INNOVATIVE STORMWATER
MANAGEMENT

IR AZMAN ABU BAKAR

PERUNDING AZMAN, OOI & RAO SDN BHD \



S

w/

—

ISSUES
URBANISATION EXTREME WEATHER
 Agricultural advances » Greenhouse effect
* Industrial Revolution « A warmer world

 Rise of MEGACITIES  An extreme world



URBANISATION

Economic
growth

Job
opportunities
Wealth
creation
Migration of
people into
cities.

URBANISATION

Rise of

MEGACITIES

« Population of 10
millions and above

* Requires more food,
H20O & energy

* Increases usage of
private and public
transportation.

« Higher consumption
lifestyles

. )

Destruction
of natural
habitats.

Increases
demand for
natural
resources.

Produce
more
pollution

Damage the

environment.




Carta S: Paras urbanisasi, Malaysia, 1980,1991, 2000 dan 2010
Chort 5: Level of yrbonisgticn. Moiloysio, 1980, 1951, 2000 end 2010 /
(3=}
c 80 - 71.0
5§2.0
~ S0 - 50.7
30 4 3452
20
o L L) 1 L] L
32980 19931 2000 290920 Tahun vYeor

Carta 6: Paras urbanisasi mengikut negeri, Malaysia, 2010
Chort 6: Level of yrbgnisagtion by stotse, Moloysio, 2010
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“MALAY SIATS CONSUMING THE RESOURCES OF 2.4
_ PLANETS... THIS IS NOT GOOD AND IT MEANS WE ARE
SHORTCHANGING FUTURE GENERATIONS FROM THEIR
FAIR SHARE OF RESOURCES. IF WE KEEP GOING LIKE
THIS, WE WILL HAVE MORE WATER STRESSES, AIR
POLLUTION, EXTREME WEATHER EVENTS, FLOODING,
AND IT IS NOT GOING TO END WELL.” O

~

Nithi Nesadurai )
President of the Environmental Protection Society Malaysia (EPSM)
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ECOLOGICAL FOOTPRINTS

* Measures the impact of human activities on the natural environment.
« Basically an area measurement, represented in global acres (hectares).

» Places value on how much biologically productive land and water is
needed to produce the resources we consume and to dispose the
resulted waste.
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The natural water cycle
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NATURAL vs. URBAN STORMWATER DRAINAGE

40% evaporation 30% evaporation

10% runoff

" 10% shallow

25% shallow A |
infiltration Easioecy infiltration f 5% deep
. infiltration infitration
Natural Ground Cover City Setting 70-100% impervious surface area

Stormwater infiltrates intothe ground Water hits impervious surface and

runs off roofs, streets, parkinglots etc.
Plants and trees work to absorb , » P g

stormwater Runoffgoes into the sewers

http://www.nrcs.usda gov/wps/portal/nrcs/detailfull/national/technical/alphabetical/water /restoration/?&cid=nrcs143_ 026903




EXTREME WEATHER ~/

The greenhouse effect

An extreme A warmer bt
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In the last century, human activities such as burning fossil fuels and deforestation
have caused a jump in the concentration of greenhouse gases in the atmosphere.
The result: extra trapped heat and higher global temperatures.

with normal greenhouse gases

with increased greenhouse gases

B *
GREENHOUSE EFFECT X GREENHOUSE EFFECT *-

Some heat continues into space while the rest, trapped by greenhouse Increased greenhouse gases means less heat escapes.
gases, help maintain the planet’s relatively comfortable Between preindustrial times and now, the earth’s average
temperatures. Less gas = less heat trapped in the atmosphere. temperature has risen 1.8 °F (1.0 °C).



