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Storm water management is a process of managing the quantity and quality of storm water by
using both structural or engineered control devices and systems (e.g. bio retention ponds) to
treat polluted storm water.

Storm water runoff occurs when rain falls over the land surface, such as roads, driveways, parking
lots, rooftops and other surfaces that prevent water from soaking into the ground to the landscape.
This increases the runoff volume created during monsoon. This runoff, which also contains pollutants
is easily carried through the engineered drain channels to the nearby nala and then to the river.
causing This also cause flooding and erosion. The pollutant carried in stormwater runoff are
sediment, nitrogen, phosphorus, bacteria, oil and grease, trash, pesticides and metals. It comes as no
surprise then that stormwater runoff is the number one cause of “Water pollution in the city”.

To reduce the impacts of storm water runoff, it is required to install sustainable stormwater
management practices that reduce the volume and remove pollutants from runoff generated on their
development sites.

This guideline book provides the city a practical information on how to create a low-impact
development along roadways, parking lots & on the nalas & river banks . Roads and parking lots have
many opportunities for managing stormwater. (for ex : Delhi has 25% of it’s area under road). These
details shall hopefully encourage the use of low-impact development for new and retrofitted road
and parking lot projects.

DELHI, CDP
Storm Water Drainage

The DJB, MCD and PWD are jointly responsible for the construction
and maintenance of drains in the city. Storm water drainage in
Delhi is a complex situation, owing to the combination of a number
of natural and man-made drainage systems — five drainage basins;
large natural drains; storm water drains along roads; and combined
sewer-cum-storm water drains (sometimes as a bypass
arrangement for blocked sewer lines). Most of the water collected
through different drainage systems finally gets discharged into the
river Yamuna. The length of natural drains in the city is 350 km
carrying discharge of 1000 m3, whereas the total length of drains is
1700 kms spread over 12 municipal zones.
The BOD levels of waters in 90 % of city drains indicate that the
discharge is comparable to a range of weak to strong domestic
sewage. The main issues related to the sector are
e Storm water drains carry considerable quantities of raw and
untreated effluents
¢ Lack of maintenance, leading to chocked drains.
¢ Lack of coordination in planning and construction of roads and
drain

Strategies for Civic Infrastructure Development:

The strategies suggested for improvement of drainage system in
the city are (i) Creation of an appropriate, integrated authority to
deal with the sewer drains, the storm water drains and the natural
drainage basins of the NCT area; (ii) Short-term repair and de
silting of all the drains on emergency basis; (iii) After monitoring
the functioning of the South Delhi Greenway Project for Barapulla
drain, initiating the same in the medium term for Najafgarh drain,
which is by far the largest contributor in terms of discharge into
river Yamuna (51.75%).

The CDP of Delhi only covers storm water drainage & misses out on
storm water management. There is a “rain water harvesting guideline”
done by CGWB. Which also covers only rain water harvesting on roof
tops and some techniques on open lands, but again misses the road &
parking lots.
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Article - Bend it like Najafgarh farmers

Publication: The Times Of India Delhi:Date: Jun 18, 2012;Section: Times City;Pag

Bend it like Najafgarh farmers

Hit By Acute Water Shortage They Change Crop Pattern
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New Delhi: Thrust upon the

City water crisis grows
as Haryana cuts supply

Nehal Nandi | Tan

New Delhi: Haryana has tightened the
water squeeze on Delhi. On Wednesday:
thestate curtailedsupply tothe capital’'s
Wazirabad pond where the level fell
fromthe mandated674.5 feet to sfeet.
Thecity has been reeling undera water
ortage for two weeks now since Har-
na reduced supply to the Haiderpur
ater treatment plant. Large par
the city, including south, southw
west and NDMC areas, are parched.
The capital has been demanding its
fairshareof 80million gallons dailyfrom
the newly constructed Munak canal but

»°40% doesm'treach consumers’,P 4

Times View

very summer it'sthe same story.

Swathes of the city go dry, Delhifights
withHaryana and UP for more supplies,
butnothing reallyisdoneto seethatthe
situation getsbetter the nextyear, For
starters, we suggest thatthe Delhi
government make rainwaterharvesting
compulsory for all buildings —
commercialand residential. SheilaDikshit
shouldputher footdownandensure that
this happens. It may not fully solve Delhi's
water crisis, butwill certainly mitigate the
problem. If citieslike Chennai and
Hyderabad can make rainwater
harvesting compulsory, why can'tDelhi?

as refused to turn the tap any
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WHY TAPS ARE DRY
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River Yamuna Chandrawal 103 Halderpur-| ovezirabad
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» 100% metering, water
supply for all residents and
modernization of water
treatment plants

» Uninterrupted water supply
in pilot areas

» Rainwater harvesting in

govt buildings & parks etc

» Achieving 95% sewage
collection, treatment & disposal
through ‘interceptor’ sewer

» Improving treatment
standards for waste water

> Use of treated waste water in
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RFACES IMPERMEABLE SURFACES
Roads
f Parking lots
40 % EVAPORATION Building
Pavements
~ = 30 % EVAPORATION

28 an1 55 % RUNOFF

75%- 100% PERMEABLE SURFACE

ates in porous soil as ground

water

not entering directly in streams. 75%- 100% IMPERMEABLE SURFACE

Source : Federal Interagency Stream Restoration Working Group (FISRWG) US.



Water crisis looms over India

DIRTY PICTURE Despite rapid urbanisation, giti f_ai_lt 0 meet -qrowing water demand treat sewage, finds CSE study
GRAVE SITUATION

L{SPECI

Chetan Chauhan

® chetan®hindustantimes.com

NEW DELHI: Major metros like
Delhi and Mumbai face huge
water and environmental crises
as infrastructure tries to keep
pace with the increasing popu-
lation, says a new study of 71
Indian cities.

The report, Excreta Matter,
prepared by the Centre for
Science and Environment
(CSE), comes at a time when
India is urbanising at the high-
est rate in the world and half of
all Indians are expected to be
living in cities by 2050, “If we do
not get the arithmetic of water
waste right, it will drown us in
its own excreta,” said Sunita
Narain, CSEs director general.

The study presents the dirty
picture of Indian cities’ capac-
ity to treat less than half the
sewage they generate.
Moreover, the dirty sewage gen-
erated flows into rivers like
Yamuna in Delhi, Mithi in
Mumbai and wetlands in east
Kolkata. Even a modern city like
Bangalore is able to treat just
30% of its sewage,

What is worse, the treated
sewage is not even utilised for
non-food or non-bathing pur-
poses. “Most cities don't have
water management plans,” the
report says,

The study also points out
.uxnh‘rxmy)l flaw — water loss
during distribution. Over 35%
of water in Delhi and about 30%
in Mumbai is lost because of
leakages, the report says.

