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PREFACE
;
l

Design ,Epgineers eumltially lleed tje design.tlood of a specific return period for fixing
lhe waterwày vis-a-vis the design highest flood level (HFL) and foundation deptlls of

#

'

bfidges, culverts and cross draiqagq structurts depending on their lifç :pd importance to
ensqre safetv aq wçll as cconomy. 7 A casu.al approàch may lead to under-estimation or
over-eslimatinn of design dood re Splting in the loss and destguction ot.strtlcture or un-
economic structure with problematic sittlation.

!
? jt (;j?The use of elnpirical flood formulye like Dickens

, Ryves, lnglis etc. has the simplic y
relatiltg 'the maxjlnum flood discqarge to the èatchment area with constants. But tltcse
formulae do .not take into accouqt the basic lheteorölogical component of storm rainfall
and otlàer pllysiographic and hydrologiç factors, varying from catchment to catchmellt.

; ''-'' . ''' ''''- ' '
Prpper selection of constants in these empirical formulae is left to the discfetion of desian
engineer, involving subjectivity. 'They also do not have frequency concept.2 .

2 .. 'Recognisillg tlle nzed to evolvç a rational and scieptific method for estimating design

floqd peak of desired frequency; tlle committee of engineers hea' ded by Dr. A.N. Khosla' 

dnded in their repört in the year 1959 that the design discharge for bridges whave recomm . . .
' ; .should be the maximum flood :0n record for a period of not less than 5() years. W hel'e

adequate records are available, èxtending over a peripd not less than 5(1 years. the.dusigll
llood should be the stl-years flöod dettrmined from the.nrobabilkv curve prepared on.the

7 * 'e * * .
basis of the recorded floods during that pçiiod. In cases'wher: the requisite data as aboyç

ilable the desigli flood should be decided bawd on the grlypnd. allda4e not aya ,
meteorolùgical characteristics 'obtained on the basis of desian storms necessilating the

! '''''' '
systematié and sustained colle 'çtion of hydro-meteorological data at'selected catchments in
differellt climatic zones of lndia.

7

f W' *% ''' Y f
d 'ào't 'ustify detailed hydiological gnd meieorologicalEconomic constraints o J

i t every new skte on 'a I;'.rge scale' and on a lohg-term bàsis fof estimationilwestigat ons a
' : 'iod Regional flood estimation studies, thus,ot design flood with a desirrd return pel . 

.

becomè neces<ary. Broadlg,; two main regional approaches, namely flood frequèpcy and
lk f do tion dependingvupon the availability 01)hydrometeorological approac es are open or a p

the storm rainfall and flood data. The, first ypproaèh involves lopg-term djsçharge data
. ! ') ' . .observations for the qepremntative catchments for subjecting the dyta to stattstical

analyjis.
. to develop # regional flood frequqncy model. The other apprpach. viz;

hjdrometeorological appioach involves assessment of t.he causativç fkctor i.e. rainfa'il
jand catchment fesponse fu ction. antecedent conditions etc. separately. ln tàis method

concurrent storm rainfall and' runoff data of lhe catchmelit over a period df x5- l() yearé is
'
. 

; * ' * . x ' . 
< ..

used to develop rçpresentptive-unit hydrographs of the catchlents locatéd in the regipn, -
. 

' ' 
' ' '''''''' ' 

.

so tlial synlhetic unit hydrpgraph may be pbtained for the regioà (subzonesl.. The long
term rainfall records at a laige number of itations is used to develop desikn storm va,lues.
This hydrometeorological l approadh hlts been adopted for. preparing flood estimytioù

-. - - - .. '.

reports.



The regional flood eslimation was attemh ted oi1 bbth shoft term Mnd long term plans
.Under short-term plan, the report on est.imâ' tion of desigà flood peak utilising hydromet

data available foi 60 bridge catchfhents, spread throughout the country, was brought out'i
n .1973, wheiein the method has beçn recominended for ejtimating the design flood peak
for catchlneht areas ranging from 25 to 500 sq

.km. in the country. :

Under lopg-term plan, the entire
nleteol'ologically-holnogeneous subzones. For preparing the flnod éjtimatiön reptirts for
these subzones, systematic and sustained coiiection of hydrometeorological daya at the
' ' i catchments, numberinj 10 to j0 for a period of 5 to 10 ytars in difftreptleplesentat ve ,
subzones has been carried out in a phased manner by different 

.zonul railways since 1965
tlnder the supèrkision anà guidance of Bridges and Flood Wing of ltesearch .Designs and

. 

iStandards Organisation (RDSO) of Ministry of Railways. Slmilarly, the M inistry of
Surface Transport (MOST) had undertaken the collçction of data for 45 catchlnents
thfgugh Central W ater Coinmission sillce 1979.

country was dikided iiio 7 zones and 26 I'ydro-

Hydrblogy (Regional Studies') Dirtctorate
, Central Watef Cûmlàission (CWC) catried

oui analysis of collected concufrent rainfall' apd flow data for the gauged èatchments to
derive unit hydrographs of mostly one-houf du.ration

. Rtprtstntative unit hydrographs
are prepared for each of the gauged catchmtnts from the selecttd flood pvents

. The
càaracteristics of the catchments al.d the uftit hydrographs

, prepared for several
catchmepts in a subzone are correlated by regression analysis and the eqqations. for'
synthetic unit hydrQgraph for the subzone are derived fpr estimating design flood for

Th'e yesponse fvnctions on coavolution with the siorm. 
input asungauged catchments.

studied and provided by lMD gives the. estiméted 'design fiood fcr that ungauged
catchment. Studies are also carried out. by the CW C to arrive at suitable

dations for estimating ioss rat'e and base flow for ungauged catchments
.

recom m en

India Meteorological Dppartment (IMD) conducts depth - turation - frequency analysis '
of rainfall for each subzone to provide lneteorological input for ejtim' ation of design
flood.

The spbzonal reports ilkorporating studies carried ovt by CWC 'and IM D are prepared
and published by C.W C on approval of Flbqd Estimation Planning and Coordination'
Colnmittee (FEPCC). ' ' . '

So fat, following zl-Flood Estilnation Reports (FERS) covrring 24 Subzones hàve tieén
blished : .Pu

l . Lower Ganga Plpins Subzope 1 (g)
L We' r Godavari Subzone 3 (9 '2. o

3. Lbwer Narmada and Tapi Subzone j (b)
4. Mahanadi Subgone j(d).
5. Upper Narfnada & Tapi Subzone 3 ( c)
6. Krishna & Pennar Subzoae 3 (h)

#

(1978)
(1981)
( 1982)
(1982)
( l 983)
( l 983)

*

l5!



4

I
i ; Sùul préhmaputra sgb&pns 2 (b)
& Uypqr Ipdè-G: à'nga Pl.ping Subzöné 1(e)
j; Mld4le GAnga Plgins Subzoy 1(f)
Jockavçri éasia subzöp: 3 (i)
i'1 Upptr èodayàri Subxone 'J ($)è XL 

,11. . Mas Sabariati Spbzon, .3.(a)
luxt èo' as, subgopeà 4 (a), (b) & (c)13z .

14 Sène jubzqne.sld) ; '
chambal spbzone 1 (b) IJêk . .

16. BelWa Suhzohe 1 (C1 I
17.*61111 Brahmajutp Sùàzont 2 (a)
'1#.W>t Cöàst Regipn'suklpl 1 (a) i. (b)
1.9: Luni Subzpne 1 (a)
10. Ihdrqvati subzone 3.(g) rl
21 2 Westein'flimalgygs konç T

1

ItLur eteorolpgiml .'inputy ln .4he FERS at sefial. pqmbtlq 1* td t werè baskd on .Self8 9P 
., j

Recördink Raingauaes (tRRùs) data àtöne and cotlsistid. of :: M**''. . 
-œ-' M-R ' * l

1
. . 

' ' ' ' 

!Isopluvial mans fûr 24 hour and/of shoftet duratibn correspondinj to 5(1 year
' 

. 
'*

' 

1return period. only; I
. I

i distribution of ssörm ralnfàll. and(ii) T me
' j

(1984)
(1984)
(1985)
(1986)
.41986)
(1987)
(4947)
(1884)
(1989)
(19j9)
(1991)
(1902)
(.19j3)
(4993)
(1994)

(iii)
I

ûbseqùyntl,reports
. IVD modified. the mdhodology ànd .pr#pared theHowever, in the s .

. jj . . . ' ; . , . )hydrometeotologicàl inputs : ased on'conlunctikr uke of ordin>iy raingktljes (ORG) and
' ' 

i l recà' mmepdrd' ta nd desired b8 'th'e FEPCC to rrkise tllçSRRG dàta. It was accoyd ng y, 
,

k h t All the repbris are 'unifotm' so far as methodology' isFERS at serigl No. 1 ta 7, o t a .

ect It .wés. furlher? décida while upàiting tlke meteorolpgoical component,conctrn . I
h àrolpgical sludies muj't also be càrried oùt' to finà ou4 àny significitntvalidgtibn of y

hanjeé. Tàe hydrological study waj to be revised bàsed ôn thé àddiiipàal hfdrplp'gicalC . . .

llected subsequent tö thè pfeparatlon of the driéinpl reports. T he'FER for Lowerdata. co .
1 . .

Gangg Plàips Subzone 1 '(g), published qin 1978;. èlxwçf Godàv#ri Sùbàone 3 (f).' ! ' . ' ' '
published in 1981; Mahanadi Sub4nne 3 (d) publis.hed in 1982; Söuih Bramhyputra. . . ;

' 

. . .

sub4one 2(b), publisàed in 1984 Krishnà & .pennàt Sgbzone,3th), publlqhçd in 1983 and
Upper Narmada. and Tapi Sobione g3(c) publisheb in 1983 hgve alfrgdy beeq frvised,

. 
- I ' -' . ,whére the ydditional hydjbmeteorological ' inpùt has been included as per: rivised

.methodoligy.

' . 
, IPoint tö areal rainfgll qatips.

1. 'Present report is the rekisipn/vglidatipn pf the flood'estimatioh Teiloft of Lower Nafmada
(1 lipi jubzone 3 (b) and deals with'the ' istimation.of desiga flood èf 15 jeai'i 5(j yeafal1 .

' J iand ltlb yepr feiurn p riod for small and mediuà catchments !à the.subzöne.
j ' .

M



The original flood estimation report 
.of Sùbzqne 3 (b) was prepared and published in l 982

.The rainfall-runoff data of l 7 catchments havinj catchment area between 63 Sq.km te #2#S
q.km. for period of 2 to 9 years during the perlod from 1958 to 1979 ha

ve been collectedf
rom Railways. 92 bridge years' data of l 7 catchmentj was utilized for the stqdy carried out
earlier. In the present study, additional data of 2 l bridge years for 3 catch

, ments was collectedsubsequent to the preparatlon 'of earlier report
. Thus, a total of I I j bridge years' data from 17

catchments has been used for present unit hydrograph study
.

iM D while updyting the storm studies used the rainfall data of 200 O.
R.G. 'stations and 25

Self Recording Raingauge (SRRG) stations in the study.

'l''.l1e repofl is in six paq-s.. Pikrt-l of the repol-t --tnlroduction'' gives .the sunlnlûry of the
eitrlier kllld rcvised sttldics. Plljlsiograpllic

, cl ilnptic andq
' 

llydrolnetearological features of
tllu stlbzolle havc becn explaincd il1 l3art-l 1

. Part-lll b'rillgs out ' lhe Syntlletic -U Ilit
. 

'
h. .l-Iydlogfapll (SU 14) relations to be used for ullgauged catchnlents in the Subzpne

.'
$ .
:.

'1-'I1e stol-nl stutlies curried out by INID afe dealt in Pltfl-lv of tlle repo. rt. ycfilerion 1111(1' .

s . . 'siandards in regitfd to design llood of structures and p
. rocedures to èompute the design

flqod. pf ungauged catchments are dtscribed in Part - V along with an illustrative
exalnple. Pa'rt-vl higlllights tlle limitations

: assumptions and conclusiongt

The report on Subzone 3 (b) ià reçomlnended for estimation öf design flood for smgll
illltl naetliun) caschnàents varying iI1v! arcas froln 25 S.q.k.In. io 150.() Sq-k1n. . 3-jlis rcport

l (j tlu usad lbr calchlnents llaving 'afcas up 'to .5()(11.) Sq-kln. judiciously afterlllay il S
comparing the neigàbouring catchments having mote or less silnilaf characteristics

.

This report is a ' joint effort of Hydfoiogy (Regionai. Stpdies) Dte, Central' WaterQ
i istry of Water Resources, 'India Meteoiofogical DepartmentCommission (CW C) of n

.(IM D) of Ministry of Science and Techpplogy. Rdsearch Designs and Staildards
Organisation (RDSO) o.f Ministry of Railways and Mlnis' try ' of Surface Trabkport
(MOST). .

/

< ...
,ëf.--)br.

(II.P. SINGH)
DIRECTOR

Hydrology (ItS) Ilte
Central W ater Com niisdion

New Dklhi

M ay,2ô04
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SYMtQU AND ABBRKVIATIONS7
I
t

.. symbhti'; I ,' ' . /1 , 
.

' 

6 l i do uised iktier symbplà lnhthe'hydiblogibal science have be#nAs tkr pkpù4si 1: v# 4 :
i:d ilt iàli Rèport.' Aie list Jf symàolp: adopted is siyeit with the units.u

, 
. . 

' 

; .A Ctiklkment àrèà in 'kni .
. . 

' ' ' ' I .

*  Are: bf Redgttibn Factor
C.G. Centre.of Grakity
.. 

' . I .
'Dj.:aDi

. 
D,çplhs bttpyen t'hi fiver 0ed pr-oàle (L-section) based on the levels of i-

. ' . . I ' - ' '. . .

ih f and .(i-1)I th cohtours at th4 inter-sdction pointp and the level of the
. . j ' . 'b

asè line (dAtum) dfawn. at the poiots of study in metres
. 

;F Shape factöf of catcjment (F = L /A)

Qa'5, Qx' Flood Dischqrge With a rçturn period. of,zs-vear. 50-vear ànd
I . ' - * 'J ' ' *' ' '

ijO- fèar Altè Qlx respectivelz in cumecs '' '''' 
j '''' . ''''' ' .

Q Peak disèhàrgç of Unit Hydrogfaph (cumçcsiP
qp Peak Dischkge of Uilit Hydroqràph per Uhit Area in cumecs per sq.km

S Eqùiplent strenm slèpq (nW m)f 
.

1 . 

v. .. .Sl
. Sa .S lope of lndividual Channel Segnient tm/k, m)

T < Base period btuiit Hydfègraph ih hours.B
To oestjn s'torm buration (hr)

I . 
'

'fi e i-ro'm start of rise to the peak of unit hydrogrgphT m m
j ' .

t'rm=tp + tr/2)'
. . . '

t ; 'Time lag f-roin éentre bf ullit' rainfal
. 14 duratipn to tlle peqk (if Unit .

hfkrograph I in hours
ir Unit rainfall duratiofi in hot rk

U.G. 'Unit Hydrograph
l . . 

' 
.

-  Wi Minimuln Sidth of èatchment area through the centre of gravity pf the
' I .

catchtnent I

1750 .Width of Unit . Hyàroérapli llleasured at 50% of maximum peak
. 
' ' j .

discharge (Qp) in hourà. '
I
I
I
!
l
I
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p PART-I

z . . I-N- TR OD-UC TI ON- .. . , . ; . r; ,. .

1.1 GENERAE . F-),
. 
' 

. 1. >
Bgckgrdund .of tbe Committèe:

The Cömmittee of Engiheers headed by
regional methodology.

fpr estimating design
the recpmmendations of the '.comlp.itteq. the
hydrometeorplogical homogtlleoqs àtlb4onqs: .2 

u. , .
country has been divlded are listed in Aanexurè

D A N Klloqla recolnlnellded to de'velop
qood. fpr small and medium catçhments. On.

' . . * ' . '

COUl1tWt WdS divideil illtb. i ZOPPY #nd ' 26.
. 'n' ; .= g .. 7Th

. ç rvafious subzones lntp which the
l ' y. f v. '

l . l-. .
. r
LoFer .Narmad; A'l)4 Tapizlf.sub4pne 3 .(b) yis .. onç of. the 26- thydfomçteorological.ly
hpmogçneoù, s sgbzones. ,kTli, e Ilood esyimqtioll. repnqa.of Lo.per Narlnad# .and 'tapi
subzone 3 (t9). (Deslg: Omce keport .Np.. L,N

.T/4/à1) was jppb.liih. ed-in. 1282. The
present report is validation/rçvision of the earlier report.

- t' ' - ; ' 1 ' . . 
' 
. . ' : ., - - ' - - - ' ., ' ' - '

The report published in 19à2 contained inputs for estimation the design flood of 50 year
return period only whereas tlle present report provides inputs for estimptillg dqsigp floods
of 25. 50 and l 00 year rettlyn period.

l.i
I
I .

