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Executive summary

Increased urbanization has caused increased fasthirig after sudden rain in Delhi. As the
area of vegetation are replaced by concrete, taonagofed areas, the area loses its ability
to absorb rainwater. The rain is directed to digéngystems and causes urban flooding. The
idea behind urban drainage control systems isdamdiway dirty and surface runoff through
collection,storagend cleaning before allowing it to released intdew&ourses. Past efforts
were mainly directed towards flood control of urberea with the pollution control being

largely ignored.

Currently, it is important to develop design methlodies for both flood and pollution
control in the city of Delhi because there is hea@jlutional load in River Yamuna. The
current criteria used in determining water quantiblumes in urban drainage control
systems design neglect predecessor conditionstiresédlom preceding rainfall. During the
dry period between rainfall events,treatment ofrret@ater proceeds and is considered
complete after a specific time period. The inteergvdry period refers to that time period

which occurs between rainfall events.

The minimum inter event dry period used for urbaairthge control system design should
be consistent with the time required for infiltcatjichemical precipitation,residue removal
and biological assimilation,the time required floe transport system( pipes, open channels

and other structural controls) to return to theisign elevations.

Spreadsheet programming was used for calculationg uastest 15 years of data from eight
rainfall station in state of Delhi. A minimum intevent-dry period was specified and all
rainfall volume was cumulated before the minimurterrevent-dry period. Exceedence
probability distributions were calculated for railfprecipitation volume(p) given inter-
event-dry period(l) of 24 , 48, 72, 96, 120 hourke precipitation volume for each inter
event dry period and specified frequency (F) tunreperiod was calculated and results are

presented in graphical form are called PIF curves.

Statistical data on rainfall volumes and duration éach minimum inter-even-dry period
were also developed. These statistics are usefahvgnobability distribution function are
used for hydrologic and storm water designs.
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In consideration of the inter event dry periodtigh the use of the design curves developed
in the research provide a design where initial @oms are more accurately determined as a

result of this type of design.

12



Chapter 1

I ntroduction

11 GENERAL

Urban flooding is not an unknown event in India.eTgreater runoff produced
after a sudden rainfall encroaching upon and §llup natural drainage channels and urban
lakes to use the high-value urban land for buildiage the cause of urban flooding. The
illegal filling of urban water bodies in cities &kCalcutta,Delhi and Hyderabad etc is a
rampant. In Calcutta, for instance, Lake Town, paiiuated, has not only suffered heavy
floods in 1999 but also in 1970,1978,1984. The nema§ water bodies in Delhi accounting
about 800, now remained 600 and rest are vanished.

1.2 DEFINITION

Urban flooding is the inundation of darmr property in a built environment,
particularly in more densely popoulated areas, exhlny rainfall overwhelming the capacity
o drainage systems, such as storm sewers. Thislusagion type event. A flood can strike
anywhere without warning. It occurs when a largkinre of rain falls within a short time

1.3 CAUSESOF URBAN FLOODING

1.3.1 NATURAL CAUSES:

1. Heavy rainfall/ flash floods: Water of heavy rainfall concentrates and flows
quickly through urban paved area and impounded iow lying area raising the
water level.

2. Lack of lakes: Lakes can store the excess water and regulatiotlieof water.

When lakes become smaller, their ability to reguidite flow become less and
hence flooding.

3. Silting: The drains carry large amounts of sediments apdsied in the lower
courses making beds shallower thus channel capacigduced. When there is

13



heavy rain, these silted drain cannot carry heasghdrges and results in
flooding.

1.3.2 HUMAN CAUSES

1. Population pressure: Because of large amount of people, more materigds a
needed, like wood, land, food etc. this aggravatesgrazing, over cultivation and
soil erosion which increases the risk of flooding.

2. Deforestation : large areas of forests near the river/ catchméutties are used to
make rooms for settlements, roads and farmlandssabding cleared due to which
soil is quickly lost to drains. This raises theidrbed causing overflow and in turn
urban flooding.

3. Urbanization: leads to paving of surfaces which decreases grainsdrption and
increases the speed and amount of surface flow.witer rushes down suddenly
into the streams from their catchment areas leatting sudden rise in water level
and flash floods. Unplanned urbanization is the ¢@yse of urban flooding. Various
kinds of depressions and low lying areas near aurat the cities which were act as
cushions and flood absorbers are gradually fillgg and built upon due to
urbanization pressure. This results in inadequanrel capacity causing urban
flooding.

4. Poor water and sewage management: old drainage and sewerage system has not
been overhauled nor is it adequate now. All thendge and sewer system in many
parts of Delhi has collapsed resulting in floodifdhis can be seen during rainy
seasons every year.

5. Lack of attention to natural hydrological systems.

6. Lack of flood control measures

14



Figure 1.1 Urban flooding and effects

1.4 SUSTAINABLE URBAN DRAINAGE CONTROL SYSTEMS:

The idea behind SUDS is to try totate natural systems that use cost effective
solutions with low environmental impact to drain egwdirty and surface water run-off
through collection, storage, and cleaning befolenahg it to be released slowly back into
the environment, such as into water courses. Bhte icounter the effects of conventional
drainage systems that often allow for flooding, lyg@dn of the environment — with the
resultant harm to wildlife — and contamination odgndwatersources used to provide
drinking water. The paradigm of SUDS solutions dtddae that of a system that is easy to
manage, requiring little or no energy input (excépim environmental sources such as
sunlight, etc.), resilient to use, and being envinentally as well as aesthetically attractive.
Examples of this type of system are detention dent®n basins, swales, beds and
other wetland habitats that collect, store, anterfildirty water along with providing a
environment for wildlife.

The SUDS system aims to minimize or eliminate fturfoom the site, thus reducing
the impact of greater volume and non point pollutioads, the idea being that if all
development sites integrated SUDS then urban séeating would be less of a problem.
Unlike traditional urban stormwater drainage systeif8UDS provide greater benefits in
terms of water quality and biodiversity.

Typically, Urban Drainage Systems composed of:
Input meteorology
Catchment transforming the input to runoff

Engineered elements of the drainage system
15



Receiving waters.

Figure 1.2 sustainable drainage v/s conventional drainage

1.5 TYPESOF STORM WATER MANAGEMENT SYSTEMS:

The six source controls describe below amenmonly submitted by licensed
professionals and are expected to be used for camspl with the storm water performance
standard. These systems are very adaptable toetitfgsite plans, building configurations,
and surface and subsurface conditions. Sub susimtems include open-bottom systems to
infiltrate storm water . roof top systems allow foaximized building foot prints.

1.5.1 Subsurface Sysems.-

Four types of sub surface systems are describeavbel

Storage vaults and tanks:

16



It can be constructed from precast concretecsires, concrete rings ,culverts, pipes,
vendor provided products, or cast in place concfeémks and vaults can be built with or
without a bottom slab. If built without a bottonals] a vault system can promote infiltration.

Storage vault systems

Storage Vault 3\

\ — Manhole
e :.u‘.,‘,;—.;:‘ —

Overflow

Outlet to

Inflow Sewer

\ Controlled Flow

Gravel Orifice Tube

(if open-bottom) v
- Geotextile

Figure 1.3 storage vaults systems

Gravd beds:

These are excavated areas filled with uniforrnadgd gravel. The void space between the
gravel is used to detain water these systems sampabmote infiltration.

Gravel bed systems

Inflow to |
“ Pretreatment f

Underdrain Pipe 7

Outlet
Control
Structure

Qutlet to
{_ Sewer

Controlled Flow
Orifice Tube

Gravel Bed

/
/
Manifotd_/

Figure 1.4 gravel bed system

Perforated pipes:
17



These use a combination a pipe storage and gseoralge to provide detention an improve

infiltration.

Underdrain Pipe —1

Inflow to
T Pretreatment

\

\ Gravel N

Outlet
Control

, Structure

Qutlet to

-
d\

L Controlled Flow
Orifice Tube

\ Perforated

Manifold Pipes

Figure 1.5 Perforated pipes

Storm water chamber: -

These are commercially available in varigtyghapes and sizes. These structures detain
storm water within the chamber for structural suppd®hese open bottom system also
promote infiltration.

ormwater chamber systems
Underdrain Pipe 7

Inflow to
Pretreatment Qutlet
Control
Gravel

[ Structure

d f Outlet to
s y |

Sewer
w

[ controlled Flow
Orifice Tube

L Stormwater
Manifold —/ Chambers

Figure 1.6Storm water chamber

1.5.2 Roof Top Systems:

Two types of roof top systems are byietscribed below:
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Blue roofs, also known as controlled flowof drain systems, provide temporary
ponding on the roof top surface and slowly relethgeponded water through roof drains.
Blue roofs have weirs at the roof drain inletsdstrict flow.

Green roofs consist of a vegetative layat grows in a specially designed soil that
may sit above a drainage layer. Green roofs detanmwater in the void space of the soil
media and retain storm water through vegetativakgpand evapotranspiration.

1.6 THE DESIGN STORM

A storm water management facility or urban draga&gntrol system consists of a
transport system that collects and transports stasater runoff to a storage area for
treatment,typically a detention or retention pond swales. As we know, there is a
complexion in designing these SUDS because oftt@hastic nature of rainfall. So there is
a need of Design Storm which is consistent witlsoeable risk of failure. Runoff rates and
volumes are currently calculated using a desigmstinat is based on rainfall intensities.
The risk of failure is related to precipitation uate and a maximum intensity associated
with a specified return period, typically 2 yearyéar, 5 year, 10 year, 25 year, 50 year and
100 year. For example, using a design storm agedcwith a return period of 25 year, it is
expected that the designed transport and storagensywill fail on the average once every

25 years, given a long period of record.

Frequency-intensity-duration (FID) curves devetbp&om rainfall data have
conventionally been used for selection of the DeSi¢gorm Intensity and the determination
of the required storage volume for the Drainageesysto ease peak discharge. For a
specified average rain duration (hours) , an aweragnfall intensity which is associated
with a given return period is read from FID curv&esign based on the Design Storm
concept using FID curves assume an initial condlitowhich conveyance system are empty

and the ponds are at a control elevation at thenbe of the storm event.
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1.7 INTER-EVENT-DRY PERIOD

The inter event dry period is a period of timei¢tgly measured in hours, beyond
which the occurrence of rainfall marks the begignari another rainfall event. Independent
rainfall events results when the inter event dryiqueis of length sufficiently long so that
one event will not affect the probability of thecacrence of the other. When designing
stormwater transport and pollution control systeths, inter event dry period between two
successive rainfall events should be greater thaaqoal to the time required for pollution
control and be greater than the recovery time ef stormwater transport system and
detention/retention pond. An effective drainageteysdesign is that which improve the
water eminence by providing storage of the storrawatinoff for a period of time long
enough to sufficiently treat the stormwater, thgreéducing the pollutants discharged to

receiving waters.

For example, if it is determined that the stornawvahould be stored for 72 hours to
minimize cumulative effects of pollutants dischatde the receiving waters and to control
exposure and recovery time for aquatic organismfeective pond design would be one
which could recover to its initial conditions in Hburs with a storage volume based on
rainfall with an inter event dry period of 72 houther inter-event time periods are
associated with other treatment objectives suclseamentation in 12 hours and alum
treatment in 24 hours. The association of a destgrm with a specific inter event dry
period will produce a design based on initial ctinds which are more accurately defined

and allow for a desired treatment level of pollatdmased on the detention time of runoff.

1.8 OBJECTIVE

The purpose of this section is to define rainf@lumes based on minimum inter
event dry period. These volumes may be used foddsgn of storm water management
facilities. A statistical analysis of selected falhstations in Delhi can be developed to
relate inter event dry periods (hours) and pregijph volume to specify return periods.
These curves are called precipitation-inter evegtperiod-frequency curve or PIF curves
and can be used to determine the runoff volume tmedater quality control in detention

systems.
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The directive of this section is to demonstrate thlevance of the minimum inter-
event dry period as it relates to the time requicedvater quality treatment. To achieve the
desired level of treatment, antecedent conditionsstnibe considered when determining
storage volume in detention and retention pondtegtation of inter event dry period
concept into design procedures will implement a en@tional basis for the design of best

management practices.

19 LIMITATIONS

The analysis of rainfall is limited to the stateDelhi. The use of the results requires
an estimate of time for treatment and in generslia@®s that no treatment occurs during the
storm event. If treatment during that event werssfide, the minimum inter event time is

calculated as the summation of the time duringlzetd/een events.
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Chapter 2

Literaturereview

2.1 GENERAL

In the previous chapter, objectivestttd study are being discussed along with a
detailed introduction. In this chapter, details l@#érature regarding reason for urban
flooding, concept of SUDS, hydrologic design apptes for SUDS, Selection of design

storm based on inter-event-dry concept, have bsenssed.

2.2 REASON OF URBAN FLOODING AND CONCEPT OF SUDS

In the context of stormwater managemembanization alters the land surface.
Increased areas of impervious surfaces coupled mitihe compacted soils results in a
significant loss of permeability (De Kimpe and Mior2000). This alters the natural
hydrology of catchments and results in river regiméth greater high flows and lower low
flows. Higher flows and flood risk results from eegter proportion of incident rainfall on
urban catchments appearing as direct runoff argl dbmbined with sewers, gulleys and
culverting of natural streams that accompany deraknts, causes a more rapid conveyance

of storm water through the drainage network ( Seeetlal. 2002).

Increases in runoff volumes being cyedkin artificial drainage networks reduce
infiltration through the soil column and diminidiet capacity of recharge aquifers to provide
baseflows ( Gardiner 1994).

This approach, as implemented in hgavbanized areas around Ireland, typically

involved detention measures to attenuate runoff estrict outflows to the green field
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values that would have occurred prior to developm@oyle et al. 2003). Collected
stormwater therefore by passed the natural tredtrpeocesses. The main goals of
stormwater management were progressively broadéoed the 1980s to include natural

water cycles and ecosystems of watercources ( Nigmogvicz, 1999).

