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Watershed-Based Stormwater 
Controls

Multiple names for a similar goal/design process:
L I D l (LID)• Low Impact Development (LID)

• Conservation Design
• Water Sensitive Urban Design (WSUDs)
• Sustainable Urban Drainage Systems (SUDS)
• Distributed Runoff Controls (DRC)

These approaches emphasize infiltration, however, 
other stormwater treatment approaches will also 
likely be required to meet the wide range of 
beneficial use objectives of urban receiving waters.

Conservation Design Approach for 
New Development

• Better site planning to maximize resources of site• Better site planning to maximize resources of site
• Emphasize water conservation and water reuse on 

site
• Encourage infiltration of runoff at site but prevent 

groundwater contamination
T t t t iti l d• Treat water at critical source areas and encourage 
pollution prevention (no zinc coatings and copper, 
for example)

• Treat runoff that cannot be infiltrated at site

Modeling examples in this module will use this basic medium 
density residential area, based on the average of many actual 
neighborhoods surveyed in Wisconsin, normalized to 100 acres. 
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The file descriptions can be exported to a file under the “file” option:
The following is a summary of the source area descriptions for this 
area:

This is the list of data files used with these analyses (calibrated and 
verified by the USGS, working with the WI DNR, using much 
regional data):

The following is the basic drainage system. This is changed 
automatically when swales are added as a drainage control practice.
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This is a plot of the 1981 rain events used in the analyses:

Porous Pavement and Paver Blocks

• These have long been used in Europe to reduce flowsThese have long been used in Europe to reduce flows 
entering combined sewers.

• They are most useful in areas having little traffic (overflow 
seasonal parking, walkways and driveways)

• They should not be used in areas of de-icing salt 
applications, or in critical areas that may cause 
groundwater contaminationgroundwater contamination

Austin, TXPorous pavement and paver blocks are used in 
many locations to reduce runoff and for aesthetics

Essen, Germany Singapore

Davos SwitzerlandZurich

Singapore

Davos, SwitzerlandZurich

Wolfgang Geiger’s Porous Paver Test Rig, Essen, Germany
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Porous paver blocks have been used in many locations to reduce runoff 
to combined sewer systems, thereby reducing overflow frequency and 
volumes.

Not recommended in areas of heavy 
automobile use due to groundwater 
contamination (provide little capture of 
critical pollutants, plus some manufactures 
recommend use of heavy salt applications 
instead of sand for ice control).

Malmo, Sweden Essen, Germany

Madison, 
Wisconsin

Porous paver blocks and grass 
reinforcement material should not 
be used in areas having heavy 
parking, as the grass cannot thrive 
if parked on much of the time and 
soil compaction is still likely.

Another way to reduce runoff is 
to reduce the amount of paved 

H k thareas. However, make sure there 
is sufficient parking and that the 
streets can handle the expected 
traffic load. In some cases of 
heavy use, cars are parked on the 
sidewalks, forcing pedestrians to 
walk in the street.

Modeling Porous Pavements
• Porous pavement (or paver blocks or turf-reinforcers) can 

be modeled at the source areas.
I thi l bl k d f th di tl• In this example, paver blocks are used for the directly 
connected driveways.

• The pavers are 3 inches thick and are on another 3 inches 
of sand. That is in turn on 12 inches of an aggregate base 
for storage.

• Degradation in performance occurs with clogging. The 
values used are described in the help file.

Main input screen for porous pavement
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Extensive help files (F1) are available that explain the controls and 
input requirements

Runoff volume summary for source areas showing complete 
control for the driveways that have porous paver blocks. The 
storage base can be reduced and re-analyzed, if desired.

