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EXECUTIVE SUMMARY

The storm water drainage infrastructure in our cities is inapdlatedstate on various accounts. Time

has come when we need to look into this aspect to avoid undue misery to the masses and the
associated loss to the national rewen The Government of Delfgalised this need and entrusted the
task of formulation of DrainagMaster Plan for NCT of Delhi to IIT Delitie IIT Delhi went about this

task in a very systematic mannetarting with the analyses of the existing conditions

Prerequisite for a reliable analysis of the existing storm drainage infrastructure tovitarddequacy

for draining therespectiveareas effectivelyis the availability of an equally reliable data on the
infrastructure in terms of crossections and invert levels of the drains. It would have been much easier
for the consultants to design afsh the required infrastructure to drain the respective areas by totally
ignoring the existing infrastructure in view of the fact that the datatom existing infrastructure was

not captured despite indulging ingiganticexercise to digitize the whole & TheConsultant was
consédous of the fact that theéDelhi Drainage Master Plan can only be successfully and economically
implemented if the existing system is accurately captured and analysecefore theywere left with

no choice but to engage in @ressing of the drainage data that was decided to be captured through
fresh exercise by various agencies by deploying their contraatith®ugh it was the responsibility of
the Government of Delhi to providduly authenticated and validatediata on draimge system to the
consultant. The consultant was also left to assess for connectivity, flow directions and
missing/erroneous attributes like outfalls, invert levels, dimensions, etc. In addition, data on the
locations of pumps and sumps, their capacityexgtion policies, etcwere added to the networks
with lot of iterations with the respective departments. Also, extensive effartse made by sending
IITDelhi representatives in field to verify the connectivity of some ofagheialdrains and thus make

the drainage data suitable fahe purposeof analysis through modellindhusa massive exercise of
co-ordination of data collection and correction was taken up by IIT DBlitik of the time went into

data collectionand processingctivity, and that in a way over exhausted the budget earmarked for
the study.lt is important to convey thatnder some situationgecourse to interpolation, engineering
judgment, etc.wastaken to make the data worthy of simulation.

The NCT of Delhi has three major degje basins, namely, Najafgarh, Baragu#iad TransYamuna
basins.Using the processed datasets, the SWMM model has been sethp present studyor each

of the drainage basins of Delhi to simulate the inundation depths as well as their spatial locations. The
model resultshave beervalidated to certain extent through the flooding location data provided by

the Delhi Traffic PoliceHowever, it hasheen found that despite all our efforts there were large
number of discrepancies in the drainage network. Some of these discrepancies have been removed
before final simulations to analyse the drainage systems and recommend appropriate solutions.

To allevate the flooding conditions in various parts of the city, the stormwater infrastructure has to
be made efficient. So, itis pertinent to apply corrective measures to the faulty drainage infrastructure,
and introduce low cost flood preventing measures sashwater bodies rejuvenation, rainwater
harvesting using parks and Low Impact Development options. Further, the solid waste and the sewage
has be managed in such a way that they do not interfere with the stormwater draiffégeefore,
followingare our mgor recommendations:
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No encroachments on storm drains
w Storm drains should be treateds&ey public assets and no encroachment should be
allowed. Any encroachment of the drain should be immediately removed and reported
back.Department managing the storm @n should be made responsible for keeping
drain encroachmentfree. Special drivié&o remove encroachments from the storm drains
should be taken up.

No sewage in storm drains

W No natural or artificial storm drain should be allowed to carry any sewage.tf2aled
sewage of acceptable quality as per CPCB norms should be allowed in storm drains.

W All drains that are entering into NCT of Delhi (from Haryar®,ett.) should be only
carrying storm water and treated sewage of acceptable quality as per CPCB. norm

W Current practice of DJB of puncturing sewer lines and draining sewage into storm drain in
the event of blockage should be stopped. DJB should resort to using latest mechanisms
such as supper suckers for-dgging the sewer lines.

W No sewage should bdlawed to enter the storm drains even from unauthorized colonies;
interceptor sewers should be sep wherever required by DJB to trap the sewage coming
out of such colonies and take it to the nearest sewer line or STP.

No Solid Waste or C&D waste be alloved into storm drains

() No silt from the road (before or after road sweepiggnanual or otherwise) be allowed
to be dumped into belmouths/drains. Road sweeping process should be completely
overhauled. Weight/volume of silt received after street sweepsiguld be recorded.
Segments of road from where more silt is being received should be reviewed and reason
of the same ascertained. If need be, possible afforestation exercise should be taken up to
reduce silt on the road segment.

W No solid waste should bdlawed to be dumped into storm drains.

w Construction &Demolition (C&D) waste should not be allowed to be dumped in storm
drains or depressions. Amount of waste likely to be geregtdtom a construction or
demolition site should be assessed by the cortvadn advance (along with the
permission to construct/modify house). C&D waste should be lifted by government
appointed contractors and dumped at C&D prodegsite.

Effectiveness ofdesilting of storm drains

W It has been seen that many draineaoverdal fully/partially. It has beenoticed that most
of the covered dains do not have access for desilting. I§iiteng is not carried out under
the covered potion, effectiveness of desilting of rest of the drain is reduced significantly.
Therefore, accessints, if they are not there, should be providedagtpropriate distance
so that desilting can be carried out.

W Schedule oflesiltingshould be publically displayed and in a manner that is understood
clearly by general public. GSDL should use the GIS lafth& drainage network made
by IIT Delhi with crossection and isection to capture and display the schedule of
desiltingby the contractors segmemtise and jurisdictiorwise. Crucial details such as
time schedule oflesiltingand the amount of silt/dbris removed should also be captured
and displayed.
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() Certification that desilting is completely and satisfactorily done, be made by the
concerned agency. On this certification, local public shall be notified that work is
completed and public suggestions#f@éback shall be sought (through appithat allows
the user to send getaggedphotos of the concerned issue). Received public complaints
should be looked into by the department within a stipulated time.

W Some of the drains are managed by multiple departisfsub-divisions within
departments. Extra care is required in such cases becadssilfingis not carried out in
proper coeordination (there is gap in schedule of departments/siibision or one portion
is not desilted), effectiveness of the work cagd out reduces significantly.

() Weight & quality of silt removed should be mandatory to be certified from the-lrigge
of receiving agency (Municipality SWM site). This information shall be recorded diligently
segmentwise and displayed on GIS by GSDLshudild be analyzed with yean-year
goal to reduce the amount of silt that is coming to the respective storm drains.

W Effort should be made to put all the storm water drains under single agency that shall take
care of many issues identified above.

No storm water should be drained into sewer systems

() No storm drain should ever outfall into sewer system at any cost since they are never
designed for such situation and shall therefore result in surcharge of sewerage network
and may flood some of the areas withveage. All such cases should be identified and
immediately addressed. No such cases (temporary or permanent) should ever be allowed.

w Practice of opening sewer mdroles to discharge local storm water should be banned.
Adequate system to discharge storm washould be put in place and public awareness
should be increased towards-dffects of diverting storm water into sewer lines.

w Similarly, housénolds draining storm water into the sewer lines should be penalized.
Locality level storm drains should bevieed or as an alternative GW recharging
mechanism should be put in place by individual houseltolt own cost. Awareness
campaign should be carried out to sensitize public in this regard.

No construction should be allowed inside any storm drains. There a re two specific violations that are
usually happening:

W Utilities are laid inside the storm drains

() Pillars of elevated roads/metro are built inside the storm drains.

No such activity should be allowed. Also, in the locations such compromise of the seation h
happened, adequate measures should be taken immediately to restore the original carrying capacity
of the storm drain.

Design of new storm drains should not be done in isolation

W Overall impact of any new drain on the existing storm drainage system shewtlidied.

w Data collected and modelling system deployed as part of this study should be used for
checking design feasibility of any new drains.

w Different scenarios have been envisaged and presented in this report to simulate the

prevailing conditions asvell as the interventions required to alleviate the flooding
conditions in various parts of the city. After implementing the recommended practices,
more scenarios can be later introduced, further enhancing the efficiency of the drainage
network of the ciy.
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() Retention cum harvesting corridors can be laid along the road to capture the runoff
generated from the surface. This will enhance the ground water recharging.

Rejuvenation of water bodies
Many of the water bodies have become redundant over the years amdnot even properly

connected to their catchments. Once rejuvenated, these water bodies can play a pivotal role in
reducing the flooding as thesgct as detention and recharge basifiey should be continuously
monitored and maintainedh order to redue runoff into storm drains.

W Dumping of waste into water bodies should be prohibited to maintain ambient water
quality.

w Regular desilting should be undertaken to avoid reduction in storage capacity of the water
bodies.

W No encroachmenor unauthorised constrction inwetlandsshould be permitted

Low Impact Development (LID) Options

In order to explore additional options for disposal of the remaining excess waieradlvisable to
explore the local conditions in a comprehensive manner&hdrever feasibleidentify various Low
Impact Development (LID) options such as infiltration trenches, rain gardengtbidgion ponds, bie
swales etc.in respective contributing areas of each of the drains.