Delhi extracts around 12% of
its supply of 1,824 million litres
per day (MLD) from the ground
but fails to replenish the same
amount by way of water har-
vesting The availability of water
in certain regions is around 63
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= Existing demand (2011): ™ » Existing demand (2011):
4,727 MLD u 4,500 MLD
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Disposal: Yamuna river m| river, commonly identified as Disposal: Arabian Sea and
(untreated) m| adrain till the deluge of 2005  Mithi river
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KOLKATA = Extra supply possible if 1121 MLD
leakages plugged: Nil = Treatment capacity: 173 MLD
1 OEdeem (20m): = Required increase in water = Treated: 173 MLD
supply: Nil %
» Existing supply: 790 MLD = Total sewage generated: gli;mﬂoody. mm,:"h ko

metres below the ground.
Even though the capital’s pop-
ulation has increased by 50%
since 1994, the increase in water
connections is just 3%, the
report says, indicating that the
Delhi Jal Board has failed to aug-
ment water supply in the city.

INC. 2012

Mumbai fares no better.
Residents of high-rises receive
about 220 litres per capita per
day whereas those in slums get
less than 40 litres. With its pop-
ulation estimated to be 15 mil-
lion in 2011, it needs about 1,300
MLD to meet the demand.

Kolkata is slightly better than
the two in meeting its water
requirement but may fall in the
same trap if its sewage treat-
ment capacity is not increased.
From a water-surplus city,
Kolkata is turning into a water-
deficient city.
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Dry zone map, Delhi
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LANDUSE PATTERN IN DELHI

Delhi’s stormwater drains from the
western ridge areas to the river
situated in the east. There are 19
major drain outfalls into the River
Yamuna.



B Rain water falls on green area
® some quantity soak in.
® rest goes to near by drain.

B Other areas
® Some let the rain water go into
the near by drain on road
® Plots above 100 sq. mt. should
do rain water harvesting as per
building bye laws.

B Roads
¢ All water goes to nalla and then
to river.
¢ No ground water recharge.

@OASIS DESIGNS INC. 2012



The average annual rainfall in Delhiis 611
mm.

However, recharge of ground water gets
limited due to decreased availability of
permeable surfaces owing to
urbanization, and the runoff getting
diverted into the sewers or storm water
drains that convey the water into the river
Yamuna.

The annual rainwater harvesting potential
has been assessed at 900 billion litres or
2500 million liters per day.

If even 25% of this could be harvested it
would imply availability of 625 mld, which
would be nearly equivalent to the
presently estimated deficiency.

This is in addition to the potential for roof
water harvesting assessed at around 27
mld.

Source : DDA MASTERPLAN OF DELHI 2021

e

Source : CSE

AQUIFER ABUSE: FALLING GROUNDWATER
LEVELS IN DELHI

MAY 2002 :
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Source: Central Ground Water Board, 2002




~__evaporation

Storm water from road goes to
To Nearby Drain near by drain and then to river.

Most of the time, the existing
system are clogged up
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Sustainable storm water management

DEMAND

With the help of sustainable
WATER storm water management the

harvested water can be used for
non-potable water uses.

DRINKING

FLUSHING

WASHING

=i |RRIGATION

SUPPLY
1
| |
STORM WATER
FROM YAMUNA MANGEMENT
RAIN WATER
HARVESTING
STORAGE
TANKS




Source : http://ourdelhistruggle.files.wordpress.com/2009/07/flood2.jpg?w=500
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In spite Of
Water Crisis the
city is facing
flooding
problems.



Existing drainage system in the city

ROOF DRAIN

STORM DRAIN

=

SANITARY DRAIN

© oasis designs inc.

Delhi has separate storm & sewer channel, that
connect to nala & then to river.




L)
(3

51

£5 As per Delhi’s MPD 2020
N e B “ZERO RUN OFF
s e SHOULD BE ACHIEVED”

st e £ 3~ \ The Present drainage system targeting

N 4Ny L R WD “100% RUN OFF”

o 1
)
P 0
Sy
Cyf
i
§



.

-0 NN Phase |
Sarvodaya & \ g PHY Market
Enclave Beg'umpur\é\\‘ ' 'Research & Gre
s ectndogies | (1%
NS 000 ) Pt Ltd
Shambhi Shree A Malviya ‘. | Phasell
Services Pvt L‘d Naga( - O’
Geetanjali § o §
Enclave = ‘ z
: Shivalik H Ansari C 2
(7]
P 2 1 »g
J &
{ a . Dakshinpu
\ & Extension
C Blogk D Bl K T~ :
Saket P oy
3 Madangir
2 Camp .
) < ¢
ul Ajaib ' . - M edangic Dak
o i IS i
Saiyad City Forest ——
[Mehray,

ul Ajaib

All the stormwater falls on road and it is diverted towards the closest

nala or drain.
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Storm Water Retrofit designs are required to overcome these
situations and achieve successful ground water recharge.

@OASIS DESIGNS INC. 2012



The installation of a new facility to recharge & treat storm
water from existing impervious area.

GOALS:

* Retrofit the existing system to achieve sustainable storm
water management.

e Use site design techniques that filter, convey, detain,
retain , infiltrate and store runoff.

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL 19









How do we retrofit our cities to
achieve a more sustainable Storm
Water drainage system ?




Storm Water Management Strategy — disconnecting the system

\’ v %

\4

Storm water disconnects from drain & enters
green area

New strategy for disconnecting from the
conventional pipe system and using all
possible alternate areas for recharge.

v v

GROUND WATER RECHARGE OVERFLOW GOES BACK
TO DRAIN

DRAIN OVERFLOW GOES TO
RIVER




ROAD sectioN - CONVENTIONAL

(-

-

,UNUSED AREA DRAIN GREENl, CARRIAGE WAY y ME&IAN | CARRIAGE WAY J};REENJ,DRAIN UNUSED AREA

7

ROAD SECTION - PROPOSED

2 222222422

, GREEN  PATH CYCLE GREEN, CARRIAGE WAY , MEC]PIAN | CARRIAGE WAY ] REEN} CYCLE PATH , GREEN
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PART ROAD SECTION -
CONVENTIONAL

PART ROAD SECTION
PROPOSED e \

~* g ‘f OVER FLOW FROM THE GREEN AREAS GOES
TO NEARBY DRAIN CHANNEL.

PART ROAD SECTION
- e

PROPOSED C_ ) ’
FOR NEW SITES

ill
i
i

222222 1T 2222222222

@” * MEDIAN ONLY COLLECTS THE RAIN WATER FALLING ON ITS OWN SURFACE AREA, AS THE ROAD CAMBER IS TOWARDS THE SIDE GREENS.

* RUN OFF FROM ENTIRE ROAD ENTERS THE SIDE GREENS.
* OVER FLOW FROM THE GREEN AREAS SHOULD ALWAYS GO TO NEARBY OPEN LAND / MAIDAN OR EXISTING PIPE SYSTEM.
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Storm water facilities that can be put on Road

——— . .
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If there is less space on road side,

Water can be taken through drain channel to nearby
large green area or other conveyance system /
harvesting system.







