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• Two monitoring systems located in Beijing separate and 
combined sewer urban catchments have been operating since 
July 2010. 

• COD, TSS, TN, TP, and NH3-N exceeded Class V surface water 
quality standard developed by Ministry of Environmental 
Protection (MEP).

• Strong correlation between COD and TSS concentrations, and 
stronger correlations between TSS and other pollutant 
cumulative pollutant loads. 

Characterization	of	Urban	Runoff	from	
Combined	Sewer	and	Storm	Sewer	
Catchments	in	Beijing,	China

Che,	W,	Zhang,	W,	Liu,	D.	K.,	Gan,	Y	P,	Lv,	F	F
International	Conference	on	Pipelines	and	Trenchless	Technology	2011,	
Beijing	
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• First flush was seldom observed in separate stormwater and 
CSO discharges due to the influence of sewer sediments, sewer 
system characteristics, catchment characteristics, etc. 

• Based on quantitative analysis, urban nonpoint pollution 
resulting from surface runoff and CSO emissions is recognized 
as one of the major causes of quality deterioration in the 
receiving water bodies in Beijing. 

• An integrated system, which combines runoff source control 
and sewer control, will be an effective and economic approach 
to urban runoff pollution control.

Characterization	of	Urban	Runoff	from	
Combined	Sewer	and	Storm	Sewer	
Catchments	in	Beijing,	China	(continued)
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Effectiveness	Analysis	of	Systematic	Combined	Sewer	Overflow	
Control	Schemes	in	the	Sponge	City	Pilot	Area	of	Beijing
Gong,	Y.;	Chen,	Y.;	Yu,	L.;	Li,	J.;	Pan,	X.;	Shen,	Z.;	Xu,	X.;	Qiu,	Q.
Int.	J.	Environ.	Res.	Public	Health April	2019

• This research examined the old urban area in the sponge city 
pilot area in Tongzhou District, Beijing. 

• The United States Environmental Protection Agency storm 
water management model (SWMM) was used to model the 
hydrologic and hydraulic characteristics of this area. 

• Thirty-two CSO control schemes were examined:
• "gray (includes the pipes, pumps, ditches, and detention 

ponds engineered by people to manage stormwater) 
strategy,"

• "gray-green strategies," 
• "low impact development (LID) facilities at the source,
• "intercepting sewer pipes at the midway," and 
• "storage tank at the end." 

4

1 2

3 4



11/21/2023

Effectiveness	Analysis	of	Systematic	Combined	Sewer	
Overflow	Control	Schemes	in	the	Sponge	City	Pilot	
Area	of	Beijing	(continued)

• LID resulted in a calculated annual reduction rate of 22% for the 
CSO frequency and 35% to 49% for the CSO volume. 

• The retrofitting of intercepting sewer pipes resulted in a 
calculated annual reduction rate of 11% for the CSO frequency 
and 4% to 15% for the CSO volume

• The storage tank resulted in a calculated annual reduction rate 
from 3% to 36% for the CSO volume; 

• A reasonable CSO control target for the study area is not 
exceeding four overflows per year.
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Suggestions for New Sewerage 
Systems (Richard Field, US EPA)
 Larger diameter sewers to add in-line storage
 Steeper-sloped sewers/more effective bottom cross-

sections/sediment traps to reduce sediment 
deposition

 Treatment plant capacity sized for CSO
 Larger interceptors
 Beneficial use of stormwater
 Blackwater-graywater separation/graywater 

recycling
 Integrate green & gray infrastructure
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What Does EPA Mean by “Green 
Solutions”?