GREENHOUSE GAS SOURCES

Global Greenhouse Gas Emissions by Sector
o 9Y
Buildings o 0

Other Energy
0 |
Elgc§ri{g:y ‘ - - 14%

Transportation

24%

Agriculture,
Land Use,
& Forestry

21%

Industry

Source: US EPA cLIMATE QD CENTRAL



s/ A WARMER WORLD

i Urban Heat Island Effect
Surface Less cooling from Surface Greater
absorbs more evaporation absorbs less cooling from
heat and plant heat evaporation and
transpiration / plant transpiration

Less ground storage Greater ground storage
of rainfall of rainfall
Urban Rural

T— 5 ) \



A WARMER WORLD

LAND SURFACE TEMPERATURE FROM LANDSAT ETM THERMAL BAND

LANDSAT ETM IMAGE ACQUIRED ON 31 MAY 2001

).
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Top 10 warmest years (NOAA)

BIOW'"g Away Heat ReCOI'dS Rank « Year # Anomaly °C ¢ Anomaly °F #
Global Year-to-Date Anomalies (°C) From 1881-1910 | |

1 2016 | 0.94 1.69
2 2015 | 0.90 162

3 2017 084 151

4 2018 077 139

5 2014 074 133

6 2010 0.70 1.26

7 2013 066 119

%8}3 8 :2005 0,65 :1.1?

" Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 9 12009 0.64 115
10 1998  0.63 113

16 cLIMATE QD) CENTRAL



PARIS2015

UN CLIMATE CHANGE CONFERENCE

COP21-CMP11

“To keep global temperature increase "well below" 2°C

and to pursue efforts to limit it to 1.5°C.” ')




9 AN EXTREME WORLD




Storms

AN EXTREME WORLD

Human
casualties
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Figure 1: Green shaded areas indicate the flood prone areas in Peninsular Malaysia (Source:
DID) irtm ent
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WE ARE A WATER-RICH COUNTRY
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AWE ARE A WATER-RICH COUNTRY - SUNGAI

-

O KL submerged to
&' a depth of 900m.

KLANG

Torrential
monsoon rains
lasted for 5 days,
causing massive
flood and killed
32 people.
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To mitigate flood
occurrences, the
river was
‘changed’ to
resemble a big
drain, its banks

transformed from

mud and natural
vegetation to

slabs of concrete.

N/

7

9.7km long
submerged
SMART
Tunnel was
built to carry
stormwater
runoff.

But things have only gotten worse. Flooding problems are increasing from year to year and they
are no longer limited to the rainy season. Numerous possible contributing causes have been
highlighted, including increasing siltation due to heavy construction along the riverbanks and
unsustainable rubbish disposal practices.
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. STORMWATER MANAGEMENT IN MALAYSIA

* Rapid disposal concept.
 Developers normally channel all drainage to one or large trunk drains.

Before « All drains to trunk drains are normally concrete-lined and of the open channel type to minimize the land area required for the drains and
1975 maximise the greatest number of housing unit allowable in the area.

* DID Planning and Design Procedure No.1l: Urban Drainage Design Standard For Peninsular Malaysia.
» Maintaining the rapid disposal concept.

* Increased the occurrence of flash floods as the result of the increase in surface runoff, peak discharges, shorter flow duration and
others.

* Also problems with polluted water, garbage and floating litters and increased of sedimentation in the river system.

* Widening and channeling rivers and drain to cater for increased discharges as the urban area develops were also bad for the
environment.

* DID New Urban Drainage Manual known as Storm Water Management Manual for Malaysia (Manual Saliran Mesra Alam or
MSMA).

» To manage the stormwater instead of draining it away as fast as possible, to a more environmentally approach known as control as
source approach.

* This approach utilizes detention/retention, infiltration and purification process.

—~ N
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BEST MANAGEMENT PRACTICES ~/

Structural

Non-structural

* Pipes (drains) .

* End-of-pipe treatment
O Detention/retention basins. °

Reduce runoff volume and
nollutant generation.

Reduce imperviousness.

O Infiltration basins. * Avoid excessive use of
chemicals on runoff surfaces.

* Increase awareness.