Effective Administrative Management
Thereshould be aingleinstitution that bears an overall responsibility of the management oftthtal
storm water drainage system within NCT of Delhi

Additional Recommendations
It is proposed that the government should enact a law that prohibits:

1. Sidewalk and pavement hawkinglhere is a natural temptation to dispose of wastes into
available storm water collection system with impunity. Use abgge disposal bags should
be made mandatory for businesses along road carriageways.

2. Roadside delis and other eating places that doti@ve a hydgenic and an organized pantry
system within the premises for cleaning and washing of utensiEmforcement should be
rigorous and norcompliance should carry compensatory as well as punitive penalty. Further,
the license to operate should aldm®e incumbent on alemonstrableinfrastructure for an
orderly disposal of solid and liquid wastes.

3. Roadside auto service and repair shops as these require sophisticated waste handling,
storage, stowing and disposal infrastructurdé.is commonly observed #i chemical wastes
are routinely disposed off into the nearest available storm water systems.

4, Roadside auto dealerships that cater to both new as well as-pmned vehicles.These
businesses invariably utilise public space for parking and display of goosale and the
damage to roadside infrastructure is indeed inevitable.

5. Collection and stacking of construction related building and other wastes on public spaces.
No completion certificate should be granted unless a public inspection of the sites imable
verify compliance and adherence toilling waste management norms.

6. Roadside piling of dirt and other solid wastes (road sweep) resulting from road, sidewalks
and service roadslt is a common observation thalirt is routinely swept off and stacked i
front of roadside bell mouths.

A8 DELHI DRAINAGE MASTER PLANDelhi FINAL REPOR




7. Weekly markets without an installable (temporary) infrastructure to collecstore and
safely stow business wastes prior to its disposal at formally designated locations and in
accordance with formalized protocolFailure tocomgy should result in levying punitive
penalty on the organizers, individually and/or collectively.

8. Direct access to businesses from the roadsifs.part of masterplan for the future, all access
to proposed community centres, markets and business cantnat are planned along road
carriageways should be plannedth no direct access from the roadside and should be
planned with basement parking. Access to shigpgustomers as well as delivery of stock and
other inventory from/to these businesses showldly be from the rear and off the main road
as shown in thé&igure ES1

9. Firm rules and policies (no tolerance zone, no parking, etc.) should be designed and executed
to evade the effect of rapid urbanization on storm water infrastructure of the city.

ACCESS FOR SHOPPERS
AND HOLDING AREAS
FOR
LOADING/UNLOADING I
MERCHANDISE

nn

BUSINESSES/COMMUNITY CENTRE

MERCHANDISE

SERVICE ROAD
SERVICE ROAD

NO PARKING AREAS
LOADING/UNLOADING

ACCESS FOR SHOPPERS
AND HOLDING AREAS
FOR

NO PARKING AREAS
ROAD CARRIAGE WAY
ROAD CARRIAGE WAY
ROAD CARRIAGE WAY
ROAD CARRIAGE WAY
NO PARKING AREAS
NO PARKING AREAS
BUSINESSES/COMMUNITY CENTRE

TLLLLLLT]

L

Figure ES1: Schematic of proposed road plan

Recommendations may not be effective if not implemented properly. Therefore, it is important to
understand that implementation of the recommendations has to be sequential for better efficacy
since it is possiblthat many of the data elements that have not been independently validated by the
respective departments may be different on ground than the digital reality captured and used in the
model. Recommendations may not be effective if not implemented propemyn Riles and policies

(no tolerance zone, no parking, etc.) should be designed and executed to evade the effect of rapid
urbanization on storm water infrastructure of the city.

So, till the time the full system is not deployed and handed over, all newnstioains designs should
be sent to IIT Delhi for checking their feasibility.
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1.1 SCOPE OF THE STUDY

¢KS LINRP2SO0 (ASNISRY a3 SIBAN Nk SiMI2tyt 2 F2NJ b/ ¢ 2F 58
Gowernmentof NCT oDelhi. The study entailed the following:

9 Study ofthe existing natural drainage system comprising of (i) streams and smaller creeks, (ii)
seasonal and perennial watbodies and other natural depressions, and (iii) trdvasindary
water courses passing through NCT of Delhi

9 Study of the engineered urban storm water system

1 Study of the dynamics of possible interaction with sewerage and waste water systems
wherever intercomections, both natural and mamade, exist

1 Preparation of an inventory of model simutat drainage hot spotand their validation based
on reported (or observed) water logging events from across the NCT of Delhi

9 Preparation of a det&d diagnostic reporbn these drainage hot spots

1 Development of design storm parameters relating rainfall intensity, storm duration and return
period.

1 Development of drainage projections corresponding to future requirements.

1.2 DRAINAGE SYSTEM IN THE NCT REGION

The drainagenorphology of Delhi is defined in a large measure by the Aravalli foothills and connected
outcrops Under these influences, a principally easterly storm water movement is indicated from the
higher elevations in the West towards Yamuna in the Eastoirirast, the region to the east of
Yamuna is lovlying and was originally a part of the Yamuna flood pkinlunderstandably remained
largely unnhabited until after thelndiaPakistarpartition of 1947. Following large scale migration of
people from estwhile West Pakistan and theiegettlement, this region, also known as the Trans
Yamuna area, is how home to about 30% of the total population of Delhi. Some of the relevant
highlights pertaining to the studgreaare presented imablel.2-1.

Tablel.2-1: Relevant details for NCT of Delhi

SoNo Deas  ae

1. Total geographical area dICT oDelhi 1483 sgkm
2. LastDrainage Master Plaprepared inthe year 1976

3. Population of Delhi ithe year 1976 60 lakls

4, Population of Delhas per Censuz011 167 lakrs
5. Projectedpopulation as per projection in MRED2 1 250 lakis
6. Presentareaurbanizedin Delhi 750 sqkm
7. Likely aredo be urbanizedas per MPE2021 920 sqkm

1 http://dda.org.in/planning/mpd-2021.htm
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Details Value

Figurel.2-1: Drainage map of Dell(ias per 1976 Drainage Master Plan)

IRRIGATION AND FLOOD CONTROL DEPARTMENT,GOVT. OF N.C.T. OF DELHI. (DRAINAGE MAP)

ois oner
< "
0
=
- ——
>
X ~
T
s
LR
~
. -~
- ~ o
- -
w o ST
o R SArAsSVAT
" VINAR
-C \_
o S TN
RE O et ——
wNUS U pasT AT
S NG AR RAG
P ALK PAMRRGANY

Vd A
X MANDU o Gratag! T 1
J /
vIANARELRE /7 A RARANA TALKIOEA ©
2 N Ve GARDEN \ ‘\
v MmN RASHTPATT BHAVAN T,
/ > - v
~ 7
- '\;’a “

AKKARGART

AAMASHUN
QadeyR
=

O
CAIMANHIRAL
X ;ﬁ

g
\
X \
7 VCHMANAK YAPLSE \
X . SAFDAMIANG |
DIALLAKR S~ 7 ’,

by / SAROUINENGR

/
PFALAM

N
. \
AlRPORY X PORAM . o4
< VASANT VIRAR RN
RANGIUR) \
AL LLNUNIVERSITY %

LADO SARAL o

DUHANSA

VASANT KuNI

\
S—p. o PUR TUGHLAQARAD P
C) o R AsoKRs MERALL oA
HSTY v S el
GUROGAON

CHMATAR MR
1."”-)0'{

/ SULTANMU®

DETANLS OF DRAINS UNDER CONTROL OF | & F.C. DEPARTMENT

Lty | Gt | o [P ==
ey el Owtw S o) Dt A SLA {
Syt (5=~ s .
! if J K JAUNA M ey \
e e oo .'. ~ 7 1 v
1 U -
wn | wm | — %
wn | e w v \ -
. | e " —
o o » ERA | T
e | e ) W
se | mem | v wh =y
| e ™
o tea n +| | raliohsac
b o~ = | s
‘ow - . 4 \
s wr "
1. -
T P
or -
w | ema
e
o | o ARRERYIATION
e | e —~ —
- ~ —
s o »
1. o S—
- va tpn o -
i - g L
in e
- ) s -
" - o
| WL, DN Seeea 8 SOCADE A Sou s
s | e L e
an ws —
2% s
“e i~ =

Figurel.2-1 shows drainage zomsef Delhias defined by 1&FEMelhi has beemlemarcated into six
drainage zones namely (i) North Zone, (ii) West Zone, (iii) Central North West and South East Zone, (iv)
Central South and South East Zone, (v) East Zomk(vi) South Zond&ablel.2-2 lists all the agencies

that manage the storm runoff emanating from the entire urbatpanse of Delhi carried by a total of
426.55km of natural drainage lines and a cumulative lengtB,811.54km of engineered storm water
drains(as digitized)
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Tablel.2-2: Sorm runoff system ofNCT oDelhiand departmental Jurisdiction

S. No. | Agency Name Length (kn) |
1

Irrigation and Flood Control 426.55
2. Public Works Department 2064.08
3. South Delhi Municipal Corporation 258.78
4, North Delhi Municipal Corporation 122.46
5. East DelhMunicipal Corporation 140.63
6. New Delhi Municipal Council 335.29
7. Delhi Development Authority 251.30
8. Delhi State Industrial and Infrastructure Development Corporation | 98.12
9. Delhi Cantonment 39.68
10. National Thermal Power Corporatiduimited 3.11
11. UPIrrigation (Old Agra Canal) 0.311

For the purpose of the present study, NCDelhi haseendivided inthree majornatural drainage
basins delineated using SWAfydrological modglas depicted ifrigurel.2-2. There are also a couple

of very small drainage basins (Aruna Nagar and Old Chanderwal) that have outfall directly in
YamunaBasin areafor the threemajorbasins are listed IAPPENDIX Il

Figurel.2-2: Major Basins of NCT of Delased for Modelling
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The Najafgarh basin is the largest ofth# basinsand accounts for close to two third of the area of
NCT of Delhi. There agetotal 0f201 natural draingn the three major basins dDelhi as presented in
Table 1.23. The final disposal of majority thfe storm water generated fronDelhi is into river Yamuna
through outfall points distributed acrogke stretchalong its course through Delhi.