Design Strategies for sustainable SWM

MANAGE STORM WATER IN A
CITY BY ADOPTING FOLLOWING
MEASURES

=FILTRATION
=CONVEYANCE
"DETENTION
="RETENTION
=INFILTRATION

Q SPREAD [ 2

SOAK




Looking beyond
conventional details
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STORM WATER ENTERS THE
ADJACENT GREEN AREA
THROUGH KERB CUTS.

THE GREEN AREA LVL IS
ALWAYS LOWER THAN
ROAD LVL.
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Conventional kerb stone used on road

0
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GREEN IS HIGHER THAN ROAD LVL

NEW kerb stone for Storm water management

150
. 3
| CYCLE TRACK LVL. +150 ‘
T ROAD LVL.
1 8
75 KERB
"tt“ ] '4‘ -
T =
i < 4.
100 mm PCC FOOTING s

DEEPER KERB STONE SHOULD BE USED TO ACHIVE LOWER GREEN AREAS.
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Kerb depth would be more than
conventional kerb depth & green area level
should be lower than adjacent road level

STANDARD KERB

2' MINIMUM DROP FROM

FINISHED ROAD OR PARKING

LEVEL TO FINISH GRADE OF

LANDSCAPE 150

SLOPE ENTRY POINT OF KERB CUTTO
DIRECT STREET RUNOFF INTO STORMWATER
FACILITY

(flow)

150 |

= ]
STREET/PARKING LOT SURFACE

KERB CUT SECTION
1 SCALE - 1:10
GRAVEL AT KERB CUT OPENING (AS A
T, RIALTO PRI 1
A ROSON & ALTER TORM WATE 45 WIO K CUT
[N KERB CUT WITH CHAMFERED
S ._) SIDES AT 45°
v
STANDARD KERB
(LANDSCAPE AREA) = i
3
| 150 | 450 L
- - ~
mOW] STREET/PARKING LOT SURFACE ("OW]
FIN. LVL
,  KERBCUTPLAN 100 A standard curb cut allows storm water runoff to
SEALE=T110 STANDARD KERB enter a parking lot rain garden. This curb cut has
45 degree chamfered sides.
) WL +150
5 / : VL2090
KERB CUT ELEV
3 ' SCALE-1:10 150 450 150



STANDARD KERB CUT WITH SIDE

WINGS
SIDE WINGS HELP RETAIN SIDE SLOPE
GRADE FOR STORMWATER FACILITIES ; SLOPE ENTRY POINT OF KERB CUTTO
2 MINIMUM DROP FROM FINISHED DIRECT STREET RUNOFF INTO
ROAD OR PARKING LEVEL TO FINISH L 180 40 Y STORMWATER FACILITY
GRADE OF LANDSCAPE g P
1 |
T
|
R : !
_____._—-——‘/E*;:::f& et g : o~
! |
: 1
. |
5220 STREET/PARKING LOT SURFACE
1 KERB CUT SECTION %
SCALE - 1:10 3
GRAVEL AT KERB CUT OPENING N
(AS A STABLE MULCH MATERIAL 450mm WIDE KERB CUT WITH SIDE
TO PREVENT EROSION & FILTER WINGS
STORM WATER))
KERB CUT WITH
FiN, LVL CHAMFERED SIDES AT 45°
.
S I\ STANDARD KERB
(LANDSCAPE AREA| g o
-~
L | 450 | 150 |
(flow) T e = (flow)
STREET/PARKING LOT SURFACE
4, N
2 KERB CUT PLAN 00
SCALE - 1:10
WVL+150  STANDARD WHEELSTO®P
WL400
150 450 150

KERB CUT ELEV
3 SCALE - 1:10
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Flush Kerb

——SLOPE FALSH KERB TO DIRECT STREET
/' RUN OFF INTO STORMWATER FAOLITY

/’1\\ KERB CUT SECTION
\ 1 “scate-110

~—

GRAVEL AT KERB CUT OPENING (AS

-
STREET/PARKING LOT SURFACE

. KERB CUT PLAN
/TSCALE -1:10

(

S




KERB STONE available in Existing Catalogues

800 mm Long x 162 Steed rod spikes
for archoring 10 tho ground

Advantages of using above kerb stone
1. Faster runoff of water from road to surrounding areas. 4. Can be used as a sitting area along the footpath.
2. No water clogging on the roads & hence longer life of the road. 5. No separate drainage pipe required.

3. Rain water harvesting by the water is possible.
Konkrete Precast Concrete Products are manufactured using the latest vibro-compaction techniques, accurately designed moulds, appropriate reinforcement
with circular plastic spacers and a concrete grade of M30 and above. We can also produce customised products for your special needs, subject to large

quantities. To order customised products, sizes, strength required and other necessary information needs to be sent.
In our constant endeavour to improve the products, the specifications may change without notice. All dimensions are in mm

@OASIS DESIGNS INC. 2012



FRP GRATING
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STORM WATER MANAGEMENT CHART

FI I_T RATI O N e GRAVEL FILTER VEGETATED FILTER RIPARIAN BUFFER

CONVEYANCE BIO SWALE; PLANTERS >
DI SN0 | DETENTION PONE DRY SWALE >

RETENTION TN TTIE T CONSTRUCTED UNDERGROUND RAIN WATER

I N FI LT RATI O N INFILTRATION TRENC INFILTRATION PERVIOUS PAVING RAIN GARDEN




FILTRATION




Filtration can include rock and vegetated swales, filter strips or buffers, sand filters.
Prevents sediments and other materials from reaching and clogging downstream facilities
The filtration is effective if flows are slow and depths are shallow.

The slow movement of runoff through vegetation or gravel provides an opportunity for sediments and particulates to
be filtered and degraded through biological activity.

In draining soils, the filters also provides an opportunity for storm water infiltration, which further removes pollutants
and reduces runoff volumes.

These are especially applicable to parking lots and along highways as they can be sloped into linear grass or rock swales
to collect and treat runoff from pavement surfaces. Adjacent pavement level should be slightly higher than the
filtration area.

Filtration systems are
* Gravel filter

* \egetated filter

* Riparian buffer

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL
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FILTRATION

GRAVEL FILTER

* Gravel filter can be designed with an
impervious bottom or is placed on an
impervious surface.

* Pollutant reduction is achieved as the
water filters through the gravel &
sand.

*  Filters may be constructed in-ground
or above grade, as they can include a
waterproof lining.

* Gravel filters are can be used next to y
road kerb or foundation walls, EDGE CONDITION VARIES
adjacent to property lines (if less than STRUCTURAL WALL
30” in height), or on slopes.