 Green Solutions use natural or engineered systems 
– e.g., green roofs, bioretention/rain gardens, 
swales, wetlands, & porous pavement

 These systems mimic natural processes and direct 
stormwater to areas where it can infiltrate, 
evapotranspirate, be slowed, and beneficially used

 Green Solutions generally are a subset of 
sustainable infrastructure

 Green Solutions can provide many environmental 
benefits
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– Cost savings
– Community 

identity
– Recreational 

greenspace
– Reduced urban 

heat 
island effect

– Wildlife habitat
– Enhanced property 

values
– Carbon 

sequestering
– Aesthetics

Green Solutions Can Have Multiple Community 
Benefits

(from Ben Grumbles, US EPA March 5, 2007 memo)

 Water quality
 Flood and 

hydromodification 
control

 Rainwater capture 
and use

 CSO/SSO control
 Increased 

groundwater 
recharge and 
baseflow

 Improved air quality
 Reduced energy 

consumption
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How does Green 
integrate with Gray?

?
?

?

US EPA graphic
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Examples of Green Infrastructure:
Green roofs function by reducing roof runoff 
through evapotranspiration losses.

San Francisco Academy of Science

Edinburgh, Scotland
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Examples of Green Infrastructure:
Large storage tanks capture roof runoff that is 
then used on site for toilet flushing or landscaping 
irrigation, amongst other uses.

Roof runoff  storage 
tanks at the LandCare 
main research centre in 
Auckland, New Zealand. 
Water is used to flush 
urinals and to irrigate 
research greenhouses.
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Examples of Green Infrastructure:
Parking lot and roof bioinfiltration areas reduce 
discharges from these areas through plant 
evapotranspiration and infiltration into the soil. 

Bioinfiltration area 
capturing roof and 
parking lot runoff in 
downtown Portland, 
Oregon. This parking lot 
also has porous asphalt 
pavement. 12
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National Demonstration of Advanced 
Drainage Concepts Using Green Solutions 

for CSO Control
Collaborations in Kansas City:
• EPA: National Risk Management Research Laboratory 

(NRMRL), Region 7, Office of Wastewater 
Management (OWM), and Office of Enforcement and 
Compliance Assurance (OECA)

• Kansas City, MO, Water Services Department (KCMO 
WSD), Tetra Tech, Univ. of Missouri-Kansas City 
UMKC), Univ. of Alabama (UA), Mid-America 
Regional Council (MARC), Bergmann Associates

• Partnerships at neighborhood, watershed & regional 
levels 13

Project Objectives
Demonstrate value of integrated, green infrastructure-based 
solutions to WWF pollution problems in a combined sewer system

● Assess multiple Green Infrastructure practices (include 
planning, designing, and implementing) 

● Develop approach to identify & prioritize stormwater 
micro-control projects

● Monitor quantity (flow) and quality (pollutant 
concentrations) of surface and combined system flows

● Determine practice performance
● Model performance (quantity and quality) at multiple 

scales of implementation (WinSLAMM, SUSTAIN)
● Conduct economic analyses comparing to traditional 

approaches
● Provide community education, outreach and coordination 

activities 14

Economic Viability of Green 
Infrastructure in Kansas City

2.00-7.000.10.7Stormwater Inlet Retrofits

5.500.3251.9Porous Pavement Parking Lots

11.000.304.1Curb Extension Swales

11.000.403.6Porous Pavement in Street Right-of-
way

9.001.12510.3Green Solution Totals

G
ra

y 
C

on
tr

ol
s O

nl
y

G
re

en
 S

ol
ut

io
ns

Unit Capital 
Cost 
($/gal 

Stored )

Storage 
Provided
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Est. 
Capital 

Cost ($M)

Control Component

20.001.020.0

Outfall 059:
1 M gal Storage Tank
0.5 MGD Pumping Station
17 MGD Screening
2,000 ft 48-in. Sewer
500 ft 8-in. Force Main
Odor Control
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Preliminary Comparison of Present 
Worth Costs CSO Control 

for Kansas City, MO

 Deep-Tunnel Storage: $19-27/gallon stored
 Near-Surface Storage: $17-23/gallon stored
 High-Rate Treatment:  $15-25/gallon treated
 Green Solutions: $5-10/gallon stored
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Retention/Detention Ponds
Kansas City, MO