Tablel.2-3 Basn wise natural drains irDelhi as per 1976 Drainage Masterplan

S. M. Basin Number of drains
1 TransYamuna 34
2 Barapullah 44
3 Najafgarh 123
Total number of drains 201

1.3 INSTITUTIONAL JURISDICTIONS

With regard to the management of the storm water drainage system witherNCT of Delhi, there is
conspicuousi no single institution that bears an overall responsibility of the total system. To the
O2YUNI NESZ U(GUKS I RYAYAAUNY GAQGS | dziK2NARGE 2F (GKS (
amongst numerous civic bodiesamarious constituent departments of Government of NCT of Delhi

as well as Government of India. These include (i) Irrigation & Flood Control, Delhi, (ii) Delhi Jal Board,

(iii) various Municipal Corporations of Delhi, (iv) Urban Development, Delhi, (tiMiof Urban
Development, Government of Indigvi) New Delhi Municipal Council, (vii) Delhi Development
Authority, (viii) Delhi Cantonment Board, (ix) Delhi State Industrial Development Corporation, and (x)

Public Works Department, Delhi. Other deparme of the Government and civic bodies whose
2dzNRAARAOGAZ2Y R2Sa y20 SyidalAf Fyeé RANBOG NBaLRya;
system but neverthelesare important,include (i) Irrigation & Flood Control, Government of Haryana,

(ii) Traffic Police, ORI, (iii) Geo Spatial Delhi Limite@v) Central Wate€ommissionGovernment of

India, (v) IndiaMeteorological Department, (vi)avious Resident Welfare Associations (RWAS), (vii)

Central Pollution Control Board of Ministry of Environment and For€sernment of India(viii)

National Green Tribunal, (ix) National Highway Authority of Ifa)aDIAland (X) cvil society actiat

groups
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1.4 THE SCALE OF INSTITUTIONAL MONITORING OF FLOOD EVENTS

The existing storm runoff system of Delhi is prone to frequent episodes of drainage congestion and
therefore is widely perceived to be sluggish. It is indeed noteworthy that while water logging is a
frequent occurrence in the NCT of Delhi, the various agenresponsible for management of the
storm water drainage neither follow the practice, nor are they mandated by legislation, to prepare
formal records of the extent of inundation reported from various parts of the capital territory. As an
exception, onlyDelhi Traffic Policés recording occurrence of such events but only from traffic
movement perspective and examination of their records reveal a total @688ments that could be
designated as drainage hot spots within the capital territasylisted inAPPENDIX.Ilfhelocations

of these hotspotsare shownin Figurel.4-1

Figurel.4-1: Frequent water logging locations in NCT of Delhi as reported by Delhi traffic police
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1.5 INITIATIVES BY IIT DELHI AND SOMBEOBSERVATIONS FROM
FIELD VISITS

IIT Delhithrough a large number of studenfgnore than 900) has carried otiextensive visual
inspection of city drainage system by making multiple visitesscNCT of Deland capturedsome of

the relevant details of the storm drains by making use of thetggged cell phone pictureBased on
these field visitsthe drainage connectivity andrainageexistence were established. This esisealso
helpedto capturesome ofthe detailsrequired for the modelingThe observations are summarized in
APPENDIXX All the captured gedagged images showing the health of drainages in NCT of Delhi
are uploaled on following webpagpttp://gisserver.civil.iitd.ac.in/delhidrainagemasterplan/
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21 METHODOLOGY OVERVIEW

The studyusesa digital model of the physical system constructed through the existing digital data
with features such as natural and built topography. In addition, satellite imageries, topographic maps,
relevant reports/studiehave beerused to understand the principdrainage features of the project
area prior todevelopment The landusenap of 2010 provided bySDL has been used in the study.
schematiof the methodology incorporatingnydrologic and draulicsimulatiors used in the studys
presentedin Figure2.1-1

Figure2.1-1: Map-Based hydrologic andytdraulicsimulation schematic

ArcGIS

ArcGIS
Preparatio'n Flood maps
of geospatial
input data
SWAT SWMM
Catchment Hydrodynamic
delineation modelling
Followingis thesummay of the methodologyadoptedin the study:

W Rainfall analysis for spatial and temporal characterizatonl derivation of design storm

scenarios corresponding to specified design return period

W Derivation of DEM/Digital Terrain Map for area outside the NCT whicldsniee be
modelled sincesome ofthese aras contribute to the flood runoff transport and its
eventual disposal across the NCT of Delhi

() Preparation ofoil type andanduse data to be adopted in the study

w Terrain analysis to determine dominaarteas conttuting thestorm runoff for each drain

W The existing storm drainage systéras beerevaluded for its conveyance availability and
adequacy
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() Hydrologic and hydrodynamic modelling to derive runb§idrographs,surface water
profiles and extent of backwaterfeicts within the storm drainage network under various
envisagedscenarios

() Using GIS in this planning process will allow the city to create a dynamic database and
modelling approach whichasthe capability ofa priory evaluating the implications of
changimg conditions such as, new urban planning strategibsate changeetc., on the
urban flooding

The overall flow chart of methodology is presentadrigure2.1-2.

Figure2.1-2: Flow Chart of Mthodology Employed

Input data —DEM, landuse, soil, weather, drainage network, etc

|

Rainfall analysis — Estimation of return periods

|

Drainage profiles — Evaluation of existing drainage network

|

Catchment delineation = Delineation of natural drains and basins using SWAT

|

Hydrodynamic modelling- Identification of flooding nodes and flood volume using SWhMM

1

Flood Maps — Generation of flood maps for different scenarios
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2.2 MODELS DEPLOYED

Two models have been goyed in the present study; a hydrological model and an udtarmwater
management model. The role of the hydrological model in the present segecifically to generate

the flow from the areas outside the NCT of Dddbundarythat contribute to theflow to the basins

of Delhi. A brief description of the two specific models deployed in the present study is given below.

2.2.1 SWAT z Hydrological Model

SWATH developed by the USDA Agriculture Research Se(%RS) is a river basin scale maidel
simulate the stream flow in the natural streams using the precipitation and the other geophysical
characteristics of the watershed. The model is also usegLtmtify the impact of land management
practices on water, sediment, and agricultural chemicaldgien large, complex watersheds with
varying soils, land use, and management conditions over long periods ofSW'WAT can be used to
simulate a single watershed or a system of connected watersheds.

The SWATTfirst determines the loadings of water, sedent to the main channeand thenthese
loadings are routed through the drainage network of the watershed. In the presentS#s&T model

has beerused to assess the quantity of runoff that is being generated outside the NCT of Delhi but is
contributing b the NCof Delhiand is a potential source of floodig Delhi

The SWAT modéks also beensed for delineation of the basins NICT oDelhi to identify the areas
that are contributing to the drainef different drainage systems.

2.2.2 SWMMPCSWMM z Urban Sorm Water Management Model

EPA's Storm Water Management Model (SWMM)s a widely used modelling framework for
planning, analysis and design related to:

0] Storm waterrunoff,

(i) Combined sewers,

(iii) Sanitary sewers,

(iv) Drainage systems in urban areas and withnpapplications in nomrban areas as well.

This general purpose urban hydrology cum conveyance system hydraulics software is a dynamic
rainfallrunoff simulation model and may be used for single event or d@mgn (continuous)
simulation of runoff quantif and quality from primarily urban areas. The runoff component of SWMM
operates on a collection of sedatchments that contributes runoff and pollutant loads and can model

its transport through:

w System of pipesChannels,
W Storage/treatment devices, and
W Punpsand other regulators.

4 Arnold, J. G., R. Srinivasan, R. S. Muttiah, and J. R. Williams. 199&réarggdrologianodellingand
assessment: Part I. Model development. J. American Water Res. Assoc. 38@): 73

Bl Huber, W. C., Heaney, J. P., Nix, S. J.,i8ickpR. E., anBolman, D. J. 19835torm water management
model; User's manual, Version Il ,3J Envir. Protgion Agency, Cincinnati, Ohio.
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SWMM has the capability to track quantity as well as quality of runoff contributions from eaeh sub
catchment along with corresponding flow rates and flow depth in each channel over multiple
simulation time steps. SWMM can also ésilly model the hydrologic performance of specific types

of Low Impact Development.ID) controls such as (i) porous pavements, (ii) rafdens, (iii) green

roofs, (iv)street planters, (v) rain barrels, (vi) infiltration trenches, and (vii) vegetativeles. The
updated model allows engineers and planners to accurately represent any combination of LID controls
within a study area to determine their effectiveness in managiogm water.