Integrated approaches to stormwai@nagement are also being advocated for the,
sustainable management of urban water environn{Biatsch et al. 2005). These approaches
are based on the promotion of the reuse and regythie stormwater and while similar, are
referred to differently in various countries- integgd stormwater management (IUSM), for
example, is a concept that has attracted attemidtustralia, New Zealand and the United
States, where separate storm and waste water Systenthe norm( Brown 2005). Water
sensitive urban design (WSUD) is another stormwatanagement approach that has been

implemented in some location in Australia (Cooméeal. 1999).

Approaches of this type that incorpersdurce ( or site) controls in the context of a
holistic approach to stormwater management canceediood risks and improve the
ecological integrity of water sources through imm® levels of pollutant and slit removal (
Butler and Parkinson 1997; Kerbs and Larsen 19%mizynowicz 1999).

2.3 CONCEPTSUSING IN TECHNOLOGIESDEALING WITH STORMWATER
RUNOFF

Several practical technologies for likga with stormwater runoff have been
introduced by Urbonas and Roesner (1986), Roednal €1989) and others that include
detention and retention basins, infiltration andcp&ation atthe source of runoff, wetlands,
sand filters and combinations of these technigéesording to these studies, a balance
between storage size and water quality treatmdattefeness is needed. Grizzard et al.
(1986) reported results from a field study of basivith extended detention times in the

Washington, D.C area. Based on their observatitimsy suggested that these basins
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provided good levels of treatment when they wezedsito have an average drain time for all

runoff events of 24 hours. This equals to a 40 ldoain time for a brim-full basin.

24 HYDROLOGIC DESIGN APPROACHES FOR SUDS

1. DESIGN STORM APPROACH:

The design storm approach was fiestetbped to describe statistical characteristics
of rainfall conditions for use in floodplain andbdld control analysis and design. In this
approach, design storms of various durations aweldped through statistical analysis of
the rainfall history of a location. These desigorists used to represent loading conditions of
different severity levels that the facility undeesign may experience in its lifetime.
Numerical hydrologic models are used to transforne tnput design storms into
corresponding output runoff hydrographs from théclument and from the stormwater
detention pond downstream of the catchment.

In spite of critism about the theoratifoundations of the design storm approach
(Wenzel 1982. Adams and Howard 1986),the desigmnmstmncept has found widespread
application in drainage system analysis and design.

Another method for characterization ofsgible future rainfall conditions and
evaluations of their impacts is continous simulatid historical rainfall record of sufficient
length and an adequate simulation model result eiialyle statistics of the system
performance.

An alternative to the above two approactoe characterization of rainfall conditions
and for evaluation of their impacts on the perfonoea of urban flood control detention
ponds was proposed by Guo and Adams (1999).

This alternative approach , the anadtiprobabilistic approach, is based on a
different way of statistically analyzing historicainfall records. A continous rainfall series
is first divided into discrete rainfall events. Ttwterian for distinguishing between events is
a minimum time period without rainfall. Now, totablume and duration of these got
individual events are subjected to frequency amaly addition to event volume and
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duration, the length of the Interevent dry periaparating consecutive rainfall events,
referred to as the enter event time, is also stdgeo frequency analysis.

A 43 year rainfall record taken between 1936 and91fr the city of Odense, Denmark.
This record contains full 33 year record which Heen utilized for statistical analysis.the
range of rainfall varied between 59.4 and 3mm.

Eagleson (1972) pioneered the use gjoeantial probability distribution to
approximate the observed frequency distributiongaiffall event volume, duration and
inter-event-time.

25 SELECTION OF DESIGN STORM BASED ON INTER-EVENT DRY PERIOD

Many researchers documented the effe€tpollutants discharged to receiving
waters from the urban stormwater drainage systetoss(on, 1974; Huber et al 1979, Larger
et al, 1977, Manning et al. 1977, Malmqvisty 198Blpoding is specifically related to
extreme and highly intense storm events but theniad for water pollution is related to
more general frequency and temporal distributideots (Amell ET AL,1983). Storm with a
lower return period such as once in 1 year ordassbe used for design of detentions basins
for quality improvements.

Available rainfall data for a spedaifieocation are divided into separate, statistically
independent rainfall events based on the time vaterof dry periods between successive
events.

Various researchers have used diffeir@at-event-dry periods. Intervals of 4-5 hr
were used by Wenzel and Voorhees (1981), ArneB2)1@nd Schilling (1983). Others such
as Marsalek (1978) used a minimum of 3h and Joa(i®¥9) used 1 h intervals to separate
rainfall events.

The potential impact of stormwaterct@rges should be an important consideration
for control of pollutional loads from urban runoft.

The concept of inter-evnet-dry pensdelevant to the engineering design of urban
runoff treatment and management systems. Dry pershduld be selected on the basis of
the time required to minimize cumulative effects millutants discharged to receiving

streams and to control exposure and recovery timaduatic organisms.
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If the design storm events are based minimum of 48 , 72 or 96 hr of dry period
, sufficient time may be available for treatmentl ananagement of runoff events through
infiltration, sedimentation, chemical and physieahoval of pollutants.

As an example, the state of Flordiministration Code (FAD) and the state of
Maryland, Standards and specification for infilivat (1984), specify drainage of runoff
water within a period of 72 hour following a stoewent. This is particularly applicable in
areas with deep sandy soil or in areas with impabieelenses which protect underlying
ground water.

2.6 SUDSin DELHI, INDIA.

Delhi being capital of India is highly urbanizedtlwia population density of
approximately 9000 person per Knit has conventional drainage system. The irrigaéind
flood control department of Delhi is responsible péanning and execution of main drains
having discharge capacity of more than 1000 cu&ssumecs).

The storm water drainage system efDis broadly divided in the 5 drainage
basins; namely:

Najafgarh
Kanjhawala
Alipur
Shahdra
Mehrauli

abhwbdE

Major drains receiving runoff from these basinsaseinder:

Najafgarh
Supplementary drain
Barapullah nala
Shahdra outfall drain

LN PRE

Apart from the above major drains,mafghe city storm water drains directly outfall
into river Yamuna on its right bank catering to thalled Delhi ( Old Delhi) and
central/New Delhi areas. Most of these drains Hzaen provided with regulators at outfall
points to check the back flow of river Yamuna ite city in times of flood. Besides, this
the entire sewage of Delhi finds its way into thajon storm water drains since there is no
independent sewage disposal mechanism in Delhi.iShee of drainage of rainwater and
use of stormwater drains for wet waste ie sludgk dgomestic and commercial sewage to
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flow and dump itself into river Yamuna has startedising health related issues and other
environmental problems, evidenced by the facttthouses abutting major drains in Delhi
such as the Najafgarh drain, as it flows past theny of Punjabi Bagh in North Delhi, have
started facing problem of corrosion of air condititg equipment evidencing high level of
SO2 gas being emitted from these drains; and thsector the gas being emitted is the bio
waste flowing in these storm water drains.

The river Yamuna provides a natuh@inage system since the IT major drains,
carrying storm water ( as well as sewage of Dalhifall into it.

The drainage system of Delhi wasvemtionally designed to carry storm water,
but as a result of an inadequate sewage disposi@insya large quantity of untreated sewage
finds its way into the storm water drains therebgiucing the existing designed discharge
capacity of the storm water drains. Further, dirdisposal of sewage, cow dung from
dairies, solid and liquid waste from industriesyghing of garbage into storm water drains
chocks these drains, thereby reducing the carmcapgcity of the drains.
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Chapter 3

Rainfall data and selected stations

31 HISTORICAL DATA

The findings of this research is directly relatedtlie amount of rainfall data available for

state of Delhi. Eight rainfall stations were choséthis study.

Rainfall data record of latest 15 years in thaest# Delhi is collected. The data were
obtained from Indian Meteorological Department n@ior the purpose of this study.

SPSS: STATS PRACTICALLY SHORT AND SIMPLE and MS EEC both spreadsheet
programs are used in the management and statigtiedlsis of rainfall data. The use of
computers for the manipulation ,retrieval and wtienanalysis of the very large databases

minimized possibility for human error and increaseduracy of this study.
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Table 3.1 Listing of Selected Rainfall Stationsused in Analysis

Station name LATITUDE DEPARTURE | Monthsof Data
available for
analysis

CORONATION PILLAOBSY 28 Degrees N 77 Degrees E 74
Distt. : NEW DELHI
CATCHMENT No. : 403
KESHOPUR OBSY Distt. | 28 Degrees N 77 Degrees E 87
NEW DELHI
CATCHMENT No. : 403
NEW DELHI/SAFDAROBSY 28 Degrees 77 Degrees 180
Distt. : NEW DELHI
CATCHMENT No. : 403
CHANDRAWAL OBSY 28 Degrees N 77 Degrees E 49
Distt. : CENTRAL DELHI
CATCHMENT No. : 403
DELHI UNIVERSITYOBSY 28 Degrees N 77 Degrees E 171
Distt. : CENTRAL DELHI
CATCHMENT No. : 403
DELHI RIDGE OBSY Distt. 28 Degrees N 77 Degrees E 91
: NORTH DELHI
CATCHMENT No. : 403
ALIPUR Distt. 28 Degrees 77 Degrees 163
NORTH WEST DELHI
CATCHMENT No. : 403
CHIRAG DELHI HYDRO 28 Degrees N 77 Degrees E 20

Distt. : SOUTH DELHI
CATCHMENT No. : 403
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Chapter 4

Data analysis and results

4.1 INTRODUCTION

A procedure for estimation of rainfall volumes fgiven inter-event-dry period and risk of
failure is required. A conditional probability digtution is developed and the rainfall
volume is obtained, from the distribution, as mtatto the risk of failure (exceedence

probability).

For illustrative purposes, ALIPUR Rainfall Statios selected as a model. The same
procedure was used for other Rainfall Data fils® alhe statistical analysis for this station

is based on 163 months of data.

4.2 DEFINING STORM EVENTS

Spreadsheet programming was used to combine RaDdi#h Readings and define Storm
Events on the basis of inter-event-dry period. Taehnique generates an individual fifteen
year Rainfall Record for each specific inter-evént-period. The rainfall volume in a

particular time is assigned to an event in progieisss less than the inter- event-dry period

from the previous reading, else it is recognized atart of a subsequent independent event.
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4.3 PROCEDURE FOR DEVELOPING FREQUENCY DISTRIBUTIONS

Certain years of data were analyzed for each statial rainfall events were defined for
inter-event dry periods of 24 hr, 48 hr, 72 hr,l®@nd 120 hr. The rainfall producing runoff
will be variable from one location to another lacat The mean, maximum, minimum
rainfall for each inter event dry period, as wed#l, dhe standard deviation , variance,

coefficient of variation and no of events are foumdppendix-?

For the design exceedence level, the precipitatmiome for a specific return period is
determined from the exceedence probability distrdns:

Pr(P>R)=1-F(R/A)= 1-Spr(P/A)

where:

P= precipitation volume, depth

Pr= design precipitation volume, depth
A= inter event dry period

Using the exceedence probability distribution alkhwv direct calculation of the return period
for which a specific precipitation volume can bg@ested to exceed. The recurrence interval,

or return period, is the inverse of the exceedg@nobability:

T= /(1 —Pr(X < x))
Where:
Tr = return period (months)
pr(X< x)=probability of occurence
M= number of months in the record

N= number of rainfall events
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For the purpose of generating the PIF curves, pitaton volumes for the return periods of
2 month, 3 month, 4 month, 6 month were determiftech the exceedence probability
analysis using linear interpolation when requif@cecipitations volumes can be read directly

from the PIF curves for a desired inter event deyqal and return period.

It is reasonable to use these graphs to calculateainfall volume to be used in the design of
storm water management systems. A 6 month or 1lrgdam period may be sufficient for
designing detention or retention basins for padiatcontrol. In addition selection of 72h as a

minimum inter event dry period would seem to allewfficient time for a primary treatment.

The exceedence probability distribution for 24 hmter-event-dry period and the associated
return periods for the Alipur Rainfall station ifiosvn in table 4.1. for the purpose of
generating PIF curves , precipitation volumes fetum periods of 2-month, 3-month, 4-
month and 6-month were determined from exceedemcbapility analysis using linear
interpolation when required (refer to table no 41he PIF Curves found in Appendix B
were created for each of the eight rainfall statiasing previously described procedure. The
PIF curve for Alipur is shown in figure 4.1. preitgtion volumes can be read directly from

the PIF curves for a desired inter-event dry peaiod return period.
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PIF Curve
Alipur , Delhi
(163 month of Data)

3 month return period
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Figure 4.2P-I-F curve for Alipur,DELHI (3 month Return Perjod
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PIF Curve
Alipur , Delhi
(163 month of Data)

4 month return period
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Figure 4.3P-I-F curve for Alipur,DELHI (4 month Return Perjod
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P(MM) X XIN SUMXIN  (1-P) T,(mo.)

0 0 0 0 1 o
10 32 0.23188. 0.23188: 0.76811( 1.53773I
20 32 0.2391: 0.47101 0.52898 2.23287
30 15 0.10869! 0.5797: 0.4202¢ 2.81034!
40 18 0.13043! 0.71014! 0.28985! 4.07¢
50 1C 0.07246. 0.78260! 0.21739: 5.43333:
60 4 0.02898I 0.81159 0.18840I 6.26923:
70 5 0.03623: 0.84782! 0.15217: 7.76190!
80 2 0.01449: 0.86231! 0.13768: 8.57894
0 3 0.02173! 0.88405! 0.11594: 10.187!
100 2 0.01449: 0.89855: 0.10144! 11.6428!
110 3 0.02173! 0.9202¢ 0.0797: 14.8181:
120 3 0.02173 0.94202! 0.05797: 20.37¢
130 2 0.01449: 0.95652: 0.04347: 27.1666
140 1 0.007241 0.96376:i 0.03623: 32.€
150 1 0.00724i 0.97101: 0.02898 40.7¢
160 1 0.007241 0.97826: 0.02173! 54.3333:
170 1 0.00724i 0.98550° 0.01449: 81.t
180 0 0 0.98550° 0.01449: 81.t
190 0 0 0.98550° 0.01449: 81.t
200 0 0 0.98550° 0.01449: 81.t
210 1 0.00724i 0.99275: 0.007241 162
220 0 0 0.99275: 0.007241 162
>220 1 0.00724i 1 0  #DIV/0!
N= 13¢
return period rainfall
2 month 16.6463
3 month 31.4996!
4 month 4C
6 month 56.780:

X=NUMBER OF RAINALL EVENTS IN THE INTERVAL 0 TO 4 M/
(1-Pr)=1-SUM(X/N)
Tr=(163 months/138 storms)/(1-Pr)

Table:4.1 Exceedence probability and return pecaldulations for Alipur, Delhi ; using 163
month of Rainfall Data And Inter-Event-Dry Period2d hour.
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4.4 USING PIF CURVESIN DESIGN

4.4.1 Runoff-rainfall relation

A watershed area will produce an amount of runoffainfall excess after occurrence of a
storm event. This amount of rainfall depends upon:

The precipitation volume and intensity
The percent of impervious area

The percent of directly connected impervious avedhat area transported directly to the
detention or retention pond

The underlying soil types for the pervious areasd, their degree of saturation resulting from
previous rainfall

The initial condition of the conveyance system datention pond resulting from antecedent
rainfall.