Problem : INCREASED URBANIZATION v
Runoff water carries - u

Many drains are poorly
maintained/encroached with

Increases risks of flooding and

contaminants into end-

other structuresé&cables. environmental damage. sources (lake,river,sea).
— DN
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RUNOFF ISSUE

Discharge

= Post Development
Uncontrolled Runoff

o S Pre-Development
. N Uncontrolled Runoff

g —— Post-Development
> Controlled Runoff by
J : Detention

Time
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\_/ ~ WATER SENSITIVE COMMUNITY

A shift in the focus of stormwater management

Removing/Disposing stormwater

ASAP Via built infrastructures

Recognising the value of stormwater

Its close interrelationship with How it can enhance the
natural freshwater systems livability of cities |
T N \.J) 9



MOVING FORWARD

“To control runoff at Its sources rather
than collecting and conveying it to
detention/retention basins.”



LOW-IMPACT DEVELOPMENT (LID)

« Systems and practices (land planning, engineering designs etc) that use
or mimic natural processes that result in the infiltration,
evapotranspiration or use of stormwater in order to protect water quality
and associated aguatic habitat.

« Works with nature to manage stormwater as close to its source as
possible.

« Aim to preserve, restore and create green space using soils, vegetation,
and rainwater harvest techniques.

. Nt V
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AND THIS IS WHERE THE TREES COME INTO
THE PICTURE...

b S‘\-o\nd To.\\ AnJ Pmé
e Go Out Oa A 'Limw
e Rememwer Your Poots

e Deink Pleaty o (Waoker

e Be Content it Youe -
Notoca\ Beaoty

® Aoy the View 8 .
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WHY TREES???

INFILTRATION - Absorb rainwater runoff, rather than directing it into sewers — roots
penetrate through typically impermeable surfaces in the urban settings.

INTERCEPTION - Tree canopies, branches and trunks.
EVOTRANSPIRATION - Soil and plant surfaces.

ABSORB POLLUTANTS - Especially woody plants, are very good at removing nutrients
(nitrates and phosphates) and contaminates (such as metals, pesticides, solvents, oils
and hydrocarbons) from soil and water.

Offer HABITATS for all sort of animals.

COUNTERACTING URBAN HEAT ISLAND EFFECTS in the cities — improve people’s
physical, mental and emotional health.

~ \/ o v\

-/



o N/
" RAIN GARDEN

How does a rain garden work?
e g .- e U

S/

Native Plants
Native plants are
adapted to local
conditions and are
easy to maintain once
established. Plus,
they attract birds,
butterflies and

other pollinators.

(7N
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A PSS

Down Spouts &0 oy R PO | 3 —
Assist with directing rain N 5% 5 4 Deep Roots > 10 & PO -
water from your roof to : % & Plants with a deep root system LY 1 Berm

your rain garden. o , "-."",,_‘1"‘ encourage infiltration and help 1 A berm holds water
B absorb nutrients. I in the garden during
: f : heavy rains.

"8 Nl :
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) = RAIN GARDEN & W
= STORMWATER MANAGEMENT »

« ‘A rain garden is a garden of native shrubs, perennials, and flowers (therefore, no

" fertilizer is needed and after the first year, maintenance is usually minimal)
planted in a small depression (typically six to twelve inches of soll is removed
and altered with tillage, compost and sand to increase water infiltration.)

* |t is designed to temporarily hold and soak in rainwater runoff that flows from
roofs, driveways, patios or lawns.

* |t is dry most of the time. It typically holds water only during and following a
rainfall event. Because rain gardens will drain within 12-48 hours, they prevent
the breeding of mosquitoes.

=
« Rain gardens are effective in removing up to 90% of nutrients and chemicals and

up to 80% of sediments from the rainwater runoff. Compared to a conventional

lawn, rain gardens allow for 30% more water to seak/into the ground. _ /
2 A



SUSPENDED RAIN GARDENS

An Artist's vision of a suspended raingarden under a bridge
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SUSPENDED RAIN
GARDENS

* The concept of a suspended
garden not really a new one —
Made famous by the ‘Hanging
Gardens of Babylon.’