SWMM accommodates spatial variability by dividing a study area into a collection of smaller,
homogeneousub catchmenareas and each having its own fraction of pervious and impervious sub
areas to model overland flow which may then be routed betweenanglas, betweersub catchments

or between entry points of a drainage system. SWMM also contains a flexible set of hydraulic
modellingcapabilities used to route runoff and external inflows through the drainage system network
of pipes, channels, storage/traaent units and diversion structures. These include the ability to:

W handle drainage networks of unlimited size

W use a wide variety of standard closed and open conduit shapes as well as natural channels

W model special elements such as storage/treatment uiiiésy dividers, pumps, weirs, and
orifices

w apply external flows and water quality inputs from surface runoff, groundwater interflow,
rainfalkdependent infiltration/inflow, dry weather sanitary flow, and usggfined inflows

W utilize either kinematic waverdull dynamic wave flow routing methods

w model various flow regimes, such as backwater, surcharging, reverse flow, and surface
ponding

W apply userdefined dynamic control rules to simulate the operation of pumps, orifice

openings, and weir crest levels

For the present study, PCSWMM a variant of SWMM has been used. However, the dagab
prepared and made available can be directly used with SWSAIMMMPCSWMNMcan also estimate
the production of pollutant loads associated with this runoff.

2.3 DATAUSED

The followingdata providedoy GSDL and survegntractorshave been usedor the study:

1. DEM Digital Elevation Model)

2. Land use

4 feet and aboveterm drains (locationand typeof inlets and manholes, drain size, and
invert levels)

Sewer network

Water suply network

Water bodies

Road network

Rail network

w

S A

4 CHIWater, 2011. PCSWMM2011: Spatial Decision Support for Urban Drainayéatmehed Modeling.
http://www.chiwater.com/Fies/PCSWMMBrochure.pdf.

08 DRAINAGE MASTER PLAN METHODOQILD®¥Ihi FINAL REPOR




11

9. DMRC network

10. Well location

11. Past flooding data

12. Location ofpumps and details of operations

Referencdo some issues alata availability requires a special mention.

a. |IT Delhi agreed to wertake this stug on the assumption thathe supply of all necessary data
pertaining to the drainage system of NCT of Delhi, duly authenticated and validated by concerned
departments under Govt. of Delhi, would be the responsibility of Govt. of Delhi.

b. The study proposalas prepared taking into account the assurances received by IIT Delhi that all
the necessary data was available with Govt. of Dalki digital form as GIS layers.

c. The study proposal submitted by IIT Delhi was designed around the common understanding that
all the data required in the study would tended ovetto IIT Delhin digital form as individual
GIS layerafter rigorous validation for accuracy and completeness.

d. The responsibility of data collection and its collation would rest solely with the rkesid
constituent offices of Govt. of Delhi and would be made available in a final, digitally usable form,
and would not require any prprocessing or dataleanup and correction at IIT Delhi prior to its
adoption in the study.

e. The data on short duratiorainfall intensity for various return periods forms a critical input for
any storm drainage study. The proposal submitted to the Govt. of Delhi unequivocally
appropriated the responsibility to procure all essential and relevant rainfall data from IMD to
I&FC, Govt. of Delhi.

f. Govt. of Delhi would facilitate setting up a dedicated lease line at IIT Delhi for seamless digital
data transfer protocol. The study proposal was based on the presumption that the digital
databases believed to have been prepared bipG®&ould be delivered online to a dedicated data
server at IIT Delhi as and when these databases either are created or upgraded with newer
information.

However, none of the above understanding was followed.aSnassive exercise of -@vdination of
data ollection and correction efforthas beertaken up by IIT Delhi. Out of the oafirtime spent by
the IIT team, more thari, 14,120 hours hae gone into data collection activitgnd in a wayover
exhausted the budget earmarked for the studtymay be apprpriate to mention here that IIT Delhi
has taken the stipulated 18 months after the data was made available to fhethe completion of
the study and therefore are noesponsible for the delay icompletion of the study.

2.4 HANDLING OF STORM DRAIN DATA

It has been a mammoth task to get the required data from a large number of departments in Delhi.
Despite best of our effogand iterationsit has not been possible to get some of the required data
from the respective departments. It is important to understand that because of the interdependency
of these data to formulate the drainage network, each elemehtirainageis equallyimportant to
construct theoverallnetwork. TheTable2.4-1 provides thefinal statusof the data availability from
various departments.
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Table2.4-1: Storm drain data statugFinal)

Agency Drain data | Pump data | Sump data | Drain data | Pump data | Sump data | Drain data Pump data | Sump data

I&FC Received | Received Received Received Received Received Received Received Received

PWD Received | Partial** Partial** Received Partial** Partial** Received Partial** Partial**

North MCD NA Received Received Received Received Received Received

East MCD Received | Received Received NA NA

South MCD NA Received Partial** Partial** Received* Partial** Partial**

NDMC NA Received Received Received NA

DDA Received | Not Not Not Not Not Received Not Not
Received Received Received Received Received Received Received

DSIIDC Received* | NA NA Received* NA NA Received* NA NA

Delhi Cart NA NA Received* NA NA

DIAL (Airport) NA NA Received Not Not

Received Received

* However, needs to be wetted for completeness and accuracy w.r.t. ground reality

** Pump locatiors (latitude and longitudeplong with pumpcapacities argorovided but outfall from the pumpénto which drain) is missing and pun

operation policy is noavailable. Also, dimension of sumps is not provided
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2.5. DATALIMITATIONS AND ASSUMPTIONS

dgnificantefforts havebeenmadeto bring the data to a meaningful level. Huge efforts have gone
into this exercise of data collection and-oodination. However, even with such an extensive exercise,
some gaps still rema@d and consequently appropriate engineering assumptloage beenmade

As explained earlier thatraextensive storm water drainageodellingof the region isrequired to
check the adequacy dhe existingdrainage infrastructurewhich hasconsiderablychangeddue to
rapid urbanization and population density. Thfore, it is essential to have a cohemt and
comprehensive data of thgystem of existing draingloweverdue to unavailability of coherent data,
after exhausting the other optiongin extensive workas been done to fithe gaps in the datdor
successfutunningof the SWMM nodel. Some of thedata assumptionsnadeare:

w Incases where somavert levels (IL) valueseavailable along the lengtithenremaining
IL valus are computed by interpolation as of many drains in the networkre either
completelyor partially missing along the length of drains as can be seen in case of Escape
drain inFigure2.5-1.

Figure2.5-1: Example of junction point with Zero Invert Level values
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(here, 0 IL_MSL_mefers to missing value of Invert Level )
W In cases where ILs of a draireabruptly fluctuating then the IL valueshave been

modified by smootheningsingnearestneighbourapproach A sample of sioothening is
illustrated inFigure2.5-2.
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Figure2.5-2: lllustration of smoothening of Invertevels

207

206
£
_||
vy
S 205
- V V

204

v
203 T
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750
Distance m
—=4=—|L_MSL =f=IL_Smooch
W In some cases itan be seerthat drains of higher capdty ae meeing drains of lower

capacity.All such casebave beenidentified, so as to analyse the implication of such
implementation For xkample,in Arya Nagar drain from Arya Nagar Village to drain No.1_
shown inFigure2.5-3, conduit with dimensiorb.81 mx 0.83m (width x depth) meetghe
conduit with dimensiorb.02 m x 0.97 m which mightcreate flooding conditionsn the

drain.

Figure2.5-3: Drains with higher dimension meeting with lower dimensiqArya Nagar)
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() Wherever dimensions of draire missing an average dimensiohas been computed
based on the preceding and succeeding drains

w In the absence of any pump curve data, standard pump curve of Shakti fhamgseen
taken.
w In the absence of any details of operations, dimensions and locations of

diversions/regulators/gates/weirs/culverts/embankments, these structutes/e been
excluded ifmmodelling

W Provision of portable pumpshile generating variouscenari® hasnot beenincluded in
the modellingsince theidocations and operation detailg@not known.

() In the absence of informationrosewers (location and flow magnitude) draining into
storm water dains and vice versaewershavenot beenincluded in themodelling

W Invert levek have beenfound to be dfferent at many junctionsvhere two or more

conduits meet. An example of differeimvert leves at @ame joint is shown ifigure2.5-4.
Such situations should be verified further.

Figure2.5-4: Junction with different Invert Level at same point
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() At many placs, the flow direction provideds found to beagainst the natural gradient.
For instance,lie flow of storm wateis towards the increasing inveguel Figure2.5-5),
which is not possible

Figure2.5-5: Direction of flow indicated against the Invert Level slofi¢hichadipur Drain)

W Outfalls of many of the drairgre notspecifed. In suchcases the drainhasbeenmade
to outfall into the nearestirain of larger capacity
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2.6. SIMULATION SCENARIOS GENERATED

Having processed and validated the data on the drainage infrastructure to the extent possible,
systematicand stepwisestrategyhas been evolved that includes the following steps: (i) to simulate
the present system with the prevailing infrastructure, which shall also involve the validation of the
modeling of the present system, (iijitroduce the interventions required to alleviate the flooding
conditions in various parts of the cjtwhich include aplying corrective measures to faulty
implementation of the drainage infrastructure as well as low cost meastirascan reduce the
flooding such as rejuvenation of water bodies, rainwater harvesting using parks, etc., and lastly (iii)
implementation of Lw Impact Development optionsit is important to understand that
implementation of the recommendations has to be sequential for better efficacy since it is possible
that many of the data elements that have not been independently validated by the respective
departments may be different on ground than the digital reality captured ased in the model.
However, since the total system has been captured and is in the workable form, it is now feasible to
keep on updating the data perform fresh simulations to wrnthe impact of the changed conditions.