Rainfall mqps of 50 yea.r rçturn pçrjpd fbf.dufgjion .of l # 3,.6, 9,..1 2, 1 5 and 24 hours were.c - - ' - . 
' 

j e '< . ' .'. ' ' . I x . .ful-nislled iù tlopà estitnatiop 
,reporj.s, publisheb iiil. 1987, Tllese rçports were based on

. ' ; .. '' . '' % ...a f

dpta of sparïe sqlf-recoqdihg. raingauges network ..y Afler. ptlbliçation of .tllese stlbzollal
,. .'t ' ' . . .. . > '

reports. llldla Meteörologibal Department (lMD) upgraded tlle llletllodolpgy, pf- storln
study, for preparing the isbpluyial nlaps usi.ng rainfall, data of ORG. and SRRG in andk

' 

j * ''arouad the subzone, in additioh to ihe d.Atg with h the subzone.
. * N . ' ' . :- .v.. . ta . . .

I
.. #

'

1 - q .. . : e . . . : . - ) t. . y .. j . .

NEXD FOR REVISION 0/ RLPORY

I

F lood .EstimAtiön Planning' . and Coordination Committee (FEP CC) in its ,5.lS,' meeting
d tè revise tlie q repbqs ip' a phase# manneq' incorporatilpg tlle revised isopltlvialagree . j , .
è' fed usidg 'ORQ' àhd. tRRG datq for 25 jo pnd I 00 year ?or 24 ho' ur durationmaps pr pa ë !

. . . k' ' . , . > . . .
alld oth.er correspohdinjj' inputs. . It was also decided by . FEPCC tl) : review and
revise/valid.at: .the hydr. ol 'ogi'cal.. study of. tpese (çpoi-ts. utilising adtlitiollal .raillfall-runofr
data collected .subsequqny .io the preparation-or tlw rvpo

. 
1-
.
t
.s,

2
1 3@ RRvljEo STIJDY'

I
I .

. ' 

jHydrological and Storln
, Studies as qar; ied oqlt ip the earliqt report and in the'

revised/vglid.xted report pëe as fbllows : : > '
' ..a J . .. ' * .' j ' * . ''

.t
r

jr
I
I

p
I

p
. 2
!
I
I

*

*



1.3.1 Hydrol@gleal stpdy

The hydrologidal study e-l-ie  zMzd omrlier in 1982 *as basd on rainfall-mnoldata of 1. 7 :
h ts obseled for a pedod vaeing from 2 to 9 Years during the period 1958-79catc men .

Representativè Unit Hydrograph (RUG) or l-hour duratidn were defived. ' from the ' '
selected qoùd events from the availaàle data. The equations relating unit hydrograph
parameters aàd basin pérameters were developed for deriking 1 -I1fL. lsynth'etic unit
hydroéraph.

. 
. jSubsequent to 4he prepargtion of the eitlier feportk additional daia i: rèdpect o 3 bridge

sites '( 479/3' .T. 41 1/1T, 50 N) for : period vaeing from 3. - 9 ' years wms niade
availabte by Researth Design and Standards Orghnisation (RDSO). Tbese da1 bavè now
been gtilised and integrated Witb the eallier studies. ' ' ,

The parameter of Statistical Slope used in the earlier report has' been replaced with
ejuivalent :lope. Recommendations regarding the suitable yalues of loss rate and baie
;ow héve also beenv revised considering additional data. '

The hydrological'study carried out bf CWC istgiven in Part-lll of the report.

stuay1.3.1 Stlem

The u rlier repol œ nt:ned isoplùvial maps of 50-year retprn period for difrèrent
-. duration, timé distribution curves and areal to point rainfall ratios. The present 'repou
. cont ns :

(i) lsopluvivl l:ps of 25, 50 and l90 yeàr fdr zehours basid on available rainfall
: 

'- ' * ' ' '' '

data of ORG and SRRG in àipd around the Subàone.
. 

' 
. 

' ' ' 
.

(ii) Shoft duration. rainfAll ratios for conv4rting 24 hpurs taisfall to short- durationi 
. . . . . - .

rallifall.
(iii) Timé diktributipn .çqrves for storms of vakious durationq
(1v) Point to .-..1 minfall.mtios foi di#- t du- ion.

1: the presdd stiidy. 1M D has utilised the ràinfall data of 200 ORG stations maintaihed
by lM D a'nd.state Governments and 25 SRRG statibns mpintàin:d by IM D

. Be' sides. this
datk RD#è. has .also lad'e av.ilable höurly /hatf boqrly concurrent fain' fall: data in'
ieletted bridge catchments ror conductlng point to areal rplnfall' sldy. Hovyever. inE the
hresent study. S'RRG. data from a network of IMD'S stations in a.d around 'the Subàohe
.- neu u The storm studies carried out bv' lM D are giyè

. n in Paft - IV of tI1v kejiort.

4: PROCEDURE TO ESTIMATE DESIGN FLOOD1.

Tliç lloo; eqtimàtion..reppl for Sqgzone 3 (t ) nlay be used for qst: mation orllksigll llèod
(25<year, so-year And loozyçar) fpr ungzùgd pr lnad' equately gauged- catchments hl-the
Subgonè. Pal-V éxqlyib! prpcedpre fqr obtai#iqgy the' design 11 pod 'Jor speciGeb: retunr. . 1 ' . 

. .heribd along Q. ith i: lllustraiive G ample.
..q ' ' . ' ''' . .

. . '
w . .. 

' . .



*

*

*

. 
. '

PART - H
' 

y

GENSM L bl&ck./#rzo# 9F
i 1 ixcAp o. tr*

r
Ip Plrp 1,, the.location of lmWer.'#arinada and Tq/i subzbne 2 3.fb) has been'eshpwn in mAp
of Indlai as .also dellceation qf 26 subzones into which the m pitry has beén dividgd for the

f h dro'm' drorölogièAl syudies. n é' , sqbzone j (b) is'bbunded bf èhambal bàsiil onpurpose o y
kalt of Kutc'à 'and iAràilia' n sea on the Wvsq Ujper Godak' ari and Konkàn on ihethe North,
d U er Narmada aid Tapi bplin oi the F.a. Kt. Iëperiant cities dnd toW.ns withi.n thesouth an pp

subzone 'arç Surat, Vadodgya, Jalgdop, Khandwa and Bhpkaval. The total aqea öf the
subzone is about 777*  sq.kiù. ' ' t ' -

L6wqRh4W AD4 A## TAPISUB%OgE' 
.

2.2

I
I

RlvERsv#a M r2
I !

'

Plate *2 shpwk .the riv4r kystel, :hydfologiol data obsemàtion sites and nétwotk J?7'
Railway/lliewavs in lhe s-udzonè 3 (b).-. ' '''' ;

. 1. .
The subzone 3-(b) .i! trakefsed by ythe lower reac'hes of dker Nare da and Tapi 4nd iheir
tributaries. The subMne 1. nstitutes #n area of .abrut 50% of the Ngimada apd 'tapi bâsins.
The river T#pi rises in tje S.atpura plateau and has narröW yltd long bgsin. Flowing
wesiward, lt joinsf Gulf of Camljay in the Arubian .Sea; abèat 20 km west of Sùrat without'
fozming a delfa. The Narljada has its èrigili ip Maikal rangç at Aniarkqnt 'ak,;l057 m aboke
he sea. The iiver qows! westwards anb''fall! into the Aràbian Sè# nejr bharuch .afièr 't
traversing the nalrow vàlley bùtween Bhawrpn aiid. ' Maikul rénges and t'he main Vindhya and. .: . : .
Satpura .rAngesk Like Tapi ! this river alm has.po deltg moutk.! . 

.

' 
. . 1 .

.The subàoùè is covered. py lower reaches of' Narmada and its lributàries to the extent of -
aboùt 52% an'd the rest by lower reaches of Tbpi and 4tg tribùtaries to the extent of labout '

. . 

sjyatjkr48%. Thè jubzone comp/ises of the Knnarj Kayamz' Man, Hathah'i, Hifan, Bhakti ,
Goi, Korjan, Girna, Borij' Buray, Gomai and olher. tributaries. . Thç 'gtças drained' by the ''
b tribùtarieq Fit:ili'ihe subàone ar* as uider : i.a ove

i
. . . . j . .. ; , . , . . ... . .

' 

-sI. ' sub Basis l , .Aaa/sq-Km. ' ' Remaru '' ' ' .
Nm 2

' 

1 Kanar : 2826 SI.NO. 1 ' to 9 fall ultder'@ . . .

I : x ada nasjnO wer arm
2. . . Ka am 4. 1272 ' : '

M an 'i . 
,' ' 

. 2 665 . 'i ' ' '3
- T
4 fHatori . l 4112, * .

5 Hiraà r 5704 '
.. i ' ' ' . '

: 6. , . Bhakti BhAdyr , . . . . 6321 . .

B d ' ; ' KA' # 3 '7. . a ar

8. Goi . . .
. .. 

; . . 
, 

. 
.9- : Kat an & Othei tiibutaries 5863

. j . . ' . .
I

3



. * 
. .1() Girna. p . 1. 3,.379, . ., . k . ;Sr. No.'.'l0 to ' l 4 fall undet' '

Lower Ta i Basin
1 l . Bori 5746 z, : ! -, '. -

..s

12. Bura 5224
' . ' & ther five 6570 ., : 'l3. G#nyi o

trliptariçj . 
. . . - , . 

' 
. 

- 
'

. , . ' '
. .

14. Other. small tributaries ' 6600 
. ,. 

. .

Tot#l Area of Subzone' 77700 . .. .
' :: , 

'' . . . . 
.

: . * '

. . . . . . '

2.3 GENERAI.TOPOGM PHICAL FYATURES

2.3.1 Physiography

Plate 3 shows the physiography of 1he aréa. .Lo. wer Narmada and Tapi stlbzönè is e'ssentially *
semi arid region witk mean annual rainfall karying frol 600 lnm to 1600 mm aàd ttbvers

, 
-' 'parts of areas in the states of M aharashtra

, Gujarat and Madhya Pradesh. The subzone is
1 r in shape and extends from Iongitude 720 - 30' to 76P'- 30' East and Latitude ztliirtctangu a

-  30 to 22 ''- 4orNorth. ' '
. 

. ,. 
' ... . . . . ' , , !' ; . .

Tlie Lower Narmada and Tapi subzone has a complex relief
. Plains of medium heights ulto3(x) 

m exist on W estern and Egstern s'ides and in centfe of th. e' su'bàone
. Low jléteaùs iI1

range of 3(X) - 600 m exist in Easterns Southerh and. 'C eAtral portionj
. High plateaus il3

range of 6(X) - 900 m lie in two patchesaon Northern side and alpo on Söuthern side
.t 

. . . . . 
. ,

2.32 Soils

' 

Pl té 4' khèws, thé 'maié' éoil èlajsifitation 'in.' the 'subzonet Tlie brbgd sèil group in. thea 
:

subzone is. black soil, and coaétal allùvial soils 'at the niouth of the 'riker' Tapi
. T here is,

hpwever, a small patch of laterite soil on the western side of the subzone
. Black soilk are

classified a: deep black, medium black and shallow blàck .sdils 'and thçst' art clijey in
texturç and are derived from trap rocks. Only former two groups of black soil are present in
this subzone: At mièro lev8l (i.e. when small and mqdium çatchmçnts afe çonsidered)

. the1 
i - ' E - '' ' ; . ' ' . . - ''soil type may vary cons derably from the aboye iùdièated groups

. 1. .

D .3 Land - Us4 L
' 

, :

'

.' t , ' '' . ' ' . . .:1

élate 1 shows the land use map of (he subzoné. Ap'proximatel'y 7()% of ? the. tlrdki of this
subzone is arable land, 25% forest aid the rist is grams and waste land. . .

L '1' .

4
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2.4

1.4.1 RAG FALL FYATURES
1

2.4.1.1 Annual Norm al Rainfall

The isohyetal map of anntkal normal rainfall for the kbbzoni 3(b) is shown in plate-6.
The subzone rece.fvès mbst .0r the' raiurall rrom so/h west' monsoon. About 90%
rainsall ip teceived in moàths qf June tq october. ln the W estern part of the subzone, '

Irainfall karies from 800mm to 1600 mm rainfall from North tc South. The South-central

art of the subzone receives as low as 600 nlm rainfatl annually. The rainfall pgàin? 
7 ,

.j . . i s rainf-all of- tl,èIncreàses towards NE,
' the far North-Eastern pa!4 6f- the s bzohè rece ve

I
order of 1000 mm.

l

cLlMAToLoslcky FyrAerultss

I

2.4.1.2 Monthly rainfali distribution
i
!

Monthly rainfall distribution at six represent.ative stationsyxviz, Baroda, Surat, Buldhapa,
Malegaon, Nandurbar. anà Khandwa is illpstratéd through bgr' chartg appended to the

q j à kndjcateannual normal rainfall majs (Plate-6). ln the bqr charts, alphabets alopg absc ss
names of months, whereà

, 
s heights of rectangles >re pmportiorfal to normal rainfall of

respective months. I : '

It canlbe seen from the Vr charts that the period Jupe to Septembçr constitute the main
rainy season ovér the subzone.. The mönth öf Odober is also the month of good rainfall

N 1al rainfail for the mohsoon deason (June. to September) Baroda, Surat.activity.. ol'n
Buldhana. Malegaon, Nahdurbar and Khandwa is 95%, 9510..85%, à 1%,8$% & 88% of

. . t 
'

the annual rainfall, respeqtively. '

Normal raidfall for the ftve months
except Malegaon is in the ranjet .

Malegaon.. whiçh lies in. lhe lowest
I .s:.

2.4.2 TEM PEM TURE DISTRIBVTION
) . '

., 
' ' ' ' 1

2.4.2.1 Mian'daily temperatprv (annual)
l .

Mean dàily tempvratqri distributrurt pver 4he subzone is shown in plate-7. The Mean
daily temperature are 4orked out às average of mean mafkimum and mean minimum

l
t4lnperature over the yeâf.

I

I
! .It may be seen frôm the map that almost entire subzone is hàving a meap temmrature peater

han 25'oc. The central part of the subzöne extending from East to West lpeorlences a highert
daily tem-rature fanging from 27..3% to 27.:0C. The temperature decreases upto i5bCmean

I '
towards South as well ajitowards Nolh-Emstern paq of th# subzone.

(June' to Octpber) at the 'five representàtivç statipns
of 90% to 98%  .of the. iznnual rainfall whereas at
rainf-al'l region. it i's 88$. t.

. .t



1!. 41.:!. :! A' :1 TèmperAtur. và#lation: at selected station::nt y

Monthly variations of lean mayimtiih
, mean minimum and mean daily temperature for

six. represent.ilve slâ4ions viâ, Buldhana. Malejqony , N. adu.rbi: Barodax SutAt, and .Thikri are shown graphically i
.n plate-t below the map of inean daily tçmperature

.

It may be s4en from theàv graphs that the hijhest maximutn temperatures are observed in
the month of May at five reqrqsentativi stations except at Surat where it iq
observed in th# mèltth pf A. pnl. M inimum temperature is obsérved iil the month of
January at all the six repyesentative .stations.

Mean daily 
ctemqeratures ar> higllesp in 'the month of M@y and lowest in the month of

Januaty at all 1he six representative stations
.

z.5 COM M UNICATION

2.5.1 Railway:

The important t/ilway sectio'n öf Centrd'l énd Western Railways exist in the 
suzone aregivén in Table 2

.2 as follow.

Table ;.2
(Railway Sectién)

SL.NO. Railwa Section 
. Railwa .1 

I at ui - Bhusaval ' '' Centràl Kailwa
2 Bhusavâl - hâdnera 

. Central Railwa
3 Bhusaval- ltarsi ' ' Central Railwa '4 

Pachora - Jamne Central Railwa
5 Chalis aon - Dhule . ' ' Central kailwa

. 6 Udhna - JaI aon . ' Central Railwa7 
Mhow - Khandwa W estern Railwa

8 Dabhoi - Timba Rèad Westçrn Railwa
.. . ' ' .' :2 .. . .9 Kosamba a Umàr ada' ' : W estérû RàilWa10 

Viswainitri - Chhotaudai ur W çstern Railwa
, . . 'l l Chhuchho uta - Tenkhali W estetn Railwa '

12 Ankleshwar - Rajpi ala Western Railw 
.13 ', . i Sùrat - Vado

-ljl'a Wèsterd Rpilska . 

'' 
. r.. , . . ; ' .. ' . ' '. 'r .4. .. . .

2.5.2 Roads

The important National highways iil the subzont are given ln Tâ' blti 2.J.
) 

' .. 
. l



Tablë 2.3
'J' (National Hlghway) 

.