In the design of a stormwater management facility,watershed characteristics producing
runoff must be determined.

The runoff coefficient, designated C, as defined the ratio of rainfall excess to
precipitation.

C=R/P

Where:

C= runoff coefficient
R= rainfall excess

P= Precipitation volume
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The runoff coefficient C ranges in values from @to

Typically in design, a watershed area will be cosgzbof many different surfaces and
underlying soil types, resulting in several distinmoff coefficients.

4.4.2 Equivalent impervious area

The product of the total watershed area and tlmileded effective runoff coefficient is
equal to the equivalent impervious area (A) faatevshed.

EIA=CxA

The equivalent impervious area calculation equatestershed area of mixed land uses to
analyze equivalent watershed area comprised ofar@ycompletely impervious surface
with no initial abstraction. The resulting EIA wile used in conjunction with the PIF curves
for the design of detention ponds.

If a watershed area consists of only directly catee impervious area (DCIA) that has no
initial abstraction and there is no runoff conttibn from off-site or adjacent basins, then
the resulting equivalent impervious area is equ#hé total watershed area.

EIA=DCIA

When a watershed is comprised of both impervioud pervious surfaces,a runoff
coefficient for the pervious areas based on theetyidg soil types and their hydrologic
characteristics must be determined.
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Utilizing the procedure to establish the equivalemervious area (EIA), these PIF curves
can be employed to determine the volume of storageired for water superiority
improvement, treatment volume. The precipitatioluxce for the desired inter event dry
period and return period is read from the PIF csimveltiply by the EIA to calculate the
volume required for treatment.

EIAXP _3
1000

Treatment volumé=

Where:

Treatment volume= storage volume, cubic meters
EIA= Equivalent impervious area

P= precipitation volume, mm

1000= conversion factor, millimeter/meter
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Chapter 5

Conclusion and Recommendations

5.1 OVERVIEW

This work is based on the concept of inter-evegtghriod which forms the basis of rainfall
analysis and finding of return periods by use otemdence probability distribution
functions. It is proposed to use a minimum inteerevdry period as a design of urban
drainage control systems which act as storm watatral as well as pollution control
source. The specified inter-event-dry period wjtledfic return period should be consistent
with the length of time needed for the consideratib potential impacts on receiving waters
such that cumulative effects are minimized or @éespurification time is achieved. Designer
get flexibility to get the varying water quality provement level based on different system

detention times by the use of Inter-event-dry genpdesigns.

Conditional frequency distributions on rainfall uales given a minimum inter-event-dry
period was developed for eight regions of Delhit Bjpecified exceedence frequencies PIF
(precipitation-inter-event-dry period-frequency) rnees were developed that relate

precipitation volume to minimum inter-event-dry ioeis.

Rainfall volume with a recurrence interval or retyeriod of 6 months and a 72 hour inter-

event-dry period is recommended for design of udramage control systems.

5.2 RECOMMENDATIONS

It is very difficult to establish SuDs in an urbzed city like Delhi, India. There is no space
available in the city to develop a new drainageepaiTherefore it is mandatory to follow an
integrated approach where engineers and planersdeuslop SuDs along with the existing
drainage patterns in the city. From the GIS studyais also found out that another option is
to develop filter strips, ponds, basins, swales e¢ar the bank of the river Yamuna since
wastewater from the agricultural land pollutesrilier directly.For Delhi city the EMC’s of
different physico-chemical stormwater pollutantséndeen estimated for different stations.
Landuse classification using GIS and remote senbag) been done.The next step is to
study in detail the existing drainage pattern o¢ tity and to locate the hot-spots for
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establishment of SuDs. In NCT, India for diffet scale, diffuse pollution problem can
be tackled using following methods:

» Source Control: Constructing the filtédrains, strips, infiltration trenches,PPS,
soakaways and swales are required.

» Site Controls: Detention basins, filterids, infiltration basins, soakaways And
swales can be established.

* Regional Controls: The treatment fagilinder this type of control incorporates
retention ponds, stormwater wetlands and enhandedded detention basins.
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APPENDIX A

EXCEEDENCE PROBABILITY AND RETURN PERIOD CALCULATINS;USING
AVAILABLE MONTH OF DATA AND REPECTIVE INTER EVENTDRY PERIODS
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RAINGUAGE STATION : ALIPUR

24HR |IEDP
P(MM) X XIN SUMX/N  (1-F) T,(mo.)
0 0 0 0 1w
10 32 0.23188. 0.23188: 0.76811( 1.53773!
20 32 0.2391: 0.47101: 0.52898 2.23287
30 ilg 0.10869! 0.5797: 0.4202¢ 2.81034!
40 18 0.13043! 0.71014! 0.28985! 4.07¢
50 1C 0.07246. 0.78260! 0.21739: 5.43333.
60 4 0.02898I 0.81159: 0.188401 6.26923.
70 5 0.03623: 0.84782I 0.15217: 7.76190!
80 2 0.01449: 0.86231! 0.13768: 8.57894
0 3 0.02173! 0.88405! 0.11594: 10.187!
100 2 0.01449: 0.89855: 0.10144! 11.6428!
110 3 0.02173! 0.9202¢ 0.0797: 14.8181!
120 3 0.02173! 0.94202! 0.05797: 20.37¢
130 2 0.01449: 0.95652: 0.04347: 27.1666
140 1 0.00724i 0.96376i 0.03623: 32.€
150 1 0.007241 0.97101: 0.02898! 40.7¢
160 1 0.007241 0.97826: 0.02173! 54.3333.
170 1 0.00724i 0.98550° 0.01449: 81.t
180 0 0 0.98550° 0.01449: 81.t
190 0 0 0.98550° 0.01449: 81.t
200 0 0 0.98550° 0.01449: 81.t
210 1 0.00724i 0.99275: 0.007241 162
220 0 0 0.99275: 0.007241 162
>220 1 0.00724i 1 0  #DIV/0!
N= 13¢
return period rainfall
2 month 16.6463
3 month 31.4996!
4 month 4C
6 month 56.780:

\Table A.1 Exceedence probability and return pedaldulations for Alipur, Delhi ; using
163 month of Rainfall Data And Inter-Event-Dry Rel{IEDP) of 24 hour.
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48HR |IEDP

P(mm) X XIN SUM X/IN  (2-Pr) Tr(mo)
0 0 0 0 1w
10 2C 0.18518! 0.18518! 0.81481! 1.85227:
20 2t 0.23148: 0.41666° 0.58333: 2.58730:
30 13 0.1203° 0.53703 0.46296:. 3.2¢€
40 14 0.1296: 0.66666° 0.33333: 4.52777:
50 5 0.04629I 0.71296: 0.28703 5.25806!
60 2 0.01851! 0.73148: 0.26851! 5.6206¢
70 4 0.03703 0.76851! 0.23148: 6.52
80 2 0.01851! 0.78703 0.21296: 7.08695
0 2 0.01851! 0.80555! 0.19444. 7.76190!
100 3 0.02777: 0.83333: 0.16666° 9.05555!
110 3 0.02777: 0.86111: 0.13888! 10.8666
120 3 0.02777: 0.88888! 0.11111 13.5833.
130 3 0.02777: 0.91666° 0.08333: 18.1111.
140 1 0.00925! 0.92592( 0.07407. 20.37¢
150 0 0 0.92592( 0.07407. 20.37¢
160 0 0 0.92592( 0.07407. 20.37¢
170 2 0.01851! 0.94444. 0.05555! 27.1666
180 0 0 0.94444. 0.05555! 27.1666
190 0 0 0.94444. 0.05555! 27.1666
200 0 0 0.94444. 0.05555! 27.1666
210 1 0.00925! 0.95370: 0.04629! 32.€
220 1 0.00925! 0.96296: 0.03703 40.7¢
>220 4 0.03703 1 0  #DIV/0!
N= 10¢
return perio rainfall
2montk 12.01:
3montt 26.1349
4montt 35.8369°
6montk 64.2177

TABLE A.2 Exceedence probability and return peraadtulations for Alipur, Delhi ; using
163 month of Rainfall Data And Inter-Event-Dry Retiof 48 hour.
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72HR IEDP

P(mm) X XIN SUMX/N 1-Pr Tr(mo)
0 0 0 0 1 o
10 17 0.16831 0.16831 0.83168: 1.94047
20 23 0.22772. 0.3960: 0.60396022 2.67213.
30 12 0.11881: 0.51485: 0.48514834 3.32653:
40 13 0.12871. 0.64356! 0.35643547 4.5277¢
50 3 0.02970: 0.67326' 0.32673250 4.939391
60 3 0.02970: 0.7029° 0.29702953 5.43333!
70 5 0.04950! 0.75247! 0.24752458 6.52000-
80 2 0.01980: 0.77227 0.22772260 7.08696:
Q0 2 0.01980: 0.79207" 0.20792062 7.76191.
100 2 0.01980: 0.81188: 0.18811864 8.57895!
110 2 0.01980: 0.83168: 0.16831666 9.58824!
120 4 0.03960: 0.87128 0.12871270 12.5384:
130 2 0.01980: 0.89108! 0.10891072 14.818:
140 2 0.01980: 0.91089: 0.08910874 18.1111!
150 1 0.00990: 0.92079: 0.07920775 20.3750.
160 0 0 0.92079: 0.07920775 20.3750.
170 1 0.00990: 0.93069: 0.06930676 23.2857
180 0 0 0.93069: 0.06930676 23.2857
190 0 0 0.93069: 0.06930676 23.2857
200 0 0 0.93069: 0.06930676 23.2857
210 1 0.00990: 0.94059: 0.05940577 27.1667.
220 1 0.00990: 0.95049! 0.04950478 32.6001.
>220 5 0.04950! 1 -1.68317E-07
N= 101
return perio rainfall
2 montt 10.813!
3 montt 25.010:
4 montt 35.606:
6 montt 65.2146!

TABLE A.3 Exceedence probability and return period calootetifor Alipur, Delhi ; using 163
month of Rainfall Data And Inter-Event-Dry Period7@ hour
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96HR |IEDP

P(mm) X XIN SUM X/N  1-Pr Tr(mo)
0 0 0 0 1w
10 ilg 0.16483! 0.16483! 0.83516! 2.14473!
20 22 0.24175! 0.40659: 0.59340° 3.01851
30 1C 0.1098¢ 0.51648: 0.48351 3.70454.
40 11 0.12087! 0.63736: 0.36263i 4.93939:
50 3 0.03296 0.6703¢ 0.3296 5.43333:
60 3 0.03296 0.70329° 0.29670: 6.03703
70 1 0.01098! 0.71428 0.28571: 6.26922
80 3 0.03296 0.74725: 0.25274 7.08695.:
0 1 0.01098! 0.75824: 0.24175i 7.40908!
100 2 0.02197: 0.7802: 0.2197¢ 8.14999-
110 2 0.02197: 0.80219i 0.19780: 9.05554:
120 3 0.03296 0.83516! 0.16483! 10.8666!
130 1 0.01098! 0.84615: 0.15384 11.6428-
140 3 0.03296 0.87912: 0.12087! 14.81811
150 1 0.01098! 0.8901: 0.1098¢ 16.2999:
160 2 0.02197: 0.91208: 0.08791: 20.3749
170 1 0.01098! 0.92307 0.07692: 23.2856!
180 0 0 0.92307 0.07692: 23.2856!
190 0 0 0.92307 0.07692: 23.2856!
200 0 0 0.92307 0.07692: 23.2856!
210 1 0.01098! 0.93406! 0.06593: 27.166¢
220 1 0.01098! 0.94505! 0.05494! 32.599¢
>220 5 0.05494! 1 1.65E-07 1086666
N= 91
return perio rainfall
2 montt 1C
3 montt 2C
4 montt 32.3926!
6 montt 6C

TABLE A.4 Exceedence probability and return peraadtulations for Alipur, Delhi ; using
163 month of Rainfall Data And Inter-Event-Dry Retiof 96 hour.
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120HR |IEDP

P(mm) X XIN SUM X/N  1-Pr Tr(mo)
0 0 0 0 1w
10 ilg 0.17647. 0.17647. 0.82352! 2.32857.
20 2C 0.23529. 0.41176! 0.58823488 3.26000:
30 6 0.07058:i 0.48235: 0.51764664 3.70454i
40 1C 0.11764 0.€ 0.39999958 4.79412:
50 2 0.02352! 0.6235: 0.37647017 5.09375!
60 5 0.05882. 0.68235: 0.31764664 6.03704!
70 1 0.01176! 0.69411: 0.30588194 6.26923!
80 3 0.03529. 0.72941. 0.27058782 7.08696
90 0 0 0.72941: 0.27058782 7.08696
100 3 0.03529. 0.764701 0.23529370 8.15001-
110 2 0.02352! 0.78823I 0.21176429 9.05557.
120 3 0.03529. 0.8235: 0.17647017 10.8666!
130 0 0 0.8235: 0.17647017 10.8666!
140 3 0.03529. 0.85882. 0.14117605 13.5833
150 1 0.01176! 0.87058! 0.12941135 14.8182:
160 2 0.02352! 0.89411: 0.10588194 18.1111:
170 1 0.01176! 0.90588: 0.09411723 20.3750!
180 0 0 0.90588: 0.09411723 20.3750!
190 0 0 0.90588: 0.09411723 20.3750!
200 0 0 0.90588: 0.09411723 20.3750!
210 1 0.01176! 0.91764 0.08235252 23.2858.
220 1 0.01176! 0.92941: 0.07058782 27.1668.
>220 6 0.07058:i 1 -4.11765E-07 -465714:
N= 8t

return perio rainfall
2 montt 9.2
3 montt 17.208!
4 montt 32.711¢
6 montt 60.01

TABLE A5 Exceedence probability and return period calootetifor Alipur, Delhi ; using 163
month of Rainfall Data And Inter-Event-Dry Period1@0 hour.
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RAINGUAGE STATION: CHANDWAL