In other words, a dynamic system is being left behind that should help keep improving the drainage
problems of the city with a sound scientific ba3derefore it is not advisable to conclusively make
recommendationson paperabout taking care of the complete flooding problems of NCT of Delhi
without having a complete ground information as to the viability of the pulesLIDs or similar
structures.

Consequently, thedilowing modelling scenarios have been generatadefach of the drainage basins
of NCT of Delhi, namely TraYamuna, Barapulleand Najafgarhbasins and their efficacy evaluated
through simulation

2.6.1.Simulation with the data provided by the departments:

This scenarigeared togenerate thepresentflooding conditions considering the data provided

by various organizations to supposedly represent the present condition of the drainage system.
The model has been setdpr each of the basin® check the performance and adequacy of the
existing infrastrature of storm water drains dhe respectivebasinusing the data which IIT Delhi
received from various departments/ agencies. Through this scenario

1 Assessment has been done for the water carrying capacities of the natural and engineered
drainagesystemsncluding culverts and other cross drainage structures corresponding to the
existing land use status

1 The existing storm drainage systensi@en evaluated foits conveyance adequacy

1 An inventory has been prepared for model dedudedding hot spots abng with details on
reported (as observed) extreme water logging eveptstifie drainage bas Therefore, this
scenarig in a wayprovides a mechanism fanodel validation.

2.6.2.Simulation with changed/corrected cross sections of the drains:

This scenario incorporates the changes made in the egessons, wherever adverse slogesve
been encountered, by changing thenwiert levels and width of thecross sections in casea
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constriction is encountered. While making these correctjdolbowingaspects have beekept in

mind:

9 The corrections to the invert levelesherever required have been done to ensure smooth
gradual slope for the flow of water in drains

1 Abruptly varying and fluctuating values of invert levels of junctions in contaig been
modified by smoothening it using a nearestighbaur approach

1 Changes in width of the drains have only been made wherever constriction in the width has
been encountered

1 Invert levels of conduiteave beercorrected to ensure that drains of differenapacity meet

appropriately at a junction.

2.6.3.Simulation after incorporating the existing water bodies:

This scenario has been formulated by incorporatingéRistingwater bodies to detain some of

the excess runoff generated from the sub catchmeMsny of the water bodies have become
redundant over the years and are not even properly connected to their catchments. Once
rejuvenaed, these water bodiescan play a pivotal role in reducing the floodirighe following
considerationdave beemrmade

1

Waterbodies identifiedn each sub basin have been incorporated in the modelling to absorb
the surplus water wherever feasibl@hese water bodies shalkct as detention a well as
recharge lodies.

Model computationshave been madeavailable to quantify the effectiveness of the
rejuvenatedwetlands/water bodiesn reducing the flooding

2.6.4.Simulation after diverting storm water to additional storages/

recharge areas:

Outlets into thenearbyparks (preferably DDA parks) from the storm drains have been created for
absorbingsomevolume ofstormwater. In this scenario

|l

Thestormwater is diverted from drains to nearby pankberedepression storagdsave been
createdto reduce flooding

The design is such that storm water will be diverted as a practice to the nearby parks by
creating 0.3m depressian the park areaxcluding the foot path areaf any.

The storages so created shalso be useful forrecharging the groundwatefProvisian has

been made forcarryingoverflowof any surplus water from this storagigo a nearby drain.

2.6.5. Towards no flooding for 2 year return period storm

After scenario 3 and 4 in which some of the excess flood volume was diverted to existing and
potential water bodies and parks whereby a substantial reduction in flood volume was observed
the next step was taken to explore the mechanim further reducing any flooding if persists
corresponding to 2 year return period storm
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In order to explore additionabptions for disposal of the remaining excess water, it shall be
advisable to explore the local conditions in a comprehensive manner and identify various Low
Impact Development (LID) options such as infiltration trenches, rain gardeagtbidion ponds,
bio-swales wherever feasible in respective contributing areas of each afrtiies. Thereforgin
scenario 5:

9 Additional volumes that are required to be handled have been quantified and presented
for each junction.

1 In some of theilot sub basins simulain has been done by incorporating some of the LID
options by studying the landuse pattern of the respective areas and making a preliminary
selection of the appropriate LIDs.

1 Thus, for each sub basin, suitable LIDs can be identified and the effectivéiessame
can be established through simulation and the consequent reduction as well as
unaccounted surplus runoff volume can be quantified.

1 While formulating scenario 5 another decision has been taken to ignore all the junctions
that are getting floodedor a duration of 15 mins or less.

Simulations have been performed for each of the basins of NCT of Delhi using all the simulation
scenarios explained above. Detailed simulation results have been provided for each of the basins in
the following sections. Mumetric analysis has also been done to evaluate the volume of water that

is accumulating at each junction. The impact of using various scenarios on the reduction of flooding
has also been depicted for each junction of the drainage netw®dble 2.6-1 summarkzes the
simulation scenarioased

Table2.6-1: Summary of simulation scenarios generated

1. Simulationwith the data provided The model has been setdipr each of the basingsing
by the departments the data which IIT Delhi received from vario
departments/ agencies

2. Simulationwith changed/corrected Invert Levels and width of theross sections have
cross sections of the drains been changed wherever adverse slopesor
constriction is encountered

3. Simulationafter incorporating the, Water bodies have been incorpdeal in the
water bodies modelling to absorb the surplus water wherev
feasible
4. Simulation after diverting storm | Sorm water is diverted from drains to nearby par
water to additional storages| and depression storages to reduce flooding at 1
recharge areas location through detentiorand recharge

5. Simulation with no flooding Flooded junctions were transformed into the
junction for 2 year return period | storages However, these storages may be replac
by other LID structures if feasible.
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3.1. TRANS YAMUNA BASIN

3.1.1.Introduction

3.1.1.1. Basin cdharacteristics

Trans Yamuna region spreading over Ndgtst Delhi, Shahdara and Eastern Delhi covers around
196.929 sqkm. area. A basin map witnajor roads and storm drainsgsven inFigure3.1-1.

Figure3.1-1: General Layout of Trans YamuBasin
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Entire regiorof Trans Yamuna badialls on the eastern bank of river Yamuna and is bounded by river
Hindon on the East, river Yamuna on the West, district Ghaziabad)(bn the North and district
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Noida (UP.) on the South. Grand Truftoad(G.T. Road running fran West to East divides the region
into two districts: East and North East Delhi. Trans Yamuna region above Th&k@ad is known as
North East Delhi and that below the G.Road is known as East Delhi.

3.1.1.2. Population datistics

According to the 2011 censl¥ total population in the region that includes 48 villages is around 39.5
lakhs. Almost whole dhe Trans Yamuna regids densely populatedA map showing the location of
wards in Trans Yamuna region is giverfrigure3.1-2 (Ward Numbers of these wardge given in
APENDIX |

Figure3.1-2: Details of wards in Trans Yamuna Catchment
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North East DelhiNorth East Delhi district comiges 27 villages includirgeelampur and Shahdara
villages. The district is very densely populated with a density of about 36,155 people pen.sq.
Census 2011 reports that the population density in this region has inaidap&6.73% in the last
decade agopulation of approximatly 17 lakhs in 200has increased to approximately 22 lakhs in
2011.

East Delhi:East Delhi district is densely populated comjmg 21 villages includinghichripur,
Hasanpur, Karkardooman villages, which are the major population growth centres faciidg rap
urbanization. The population density of East Delhi as per 2011 census is 27132 peopl&peT$mp
population density in this region has increased by 16.68% in last decade, with approximately 14.5 lakhs
in 2001 rising to approximately 17 lakhs in 201

3.1.1.3. Topography and land wse

Majority of the TransYamuna regiofas elevatiorbelow the high flood level of river Yamuna. The
digital elevation mdel (DEM) mapf the region is shown irigure3.1-3.

Figure3.1-3: Digital Elevation Mdel (DEM) mayof Trans Yamuna Region
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The surface elevatioof Trans Yamuna badies between 195.047 rio 228.035 m above m.s.with

an average elevation of 211.541 m over the region. Northern parts of the region adigher
elevation when compared to the southern parts. The flood plains of Yamuna exhibit lower elevation
levek. On account of majositof the area once being part of the flood plain of Yamuna, natural flow
direction of this region is majorly towards river Yamuna and partially towards river Hindon. Hence,
storm drains of this region are designed mostly against the natural slope of ttarntewhich is the

most unique characteristic of this region.

The whole region carries alluvium soil. The land use of the region can be broadly divided into crop
land, urban, river and water bodies, grass and fallow lands. The region is majorly urbaitized
approximately 68 % of total the area contributing to buift land use as shown kigure3.1-4.