7 
. . :

No. i Hi hwa seetlo:sl.
l NI'I - 8 M umbai - Ahmedébad
2 NH - 3 M ùmbai - A ra
3 . NH - 6 Dhule - Na ur

;



PAR T III

SYNTHETIC UNITHYDROGRAPH STUDIES

3.1 SYNTIIETIC UNIT IIYDROGRAPH (SUG)
. ' . ' '. :, ' .; 

.SUG is a unlt' hydrograph of unit duration for a catchment developed from relationsestabli
shed betwren physiographic arid unit hydrograph parameters ;of theCrepresentative

gauged catchments in hydromèteorolgically homogeneous r
egion (Subzone).

Hydrometeorological approacll has been adopted for developing a regional metllod fer
estimating desigll tlood lbf slllall and ' lnedi

tllll . catchnlents in variousI
lytll-ollletetll'ologicltlly llotlloyetleous subzosles. I!! tllis approacll. tlhe tlesig'l stol'll! ajlel'converting it int

o eiTective ralnfall (input) i..e. by subtracting Ioss rates is applied to the
unit .hydrograph (transtkr runction) tö obtain a desigl! Good (b

asin response). lt ispossible to develop unit hydrograpll if site-specific concurrellt raillf-all-runofr data isavailable for' 5-8 years. Collectiol) of- adequate colhcurrellt rainfall
-rullofr data for' everysite

. is Ilowever lleitller practicable llor ecollolllically feasible. Il1 such a sittlatioll
, tllercgiollal llletllod for developin

g sylltlletic tlîlit llydl'ograpll (SUG) is rSefel'l'etl t(
). Ilatllcollected and analysed lbr obtaining subzonal SUG equatiolls are discussed in succeedingaragraphs

. ''P

3.2 DATA kEQIJIRED

For carrying out the ullit llydrograph studies fbr d
eveloplllellt of equations fbr derivationf S Iltlletic UG parameters fbllowillg collcurrellt raillfall and rullofl- data lbr a lltllllbel' ol-o y

catclllnellts of slnall ànd mediuln size represelltatively Iocated in a Subzplle al'e. requiredfor a perioà of atleast 5-8 yeafs during tlle 
nlonsoon season.

i) i'lourly gauge data at tlle gaugillg site (bridge site)
.

G.auge and discharge data observed preferably 2 t
o 3 . times a day or lnorerrequently at the gauging site. In tlle absence ot tlits, even daily discllarge data a'ttl

.le these stations can be used tbr S-D culwe development for converting hourlyinto discharges
. 'êgauges

. :' J

Hourlf rainfall data of raipgauge stations in a
.ld around the catclllllents

.Raingauge stations may be selr-recording arld/or lllalkually operated
.

The following catchment details arç also required.

Catchnzent areà plans showing the river netwo
rk. location of raingauge statiùns

and gauge and discharge sites
. storages, habitations. forestj. agricttlttlral andirrigated areas. soils types, land slopes etc.

Cross-sections of the river at bridge site (gauging site)
. upstream and downstreamot-tlle bridge site. '

I
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yi)

3.3

eentrat Railways. western Railways. under the overall guidanie apd supervtqion t)f
Rese'arch Deéigù and statndards otganisation- Lucknow had colleçtèd rainfall. gauge and
i harge data oC2l fridge catchments for a period of 2 tp 9 yearp collected during'.l958cd sc .
1979. Data of 17 bridge catchments for 92 bridgç yeafj fouid suitable weré utiliseb ln
the study carried out dtkrin'g 1982. Add. itional data for 21 bridge years for 3 bridge sites

àùw'n in Table 3. l wjs cbllected subseqùerit to the preparation of .the repprt. Yhus, astotal of 43 bridge year data has been used for developin: co-relation betWeen unit
hydroglaph al4d physiojraphic paranleters for drveloping of Syntheliç Unit Hydrograph
SUG) ' ' ' '( 

.

COLLXCTEDDATA

i I set' tion orthe river upstream and dowistream orth! bridse site.Longitqd na 
, , . 

. 
, .

L'.
'

I .

' (Addition'al data for 3 bridge sites)I 
, 

. . .
j 

'

sl.No.' 'ù site Additional data Brsd e ears
; ;
1 479/3 T 1933, 1.984, I 986 3 , :
1 : 41 l/l T 1987-1995 9
3 1 54 N 1987-95 9

l Total . : , . 21 ears : ,
I
I

Table 3,1

I . .

Annexùre 3. l shows th 'e name of the strçqm? railway bridge number, Railway Seciiön, '
hment. area, No. lof rgin gauée statipns and periqd o/ availability of rainfall ruhofrand catc

data of 2 l bridge catchinents havin.g catcllment areas more than 25 sq.km . This also
illcltldes additiona! data hof 3 catcllments. collected subgeqtlent to tlle preparatioll of the
repol't. It can be seen fronl Annexure 3. l that the catcllment area of gauge sites lie
between 53 sq.kmr to 82à sq.km. .

3.4 DERIVXTJOY t)lr W NTHETIC UNI'F.HYDROGRAPII
. 

. '

Procedure to obtain qhylsiographic parameters and unit hydrograph parameters of the
i hi s between these parameters to develop SUG 'iscatchments and establlshing relat ons p

desci-ibed in the fbllowing paragraphsv
I

3.4.1 Ph. ysiograpbie pérameters
!
g . . . , . .

The physiogiaphic pararreters consideryd in the prese'nt study, arç catchment area (A).
length of main stream '(L). length of- main stfeam from a poifit near the centre of grpyity

l bservbtion site (Lc) and equivalellt streall'l slope (S). -FI1e para- nletersof catchplent t le o
' itstimation of tllese are explained i:1 the following pàragfaphs.are illdicated in Figure- l . 1

j I ' ' '
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3.4.1.1 Catcjllllent Area (A)
.' v' . ' ' 'K

. . . :Tiie gaugil'g site
. is located on a toposlleet and tlle watershed boundary is ln#rked

. The
area ençlosek in this boulldary tipto the gaugillg site nlày be re' fqfrqd to as the 'catchlnellt' 

. ' ' . ' ' ' ' : ' ' *area (A). . . . ' : . ' ' . . ' . x .
! . ' . : ' . . 

' ' 
' ' '' '.

3 4 1 2 Lellgtltl of the Nl'ain Stream ( L ) r

l-llis illtplies tlle 1
. èllgtll of .tlle longesl . nlgin streaflvyiver froln thç fartllest point on 

. .theFatershed boundary of the catcllment area to tlle gaùging site
.

. ' ' 
. .3.Ll. l.3 Leltgilt of ttpe main strennl fron! a hoint 

near the centre of gravity of
catcljnletht to the obsetwation site (L'c).

i , .,icor t'indillg ti'e center of gravity of the catcllnle
nt, ustlally the boulldary of the catclzlnellt '

. l ich' is tliel! I'ul.lg freçly'-
- 
ip ' th' ree. dknyret,t .dil..rctpt jl's il, yel-ticalis cut on a cardboard, w ) . 

. 
. y .i a I 1es a 11d t l le pl tl nlb 1 i lles a re d ravvn fro 

l't1 t !)e poi l1t of l!a tlgi I!y'.f. ) I . 
'I'I!e poi $1t of-1)

. . % z.illtersection gives tlle centre of gravity of tlle catchm
ent. . '1-11e. s. trça. . 'fzlay or may not' i bùt the llearest pohlt tb tlj-tTl?centre of gravity isIlass tltrougll tlle centre ol- gravi y 

.. 
'e ' 

. Jcoilsideretl to find tlle length ol the lnain rlver frolll tl
le ce.lltfè' LC T gravity to tlle point of. ' 

. . . .sy ;studl' (Lc). '

3.4. l .4 Equivalellt strealn slope (S)

Ol1e of the physiôgraphic paralneteçs i! slo
pe. Tile slope may be equivalent or statistical

.I11 the present study
, equivalent strealn slope has beell used 

. instead of- statistical slopeused in 
.tlle previoùs stuày. 

. Equivalelit slope call be computed by tlle followillg nlethods.

(a) : (Jzrtljlllical Iiletllod

Longittldinal section (L-section) of the main strealn was p
repared using the contour plain(topograpllic Inaps)

. In'case the coll.tours 'are. liot 'direbtly àvailablq, tlle ylqareqt 
.spot Ievele . . ' j ' '' ' f ' 'is klsed. l I1e basic çoliiept of eqtliûaléfit slope li

lle so dràivll is lllat (,11 1,11 avcrage basis. ' - 

, '''

' 

,
tlle cuttillg alld'

. fillillg of groulld are 'equal ( Ref Figure I ) 
. i.e. aveaj of tlle l.u-section(protil.el-above fand 'beloyv tlle lille are equal

. 'l-llis lille is called etjuiv' aletlt stî'ealll slopelille. - ' 
. 
'

(b) Analytical nlethod

I--se'ction is brùatllv d'ivided into
. l 0 or.,l.2 sçglllellts rep

sresellti.ng the' b'road rallgés .of the 'K . ' ! ' n. ' . . f 'ë' .slopes'of the sçg
lllellts. and tlle folloqvillg 

.forllltlla is tlsed to calctllàte tlle. etltlivalellt slllpe.. . : . . ' .(s) il1 
.I1i/k- ill. . . 

- . .
' . r ; . 

' . ' '
' ' 

. ;S = 1). 57. Li è(Di-l + 'Di) J/ (L)
W here,

= Length of the ith segments in klll
.



Di-l - Di = Elevationks of river brd at i- l and ith. iqtersection points ot' ct.ijli.t.,tll'jr 4 , . . . . t .1 z r ë ( , J : : . .koned. froln the bed'èlç' y' a.tibn qt .pdillt' o' f illtiresi ' 'eéiïsld' e'fetlfak- klattij 1),1reC 
. . - . .

D(i-l) #lld Di are tlle lleigllts. of .successive bed locatioiï :tt colltour
' intersectipds. . . 

: . 
.
. 

. ' . . 
' '

: 7 . ' . .. .. . . .. . ; . . , . , , . . . . ,:, , . . . , ; . .. . ' # ' I .; 2. . , 2 . . . . , 4 . . . .
L = Length 0f

. 
the longest stream as defined in section 3.4. l .2. in.klll. . .
I

. ' A
' 

' ' #

Physiographic parameters A. L. Lc and j. a.fe nbtqined fbr 1 7. cgtzchjlientj .'
d for .analysis knd are sllown in Anllexure 3 .1. ,uje
. . y 

' ' ' .. . .j .
1 y . . . ' v

1 
,. x3.4.2 UNl'I' IIYDROGRAPI'I PARAM E I KRS

I
3.4.2.1 Scrutiny of dat: alld Gllalisatipll of gatlge discharge rating culwe

Out of 2 1 catchments, data of 1 7 catclllnellts ( 92 bridge years) vyas fbgnd suitable fbr
the . ullit hydrograpll study colltàijled . i 11 tlle . earl i er report. -l-l1e . .addit iollal djlta. of

. . ' 
e %

' 

'

catcllmellts.viz. 479/3 1-, , j4 l 1/.1 . I and 50 N . (2 l bridge years) .was scl-utillized throtlg.
ll' 

. :
aritlllnetical checks and gauge alld discllarge ratlllg curvets) were developed. . 'l'l1e. hourly
discllarges for tlle dtlratiol) of tlle selccted fl oods wcre pb

. tailled f-ronl tlle l'qtjllg ctll'ves..

3.4.2.2 Selectioll of IlooEds alld çorresllolldillg stprlll eyellts
. . ' ' '. 

. , .. j 
. 

. . f . 
.

111* tlle previous study 205 llood evellts o'f I 7 catçllnlellts were foulltl 'sùitable fbr U.G.
e . ' ' 

kstudies. I he gelleral guidelines fbllowed fbr selecting a flood event are ulven below .
I ' ' '''''-' . *'''-' ' '

i) The flood sllould not have ulldue stagnalit waier levels. ' '
ii) 'l'he selected flood jllould restllt frolll signifscallt excess. of ralllfall. . no't Iess, tl.la'n -1

. . ' . ' ; .$ h . ' . f : . . .' (; 111 . <. ' r ' ' ' '' 
I , . v' # . . . . . : ' . . 

' ' 
. 
' 

, 
'

. e .I . . . . : ) .

25 Flood èvellts sllown in '-f able 3.2 were . fbtlnd suitable f-roln tlle, additional ,data
' 

j b 'idge catc' llnlents flpake a 'total of- 230 flood evellts. -I'.I,e catcllnlçlptscollected at l
collsidered il1 tlle plresent Study .are tlle sallle clltclllllents tllat byere .lbund suitable .il1 tlle. . -' '' ' I - 

. . .' ' 
.

pfevious sttldy. t . ; . ' .
lI 
ï

'

'I-able 3.2
j(Sel cted nood evènts)

p . , EVENA'g ' .I 
. . . z TIITALSL

.NO. sl-rE Utilised Xdditional svsxa-s
l : ,

. Earlier 'Events .

l 47973 T ' 9 h l 3j ' .

2 4 l 1/ l T ., ' l 4 . . . . l 2 . 26 ' '
3 ' 50 N . l 9 9. . . .2 8 , , . ,

1 7 ? ' ' ' ' ' ' ' ' ' '. 2 * . s . . j s

'

o (1
, 

- ' '

r! L . ( .

11
;. J



!

3.4.2.3 computatipn ot.lloqrly caithmeat eailifqll
. '

The 3-catchments viz. 479/3 T, 411/1 T and'50 N fof which additional data was received
thevrgingauge network temains the same and the station weights cbniputed earlier were
used.

3.4.2.4 Separation of bgse Ilow
. ' .' ' .

l d iloed events of 3 Bridge catciments were plotted on the usual grgph paperkThe se ecte
The base flow wàs separated throush ihe normal procedure to obtain direct surface runofr
hydrograph and the direct runofr depth oker the catchment, wahs compuyed for each flood
evellt.

3.4.2.5 Colnputatibn of Insltration loss (lp-indek) and l-hour efrerti#è r'aiipfall

W ith the known values of l-hour catchlpent rainfall and the direct runofr depth for each
l intiliration loss (constant loss rate) was estimated för àelected floodflood event, t le

events of 3 Bridge catchments viz. 4t9/3 T 4 1 l/l T and 50 N.

3.4.2.6 Derivation of l-hour unit hydrograph

The studies tp derive l-hour unit hydrogfajh were confined to only tliose flood events
found suitable froln the additional data of 3 bridge catçhments

. The l -hour unitgraphs
i f 11 excess hyetograpl) obtailled by stlbtracting loss rate froli)were deriked from the ra 11 a ,

l -hotlr rainfall and their corresponding direct l'ullofr llydrograpll
.

3.4.2.7 Drawing of representa
,tive unitgraphs and measuring their param eters

'I-I1e representative unit. hydrograph (R0G) of 3 catchments were derived utilising UGs
obtàilled fronl the additional dàta and unit hydrograph derived earlier

. Integrated RUGS
of 3 sites have been tested on observed floods. RUGS 'of I'ènlaillillg l 4 sites developed
earlier were utili/ed as such withotlt ally Illodilicatiölls. Followillg palalneters oI- 1tUGs
as indicated in Figure-z for 17 càtchments were obtained and are ftirnisied at Annexùre
3. 3 .

(a) Time from the centre of unit excess rainfall duration to the peak of unit hydrograph in
hours (tp).

i)i meters' per second (Q
p
). This is th-e(b) Peak discharge of unit hydrograjh in cu c

product pf peak discharge per sq. kln.tqp) and catéhment area (A).
Base width of unit hydrograph in à'eurs ('f 13).(c)

(d) Nvidtll of .unit hydrogtaph meààùièd at discharge ordinate equal to 50% of Q
p il1 hours(W

5o).
(e) Nvidth of unit hydrograph mea,ured in hoùrs at discharge ordinate equal tp 75% of Q

p(:V75). '
(9 Width of the rising side of unit hydrograph measured in hours at discharge ordinates

equal to 5084 or Qp (W R5o).
(g) Width of the rising side of unit hydrograph measured in hours at discharge ordinates

equal to 75% of Qp (WR7j).

12
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(11) Tinle. from the stirt of rise to the peak of the unit hydrojraph (Tm). This is the
sulnination of tp and 0.5*tr where tr is the unit duration of unlt hydrograph.

i' ' .
3.4.3 Establishing relationships between physiographic and represelltative unitgraph

aram eters. :P 
.

I

For establishing the retationship between RUG parameters and physiographic parameters
. ''--'' Lof the catchnlents, linear and non-linear equations were tried. A nonlinear equation as

' 

(è) I b t Gtdescribed below was f und to be t le es .
I

k xà 3 4 3 1

W 20U0 i
Y = Dependent variable
X Independent variable
C A constant

An' tP = exponen
I

. 
' ('

Various relationships àtiempted are shown in Annexùre 3.4. The relationshlp between
LLC/VS as some ofthè physiographic parameters and tp as one of the U.G. parameter was
developed and found to be significant. Similarly. qp was related to time to peak dischargc

j ' ' vof tlie UG (tp). UG Sparameters Wsc. W7,. WRr). WR-)S were related to qp. l-he UG
parameter Ti3 is cofrçlated to tp. The principle of least square errors was tlsed il1 tlle
regressioll analysis to restablish tlqe relationsllip in tlle fbrlll of equation 3 .4. 3. l to obtain
the parameters of the Synthetic unitgfaph in an unbiasçd manner.

