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Overview

 Intro to LID Hydrologic Principles
LID Modeling and Design Concepts
Applied to Example BMPs

–Vegetated Roofs
–Porous Pavement
–Bioretention (time pending)



Rainfall Frequency Atlas of 
the Midwest, Bulletin 71, 

Midwestern Climate Center, 
1992
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Twenty Four Hour Rainfall



Rainfall Amount Frequency

SEMCOG



Site Hydrology

FISRWG



Urban Flooding



Stream Condition Related to 
Impervious Cover

8-10%

20%

30%> 65%

< 5%

Center for Watershed Protection

Impervious Cover



Pollutants in Urban Runoff

 Suspended Sediment
 Nutrients (phosphorus and nitrogen)
 Pesticides/herbicides
 Heavy Metals
 Hydrocarbons (oils/gasoline/grease)
 Bacteria/pathogens
 Trash/Floatables
 Salt



Site Runoff Hydrograph



LID Site Runoff

1)Pre-development Condition
2)Post-development (Peak Control)
3)LID Development



Runoff Factors

Rainfall
Land Use Cover
Soil Type & Condition



Hydrologic Soil Groups



HSG

Infiltration 
Rate 

(in/hr)
A 2.0+

B 0.5

C 0.2

D <0.1

Hydrologic Soil Groups



“A” Soils

Photos courtesy of Steven Trinkaus, Trinkaus Engineering, LLC 



“B” and “C” Soils

Photos courtesy of Steven Trinkaus, Trinkaus Engineering, LLC 



“D” Soils

Photos courtesy of Steven Trinkaus, Trinkaus Engineering, LLC 



Hydrologic Modeling Tools



Runoff Curve Number (CN)
 Developed by the Natural Resource 

Conservation Service (NRCS)
 Based on land cover and soil type
 Commonly used as the rainfall to runoff 

transformation for small watershed 
hydrology

 Development and urbanization increases 
CN value thereby increasing runoff



Reznick



Curve Numbers

Hydrologic Soil Group

A B C D

Meadow 30 58 71 78

Woods (Fair) 36 60 73 79

Park/Golf Course 39 61 74 80

¼ Ac. Residential 61 75 83 87

Paved Surface 98 98 98 98



Runoff from 2” Storm

Hydrologic Soil Group

A B C D

Meadow 0.0” 0.0” 0.3” 0.5”

Woods 0.0” 0.0” 0.2” 0.4”

Park/Golf Course 0.0” 0.1” 0.3” 0.6”

¼ Ac. Residential 0.1” 0.4” 0.7” 0.9”

Paved Surface 1.8” 1.8” 1.8” 1.8”



Model Hydrograph Results

Reznick



Woods on C Soils or Farm on B Soils

Qp=23 cfs V=5 acre-ft.

Dave Fongers - MDEQ



Qp=23 cfs V=5 acre-ft.

Qp=65 cfs V=11 acre-ft.

Dave Fongers - MDEQ

Development



Qp=90 cfs V=11 acre-ft.

Qp=65 cfs V=11 acre-ft.

Qp=23 cfs V=5 acre-ft.

Dave Fongers - MDEQ

Development with lower Tc



Tc (Time of Concentration)

 Runoff travel time from the hydraulically 
most distant point of the watershed to the 
“outlet”)

 Influences the shape and peak of runoff 
hydrograph

 Development usually decreases Tc
– thereby increasing the peak runoff

 Goal is to match Tc and CN



Hydrologic Principles for LID
 Groundwater Recharge Volume

– Annual pre-development recharge rate for site 
specific soils, rainfall, and natural cover

 Water Quality Protection
– Protect quality of watersheds
– “First flush”, 1” rainfall, 0.5” run-off, 90% 

exceedence, etc.
 Channel Protection 

– Protect channel morphology and stability
– Bankfull condition, 1.5-yr 24-hour event, etc.