Roof Runoff Control

• Runoff disconnections• Runoff disconnections
• Rain gardens for roof runoff
• Green roofs to reduce flows and to provide 

benefits to the building
• Capture of roof runoff for beneficial uses• Capture of roof runoff for beneficial uses

One of the simplest and most effective approaches for the control of 
stormwater is to reduce the amount of impervious areas that are 
directly connected to the drainage system. This can be accomplished 
by using less paved and roof areas (hard to do and meet design 
objectives), disconnect the impervious areas, or reduce the runoff from 
the impervious areas by infiltration, or other, methods. Reducing the 
runoff volume also reduces the pollutant discharges, reduces peak 
flows, and reduces combined sewer overflows.

Directly connected roof drainDisconnected roof drain
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Roof drain disconnections

Not this!Not this!

Calculated Benefits of Various Roof Runoff 
Controls (compared to typical directly 
connected residential pitched roofs)

Annual roof runoff volume 
d ti

Birmingham, 
Al b

Seattle, 
W h

Phoenix, 
A ireductions Alabama 

(55.5 in. 
annual rain)

Wash. 
(33.4 in.)

Arizona 
(9.6 in.)

Flat roofs instead of pitched roofs 13% 21% 25%

Cistern for reuse of runoff for toilet 
flushing and irrigation 

66 67 88

(10 ft. diameter x 5 ft. high)
Planted green roof (but will need to 
irrigate during dry periods)

75 77 84

Disconnect roof drains to loam soils 84 87 91

Rain garden with amended soils 
(10 ft. x 6.5 ft.)

87 100 96

On-going Millburn, NJ, Monitoring Project to 
Evaluate Performance and Groundwater 

Problems Associated with Required Dry Wells

“Green Roof” in Portland, OR
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Green Roofing
Extensive Green Roof
• Lighter

Intensive Green Roof
• HeavierLighter

• <6” media depth
• Planted with sedums 

or native plant species
• Saturated weights 

f 12 50lb / ft

• >12” media depth
• Wider variety of 

plants which need 
more care and 
irrigation

from 12-50lbs/sq.ft. • Saturated weights 
from 80-100lbs/sq.ft.

Benefits of Green Roofing

• Reduce Heat Island Effect
• Reduce Air Pollution and• Reduce Air Pollution and 

Greenhouse Gas Emission
• Improved human health and 

comfort
• Enhanced Stormwater 

Management and Water 
Q litQuality

• Improved Quality of Life

Information courtesy of the Environmental Protect Agency – http://www.epa.gov/heatisland/mitigation/greenroofs.htm

http://www.coolflatroof.com/pics/green-roof-blocks.jpg

Urban Heat Island Effect – Atlanta, GA

Can a green 
roof make the 

Urban Temp. - Day Suburban Temp. - Day

urban look 
like the 
suburban?



Images Courtesy of NASA

Urban Temp. - Night
Suburban Temp. - Night

Green Roof Design

Cross-section of a typical green roof illustrating 
the key components

http://www.greensulate.com/green_roofs_intensive.php
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Function of a Green Roof
• The storage of water in 

the substrate
• Absorbing water in the 

root zone
• Capturing and holding 

precipitation in the 
plant foliage where it 
is returned to the 
atmosphere through 
transpiration and 
evaporation 

• Slowing the velocity of 
direct runoff as it 
infiltrates through 
layers of vegetated 
cover

http://www.lid-stormwater.net/greenroofs_benefits.htm

Central 
Alabama

Average daily ETo 
reference conditions 
(inches/day) (irrigated 
alfalfa)

January 0.035

Evapotranspiration (ET)  is the 
major rain abstraction mechanism 
available for green roofs, besides 
some detention storage and 
evaporation. 