So why not include stormwater
treatment into a conventional
hanging garden that can be
suspended from building or
structures or between two
buildings/ structures? -/

=/
- ~ g/



\_/ - SUSPENDED RAIN GARDENS &

STORMWATER MANAGEMENT ~/

-

Key components

Planting media Plants Structure of the
suspended raingarden

* Able to remove * |deally native * Must suit a range of
pollutants for a range  species that can site conditions.
of flow regimes. encourage local  Fulfil aesthetic
biodiversity. design requirements.



| SUSPENDED RAIN GARDENS &

e STORMWATER MANAGEMENT ~

N

» A study conducted at the University of Auckland in New Zealand that involved running synthetic
stormwater through selected media and testing for removal rathes of suspended solids and dissolved
heavy metals (copper, zinc and lead) revealed that:

» The containers and fasteners used to ‘hang the garden’ are comparable to other hanging gardens
currently being used. (So, no additional cost just to manage stormwater!)

» Local plants could grow well over 6 weeks under artificial lightning for all media used. (Plants chosen

Bird's Nest Fern, Devil's vy and Pak Choi are potentially suitable for growth in suspended raingardens
stormwater to provide effective treatment.)

» But this novel lightweight media mix of coconut coir, zeolite, activated carbon and slow-releasing
fertiliser, the combination of adsorption and filtration media was the most effective in treating O
stormwater contaminants of concern. These materials were relatively inexpensive and were locally

available. (Hence this will make hanging raingardens be economically attractive for developers and /
owners to incorporate them as a stormwater management.)

" NV () Y,



< SUSPENDED RAIN GARDENS &
3 STORMWATER MANAGEMENT N~

e

66.6% perlite, 33.4% vermiculite 90% coconut coir, 10% mixture  80% growstone, 20% biochar
of zeolite and activated

S N H RN
s e ] ;

'Y ﬂ
imaglitarium
ACTIVATED CARBON

PELLETS & ZEOLITE
CRYSTAL MIX 8

NET WT 14 0Z (308.9 9)
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\/ ~ SUSPENDED RAIN GARDENS &

2 STORMWATER MANAGEMENT ~

S
Plant 1 Plant 2 Plant 3

Bird’'s nest fern (BN) Devil's ivy (DI) Pak Choi (PC)
- Highly aesthetic plant - A drooping plant - An edible plant
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SUSPENDED RAIN GARDENS

Media 3

Media 2
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“  SUSPENDED RAIN GARDENS

Media 1 Media 2 Media 3
100.0
95.0
90.0
—~ 85.0
£
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75.0 Media 1 Media 2 Media 3
. 100.0
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STORMWATER TREES-
THE HOWARD STREET PROJECT
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STORMWATER TREES-
THE HOWARD STREET PROJECT

* Three London Plane trees were planted in a specially designed
pavement, a 3 layers DeepRoot’s Silva Cell system filled with a
bioretention soil provided by British Sugar.

» That specialized pavement allows:
»Roots to spread.

»\Water to move.

» Solls to be protected from compression (compacted soil retains far less
water!)

» It to withstand heavy vehicle loads.



STORMWATER TREES-
THE HOWARD STREET PROJECT

* The system has produced promising results between November
2015 and November 2017:

» Average peak flow attenuation was 81% - Reducing the rate at
which rainfall enters into the sewer

» Average volume reduction was 78% - The actual volume/amount
of water that will end up in the sewer

» Average delay of storm water peak flow was 68 minutes - The
amount of time It took for rainwater entering the system and then
leaving via the sewer

. Nt V



\/ o STORMWATER TREES-
g THE HOWARD STREET PROJECT -/

~

SILVA CELL IN A DIAGRAM
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i BIORETENTION PONDS

. Tandscaped depressions or shallow ponds used to slow and treat on-site stormwater runoff.
N

« Stormwater is directed to the basin and then percolates through the system where it is
treated by several physical, chemical and biological processes.