I

*

Tlle following relatidnqhips have been derived for estimating tlle l -hr unitgraph
paranleters for an ungquged catchlllellt in the Subzone 3 (b) as sllowll in Table 3.3 as
ib l Io ws : '

Table 3.3
. 

Recolllm ended SUG relatioll
1

Sl. ; Equatiolb
I RelationshipNo No.

Based on Report ot 198à Revised Relatipnship
I C ' . ()1( 0.323 0.3tp = 0.523 (L c/ks) tp = 0.583 (LLU/SI s) 4 ? g3

. . .

r = 0.95 ,r = 0.94
qp = 1 .92 (tp) ' qp = 1 .9 14 (tJ -0.763 3

,4,3.3
r = 0.8) r = 0.87
W c = 1.83 (qp)- ' WIa X 1 .849(qp)- . 'r 

. 3.4.3.4
r = 0 93 r = 0.94

- . w = () (,55 (q )-).&v,, - 0
.924 (qp) ,s . p ? 4 ? j

r = 0 86 r = 0 92 ' ' '
WR5() = 0.71) 5 (qp)- ' WR5o = 0.738 (qp)' 'j 3.4.3.6
r = 0.88 r = 0.87
W = 0 4)4 (q )- ' WR7j = 0.438 -(qp) 'R75 . p gj # a y6 

r . . .r = 0.86 '= 0.87.
. 

:;

13



WR7r = 0.434 (qp) ' W:75 = 0.438 (qp) ' a 4 a y6 
r = () s.l . . .r = 0.86 .

Ts = 6.908 (tp) ' Ts' = 7.042 (tp) ' q 4 :) gC ' 
. . .f . = 0.93 . r = 0.94

8 Tn, = tp + tr/2 Tm = tp + tr/2 3.4.3.9/

9 Qp = qpx A Qp = qpx A 3
.4.3.10

Relations developed are shown in Figures 3 to 9. Details.of relationships so developed
using physiographic and unit hydrograph parameters and theit co-em cients of correl'atidn
is given in Annexure 3.4.. Tlle 25, 50 alld 100 year flood peaks fbr 17 selected bridges
llave been colllputed using tlle new relatiolls givel! in Table 3

.3 and also frotn tlle' RUGS of
these bridges takinj critical storm duration as To = l . l * tp, as explained in para 5.2.
Allnexure 3.5 shows the comparison of flood peaks using SUGS and corresponding RUGS

.

It can be seen from the above table. that the coemcient of correlayion for some reiàtions
h been ltas reduceb and for otliers it has increased in the present study when comparedave

a . ' .to earlier one. -1 his can be explained due to the reasoll that the additional data /or three
bridge catclllllents have been used i,1 developillg tll'e illtegrated ItUG

. 'I'l1e RUG
pal-anleters of these three catchlnellts are as follows:

Jl.No Bridge N0479 .Bridge No.4l l/l Bridge No.50N
2 C A 262 Km2) (C.A. 194 Km2)(C.A. 240K113 ) ( . .

sper Additional . s Per dditional ntcgralcds per dditional 
. oataEarlier Data ntegrated lltep aled eport Data

eport Data .Re
port ( l 983,84, ata ata 1 967768) ( 1987-95)1968-73) (1 987-95)l97 l -73 6 1970--5 .

Q 200.0 247 223.5 133.0 2 14.0 l 73.5 123.0 138
..6 l 30.5

t , 0.83. l .03 .0.93 0.6 l 0.77 0.6à 0.7 I 0.61 9.67 '
t 3.50 ' 3.50 3.50 4.50 4.50 4.59 3.50 3.50 3.50
Tj, l 4.0 î2.0 l 3.0 l B.0 I 4.0 1 6.0 1 3.0 1 5.0 ) 4.0
uXx 2.40 l .90 2. l 5 ' 3.7 ' 2.50 3. l 0 2.80 2.40' 2.60 .

.X7, l .50 1 . l i l .32 l .50 l .40 l . 1i) ' 1 .34 l . 1 0 1 .22
Rx l .00 0.70 0.85 l .00 0.90 ' 0.90 0.90 0.90 0.90
1t73 0.50 0.50 ' 0.50 0.60 0.6D 0.57 0.50 0.50 0.50

Frtàsu tlle above. it can bt seen tllat RUG parallleters have cllanged
. Tllis lpay be dtle t.o

tlle deveioplnelltal activities resultillg in cllallges in the physiograpllic f-eatures of tlle
catcllnlent. The eflkct of these three catchmellts llave affected the overall coeflicient of
Col-felation. ' '

It .woù. ld have beell better, if data of all tlle catclllllellts cotlld 'llave. been collected to study
tlle l11i'tl) plade cllallges in. tlle subzone. 

' Il) tlle absellce of- tllese details alld till 'stlcl) tiilles
' . 

. 
'

tllè salne i.l e collected. tlie predent relatiolls will hold gllod.

14



3.t.4 Dirivation o'f t-hopr Sznthetic Upit Hjdrograph for an ungaugèd
caicbment. .

J

Copsidering the hydro-meteorologically homogeneity of Subzone, the relations
itblished between physiographic and enitgraph pararheters in section 3.4.3 preest

applicable for derivatioq of l-hour synthetic unitgraph for an ungauged catchment in the
Subzone. r

1
The steps for derivation ol l-hour uniigraph are;

I / '

ph siogrgphic pàrameters of the' ungauged catchnlent viz. A, L, L. and S arey 
. . .

determinçd from the catchmçnt area plan.
Ii (lbtain tI,. qp 'W jt), W ?5 hW R5() W 1175 and -1-1! by sutxstitutillg.lhlAjArtllxrilllc basill/tlllit'

d ograph paratue'ters given il1 equations 1.4.3.2 lo j.4.3.l().hy (
. q 'Plot the parameters of l-hour unitgraph viz.; Tm, TB, Qp, W s(), W 75, W R5() and

wIk5 gn a graph' paper as shown in illustrative Figure 2 and sketch and adjust the
unitgrl' ph througli. thçse points.

I
. t . .

Sum ot diqcharge ördlnates of tr-hr unitgraph is obtained and compared with the
thcoretical valuc found b'. y using the following gcneral cquation;

ZQi = (2.78*A) / tr 'I

Qi = disèharge ordinates al l-hour interval (cumecs)
. ' '

A = catchment area :111 Sq-km.
t = Unit duration ih hours.r .

Suitable adjustment can be 'made in falling limb region' from W5() point to the tail of the
tlnitgraph and a sn100th èurve be drawn to inake the volulne equal to the kolunle of the
unitgraph.

3.s SIMPLIFIED Appkoàcl.l

T ickly assess the peak of 25 yeaf) 50 year tlnd 100 year return period flood aO qu 
?t

' 

. .simplified apprqach has been . developed. The physiographic jarameters and
d-ing 25 yrar, 50 year and 1(:) year 24'-l1f. point rainfall as read ftoni thecorrespoll

isopluvial majk (plates 8,9,10) stipplled by lMD are obtair.ed and substiluted in the
1.

elnpirical relatign de.veloped on tlx basis of 'regression analyjis using 25 year, 5() year
and 10() year flöod peaks for each of the l 7 aauaed catchment for different sizes asX - , -  v  .

computed by detailed apptoacll. The values of Oz5, 05t) and OI(x) for thc l 7 catchments so
obtained .art treattd as dependent vàriablçs wert: related to their respectivç pbysiographic
paranleters A; L. Lc and 24 hour point rainfall valnes at 111:11 observal ion silc for 25. 5()
alld 1()() years as (Ra5, Rna' Mlid Rla)) as independent vàriables using nltl Itip- 'le regression
allalysi-# and using method of least square techniqpes for fitting. 'l-lle dérived fIood

I

l'5) .qk

t-



. 1'(.). rnlttlktc . t'o!- 025, Q5(). alld. Q l(x) alld tlleir respective coefficiellt oi- correlation t'r' are as
tlllder. The correlatioll of dependellt variables Qas, (),() and ()l(x, with il'ld. epend'plt vallables
Nve re s t u d i e d .

0.94 l 2 ' -0.3366 -0.'1 (X)9 0.0568 l .6)t)88Q25 = l .() 196(A) (L) (Lc) (S) . (R 1a)) r = ().991
().t) 4 I 5 -()..3 5 2:5 -(3.1111 (y4 ().()5 2 I I .() 7.3 5Qsf) = 1. t327(A) (L) (Lc) (S) (i4lx) r = 0.99 l

0.9458 4.3451 -0.* 77 0.0556 l .i%85Ql(x) = l.1038(A) (L) (Lc) (S) (Rlx) r = 0.992

Svllerc Q25, 05() and Q I(x) are 25 year, 50 year and 100 years flood iI1 culnec respectively
.

A
L
Le

*

is the catchm' ent area upto point of study in Sq-kln.
is tlle lellgth of longest Inain straanl along tlle rivel course in klp

.

is tlle length of the longest Inain str.ealu fronl a poillt ôpposite to the celltroitl of
tlle catclllllent area to the gaugi ng site alujlg tlle nlain strcalll i 11 klu

.

112.5. 115() alltl lt !()() are ' 24 hou r poi nt storlll rain fal l vCtl ues i 11 cnl fo !' 25 ye' 111', 5( l-year alldl t )l) 
year I-etu rl1 periods respecl ively.

3.6 DESIGN LOSS 'I'E

runoff is the end product ofstorm rai n fal l afterin fil tra' tio n i Ilto stlrfacesoi ls, sub-si.l rface alld grouhd bcsides ab stract ions l i ke cvltporllt it)I)
. evllptll 1':1 Ilsjli rltt it) l1,

soi 1 llloist ure all(l gill i I1g up of surface depressiolls
. lt is d i f I-icult, I'atllttr i nlposkilple, t()

fecord/assess these various parameters at various represelltative locatitllls iI1 tllc
catchment except by the analysis of obsefved stot' m raillfall and tlood evellts

. Uoklversioll
of gross stornl rainfall units into effcctive rainfall tlnits for application to ullitgraph is
l'tol-lnttl Iy tl()l1e by subtract ion of conslallt Ioss rate (ff) i ndex ) for t I1e catcl) nlellt

, evtt 11tllotlgll tlle loss rate i 11 ' tlle catchlnellls
. is co nlplex plle nol-nc 11:1, vary i I1g d uc to soi l

colltl i t iolls. soi l cove r alld' topoarapll y alolln vvi t 11 'te lllllol'ltl ltlld spktt i 11 I varilll iolls () 1. sl(.)l'll)
l'l

'

l

'

i 11 l'ttl 1 .

Direct surface

II1 the allnexure 3.6, the variation of the . . Ioss rate ' citll be settll.'I-llel'e is lt svicl'e variation in the loss rate ra Ilgi ng frojll .(.). 1 .n1I)1/l1r t.o 11. 11 ight of . l 8 111111/111'.-1-11c Itnss stl assessed is a conlplex pllellnle lloll l's- t I1e es! i Illttt ioll () f crltcllnle l)t rlli 11 fit I l
tltpl7e llds t) 11 nlllll y IlJ?tl rt.l Itngicrtl factlll's stlcll :ts 111) lecede'llt nloist u re ctllltl i t i(') 11 

. s iztt ('h f t 11c
cêktcll 1) 'le 11 t , st) i I l yllc c tc'. b u t :., ls() t lle cst i l)1:t t i (n 11 (1 f- clt t c 1) 111 c 11 ! ra i rï fk! l I tl t- 1)k

.- 11 (.1t.l tl 1)( 1 I 1 . l.h t-.. - - : 
:lkpttëtt itdf'l t'fl' tlltt ri

'

't i lljjatjg' e st atitlns, y&

'

'llit,':ll a lso .:.1 ffccts t 11t't est i I'nltt itll) .() 1:- t Ile ltl-tllt l 1.:1 i 11 111 I Id
eptll witl) rei pect to runoff observed at tlle outlet ol the catchlllcllt

.

2Ns t 11e I-lood potcllt iltl of 11 catcll Ine nt Nvi l I dcl')c jltl o11 t 11e Ioss rlttc 
. &vc clttl sec f-f(.ltll t I!ez'ï 11 llex tl rt! 3.4) t llllt lor nlortt t I1êl!l 5()çi (

.) l t I1e t l ootls i !! t.l3e catclltlltt !)t . t Iltt Itlss fktte l'illlgt:s. ' 
. . .l'I't) 111 2 Illltl/llr to 8 nll'n/llr. 38. value o f 5 Il'lnl/ll:' is t llel'e lore 

, reco,lllnttlltlttd f tl.1, adopl i()t1.

1 6 .



I

3.7 DESIGN BASE FLO WI .

Base Ilow values for 228 tlood events inclusive of additiollal flood evcllts of 3
t ' 4. . q A : J .catcillllcllts tabulatetl iI1 dtfferent fangé' s are slloW' 11 ill' Allllcxure 3.7. Out t)l 228 flokld
1 11 under the rallge of 0.0 1 - 0.()9 culnec/sq-klll. -I-I1e avefageevellts

, l 27 flood events fa. œ . . 
x
j

llase flow rate of 0.05 cumec/sq.km. is recolnmended for estihïating bàse 'tlow for u
catcllllleflt if1 thc Subzonc-: -FlIe desigller Inay, I'owcvcr, adopt ally olllcr stlilltblc value as

site collditioll. ' ' ' '' ' ' ' ' ' ' ' 'ller
*



FARF- IV

ST/RM  STUDIES

k.l INTRODUCTION

.bleleorolog ical Deparl lnellt ( I M.D) has collductctl dctlti Icd rainlkl l 
sl utl ieslbr Lower

. Narmada & Tapi Basir Subz
. one 3 (b). The study covers Depth-Dufatiull-Frequency analy' sis of available daily/short durali

on rainfall dala iI1 and around thç subzolle
.

* ''' 
- 

: 
y

' 

.'rlle design storm colnponents have been derived ill
. thc forlll of (i) 25. 5t) and lllll-yeal- 24 -

houf isogluvik-tl nlaps. (ii) 24 houfs to short (ltlration ( l lo. 23 llours) rainfall fatios. (iii ) -1-illlt!tlislribution curves for stprnl of (Iiff
el'ellt durations (2 to 24 llours)

. alld (iv) point te cfeal- . .k . 
.l'ai nlall ratios lor speci tled durktt ions ( l 

.3.6. l 2 alld 24 hoursl. ''I-he n'1cl hotlology 1(
.,1- 11 jllhlysiso f eltch colllptlllejlt aIll

.l tllc jlrocctl ure l'tlI- tlesigll sitlI'lll cs1 i 11,:11 ioll is tl iscnssetl ilt Scct itltl-4 .5. 'l-he rcsults of tlle study serve as basic illput for dcsign flobd tstilnation ' for slllal 1 lllldnltttliuln catcllnlents.

4 . l l ' 'rhe India

4. I .2 Subzone 3 (b) covers parts of Madhya Pradcsh
, Maharashtra ti nd Gujarat. ().ncdistriet (31- Nlad' llya Pfgdesll

. elle d istrict of G tljarktt antl tsvo districts 'of Mklllkll-tlslllrlt l
lre lb l l yi llsikle tlle subiolle, svhereas l1i ne d istricts ( tllrcc 

,i 11 Gtl j llrat. l-('u r i 11 N/1 llllllyli prlltlcqh alltl 
.tu.'lli 11 Nlaharaslltf a) atc havillg nlust t)f its area illsitltt t I1c subz.ollc. '

4 .2 DATA USED

''l-he rilin l'al i (1111.1$ for 11 lilrne llulnbcr of stat i()I1s i 11 ltlltl llrllu
xtyd thc subzolle 1-01- as Itlllg 11% he . 

.period as possible have bcen used
. Of oinal'y raingatlgc (OltG) dala ()1- '2()1) stlttio

llsalld sclf recording railiguage (SItltG) tiata of zsstations have been utilisëd
.