Figure3.1-4: Built-Up area of Trans Yamuna region
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The percentage area of each land use in the region is givEahle3.1-1. The central region of Trans
Yamuna is densely populated. The informal sector units locate themselves strategically near work
centres, commercial areas, outside the boundaries of schoolsges] hospitals and transport nodes

and near large housing clusters. A very high percentage of this activity has been observed in Trans
Yamuna area and old commercial areas. The runoff characteristics of the régisagnificantly
changed due to low iflfration and percolation resulting from the rapid increase in butarea.

Table3.1-1: Area (insg.km. and in percentage) of each land use

S.No| Land Use Sub Divisions Area 6q. Percentage of
km.) Total Area (%)

Rural/Crop Land | Cultivation Area, Farm limit, Plantatiol 17.24 21.19
Area
2 Urban Building Full, Parking, Paved Area, 55.35 68.04

Poultry Dairy Farm, Road, Sports
Complex, Traffic Islands etc.

3 River/ Water River, Lake 3.51 4.32
Bodies
4 Grass Golf Course, Garden Parks, Marshy 2.39 2.95
Swamps, Nursery, Playground
5 Fallow Barren Land, Open Land, Orchard, 1.56 1.92
Quarries, Sand Area
6 Deciduous Forest Area, Scrub Area, Sheet Rock 1.29 1.59

Apart from river Yamuna, numerous watavdies are also present in the basin. The flood plain of the
river Yamuna is more or less undisturbed. It is primarily used for agricultural activities or as an open
area for the drainage outfalls. However, an encroachment of paved settlement was estdbiish
2010 when the Commonwealth Games Village was constructed on the flood plains of Yamuna.

3.1.1.4. Rainfall and groundwater scenario

The average annual rainfall of the basin is 6681 [ of whichabout 81% of the annual rainfall is
received during monsoomonths July, August and September.

In 2014 the premonsoongroundwater level inthe North Eastern region variddom 2.89 to 8.73
mbgl™ and postmonsoon water level vargefrom 4.01 to 10.22 mbgFigure3.1-5).

The premonsoon ground water level in the Eastern parts varies from 3.69 to 18.40 mbgl and post
monsoon water level varies from 4.29 to 19.18 mbgl. Ground water levels are shallower along the
western boraer of the basin and relatively deeper towards the eastern pdttas been observed

that the groundwater table decreasen the post monsoon period, indicating greater groundwater
extraction than groundwater recharge.

[l Central Ground Water report of North and North East Distrié@ethi
[Water Resources Information System, INDIA (www.iadia.nrsc.gov.in)
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Figure3.1-5: Ground Water Table Map foFrans Yamuna region
Water Resources Information System, INDIA (www.iadia.nrsc.gov.in)
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3.1.2.Details of existing drainage network as captured

Storm drains of the region are under the jurisdiction of multiple agencies. A dense drainage network
of length 560 Kmgs digitiseflispresent in the Trans Yamum@carry the storm water to the outfalls.

A map depicting the storm drainage network (of 4 feet and above) utitejurisdiction of various
agenciess shown inFigure3.1-6.

Figure3.1-6: Storm drainage network under various jurisdictions
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As mentioned before, the natural flow @iction is towards rivelyamuna. Mrginal embankments
have beenconstructed to avoid frequent flooding. Shahdara Marginal (S.M.) Bund (11.95Km) in the
northern region and Left Marginal (L.M.) Bund (6.7Km) in the southern region were constructed in
195556. A network of natural éins includes Relief drain, Trunk Drainl, Trunk Drain2, Escape Drain,
Bund drain, Baripur Drain, Karawal Nagar Draima2ipur Drain, SHadaraLink Drain an&hddara
Outfall Drain, which come under the jurisdiction of Irrigation and Flood Control depait (I&FC).
Theengineeredirains present in this region are box type and circular tygfeereas the natural drains

are irregular in shape.

3.1.3.Major drainage problems in the r egion

Asdiscused before, rapid unplanned urbanizan, shallow groundwater levelndlow elevation have
resulted in frequent flooding problems in this region. The major f@wis are as follows:

W ShallowGroundWater table: Majority of areas lying in the western side face frequent
water logging problems, primarily due to shallow grourder levels during pre and past
monsoon periods.

W Reversal of Flow Direction: The region is protected from frequent flooding in river Yamuna
by providing two marginal bunds. This also prevents any direct outfall into the river. Relief
Drain is the only draiwhid is having the outfall in thever. Majority of drains flow from
west to easifrom the Yamuna River to the eastern side of the bpagainst the natural
flow direction. The water from the North Eastern basin gets collected into the G.T. Road
drain which carries it across the region and drains it into TD2.

The natural flow direction is reversed and collected runoff is pumped to river Yamuna or other nearby
drains, especially during average or heavy flood periods. Pumps have been installedoas vari
locations by the government to pump out the collected water into the Yamuna River. Location details
of installed pumps are shown igure3.1-7. Majority of thepumps are installed in the NortBast
region. The failure of these pumps leads toideye congestion in these areds.addition, constant
usage of mobile pumps is alslone to pump out the surplus amount of water into nearby drains,
whenever required. Hoever, thisoften causes flooding in the downstream areas.

il BASINWVISE REPORTT Delhi FINAL REPOR



Figure3.1-7: Location details of pumps installed in Trans Yamuna Region
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About 14 hotspotshave beenidentified by the Delhi Traffic Poliaghere water logging conditions

occur predominantlyviz., Bhajan Pura Road, Loni-Blyer, Loni Road under Wazirabad flyover, Loni

Road, Subzi Mandi Chowk, Gandhi Nagar Main Road, New ISBT Flyover, Road No. 72, adjoining Preet
Vihar on Vikas Marg, Nirmaafihar near metro station, Laxmi Nagar Metro Station, |.T.O Bridge, New
Patparganj Road near Water Tamkgure3.1-8). Apart from these, interior bultip areashavebeen

also reported to be affected by water logging conditions,essglly during monsoon period.

Figure3.1-8: Areasfacing a frequent water logging as reported by Delhi Traffic Police
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3.1.4.Simulation scenarios

The following modelling scenarios have been generated for Trans Yamuna basins with rainfall event
of 2 days (9/12/1997 to 9/13/1997) of 15 minutes interval and 2 year return persing rainfall data

of Safdarjung station. The detailed comparat@analysis of simulation for the total network ©fans
Yamunabasinfor all the scenarios as described belmprovided inAPPENDIXI

3.1.4.1. Scenario 11 Simulation with data provided by the departments

This scenaribias been usetb generate the flooding conditions with respectttee data provided by
various organizations toupposedly represent th@resent condition of the drainage systenthe
modelhas beersetup to check thgerformance of theexisting infrastructure of storm water drains
which IIT Delhi received from various departments/ agenciesvas unfortunate thatvarious
departments passed on the survey data without vetting the data properly, therefore the authenticity
of the data providechas beerto certain extentindirectly vetted through this scenario

After analying results of simulation ofcenario 1(scenario withinvert levels and crossestions
provided by agencigsit has beerfound thatthere are around560 nodesflooded APPENDIX).
Table3.1-2 showsthe results of the simulationrun on a segment ddrain AAtaken as a sampl&his
tablerecords theflood volumein the junctions and duration of floodinign Drain AASimilar details on
flooding time andlood volumefor all segments of the drainage network are available as part of the
detailed outputsprovided in the working model of the basin not only for this scenario but all the
subsequent scenarios as well.

Table3.1-2: Flood volumeat junctions in a sample segment @frain AAafter simulation ofscenariol

Flooding Hburs (in hourg Flood volume(md)

J 817 0.5 320
J_840 0.33 29
J 851 0.32 151
J_865 0 0
J 877 0 0
J 896 0 0
J 920 0 0

3.1.4.2. Scenario 2i Simulation with changes made to crossections

Scenario 2 represents thiacorporation ofchanges madein the crosssections wherever adverse
slopes were encountered by changing theert levels andvidth of the cross sectiorin caseswhere
constriction is encountered. Theage 1651segments with adverse slope out of 6381 conduits in Trans
Yamuna as shown Figure3.1-9.

The invert levelshave beercorrected keeping in mind the slope of the preceding drain and also the
elevation taken fronthe digital elevation modedf NCTof Delhi provided by Geo Spatial Delhi Limited.
Along withthe corrections made to thinvert Levelsn the segments with adverse slofbe width of
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the cross sectioshavealsobeenchangedwherever a constriction in widtks encountered and the
node witnessesflooding (APPENDIX). The simulationhas been made after incorporating these
changes.

Figure3.1-9: Trans Yamuna basin shomg conduits with negative slope
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Following are some of the observations freimulation ofscenaria2 as compared with the simulation
of scenariol:

1 In some cases the flooding at junctions that are flooded in scenariol has considerably
reduced and at somether junctions the floodindghastotally removed

1 However, mn someother casesflooding has moved to upstream or downstrearhflooded
junctions Thisis possible on account of the hydraulic response of the stretch after
modification of the gradienté~igure3.1-10).