* The slowed, cleaned water is allowed to infiltrate native soils or directed to nearby
stormwater drains or receiving waters.

» Typically associated within small areas of land

with
- L

residential usage or with parking lots

P

C— - — = — — =




BIORETENTION PONDS ®)

MAINTAN LEVEL SECTION ®
FPEA GRAVEL /GRASS INTERFACE

SLOTTED CuRrs
BFLOW POSNTS

a5 S A OVERFLOW STORM DRAIN
r GRASSED 7% - = — s INLET ( ABOVE MAX
FILTER STRIP/ 23 — , ; PONDING DEPTH)
—— SHALL OW PONDING

1 Lmar]
120 AFTEA - 65~ DEPTH. MAX
PEA GRAVEL ' > .
ety MULCH LAYER

PEA GRAVEL CURTAIN DRAIN -

I2"SAND BED ———
FOR OVERFLOW

AT SO 7 SAND INTERFACE,
ROTO-TILL APPROX. & OF X 5 &
SAND ~ SO TO o .
AVOID A SHARP EDGE —— B~ PEA GRAVEL / PIPE UNDERDRAIN
SYSTEM TO STORM DRAINAGE
NE T AR
4~ OF PEA GRAVEL OVER P¥FE - OR RECEMING WATERS

IN LEU OF FILTER FABRIC

— %5 P



BIORETENTION PONDS &
STORMWATER MANAGEMENT —

. These systems normally are composed of seven elements, each element with a different function:
» Grass buffer strip- reduces runoff velocity and removes suspended solids.

» Vegetation —Help remove water through process of evapotranspiration and remove excess
nutrients through nutrient cycling.

» Shallow ponding area —provides storage of excess stormwater flows and its subsequent
evaporation, also aids in the additional settlement of particulate matter.

» Mulch —an organic layer that encourages micro biological degradation of petroleum-based
pollutants, aids in pollutant filtration and reduces soil erosion.

» Engineered soils —to support vegetation growth along with nutrient uptake and provision for water
storage. Soils should include some clay to adsorb pollutants such as hydrocarbons, heavy metals_
and nutrients.

-/

Q) |
» Underdrain system —removal of excess treated water to stormmrdrain system or receiving waters. /

» Sand bed —provide drainage and aeration of planting soil as well as an aid in flushing pollutants.



ROOFTOP GREENERY

« Historically built in the countries of the Northern hemisphere for insulation
from the extreme cold.

* The ‘modern’ green roofs most probably originated in German after a thin
layer of sand and gravel mix naturally attracted a layer of spontaneous

vegetation.

* |nitially advocated after being proven to help reduce urban heat island
effect by cooling the urban temperature.



Temperature (°C)
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Comparison of surface temperatures measured with and
withoutplants

58.0 -

53.0 1

48.0 -

43.0 -

38.0 4

33.0 1

28.0 -

23.0 1

2001/11/03

>

03:00:00
06:00:00

-/

=

N/

STUDY OF THE URBAN HEAT ISLAND URBAN HEAT ISLAND IN SINGAPORE (2002)
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: ROOFTOP GREENERY & s
i STORMWATER MANAGEMENT

« Able to improve water quality in cities

Volume/Quantity

1. Store certain amount of rainwater hence 1. Certain media are able to filter heavy
delaying runoff. metal in rainwater hence resulting In
2. Helps storm drains cope with severe cleaner runoff.
downpour, hence reducing flash floods.
3. Can reduce the extent of stormwater
drainage infrastructure because of its
ability to retain water and lower peak
runoff (1).




OFTOP GREENERY &

RMWATER MANAGEMENT g& ’
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¢ TYPES OF ROOFTOP GREENERY

| Greenroofs ___Hybrid gardens_|Roof gardens

Plant group Grasses and/or  Grasses and/or  Grasses,
groundcovers groundcovers groundcovers,
and low shrubs  shrubs and trees.