4.3 DEI>TH' DURATION FREQUENCY ANALYSIS

isol3lwuvlAlu ilzkps4.3.1

. jj gtj kjruu jjtj tjj: , jj jjaojyq 
, jj ,(y j.yyyjj o y ajj jy jjyjj jyjyja y jyy jj jyyO11 o'-dlly r1l i n l a l l was ge lleratéd . The 20 0'. statioqs ' scr i cs

. l 11 us Ibrmetl, were stj hjoctk?tj. j t)l'l'eljtl C IlCy allal ys is usi I1g G tl mbel 's v'x ire lne v a 1 ue d is' tr' i b tl 1 io 11 for co' nlp tj t j j)g jjjle tjay ya j j) fa j jesl i Illatcs for 25 50 a'nd l ()()-year re! tl rn perjods. Tjrle' sc ' da'j jy raf j) fajj qlst i
nlatq:s (2( )( ) x ,),.j )

-

ïve fe co 11 ve rled i 11 to 24. - 114,) u r ra i n fa I l est i l)1It t-cs b'y, us i 11 g t jle c. () 13 ve j.s i o j,' jkpcj oj'. ( ) j. j . j 5 jk) j.tll c 11 re t u r11 pt't j' i od 
, t llc 24- j)o u r. csf i 11111 ! es j-ol. J( )( ) s! (j t i(u) s jN.,tt rc pjol t ttt,j tlj') 't jlq! jlas: j))kjj) kj jj tjisopltlvials were'drawn The isopluvial 'maps of 25 5(l u'jld 1()() . year k4 . jjtltjr ojjlfajj kjr:.<l1o&vl1 ij1 pjales 8, $) and j() fvspec'tivejy

, 
svjtjch 'can !.)c tjscd l

() derjvc 24-hou' r rajjljkljjestilllatcs lbr specific 
relurll periods. al ajly dt-sirt!d localil

. i) in the subztyjle.

0 RG stations inFor each of lhe 20()

4.3.2 SHORT DURATION RATIOS

'l-llcre are 25 S ltIlG stations in 'the subzllnc atd 
Inosl oI' lhtl statiolls are havillg (

.llllii' (11- lntlrc-thtlll 7 years. Th e hoully raillfall dat.a w-ere sublectcd. t.o .fycqucpcy 'analysi: using partial

18



*

dtltation series for computing T - year t- hour rainfall estiqlates for 1- = 2. 5. l (),
. . 

*' .

yqars. and t =. 
l , 3, 6, 9. l2, ,15. 18 and 24 hours. These estimatcs (.25 x 8 x 5) werc

co.nveried into ratio with respect tt'l the corrcspolldilln 24 - 'hour cslilllales. Avclnlge valit3 (
. . 

* * *< ' . - l-

8, x 5) for the àonv. as a. wllble (nlean .of 25 statioll ratio) wcre thcn' colllputcd for' eacll -I- -
! ''-

' 

.year t - hour pair. lt was noticed that for a specified duralion 1, (he average ralios beyolld T
= . 5 years svefe conlparable ilt lnagl.litude. As' such tbe average ratibs (8) cörrespoll. ding t()
l tl-yeal' t-hour raillfall llaye been j'ecoltllnelltled lo bc atltl'plé' d ullifornlly Ibr collvttrl ing 24 -
llour raillfall illto .t - llour rainfall- Thçse 8 collvcfsioll ratios..lfod = I % 3. (>. t). 1 2. l 5. l 8 ltlld

k ', 
. 

. .24 llours glven belo'sv sverc plot.teil oI1 grapjl alltl il snlotll 1) ctlrvtt sv.lks tlrasvll ils slltlvvll il1
graph at Fig' . t(), svhich can bt used to derive cons'crsion ratios' for ally dqratioll (t) i 11 gellc.ral.
including lhe illternlediale durations.

25 alltl 5l)

10 - Yçar t - l'lour Itaiufall
dluration (t) ln , Converslon =
Hburs : Ratlo 10 - Year 24 l'Iour ltaino ll

j 
' . .

1. ' ( . (3.3 l .
3 l ().49
f) : ().63
k) . ().,73

15 () 87. 
*

. 18 . 
().tj2 .

24 ' ' . 1 .(1(1 ' ' '

Any 25, 5() or 1(30 - yaar 14 - hour' point rainfall' in the subzone, as rcad from isopluvial
maps in Plates 8.. 9 and 111 . lcan be converted illto corresponding .2. 5. 5(p or 1(3() '- .yepr t - l.

l4,tlr.
. 

' .

railltall by rnultiplyitlg Nvith. t-llour ralio as read fronl tlle curve in Fig. l () ori by lnaking tlse - '

of lable alongside the érttph'

4.3.3 TIM E DISTRIBUTION CURVES
. iI

Based pn hourly rainfall (iata of all the
dklrptiolls ranging from 2 to 2k hours wcrc
x 

' '

tollovoing 5 cutegories.

25 SJtRG. stasioqs, a tola.l of 324 l rainstorms of .
. k

allaly4cd. a nd grouped statioll -wlsc illtll t Ile.

a)
b)
c)
d)
e)

!
rainstorlns of 2 to 3 u hour zuratiôn (714 pf all statiùns)

t 4 to 6 - llour duration (775 of a' 11 statiolls)rainstorms ö
uinstorms of 7 to 12 - hour dural on (954 of all stlttions)r
railistorms of 13 to l 8 . hour durl.tion (j93 pf all stlktions)
rainjtorms of 19 to 24 -llour dqr tlion (4t)5 of a1l stalions)

:
f hs correspont.illg to syach group of rainstotms wçrç prtparcdFor each station

, 5. dif erent grap
by plotting the cumnlative percentage of tl'-e total storm duration and the avtrage lilne
distributioq curves (25 x . 5, ) svere drasvll. dN. veragc tilnc dislribtltiol! curkcs .(5.) 1f.11 . tlle
stltlzoile. as a whole? vvere'l tllen dravvn by 'ploltillg 2 ; slatioll curvcs oIl tllc sa' lnc 'grapll al1('I

l 9



aveiugè curves are drawn, which are givèll' iI1 Fig. l l . Thcsc curvés ctlll be uscd to derive' lhc
t ilne distribution co-ef ficiknt o f storln . f dillfall i l1' t l1e sub zone for 'the ' l'aisnstorlns öf ttlly

. 
' . . . . 

. 
' . . .

duration (Annexure 4.3). ' ' '

4 3 4 POINT -140 AIUSAL Xl2AI ,L IG 'l'IOS
. . ' ' 

' . . .present study.' tllc ayliilability of a 'fairly dcllse Iletwork of Sltlt'Gk 'ill tllc subzollu
it possioktt to adopt th'e 'best scién' tific pr6cedure fof derivitlg poiltt to aféal r'e' ltttibnsllip'

base' d o'li SRRG ddta and collcurrent ORG data. in pfefcrence to bridge dktta
. The t. Iata of

25 SIllkG stations' in and aibund the cdtchnlent were used . SR ltG datkt of 25 sttltiobs ' wel'tl
. 

.. :' 
j, ., 

'.-tI l i 1) izod to col lect t l1e rai llstorllls of variotls du ratio I1s ( l = l .3,t''), l 2 ct 24 1) I's). l llescI
lloufly faillfaki I'ecords of S. RitG's ltlld daily raillfall data of surroulld illg OIlG's w cre' '- . . . ' . . . - . . . . .carefully e'x.amilled. for various storm duratiojls (5). to selcct . t - hour rcprttsentative
rai nstorllls based on tlle follovvillg coqsid

.etations :

l 11 tllç
I k:-lllat

A nlaximuln ccntrpl '' value of t-hour fainfall being neafest to thc
. 'correspo. ndillg 24-11o.ur rainfull ttllding t)83() hours'. .

( i i ) ''l-he -avai'l at'l i l i ty t) i- tttle tj u kttc trtpllcu l'I-c lft tl ktt kî t'l 1* su I'ft) u lltl i !!g (
.) lt(.J slat itlli s-,(iii) 'Each duration t being entifely colltai.lled il1 tlle 24-hour periotl ending 'i)83t)

lloufs. -

At 'lout 9t). represelltativc. raillslornls vve.rc selected for allalysis
. For cllcll rcprcsclltgtive

rai Ilstol-ln. the ratio () f rai llstornl rêlin fal l lo co rrespolld i 11g 24- I'ltlur rai Ilfal l was . clljnptl tetl
allkl tlle -. dai l.y. railltutl.. vltlucs of surroullding -(.) 11C; st.llt iolls svcre rctl uccd. il1 . tllc slklllc
proportion. Isohyetal nlaps of 9() repl-eselllative raillstorlns bvcl-c tl

lcll prcpared usillg
concurrellt rain fall values of SRRG stations alltl stlrroulldillg OllG statiors ( l'educcd val u

tts), : - .' cotrespolldillg to .tlle date ttlld tilne o f ettclï represebltativc rainstoflu
. I3y plallii-netçring eltk:lli

sklllyetal ltzttl, arourtl t I)e 'rai Ilstorlqn ce Iltrc alîd pltèt ti l1g t hg f a! itns t'l arely 1 I':k i 11 1 ltl l (Icpill t()jltji I.tt rai n lal l agai 11st tktl ttl- t'tas, tlle best f it t:u rves (5) Sverc . (1 rahv 11 as slloNkll i 11 t 11c grlljlll :lt
Figs. l 2(a) 'al'ltl 1 2(b), ïvll icll call be 'lsetl 10 de l'i Ve t lle percc ntage areal red uct i()l1 l-acttll's 1k)1'-1 i Ilg' poi nt rai nfall of a'ny durat ion iI1 t he su bzolle i 1) ttl correspolld i ng ar' t'tal rlli 111-111 l lbrconvel
ltlly particular snlall catcllluent in the subzolle (/ïllllcxurc 4

.4 ) ' '

HG VIESTRM NFALL itscoltbs
. . 
' 

, . 
. . ' .

4.4.1 OltG Data

The highest tver recorded one'' day station' 'rvinfall (24 hours rainfall end
.i ng ()83() llrs. 01-tlate) alongwiih dat'e of' oècurtellce ii1 each of the i'3 districls covcrillg .subzolle 3(t)) llave. ' . . .. . . 

. 
.beell conlpi l.e

. d fron) thc (.) R. G t'l. ata. alld prcsc nted i 11 Allnt x ure '4 . 1 . AllI1.u it1 Nllrnlal rlli I1I a I I' ) ' ' i i ' i 11 ' 1 h e ' h. i' 1 11 e x u re . ' ' 'tuf eacl). stat on is also g & e n

4.4.2 Sltlttl Data
: e ' 

. ' a

. -. . . 
' ' ' 

. . 
' 

. ' .i 1le hdakiest störln rainfal l i 11 du
. ration of 24, l 2 , 6, 3' alld I hour 11 I()I1g * it 11 ' clêitc alld i i l'ne (.) 1-(jt-cùrre Ilce a t t ht 1 3 S R ItG 

s. tat ions l ' ttke bcc 1) codllp i l (j d ;1 11 d Ilrcsc Iltc d i 11 A lilic x u re 4 
.2. ': ' , ' . ' 

. . . . . '
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. 
' .

. . . ! . ' ' ' ' '
4,$ PXOUEDURE FOR DESIGN XTURM RMNFALL ESTIMATION '
' . .. . ' 

. .

Fpr tt. spekiflçd dislgn stb, rm.dufatihh .Ttl-htjqr (time bf cblïcelltration), for a particulqr bridge
çatchmept ip thç. sttbzoliè, the design storm rainfall and its temporal distribution in the
catchniknt can be comjpted by adopiing (he following procedure.

, 
' 

.% #
. p

' 

' ' .

stép-l : I ncate bfidgi catcllment ulldçr study on the sll-yearxrz4rhou'f isopluvial map in
plate 9 altd:pbtain the lo-year, 24-hour poillt rainfall value in cm. For a càtchment covering

l ute the average point rainfail. ::more ihan one isopluvia , comp
I 

. . 
.. j .

Step- 2 : Read the conkersion r
-
atio for storln d urat ioli -ri) frol'n fig. l () andtnltiltiply l Ile 5()-

. ' I
year 24-hour point fainfall' in step- 1 to obtailt. sll-year To -lour.point rainfall. . '

I ' '' i

Stçp- 3 : Read the àreal redutiiqn fadtor correjpopding to storm duration TI) an'd the givell
ureg of cgtchment from fig-lzla) and 12(b) or Annexufe - 4.4 and multiply the silmyeaf TI) -

. ' --' ' ' ' ' .

lloul point rainfall. in step-z by this factor to obtaip the .jllnyçar T1) -hour areal rai 11 fal l over.
the catèhlnent. 1

I

Step- 4 : Read the .t1 m'e tistribution co-efficîents for . l .2. . . . . . . . . . . .... . .
' 
. .. . 

.(TI).1 ) ''hours. I . .. * ' . ' ' . e.
corresponding ' to storm duration TI.) fiô-li) relevallt ' grapll iI1 fig..l l or Allnùxurc 4.3 alltl
Intlltiply the 50 yr. To uhour arçal rainfall in Step-3 by thcsc co-effi

,çicllts to obfaill tllckl . I .. '': 
.culnkllatlve d. epths of I .2y . . .... . . ....... ... ... ( 1-lj- l ) Ilour calchrnent rainfall.

'â ! '

. 
.
' . 

, j j t) y.j g ge qya t c jy j)) e j) tStep 5: . flbtaill the dèpths of storln rai Ilfal l occu ! i l1g cve ry lltlu'r 1) t le
. * 

. . ' q 
. .l)y btlbtractioll ol successive culllulative dxeptlls of I ,2. . . . . . . . .... . . . , .... . . . . . .. ( 1 1a- l ) and -1-1)

hours in Step-zl-, ,
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PART - F

DESIGN  FLOOD ESTIM A TION

5.1 CRITERIA AND STANDARDS IN REGARD T9 DESIGN #LOOD OF
STRIJCTURES OF SMALL AND M EDIUM  CATCHM ENTS

Kllosla Comlnittee of Engineers had recotnlnended a design flood of so-year return
period ftir fxing the waterway of the bridges

. The committee had also reqpnimended to
.design the fouhdation and protection work fbr larger discliarge by increasing the deàigntl

ood for waterways by 30% for slltall catcllluellts 
upto 500 Sq.km., 25 to 20% 

. formediuln catcllments upto 500 tp 5000 Sq.kl1l.. 20 to l0% ror large catchments upto 5000
to 25000 Sq.km. and less thah l0@A tbr kety large catcliments above 25000 Sq.km.

Criteria and standards followed for design tlood for bridgqs, ùrossrdrainage structurts
and smatl danls ért givtn below :

a) lndian Railway Standard Bridges Substructures and Foulldati
on Code revised in1985 stipulates that aII Railway bridges shall be designed with 
pdqquaie wattm ayfoi design di

scharge. This shall normally be tlle computed ' tlpod with probablerectlrrellce interval of 50 years. .l-lowever. at the discretion of Clli:f Ellginee' I'/clliefB
ridge Engilleer

, if a bridge is Iikely to have severe' conseqtlences. 'it lnay b8 designedtbr lloods with a probable recurrellce interval of lnore than 50 
years, while bridges onIess important lines or sidings may be designed for ooods with 
a probable recurrenceinterval of less than 50 years.

b) Iudial! Road Congl-ess - IRC 6-l 985
, clatlse l 03 of Sectiopl-l ttflelleral Peattlres ol-' D

esigll-' specilses tllat tlhe'waterkvay of a road bridge is 'to'b'c tlesiglled fbf 13 lllaxitlltlsll' - 
x . ' - 

xflood of 50-yr return period
. To provide tor adetluate lnargin of jalety

. the fotllldatiollalld prote
ction wory-s should be dçsigned for Iarger' discharge as computed underclgtlse l 03

. The reconmlended ptrcelltage 
.increase over thç desigl) discllarge

specif-ied in clause 103 is ' givel) tlqlder clatlse l l 0
. I .2 o(' IIt(*.-5- I 985. 'I'llesereconlnlendations art tl

le saluevas give .! i!1 the 1epol4 of tlle Ccdlnnlittee of- E ng. ijleersalltl ltre l'eprodtlced ;S tllldef.

Sl. No. Catehm ent Area * Increpse ln Design Disthar e
l U to 500 Km 300/0 tt, 25s4 decreasi

ng with increase ip arèa.2 500 to 5000 Km 250Zo to 20% deç
reasing w ith increase in area

.3 5000 to 25000 Kn1 20%  to -
, 0%  decreasing with increase in area

4 Above 25000 Kn1 Less 10% ,

Illdian Standard Code of Rpractice for de! igll of cross draillage works - lS; 7784.. 
k . e . i .k llould be'Part-l. 1975 fecolnlnends that tlle waterway lor clos

s (.I a llage wol s sdesigned lbr a 25 
yr. return p' eriod 00tzd.. 7. 

-

o urovide adeljtlat'e lll/rgill o1- safely. tlle

22



percentage increase ' over lhe design discharge recomlnended in the codc is same as
suggested by the Coinmittee of Enginetrs and reproduced .in para (b) above.

:

' d) Central Water Copmission's criteria of 1968 specify that the diversion dalns and
weirs should be designed for floods of frequency of 50-1t* y' r.

I

e) lndian Standards Gpidelines for '4nxing spillway capacity of tlanls under clauses
3.l .2 and 3.1.3 of IS : l l 223-1 985:9 reconlluends 1 ()() yr. returlt period fl()()d as ' inflow
i '11 llood for sma'll dalns llaving either gross storage of the dam bclwccll ().5 and l ()des k .

M mc' or hydraulic head between 7.5 In and l 2 111.
I

5.2 Estinm tion of Design Flood
1

-r0 obtain design nood of required rcttlrll period. the cffcctive rainfall for dcsign slorln
duration'is to be applied ro the unit hydrograpl, of a catchmellt..