Figure3.1-10:Flooding location moved downstream aftanodification of drain bed

Scenario 1With data provided by the departments

Scenario 2With changes made to crosections
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Comparison of water profiles ia segment of draimAafter simulation ofscenariol and scenario2
has been shown iRrigure3.1-11.
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Therecan be a reasonabldecrease in volume of surplus water in some draifter making the
corrections in the gradientFollowing is an example of the reductionflifod volumeat different
junctionsin the sample drainTable3.1-3).

Table3.1-3 Comparison betweerhe flood volumeat junctions of a segment of drain after simulation of
scenariol andscenario2

Node | Flood volume(m?)
| Scenariol Scenaria2 |

J 817 320 0
J_840 29 0
J 851 151 0
J_865 0 0
J 877 0 0
J_896 0 0
J_920 0 0

Change in flood volume of water at one of fjumctions(J_817)f Table 3.13 can be seen ifrigure
3.1-12depicting the extent of flooding as well as the duratiorilodbding.The graptshowsthat J_817
wasoriginallyflooded with 320m?3volume of excess watewhile in the scenario2 after changing the
Invert Levelsthe floodingat the junctionistotally removed

Figure3.1-12: Comparison betweerthe flood volumeat a sampé junction after simulation ofscenariol
and scenario2
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3.1.4.3. Scenario 3i Simulation towards rejuvenation of water bodies

This scenario has been formulated imgorporating thewater bodiesinto the scenario2, so asto
absorb some ofthe excess runoff generated from the sub catchments atdhe same time
rejuvenatirg the water bodies. In Trans Yamuasin, therearetotal of 171water bodieswhichhave
beenincorporated and treated as storages in the mo@elure3.1-13). The runoff from the sub
catchmens arefirst routed towards the watebodies Provision has also be made to take any
overflow from these water bodies to the nearest downstream drdihis reduces the totdlood
volumaeat the junction.Trans Yamunbeing the smallest of all thredasirs in Delhicontainsa few
majorwater bodies includin@anjay Lake, Shahdara Jheadl many other small water bodies. As per
the departmental inputthe depth of thewater bodieshas beerconsidered as #.

APPENDIXINpresents all thgunctionsthat can beconnected towater bodies and arks in Trans
Yamuna basin

Following are some of the generic observations freimulaton of scenario3 as compared to the
simulation ofscenario2:

1 In some cases, ater bodies captivadthe flooded volume of waterthusremoving the flood
at some of the junctions or reducing the volume at others

1 Additional conduits havebeen provided to connect water bodies and nearby junctions for
transfer of excess water in water bodies after they have been filled up with water coming from
the subcatchment
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Figure3.1-13: Water bodies onnected to junction to divert the excess water
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Comparison of water profiles in the segmentatampledrain after simulation oécenario2 and
scenaria3 Has been shown iRigure3.1-14.

Figure3.1-14: Comparison of water profiles in the segment of drain after simulationsaenario2 and 3
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An example of the reductioim flood volumeat differentjunctionsin the sample drain is shown below
in Table3.1-4. In the present exampl¢he junction J_49% capturingrunoff from a big sub catchment
and is not able to cater to the requirement anthus is flooded after simulation ofcenario2. In
scenario 3 the runoff from the subcatchment B first made to flow inta nearbywater body which
could store ggoodamount of volume and thus preventie junction from flooding.

Table3.1-4 Comparison betweerhe flood volumeat junctions of a segment of drain after simulation of
scenario2 andscenario3

.

Flood volume(m?)

Scenaria? Scenario3
J_499 317 0
J 539 274 0
J 581 341 0
J_627 281 0
J_676 205 0
J 742 223 0
J_789 138 0

Change in flooded volume of water at a sinjgllection can be seen ifigure3.1-15. The graplshows
the reduction in the flooding atjpctionJ_49%fter incorporatng waterbody at this junction.

Figure3.1-15: Comparison betweerthe flood volumeat a sample junction after simulation a§cenario2
andscenario3
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3.1.4.4. Scenario 4i Simulation with public parks as rechargezones

After including watemodies to the basinsgenario3), scenario4 has beendesigned to divert the
excess volume of water from junctisto the nearbyparks and other open areagherever possible
DDA parks and other parkgthin the basinhave beenncorporated with a standard depth of 1 feet
(0.30 meters)In Trans Yamuniaasin, there ee total of 428water bodiesand parkswhichhave been
incorporated and treated adepressiorstorages in the moddFigure3.1-16).

APPENDIXINpresents all thgunctionsthat can beconnected towater bodies and arks in Trans
Yamuna basin

Following are some of the generic observations freimulaton of scenario4 as compared wittthe
simulation ofscenaria3:

1 In some caseshe flooded volume of watefrom the junction is diverted to nearest parks and
open spaces to remove or reduce the flood at some of the junctions

9 Additional length of conduits has been provided wherever rezpiito connect the flooded
junctions to nearby parks for transfer of excess water from junctions
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Figure3.1-16: Water bodyand parks connected to drain® divert the excess water
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Comparison of water profiles in theamplesegment of drain after simulation aicenario3 and
scenario4 is shown irFigure3.1-17.
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An example of the reduction @ibod volumeat differentjunctionsin the sample drain is shown below
in Table3.1-5. In the present exampléhe junctionJ_1918s flooded after simulation afcenario3.

In scenario4, the flood volume atl_1918s made to flow into the nearest park which could store a
considerablevolume and thus preveirig many othe junctiors from flooding.

Table3.1-5 Comparison betweerhe flood volumeat junctions of a segment of draiafter simulation of
scenario3 andscenario4

[Node [ Floodvoumem3)

J_1878 2186

J_1918Park) 539 0
J_1985 0 0
J_2042 750 0
J_ 2118 0 0
J 2192 0 0
J_2230 0 0

Change in flooded volume of water at a sinjglection can be seen ifrigure3.1-18. The graptshows
the reduction in the flooding aanother JunctionJ 1918 after diverting the excess water from it to
the nearest park.

Figure3.1-18: Comparison betweerthe flood volumeat a sample junction after simulation acenario3
andscenario4
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3.1.4.5. Scenario 5- Towards no flooding junction for 2 year return

period storm

For each subbasin suitable LIDs catdeetified andthe effectiveness of the same can be established
through simulation and the consequent reduction as well as unaccounted surplus runoff volume can
be quantified.

While formulating scenario 5 another decision has been takerotwsiderall the junctions that are
getting flooded for a duration ahore thanl5 ninutes

Total 455 junctionsHigure3.1-19) whichhave beerflooded, aretransformed into the storages, taking
care of the excess volume of water in tein. However, these storages may be replaced by other
LID structures if feasibl®ased on ground realities suitable LIDs are implemented in a case study.
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Figure3.1-19: Flooded Junctions Converted into Storages
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Comparison of water profiles in the segmeof drain after simulation of scenario 4 andemario 5is
shown inFigure3.1-20.
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HGL Time: 9/12/1997 8:40:00 AM
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Scenario 5: After the application of storage junctions

An example of the reduction éibod volumeat different junctions in the sample drain is shown below

in Table3.1-6. In the present example, the Junction J_128#looded after simulation of scenario 4.

In scenario 5, the flood volume at J_ 1234 has been made to store in the retention tank/ detention
tank/ LID structure which could storedeesiredamount of volume and thus preventing the junction

from flooding.

Table3.1-6: Comparison between thdélood volumeat junctions of a segment of the drain after simulan of

scenario4 andscenarios

Node | Flood volume(m3)

| scenaiot Scenarics

J_849 154 0
J 893 460 0
J 952 474 0
J 1013 456 0
J_1077 446 0
J 1132 191 0
J 1234 461 0
J 1285 457
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Change in flooded volume of water at a single junction can be seBmran! Reference source not
ound.. In the present example, the Junction J_1&3zatering to he runoff from a big sub catchment
and thusis flooded after simulation oécenario4. The graph shows the reduction in the flooding at
Junction J_1294 after incorporating storage at this junction.

Figure 3.1 21: Comparison between the flood volumeat a gdgrjunction after simulation of scenario 4
and scenario 5
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CASE STUDY FOR LID IMPLEMENTATION

A catchment of Shahdara drain (Trav@amuna Basin) hebeen considered as shown kigure3.1-21
for demonstrating how the LIDs can be identified and implemented for further reduction of flooding

Thisdrain carriesunoff from the catchment and outfalls into YamuRxer.

Figure3.1-21: Shahdara Drain Catchment in Tral\@muna Basin
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After studying the landuse, geograpby the area and the soil properties of tiNCT oDelhi region,
only two types of LIDs welidentified and implementd; (a) Bio Retention Cell anh) Continuous
Permeable Pavemermts shown irFigure3.1-22.

The simulationgre then performed to quantifyhe effectiveness athe selectedLID(Bio Retention
Cell and Permeable Pavemenmthich have been establishadroughthe model resultsvhich show
significant reduction in thood volumes at the junctions.

Figure3.1-22: LID Implementation in Shahdara Drain Catchment

LID Implementation in
Shahdara Drain
Catchment

Legend

Conduits

- Yamuna

Subcatchments

I noup
- Bio Retention

- Permeable Pavement

Kilometers

28°36N
3
28°36N

I&FC
NCT DELHI

IIT DELHI

The comparison ofilood volume betweerscenario4 and after implementing LID is shownTiable
3.1-7.