System build-in Up to 150mm Up to 250mm Up to 1500mm

height

System build-up < 150kg/m? < 300kg/m2 < 500kg/m2
weight

Maintenance Low Periodic High

"\/u g
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Roof gardens @ Kampung Admiralty housing
complex l

Green roofs @ School of Art, Design and
Media, Nanyang Technological University.



Vegetation

Growing Medium

Drainage Layer / Water Reservoir

Insulation (optional)

Membrane protection & Root barrier
Roofing Membrane

Structural Support ) —

Typical Cross Section of a
green roof system



Suggested Plant Species for Green Roofs

-':. <& : = ;‘"'\-\'7 .l_\
.-}‘.‘Nl‘.nﬁ-‘:’lwr.c&l .‘u‘n,lw-.».f'\
Name: Kalanchoe pinnata (Life Plant)

Family: Crassulaceae
Biodiversity: Atiracts nectar feeding birds

'(‘,npynqul % N Parks Mo FasanaWed

Name: Porfulaca oleracea
Family: Portulacaceae
Biodiversity: Attractis bees, small insect
pollinators

Name: Kalanchoe ‘Crenatodaigremontianum’
Family: Crassulaceae

Biodiversity: -

< I~ \ b2 : NP A NS
> ks Flora&F nunaWeb Cop;mlm © NParks Froras | nun-a 14 . ‘,\Leoqyn‘t;ﬁ &)Wﬁa
Name: Portulaca grandiflora (Ross Moss) Name: Pedilanthus tithymaloides ‘Nana’ (Jacob's Name: Portulaca prlosa (Native Portulaca)
Family: Portulacaceae Ladder) Family: Poriulacaceae
Biodiversity: Attracts Bees, Small insect Family: Euphorbiaceae Biodiversity: Atiracts Bees, small insect
pollinators Biodiversity: Atiracts nector feeding birds pollinators




"GARDEN ON THE MOVE" o/




> GREEN WALLS

 All forms of vegetated wall surfaces.

« They are often treated as ornaments, but studies have proven that

» Temperatures behind green walls can be reduced by as much as 10°Celsius.

» Green walls can help reduce sound reflection.

» Through shading, green walls can reduce energy costs by 23 percent.

» Protect the underlying structure from frost, sun and rain and will extend the life of the building..

» In term of stormwater management, it reduces local flooding by absorbing rainwater, both at root level
and by holding it in the canopy of foliage. =

o)
. - )
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TYPES OF GREEN WALLS &

g :
Green wWall Installation

S8 Vertical channeol
Waterproofing e \Waterproofing

SS Horizontal
purlin

- Structure

Drip line




\_// GREEN WALLS & ’
i STORMWATER MANAGEMENT o
ﬁlﬁ = « Exterior wall of the Rubens at the Palace hotel in

Victoria.

. « Covers 350 square metres with a range of different

1 .cz plants that are all recommended by The Royal

| Horticultural Society as the best pollinators to attract
wildlife such as bees, butterflies and birds to the urban
environment.

- « Water collected by the tanks is channelled slowly
through the wall, nourishing plant life and helping}o
= reduce the risk of surface water flooding in the area by
" ¥ ' y storing up to 10,000 litres at any time.

~ v ,
2 Y O Y




- | GREEN WALLS &
« STORMWATER MANAGEMENT

« Portland Expo Center Stormwater Green Wall.

« 30-foot tall and 60-foot long green wall that is adorned
with soil and vegetation native to Oregon, particularly
the Columbia River Gorge

M - Constructed in 2014 as a freestanding custom metal
structure with a gravity water distribution system
that feeds stormwater to a series of vegetated
channels that filter pollutants and absorb
stormwater.