;
Procedure for computing design flood peak and design flood hydrograph for T-year return
period by SUG approach' is as under:

:
I

Step -l: Synthitic unit hydrograph

h tic unlt hydrogràph asDerive the synt e
ordinates.

per sectioll 3.4 .4 and tabulate i11 l-hour U.G.

Step -2:

The duralion of ,torm, which causes Inaximum flow in a river at a specified location. is
called uDesign Storm Duration''. The 3UG of 17 catchments have been oerived using the

d d e uatidps given in Ta6le-3.3. . Anllexure 5.IParameters Computed feom recommen e q
shows the conlputed UG parameters. 11 has been sludied lhal lhe critical storm duration.
which causcs sevcre floods in small alld mcdiuln calchmellts as used in this stlbzone, is
eqtlal to l . l *tI'). The flood peaks. of 25 yrs, 5() yrs and 1(1() yrs return period is compuled for-
this storln dufation.

Design storm duratien'

11 is, lllerefore, recommended lo adopl lhe value of design slorm duration (7-1.:) as 1 . 1 *tp.
The dcsign engineer may adupt the valuc of To as 1.1*tp. or any other valuts which gives
thc maxilnum value of discharge.

1

Step -3: Design stokm rainfall
l

k
Adopt suitable deslgn slorm duration (Tl)) as explained in Slep-2.'

I .

Obtain design storm rainfall and hourly areal rainfàll units vide scction 4.5.

iii) Adopt desigll loks rale as recommtnded in section 3;6k
I
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iv) Obtain hourly efrectivé iainfall ipcremepts by subtracting the design loss rate.

Step G i

ja)
1)

ii)
iii)

iv)

Desigp nôod peak
Arrange 1 hour
such that

elective areal-raiùfal! values
the maximum

ordinate of U,G., the n' ext
U.G. ordinate and so on upto To hour dùration.

Obtain the base flow foi the catchment aréa unzer

aga.inst the 1 hour U.G . ordinates
val.ue. of 'elective raipfall falls against the maximum
lower value of elrectike rainfall against the'next Iower

study vide séction 3.7-
Obtain total surface runofr by summing the prdduct of unit hydrograph ordinates
and efrective rainfall qonsecytikely ' '
ObtEin the total flow by addjllg the base

-flow to the comjuted total surface l'unofri
n step (iii) above. This will give the peak value of the flood.

b) Design flood hydrograpll.
. . ' l

For the computation of design floéd hydrograph
. carry out the steps from l to 3 and in

addition, carry out the following steps
.

Step-s:
:

1 Rekersç the sectuence of efrectiki rairtfall units obtained iù Sten-4ti) to uet the criticalI '* 
. ' . ': '% z'' 'G  ' ' 'sequence of the efrective rainfall units.

Step -6:

Multiply the first l-hr efrective rainfall with thç otdinatès of U
.G. ''to gd the

corresponding direct runofrordinates. Likewise. re/e' at flle procedute Lwith all'tlte hburly
efrective rainfall values giving a lag of l-hr each time to successiv: direct i'uqofr
0f dillate. ' ' ' ' ' ' ' 

'

Step -7:

Add the direct runofr ordinates athydrojraph. l-hr interval horizontally tp get total direct cklnofr

Step -8:
Add the base flow as given in Step-4 (ii) to each dirèct runofr prdinptes

,gt ,lnhr iptqrval iph 50
- ear flood hydrograph. 

' ' 'Step-; to get t e y
*. . 

,5.2.1. lllustrati#e exam ple.
' 

. . . ' ' . ' '
'Bridge K6'.405/4 at mlle l 1/12-1 3 on Bhusaval-Badnera

. Central Railway has been1 
. 

.lnIrked out as ungauged catçhlllent fol' illuslrating tlpe
.procedure to comptltq 50-yeard

esigtl Flood. The catchmçnt plan is enclosed at figure A
- l .
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I
l1I
1
l

+ .

The padiculars of the catchmeptunder study are,as follows'.
kt . J ' ' . C '. . . . )

Lower Narma a(i) Nanle of Subzone
(ii) Name of Tributary . 

.dj.(iii) Name of Railway Sectlon
(iv) Shape of catchment
(vlz.laoçation

' t' jj(vi) opograp y

W ughur .
Bhusaval-Badnera
Nörmal

' Lat 20? 54'. 

o jjLong t6 0
M oderat. slope

Procedure is explained belùw:

Step-l :

I
Physiographic parameters qbtained are given below:

E
1) Area (A)-Refer fig. A-11 = 285 Sq.km
2) Length of the longest stkenm (L) = j4,45 km

1 f int opposite to C
.G.(Lc) - 14.45 km3) Eength of the lpngest stream rom a po

4) Equivalent stream slopel (Seq) = 1.48 m/km

The computation of equivklent Slope ig shown at Annexure 5.2.
1 ,

Step 2 : 1 hr Synthetit Unitjraph
:k j ' ..

I

: . . lk t
t/nitgraph paralneters of- the syntlletic unit llydrograpll Nvt.l-c colllputed tlsillg eqtlat'ioll 'if)'- -1 lts are lgiven in tlle tbllowing table

. 

'

para 3.4.3. I le resu g

Physiogiaphic Parameters

Table 5.1 ù
k(Synthetic UG P ràmeters)

Sl. No SUG Param ejers .
. : J' . ' ' . ' J.

* () . ;(j g a1 tp = 0.583 (LLc /k s) . 2:50 hfs , , . . .
, g . q ua. .j 9j.4 (t ) ' = '0 75 cumec/sq.km ' .P * P '

. . . ' . . . . . 
'

: ' J ' uf = j qdC)/r! 'j* . = 7 qlj jjrq ' , '
. . 

. 
- ' 9'!r 1$ (21 . . 2: . q-J'. --'. -.' hk :.,jg jlp ,! . : .. ; .... . --. x.... -. - .-r . , . . ' y ' . . '

4 W75 = 0.955 (q;)n ' = l .22 hts ' '
m . '

? ' ; . . 5 'W Rjc ' H'.! 0'.738) (qp) - ' - î '. . ' : ' ? (.0 ..94 . hrs -. . ' J . ' .'
> ''* . . . /' ar '. ' ' I * % '

' 6 W R75 = 0.4 3 8 (qo) ... . . . . .; ..tc 0. .,53 hrs ... . . t , . z.. . . , . . 
.

, 
't ' ' . . . . . . . . ' . '

. . z ' e .. . . ' . k . :
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7 TB = 7.042 (tp ' -. 14.0 hrs
8 T. = tp+ tJ2 = 3.0 ltrs
9 Qp = qpx A = 212.0 cumecs

Estimated parameters of unitgraph in Step 2 were plotted on a graph paper as shown inFi
g. A-2. . The plotted points weie joined to draw synthetic unitgraph. The dischargedinates (Qi) otthe uhitgraph at ti = t> l hr interval were summed up and multip'lied byor

tN l i.e. QI x ti = :9 l .4 ctlmecs and comparéd witll the theoretical voltlllle of l 
.O0 clll,direct tun ofr depth, over the calchment

, computed from the formula Q = (A x d) (ti x0
.36).

W here A = Catchment area in Sq.km.

d = 1.0 cm. depth.

ti = tr = 1 lm (the unit duration of UG)

Q = A x d = 285 x 1 = 791 .4 cumec
0.36 x tr 0.36 x 1

Note: ltl case, Xoi*ti for the unitgraph drawn is higher or 'lo.wer than the volume of l
cm, the falling limb of hydrograph may be suitably modiied without altering the points
of synthetic parameters such that the sum of aIl the ordinates under the UG is equal to
theoretical value as computed above.

Step 3: Eztimation of design storm

a) Design storm duration
The design storm duration (To) has been adopted as 1 . l x tp
The value of .1.1 x tp = 1. 1 x 2.5

= , 2.75
kounded oFto nearest full hour = 3 hrs.
J.Design .st(;rm Duration (To) = 3 hrs.

b) Estilàtion of point Jainfall and areal rainfall for storm duration

The site under study was located on plate 9 showing 50 year, 74 hr point rainfall
.
' The

point rainfall was found to be 2
-l .00 cln. The conversiori factor of 0.49 was read

from Fig. 10 to convel't the 50 yçàr-24 hour pùint rainfall to 50 yeaq To (7.00) hrs point
rainf. all. 54 yrs, 3 hr poiit rainfall, thus worked out to be 0.49 x 21 cm = 10.29 cm .

Areal reduction factor of 0..786 corresponbing to the catchmellt area of 285 Sq.km. fot'
(i hopr was iiterpolate'd from Annexure k.4 or Gg. l2(a) for conversion ofTo = 3.0

point rainfall to aregl rainfall. 50 yr. 3.00 'Ilr. areal ralnfall thus works out to be 0.786 x
10.29 cfn = 8.09 cm.

26



. 
I .

. 
. . . 

' 
. . . ' '

::r1+ 5b frk, 3.œ 'hopr ayz#l'rainfall haj been splii into l hont rainfall increments using' 
. .
. t . . . ' ' . . 

' 
. .imç distribption kobffkitik: given in Ahnexuje k.3 cr figure 11. The hourly ordinatest 

. .

aqè'given in Yable 5,2. ,
. I

A design Ioss ràte of 0.50 èm/ht, recommended in para 3.6 was applied to .get effective
. . 

' )
raitlfall htyetograph.

ejayyj: 5a
H i effective rainfall incaments)( our

. l . 'Durati6n Distribution Storm Rainfall Loss Effective .
. co-etficient '.raiifall . increlnepls rate/hour Hourly

llainlall
hr ' cm cm cm clfl
1 2 3 4 5 62
l 0.77 6.23 6.23 0.5() 5.73
2 ; 0.93 7.52 l .2R 0.50 ().79

. :5 . '. 1 .(/() 19.(3î/ ().1$ 7 ().5() ().()7!
( .

Step 4:Estimailon of basè now

édopting a design base now of 0.05 cumec per sqrkm. recommended foi' this zone (Para
3.7) the base flow for' the catçhment under study wàs e<timated to be ().()5 x 285 = 14.25
Cumechw

Step 5 : Estimation pf 50 year llood peak
j '

(a) Computation of. Flood Peak
timation of thè peak discharge, thç effective rainfall increments were rearrangeàFor es

against ofdinates sqch that the maximum fainfall is plàced agaipst the maximum
U.G.ordinate, next ldwer value of effective rainfall against next lower value of SUG
ordinate and so on, tts shown ip col. 2 & 3 in Table 5.3. Sum of the product of SUG
di latej and effectlve hourly rainfall gives total diréct surface run off tb which baseor l

flow is adtted to get iotal peak discharge.

Table 5.3
' (50. ear Flood' Piak)

Time ip S.U.G. Ordinates l-llour Effective : Direct Runoff
Hôurs-; (cumec) Rainfàll (cm) (cpmec)

!

1 ' 2 3 4
7

4 ; 101.00 (:()7 7.()7
5 ; 212.4 (.73 1217.05

; .
6 138.00 0.79 109.02

2 
..'' 

. 'lbtal: 1333.14
. j ' .Add Base Flow 14

.25
. 

'

' Peak dischar e t)5() 1347.39
. . 1 . ' - '



J

(b) ' Colnputatiop Qf design floqd hydt-okraph

Effective hourly rainfall shown in col.(3 ) of Table 5.3 in Step 5(a) were rçvéysed to obttlin
critical sequence as shown in Table 5.4. '

Table 5.4
(Critical Se uence of. Rainfall)

Time Critical 1-l1r. Effective raiplkll
. Hrs se uellce in cm

.

j ' 2
1 0.79
2 5

.73
3 0

.07

design flood hydrograph
, the SUG ordinates were tabulated in col 2 Of

critical sequènce of effective rainfall illcrelnents we
re qlztefed in col.3 totrol .5 Ilof izolltally . Direct run of f resu 1ti ng fro ln eacll of tlle i,l ffect ive fa'i I'l fal'l .de I)'t I1s wit h' t l1cU 

.G . ord i jlates i 11 Co I (2) svere e Iltered i 11 col u I1) ns agai !1st each uni't with a successive l ag 'o fl llotll- si nce the tl llit dufation of SUG is l hr
. lnirect rulloff vltl ues wcl'c Ildtled llorizollti'l l y

111'1(.1 totltl di rect ru no f f is shovvn i 11 col 
. 6. '-rota I hydrograpll ord i Ilales wcre obta i Iled b

y.. .'!; 
.

add i I1g bêlstl I lovv o f l 4.25 In ks iI) c() l . 6 al'td ltre givc n i 1,1 t:o I 
. 8. Itlesigl! F Iootl î'I yd ! ogr:tpi)

Nvas jllottcd agai 11st t i jne as shosvl'l i 11 Fig
. A-3. 7-11e peak o 1' the floot

.l l1y(l l'()graI)I1 otltfli lltl('.1Nvfts 1 3zl 7
.39 I113/sec vszllicll ta l I ics Nv i t 1) t l1e I'e;t k s l)t)5v

.l1 i 11 têtt'l Ic 5 .3.

For computatioll of
Allllexure 5.3. The

CIIM PU-IaATIOX () F FLOO D I'EAK USING 1CLO()l) F()It5''l ULAls-
' 

. . . 
'For es' t'i Illatioll of 25 year

, 50 ycar, and . 100 year, the san'le bridge catcllnlellt N:.485/4 isconsidervd fof selection of th
e problem by flood .formula

. The ' pllysiugraphie all(Iilleteorplogic paralnetcrs for llle catcllnpent under stud
y a:e : ' '

Catchlnen't area (A) 285 Sq .'kl'n. '

Lengtll of the longest stream (L) 34
.45 km.

Length of the
, lopgest strvaln froln. a ppint .

opposite to C:G.: of. catcklnent. to point of study. (Lac) 14.75 km.

Etjuivktlent slope (Scq) 2
.48 m/km.

25 yr., 24 hr poipt rainfall (Rz5)
5() yr., 24 hr point rainfall (Rx)
1U() yr., 24 hr point rainfall (R 1a))

= 18 cm
=* 2 l ' crn
= . 24 't2n.)

. () 9zI 1 2 ' -0 J! 766 .() 1 ay; () ()qt)jj ' y ()()gjj ' 'Q2j = 1 .() l 96(A) . (L) . . tLcj . (s) . . jjy j(s) .
m j (.) j g(j(g'yg.;.()4 j 2 ' .0.3.3tx) .(). j txy.l ().j stjjj j .(p jjjjj. - , (31.39) (13.68) (2.:2) ( j y)
1269 75 . ' '' ' '= .
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0.94 l 5 -0.3525. *.0864 0.052 l ! .073$Q5c = 1.1327(A) (L) (Lc) (S) (R1x) '0.941 .5 .4.3525 -0.0864 0.0521 l .0735.
= l . 1327(285) (3 1.39) . (13.68) (2.48) (21)
= l 516.85 '

I
0.945: 2.3451 ..0.0:77 2.:556 l .0685Qloo = 1. 1038(A) (L) (Lc) (S) (

.Rloc)
0.945$ -0.3451 -0.0877 0.0556 l .068$= 1 

. 1038(285) (3 1.39) (13.68) (2.48) (24)
= 1584.24

: ' .
,The perceptage variations in the values of Q15. Q50 and Ql(x) aj estilnated by the detailèd

approach and as estimatèd by the flood fbryuulae for tlle catchment under study are shown in
Table no.5.5.

Table No. 5.5
( Conlparisoll of Results)

! ; Variation W itllCatch-
Br. ment By SUG By Flood Formula Respect to SUG

Area MoNo
Kml 1( ' Qzs Qst Qlx Q2s Qs() Qlï)t) Q2s Qsn Ql(#0

: '
l 285 1 129.30 1 350.14 l 573.58 I 269.75 l 5 l 6.85 1 584.24 + 1 2.47 + l 2.34 +0.68

I '

I

The variation is within àcceptable Iimit. Therefbre. the flood values for 25 yr, 50 yr. and
l00 yr. return periods esiimated by tlle respective flood fbrmulae are reasonable for adoption
in prelilninary designs.