17

Rain Gardens  
Kansas City, MO

18

Bioretention at Catchbasins
Kansas City, MO

19

Retrofit of Parks & Lakes
Kansas City, MO

Wetland increases 
infiltration

Outlet provides CSO 
control  
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Stormwater Control Practices Included in 
WinSLAMM version 10
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street 
cleaning

grass 
swale

upflow 
filter

storm-
water 
filter

catch-
basin

compacted 
soil 
restoration

porous 
pavement

disconnect 
pavement

grass 
filter 
strip

Benefic. 
usescisternbiofilter

hydro-
dynamic 
separator

wet 
ponds

XXXXXXXXXXRoofs

XXXXXXXXXXXX
Paved 
parking/storage

XXXXXXXXXXX
Unpaved 
parking/storage

XXXXXXXXXXXDriveways

XXXXXXXXXXXSidewalks

XXXXXXXXXStreets

XXXXXXXX
Large landscaped 
areas

XXXXXXXX
Small landscaped 
areas

XXXXXXXXUndeveloped areas

XXXXXXXXXXXPaved playgrounds

XXXXXXXXXXXX
Other impervious 
areas

XXXXXXXXXXXXX
Other non-paved 
areas

XXXXXXXXXXXPaved lane/shoulders

XXXXXXXXXXX
High traffic urban 
highways

XXXXXXXXXXX
High traffic ruban
pervious

XXXXXXDrainage system

XXXOutfall

Biofilters in WinSLAMM
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Main Features of Biofilter Calculations in 
WinSLAMM:
• Full hydraulic routing using modified PULS using 

total storage components.
• Detailed media performance data (hydraulic and 

water quality effects (based on lab and field 
studies).

• Evapotranspiration calculations based on soil and 
plant selections.

• Hydraulic and water quality performance verified 
from many field studies at many scales. 
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Example Production Function for Parking Lot Biofilters, Long 
Creek Watershed, So. Portland, ME
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Cisterns and Beneficial Uses in WinSLAMM
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Main Features of Cisterns/Water Tank Storage 
and Beneficial Use Calculations in WinSLAMM:
• Mass balance calculations for demand series 

compared to long-term rainfall data.
• Calculations for different tank volumes and 

source areas.
• Geographical location affects water needs 

(conservation approach to meet 
evapotranspiration (ET) requirements or 
maximum use to minimize discharges to 
combined sewers or receiving waters).
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Grass Swales and Grass Filters in 
WinSLAMM

27

Main Features of Grass Swale and Grass Filter Calculations in 
WinSLAMM:
• Unique hydraulic calculations considering shallow flows in grass.
• Settling by particle size and infiltration as stormwater flows over 

grass.
• Developed calculation procedures in controlled laboratory 

experiments and verified with field measurements.
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Porous Pavement in WinSLAMM

31

Main Features of Porous Pavement Performance 
Calculations in WinSLAMM:
• Particulate retention and clogging continuously 

calculated along with hydraulic effects.
• Processes modeled in each layer.
• Pavement restorative cleaning modeled.
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Challenges in Green Infrastructure Design and 
Associated Failure Modes, 

or how to get the most out of planned  stormwater 
controls

Dozen Issues of Concern
• Poor Assumptions
• Clogging
• Compaction
• Chemical Breakthrough
• Sodium Adsorption Ratio
• Improper Sizing and 

Locations
• Groundwater 

Interactions

• Improper Construction
• Poor Maintenance
• Anaerobic Conditions
• Large Underdrains and 

Short-Circuiting
• Need Combinations of 

Controls and Unit 
Processes

34

1) Real Data May Not Support 
Traditional Urban Hydrology 

Assumptions 

• Many agencies and stormwater managers 
focus on single design storms that do not 
adequately represent the long-term 
discharges of water and pollutants during 
wet weather

• Legacy of drainage design approaches

35

Seattle Rains:
<0.15”: 50% of rains
(7% of runoff)

0.15 to 1”: 42% of rains
(51% of runoff)