24 hour |EDP

P(mm) X XIN SUMXIN  1-Pr Tr
0 0 0 0 1w
10 52 0.37956: 0.37956: 0.62043: 0.57647.
20 29 0.21167! 0.59124. 0.40875! 0.87¢
30 10 0.07299: 0.66423. 0.33576! 1.06521
40 10 0.07299: 0.73722 0.26277. 1.36111
50 13 0.09489: 0.83211 0.16788: 2.13043.
60 6 0.043791 0.87591. 0.12408: 2.88235:
70 4 0.02919 0.90510! 0.09489: 3.76922!
80 1 0.00729! 0.91240! 0.08759: 4.08333:
0 5 0.03649! 0.94890! 0.05109! 6.99999.
100 1 0.00729! 0.95620. 0.043791 8.16665!
110 1 0.00729! 0.96350: 0.03649! 9.79998:
120 1 0.00729! 0.97080: 0.02919 12.2499:
130 0 0 0.97080: 0.02919° 12.2499:
140 1 0.00729! 0.97810: 0.02189: 16.333:
150 0 0 0.97810: 0.02189: 16.333:
160 1 0.00729! 0.98540: 0.01459! 24.4999:
170 1 0.00729! 0.99270: 0.00729! 48.9997.
180 0 0 0.99270: 0.00729! 48.9997.
190 0 0 0.99270:. 0.00729! 48.9997.
200 0 0 0.99270: 0.00729! 48.9997.
210 1 0.00729! 1 4.38E-08 816666
220 0 0 1 4.38E-08 816666
>220 0 0 1 4.38E-08 816666
N= 137
Returnperio rainfall(mm)
2 montt 48.3045!
3montk 61.3265.
4montk 8C
6montk 86.5714.

TABLE A.6 Exceedence probability and return period calcutetior Chandwal, Delhi ; using

49 month of Rainfall Data And Inter-Event-Dry Periof 24 hour.
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48 hour |EDP

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 43 0.38053: 0.38053: 0.61946! 0.7
20 21 0.18584: 0.56637. 0.43362829 1.000000
30 8 0.07079I 0.63716i 0.36283183 1.19512:
40 7 0.06194° 0.69911! 0.30088492 1.441176
50 7 0.06194° 0.76106: 0.23893802 1.81481!
60 4 0.03539i 0.7964t 0.20353979 2.130435
70 3 0.02654! 0.82300! 0.17699112 2.450000.
80 2 0.01769! 0.84070i 0.15929200 2.722222
0 7 0.06194° 0.90265! 0.09734510 4.454546
100 2 0.01769! 0.92035- 0.07964599 5.444446.
110 2 0.01769! 0.93805: 0.06194687 7.00000:
120 2 0.01769! 0.95575: 0.04424776 9.800005'
130 0 0 0.95575: 0.04424776 9.800005'
140 1 0.0088! 0.96460: 0.03539820 12.25000
150 0 0 0.96460: 0.03539820 12.25000
160 1 0.0088! 0.97345: 0.02654864 16.3333!
170 1 0.0088! 0.98230: 0.01769908 24.50003
180 0 0 0.98230: 0.01769908 24.50003
190 0 0 0.98230: 0.01769908 24.50003
200 0 0 0.98230: 0.01769908 24.50003
210 2 0.01769! 1 -2.65487I-08 -1633333
220 0 0 1 -2.654871-08 -1633333.
>220 0 0 1 -2.65487I-08 -1633333
N= 11z
return perio rainfall(mm)
2 montt 55.8673.
3montt 71.5242
4montt 77.0117
6montt 103.5714

TABLE A7 Exceedence probability and return period calcoitetifor Chandwal, Delhi ; using
49 month of Rainfall Data And Inter-Event-Dry Periof 48 hour.
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72 hour |EDP

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 2€ 0.29545! 0.29545! 0.70454! 0.79032:
20 1€ 0.18181! 0.47727. 0.52272681 1.06521:
30 6 0.06818: 0.54545! 0.45454! 1.22500.
40 7 0.07954! 0.62¢ 0.37499954 1.4848!
50 5 0.05681! 0.68181! 0.31818136 1.75000:
60 3 0.03409: 0.7159: 0.28409045 1.96000:
70 1 0.01136: 0.72727. 0.27272681 2.0416°
80 4 0.04545! 0.77272: 0.22727227 2.45000!
Q0 9 0.10227: 0.87¢ 0.12499954 4.45456:
100 2 0.02272 0.89772: 0.10227227 5.44446!
110 2 0.02272 0.92045! 0.07954! 7.0000:«
120 1 0.01136- 0.93181! 0.06818136 8.16672.
130 1 0.01136- 0.94318: 0.05681772 9.80007:
140 0 0 0.94318: 0.05681772 9.80007:
150 0 0 0.94318: 0.05681772 9.80007:
160 2 0.02272 0.9659: 0.03409045 16.3335!
170 1 0.01136- 0.97727. 0.02272681 24.5004
180 0 0 0.97727. 0.02272681 24.5004
190 0 0 0.97727. 0.02272681 24.5004
200 0 0 0.97727. 0.02272681 24.5004
210 1 0.01136- 0.98863 0.01136318 49.0019!
220 1 0.01136- 1 -4.545451-07 -122500(
>220 0 0 1 -4.545451-07 -122500(
N= 88
return perio rainfall(mm)
2 montt 64.8977!
3montt 82.7437.
4montt 87.7323!
6montt 103.571:

TABLE A8 Exceedence probability and return period calcoitetifor Chandwal, Delhi ; using
49 month of Rainfall Data And Inter-Event-Dry Petiof 72 hour
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96 hour |EDP

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1 o
10 23 0.31081. 0.31081. 0.68918! 0.96078!
20 14 0.18918! 0.5 0.49999981 1.32432!
30 6 0.08108: 0.58108: 0.4189187 1.58064
40 6 0.08108: 0.66216: 0.33783764 1.96000:
50 4 0.05405. 0.716211 0.28378359 2.33333!
60 2 0.02702 0.74324. 0.25675656 2.57894
70 1 0.01351. 0.75675 0.24324305 2.72222.
80 3 0.04054. 0.79729 0.20270251 3.2666°
Q0 6 0.08108: 0.87837! 0.12162143 5.44445;
100 0 0 0.87837! 0.12162143 5.44445;
110 3 0.04054. 0.91891! 0.08108089 8.16668!
120 1 0.01351. 0.93243: 0.06756737 9.80002
130 1 0.01351. 0.94594i 0.05405386 12.2500
140 0 0 0.94594i 0.05405386 12.2500
150 0 0 0.94594i 0.05405386 12.2500
160 1 0.01351. 0.9594¢ 0.04054035 16.3334:
170 1 0.01351. 0.97297. 0.02702683 24.5001
180 0 0 0.97297. 0.02702683 24.5001
190 0 0 0.97297. 0.02702683 24.5001
200 0 0 0.97297. 0.02702683 24.5001
210 1 0.01351. 0.98648 0.01351332 49.0006!
220 1 0.01351. 1 -1.89189k-07 -350000(
>220 0 0 1 -1.89189t-07 -350000(
N= 74
return perio rainfall(mm)
2 montt 41.07142
3montt 75.10199
4montk 83.3673:
6montk 102.040776

TABLE A9 Exceedence probability and return period calcoitetifor Chandwal, Delhi ; using
49 month of Rainfall Data And Inter-Event-Dry Petiof 96 hour

52



53



RAINGUAGE STATION :CHIRAG

24 hour |EDP

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 1 ok
8 0.19512: 0.19512: 0.80487: 0.606060
10 12 0.29268: 0.48780! 0.51219507 0.95238:
15 9 0.21951: 0.70731 0.29268287 1.666666
20 1 0.0243¢ 0.73170° 0.26829263 1.818182
25 3 0.07317. 0.80487: 0.19512190 2.500000
30 0 0 0.80487: 0.19512190 2.500000
35 2 0.0487¢ 0.85365! 0.14634141 3.333334
40 0 0 0.85365! 0.14634141 3.333334
45 1 0.0243¢ 0.87804! 0.12195117 4.000001
50 1 0.0243¢ 0.90243! 0.09756092 5.000002
55 1 0.0243¢ 0.92682! 0.07317068 6.666671
60 1 0.0243¢ 0.9512: 0.04878043 10.0000.
65 0 0 0.9512: 0.04878043 10.0000.
70 0 0 0.9512: 0.04878043 10.0000.
75 0 0 0.9512: 0.04878043 10.0000.
80 1 0.0243¢ 0.9756: 0.02439019 20.0000-
85 0 0 0.9756: 0.02439019 20.0000-
90 1 0.0243¢ 1 -4.87805E-08 -1000000
>90 0 0 1 -4.87805I-08 -1000000!
N= 41
return perio rainfall(mm)
2 montt 21.366!
3 montt 33.01:
4 montt 45
6 montt 52.99:

TABLE A.10 Exceedence probability and return period calooitetifor Chirag, Delhi ; using
20 month of Rainfall Data And Inter-Event-Dry Petiof 24 hour
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48 hour |EDP

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 1 =
2 0.09090! 0.09090! 0.90909: 1
10 4 0.18181: 0.27272 0.72727. 1.2t
15 3 0.13636. 0.40909: 0.59090! 1.53846.
20 4 0.18181: 0.59090! 0.40909: 2.22222:
25 3 0.13636. 0.72727. 0.27272 3.33333:
30 0 0 0.72727. 0.27272 3.33333:
35 0 0 0.72727. 0.27272 3.33333:
40 0 0 0.72727. 0.27272 3.33333:
45 0 0 0.72727. 0.27272 3.33333:
50 0 0 0.72727. 0.27272 3.33333:
55 0 0 0.72727. 0.27272 3.33333:
60 1 0.04545! 0.77272 0.22727. 3.99999:
65 0 0 0.77272 0.22727: 3.99999:
70 0 0 0.77272 0.22727. 3.99999:
75 0 0 0.77272 0.22727: 3.99999:
80 0 0 0.77272 0.22727. 3.99999:
85 1 0.04545! 0.81818: 0.18181 4.99999:
Q0 1 0.04545! 0.86363! 0.13636¢ 6.66666.
>90 3 0.13636. 1 9.09E-08 1000000
N= 22
return perio rainfall(mm)
2 montt 18.337:
3 montt 23.468¢
4 montt 80
6 montt 87.99¢

TABLE A.11 Exceedence probability and return period calootetifor Chirag, Delhi ; using
20 month of Rainfall Data And Inter-Event-Dry Petiof 48 hour
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72 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
2 0.12¢ 0.12¢ 0.87¢ 1.42857.
10 2 0.12¢ 0.2 0.7t 1.66666
15 1 0.062: 0.312¢ 0.687* 1.81818:
20 3 0.187¢ 0.t 0.t 2.t
25 2 0.12¢ 0.62¢ 0.37¢ 3.33333:
30 0 0 0.62¢ 0.37¢ 3.33333:
35 0 0 0.62¢ 0.37¢ 3.33333:
40 1 0.062: 0.687: 0.312¢ 4
45 0 0 0.687: 0.312¢ 4
50 0 0 0.687: 0.312¢ 4
55 0 0 0.687: 0.312¢ 4
60 1 0.062: 0.7t 0.2t 5
65 0 0 0.7t 0.2¢ 5
70 0 0 0.7t 0.2t 5
75 0 0 0.7t 0.2¢ 5
80 0 0 0.7t 0.2t 5
85 0 0 0.7t 0.2¢ 5
90 1 0.062: 0.812¢ 0.187¢ 6.66666
>90 3 0.187¢ 1 0 #DIV/0!
N= 1€
returnperioc rainfall(mm)
2montk 16.3337
3montk 22.97¢
4montk 55
6montk 87.99:

TABLE A.12 Exceedence probability and return period calooitegifor Chirag, Delhi ; using
20 month of Rainfall Data And Inter-Event-Dry Petiof 72 hour
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96 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 1w
2 0.13333: 0.13333: 0.86666° 1.53846.
10 2 0.13333: 0.26666! 0.73333: 1.81818.
15 1 0.06666° 0.33333: 0.66666° 1.99999
20 3 0.2 0.53333: 0.46666° 2.85714.
25 2 0.13333: 0.66666! 0.33333: 3.99999!
30 0 0 0.66666! 0.33333: 3.99999i
35 0 0 0.66666! 0.33333: 3.99999!
40 0 0 0.66666! 0.33333: 3.99999i
45 0 0 0.66666! 0.33333: 3.99999!
50 0 0 0.66666! 0.33333: 3.99999i
55 0 0 0.66666! 0.33333: 3.99999I
60 1 0.06666° 0.73333: 0.26666° 4.99999.
65 0 0 0.73333: 0.26666° 4.99999.
70 0 0 0.73333: 0.26666° 4.99999.
75 0 0 0.73333: 0.26666° 4.99999.
80 0 0 0.73333: 0.26666° 4.99999.
85 0 0 0.73333: 0.26666° 4.99999.
90 1 0.06666° 0.8 0.2 6.66665!
>90 3 0.2 1 3.33E-07 400000!(
N= 15
return perio rainfall(mm)
2 montt 15.05¢
3 mont 20.68¢
4 montt 55.458
6 montt 88.12¢