5.4 CO M PIJTA'FION? OF DESIGN II
.F.L

The Design Engineer has to determine the design High Flook Level corresponding to
adopted design flood fàr the bridges and cross drainage structures under natural and
constricted conditions, This' elevation is very important in the analysis for foundations

.sco' ur
, free board. form ation Ievels. llydraulic forces etc.l

Stage disc'harge relationship is represented by stage vs
. discharge rating curve of a river ati 

L

'

tlle p oillt of study. The nlost acceptable llletltod fbr establlshing stage discllarge rating ctlrve
is based bn observed gguges and discharges coverillg satistkctorily the lower to upper
eleyation ranges. Stage discllarge relation defines the complex intèraction of- .chaqnel
cllaracteristics illcluding èross sectional areas. sllape. slope and rougllness of bed and ballks.
'I''l1e perlllalïellt stage dischalxe relat ioll is a straigllt Iille ()r a colllbinat iol) of straigllt lille ol'
a logaritlllllic plottillg dep. elldiltg 011 tlle cllallllel collfigurat i()I)-' a sillgle straigllt vvell defined
channel qnd a colllbination of tvvo strailillt lines for the lnain channel with its firln portions

.
'

Tlle stage. discllarge relatibn Inay be collsidered lnore accurate depending ol1 tlle reliable alld
adequate observed gauge. alid discharge data of the river at the point of study. The gauge
discllarge rating curve. so detèrnlined may be used fbr fixing the design HFL correspopding
to design tlood by extrapölation if- llecessa-y.
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In the absence of qbserved gaugç and dischkrge data at the point of study (bridge or cross-
l tion) ?yniàetic gauge ''dlscharge rating curve has to be c' onstructed bydrainAge stwctures oca ,

Arey-vâlocity M ethùd using the river crpsà sectipp, . slope data and nature of the cross-. ! .

jection. The veloèity is computed by thi' M ahning's forMula
.

Computatiön of HFL is generally. donv with the help' of M anning's formula
. in .which

roughness coemciçnt (%n') is an important f-actor afrettipg the discharge of a river or Nalla
.' l Itle of-' ç n' ij lligllly variable and depends on a number of factors viz surface1- le va 

,rougllness, yegetqtion, channel irregulqrity. cllallnel alig'nluents. qilting and scouring,obstruction, size and shape of channel
. stage and discharge, seasonal çhangv alld suspended

material and bed load. '

kaluesTlle various ot- the roukhness co-emcient for tifrerent types of ch
annel can beobtained froll! any stalldarà text book ot! cllanlle! Ilydraulic

. Tlle above procedtlre pertains to
b dillg to design flood Qf- a river tlnder natural

determinatioll of design HFL c rre7pon
collditiolls. W ith the type of structurej il1 positien there will g

enerall'y be a constriction inthe waterway. The efrect of the constriction by way of ràising the design HFL under natural
.condhiolls llas to be added to tlle water elevatioll tb arrive at tlle revised H

.F.L ulld. erconstricted. conditions
. Tlle difl-erellèe between upstregm and downst

ream water Ievels'respondihg to design tlood d
ue to cotlstriction in the waterway may lbe terjned as afllux

.

'col

Tllere are Ilydraulic metllods fol' workillg out the fillal d
esigl) 1'141-- due to collstrictioll t)y tllestruct

ure. Tlle weir formula or orifice formula of hydraulics is generally used dependillg ol1the upst
ream and downstream depths to estimfté the revised desig

n HFL under constrictedcondiiions
.

Sometimes it happens that' the cross section of ri
ver or nalla pn. the downstream side of ac

ross drainaje structure may be narrow than tlle cross' section at the location of a crossingsite
.

The tlood levels at the proposed structufe may also b
e afrected by the high flood levels inth

e main river joining downstreanl in proxilnity of tlle stream
. In sucl! cases. there will bebackwaier efrect due to the narrow gorge of the river as tlle desigll tlood fbr tlle crossing sitewill not be able to pass tllrougl) the narrow gorgè il1 the downstream . There will. therefore.br lleading up ot- water in its tlpstrealll side Nvhicl! ultiluately affects I-IFL of tlle ri ver at thecrossillg site. In the Iatter case

, tlle tribtltary/strralll oI1 yvllicl) tlle bridge is
. Iocatcd. svill beulliler tlle intluence of tlle back

water efrect of the nlain strean) jolning dowllstreanl
.. ll1 sucllcases backwater study nlay be cartied out.

I li tile abséjlce o'f any observed levels of wat
e:' profi Ies Ibr colnput illg. Ilydraulic gradietlt

, bed. - - Ak .gradiellt of- nalla lnay be considered
- atler veï'ifyillg that local depresjions are llot accogntedtbr ànd bed gradient 'is computed on a reasollable length of atleast 300 m

. upstrealn anddowllstream of the crossing site
.

lf the crossing site is located across the river/drlinag
e in the unfavol-qble reach i.e, notcolllplying witll the usual requirelllents of- gauge site, the desigll flood elevation nlay be

colllputed in a straight reach dowltstrealll of tlle crossing and design t1. ood elevatiön may beworked otlt l)y ulldertaking backwater studies
. 

.
.
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PART Ffj 
, 

'

1 '
AssùMprlbss, zzMzrzlrz/l s c/xèzacxçztw ,: AND

azrc/M M zw oArztw

6.1 ASSUM PTIONS

Following assumptions have been madè in the present study..-

# ' i ilarlt is assumed that ; O-yr. retum p. eriod stonn rainfall produces 50-yr. flood. S m
is the case for 25 yr. and l00-yr. flood.

2.. A generaliled conclusio: regarding the base now an@ loss rate is assumed to hold
good during the uesign nood event.

3. The catchmentj us4d in the analysis are treated as homogeneous.
j '
j '

6.2 LIMITATIOYS

The method would be applicable for reasonpbly free catchments with interception,
if any, Iimited to 20% of the tùtal càtchment. For calculating the discharge, the
total area of thç catchment has to be considered.

2. The gèneralised values of bgse flow and loss rate has been assumed to hold good
for the whole Subzone, The designer may adopt other suitable values of base
how and loss ryte >s per sitè conditions.

3. The data of önly 17 catchments have been : consideied for developing a
generalised aqjröach. Hqwever. for more' reliable re'sùlts. the data .of more
catçhments unlformly distributed would. be desirable.

6.3 CONCLUSIONS
t .

The methèdology fpr qltimqting the design tlood of 50-yr .-eturn period incorporated in
the body of thç repoft is recommended for adoption. Thig also holds good for 25-yr.
flood.and 100 yr. floob.

2

The repùrt also recèmmends the adoption of design flooo of 25 yr. 50 yr.and 1O0-yr.
reiurn jeriodp taking into account the type and relqtive importance of the ytructures.The
report ls applicable for the catçhment areas ranging frbtri 25 Sq. km. tö 2500 Sq. km.
Further, the report maj be used for large catchments ugtp 5000 Sq. km. based op .sotmd
judgement and consldering the data of r,eighbourlng catchments also. Hdwpveq
individual lite conditikns may necessitate special study. Engineer-in-charge at site is
dvised to take a praglatic kièw while deciding the design discharge öf a bridge.a
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6.4 RKCOMM ENDATIONS

l . .ln cqse the physiqgrapl#  parapeters of the qngauged catchment matçhes with an
yf the gauged catchmenj

, the unit hydrograph parameters of the gauged catchmentso
c>n %  propodionatily transpùsed to the ungauged cbtchment and UG

, so derivedjbe Adjusted
.

W hen the prameters of ungauged catchment do not match with any of the gaugedz
atchmentt pieference can be given to gauged catchment close to l

ocation ofungauged catchment.

.3. W hen none of the above two conditions are fulûlled 
one should go in for the use of

recommehded relations.
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Annexure 1.1

LlsT oF HYDRO-M ETEOROLOGICAL StlB zo NEs
: .

Name Of River Basins lncludedv
Sqb Name O f Subzone subzone In Tlle Sub4one
zolle (Designated Earlier) j jjatetj xow

. Dês
' Luni river and 'Ihar (Luni' 

!Luni basin and Tllar 
. (Luni .& other rivers of-'

. 
' L

' 

'

l (a) alld other rivers of- Raiasthall Ltlni R, alastllall a11(l Ktltcll all(I
. and Kutch). : Banas rivers)

1

1 (b) chalnbal Busin chan',bal chali,bal river
. k

' 2 sind Betwa and Kèn
! '

Betwa Basin & other o rivqrs
. and other sputhl (c) 

( ies o. etwa kbutaries oc#amun>
.Tribu ar . tr

j . '
. 

' ' M-'' *

I Sone & Tons 'rivers alld
Sone Basin and Right Bank other Sotltll Bankl (d) Sone
tributariès. tributaries of Ganga.

!
: Lower pol-tion of lndus.

. '

Punjab Plains iùcluding parts u er-.jndo canon Gbzl:5Bilr'' S8hibi Yanluna.
PP -- &- Ganga and Upper Iàortion .I (e) of Indus

, Yàmtlna. Ganga and pjains. . jjajjjgajjga,Italnganga Basins. of SiI sa.
. - ''''' I 

,Golllti and Sai l'ivel's,
M iddle pollion of Gangas

l ins including Low'rr portion of GolntiGanga p a 
jdtjje Ganjja j; tjak uosiMI (9 Gomtl, Ghakra. Gandak. Kosi G akzra, Gan ,

. . r . plains.
and others. . and middle portion of'

M ahalladi.
Löler Ganga Plains 'Lower portion of' Galbgaxoouincluding jubarnarekha and Lovver Ganga 

ujj j.jvrr systejy) ajydl (g) i ivers Plains
, -other east-flow ng r . . kjlaSubal nale .between Gan a and Baitaiani.

' North. Bank tributal ies ofx
ouh2 (A) ' North Brahlhaputra Basin . Bralllllaptlt ra ri vel's alld.

. . 
. . Bralllllajltltl a - .Balasol) l i vcl . .

Soutll South Ballk--tribtitaries of2 (b) Soutlp Bralimaputra Basin j
jma utra Brallrna utrà river.Bra

' 
. I Ba jmk . Ka l (1 e' 11 all(I

2 (c) . Bara:k aild otllers Barak - 
'
. 

'

Nlalli ur .rivel s. .. .

M alli.including tlte ' Dhadllar. . j)k and ' ' 
.M a3 

(a) Sabarmati and Rivers Ot- -
: Sabarlnati'.Satlraslltqa. 

.
. 
zr 

, .
' . ' ' . . . . .' .
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River Basins included inSu6- , Name of Sttbzone Name of Subzone b
zone. the suzoue (Designated earlier) (Designated now)

-  

uower portion .ofLower Narlnada and Tapi Lower Narmada k 
andNarmada, Tap3 (b) jrj and Tapi

, 
. jverj , ,Bas ohadhar r

Narnlada and Tapi Upper Narmada & Upper pol-tion ofUpper3 (C) 
Basin Ta i Narmada and Ta i rivers.
M ahanadi Basin inçluding 

Maùanadi, Baitarani and3 (d)
. Brahlnani and Baitaralli M ahanadi 

jlmani rivers.Brarivers
,

k . . j-Upper poI4 on o3 (ç) llpper Gpdavari Basin
. Upper Godavari ' jG

odavari Bas n.
l-ower Godavari Basin except G davari LgWer Portion of3 (9 Lower o 

kcoastal re zion. Godavari Bas n
.

3 (g) Indravati Basin Indrayati lndravati riker
. 

'

Krishna Subzone illcluding 
urksjjna and pennar rivers3 (11) Pennar 'Basin except coastal Krisllna & Pennar' 
except coastal region.re yioll.

Kaveri, Palar andKaveri & East llowing rivers 
. L3 (i ) j Kaveri Ponnaiyar rivers exceptexcept coastal reg on.

coastal re ion. .:

f! ast flpwing coasta! 'Circars including east 
. ,Upper Eastern rivprs between Deltas ol :4 (a) tlowing rivers between 
jCoalt. Mahanadi and GodavàriMahanadi anct Godavari

.
-. rivers.

Eà' st llowing coastal
ivers M animukta' Sôuthr , .Coromandal 

.coast including Lower Eastern Pennar
, Cheyyara Pélar.4 (b) çast llowing rivers between

coast. Nohh Pennar. M upnel'u.Godavari and Kaveri.
Palleru, Cundalakama and
Krishna Deltà.
East flowillg coastal 'Sasldy Coronlpndal Belt (east 

: .: stltlt 11 Iqastcl y'h rivcr s. Nlalli nltlt Ilar
a

. . 4 (c) fltlvzillg rivcrs betwcetl . . 
.

. 
. 

. 

. . (. (last . Vaigai , Arju na,( JlI I vcl y a 11(1 K allyak tl jllari ) 
. . .1 a l'n

-l.' a p aén i .. ; (. . ' - ''' Kt)f! 11:1 (. oast (svest tlosvillg . Bpest floïvi l)g coast al5 (a) l'iver betNveen el-api ànd Kol''kkan Coast
. f ivers between 'I'api and'

.Palla'i M
andavi rivers.Malabar Coast (west flowing W est flowing coastal5 (b) riverj betwe

en Kanyakumari M àlabar Coast. rivers between Mandavi' d fana'i 
and Kah akumari.

ah

. And alnan ' alld6 Andanlan & Nièobar 
.N icol?ar.

- Jhelum, upper portion ofJ & K, Kumaon Hills (Indus w estznl 
.? B i

n) Himalayas
. 

lndus. Ravi and éeasas
rivçrs . 

.
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Annexure - 3.1

Lls'r OF RAILB'.XY/ROAD BRIDGE IN styszoxfz -3(b) (LOF ER NARMADA & TAPI)
<ND AN'AILABILITY OF GAUGE. DISCHARGE XX'D RAIN/ALL DATA
'& .

- . No of ' .
Railway/ Bridge site Location ' catch- - 'same of Rain

Sl- p:j,wlway/ftoad scction Road Ment cauge oata Avaiia-bility XO.Of jumarks .
the .No. stream Bridge Sitc Latitudc Lôngitude Artà'' cttujon ' Yenrs' ' .

. . J D
No (Km )Deg -min Deg- m in. s .

l 2 3 4 5 6 7 8 9 10 - - - - - - --11

A.' BRIDGES CONSIDERED FOR REGRES-S. ION ANALYSIS '

l Iz:lri ' Cl1:!Iisg:loft-Dlltlli:l.CR ' .76 i/2 T 20 44 74 53 , 82S 7 1 970-74 . 5 .
2 K illl Kosllltlb:l-t,lllli! ;ld- W''R 2 l 2 l 2: 77 04. 542 5 . 1 967-70.73 . ' 5 ' .
7 (1:11) ' Bl1tls:1%';1l-$A:1d1:cr:1.CR . 523 T 20 49 76 28 525 ' 7 l 958-62 ' ' . 5

*. 
, i3u'.' ! Lzabllol-'rifflàa. WR 2,1 . .-' N . ' 22 l 7 . 72 .28 .378 , 4 1 966-74 9

5 Nl:lier M:1I1In:1d-Cl1:1Iisg:)ol').
CR . 29.32''! T 20 l 9 74 43 37 l . 5 l 975-79 , 5 . ' '

6 Biswll l Bllusaq':fl-Brldncra-cR 5()7 '1- .2() 57 76 2() ' 365 5 1958-59 2 ' ' '
$ lkClttilor . BllljsaA.'tll-l3:ldncrêl-cR . 485/4 T 2() 54 76 l)8 285 - . 4 ' . T 968-73 ' . . ' .6
8 iv:lglloor P:lcll()nl-j:llnncr-cR ' 4 1 1/ l T . .21) 4 l ' 75 4 l ' ' . 262 4 l 968-73- 1987-95 15 . '
9 . BooIkrce ' Bhlls:lh'ilirltnrsi.cl'l . ' 479/7 T 2 1 l 4 ' 76 ()3 1 24t) 4 , l 959. 1970 -73. l 983.84186 8 .

.. 

' . .

l (' pliuilrlh Pac11oI:!-):1I:lncr.CR .774/ l T. 2f) 4 1 75 22 226 3 l 966-69 4
l 1 t'.'lloI'ill l A'lncr-ikll:lndu'n .SVR ' 666 N 22 .17 . 75 46 l 2t)2 3 l 968-74 . 7
l 2 Asllu'all C11l1llclû1:1ptlre-TklIi:,1:tl.a.!VRt 5() N 22 (5 . 73 46 ' l94 3 l 967-.68.70-73 tt 87-95 15 . '

Visiluuntitri-chllota ' ' ' .
. 

i 3 Mcria 86 N 22 l 7 73 45 l 74 3 1967.68.70 . 3
U' di ur. WR . . .

l 4 Oolaq'ali Bhusaval-ltnrsi-cR 5f)2/ 1 T 2 1 22 76 : 5 106 4 ' 196 1-66 6 -.
l 5 s'l:ldlltlh'kltj Arlklllesllu'ilr-Kni i ala-îv!k 55 N 2 l 46, 73 . 1 4 l ' ) 03 2 . 1 970.75-78 5
l 6 .Ajilntl! Blltl's:lA':ll-ltarsi-cR . ' 476/ 1 T ' 2 1 l 3 76 ( )2 l 10 l 3 l 97 5-79 5
l'7 00111:1!1:1111 Bllusaq'at-Badnern-cR '. 4b)7I t T 2t) :53 ' 76 l ..1. 1 53 2 l 966-73 8

.. 
x

' 

. .