1 to 3”: 8% of rains
(26% of runoff)

3 to 8”: <1% of rains
(16% of runoff)

Probability distribution of rains (by count) and 
runoff (by depth):

36
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Typical plot of 
calculated curve 
numbers for 
actual site 
monitoring (FL 
resid. area). This 
date is from the 
Univ. of Florida’s 
rainfall-runoff 
database that 
contains historical 
SCS/NRCS and 
COE monitoring 
data that was 
used to develop 
TR-55. Obviously, 
the CN method is 
only applicable 
for the large 
drainage design 
storms for which 
it was intended! 

37

Small Urban Swale vs. Historical Stillwater, Oklahoma,
Large Irrigation Channel Grass Retardance Curves

From such graphs, swale hydraulic characteristics can be predicted on the basis of 
flow rate, cross sectional geometry, slope, and vegetation type. Small-scale urban 
drainage systems and flows are quite different from originally studied larger systems.

Kirby 2005

38

2) Clogging
• Clogging of biofiltration/bioretention devices 

hinders their long-term performance.
• Grass swales are relatively robust as they are 

very large in comparison to the service area 
and sediment load.

• Many smaller infiltration devices suffer due to 
excessive sediment without adequate pre-
treatment.

39

Many media options can clog at 
sediment loads less than 5 kg/m2.
Larger scale systems can usually 
handle several times more 
sediment than small systems, 
especially if well established 
vegetation.

40
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Years to clog as a function of biofilter size
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5% of the area as 
biofilter would 
provide 7 to 20 years 
before clogging 
(plants would likely 
extend operating 
period). 2.2% of the 
area as biofilters 
would only allow 
about 3 to 8 years 
before clogging, 
possibly too short 
for vegetation to 
have a significant 
benefit.

41

1

10

100

1000

10000

0.1 1 10 100

Ye
ar

s 
to

 C
lo

gg
in

g

Rain Garden Size (% of roof area)

years to 10 kg/m2

years to 25 kg/m2

Clogging Potential for Different Sized Rain 
Gardens Receiving Roof Runoff

Clogging not likely a problem with rain gardens from roofs 
(due to low sediment loads) 42

3) Soil and Media Compaction

• Compaction of soils or media in an 
infiltration area (let alone in all pervious 
areas!) severely hinders infiltration 
capacity.

• Difficult to recover from compaction, so 
care is needed during construction and use.

43

Infiltration Rates in 
Disturbed Sandy 

Urban Soils

Infiltration Rates in 
Disturbed Clayey Urban 

Soils

Pitt, et al. 1999
44
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Pitt, et al. 2002

Laboratory Infiltration Tests for Silty Loam Soil
4” Diameter Test Cylinder, 4.5” Depth 

Loamy and clayey soils are especially sensitive to 
compaction (moderate to severe compaction can 
render these soils basically impervious: to much less 
than 0.1 in/hr) 

45

4) Breakthrough of Chemical 
Capacity

• Besides sediment clogging, media can fail due 
to exceeding chemical treatment capacity of 
the media.

• Long-term column tests more reliable 
indicators of chemical capacity than short-
term batch tests.

• Need to use actual stormwater to represent 
the wide range of competing chemicals in the 
water, compared to tests using artificially high 
concentrations of single pollutant. 46

Analyte % Ionic % Colloidal
Magnesium 100 0
Calcium 99.1 0.9
Zinc 98.7 1.3
Iron 97 3
Chromium 94.5 5.5
Potassium 86.7 13.3
Lead 78.4 21.6
Copper 77.4 22.6
Cadmium 10 90

Mostly ionic forms of metals in filtered stormwater (with 
some notable exceptions); also, several removal processes 
occur, including precipitation, ion exchange, sorption, etc. 

Morquecho 2005

Controlled batch tests using “artificial” or simulated stormwater do 
not represent these chemical characteristics, nor include competing 
ions. 47

5) Sodium Adsorption Ratio (SAR)
• Excessive amounts of sodium in relation to calcium 

and magnesium causes the dispersion of clays in a 
soil, severely restricting infiltration capacity.