PROTECTIVE ROCK LAYER
/ GRAVEL SPLASH PAD

SIDE CONDITION
VARIES

SAND 18" MIN.
8" GRAVEL LAYER

I

«  An overflow to an approved } 18" MIN. L
. . FILTER FABRIC LAYER “— | st

conveyance and disposal method will 4" PERFORATED PIPE TO

RUN THE LENGTH OF THE

be required. SAND FILTER
* Irrigation facilities to be given for non
monsoon season.

@OASIS DESIGNS INC. 2012



FILTRATION

GRAVEL FILTER, TRAPS OIL,
GREASE & OTHER POLLUTE
MATERIAL

SWALE, WATER LEVEL RETAINS NO
MORE THAN 6" OF RUNOFF

GRAVEL LAYER

GEO TEXTILE LAYER

LOOSE EARTH




Existing Drain systems on road

FILTRATION NEEDS TO STOP ALL THE
DIRT & POLLUTANTS (OIL & GREASE )
ENTERING THE STORM WATER
CHANNEL & WATER BODIES.

.
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FILTRATION

IMPURITIES SETTLE DO
THE GRAVE
BE REM

PATHWAY

..

OVERFLOW PIPE FOR GRAVEL
BED

GRAVEL BED HAS TO BE PUT
@ REGULAR INTERVALS FOR
STORMWATER RECHARGE




FILTRATION

* \egetated filter strips, or
vegetated filters, are gently
sloping areas used to filter, slow,
and infiltrate stormwater flows.

* Stormwater enters the filter as
sheet flow from an impervious
surface. Flow control is achieved
using the relatively large surface
area and for slopes greater than
5%, a generous proportion of
check dams or berms.

* Pollutants are removed through
filtration and sedimentation.

SHEET FLOW, MAY REQUIRE
FLOW-SPREADER TO EVENLY
DISTRIBUTE WATER IF SURFACE
IS UNEVEN

IMPERVIOUS AREA

CHECK DAMS OR BERMS
@ 10' INTERVAL IF FILTER
EXCEEDS 5% SLOPE.
MAXIMUM SLOPE = 10%

— FIELD INLET,
CONVEYANCE SWALE,
DRY WELL OR DRAINAGE
WAY (AS REQD)

[11111

12" 70 18" /

GROWING

L —

MEDIUM, OR o
NATIVE SOILIF |, 10 ft. minimum \

EXISTING ’ ’
VEGETATED
AREA IS USED

TO APPROVED
DISPOSAL POINT
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FILTRATION

* Arvriparian buffer is a vegetated strip
along the banks of flowing water body.

* Riparian buffers are a simple,

PR e inexpensive way to protect and
PNy %iﬁm & . .
’#,::j‘ﬁ 27 e improve water quality through local
. el plant materials.

* Buffer strips structurally stabilize banks
and shorelines to prevent erosion.
Trees and shrubs provide shade to
maintain consistent water temperature
necessary for the survival of some
aquatic life.

*  Width of the buffer is based on
surrounding context, soil type, size and

| PERENNIAL GRASSES, WTH |  SLOW-GROWING TREES | FAST-GROWING, 8
| HERBACEOUS AND | AND SHRUBS THAT | Roooroimmwreees | slope of catchment area, and
| WOODY VEGETATION | PROVIDE WILDUFE | AND REEDY PLANTS THAT |
THAT SLOW RUNOFFAND |  HABITAT, AND ABSORB STABILZE BANKS AND WATER BODY / DRAIN i
: ABSORBS MOST | REMAINING ' COOL WATER THROUGH /' # Vegetatlve cover.

L conmwnans __ _ | _conammaws__ _ | smowe
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CONVEYANCE

Conveyance systems help storm water run off to capture, convey, and potentially infiltrate before it moves
downstream.

Conveyance systems are
* Bioswale

* Planters

* Green gutter




WATER LEVEL RETAINS NO —
MORE THAN 6" OF RUNOFF \ SIDE SLOPES,

%
S\ i

SIDE CONDITION
VARIES

/ .
4:1 Ideal g 3-0" Min. 4 Ideal
3:1 Max. 7-0" Max. 3:1 Max.
— SUB SURFACE
PROFILE IS PARABOLIC. IT CAN EITHER /

BE INFILTRATIVE OR FLOW THROUGH

A bioswale is a modified swale that uses bioretention media to
improve water quality, reduce the runoff volume, and modulate the
peak runoff rate while also providing conveyance of excess runoff.




The bio swale typically has water tolerant vegetation permanently
growing in the retained body of water.

* Uses biological process to remove a
variety of pollutants

e Able to control flow, reduce volume
* Good retrofit capability

e Provides storm water treatment and
conveyance

* Can be part of infrastructure within
transportation ROW

* Can be a landscape feature
* Check dams, weirs, or stepped cells

need to be used in areas with steep
slopes

, 5 -
4:1 Icec! 30" Min, 4:1 Ideca!
3:1 Mox. 70" Mox. 3:1 Mox.

SUB SURFACE
S PARABOUC. IT CAN BTHER

TRATIVE OR FLOW THROUGH




Al
EXISTING:

/

INSERT SWALE or PLANTER HERE e Y w——

.

e e |
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CONVEYANCE

* Infiltration & Flow-through

planters are structural landscaped
reservoirs used to collect, filter,
and infiltrate stormwater runoff.

* They allow pollutants to settle and

filter out as the water percolates
through the planter soil and
infiltrates into the ground.

*  Flow rates and volumes can also

be managed with infiltration
planters.

Planters are contained landscape
areas designed to capture and
retain storm water runoff.

WATER LEVEL RETAINS BETWEEN &'
AND 12" OF RUNOFF. PLANTERS IN
STEEP CONDITIONS SHOULD BE

TERRACED TO CONFORM TO SLOPE.

EDGE CONDITION VARIES

| 4
EDGE CONDITION VARIES
VERTICAL KERBS. Allow for of least
half of the curb height to be
PROFILE IS PREDOMINATELY FLAT. below soil grade.
T TIVE
CAN BE EITHER INFILTRATIVE OR SUB SURFACE

FLOW-THROUGH.

At grade planter (Infiltration planter)

WATER LEVEL RETAINS BETWEEN &"
AND 12" OF RUNOFF. PLANTERS IN
STEEP CONDITIONS SHOULD BE

TERRACED TO CONFORM TO SLOPE.

EDGE CONDITION VARIES
el
EDGE CONDITION VARIES 1

GROWING MEDIUM - I - T S i PLANTER BOX

R R
;0 .‘}: AR%S [ DRAIN ROCK

o= Tt

UNDER DRAIN

Above grade planter (Flow through planter)

Filtration is
required
before the
water goes
through
planter

This type is
possible
where there
is no sub
surface,
mostly over
covered
drains and
basement
slabs.



CONVEYANCE
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This arterial street was retrofitted with a series of
stormwater infiltration planters.

source: HARRISON DESIGN

This green street features a continuous flow-through stormwater planter with
multiple bridge pedestrian crossings.

source: nEvuk nGAn ASSoCiAtES

\ o™
A stormwater planter within the interior median of a
parking lot.

