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Hydraulics for 

Stormwater Quality Design (continued)
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Introduction

◼ Jeffry W. Healy, PE

◼ University of  Illinois

BS Agricultural Engr., 1978

◼ Wright State University,

Groundwater Hydrology, 1988

◼ Soil Conservation / NRCS, 1976-1996

◼ Banning Engineering, PC, 1996 – present

◼ Retiring 1/6/2023 (for real)



Program Overview

◼ Discuss / Evaluate Soil Infiltration and Percolation

◼ Evaluate / Design Multi-stage Pond Outlets

◼ Evaluate / Design Best Management Practices

◼ Evaluate Hydraulic Impact of  Structural BMP’s 

◼ Evaluate / Design Flow Through Vegetated Swales



Program Overview

◼ Discuss / Evaluate Soil Infiltration and Percolation and 

Flow Through Porous Media

◼ Evaluate / Design Multi-stage Pond Outlets

◼ Evaluate / Design Best Management Practices

◼ Evaluate Hydraulic Impact of  Structural BMP’s 

◼ Evaluate / Design Flow Through Vegetated Swales



Predicting Soil Infiltration / 

Permeability



Soil Map—Hendricks County, Indiana
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What Affects Soil Infiltration?

◼ Season / Surface Condition

◼ Debris

◼ Soil Saturation



Soil Map—Hendricks County, Indiana
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Map Unit Legend

Soil Map—Hendricks County, Indiana

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

CrA Crosby silt loam, fine-loamy  subsoil, 0 to 2 

percent  slopes

16.9 1.7%

FoA Fox loam, 0 to 2 percent  slopes 3.2 0.3%

Gn Genesee silt loam, 0 to 2  percent slopes, 

frequently  flooded, very brief duration

53.3 5.3%

Gs Genesee sandy loam, sandy  substratum 56.3 5.6%

HeF Hennepin loam, 25 to 50  percent slopes 1.0 0.1%

MeA Martinsville loam, 0 to 2  percent slopes 1.5 0.2%

MmB2 Miami silt loam, 2 to 6 percent  slopes, 

eroded

7.2 0.7%

MmC2 Miami silt loam, 6 to 12 percent  slopes, 

eroded

0.2 0.0%

MmD2 Miami silt loam, 12 to 18  percent slopes, 

eroded

9.2 0.9%

MmE2 Miami silt loam, 18 to 25  percent slopes, 

eroded

0.9 0.1%

MsC3 Miami clay loam, 6 to 12  percent slopes, 

severely  eroded

0.4 0.0%

OsA Ockley silt loam, loamy  substratum, 0 to 2 

percent  slopes

25.5 2.6%

OsB2 Ockley silt loam, loamy  substratum, 2 to 6 

percent  slopes, eroded

0.7 0.1%

Pmg Pits, gravel 79.2 7.9%

RegA Rensselaer clay loam, till  substratum, 0 to 2 

percent  slopes

1.1 0.1%

Sh Shoals silt loam, 0 to 2 percent  slopes, 

frequently flooded,  brief duration

4.9 0.5%

ThrA Treaty silty clay loam, 0 to 1  percent slopes 0.1 0.0%

W Water 43.2 4.3%

Wh Whitaker silt loam, 0 to 2  percent slopes 16.2 1.6%

YbvA Brookston silty clay loam- Urban land 

complex, 0 to 2  percent slopes

53.0 5.3%



Saturated Hydraulic Conductivity (Ksat)—Hendricks County, Indiana
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Saturated Hydraulic Conductivity (Ksat)

Map unit symbol Map unit name Rating (micrometers  per second) Acres in AOI Percent of AOI

CrA Crosby silt loam, fine- loamy subsoil, 0 to 2  

percent slopes

3.5476 16.9 1.7%

FoA Fox loam, 0 to 2 percent  slopes 167.5738 3.2 0.3%

Gn Genesee silt loam, 0 to  2 percent slopes,  

frequently flooded,  very brief duration

9.1700 53.3 5.3%

Gs Genesee sandy loam,  sandy substratum 56.9737 56.3 5.6%

HeF Hennepin loam, 25 to 50  percent slopes 3.2100 1.0 0.1%

MeA Martinsville loam, 0 to 2  percent slopes 10.7492 1.5 0.2%

MmB2 Miami silt loam, 2 to 6  percent slopes,  

eroded

3.9091 7.2 0.7%

MmC2 Miami silt loam, 6 to 12  percent slopes,  

eroded

3.9091 0.2 0.0%

MmD2 Miami silt loam, 12 to 18  percent slopes,  

eroded

3.9091 9.2 0.9%

MmE2 Miami silt loam, 18 to 25  percent slopes,  

eroded

3.7090 0.9 0.1%

MsC3 Miami clay loam, 6 to 12  percent slopes,  

severely eroded

3.6027 0.4 0.0%

OsA Ockley silt loam, loamy  substratum, 0 to 2  

percent slopes

16.2319 25.5 2.6%

OsB2 Ockley silt loam, loamy  substratum, 2 to 6  

percent slopes,  eroded

16.2319 0.7 0.1%

Pmg Pits, gravel 79.2 7.9%

RegA Rensselaer clay loam,  till substratum, 0 to 2  

percent slopes

23.8046 1.1 0.1%

Sh Shoals silt loam, 0 to 2  percent slopes,  

frequently flooded,  brief duration

17.9244 4.9 0.5%

Saturated Hydraulic Conductivity (Ksat)—Hendricks County, Indiana



1 in/hr = 7.05556 micrometers / sec



So what about your site?

◼ Use mapped values?

◼ Granular soils – field testing

◼ Fine-grained soils – Shelby tubes and lab falling 

head permeameter (ASTM D5084)



Darcy’s Law
(Flow through Porous Media)

q = k i a



i = h / l



Flow Net



Darcy’s Law
(Flow through Porous Media)

q = k i a













Darcy’s Law
(Flow through Porous Media)

q = k i a



Boundary Conditions





1 gal./min./SF = 0.0022 cfs/SF

110 gal./min./SF = 0.25 cfs/SF







Design Resource

USDA – NRCS

Part 633 NEH

Chapter 26 Gradation Design

of  Sand and Gravel Filters



Pervious Pavement (thoughts)

◼ More than one-half  of  all rain falls in storms with less 
than ½-inch rainfall depth

◼ Pervious Pavement provides runoff  coefficient as good 
as sod.

◼ Pervious Concrete Pavement passes water at 3-5 
gal/min/SF [5 gal = 8 inches; 100% effective]

◼ Installation is the key
(Source:  T. Fansler III, President, Smock Fansler)

◼ How do you maintain this practice?















Thanks for Your 

Participation!

Questions?