• Problem when deicing salts and snowmelt entering 
infiltration devices that have even small amounts of 
clay in the soil or media mixture.

• Not much of an issue for roof runoff rain gardens (as 
long as heavily salted walks or driveways do not drain 
towards them).

• Acceptable media and soil mixtures in cold climates 
should prohibit clays, focusing on sandy material with 
small amounts of organic amendments.

48
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A new infiltration pond after first winter; receives snowmelt from adjacent salted 
parking areas (plus sediment from area construction); lost almost all of the 
infiltration capacity and is rapidly becoming a (poorly designed) wet pond. [was 
subsequently restored]

49

Flow Rate as a Function of Salt Loading
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6) Improper Sizing and Poor 
Locations

• Improper modeling and design storm use can 
result in (usually) overly-optimistic 
performance expectations.

• Long-term simulations needed to access 
likely failures and maintenance issues.

• Over-sizing is usually needed (especially in 
northern climates) to overcome many 
uncertainties in infiltration behavior.
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Sandy and silty loam soils can achieve about 90% annual runoff reductions for this 
area (Kansas City example), if biofilter is at least 8% of the paved drainage area. 
Clayey soils would need about 30+% of the area for the same performance level.
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Unlikely suitable performance 
of grass pavement in heavily 
used parking area, with severely 
compacted soil and no 
vegetation. At least the table 
tops in the adjacent hotel had 
flourishing LID components!

53

7) Groundwater Interactions

• Groundwater contamination potential from 
infiltrating stormwater is decreased with treatment 
before discharge to the groundwater, proper media 
selection, or located in an area having little 
contamination potential. 

• Mounding below infiltration sites can severely reduce 
infiltration rates if shallow groundwater table.

• Increased groundwater recharge may increase 
groundwater flows to adjacent urban streams (usually 
a positive outcome, but if groundwater is 
contaminated, then this is a potential problem).

54

Moderate to High Contamination Potential (worst case 
sandy soil conditions, with limited organic matter content)

Injection after Minimal 
Pretreatment (dry wells, 
gravel trenches, and 
most porous pavements)

Surface Infiltration with 
minimal Pretreatment 
(biofiltration and 
marginal soils)

Surface Infiltration 
after Sedimentation 
plus sorption/ion-
exchange (MCTT and 
bioretention)

Lindane, chlordaneLindane, chlordane

1,3-dichlorobenzene, benzo
(a) anthracene, bis (2-
ethylhexl phthalate), 
fluoranthene, 
pentachlorophenol, 
phenanthrene, pyrene

Benzo (a) anthracene, bis
(2-ethylhexl phthalate), 
fluoranthene, 
pentachlorophenol, 
phenanthrene, pyrene

Fluoranthene, pyrene

Enteroviruses, some 
bacteria and protozoa

EnterovirusesEnteroviruses

Nickel, chromium, lead, zinc

ChlorideChlorideChloride 55

Minimal Pre-treatment before Infiltration 
Leads to Greater Groundwater 
Contamination Potential

(also, filter fabric liners are usually not 
recommended anymore as many have 
failed due to clogging from silts)

Early approaches to infiltrating stormwater:

56
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8) Improper Construction and 
Poor Selection of Components

• Problems with media materials (did I mention 
clay before?)

• Over-filling biofilters (a surprisingly common 
problem), reducing storage capacity, usually 
with overflows set at too low of an elevation 
further decreasing storage.

• Difficult for water to enter device (not in flow 
path, no gradient, blocked entrances, and no 
drop off to top of media, allowing build-up of 
debris. 57

Red southern clay turned these terraced 
biofilters into something else. Constant flooding 
killed the vegetation and they are attempting to 
break up the surface clay layers. 58

Over-filled biofilter allowing short-circuiting of surface flows to 
slot drain inlet that is set slightly below top of media 59

9) Poor Maintenance
• Proper maintenance is necessary to ensure 

expected performance.
• Excessive erosion of surrounding areas and at 

the device itself can lead to excessive sediment 
loads and clogging in a short period of time.