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL
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THE PLANTERS ARE CONNECTED
THROUGH PIPE BELOW THE RAMP. ‘

r A DN, N
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CONVEYANCE

Green gutters are similar to Flow
through planter with narrower width
of the green area. Here the pollutant
removal rate is less .

PROPOSED




WATER LEVEL RETAINS NO MORE THAN
3" OF RUNOFF. GREEN GUTTERS
SHOULD BE TERRACED TO CONFORM
TO STEEP CONDITIONS SLOPE.

an i
£ (5

EDGE CONDITION VARIES ‘N

= E

VERTICAL KERBS.Allow for at least
half of the curb height to be
below soil grade.

SUB SURFACE

PROFILE IS PREDOMINATELY FLAT.
CAN BE EITHER INFILTRATIVE OR
FLOW-THROUGH.

. 30" MAX.

*xr

They can often significantly “green” a
street with minimal investment.

Create a more walkable street
environment by providing a green buffer
between road traffic and the sidewalk.

Require a long, continuous space to
effectively slow and filter pollutants.

These are very shallow and do not retain
large amounts of runoff.
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DETENTION




Detention systems are designed to store storm water temporarily and then release or reuse it gradually.

The primary purpose of detention basins is to control stormwater runoff .Detention systems store runoff for up to 48 hours
after a storm and are dry until the next rain fall. This provides pollutant removal by temporarily capturing runoff.

* Storage capacity dependent on available site area

* Can be used in combination with other stormwater management facilities
* Regular maintenance of vegetation and sediment removal required

* Relatively impermeable soils or impermeable liner

* Forebay (such as filtration techniques)for sediment collection and removal

Detention systems are
= Detention pond
= Dryswale

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL 65



DETENTION

* Detention ponds are temporary
holding areas for storm water that

store peak flows and slowly release EROSION CONTROL
SMOOTH/PARABOLIC CURVE TO BE PRIMARY OUTLET

them, lessening the demand on USED IN EVERY SEASON SEDIMENT FILTER
treatment facilities during storm ' : '
events and preventing flooding.

* Detention ponds are designed to fill G
and empty within 48 hours of a rain
fall and could reduce peak flows
and runoff volumes.

OUTFLOW TO NEARBY
COLLECTION SYSTEM

* They can be used to provide flood
control by including additional
flood detention storage.

Areas of possible application:
Play fields, School grounds, Open
spaces in the city parks.

@OASIS DESIGNS INC. 2012



DETENTION

DRY SWALE

* Dryswales are simple drainage
and grassed channels that
primarily served to transport
stormwater runoff away from
roadways and rights-of-way.

* This provides both quantity
(volume) and quality control by

— facilitating stormwater
detention.

KERB STONE

PERMEABLE SOI

GEOTEXTILE LAYER

Dry swales are used at low density residential
projects or for very small impervious areas



RETENTION




Retention areas are surface depressions planted with specially selected native vegetation to capture and
treat storm water runoff from rooftops, streets, and parking lots.

* Volume control and groundwater recharge, moderate peak rate control, filtration.
* Higher maintenance until vegetation is established.

* Limited impervious drainage area.

* Flexible in size and infiltration.

* Provide positive overflow for extreme rain fall.

* Natural high groundwater table required for wet ponds and constructed wetlands
* Dewatering mechanism required for wet ponds and constructed wetlands

Retention systems are
= Retention pond
= Constructed wetland
= Underground storage tank
= Rain water Harvesting Structures

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL 69
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RETENTION

* Retention ponds maintain a

permanent pool of water in
addition to temporarily detaining
storm water. These ponds fill with
storm water and release most of it
over a period of a few days, slowly
returning to its normal depth of
water.

* Asthese have to maintain a

permanent pool, they can’t be
constructed in areas with
insufficient precipitation or highly
permeable soils.

* Retention ponds can have aquatic

habitat if properly planted and
maintained. Regular cleaning and
maintenance is needed to ensure
proper drainage .

Areas of possible application:
Unused open areas, maidans, Open
spaces in the city parks.

EROSION CONTROL
SMOOTH/PARABOLIC CURVE TO BE
USED IN EVERY SEASON

WATER LVL TO RETAIN

INFILTRATION WHERE FEASIBLE
SEDIMENT LAYER
POND AERATOR

OVERFLOW PIPE
PRIMARY OUTLET
SEDIMENT FILTER

.........

OUTFLOW TO NEARBY
COLLECTION SYSTEM




RETENTION

CONSTRUCTED WETLAND

EROSION CONTROL EROSION CONTROL

PRIMARY OUTLET

A —— — f— - - ——

IRREGULAR BOTTOM SURFACE

GEOTEXTILE LAYER VALVE FOR DRAINAGE &
WATER TABLE MAINTENANCE
OUTFLOW TO NEARBY
COLLECTION SYSTEM

Constructed wetlands are shallow,
man-made pool with vegetated
systems designed to provide
stormwater retention and pollutant
removal.

Can be designed for enhanced
nitrogen removal by creating aerobic
and anaerobic zones

Reduces runoff temperature

Creates habitat . Plants and wetland
helps to reduce storm water speed
and allows sediment to settle out.

These can be applied to the areas
those were wetland once or low line
areas of any site.

These are different from retention
ponds in their shallower depths and
large vegetation coverage.



RETENTION

All storm water that falls on the road AN S
surface and the roadsides can be ) % 1
collected and managed within the
ROW.

It need not go out!

-
* v
) y

Water collected in reservoirs can be
used for irrigation

* THE RAINWATER IS PROPOSED TO BE
STORED IN A SERIES OF TANKS ALONG
THE ROADSIDE TO IRRIGATE THE
LANDSCAPE AREAS AND THE MEDIAN

* THESE TANKS CAN ALSO BE
PERIODICALLY FILLED UP WITH
TREATED S.T.P. WATER

@OASIS DESIGNS INC. 2012



RETENTION

RAIN WATER HARVESTING STRUCTURES

* Stormwater can be collected and reused
for non-potable water uses within a
house or building, or for landscape

A) irrigation purposes.
<C  RAIN WATER PIPE

* Uses can include reusing water in toilets .

* This will help to reduce the water used
from the City water system.

< PIPE TO UTILITY AREAS

= IN THE HOUSE * Rainwater harvesting can be used to
R manage a portion of the storm water
S T flow and lessen the overall flow control
“ - requirement.
- Ner
CONTROL VALVE -5 g ~
MOTOR —
[ OVERFLOW PI
- #. B5  WATER CAN BE USED
FOR IRRIGATION
GROUND WATER
RECHARGE
STORAGE TANK

(ON GROUND or UNDERGROUND)




INFILTRATION




INFILTRATION

Infiltration system are natural or constructed land areas located in permeable soils that capture, store, and
infiltrate the volume of stormwater runoff into surrounding soil.