TABLE A.13 Exceedence probability and return period calooitestifor Chirag, Delhi ; using 20
month of Rainfall Data And Inter-Event-Dry Periotd9%® hour
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120 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 1w
1 0.07692: 0.07692: 0.92307 1.66666
10 2 0.153841 0.23076! 0.76923. 2
15 0 0 0.23076! 0.76923. 2
20 3 0.23076! 0.46153i 0.53846: 2.85714:
25 2 0.153841 0.61538! 0.38461! 3.99999!
30 0 0 0.61538! 0.38461! 3.99999!
35 0 0 0.61538! 0.38461! 3.99999!
40 0 0 0.61538! 0.38461! 3.99999!
45 0 0 0.61538! 0.38461! 3.99999!
50 0 0 0.61538! 0.38461! 3.99999!
55 0 0 0.61538! 0.38461! 3.99999!
60 1 0.07692: 0.69230i 0.30769: 4.99999!
65 0 0 0.69230i 0.30769: 4.99999!
70 0 0 0.69230i 0.30769: 4.99999!
75 0 0 0.69230i 0.30769: 4.99999!
80 0 0 0.69230i 0.30769: 4.99999!
85 0 0 0.69230i 0.30769: 4.99999!
90 1 0.07692: 0.76923: 0.23076! 6.66666
>90 3 0.23076! 1 7.69E-08 2000000t
N= 13
return perio rainfall(mm)
2 montt 1C
3 montt 20.65°
4 montt 55.t
6 montt 88.136¢

TABLE A.14 Exceedence probability and return period calooitetifor Chirag, Delhi ; using
20 month of Rainfall Data And Inter-Event-Dry Petiof 120 hour
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RAINFALL STATION :CORONATION NEW DELHI

24 hour
P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 172 0.60563. 0.60563: 0.39436! 0.66071!
20 6= 0.22887. 0.83450° 0.16549276 1.5744°
30 14 0.04929i 0.88380: 0.11619698 2.24242;
40 12 0.04225. 0.92605 0.07394346 3.52381!
50 6 0.02112° 0.94718: 0.05281670 4.93335:
60 1 0.00352: 0.95070: 0.04929557 5.28573!
70 6 0.02112° 0.97183: 0.02816881 9.25006!
80 1 0.00352: 0.97535: 0.0246476 10.5715.
0 2 0.00704: 0.98239! 0.01760543 14.8001
100 2 0.00704: 0.98943 0.01056318 24.6671.
110 1 0.00352: 0.99295! 0.00704205 37.0010.
120 0 0 0.99295! 0.00704205 37.0010.
130 0 0 0.99295 0.00704205 37.0010.
140 0 0 0.99295: 0.00704205 37.0010.
150 1 0.00352: 0.99647! 0.0035209 74.0041.
160 0 0 0.99647! 0.0035209 74.0041.
170 0 0 0.99647! 0.0035209 74.0041.
180 0 0 0.99647! 0.0035209 74.0041.
190 0 0 0.99647! 0.0035209 74.0041.
200 0 0 0.99647! 0.0035209 74.0041.
210 1 0.00352: 1 -1.97183-07 -132142¢
220 0 0 1 -1.97183E07 -132142¢
>220 0 0 1 -1.97183-07 -132142¢
N= 284
return perio rainfall(mm)
2montk 26.41°
3montk 30.591¢
4montk 43.37¢
6montk 61.8018:

TABLE A. 15 Exceedence probability and return period calcoitegtifor Coronation,New Delhi
; using 74 month of Rainfall Data And Inter-EventylPeriod of 24 hour
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48 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 54 0.42519 0.42519 0.57480: 1.01369
20 2€ 0.20472. 0.62992: 0.37007859 1.57446!
30 9 0.07086! 0.70078:! 0.29921244 1.94736!
40 7 0.05511: 0.75590! 0.24409433 2.38709:
50 7 0.05511i 0.81102: 0.18897622 3.08333I
60 2 0.01574: 0.82677. 0.17322819 3.36363!
70 6 0.04724. 0.87401! 0.12598410 4.62500!
80 2 0.01574: 0.88976. 0.11023607 5.28572.
0 4 0.03149i 0.9212¢ 0.07874000 7.40001.
100 3 0.02362: 0.94488: 0.05511796 10.5714
110 1 0.00787. 0.95275! 0.04724394 12.3333
120 0 0 0.95275i 0.04724394 12.3333
130 0 0 0.95275! 0.04724394 12.3333
140 1 0.00787. 0.9606: 0.03936992 14.8000!
150 1 0.00787. 0.96850: 0.03149591 18.5000!
160 3 0.02362: 0.99212 0.00787386 74.0014.
170 0 0 0.99212i 0.00787386 74.0014.
180 0 0 0.99212 0.00787386 74.0014.
190 0 0 0.99212i 0.00787386 74.0014.
200 1 0.00787. 1 -1.49606E-07 -389473
210 0 0 1 -1.49606F-07 -389473°
220 0 0 1 -1.49606E-07 -389473
>220 0 0 1 -1.49606E-07 -389473°
N= 127
return perio rainfall(mm)
2 montt 32.083:
3 montt 5C
4 montt 65.16:
6 montt 83.380¢

TABLE A. 16 Exceedence probability and return period calcofetifor Coronation, Delhi ;

using 74 month of Rainfall Data And Inter-Event-Dtgriod of 48 hour
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72 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1 =
10 3¢ 0.34513: 0.34513: 0.65486° 1
20 27 0.23893! 0.58407. 0.41592894 1.57446!
30 8 0.070791 0.65486! 0.34513248 1.89743
40 6 0.05309° 0.70796! 0.29203514 2.24242
50 7 0.06194 0.76991. 0.23008823 2.84615
60 3 0.02654! 0.7964¢ 0.20353956 3.21739!
70 4 0.03539: 0.83185! 0.16814133 3.89474.
80 3 0.02654! 0.85840° 0.14159266 4.62500:
Q0 3 0.02654! 0.88495! 0.11504399 5.6923.
100 5 0.04424: 0.92920. 0.07079620 9.25003.
110 1 0.0088! 0.93805: 0.06194664 10.5714
120 0 0 0.93805: 0.06194664 10.5714
130 1 0.0088! 0.94690: 0.05309708 12.3333
140 1 0.0088! 0.95575: 0.04424753 14.8000!
150 1 0.0088! 0.96460: 0.03539797 18.5001.
160 3 0.02654! 0.99115: 0.00884930 74.0021!
170 0 0 0.99115: 0.00884930 74.0021!
180 0 0 0.99115: 0.00884930 74.0021!
190 0 0 0.99115: 0.00884930 74.0021!
200 1 0.0088! 1 -2.56637E-07 -255172:
210 0 0 1 -2.56637k-07 -255172:
220 0 0 1 -2.56637E-07 -255172:
>220 0 0 1 -2.56637k-07 -255172:
N= 11z
return perio rainfall(mm)
2 montt 32.973¢
3 montt 54.24¢
4 montt 70.144:
6 montt 90.864¢

TABLE A. 17 Exceedence probability and return period calcofetifor Coronation, Delhi ;

using 74 month of Rainfall Data And Inter-Event-Dtgriod of 72 hour
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96 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 37 0.35576! 0.35576! 0.64423. 1.10447
20 2€ 0.2t 0.60576! 0.39423. 1.80487
30 7 0.06730: 0.67307 0.32692: 2.17646!
40 5 0.04807 0.72115. 0.27884! 2.55172:
50 4 0.03846: 0.75961! 0.24038! 2.95999
60 4 0.03846: 0.79807 0.20192: 3.52380!
70 3 0.02884! 0.82692: 0.17307 4.11110!
80 3 0.028841 0.85576! 0.14423. 4.93332!
90 2 0.01923: 0.87¢ 0.12¢ 5.69229
100 3 0.028841 0.903841 0.09615. 7.39998:
110 0 0 0.90384! 0.09615. 7.39998.
120 0 0 0.90384! 0.09615. 7.39998:
130 1 0.00961! 0.91346. 0.08653! 8.222;
140 0 0 0.91346. 0.08653! 8.222:
150 2 0.01923: 0.93269: 0.06730: 10.5713!
160 5 0.04807 0.98076! 0.01923: 36.9995!
170 1 0.00961! 0.99038. 0.00961! 73.9982:
180 0 0 0.99038. 0.00961! 73.9982:
190 0 0 0.99038. 0.00961! 73.9982.
200 1 0.00961! 1 2.31E-07 308333:
210 0 0 1 2.31E-07 308333:
220 0 0 1 2.31E-07 308333:
>220 0 0 1 2.31E-07 308333:
N= 104
return perio rainfall(mm)
2 montt 25.268t
3 montt 40.70:
4 montt 68.13¢
6 montt 91.803:

TABLE A. 18 Exceedence probability and return period calcofetifor Coronation, Delhi ;

using 74 month of Rainfall Data And Inter-Event-Dtgriod of 96 hour
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120 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1 bl
10 34 0.35789! 0.35789! 0.64210! 1.21311!
20 2C 0.21052! 0.56842: 0.43157868 1.80487!
30 7 0.07368. 0.642101 0.35789447 2.17647.
40 5 0.05263: 0.69473 0.30526289 2.55172
50 3 0.03157! 0.72631 0.27368394 2.84615
60 4 0.04210! 0.76842: 0.23157868 3.3636:-
70 5 0.05263: 0.82105: 0.17894710 4.35294:
80 3 0.03157! 0.85263: 0.14736815 5.28572.
Q0 2 0.02105: 0.87368: 0.12631552 6.1666!
100 2 0.02105: 0.89473 0.10526289 7.40001
110 0 0 0.89473 0.10526289 7.40001
120 0 0 0.89473 0.10526289 7.40001
130 1 0.01052! 0.90526: 0.09473657 8.22224!
140 0 0 0.90526: 0.09473657 8.22224!
150 2 0.02105: 0.92631/ 0.07368394 10.5714
160 4 0.04210! 0.96842: 0.03157868 24.6668
170 1 0.01052! 0.97894i 0.02105236 37.0004!
180 0 0 0.97894i 0.02105236 37.0004!
190 1 0.01052! 0.98947. 0.01052605 74.0018!
200 0 0 0.98947. 0.01052605 74.0018!
210 0 0 0.98947. 0.01052605 74.0018!
220 1 0.01052! 1 -2.63158F-07 -296000!
>220 0 0 1 -2.63158E-07 -296000!
N= 9t
return perio rainfall(mm)
2 montt 25.26!
3 montt 52.978
4 montt 66.4330!
6 montt 88.108:

TABLE A.19 Exceedence probability and return period calcutetior Coronation, Delhi ;

using 74 month of Rainfall Data And Inter-Event-Dtgriod of 120 hour
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RAINGUAGE STATION:DELHI RIDGE

24 hour
P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 10¢ 0.52912 0.52912( 0.47087. 0.93814.
20 28 0.13592: 0.66504: 0.33495: 1.3188:
30 14 0.06796: 0.73300! 0.26699: 1.65454.
40 8 0.03883! 0.77184: 0.22815!I 1.93616!
50 13 0.06310° 0.83495: 0.16504! 2.67646
60 5 0.02427. 0.85922: 0.14077 3.13792
70 6 0.02912 0.88834! 0.11165: 3.95651.
80 4 0.01941° 0.90776 0.09223: 4.78946:
90 4 0.01941° 0.92718: 0.07281! 6.06664
100 0 0 0.92718: 0.072811 6.06664
110 2 0.00970! 0.93689: 0.06310° 6.99997!
120 1 0.00485: 0.94174 0.05825: 7.58330!
130 1 0.00485: 0.94660: 0.05339: 8.27269.
140 1 0.00485: 0.95145 0.04854. 9.0999!
150 6 0.02912 0.98058: 0.01941: 22.7497!
160 2 0.00970! 0.99029: 0.00970! 45.49¢
170 0 0 0.99029: 0.00970! 45.49¢
180 0 0 0.99029: 0.00970! 45.49¢
190 1 0.00485: 0.99514! 0.00485! 90.99¢
200 0 0 0.99514! 0.00485! 90.99¢
210 1 0.00485: 1 2.14E-07 206818:
220 0 0 1 2.14E-07 206818:
>220 0 0 1 2.14E-07 206818:
N= 20¢€
return perio rainfall(mm)
2montk 40.9459:
3montk 57.54711
4montk 70.595¢
6montk 89.478

TABLE A. 20 Exceedence probability and return period calooitetifor Delhi Ridge, Delhi ;
using 91 month of Rainfall Data And Inter-Event-Dtgriod of 24 hour
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48 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 73 0.47096! 0.47096! 0.52903: 1.10975
20 1¢ 0.12258: 0.59354! 0.40645135 1.44444!
30 14 0.09032: 0.68387: 0.31612877 1.85714.
40 8 0.05161. 0.73548: 0.26451587 2.21951.
50 8 0.05161. 0.78709° 0.21290296 2.75757!
60 6 0.0387: 0.82580° 0.1741932 3.37037!
70 3 0.01935! 0.84516: 0.15483845 3.79167.
80 1 0.00645: 0.85161: 0.14838683 3.95652!
0 5 0.03225! 0.88387: 0.11612877 5.05556
100 1 0.00645: 0.89032: 0.10967716 5.35295.
110 3 0.01935! 0.90967: 0.09032232 6.50001
120 2 0.01290: 0.92258: 0.07741909 7.58335!
130 0 0 0.92258: 0.07741909 7.58335!
140 2 0.01290: 0.93548: 0.06451587 9.10003!
150 4 0.02580! 0.96129: 0.03870941 15.1667
160 2 0.01290: 0.97419. 0.02580619 22.7502.
170 0 0 0.97419: 0.02580619 22.7502.
180 0 0 0.97419: 0.02580619 22.7502.
190 2 0.01290: 0.98709° 0.01290296 45.5009:
200 0 0 0.98709° 0.01290296 45.5009:
210 0 0 0.98709° 0.01290296 45.5009:
220 0 0 0.98709° 0.01290296 45.5009:
>220 2 0.01290: 1 -2.58065F-07 -227500(
N= 15¢
return perio rainfall(mm)
2 montt 33.9502'
3 montt 54.032.
4 montt 80.4
6 montt 105.65:

TABLE A.21 20 Exceedence probability and return period calooifetifor Delhi Ridge, Delhi ;
using 91 month of Rainfall Data And Inter-Event-Dtgriod of 48 hour
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72 hour

P(mm) X XIN SUMX/IN  1-Pr Tr
0 0 0 0 1w
10 62 0.46969° 0.46969° 0.53030: 1.300000
20 15 0.11363I 0.58333: 0.41666663 1.654545
30 12 0.09090! 0.67424: 0.32575754 2.116279
40 4 0.03030: 0.70454! 0.29545451 2.333333
50 6 0.04545! 0.7t 0.2499999 2.757576
60 5 0.03787! 0.78787! 0.21212118 3.250000!
70 5 0.03787! 0.82575! 0.17424239 3.956522.
80 2 0.01515: 0.84090! 0.15909087 4.333334.
0 5 0.03787! 0.87878! 0.12121209 5.687501.
100 1 0.00757! 0.88636. 0.11363633 6.066668.
110 3 0.02272 0.90909: 0.09090906 7.583335!
120 1 0.00757! 0.91666' 0.08333330 8.272730
130 0 0 0.91666° 0.08333330 8.272730:
140 1 0.00757! 0.92424: 0.07575754 9.100003
150 5 0.03787! 0.96212: 0.03787875 18.20001
160 0 0 0.96212: 0.03787875 18.20001
170 3 0.02272 0.98484! 0.01515148 45.50009
180 0 0 0.98484! 0.01515148 45.50009
190 1 0.00757! 0.99242. 0.00757572 91.00036
200 0 0 0.99242. 0.00757572 91.00036.
210 1 0.00757! 1 -3.0303E-08 -2275000
220 0 0 1 -3.0303E-08 -2275000!
>220 0 0 1 -3.0303E-08 -2275000
N= 132
return perio rainfall(mm)
2 montt 27.60¢
3 montt 5E
4 montt 71.31¢
6 montt 10C

TABLE A.22 Exceedence probability and return period calooitetifor Delhi Ridge, Delhi ;
using 91 month of Rainfall Data And Inter-Event-Dtgriod of 72 hour
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96 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 44 0.42307 0.42307 0.57692: 1.51666
20 12 0.11538! 0.53846: 0.46153838 1.89583
30 1C 0.09615: 0.63461! 0.36538453 2.39473
40 3 0.028841 0.66346: 0.33653838 2.60000:
50 4 0.03846. 0.70192: 0.29807684 2.93548!
60 3 0.028841 0.73076! 0.26923069 3.25000:
70 4 0.03846. 0.76923: 0.23076915 3.79166!
80 1 0.00961! 0.77884! 0.22115376 3.95652:
0 2 0.01923: 0.79807 0.20192: 4.33333!
100 1 0.00961! 0.80769: 0.19230761 4.55000:
110 3 0.02884 0.83653! 0.16346146 5.35294.
120 2 0.01923: 0.85576! 0.14423069 6.0666
130 1 0.00961! 0.86538! 0.13461530 6.50000-
140 0 0 0.86538! 0.13461530 6.50000-
150 3 0.02884 0.89423. 0.10576915 8.27273:
160 2 0.01923: 0.91346: 0.08653838 10.1111:
170 3 0.02884 0.94230: 0.05769223 15.1666!
180 0 0 0.94230: 0.05769223 15.1666!
190 1 0.00961! 0.95192: 0.04807684 18.2000:
200 0 0 0.95192: 0.04807684 18.2000:
210 0 0 0.95192: 0.04807684 18.2000:
220 0 0 0.95192: 0.04807684 18.2000:
>220 5 0.04807° 1 -7.69231I-08
N= 104
return perio rainfall(mm)
2 montt 22.2
3 montt 50.2051:
4 montt 81.1646!
6 montt 12(

TABLE A.23 Exceedence probability and return period calooitegtifor Delhi Ridge, Delhi ;
using 91 month of Rainfall Data And Inter-Event-Dtgriod of 96 hour
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120 hour

P(mm) X XIN SUM XN  1-Pr Tr
0 0 0 0 1w
10 3¢ 0.43820: 0.43820: 0.56179i 1.81999
20 11 0.12359i 0.56179: 0.43820: 2.33333:
30 1C 0.1123¢ 0.67415 0.32584: 3.13792!
40 3 0.03370: 0.70786! 0.29213! 3.49999
50 3 0.03370: 0.74157: 0.25842 3.95651!
60 1 0.01123i 0.75280! 0.24719: 4.1363t
70 3 0.03370: 0.78651 0.21348: 4.78946!
80 1 0.01123i 0.79775. 0.20224 5.05554
0 0 0 0.79775:. 0.20224 5.05554
100 1 0.01123i 0.80898! 0.19101: 5.35293.
110 1 0.01123i 0.82022. 0.17977! 5.68749:
120 2 0.02247: 0.84269! 0.15730« 6.4999¢
130 2 0.02247: 0.86516! 0.13483: 7.58331!
140 0 0 0.86516:! 0.13483: 7.58331!
150 2 0.02247: 0.8876:- 0.1123¢ 9.0999!
160 1 0.01123i 0.89887! 0.10112 10.1110
170 1 0.01123i 0.91011: 0.08988:i 11.3749
180 0 0 0.91011: 0.08988:i 11.3749
190 2 0.02247: 0.93258. 0.06741 15.1666.
200 0 0 0.93258. 0.06741( 15.1666.
210 1 0.01123i 0.9438: 0.0561¢ 18.1999:
220 0 0 0.9438: 0.0561¢ 18.1999:
>220 5 0.0561¢ 1 2.47E-07 413636:-
N= 8¢
return perio rainfall(mm)
2 montt 10.350°
3 montt 28.37¢
4 montt 52.440:
6 montt 113.851°

TABLE A.24 Exceedence probability and return period calooitetifor Delhi Ridge, Delhi ;

using 91 month of Rainfall Data And Inter-Event-Dtgriod of 120 hour
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RAINGUAGE STATION: DELHI UNIVERSITY

24 hour
P(mm) X XIN SUMX/N 1-Pr Tr(mo)
0 0 0 0 1
10 182 0.48793I 0.48793i 0.51206: 0.89528!
20 7C 0.18766! 0.67560. 0.3243964 1.41322!
30 28 0.07506° 0.75067. 0.24932941 1.83871.
40 1€ 0.04289! 0.79356! 0.20643397 2.22078.
50 1€ 0.04289! 0.83646. 0.16353853 2.80328!
60 1¢ 0.05093:i 0.887: 0.11260019 4.07144:
70 5 0.01340! 0.90080! 0.09919536 4.62163i
80 6 0.01608!I 0.9168t¢ 0.08310957 5.51615.
90 1C 0.0268: 0.943" 0.05629992 8.14290°
100 3 0.00804: 0.95174. 0.04825702 9.50006:
110 2 0.00536: 0.95710! 0.04289509 10.6875!
120 2 0.00536: 0.96246 0.03753316 12.214.
130 3 0.00804: 0.9705: 0.02949027 15.5456:
140 2 0.00536: 0.97587. 0.02412834 19.0002
150 4 0.01072: 0.98659! 0.01340448 34.2008:
160 0 0 0.98659! 0.01340448 34.2008:i
170 0 0 0.98659! 0.01340448 34.2008:
180 0 0 0.98659! 0.01340448 34.2008:
190 0 0 0.98659! 0.01340448 34.2008:
200 0 0 0.98659! 0.01340448 34.2008:i
210 1 0.00268: 0.98927! 0.01072351 42.7513
220 3 0.00804: 0.99731! 0.00268062 171.021!
>220 1 0.00268: 1 -3.43164E07 -133593°
N= 37z
return perio rainfall(mm)
2montk 34.2217.
3montt 51.5531.
4montt 50.943
6montk 81.8421

TABLE A.25 Exceedence probability and return period calooitestifor Delhi university, Delhi ;
using 171 month of Rainfall Data And Inter-EventyPreriod of 24 hour
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48 hour

P(mm) X XIN SUMX/N  1-Pr Tr(mo.)
0 0 0 0 1w
10 11F 0.4063¢ 0.4063t 0.5936:- 1.01785!
20 48 0.16961: 0.57597. 0.42402! 1.42499
30 27 0.09540( 0.67137: 0.32862: 1.83870
40 16 0.05653 0.72791! 0.27208! 2.220771
50 13 0.04593 0.77385. 0.22614! 2.6718
60 16 0.05653 0.83038:! 0.16961. 3.56249:
70 7 0.02473! 0.85512: 0.14487 4.1707.
80 4 0.01413- 0.86925! 0.13074: 4.62160
0 8 0.02826! 0.89752! 0.10247. 5.89652
100 3 0.01060: 0.90812' 0.09187. 6.57689:
110 3 0.01060: 0.91872' 0.08127. 7.43474.
120 2 0.00706° 0.92579! 0.07420! 8.14281.
130 2 0.00706° 0.93286: 0.06713: 8.99994:
140 2 0.00706° 0.93992! 0.06007. 10.0587!
150 3 0.01060: 0.9505: 0.0494 12.2141:
160 1 0.00353: 0.95406: 0.04593 13.1537:
170 1 0.00353: 0.95759° 0.04240: 14.2498!
180 1 0.00353: 0.9611: 0.0388" 15.5452
190 1 0.00353: 0.96466. 0.03533I 17.0997!
200 2 0.00706 0.97173 0.02826! 21.3746:
210 3 0.01060: 0.98233: 0.01766! 34.1991i
220 3 0.01060: 0.99293: 0.00706! 85.4948
>220 2 0.00706° 1 4.24E-07 142500(
N= 28¢
return perio rainfall(mm)
2 montt 30.42211
3 montt 53.6842:
4 montt 67.194!
6 montt 91.52!

TABLE A.26 Exceedence probability and return period calooitestifor Delhi university, Delhi ;
using 171 month of Rainfall Data And Inter-EventyPreriod of 48 hour
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72 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1 o
10 98 0.39516: 0.39516: 0.60483! 1.13999
20 42 0.16935! 0.56451( 0.43548. 1.58333:
30 22 0.0887: 0.65322I 0.34677. 1.9883"
40 ilg 0.06048: 0.71370! 0.28629: 2.40844:
50 14 0.05645: 0.77016: 0.22983! 2.99999
60 12 0.04838 0.81854i 0.18145: 3.79999.
70 5 0.02016: 0.83870! 0.16129: 4.27499:
80 6 0.02419: 0.86290: 0.13709° 5.02940.
Q0 4 0.01612! 0.87903: 0.12096! 5.69998!
100 3 0.01209° 0.89112! 0.10887. 6.33331!
110 3 0.01209° 0.90322I 0.09677. 7.12497
120 3 0.01209° 0.91532: 0.08467: 8.14282!
130 0 0 0.91532: 0.08467: 8.14282
140 3 0.01209° 0.92741! 0.07258: 9.49996:
150 3 0.01209° 0.93951( 0.06048. 11.3999!
160 1 0.00403: 0.94354i 0.05645: 12.2142:
170 0 0 0.94354i 0.05645: 12.2142:
180 2 0.00806! 0.95161: 0.04838 14.2499.
190 0 0 0.95161: 0.04838 14.2499
200 2 0.00806! 0.95967 0.04032: 17.0998!
210 1 0.00403: 0.96370! 0.03629: 18.9998!
220 3 0.01209° 0.97580! 0.02419. 28.4996!
>220 6 0.02419: 1 2.9E-07 2375001
N= 24¢
return perio rainfall(mm)
2 montt 30.2768!
3 montt 50.012!
4 montt 64.222
6 montt 94. 7471

TABLE A.27 Exceedence probability and return period calcutetimr Delhi university, Delhi ;
using 171 month of Rainfall Data And Inter-EventyPreriod of 72 hour
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96 hour

P(mm) X XIN SUMX/N 1-Pr Tr
0 0 0 0 1 =
10 78 0.39593! 0.39593! 0.60406: 1.43697!
20 3€ 0.18274. 0.5786¢ 0.4213: 2.06024.
30 1C 0.05076: 0.62944: 0.37055i 2.34246!
40 1C 0.05076: 0.68020: 0.31979° 2.71428!
50 1C 0.05076: 0.73096. 0.26903I 3.22641.
60 11 0.05583:! 0.78680: 0.21319i 4.07142
70 5 0.02538: 0.81218: 0.18781 4.62161!
80 4 0.02030! 0.83248 0.16751: 5.18181!
Q0 0 0 0.83248 0.16751: 5.18181!
100 4 0.02030! 0.85279: 0.14720i 5.89654:
110 2 0.01015: 0.86294. 0.13705! 6.33332!
120 3 0.01522: 0.87817: 0.12182 7.12499!
130 0 0 0.87817. 0.12182 7.12499!
140 4 0.02030! 0.89847 0.10152: 8.54999:
150 2 0.01015: 0.90862! 0.09137: 9.49999
160 1 0.00507! 0.91370! 0.08629! 10.0588.
170 1 0.00507! 0.91878: 0.08121 10.6874
180 2 0.01015: 0.92893. 0.07106! 12.2142
190 0 0 0.92893. 0.07106! 12.2142
200 3 0.01522i 0.94416: 0.05583:i 15.5454.
210 1 0.00507! 0.94923: 0.05076: 17.0999
220 1 0.00507! 0.95431! 0.04568! 18.9999
>220 9 0.04568! 1 8.63E-08 1005882
N= 197
return perio rainfall(mm)
2 montt 19.0341
3 montt 45.578¢
4 montt 59.155¢
6 montt 102.371:

TABLE A.28 Exceedence probability and return period calooitetifor Delhi university, Delhi
; using 171 month of Rainfall Data And Inter-Evéty Period of 96 hour
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120 hour