YR PR i, s e ) « No pumps are used - The water flows by gravity from

A female mallard duck had the roof through different channels. » )
been photographed '
enjoying the Wall’s lush « Manages and treats 9,400 square feet of roof
P tation. Nt
mn-nym.;{l-?t:‘:t:x.mmmusuun Vege a Ion Stormwater ru ; u e 3 \ /
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| HOW TO ENCOURAGE?

« SKYRISE GREENERY INCENTIVE SCHEME 2.0

» National Parks Board of Singapore

» Fund up to 50% of installation costs of rooftop greenery and vertical greenery.

» Open to both residential and non-residential types of development.




HOW TO ENCOURAGE?

. ENFORCING THROUGH LEGISLATION

» 2009 Toronto - Green roofs are required on new commercial, institutional and
residential developments with a minimum gross floor area of 2,000 m2.

» 2015 France - All new buildings constructed in commercial areas must
accommodate a green roof, solar panels or both.



; PERMEABLE PAVEMENT ®

Concrete Pavers

Permeable Joint Material

Plastic Turf

Concrete Grid Pavers - TR AT PRl 2L
Reinforcing Grid _ L ARSI R8N Py - \' e s Open-graded

Underdrain
(as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soll

Porous Asphalt Prable lnteocking

Pavement Types from NCDEQ Stormwater Design Manual Figure from VADEQ Stormwater Design Specification No. 7 (Source: Smith, 2009)




Eliminates runoff

PERMEABLE PAVEMENT &
STORMWATER MANAGEMENT

Recharges
groundwater

Traps suspended
solids and

pollutants

Eliminates the
need for retention
basins and water
collection areas

Reduces surface
temperatures
and, therefore,
the heat island

Need maintenance
due to the
possibility that
solids and
particles may get
trapped and clog
pavement pores. If
not, will assume
the traits of
Impervious
pavements.

By infiltration of
rain/melted snow
iInto the ground.

Pollutants are
removed: total
suspended solids
are reduced by
85%, NO3 by 30%,
and total
phosphorous by
85%.

In-situ infiltration
into the
groundwater.

effect

Evaporation of
water at or below
the surface
produces surface
cooling.
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Sunway Neupave - No More Water Ponding Area Porous Asphalt Demonstration
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ISSUE THAT MAY ARISE FROM THESE
INNOVATIVE MANAGEMENTS:

 Maintenance:
»Who's paying?

»Unlike water, electricity or gas, stormwater could not be measured
because of ‘lack of metering.’

»In the USA, many municipalities have established stormwater user fees
(SUFs), commonly known as stormwater utilities, to raise revenue for
stormwater management.
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STORMWATER USER FEES (SUFS) IN USA

Method Description
User fees that determine usage based upon impervious area.
ERU One ERU is equivalent to the average amount of impervious
area on residential properties. Typically, a charge 1s assessed
per ERU utilized.
Flat Fee User fees that charge a flat rate to users of a stormwater
conveyance system.
Tier A system where consumers are categorized based upon a

select variable and charged accordingly.

Residential Equivalence Factor
(REF) (or similar)

User fees that determine usage using the NRCS runoff or
Rational method.

Dual (Residential/Commercial)

User fees that assess different rates or use different methods
(often Fixed Rate and ERU) for commercial and residential
properties.

Per Parcel Square Foot (Sqft.)

User fees that charge a rate per parcel sqft. of
IMPETrviousness.

Per Parcel Acre

Water Meter

User fees that charge a rate per parcel acre of imperviousness. /
User fees that charge based upon the size of a parcel’s water
meter. (Often exhibited in tier systems) |

By Water Usage

User fees that charge according to parcel water usage. ’
— 7

9\ W



A nation that fails to plan intelligently
for the development and protection of
its precious waters will be condemned to
wither because of its shortsightedness.
The hard lessons of history are clear,
written on the deserted sands and ruins
of once proud civilizations.

— ,ft/ndon/ B. Johnsen —
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