Infiltration systems are
= Infiltration Trench
= |Infiltration Basin
= Pervious Paving
= Rain garden




INFILTRATION

* Infiltration trenches temporarily hold A
stormwater runoff within a sub- g

surface trench prior to infiltration into [ — m —
the surrounding soils. i
S : : : i :
* Stormwater runoff is diverted into the ¥ b 4 il v
trench and is stored until it can be . ‘ i
. L . . i LIS ISLTEL SLNSL (LIS TS TSNS TELNELAELTELASLAELTELTLLTELCTEL
infiltrated into the soil, usually over a e I L I XIS XX X I X I XIS X IR I XIS
eriod of several days.
P Y A A ) A
s TN : ‘ \ s
AT \
1 [ ~. ) 5 1 I Z 1 I =

Areas of possible application: o CRASS SLOPE (MAX 31)
Suitable for drainage areas of = CLEAN STONEIGRAVEL (010 80mm D)
approximately 5 acres or less. S — (AN AT O BRI AT
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INFILTRATION

EROSION CONTROL

INFILTRATION WHERE FEASIBLE v

600mm thk SAND BED
VALVE FOR DRAINAGE &
MAINTENANCE

OUTFLOW TO NEARBY

COLLECTION SYSTEM

EROSION CONTROL

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL

An infiltration basin is a shallow pond
over permeable soil that captures
stormwater, stores it, and allows it to
infiltrate, using the natural filtering ability
of the soil to remove stormwater
pollutants.

They are similar in function to infiltration
trenches except that an infiltration
basin’s stored volume is held above
ground, while an infiltration trench’s
stored volume is held below ground.

A vegetated swales, before infiltration basin can
help to stop coarse sediments and oil to enter
the basin.

A forebay or gravel bed at the entrance to the
basin will also extend the basin’s longevity and
reduce maintenance costs.

Deep-rooted plants on the basin bottom reduce
the risk of clogging and increase the infiltration
capacity by creating small conduits through
which water can infiltrate.

Areas of possible application:
Must have minimum soil infiltration
rate of 0.5 inches/hour.
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INFILTRATION

TYPE OF PERVIOUS PAVING
| _z?r:s';#;f oncrete .+ porous Asphalt
- Filter course (No fine concrete)
. . Compacted  Permeable Pavers
® ~ subgrade
3 ‘ (Modular Paver Blocks)
: ~Base course .
v v v * Grass Paving

PERVIOUS CONCRETE or ASPHALT

. Pervious joint
concrete pavers

- . Sand setting bed

- Compacted
subgrade

- Base course

Wl " Grass surface
. —Reinforcing grid

\ ~Compacted
. subgrade

~—Base course

source: nevue ngan associates
source: www.ritter-technik.co.uk

GRASS PAVERS
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INFILTRATION

TYPE OF PERVIOUS PAVING

PAVER BLOCK
SAND

EOTEXTILE
RUSHED

AGGREGATE

GEOTEXTILE
SOIL

Pervious paving allows water to infiltrate below the paving and then into soil

and groundwater below. By infiltrating most of the storm water on site, the

amount of water and pollution flowing into storm water channels and directly

to nala and river is greatly reduced. This protects water quality, maintains
more stable base flows to nala, reduces flood peaks, and reduces erosion of

the nala banks. With infiltration, groundwater is recharged and streams are

replenished with cool, clean groundwater in a more natural way.

Modular Pavers

Crushed Rock Layers

Drainage Pipe

Source : www.mt.nrcs.usda.gov

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL
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INFILTRATION

Rain garden

WATER LEVEL RETAINS NO SIDE SLOPES OR VERTICAL
MORE THAN 6" OF RUNOFF WALLS CAN BE USED \

1 ~ SIDE CONDITION
/ VARIES

4:1 Ideal 70" Min. 4:1 Ideal

3:1 Max. 3:1 Max.
SUB SURFACE

PROFILE IS PARABOLIC. IT CAN ETHER
BE INFILTRATIVE OR FLOW THROUGH

Rain gardens in Round about

* Rain gardens retain storm water,
thereby reducing flow rate and
overall volume.

* They can also allow for
infiltration, depending on the
capacity of the native soil.
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INFILTRATION

CONVENTIONAL WAY

HALF OF THE STREET IS BEING USED FOR
PARKING, STORM WATER FROM ROAD
GOES TO DRAIN.

PATHWAY ALONG CARRIAGE WAY

82
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INFILTRATION

for small residential roads only

ALTERNATIVE WAY

PARKING AREA HAS BEEN SEPARATED FROM THE
CARRIAGE WAY THROUGH DIFFERENT MATERIAL
(PERVIOUS PAVING). KERB EXTENSIONS ARE ADDED TO
CAPTURE STORMWATER RUNOFF.

KERB EXTENSION

PARKING AREA (POROUS PAVING)

WATER LEVEL RETAINS NO MORE
THAN 6" OF RUNOFF.

EDGE CONDITION VARIES

SIDE SLOPE CAN BE OPTIONAL
DEPENDING ON STREET
CONDITIONS

PROFILE CAN BE PARABOLIC OR
FLAT. CAN BE EITHER INFILTRATIVE OR

ety ; | reen FLOW-THROUGH. 41 Idedl  SUBSURFACE

. M , Cariageway | 6 e , 3-0'MIN. 31 Moy,
% id d d

Pathway Pathway 5 40" MIN. .

A 7



INFILTRATION

SWM in green islands on street

| I
<ooooooooooooooooooooooo
| I

SWM in Triangular Islands

This shows the conventional way of
slopes on road and storm water flow
direction.

@OASIS DESIGNS INC. 2012



* Water enters green area through
kerb cuts

* Green areas are connected through
sub surface pipe




PARKING LOT TYPES




Parking lots are often designed with oversized parking numbers and travel aisles. It is important to consider that how much
average parking is needed in a day. Parking lots often have many empty parking stalls for most of the year. This happens
mostly in shopping mall, commercial areas and metro station parking lots. Parking lots are often designed with oversized
parking numbers and travel corridors. The overall area can be fully utilized by reducing the oversized dimensions of parking
bay and adding sustainable storm water techniques to the rest of the area.

There would be two sizes of parking lots in the city.
* Smaller parking lots are the difficult to retrofit because there is a high demand for available space. So pervious paving is

a good choice for such area.
* In case of larger parking lots, the space is big and are mostly designed for extra cars. So this type can be redesigned with

a variety of storm water solutions. The possible storm water techniques that can be used are bio swale, planter, green
gutter, rain garden.

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL 87



PROPOSED PARKING LOT
FOR CWG GAMES

BHAIRON PARKING, NOW AFTER CWG GAMES
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Parking Options

P— CONVENTIONAL WAY OF
=1 | N A == PARKING SECTIONS

Z~\ ~ 2 7\ | N\ —— THIS HAS LOT OF HARD AREA AND ADDS TO HEAT
( )M ~ == @)!: - (@) == ISLAND EFFECT.