Table3.1-7: The comparison oflood volumebetweenscenario4 and after implementing LIh Shahdra
Drain Catchment

Flood volume(10° Itr)

Scenariod Implementing LID
J_2246 0.001 0
J_2272 0.001 0
J 2431 0.009 0
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J_2504 0.001 0
J_2610 0.065 0.031
J 2631 0.215 0.155
J 2725 0.005 0
J 2743 0.066 0.033
J 2767 0.265 0.129
J 2776 0.012 0
J_ 2807 0.184 0.01
J_2808 0.007 0
J 2847 0.002 0
J 2881 0 0
J 28901 0.006 0.003
J_2924 0.02 0
J_1050 4.631 2.213

For some Junctions these flooding values have reduced so much that they can be considered as a flood
free junction.A tremendous drop iflood volumehas been observed iduncton J 2807 aftethe
implementation of LIDs in the sub catchment. Tgraphin Figure3.1-23 reflectsthe considerable

drop inflood volume after the implementation of LIDs:

Figure3.1-23: Graph reflecting the change iRlood volumefor J_2807
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3.1.4.6. Comparison of Simulationswith 2 year and 5 year return period

rainfall events

Exhaustive simulati®sof the stormwater drainage networkave beendone using the rainfall events
for 2 year return periodand a series of scenarioSimilar simulatios have alsobeendone for the
same network using 5 year return period rainfall evant using thescenariod. Figure3.1-24 shows
the number of junctions floodedith the 2 year and 5 year return period rainfall evemiscenariod.
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Figure3.1-24: Junctions floodedvith respect to 2 year and 5 year return period rainfall events
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3.2. Barapullah Basin

3.2.1.Introduction

3.2.1.1. Basin characteristics

Barapullah basin is situated on the western bank of the Yamuna River and is on the southern part of
National Capital Territory of Delhi. The basin is surrounded by River Yamuna on the east, Haryana state
on the south and Najafgarh basin dmetnorth and west sides. The areas in this basin are completely
urbanized. In this basin, BarapullBlllah/drain is the biggest drain which carries almost 80% of the
storm water from this region and outfalls into River Yamuna. Along with Barapullah thaia,are

few more drains which are directly out falling into River Yamunaa égmal is passing through this

basin region in whichfour storm water drains outfallnto it. The total catchment area of this
Barapullah basin is 376.27 sq.km. A map ofgkeeral characteristics of the region with the major
roads and storm drains is givenkigure3.2-1.

Figure3.2-1: General Characteristics of Barapullah Basin
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3.2.1.2. Population gatistics

According to the 2011 census, total population in the region is approximately 33.89 lakhs and includes
5 districts. A map showing the location of wards in Barapullah basin is gifFeguie3.2-2.

Figure3.2-2: Details of wards in Barapullah basin
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Table3.2-1: Population Statistics Barapullah Basin

District % Area in the Population within Density (person per
Barapullah Basin Barapullah Basin sq. km)

Central Delhi 65.91761 381446.093 23149

East Delhi 0.32405 5533.882863 26683

New Delhi 95.47892 127667.7283 3820

North Delhi 18.60209 164334.2114 14973
North West Delhi 0.01307 477.2198127 8298

South Delhi 91.01374 2488089.938 10935
South West Delhi 12.10974 277599.1992 5445

Total Population 3445148.272

SN BASINWISE REPORTT Delhi FINAL REPOR



District area angbopulation is given iTable3.2-1. FromTable3.2-1, it can be seen that New Delhi is
least populated district whereas Central Delhi is densely populated district. In this basin, the area is
divided into 90 numbers of wards (refAPPENDICES

APHENDIX)I

3.2.1.3. Topography and land wse

Barapullah basin is in the flood plain of River Yamuna. This basin fully/partially calistecss of

NCT of Delhi, which ar€entral Delhi (39.43%), New Delhi (100%), North Delhi (21.79%), South Delhi
(100%) and South West Delhi (13.32%). The digital elevation map for the catchment area is shown in
Figure3.2-3. The surface average elevation of 233 m (ranging from 14 to 313 m) above mean sea level.

Figure3.2-3: Digital Elevation Mdel (DEM) mamf BarapullahBasin
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Southern part of théBarapullah catchment in on higher elevation level as compared to northern part
of the catchment, because of the existence of hilly area in the southern part. The natural terrain of
the flow is in soutkeast directioni.e., towards River Yamuna. The landiface profile is such that

there exist 3 different draing.e., Aruna Nagar Nallah, Old Chanderwal Nallah and Barapullah Nallah
which are directly fdihg into Yamuna River and forghdifferent basins. Thee 3 basins are Aruna
Nagar Nallah basin (0.204.«m.), Old Chanderwal Nallah basin (1.26lsg.) and Barapullah basin
(374.81 sq. kn). In this region, Barapullah basin is the biggest basin. Topographically, 10% of the area
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is occupied by rocky ridge which starts from the Wazirabad Barrage (in north Delhi district) and
running in Southerly directigme., through central district, New Delhi district, south west Delhi district

in the west side and finally joining the hilly regiin the Mehraili area. This hilly catchments separates

the Barapullah basin from Najafgarh basin. Apart from river Yamuna, large numbers of water bodies
are also present in the basin. The flood plain of the river Yamuna is more or less undisturbed. It is
primarily used for agricultural activities or as an open area for the drainage outfalls.

The type of soil present in the entire basin region is sandy and clay soil. The land use of the region is
broadly divided into crop land, urban, river and water bagligrass and fallow lands. The basin region

is the highly urbanized region in Delhi with approx. 30 % of total area contributing teupudind use

as shown irFigure3.2-4.

Figure3.2-4: Built-Up area of Barapullah Basin
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The region is primély an institutional area witlyovernmentoffices, culturabuildings, embassy area,

Delhi University, etc. The informakctor units locate themselves strategically near work centres,
commercial areas, outside the boundaries of schools colleges, hospitals and transport nodes and near
large housing clusters. A very high percentage of this activity éws bserved in thisdsin areaThe

runoff characteristics of the regiohas significantly changed due to low infiltration and seepage
phenomenon resulting from the rapid increase in built area.The percentage area of each land use

in the region is given imable3.2-2.
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Table3.2-2: Area (in sgkm. and in percentage) of each land usBarapullah Basin

S.No| Land Use Sub Divisions Area ' Percentage 0
(sg km.) Total Area (%) |

RuraI/Crop Cultivation Area, Farm limit, Plantation Ar Area, Farm limit, Plantation Ar: 31.10 10.09
Land
2 Urban Building Full, Parking, Paved Area, Pou 91.83 29.79
Dairy Farm, Road, Sports Complex, Tre
Islands etc
3 Grass Golf CourseGarden Parks, Marshy Swamj 34.91 11.33
Nursery, Playground
4 Fallow Barren Land, Open Land, Orchard, Quarr 68.65 22.27
Sand Area
5 Deciduous | Forest Area, Scrub Area, Sheet Rock 81.62 26.48

The average annual rainfall of the basin is 617 mm. ABb%i of the annual rainfall is received during
monsoon months July, August and September.

3.2.2.Details of existing drainage network

Storm drains of various agenciesether form complete storm network in Barapullah catchment
which is densely populated. A densonduit network of length 1124.716 koarriesthe storm water
to the outfalls. A map depicting the storm drainage network and respective agesstesvn inFigure
3.2-5.

As mentioned before, the natural flowrdction is towards river Yamuna antarginal embankments

have beenconstructed to avoid frequent flooding. Several bunds like Mahipabuund, Mehurali

bund, Ghitorni bund, Bhati bund&ultanpur bund, Asolaumds wereconstructed in the south and

south west district to prevent runoff coming into the basin. In this basin, there are natural as well as
engineered drains. The natural drains are managed by Irrigation and Flood Control department (I&FC),
South DelhMunicipal Corporation (SDMC) and North Delhi Municipal Corporation (North DMC). The
engineered drains are managed by SDMC, North DMC, New Delhi Municipal Council (NDMC), Public
works department (PWD), Delhi Development Authority (DDA) and Delhi Statstriatiiand
Infrastructure Development Corporation (DSIIDC).
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Figure3.2-5: Strom drainage network under various jurisdiction®Barapullah Basin

3.2.3.Major drainage problems in the region

As mentionedbefore, rapid unplanned urbanization, shallow groundwater level, low to medium
elevation have resulted in frequent flooding problems in this region. The major problems are
highlighted below.

)l
|l

Increasing paved surface, reducing water percolation and inerg@asnoff.

Reversal of flow direction and inadequate/failure in pumping: The region is protected by a
check dam in the Mehidi area to prevent surface runoff coming from Haryana state and also
to prevent water logging in the area. Chirag Delhi draihésléngest drain in the basin which
carries all the runoffis well as sewageom the south district part of the basin and outfalls
into Barapullah drain.

Often the construction debris in the new drains is not cleared, garbage is dumped on the road
side dains. No segregation between sewerage and storm water infrastructure.

Low lying areas experience acute drainage congestion.

Encroachment by covering the drain and using the space for paidsiggthecase at Khanpur
chowk, where Chirag Delhi drain wasvered and now the space is used for parking)

There are many pumps installed at various locations in this region by the agencies to pump out
excessive water into Yamuna River during heavy flood periods. Location details of installedigpumps
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