February 0.048
March 0.072
April 0.102
May 0.156
June 0.192
July 0 186

Plant Crop 
Coefficient 
Factor (Kc) 

Root 
Depth (ft)

Cool Season 
Grass (turfgrass)

0.80 1

Common Trees 0.70 3
Annuals 0.65 1July 0.186

August 0.164
September 0.141
October 0.096
November 0.055
December 0.036

Annuals 0.65 1
Common Shrubs 0.50 2
Warm Season 
Grass 

0.55 1

Prairie Plants 
(deep rooted)

0.50 6

Recent results showing green roof runoff 
benefits compared to conventional 
roofing (data from Shirley Clark, Penn 
State – Harrisburg)

Greater than 65% volume reductions 
due to ET

October 25 Rain Event
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Graph Courtesy of Al Jarrett, Penn State Center for Green Roof Research
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Runoff quality from different roofing materials 

Zinc at 4 to 8 mg/L 
from galvanized metal 
roofing materials

Phosphorus at 0.3 
to 0.5 mg/L from 
green roofs.

C t 5 t 25

Nitrate at 1 to 15 
mg/L from cedar 

Copper at 5 to 25 
mg/L from treated 
wood roofing 
materials

wood shake roofs.

Shirley Clark, Penn State - Harrisburg

Modeling Green Roofs
• Green roofs are modeled in WinSLAMM by using the 

biofiltration/bioretention source controls. 
Th d i i th f th f ( l if l• The device area is the area of the roofs (or less if only a 
portion of the roofs are to be planted). 

• The broad crested weir outlet is needed to provide an overflow 
above a few inches of surface storage on top of the growing 
media. 

• Evapotranspiration is the only rainfall abstraction and monthly 
average ET values are entered, along with “crop” factors and 
root depths. According to recent USGS research, the crop 
factors for small urban area plantings are greater than values 
usually published in the agricultural research. 

• There is obviously no “natural soil” infiltration.

Green roof input using the biofiltration option (one unit per house).
The required broad crested weir outlet (the weir length is the 
downslope edge of the building):
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Evapotranspiration and plant information (see ET calculation paper 
for typical soil and plant information; as noted earlier, the crop factors 
are likely larger for these harsh conditions compared to reported 
agricultural data).

Runoff volume results showing complete runoff reduction for the 
green roofs. The substrate or storage volumes can be reduced, then 
re-analyzed.

Ancient temple site at top of hill that had roof runoff cistern, Kamiros, 
Rhodes (ancient Greece, 7th century BC)

The homes of important officials had water delivered through clay 
pipes 

Ancient clay pipe at Kamiros, Rhodes (ancient Greece, 7th century BC)
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Regular citizens had to hand carry water from the cistern at the top 
of the hill back down to their homes

Cistern tank, Kamiros, Rhodes, 
collected roof runoff from adjacent 
temple located at top of the hill.

Steps alongside cistern 
allowing jugs to be filled 
from holes in wall to cistern.

Beneficial use of  stormwater as a local resource needs 
to be seriously considered

Prince George’s County photo

January 113 gal/day July 428

The water tank cisterns modeled for the Kansas City area were about 
10 ft in diameter and 10 ft tall. The expected per household water use 
(gallons/day) from cisterns for toilet flushing and outside irrigation 
(ET deficit only) for the KC study area is: 

January 113 gal/day July 428

February 243 August 479

March 126 September 211

April 175 October 71

May 149 November 71

June 248 December 71June 248 December 71

12

14

Number of water tanks and annual flow 
volume reductions for Kansas City test area

Percentage reduction of annual flows with ed
uc

tio
n

4

6

8

10
10 ft diameter by 10 ft tall cisterns (numbers 
per acre) for household toilet flushing and 
outside irrigation (roof runoff only). 

The maximum control that is expected is about 13% (at 
about 3 cisterns per acre), as that is the fraction of the 
annual flow that is expected to originate from the roofs. 
This corresponds to about a single water tank 10 ft in e 
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f r
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p g
diameter and 5 ft tall per household. More tanks will not 
help, but small “rain barrels” are obviously way too small.