A

TS ST S ATTT S AT ST TSI S AT S AT S S S ST o ST S ST S AT S Ao o ST S AT }// AL L L L AL L T I ALY

45 45
PARKING STALL PARKING STALL

NEW WAY OF PARKING
DESIGN

WHERE GREEN AREA INTRODUCED WITH IN SAME
SIZE OF PARKING. THIS SYSTEM REDUCES HEAT
ISLAND EFFECT AND HELPS IN STORM WATER
MANAGEMENT.

3.6
PARKING STALL > 18 L PARKING STALL




THIS TYPE OF PARKING LOT SHOWS
STORMWATER PLANTERS ALONG THE
PARKING LOTS.

This is one of the simplest parking lot
retrofit actions to implement. The best
approach is to convert the parking
stalls immediately adjacent to a drain
inlet. Depending upon the size and
parking demand of a particular
parking lot, a series of parking stalls
may be consolidated into

stormwater planters.
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STANDARD WHEELSTOP

'\ 8 - (oW
il
‘B
% o
o - STREET/PARKING LOT SURFACE
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OVERFLOW OPTIONS




Overflow Options

Overflow options are must for any and every storm water management systems to avoid extreme situations. Overflow
within these areas can be managed in many ways depending on what type of stormwater infrastructure is already available.

In retrofit conditions, the overflow can be captured by the existing storm drain inlet and then to nala. This is the most cost-
effective and least intensive option. Another option for handling overflow is to construct a new storm drain/overflow
channel inlet within the stormwater facility .




OVER FLOW OPTIONS
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OVER FLOW OPTIONS -

= Storm water enters the gravel trench

= Filtered water from gravel trench goes
to swale

= Qverflow from swale enters to the drain
below pathway.

swale/
gravel
tfrench

< | UNDERLAY PIPE

CARRYING OVERFLOW
OF THE SWALE
A
E PIPE CONNECTING TO
. OVERFLOW DRAIN
v

SECTION-A




SWIM CHECKLIST




SWM CHECKLIST FOR ROADS WITH LONGITUDINAL GREEN AREAS OF FOLLOWING
WIDTH EITHER BETWEEN ROAD & PATHWAY OR BETWEEN PATHWAY & BOUNDARY WALL

WIDTH of FILTRATION CONVEYANCE | DETENTION RETENTION INFILTRATION
green areas

<1.5m

5-10m

>10m

m GRAVEL FILTER
CHAMBER

m GRAVEL FILTER
STRIP

m GRAVEL FILTER
STRIP
m VEGETATED FILTER

m VEGETATED FILTER

STORM WATER
PIPES

FLOW THROUGH
PLANTERS

SWALE
FLOW THROUGH
PLANTERS

SWALE
FLOW THROUGH
PLANTERS

SWALE

DRY SWALE
UNDER GROUND
STORAGE TANK

UNDER GROUND
STORAGE TANK

DETENTION POND

UNDER GROUND
STORAGE TANK
DETENTION POND

RETENTION POND
(PARTIAL)

RETENTION POND
CONSTRUCTED
WETLAND

INFILTRATION
TRENCH

INFILTRATION
TRENCH

RAIN GARDEN
INFILTRATION
BASIN







Street profile options

Managing steep topography
Designing with different soil conditions
Choose appropriate plant material
Soil preparation

Construction process

SO hhs LN R

<« Existing street with less area & barricade along
pathway. Pedestrian walking on road

< Proposed, pathway with green buffer along
trees.
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DESIGN & CONSTRUCTION DETAILS

The street profile or width determines
how storm water runoff flows off of a
street (if the slope is towards median or
towards road edge). Street sizes vary as
per the use or location. Every street has
limitations based on whether a street is
newly built, or if it is part of a retrofit
project.

new Construction

When building new streets, the storm
water facility on a street should be
must/mandatory. The type of swm
facility to be used depends on the street
profile or typology. For new
construction, there is far more flexibility
for storm water management because
the street profile can be designed in a
variety of ways.

STORM WATER MANAGEMENT ON STREET TYPES

2
<
. 53 B g £
g5, 2= E&. ., § 3B
ES %= 225 =T £ 8
ool =>o o = o n o (&
6mt wide Road o (o)
gmt wide Road o o (o)
1 2mt wide Road o o o
18mt wide Road o O o O O o
Only if there is a kerb
extension
24t wide Road o O o O O O
30mt wide Road o O o O O O
40mt wide Road o o o o o (o)
45 . o (o) (o) O O (o)
mt wide Road
o (o) (o) O O (o)
60mt wide Road




retrofit Conditions

FUNCTIONS OF STORM WATER MANAGEMENT — a broad overview retrofit projects usually offer fewer options
for flexibility. The following point should be

=y . . o .
z =z =z § S = g considered while retrofitting existing streets
= E cé g = < g for storm water management.
E B E 2 =z ££
= = o= = 3 == )
) * how the storm water drains from the
Permeable Paving (o) (o) (o) (o) treat
street.
Vegetated and Gravel Filter - . . .

g o O o O o As it is expensive sometimes, to rebuild the
Flow through and Infiltration Planter O O O O o street profile and underground infrastructure.
Swales o o o o o hence, conforming to the existing street

: profile and identifying storm water solutions
Rain Gardens O O O O O that work with this drainage condition, is the
Green gutters O O o) simplest and most cost-effective approach to

retrofitting a street.
Wetlands (o) (o) (o) (o) (o)

This is a commercial street, where there is no green on site. As space is required for movement and parking
both, pervious paving is the storm water solution to the situation.
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DESIGN & CONSTRUCTION DETAILS

Managing steep topography

Vegetated swale on CHECKDAMS ARE PLACED THE SLOPE OF THE SWALE

g EVERY &' TO RETAIN STORM BOTTOM MATCHES THE NATURAL
road .e.dge in slope WATER RUNOFF SLOPE OF 8%
condition

—

\
)
/g

/
\
AN =
SOME WATER VOLUME IS CREATED
IN BETWEEN CHECK DAMS.
Storm water planter THE SLOPE OF THE PLANTERS IS
in sl diti FLAT AND EACH CELL IS
in slope condition TERRACED TO MATCH THE
VERTICAL CHECKDAMS ARE EXISTING SLOPE CONDITIONS.
PLACED EVERY & TO RETAIN
STORM WATER RUNOFF

) : / | / /
\ \ / ! . l‘/ ‘-‘ .b‘b
/8l \ B B ARG O
. .

MORE WATER VOLUME IS
RETAINED IN THE PLANTER SYSTEM
THAN A VEGETATED SWALE
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This is a large triangular island at junction, where the road is on a steep slope. A series of storm water planter
provided in the area to collect water at different levels. Excess water goes to the next planter below and then
finally to nearby drain.
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DESIGN & CONSTRUCTION DETAILS

In every city, many sites will not always
have both flat terrain and high percolation
rates required for infiltration facilities.