• Irrigation is needed during periods of low 
rainfall to keep biofilter plants alive and active. 
Similar needs for green roof plants during 
seasonal dry periods. Plants need to be 
selected to withstand a wide range of dry to 
flooding conditions.

60
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Excessive 
erosion at 
edges of 
biofilter.

Lack of irrigation resulted in 
complete loss of these 
biofilter plants during 
extended drought.

61

10) Anaerobic Conditions
• Anaerobic conditions in biofilter media can enhance 

nitrate removals, if used in conjunction with other 
properly designed attributes (media selection and 
underdrain design).

• Many organic media can loose previously captured 
pollutants, especially nutrients, under anaerobic 
conditions. Metal retention is usually more secure, but 
degradation of the media results in losses of all materials.

• “First-flushes” of retained water from biofilters that have 
gone anaerobic contain very high pollutant 
concentrations.

• Free-draining media that remain aerobic during 
interevent periods exhibit fewer of these problems.

62

63

11) Large Underdrains and Short-Circuiting

• Underdrains are needed in areas where standing 
water for extended periods of time causes 
problems, and to reduce anaerobic conditions in 
biofilter media.

• Conventional large underdrains provide too large 
of a drainage flow rate causing short-circuiting 
and short residence times.

• Flow restrictions are causes of clogging or 
maintenance problems.

• Modified underdrains can provide a good 
solution. 64
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Many Areas Require Biofilter Drainage within 
72 hours to Prevent Mosquito Infestation

65

Contact Time Affects Pollutant Removals
Minimal filtered 
metal removal 
observed for all 
media except peat 
when contact time 
<10 minutes. 

The optimal contact 
times for filtered 
metals removal 
ranged from 10 to 
1,000 minutes (17 
hrs), depending on 
the metal and the 
media type.

However too long of 
a contact time 
increased leaching 
losses from some 
media.

Peat moss
GAC

Site zeolite

Surface modified 
zeolite

Rhyolite sand
Influent test water
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12) Need Combinations of Controls (storage, 
sedimentation and infiltration)

• Infiltration alone can be effective in 
reducing most stormwater pollutants and 
flows.

• Sedimentation before infiltration offers 
advantages of pre-treatment and better 
sediment control.

• Storage before infiltration enhances 
treatment at low treatment flow rates.
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Parallel study areas, comparing test with control site, Cross 
Plains, WI, DNR and USGS

69 70

Runoff Reductions by Site Components
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Water Conservation and Runoff 
Reductions through Beneficial Uses of 

Stormwater
Summary of a recent Water Environment 

Research Foundation report

72

Pitt, R., L. Talebi. R. Bean, and S. Clark. Stormwater 
Non-Potable Beneficial Uses and Effects on Urban 
Infrastructure, Water Environment Research 
Foundation, Report No. INFR3SG09. Alexandria, VA. 
November 2011. 224 pgs.
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Essex County NJ daily per capita 
Water Use.

Per capita daily Water Usage in the 
Kansas City MO Metropolitan 
Area.

These data are available from the Census Bureau and the 
USGS for all counties in the US as a valuable resource for 
studying trends in populations and water use.

Domestic Water Use Trends in the US
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Example Domestic Indoor Water Use in the US

Daily Water Use Per PersonHome Uses
PercentGallons

4532Toilet
3021Bathing/Personal 

Hygiene
2014Laundry/Dishes
53Drinking/Cooking

10070TOTAL

74

Daily Water-
Use Patterns 
in Residential 

Area: 
Maximum Day 

(with 
irrigation) and 
Minimum Day

From: Water Supply and 
Pollution Control, Sixth 

Edition. Warren Viessman, 
Jr. and Mark J. Hammer, 
Addison-Wesley. 1998.
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On-Site Building-Scale Beneficial Uses of Stormwater

Decorated rain 
barrels as part of 
EPA/Kansas City 
public education 
program for Green 
Infrastructure 
controls.