Number of 5900 gal water tanks per acre
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Birmingham Southern College Campus
(map by Jefferson County Stormwater Management Authority)

Birmingham Southern College 
Fraternity Row (new construction at 

existing site)

Acres % of Total
Roadways 0.24 6.6%
Parking 0.89 24.5
Walks 0.25 6.9
Roofs 0.58 16.0
Landscaping 1.67 46.0
Total: 3.63 100.0

Supplemental Irrigation 
Inches per 
month 
(example)

Average Use for 
1/2 acre 
(gal/day)(example) (gal/day)

Late Fall and Winter 
(Nov-March)

1 to 1-1/2 230 - 340

Spring (April-May) 2 to 3 460 - 680

Summer (June- 4 910Summer (June
August)

4 910

Fall (Sept-Oct) 2 to 3 460 - 680

Total: 28 (added to 54 
inches of rain)

Capture and Reuse of Roof Runoff 
for Supplemental Irrigation

Tankage Volume (ft3) per 
4 000 ft2 B ildi

Percentage of Annual Roof 
R ff d f I i ti4,000 ft2 Building Runoff used for Irrigation

1,000 56%

2,000 56

4,000 74

8,000 90

16,000 98
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Modeling Beneficial Uses with a Cistern
• In this example, the beneficial uses of the roof runoff are 

toilet flushing and irrigation of the lawns and gardens 
surrounding the homes.

• The toilet flushing use was determined to be 71 gal/day per 
household based on regional census and water use data.

• Irrigation was calculated to supply the deficit between the 
monthly ET and rainfall values for turf grass. Additional 
discharges to the landscaping is possible if enhanced 
infiltration is desired.

• A simple tank 10 ft in diameter and 5 ft tall per house was 
used in this example.

• The cistern/rain barrel option was selected under the native 
soil infiltration rates (this turns all infiltration off, 
obviously!).

Cistern modeling using the biofiltration control option:

The broad crested weir is always required to provide an overflow 
from the tank. In actual cases, overflows will be through an 
overflow pipe. In this example, the weir length is the circumference 
of the tank. The total tank height must extend several inches above 
the bottom of the weir opening.

These are the monthly 
calculated water use rates, 
based on household 

l ti d tpopulation and water use 
for toilet flushing, and the 
monthly average deficits 
between the ET and 
rainfall. Again, additional 
irrigation is possible if 
enhanced infiltration isenhanced infiltration is 
desired.  
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The cisterns at the homes associated with the directly connected 
roofs (roof 1 category) were able to use all of the roof runoff for 
toilet flushing and irrigation in this example.

In WinSLAMM, there are many additional detailed output options that 
can be accessed with the program options menu. The detailed biofilter 
output allows one to see how much water is in the cistern at any time, 
amongst much other information: 

The help files describe the information provided in each output 
option. Selecting an output high-light expands the descriptions.

The following is an example of the detailed biofilter output, showing the details for 
each time step in the calculations (every 6 minutes in this example). The depth of the 
water in the cistern (stage above ground) is high-lighted below for a 2.59 inch rain:
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The context-sensitive help files explain each column header: Rain Garden Designed for Complete Infiltration of Roof Runoff

Burnsville, Minnesota, Rainwater Gardens.

97% Runoff Volume Reduction

An example of the dramatic runoff volume  reductions possible 
through the use of conservation design principles (17 rain gardens, at 
about $3,000 each, at 14 homes in one neighborhood)

Land and Water, Sept/Oct. 2004

Rain Garden Modeling
• Rain gardens are also modeled using the biofilter option.
• Rain gardens are usually very simple devices, constructed by 

excavating a 1 to 3 feet deep hole near the downspout of a building. 
Th d th d f th i d i ll d t i d bThe depth and area for the rain garden is usually determined by 
landscaping considerations, but should also be based on the soil 
infiltration rate and the roof area.  

• The excavated hole is then partially back-filled with an amended soil. 
Native soils are not usually recommended due to the likely presence of 
clays. Most states now recommend a mixture of sand and an organic 
amendment. The excavated soil can be used to build up the downslope 
edge of the area to provide additional storageedge of the area to provide additional storage.