Infiltration facilities should not be
designed to retain storm water in
areas, that have a high water table, or
with some soil contamination.
Infiltration is also infeasible in areas
with steep slopes or high clay content
soils.

Therefore, we have to follow different
techniques other than storm water
infiltration.

Calculate the infiltration rate of
particular site.

Reduce impervious area, that will
reduce the amount of runoff needing
treatment. (as increasing a site’s landscape
area by 25% will result in decreasing the site’s
storm water runoff by almost 25% even
without the use of active storm water
facilities. )

Additional under drain (perforated)
will be required for soils with low
infiltration rates, so that excess water
can get its way to storm drain system.

poor soil and less space,

A' parking can be provided on the
¢ same with pervious paving



EDGE J

CONDITION
VARIES Water retention level is set to
maximize storage and infiltration

Imported soil into the native soil

native soil

Good native soil without an underdrain

EDGE
CONDITION
VARIES Water retention level is set to
a minimum to provide only
Imported soil water quality and a little flow

reduction benefits

native soil
Poor native soil without an underdrain

CONDITION
VARIES Water retention level is set to

maximize storage and water is

collected within an underdrain

system

Imported soil

. . . . : native soil
Poor native soil with an underdrain

Planting suggested trees, shrubs,
and other plant material with
extensive root systems can help
loosen tight clayey soils, and allow
for more evapotranspiration of
water.

The soil bed should be able to
infiltrate storm water at a rate of
6 inches/hour.



DESIGN & CONSTRUCTION DETAILS

Green street and parking lot projects Planting for Storm water management should be based on following
may have different planting zones points :

based on the type of storm water 1. Aesthetics

facility used. Storm water facilities that 2. Choosing plants that can survive in both “wet” and “dry” conditions.
are designed with a side slope 3. Choose mostly from evergreen plant pallet to get a year-round plant
condition (e.g., vegetated swales) will structure.

have two planting zones: dry and wet.

Shrubs, groundcovers, and perennials R L

that grow well in drier conditions R . LR AL
should be placed on the upper N7 j;,’j"\"“ / a
portions of the side slopes while water marginal —
tolerant plants, such as sedges and plants ], water tolerant plants

rd 7

bulrushes, are best suited for the low,
flat bottom zone of the storm water
facility. Storm water facilities that have
only a flat-bottom condition with no
side slope (e.g., storm water planters) \ Ul
have only one planting zone that Uil Wil Wl f\;};‘ﬁ "),'r )

Planting for swales and rain gardens with sloped bottom

: rrrrrrrrrrrerrsmm N TR T e e
should only be planted with water N e e R g
tolerant plant material. The sections
shown explains the typical planting water tolerant plants L
conditions based on storm water 7
facility type. Planting for planters with flat bottom

108



The following Plants may be suitable for
Delhi’s soil and climate conditions:
1

©o NV AW

Canna

Scirpus

Phragmites

Typha latifolia
Cyperus

Eichhornia crassipes
Salix spp
Potamogeton nodosus
Sagittaria latifolia

10. Ceratophyllum demersvm
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To add or design SWM facility in a new or retrofit site it is important to check
the soil condition of the site and take additional measures if required for
better storm water run off.

* A water consultant and soil consultant will be needed to determine the
site conditions.

* In general, a mix of weed-free compost, sand, and loamy topsoil will work
better in general conditions.

* The soil should not be compacted with heavy equipment during
construction as this will result in less water penetration to the site.

*  Soil preparation should only be done in dry conditions when there is no
standing water on the site surface.

* Itis important to keep the soft surface 2-3 inches down from the
surrounding hard surface.

* Rocks should be put near kerb cuts to avoid soil erosion.

B This is a storm water planter is being prepared for final grading. There will be filling of fine and coarse
aggregates of 2’ for better water penetration The finish grade will be set 2 inches lower to
accommodate a mulch layer.



DESIGN & CONSTRUCTION DETAILS

A proper and adequate construction process should be set before starting the
project at site.

* For retrofit projects, demolition phase is most important as after extracting
the existing concrete or asphalt areas, the native soil conditions have to be
inspected to determine the type of soil or if there is any need to add
imported soil mix. It is also necessary to know if there is any utility running
under the site.

*  While concreting the paved areas near SWM site it is important to make sure
the accurate grades for storm water runoff.

* Soil Preparation and Grading Phase should be done before monsoon. Native soil at the bottom of storm water planter
Finished surface of the green area has to be 2 inches below final grade of the
storm water facility to add mulch layer.

* Planting should be done in dry conditions without standing water on the soil
surface. If plants are installed in summer season, it is important to provide
some irrigation facility in the site.

* After the construction is finished, a regular observation of the site should be
done to make sure that the SWM is working properly.

& =
The storm water planter filled with aggregates, sand and
top soil.



MAINTENANCE CHECKLIST




Every storm water management system requires regular maintenance. Landscapes designed to perform storm water management functions are
not necessarily more maintenance intensive than conventional landscapes. Though regular maintenance is definitely required to avoid clogging of
pipes and to remove excess sedimentation or siltation. A concave lawn requires the same mowing, fertilizing and weeding as a convex one and
less irrigation after rain is filtered into the underlying soil.

Typical maintenance activities include :

* Periodic inspection of surface drainage systems to ensure clear flow lines. Removing plastic bags and other non biodegradable items.
* Removal of silt.

* Repair of eroded surfaces.

* Adjustment or repair of drainage structures. Regular checking of the overflow pipes / catch pits.

* Soil cultivation .

* Care of plant materials.

* Replacement of dead plants.

* Replenishment of mulch cover.

* Irrigation, fertilizing, pruning and mowing.

* Maintain level of planters & swale, so that there is no back flow.

* Monitoring of the green areas against any external agencies /people dumping any of the waste in these green areas.

Landscape maintenance can have a significant impact on soil permeability and its ability to support plant growth. Proper mulching of the soil
surface improves water retention and infiltration. It is important to control the use of medicines & pesticides and prevent over watering. Over
watering can lead to run off. Watering should only be done as per requirement to maintain plant health. Organic methods for fertilizers and pest
control should be utilized.

IF THERE IS NO AGENCY FOR MAINTAINANCE THEN THAT ROAD SHOULD NOT BE TAKEN UP FOR STORM WATER MANGEMENT

SUSTAINABLE STORM WATER MANAGEMENT @ CITY LEVEL
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This document is prepared by Oasis designs Inc. to be taken up by
various Govt. authorities like UTTIPEC etc. at the city level.

This document is not meant to be comprehensive, the aim is to
provide a small reference handbook as a start point towards
achieving Sustainable Storm Water Management in the city.
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o Baies the level of water table
¢ Improves the quality of ground water
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