Large water storage 
tank at Heathcote, 
Australia winery.

Water storage tank at 
Washington, D.C. fire 
station storing roof 
runoff.
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• toilet flushing
• irrigation of landscaped areas
• storage and later controlled releases 
• HVAC make-up water
• vehicle/equipment washing
• firefighting water 
• shallow aquifer recharge 
• aesthetics and water features 

On-site stormwater harvesting for small-scale 
beneficial uses include several categories of 
opportunities that result in reductions in domestic 
water use, depending on the land use and size of 
buildings. 

77

• For most irrigation calculations, minimum application of 
water to meet the evapotranspiration (ET) deficit is used (Et 
minus soil moisture from rainfall).

• For maximum use of stormwater, it is desired to irrigate at 
the highest rate possible, without causing harm to the 
plants. 

• For a “healthy” lawn, total water applied (including rain) is 
generally about 1" of water per week, or 4" per month. 

• However, Kentucky Bluegrass, the most common lawn grass 
in the US, needs about 2.5 in/week, or more, during the heat 
of the summer, and should also receive some moisture 
during the winter

Irrigation Calculations
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Maximum Water use by Plants (red rainfall and 
blue excess irrigation demand) 

number of 10 ft
D, 10 ft tall 
tanks (5,900 
gallons) per 
1,000 ft2

impervious area

number of 5 ft
D, 5 ft tall 
tanks (730 
gallons) per 
1,000 ft2

impervious 
area

number of 35 
gal rain barrels 
per 1,000 ft2

impervious 
area

Approximate runoff 
removal range (% of 
long-term runoff for 
1,000 ft2 impervious 
area at six US 
regions)

storage 
tank 
volume 
(ft3)

0.12.120 to 3010

0.11.021.480 to 90100

1.310.22141001,000

Storage Tank Sizes for Different Ranges of Captured Runoff
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Large stormwater park at 18th

and Broadway in downtown 
Kansas City integrating 
underground storage for 
beneficial irrigation use along 
with surface water features 
and infiltration.

Retrofitted 
curb-cut 
biofilters in 
commercial 
areas in 
Kansas City.
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Docklands, downtown Melbourne, Australia showing 
public sculpture garden in wetland area near large 
underground tanks.

An example of a large stormwater storage facility for later beneficial uses is at the 
Docklands Park in Melbourne, Australia. Docklands Park is a downtown open space 
with an area of 2.7 ha. The park collects stormwater from the adjacent ultra-urban 
catchment of downtown Melbourne, providing water for park irrigation. Treated 
stormwater is stored in the underground storage tanks and the captured 
stormwater is also treated using UV prior to use. The three underground storage 
tanks have a combined capacity of 500 m3. 
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Percolation of Stormwater for Later use

Source:  SCWC  Stormwater  White  Paper 84
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Conclusions
• Public water supplies are being stressed with 

increasing populations and diminishing available 
supplies.

• Beneficial uses of stormwater can replace some of the 
non-consumptive used of the domestic water supply 
(especially irrigation and toilet flushing)

• With suitable storage, stormwater can supply most/all 
of these non-consumptive needs, reducing water 
demands from the public water supply by significant 
amounts.

• Availability vs. demand time-series, water quality, 
necessary treatment, and costs currently restrict the 
wide-spread use of beneficial use of stormwater. 86

Summary
• Learn from others (and yourselves)! Evaluate and 

monitor installations and modify approaches.
• Site conditions and local rains dramatically affect 

performance. 
• Northern areas and locations using deicing salts are an 

extreme example that require special approaches to 
stormwater management.

• Groundwater issues need to be considered.
• Combinations of unit processes almost always result in 

the most robust, most cost-effective, and best water 
quality.
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