 Flood Protection
– Protect life and property from extreme events
– 10-year to 100-year volume control
– Focus on peak discharge



Permeable Pavement 
and Green Streets



Permeable Pavement
©NRMCA







Permeable Pavers



Permeable Asphalt



Porous Concrete

Mary’s Kitchen TC –
U’Ren



Flexible Pavement

© KBI Flexipave™



Concrete Block (CGP)  Parking Lot

Martin County





Concrete Block Parking



Grasspave/Gravelpave ™



Green Alleys



City of Chicago - Green Alleys



SEMCOG Green Streets



Porous Pavement Design 
Parameters

 CN can vary from 45 to 80 for design 
storms
– Improved from 98 (impervious)

 Tc from impervious sheet flow to flow 
through porous media or rough surface if 
overland flow

 Infiltration can effect GW recharge and 
WQ volume

 Storage volume in pores reduces 
hydrograph volume



Vegetated Roofs



45

Extensive Intensive

Types of Vegetated Roofs



Vegetated Roofs



Comparison
Characteristics Intensive Vegetated Roof Extensive Vegetated Roof

Soil Requires minimum of one foot 

of soil depth

Requires only 1 to 5 inches of 

soil depth

Vegetation Accommodates large trees, 
shrubs, and well-maintained 

gardens

Capable of including many 
kinds of vegetative ground 
cover and grasses 

Load Adds 80-150 pounds per 
square foot of load

Adds only 12-50 pounds per 
square foot

Access Regular access accommodated 

& encouraged

Usually not designed for 

public accessibility

Maintenance Significant maintenance 
required 

Annual maintenance walks are 
performed

Drainage Includes complex drainage 

systems

Simple drainage system



Michigan Extensive Roofs



Vegetated Roof Design

Hydrologic response is dependent on 
roof type and rainfall characteristics

Most roof companies report annual 
retention values – not helpful for 
storm design

CN and C will vary for each storm –
need site specific information or 
modeling



Cumulative Runoff Depth (ft)



Runoff Hydrographs

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0 2 4 6 8 10

Time (hours)

D
is

ch
ar

ge
 (c

fs
) p

er
 1

00
0 

sq
 ft

 ro
of

0

0.005

0.01

0.015

0.02

0.025

0.03

R
ai

nf
al

l (
ft) Blackroof

Stoneroof
Greenroof
Rainfall



Runoff Comparison - 3 Roofs
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Extensive Vegetated Roofs 
Design Parameters

 Recommend Hydrologic Modeling for 
Performance BUT…

 Curve Numbers
– CN = 65 for rain events 3 x’s depth of media 

(MI LID Manual)
– CN = 84 for events greater than moisture 

holding capacity (ASCE Green Roof TC) 
 Runoff Volume Coefficient

– 0 < Cv < 0.8 in Midwest (exponential 
relationship)

 Time to Peak (Tc)
– At least one hour



Bioretention Cells and 
Rain Gardens



Bioretention Cells or Rain Gardens?



Rain 
Gardens

Ann Arbor, MI



Bioretention Cells

Macomb Co. Municipal Bldg 
Mount Clemens, MI



ROW Bioretention







Rain Garden Mix Designs

 Numerous recommended mix designs have 
been published

 For new community developments mix designs 
might be specified by municipality

 Example Mix Designs:
– 50% sand, 30% topsoil, 20% compost
– 20 – 40% sand & 60 – 80% compost
– NRCS Soil Triangle (Loamy Sand

to Sandy Loam)





Rain Garden Sizing Techniques
Homeowner How-to Manuals 

available from U of Wisc. Ext., VA 
Dept of Forestry, & SOCWA

Numerical Design Techniques
– Run-off Method
– Darcy’s Law



Run-off Method
Developed in the Mid-Atlantic 
Assumptions

– 1” of rainfall will be capture
– 2.5 ft and 4ft of planting depth with 

50/30/20 mix
– 6” ponding with 48 hour drainage time
– Doesn’t consider native soils
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Simplified Darcy’s Law

Simplified by Dr. Carpenter
Assumptions

– 1” of rainfall will be capture (90% of all rain 
events)

– Excess rainfall should be bypassed
– Well maintained rain garden with mix of 

compost/sand
– 48 hour drainage time
– Includes infiltration rate of native soils



Simplified Darcy’s Law
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Rain Garden Sizing Comparison

1000 sq ft of roof (all impervious)
2.5 ft of planting depth & 0.5 ft 

ponding
Sand (1.0 ft/day) & Clay (0.2 ft/day)

Darcy’s Law Run-off

Sand 30 sq ft 63 sq ft

Clay 150 sq ft 63 sq ft



Planter Boxes



Planter Boxes



Planter Boxes



©Marty Wanilesta

Planter Boxes



Rain Garden Design 
Parameters

 CN classification of meadows on good soil
 Tc from overland sheet flow to flow 

through porous media if underdrain
 Infiltration can effect GW recharge and 

WQ volume
 Storage volume in pores reduces 

hydrograph volume



Structural BMP Selection Factors



Questions?