• Surface storage is also needed above the amended soil; a depression of 
at least several inches for a small rain garden to about a foot for a 
larger device is needed.

• Rain gardens are also usually planted with deep-rooted native plants to 
help enhance infiltration.
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Input screen for a simple rain garden (2 per house in this example) in 
an area having marginal silt loam soils (0.3 inches/hr infiltration rate): The required broad-crested weir is just the downslope overflow, the 

only other water discharge is infiltration into the native soil. With 
marginal soils, greater surface storage is needed:

Reduced runoff occurs from the roof areas having rain gardens. In this example, overflows 
occurred several times a year during the largest storms (under the “view” drop down menu, 
select output option 1 to see results for each rain individually). Only 13,000 ft3 was discharged 
from these roofs during this period, compared to over 120,000 ft3 with no controls. This could 
be reduced further, if desired, by using larger, or more, rain gardens, and re-analyzed using the 
model.

Grass-Lined 
Swales
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Runoff from 
Pervious/

impervious Trapping of sediments

Particulate Removal in Shallow Flowing 
Grass Swales and in Grass Filters

p
area

pp g
and associated pollutantsReducing velocity of 

runoff 

Sediment
ti l

Infiltration

Reduced volume and treated 
runoff

particles

Sediments
-Sand (300-425 um)   10%
-Sand (90-250 um)     25%
-Silica-#250                50%
-Silica-#105                15%
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)Modified indoor grass 
swale setup

Head works
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Date: 10/11/2004

116 ft
75 ft

TSS: 10 mg/L

TSS: 20 mg/L

2 ft

25 ft

6 ft

3 ft

TSS: 30 mg/L

TSS: 35 mg/L

Head (0ft)

TSS: 63 mg/L

TSS: 84 mg/L

TSS: 102 mg/L

University of Alabama 
swale test site at 
Tuscaloosa City Hall

Conventional curbs with inlets directed to site swales

WI DNR photo

Swales Designed to Infiltrate Large Fractions of Runoff 
(Alabama).

Also incorporate 
grass filtering before 
infiltration

Swale Problems

Erosive 

Shallow 
Groundwater

Blocked 
with Fill

Channel

Under-
Sized
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Modeling Grass Swales
• The main input screen for grass swales is under the “land use” drop down 

menu under the “catchbasin or drainage control” option, and then select 
“drainage control.”

• In this example, the swale density is selected based on the land use. The 
total length of the swales is automatically calculated along with thetotal length of the swales is automatically calculated, along with the 
average swale length to the outfall (based on the total service area).

• The swale bottom width, side slope, and longitudinal slope are entered 
based on the area to be served. Residential areas usually have relatively 
narrow swale widths, while industrial areas have larger widths. These 
dimensions are determined in concert with the drainage design 
requirements for the area.

• The swale grass retardance factor is from USDA research and is usuallyThe swale grass retardance factor is from USDA research and is usually 
D for urban areas. The grass height is a function of maintenance, but 3 
inches may be suitable.

• The swale dynamic infiltration rate is about half of the normal infiltration 
rate for most swales, but is equal to the soil infiltration rate for relatively 
flat swales. See the help files for more information.

Main grass swale input screen:

Context-sensitive grass swale help file:
Output summary after grass swale analysis. The difference between the “total 
before drainage system” and “total after drainage system” shows the effects of the 
swales. In this example, about 47% runoff volume and 53% particulate solid 
discharge reductions were calculated: 

In addition, the ,
calculated urban 
receiving water 
classification (based 
on the Center for 
Watershed 
Protection’s 
Impervious Cover 
Model) may improve 
f f i iffrom poor to fair, if 
the complete 
watershed was 
similarly developed, 
compared to 
development without 
controls.
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The runoff volume detailed output also shows the benefits of the swale. This is the  
expanded output showing the effects for each individual rain, available by 
selecting the full output option 1 under the “view” drop down menu.  