P(mm) X XIN SUMX/N 1-Pr Tr
0 0 0 0 1 o
10 6€ 0.35483! 0.35483! 0.64516. 1.42500:
20 34 0.18279! 0.53763! 0.46236530 1.98837.
30 18 0.09677. 0.63440! 0.36559110 2.51470:
40 8 0.04301. 0.6774: 0.32258035 2.85000:
50 1C 0.05376: 0.73118: 0.26881691 3.42000.
60 8 0.04301. 0.77419: 0.22580616 4.07143.
70 4 0.02150! 0.79569! 0.20430078 4.50000!
80 4 0.02150! 0.81720! 0.18279540 5.0294.
Q0 0 0 0.81720! 0.18279540 5.0294.
100 5 0.02688: 0.84408 0.15591368 5.89656.
110 2 0.01075: 0.85483! 0.14516: 6.33334
120 4 0.02150! 0.87634: 0.12365562 7.434¢
130 0 0 0.87634- 0.12365562 7.434¢
140 4 0.02150! 0.8978! 0.10215024 9.00002
150 2 0.01075: 0.90860: 0.09139755 10.0588!
160 1 0.00537! 0.91397! 0.08602121 10.6875:
170 1 0.00537! 0.91935! 0.08064487 11.4000:
180 2 0.01075: 0.93010i 0.06989218 13.153¢
190 0 0 0.93010i 0.06989218 13.153¢
200 1 0.00537! 0.93548: 0.06451583 14.2500!
210 1 0.00537! 0.94086: 0.05913949 15.5455:
220 2 0.01075: 0.95161: 0.04838680 19.0001.
>220 9 0.04838 1 -2.90323E-07 -316666°
N= 18¢
return perio rainfall(mm)
2 montt 20.227
3 montt 42.631!
4 montt 6C
6 montt 102.36°

TABLE A.29 Exceedence probability and return period calooitestifor Delhi university, Delhi ;
using 171 month of Rainfall Data And Inter-EventyBeriod of 120 hour
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RAINGUAGE STATION :KESHOPUR NEW DELHI

24 hour
P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 77 0.46951. 0.46951: 0.53048: 1
20 2€ 0.15853 0.62804! 0.37195. 1.42622
30 1¢ 0.11585: 0.74390: 0.25609: 2.07142
40 ilg 0.09146: 0.83536! 0.16463. 3.22221i
50 4 0.0243¢ 0.85975! 0.14024. 3.78260:.
60 2 0.01219! 0.87195: 0.12804! 4.14285.
70 4 0.0243¢ 0.89634: 0.10365! 5.11763
80 3 0.01829: 0.91463: 0.08536! 6.21427.
Q0 3 0.01829: 0.93292° 0.06707. 7.90906:!
100 1 0.00609:i 0.93902: 0.06097! 8.69997.
110 2 0.01219! 0.95121! 0.04878. 10.8749
120 0 0 0.95121! 0.04878: 10.8749
130 2 0.01219! 0.96341: 0.03658! 14.4999:
140 1 0.00609:i 0.96951: 0.03048:! 17.3998!
150 1 0.00609: 0.9756. 0.0243¢ 21.7498.
160 0 0 0.9756: 0.0243¢ 21.7498.
170 1 0.00609: 0.98170° 0.01829: 28.9996!
180 1 0.00609:i 0.98780! 0.01219! 43.499:
190 1 0.00609: 0.99390: 0.00609: 86.9972:
200 0 0 0.99390: 0.00609: 86.9972:
210 1 0.00609: 1 1.95E-07 271875(
220 0 0 1 1.95E-07 271875(
>220 0 0 1 1.95E-07 271875(
N= 164
return perio rainfall(mm)
2 montt 28.893
3 montt 38.0692(
4 montt 50.603:
6 montt 78.0464.

TABLE A. 30 Exceedence probability and return period calootetifor Keshopur, Delhi ; using
87 month of Rainfall Data And Inter-Event-Dry Petiof 24 hour
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48 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 53 0.39552: 0.39552: 0.60447: 1.07407:
20 23 0.17164: 0.56716: 0.43283I 1.49999!
30 13 0.09701! 0.66417! 0.33582. 1.93333.
40 ilg 0.1119: 0.77611! 0.22388. 2.89999!
50 6 0.04477 0.82089! 0.17910! 3.62499:
60 4 0.02985: 0.850741 0.14925. 4.34998!
70 4 0.02985: 0.88059° 0.11940: 5.43748:
80 4 0.02985: 0.91044° 0.08955: 7.24996!
Q0 3 0.02238i 0.93283! 0.06716! 9.66661.
100 1 0.00746: 0.94029i 0.05970: 10.8749.
110 1 0.00746: 0.94776: 0.05223! 12.4284:
120 0 0 0.94776: 0.05223! 12.4284:
130 1 0.00746: 0.95522: 0.04477 14.4998
140 0 0 0.95522: 0.04477 14.4998
150 0 0 0.95522: 0.04477 14.4998
160 0 0 0.95522: 0.04477 14.4998
170 0 0 0.95522: 0.04477 14.4998
180 2 0.01492! 0.97014! 0.02985. 21.7497.
190 0 0 0.97014! 0.02985. 21.7497:
200 0 0 0.97014! 0.02985. 21.7497.
210 0 0 0.97014! 0.02985. 21.7497:
220 1 0.00746: 0.97761: 0.02238:! 28.999!
>220 3 0.02238:i 1 3.88E-07 167307
N= 134
return perio rainfall(mm)
2 montt 30.6935!
3 montt 41.391:
4 montt 50.517.
6 montt 70.3103!

TABLE A.31 Exceedence probability and return period calcutetior Keshopur, Delhi ; using
87 month of Rainfall Data And Inter-Event-Dry Petiof 48 hour
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72 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1w
10 41 0.37272 0.37272 0.62727. 1.26086!
20 2C 0.18181i 0.55454! 0.44545! 1.77550!
30 1C 0.09090! 0.64545: 0.354541 2.23076:
40 13 0.11818: 0.76363I 0.23636. 3.3461!
50 3 0.02727: 0.79090! 0.20909: 3.78260.
60 3 0.02727: 0.81818: 0.18181:! 4.34999:
70 3 0.02727: 0.84545: 0.15454i 5.11763:
80 3 0.02727: 0.87272 0.12727. 6.21427.
Q0 2 0.01818: 0.89090! 0.10909: 7.24998:
100 0 0 0.89090! 0.10909: 7.24998:
110 1 0.00909: 0.¢ 0.1 7.90906!
120 0 0 0.8 0.1 7.90906!
130 2 0.01818: 0.91818: 0.08181: 9.66663
140 0 0 0.91818: 0.08181! 9.66663
150 0 0 0.91818: 0.08181: 9.66663
160 1 0.00909: 0.92727: 0.07272: 10.8749:
170 0 0 0.92727: 0.07272: 10.8749
180 3 0.02727: 0.95454! 0.04545! 17.399¢
190 1 0.00909: 0.96363I 0.03636. 21.7498.
200 0 0 0.96363I 0.03636: 21.7498.
210 0 0 0.96363I 0.03636. 21.7498.
220 1 0.00909: 0.97272 0.02727. 28.9997.
>220 3 0.02727: 1 2.73E-07 290000(
N= 11C
return perio rainfall(mm)
2 montt 24.9311
3 montt 36.8965
4 montt 53.8319.
6 montt 78.0461

TABLE A.32 Exceedence probability and return period calcutetior Keshopur, Delhi ; using
87 month of Rainfall Data And Inter-Event-Dry Petiof 72 hour
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96 hour

P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1 o
10 3€ 0.34951! 0.34951! 0.65048! 1.29850:
20 1¢ 0.18446! 0.53398: 0.46601! 1.81250:
30 1C 0.09708 0.63106i 0.36893: 2.28947
40 14 0.13592: 0.76699: 0.23300! 3.62500°
50 2 0.01941° 0.78640i 0.21359: 3.95455.
60 2 0.01941° 0.80582I 0.19417. 4.3500:
70 3 0.02912 0.83495: 0.16504: 5.11766.
80 2 0.01941° 0.85436! 0.14563. 5.80001
Q0 2 0.01941° 0.87378 0.12621. 6.69233.
100 1 0.00970! 0.88349I 0.11650. 7.25002
110 1 0.00970! 0.89320: 0.10679! 7.90912:
120 0 0 0.89320: 0.10679! 7.90912:
130 1 0.00970! 0.90291: 0.09708 8.70003
140 2 0.01941° 0.92233: 0.07766! 10.87501
150 0 0 0.92233: 0.07766! 10.8750!
160 1 0.00970! 0.93203! 0.06796. 12.4286!
170 0 0 0.93203! 0.06796. 12.4286!
180 2 0.01941° 0.95145° 0.04854. 17.4001
190 1 0.00970! 0.96116! 0.03883! 21.7502.
200 0 0 0.96116! 0.03883! 21.7502.
210 0 0 0.96116! 0.03883! 21.7502.
220 1 0.00970¢ 0.97087: 0.02912 29.0004-
>220 3 0.02912 1 0.8446t
N= 10z
return perio rainfall(mm)
2 montt 23.930¢
3 montf 35.3201
4 montt 52.2¢
6 montt 82.24:

TABLE A.33 Exceedence probability and return period calooitetifor Keshopur, Delhi ; using
87 month of Rainfall Data And Inter-Event-Dry Petiof 96 hour
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120 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1 o
10 3t 0.3723: 0.3723: 0.6276t 1.47457!
20 1€ 0.17021: 0.54255: 0.45744 2.02325.
30 8 0.08510I 0.62765! 0.37234. 2.48571.
40 11 0.11702: 0.7446¢ 0.2553: 3.62499.
50 2 0.02127 0.76595 0.23404. 3.95453i
60 3 0.03191! 0.79787: 0.20212: 4.57893i
70 3 0.03191! 0.82978 0.17021: 5.43748!
80 3 0.03191! 0.86170: 0.13829: 6.69228
Q0 2 0.02127 0.88297: 0.11702: 7.90906:
100 0 0 0.88297: 0.11702: 7.90906:
110 1 0.01063:i 0.89361 0.10638: 8.69996!
120 0 0 0.89361 0.10638: 8.69996!
130 1 0.01063i 0.90425! 0.09574! 9.66662.
140 1 0.01063:i 0.91489: 0.08510° 10.8749!
150 0 0 0.91489: 0.08510° 10.8749!
160 0 0 0.91489: 0.08510° 10.8749!
170 1 0.01063:i 0.92553: 0.07446! 12.428!
180 1 0.01063:i 0.9361° 0.0638: 14.499¢
190 1 0.01063:i 0.94680i 0.05319: 17.3998!
200 0 0 0.94680! 0.05319: 17.3998!
210 0 0 0.94680i 0.05319: 17.3998!
220 0 0 0.94680! 0.05319: 17.3998!
>220 5 0.05319: 1 #DIV/0!
N= 94
return perio rainfall(mm)
2month 19.5761:
3montk 34.5141.
4montr 50.7277!
6montk 74.523!

TABLE A.34 Exceedence probability and return period calcutetior Keshopur, Delhi ; using
87 month of Rainfall Data And Inter-Event-Dry Petiof 120 hour
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RANGUAGE STATION :NEW DELHI SAFDARBSY

24 hour
P(mm) X XIN SUMX/N  1-Pr Tr
0 0 0 0 1w
10 20t 0.50492 0.50492( 0.49507. 0.89552:
20 61 0.150241 0.65517: 0.34482! 1.28571.
30 3¢ 0.09605! 0.75123: 0.24876! 1.78217
40 22 0.05418 0.80541! 0.19458: 2.2784¢
50 13 0.0320: 0.83743i 0.16256: 2.72727.
60 ilg 0.03694! 0.87438: 0.12561! 3.52940!
70 6 0.01477: 0.88916: 0.11083: 3.999991
80 8 0.01970: 0.90886° 0.09113: 4.86485!
Q0 4 0.00985: 0.91871! 0.08128: 5.45453:
100 5 0.01231! 0.93103: 0.06896! 6.42856.
110 4 0.00985: 0.94088 0.05911: 7.49998!
120 2 0.00492( 0.94581: 0.05418 8.18180:
130 3 0.00738! 0.95320: 0.04679: 9.47366:
140 2 0.00492( 0.95812i 0.04187: 10.5882.
150 2 0.00492 0.96305- 0.03694! 11.9999
160 1 0.00246: 0.96551° 0.03448: 12.857:
170 5 0.01231! 0.97783: 0.02216! 19.999¢
180 4 0.00985: 0.98768! 0.01231! 35.9996!
190 1 0.00246: 0.99014i 0.00985: 44.9995:
200 0 0 0.99014: 0.00985: 44.9995:
210 1 0.00246: 0.99261: 0.00738! 59.9991:
220 1 0.00246: 0.99507: 0.00492! 89.9980:
>220 2 0.00492 1 1.08E-07 409090
N= 40€
return perio rainfall(mm)
2montk 34.388t¢
3montr 53.4
4montk 70.123:
6montr 95.€

TABLE A.35 Exceedence probability and return period calcoitegtifor New delhi, Delhi ;
using 180 month of Rainfall Data And Inter-EventyPreriod of 24 hour
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48 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1 o
10 154 0.48734. 0.48734: 0.51265! 111111
20 38 0.12025: 0.60759! 0.39240483 1.45161.
30 27 0.08544. 0.69303:i 0.30696179 1.85567.
40 22 0.0696: 0.76265! 0.23734154 2.40000:
50 13 0.04113! 0.80379i 0.19620230 2.90322!
60 11 0.0348: 0.83860i 0.16139217 3.52941
70 5 0.01582: 0.85443: 0.14556939 3.9130!
80 8 0.02531! 0.87974° 0.12025293 4.73685.
Q0 2 0.00632! 0.88607! 0.11392382 5.0000:
100 5 0.01582: 0.90189! 0.09810103 5.80646!
110 2 0.00632! 0.90822i 0.09177192 6.20691:
120 4 0.01265! 0.92088! 0.07911369 7.20002.
130 6 0.01898 0.93987- 0.06012635 9.4737.
140 0 0 0.93987- 0.06012635 9.4737.
150 3 0.00949. 0.94936° 0.05063268 11.2500!
160 2 0.00632! 0.95569I 0.0443035 12.8572.
170 1 0.00316! 0.95886: 0.04113901 13.8462.
180 5 0.01582: 0.97468: 0.02531622 22.500:
190 0 0 0.97468: 0.02531622 22.500:
200 3 0.00949. 0.98417 0.01582255 36.0005:
210 1 0.00316! 0.98734: 0.01265! 45.0008:
220 1 0.00316! 0.99050° 0.00949344 60.0014.
>220 3 0.00949. 1 -2.27848L07 -250000(
N= 31€
return perio rainfall(mm)
2 montt 32.727.
3 montt 51.548:
4 montt 71.055:
6 montt 104.83:

TABLE A.36 Exceedence probability and return period calcoitestifor New delhi, Delhi ;
using 180 month of Rainfall Data And Inter-EventyPreriod of 48 hour
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72 hour

P(mm) X XIN SUM X/N  1-Pr Tr
0 0 0 0 1 o
10 124 0.45756! 0.45756! 0.54243! 1.22449
20 32 0.12177. 0.57933I 0.42066378 1.57894
30 2C 0.07380: 0.65313° 0.34686304 1.91489
40 18 0.06642: 0.71955! 0.2804423 2.36842!
50 17 0.06273: 0.78228:i 0.21771175 3.05085:
60 8 0.0295: 0.81180! 0.18819145 3.5294:
70 5 0.0184! 0.83025! 0.16974127 3.91305:
80 6 0.0221- 0.85239! 0.14760105 4.50001:
Q0 2 0.0073¢ 0.85977! 0.14022097 4.73685!
100 4 0.0147¢ 0.87453! 0.1254608 5.29413
110 5 0.0184! 0.89298! 0.10701064 6.20692.
120 1 0.0036¢ 0.89667! 0.10332060 6.42859:
130 4 0.0147¢ 0.9114- 0.08856046 7.50003!
140 1 0.0036¢ 0.9151: 0.08487042 7.82612
150 3 0.0110 0.926: 0.07380031 9.00005:
160 2 0.0073¢ 0.9335¢ 0.0664202 10.0000!
170 2 0.0073¢ 0.94009¢ 0.05904016 11.2500:
180 4 0.0147¢ 0.9557: 0.04428001 15.0001
190 1 0.0036¢ 0.9594: 0.04058998 16.3638.
200 4 0.0147¢ 0.9741° 0.02582983 25.7147.
210 1 0.0036¢ 0.9778¢ 0.02213979 30.0005!
220 1 0.0036¢ 0.9815! 0.0184497 36.0008:
>220 5 0.0184! 1 -4.243541-07 -156521°
N= 271
return perio rainfall(mm)
2 montt 31.92¢
3 montt 71.4813.
4 montt 5C
6 montt 107.7333

TABLE A.37 Exceedence probability and return period calcoitestifor New delhi, Delhi ;
using 180 month of Rainfall Data And Inter-EventyPreriod of 72 hour
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96 hour

P(mm) X XIN SUM X/N 1-Pr Tr
0 0 0 0 1 b
10 98 0.43171 0.43171 0.56828: 1.39534
20 32 0.14096! 0.57268 0.42731: 1.8556°
30 16 0.07048! 0.64317. 0.35682: 2.22222:
40 12 0.05286: 0.69603! 0.30396! 2.60869!
50 15 0.06607! 0.76211. 0.23788I 3.33333:
60 8 0.03524: 0.79735 0.20264: 3.91304:
70 4 0.01762: 0.81497: 0.18502: 4.28571.
80 4 0.01762: 0.83259! 0.16740: 4.7368:
0 3 0.013211 0.84581! 0.15418! 5.14285!
100 1 0.00440! 0.8502: 0.1497¢ 5.29411!
110 3 0.013211 0.86343i 0.13656- 5.80644
120 2 0.00881. 0.87224 0.12775: 6.20689.
130 2 0.00881. 0.88105 0.11894: 6.66666.
140 1 0.00440! 0.88546: 0.11453i 6.92307.
150 3 0.013211 0.89867: 0.10132: 7.82608:
160 2 0.00881. 0.90748! 0.09251: 8.57142:
170 4 0.01762: 0.9251: 0.0748t¢ 10.5882
180 2 0.00881. 0.93392: 0.06607! 11.9999
190 0 0 0.93392 0.06607! 11.9999
200 3 0.01321i 0.94713 0.05286: 14.9999:
210 2 0.00881. 0.95594 0.04405: 17.9999
220 1 0.00440! 0.96035: 0.03964i 19.9999
>220 9 0.03964: 1 6.17E-08 1285714
N= 221
return perio rainfall(mm)
2 montt 23.855(
3 montt 45.47¢
4 montk 62.33!
6 montt 114.8¢

TABLE A.38 Exceedence probability and return period calcoitegtifor New delhi, Delhi ;
using 180 month of Rainfall Data And Inter-EventyPreriod of 96 hour
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120 hour

P(mm) X XIN SUM X/N 1-Pr Tr
0 0 0 0 1 ok
10 78 0.39795! 0.39795! 0.60204. 1.52542
20 31 0.15816: 0.55612: 0.44387: 2.06896!
30 15 0.07653: 0.63265: 0.36734 2.49999
40 11 0.05612: 0.68877! 0.31122! 2.95081!
50 9 0.04591 0.73469: 0.26530! 3.46153i
60 8 0.04081( 0.7755: 0.2244¢ 4.09090!
70 4 0.02040i 0.79591i 0.20408: 4.49999i
80 5 0.0255: 0.82142; 0.17857. 5.14285:
Q0 3 0.01530I 0.83673! 0.16326! 5.62499.
100 1 0.00510: 0.84183 0.15816: 5.80644!
110 2 0.01020: 0.85204: 0.14795! 6.20688!
120 0 0 0.85204: 0.14795! 6.20688!
130 2 0.01020: 0.86224! 0.13775! 6.66665!
140 0 0 0.86224! 0.13775! 6.66665!
150 3 0.015301 0.87755: 0.12244! 7.49998!
160 2 0.01020: 0.88775! 0.11224! 8.18180!
170 3 0.015301 0.90306: 0.09693! 9.47366!
180 1 0.00510: 0.90816: 0.09183 9.9999¢
190 0 0 0.90816: 0.09183 9.9999¢
200 2 0.01020: 0.91836° 0.08163: 11.2499
210 1 0.00510: 0.92346! 0.07653: 11.9999
220 0 0 0.92346! 0.07653. 11.9999
>220 15 0.07653: 1 1.84E-07 500000(
N= 19¢
return perio rainfall(mm)
2montt 18.731:
3montt 40.963:
4montt 6C
6émontt 104.83:

TABLE A.39 Exceedence probability and return period calcoitegtifor New delhi, Delhi ;
using 180 month of Rainfall Data And Inter-EventyBreriod of 120 hour
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APPENDIX B

PRECIPITATION VOLUME STATISTICS
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Table B.1.

PRECIPITATION VOLUME STATISTICAL

FUCTION OF MINIMUM INTER-EVENT-DRY PERIOD FOR ALIPR

INFORMAION AS A

Minimum

24 48 72 96 120

Dry Period

(hours)

Count (N) 139 108 101 91 85
Mean(mm) 39.109 49.782 54.248 59.359 63.593
Std. error of 3.8310 5.6784 6.4298 7.7710 8.4254

mean
Median 25 25.4 27 27 30.5
Mode 2.0a 16.5a 10.1a 10.1a 10.1a
Std. deviation  45.1665 59.0116 64.6188 74.1302 77.678Y
Variance 2040.009 3482.374 4175.59 5495.280 6083.9
Range 230.3 278.4 291.2 394.7 394.7

Minimum 1.2 1.2 1.2 1.2 1.2

Maximum 2315 279.6 292.4 395.9 395.9
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Table B.2. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A
FUCTION OF MINIMUM INTER - EVENT DRY PERIOD FOR KESOPUR

Minimum

24

48 72 96 120

Dry Period

(hours)

Count (N) 164 132 109 103 94
Mean(mm) 26.574 32.969 39.642 41.846 46.66(
Std. error of 2.9348 4.4754 5.7688 6.4223 8.3309

mean
Median 12.7 155 15.8 18.1 18.050
Mode 6 6 4a 4a 6
Std. deviation  37.5844 51.4179 60.2283 65.1789 80.7714
Variance 1412.588 2643.804 3627.45 4248.288 6324.(
Range 207.5 306.6 306.6 398.1 498.5

Minimum 0.6 0.6 0.6 0.6 0.6

Maximum 208.1 307.2 307.2 398.7 499.1
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Table B.3. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A
FUCTION OF MINIMUM INTER- EVENT DRY PERIOD FOR DELHUNIVERSITY

Minimum 24 48 72 96 120
Dry Period
(hours)
Count (N) 375 283 245 205 186
Mean(mm) 26.062 34.959 40.268 47.886 52.778
Std. error of 2.0134 2.8971 4.3190 5.5915 6.8929
mean
Median 10.6 15.7 16.4 16.9 18.050
Mode 1.2 1.2 1.2 2.3 2.3
Std. deviation 38.99 48.7367 67.6031 80.0578 94.0069
Variance 1520.216 2375.263 4570.173 6409.258 86837.3
Range 275.4 247.3 535 542.2 800.3
Minimum 11 11 11 11 11
Maximum 276.5 2484 536.1 543.3 8014
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Table B.4. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A
FUCTION OF MINIMUM INTER EVENT DRY PERIOD FOR DELHRIDGE

Minimum 24 48 72 96 120

Dry Period
(hours)

Count (N) 206 155 134 104 89
Mean(mm) 26.60 35.42 39.63 51.67 59.63
Std. error of 2.742 4.625 5.302 8.202 12.429

mean
Median 8.50 11.60 12.15 15.65 15.10
Mode 1 1 1 la 1
Std. deviation  39.348 57.581 61.370 83.641 117.253

Variance 1548.283 3315.517 3766.31 6995.760 131708.
Range 205 458 458 607 688

Minimum 1 1 1 1 1

Maximum 206 459 459 608 689
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Table B.5. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A

FUCTION OF MINIMUM INTER EVENT DRY PERIOD FOR COBNATION, DELHI

Minimum 24 48 72 96 120
Dry Period
(hours)
Count (N) 156 136 121 113 104
Mean(mm) 23.96 41.39 47.90 55.78 63.16
Std. error of 2.520 11.283 13.927 19.318 23.794
mean
Median 10.50 13.01 14.90 14.50 14.45
Mode 1 la 6a 6a la
Std. 31.473 131.578 153.195 205.349 242.655
deviation
Variance 990.526 17312.634 23468.774 42168.359 K883
Range 157 1488 1652 2159 2458
Minimum 1 1 1 1 1
Maximum 157 1489 1653 2160 2459
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Table B.6. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A
FUCTION OF MINIMUM INTER EVENT DRY PERIOD FOR CHIRG DELHI

Minimum 24 48 72 96 120

Dry Period
(hours)

Count (N) 41 22 16 15 13
Mean(mm) 18.180 34.318 47.188 50.333 58.077
Std. error of 3.1749 7.7363 14.3834 17.3446 20.3589

mean
Median 10.8 19 20.1 19.8 20.4
Mode 3.6 9.6 3.6a 3.6a 19.2
Std. deviation  20.3296 36.2864 57.5335 67.1755 73.4052
Variance 413.292 1316.7 3310.104 4512.54 5388.317
Range 86.6 110.2 205.6 243.6 258

Minimum 1 3.6 3.6 3.6 3.8

Maximum 87.6 113.8 209.2 247.2 261.8
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Table B.7. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A

FUCTION OF MINIMUM INTER EVENT DRY PERIOD FOR

SAFAGDARBSY,DELHI

Minimum 24 48 72 96 120
Dry Period
(hours)
Count (N) 406 316 272 227 196
Mean(mm) 26.916 33.806 41.542 46.497 61.151
Std. error of 2.0745 3.0977 4.5179 5.4197 8.9938
mean
Median 9.5 10.6 13.450 13.70 15.70
Mode 1 1 1 la 3.4
Std. deviation 41.8 55.0656 74.5109 81.6557 125.913
Variance 1747.301 3032.224 5551.871 6667.660 13864.
Range 272.8 435.6 775.4 775.4 1041.0
Minimum 0.6 0.7 0.7 0.7 0.7
Maximum 2734 436.3 776.1 776.1 1041.7
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Table B.8. PRECIPITATION VOLUME STATISTICAL INFORMAION AS A
FUCTION OF MINIMUM INTER EVENT DRY PERIOD FOR CHNDRAWAL,

DELHI

Minimum 24 48 72 96 120

Dry Period
(hours)

Count (N) 137 113 89 77 67
Mean(mm) 28.897 35.061 44.179 50.418 59.137
Std. error of 2.9652 3.9923 5.0632 7.4498 9.8311

mean
Median 155 15.6 22.2 21.7 27.7
Mode 2.2 3.2a 18 2.2a 9.0a
Std. deviation  34.7067 42.4382 47.7661 65.3715 80.4709
Variance 1204.555 1801.004 2281.60 4273.439 6435.5
Range 204.7 204.3 213.6 296.5 430.9

Minimum 0.2 0.6 0.6 0.6 0.6

Maximum 204.9 204.9 213.8 297.1 431.5
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APPENDIX C
PIF CURVES
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PIF Curve
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115



PIF Curve
DELHI UNIVERSITY , Delhi
(171 month of Data)

4 month return period

80

70

60 /\
50 /

40

30

precipitation (mm)

20

10

O T T T T T T 1
0 20 40 60 80 100 120 140

inter-event-dry period(hours)

FIGURE C.23 PIF Curve Delhi university, Delhi (1#bnth of Data) 4 month return period
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FIGURE C.25 PIF curves for Keshopur,Delhi(87 mamtidata), 2 month return period
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FIGURE C.28 PIF curves for Keshopur,Delhi(87 mamtidata), 6 month return period
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FIGURE C.30 PIF curve NEW DELHI (180 month of data)nonth return period
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