 
for each perc link

This setting creates a “no flow” 
boundary condition at 
perimeter P3, a typical setting 
for ponds in close proximity to 
other ponds.
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Example #3 – Multiple Land-Locked Ponds

Computational Perimeters
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds

PERC-C9318-A

PERC-C9338-A

125’
60’

125’
60’
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Example #3 – Multiple Land-Locked Ponds

No Perc
This Side

PERC-C9318-B

PERC-C9338-B

PERC-C9314

125’ 200’
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Example #3 – Multiple Land-Locked Ponds

P1 = 1,108 ft
P1area = 1.45ac

P1-Aarea = P1area x (P1-A / P1)
= 1.45 x (676 / 1,108) = 0.88 ac

P1-Barea = P1area x (P1-B / P1)
= 1.45 x (432 / 1,108) = 0.57 ac

PERC-C9318-B

PERC-C9318-A
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Example #3 – Multiple Land-Locked Ponds

P1 = 2,256 ft
P1area = 3.98 ac

P1-Aarea = P1area x (P1-A / P1)
= 3.98 x (1,965 / 2,256) = 3.47 ac

P1-Barea = P1area x (P1-B / P1)
= 3.98 x (291 / 2,256) = 0.51 ac

PERC-C9338-B

PERC-C9338-A
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Example #3 – Multiple Land-Locked Ponds

(4298’)

(4632’)
(4310’)

PERC-C9288

PERC-C9316
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Example #3 – Multiple Land-Locked Ponds

PERC-C9317 PERC-B9710
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds

Worse Case ~ -0.24% (not an issue) 
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds

Group by 
Simulation
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Example #3 – Multiple Land-Locked Ponds



Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds

Group by Node 
Name
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds

“A”

“B”
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Example #3 – Multiple Land-Locked Ponds

“A”

“B”

PERC-C9318-A
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Example #3 – Multiple Land-Locked Ponds

“A”

“B”

PERC-C9318-B
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Example #3 – Multiple Land-Locked Ponds
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Next Webinar – Lesson 5: Typical Pre/Post Examples
Tuesday November 5, 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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