T'= Tapi Basin N =f Narm àda Basin
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Annexure- 3.2

Pl,lAzslöcrtàél4lc PAItAME'I'RS olz SELECTED
CATCHM ENTS

. 
. lxngth from '

Catchme ' 
. Cçntroid of tht tquivalent. lxngth

, jj: sj()j):nt Arta Caschment to tl
.No. Br.NQ. . (a) . (L) oçjtjrj (se(j). (Km) ' 

jkm(Sq.Km.) ( L ) m. 
jt,i

. , 4 . 5 jj1 2

l 361/2 82B 65.98 28.97 4.6 1
2 2 l 542 68

.59 33.80 1 . 1 5
3 523 525 74

.46 37.03 2.90
4 21(N) 378 39.94 27.37. 1 .7 1
5 29)/1 37 1 26.5.6 J 6. l 0 5

.38
6 507 36j 74

.32 37.03 2.82
7 485/4 285 34

.45 14.41 2.48
8 4 l l/l 262 47

.23 26.56 6.03
9 479/3 24j 4 l .03 2 l .60 6.

.45
10 374/1 226 40

.20 l 9.25 7.59
l l 666 202 26

. l 8 l 6.00 9
.92

l 2 50 l 94 28
. 75 l 8.5 l 3.49

l 3 86 l 74 3 l 
.22 l 4.80 2

.56
14 502/1 106 1 8

.66 7.24 8.59
l ô 53 103 32.98 1 5.45 5.02
16 476/1 l0l 22.54 9.66 6. 1 8
17 497/1 53 29

. l l 9.66 1.33

' A.4



Annexure - 3.3

ONE HOUR REPRESENTATIVE UNIT-HYDROGRAPH PARASIETERS OF
SELECTED CATCHES'INTS FOR UPPER NARNIADA AND TAPI BASIN

>

'Br. ,

QP t TB W s: W 7s 
, WRM WR7sjj yo ' Catchmênt Cltchment Qp cumcc/sq

. 
r uourj .: jjyour). .- 1!m2) (cu' mcc) t 

--(-Hour) (Hour) . (.Hour) (Hour) (k
m-)Ne

.

1 2 3 4 5 6 7 8 9 1 ù 1 1
l 36 1/2 828 695. 52 0.:40() l .0 l 5 2.20 l .20 0.70 0.50
z cl 54c c2(,.()() ,.q(,,7 1.o 2(, 5.:: 2.1: l.so o.so
3 23 ' 525 3()0 00 0 57()0 l 0 18 2.90 ' 1. l() 1. l0' 0.505 . . .

4 2 l (N) 378 238.00 0.63t)() l .0 l 7 3.30 . 1 .50 l . 1 0 0.60
5 293,/ 1 37 l 2B().()() 0.75()4) l .0 l 2 2.00 1 . 1 5 0.90 0.50

: 6 507 365 227.()0 0.5225 l .0 I 9 3.50 l .20 l .29 0.65
1 46 5/4 28 5 20t) . ()() 0. 7335 l .0 I 3 3 .00 l .4() l .00 0 . 70

11 4 l l / 1 262 l 73 .50 0.6(;22 l .0 I 6 ,3 . ()0 l .4j 0.95 0.60
V 41912 240 223 .5() 0.93 l 2 l . 0 l 3 2 . ! 5 l .5 2 0. 85 0.50
l () 374/1 226 2()().()() . ' 0.88()() I .() l 4 2.00 1 .()0 0.70 :0.50

. l l 666 202 l 7() . ( )() 0 . 84 ( )t ) . l . 0 l 2 2 . 0() l . ( )() 0 . 90. 0 .50

l 2 50 1 94 1 34).50 0.6727 l .0 l 4 2.à() i .22 0.90 0.50
j . . () 6,I 3 86 l 74 l 3 l 

.00 0.7,549 I .0 l 4 2.20 l .30 0.90 .
l 4 . 502/ l l 06 1.6..5 .00 l .f l 6 1 .0 9 l .30 0.60 0.60 0.30

. l 5 53 1 03 73.00 0.74369 l .0 l 4 2.20 I . l 0 l .00 0.30

!6 476/1 l0l I 0j.()1) l.0 $()() l .0 l l l .80 ' 0.90 9.70 0.40

tpcolumn to iserted



Annexure 3.4

RELATION BETW EEN PH YSIOG M PHIC AND
UNIT HYDROG M PH PARAM ETERS STUDIED

SI.NO. X Y A B R

' ' 
.1 LLC/VS tp 0.5830 0.302 0.94

2 tp qp I .9 l40 -0.753 0.87
3 qp W ,o l .8490 -0.976 0.:4
4 qp W 7j 0.9550 -0 792 0.83
5 qp W R5c 0.7380 -0.78 l 0.92
6 qp W R75 0.4380 -0.64 l 0.87
7 tp TI) 7.0420 0.559 0.94

NOTE : Eqtlation is of the forln of 5: = A * XB
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Annexure 3.5

>
Q

CON'IPARISON OF FLOOD PEAK BASED QN RUGS and SUGS

Qu i.e.m.v Qx o ..... Qlx i.e.-
SI.NO. .Br. No. .

RUG SUG % Bil. RIJG SIJG @A Dil. RUG SPG s'o Dil.

1 /61/2 3520.18 2624.31 t5.45 3754.05 2791.06 25.65 4678.64 14à4.69 '' -25.31

2 21 2665.08 3062.:8 -14.92 3081.14 3527.35 -14.48 3404.92 3905.83 -14.71

3 513 1 5k9.16 1692.78 -9.27 1754.5. 1918.75 ' -9.36 2127.43 2318.17 -8.97

4 21N 2532.48 2957.46 -16.78 2834.86 3308.92 -16.72 3224.00 3761.27 -16.66

5 ' 293/1 1 374.70 1749.68 -27.28 1640.82 2090.09 -27.38 2005.40 2555.35 -21.42

6 . 5Q7 1349.38 1 1.85.86 12.12 1482.68 1259.23 15.07 1752.53 1482.27 15.42 i

7 485/4 1 150.48 1 129.3 1.84 1379.35 1350.24 2.1 1 1607.57 1573.58 2.11

8 411/1 1020.80 926.50 9.24 1222.20 1108.73 9.28 1426.97 1292:59 9.42

. 
9 479/3 1374.07 1064.50 22.63 ' 1578.70 1221.74 22.61 1702.12 1355.98 20.34

10 374/1 1 1 52.56 . 
985.76 14.47 1221 .76 1047.34 14.28 1395.56 1197.59 14.19

11 666 1 143.26 1314.21 -14.95 l 1414 54 1826.35 -14.97 1656.88 1904.66 -1/.95
12 j0 1383.32 1477.73 -6.82 1589.07 1693.4 -6.57 1768.78 1882.66 -6.44
13 86 1447 41 1393 22 3 74 1705 25 1639.14 3.88 191 1.28 1842.9 3.58

14 502/1 1033.14 937 77 9 23 ' 1 142.13 1036.72 9.23 1306.24 ' 1184.68 9.31

15 53 1039.24 968.51 7.00 1 160.63 1089.07 6.17 1276.39 1212.00 5.04
16 476/1 714.94 598.92 16.23 795.80 666.00 16.31 876.88 732.58 16.46

17 497/1 344.1 .00 j 350. 12 -1 .75 405.33 412.37 -1 .74 436.45 444.00 -1 .73



A nexure 3.6p

LOSS RATE RANGES .NUM BER OF FLOUD EVENTS

. . 
' . '

LOSS RATE tme hour) , ' .Br. 2 ' votaj jums' ruSI. Ho. .cA (Km ) . jg .l: andNo. 0.1 to2 2 to.l 4 to6 6 to g t tolo .lqto 12 12 to 14 14 to 16 16 to 
Nove . . .. , .

1 2 .3 . 4 5 s '7 : '9. ' I (1 l 1 ' 12 ' 13 14 IS
1 361/2 828 1 1 4 k 7 . .

2 21 542- 1 3 3 1 1 9 ' '
3 2 5 2 1 1 2 ' . ; ' ' ' .' ' ' '13 .. ' '523 525 

. .

4 21(N 378 , 5 8 5 3 1 . 23 ..
5 293/1 371 1 3 1 5 1 1 1 12
6 507 365 2 2 5
7 485/4 284 1 6 4 1 1 1 1 16 '
8 41i/i 26:2 4 # 5 1 1 2 l 1 1 1 26 .

. ' ' ' * ' ' ' 

.ç) 479/3 240 l 2 2 3 1 1 1. 17 ... . . . . , . ' 
.

. 
. . 1

. . '

l 1 666 2()2 1 1 1 2 . 1 1 6 '
12 5() l 94 3 ! 6 6 2 1 2 2 28 ,

13 86 l74 2 l l 1 5 '
l 4 ' 502/1 1()6 . 2 2 3 2 1 11< 

.

l 5 ' 53 14)3 3 . 6 2 4 2 18
i fi 4t6/ 1 l () i 1 3. 3 ' 1 ' 3 7 ' . 

. 

' 
1.9 .

1 7 497/1 53 4 3 2 1 1 1 15
27 55 46 34 19 15 11 3 5 15 230



Annexui'è - 3*7

jj soooAYàRAGE BASE FLOW  RASGES FOR STUDI-E F
'(In eumqe per SqkKlù.l
. ' 

e
. ' 

'
* 7 '

AVEU GE BAse FLow RAAtEs(clJMEc/sQ.KM.)
. 

' ' ' . '' . . . . . ' ' . - .

BRIDGK tcle n.ces1 ' e-jene TOTAI- ' .stu No. 0. () (11T0 - e.1(mc.1 0. . vo To 
. 

' 
; ANp

. . 0.09 , 0.19000
.0050 0.0. 09fj ' . ABOVE

;.. .... ' .

1 ; 3 4 . 5 6 7 8

1 3611 - ' l 4 : 5
1, 2 l ' - : 7 . 2 9

3 523 ' 5 4 4 - 13
. . ' .: 

' 

(; . .4 . - 2 lf. N ) . l ' ' . '. ' I . '. 2 I - - - 2 3
5 293/1 .. l 2 5 4 - l 2

6 507 - . J 4 - m- !
7 485/4 . . t ' - . ' 3 13 w J 6

. j 
* .. . . . ' ' -' . . .

8 41 l/l 4 3 . . 18 - 1- 26
' ' . 'r . . . . t ' ' '

. . . . ' . . . 

r ; ( ': . .9 479/3.' : ,1 I . ' . l l-. . . . , ' ' u' .: ' . I 3

10 374/1 u l .
. 3 , -' 4

l l . 666 ' ' - =i r -.j-.-. -.., , 44. .,. f '' -s ...;n2j -t.. k- ' 6. y . ..,. - .,x. w t g..,y . ..- 4 . y , .' ' ' ' 'i I . 2; 4 - T . '' . l -- ,..' 5 .;- 1. ;..w 1 f c.' i !- - ''s f '-- ''i m*'''>-1 2 50 : - 
' - 

, . N 5 ' 1 % . . ' v' : ' 6 - 1 2 8 ,
13 86 : l - - . 1 2 1 5

14 502/1 ' . 6 . 4 1. r a l l

1 5 '. 53. l 7 6 4 1 8

16 .476/1 10 4 5 - - 19

1 7 . .497/1 - . . 
.1 . . 1 j ' ' .. 1 . 1 5

Tétal .- 29' ' 29 ' l27 ' ' 36 7 228
. $ . . .. . % . 

.'

........ . J

EVENTS
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Annexure 3.#

>

o

'tk '')(.
.:' .

FLOOD VALIJES BY SYNTH:TIC UNIT GRAPH AND FLOOD FORMULAE

ày S.U.G. .r) By Flood Formulae Variati4n withrespect t@Bridgv s u c. w  .SI.NO. 
. . .No.

. zs x .iV as x 1œ s s, 1*
1 361/2 2624

,8 27ù1,1 M94 7 2274
,0 1570,9 2791,1 13,3 7,9 11,22 ' 

21 3062,7 3527,: 3994,8 2728,9 3318,5 3527,4 10,9 5,9 7,43 
523 1692 8 1918 8 2318 2 1346 5 1609 5 1918 8 20 5 16 1 154: , 

I j

' 

, , ' '4 21 N 2967 5. 3308
,9 3761 ,3 . 2358,1 2814,0 3308,9 20,3 ' 15,0 9,0 ' '5 293/1 

1749,7 2090*,1 2555.4 1542,3 1976,7 2090 1 10.7 5.4 10 46 507 
1185,9 1259.2 1482 3 1008 4 1137

,8 1259,2 15,0 9,6 8 5 :. 1 .

7 485/4 1 129,3 1350,2 1573 6 1086
,6 1366,3 1350,2 ' 3,8 , -1 2 -3 58 

411/1 926,5 à 108,7 1292,6 872,2 1100,9 1108,7 5,9 ' 0,7 6 39 
479/3 1064,5 1221,7 1396,0 942,0 1146,3 1221,7 11,5 6,2 . 14,1

10 374/1 98 
,5 8 1047,3 1197,6 889,3 1004,1 1047,3 ,9 8 4 1 11,4 '1

1 666 $;14,2 162:,4 1904,7 1093,1 1435,7 1626 4 16,8 ' 11,7 20 312 50 
1477,7 1693,4 18:297 1364

,4 1670,9 1693,4 ,7 7 1 3 1 413 8
4 1393,2 163:,1 1842.9 1252

,6. ,1566,5 1639,1 10,1 4,4 2,014 $D2/1 937
,8 1036,7 1184,7 705

,4. 828,8 1036,7 24,8 20,1 27 0
,,,,

' 1 5 5 3 9 6 6 t 1 0 8 9 1 ' 1 2 1 2 
, 0 8 4 3 6 $ 0 1 2 1 : 1 0 8 9 1 1 2 r7 . : 7 1 1 0 u2 '

76/j 598 9 666 0 732
,6 571,4 675,1 666,0 4,6 -1,4 4,b '16 4 , ,

17 497/1 350,1 412,4 4M 90 291
,8 .364,8 412,4 

. 16,7 $ 11,5 9,4' . . . . . ' 
. ' 

. . '



Annexure 3.9

YUMBER OF FLOOD EVENTS STUDIED

Sl. Np. Br. No. No. of Vlood Events

1 36 l/2 - 5

2 2 l 9

3 523 13(

4 2l(N) 23
5 793/1 r 12 . .
6 50O 5

7 485/4 i 6
. 

' . .

8 41 l/1 26

9 479/3 13
. 10 374/.1 4 .

11 666 6

12 50 28

13 t6 J' -5'
. .. . . l . . . '

14 !02/1 ' ' I l J .- - . . i 
yl . . ' '' ' '

15 53 18
. 

. '

l 6 476/1 l 9

17 427/1 ' 1 5
Total 228 .

A-l l



Annexure 4.1

iiès ot Heaviest Daily Raiwfàll (OkG)''& Annvàl Nbkl'nal kàintallstatis
in Subzoile 3 (b). . .t

. . . 
. 

J'ORG
. .wnnuajHeakiest ùf xormalSI.SO. statezoistrict station baily yDate . .

ceurrenee RainfallRainfall 
. t, . . . ( n, j. . - (J!nl 

.1 2 . 3 4 5 
: r 6GUJAM T

1. BkOACH BRUACH (Oj . 46.0 . à.8. 1976 ' J 88
.4 . '-

2. . SURAT SURATfO) . . 45.9 2.7. i 94 l l l0. l
3. BARODA BARODA 46

.0 24.9.1945 ' 92 0
4. . 'PANCHMAHAkS HALOL 

. 48.5 ' 24:9.1 945 . l 06.4 .. . . ' ' '' b' .
t 'NIADHYA PM DESH 

:. u. . 

. j1. EAST NIM AR KHANDW A 27
-9 13.6. 1916 85.. l

2. W EST NIM AR KHARGONE 40 0 20 6
. 1938 79.5

; . . )y ()3. JHABUA JHA UA 29
.2 26.7. 1.9 l 3 , ,

M ANAw AR 38
,
3 1j9 t9$9 72 94. DHAR 

. 
. . , .

' 

( . .5 ,. INDORE ! 
. .làkqolrE . 

' : tn29.j 11 7, t?.I 7 94.4* . J . . . e . f ' '.' .. ' ' 1 ' . . . .. . . . . ..L' à 'J' . - . 
- .MAIIAItASII'rI4A ( 

. . n. . 
, 

. . .)i BULDHANA ' BULDHANA 33
-8 9.û. 1930 t 87

.7
. 

' 
. J2. Dl IU L l A 

. N AV A PU R 
. , 3zl . 3 ( . 5 . s . I 968 ' I I :lsh'

3. JALGAON JAMNER 
., . . 29.9 ' . l .7. l 94 l . . ,' 80

. l
4. NASIK IGATPURI 37

.8 25.7.' 1952 35.7

.4 - I 2
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Annexure 4.2
Heaviest 24-Hours & jhorter Durations Rainfall Recqrded

i: Spbzone 3 (b)' .. -

. ujghe
st

obj4r
Duration pate & Time Of Clock. ved

State/District SRRG Station (brs) orrurrence HoutSt
orm

Rainf
all

. n1m

5 6' . J 2 3 4 .. -. . .... . ..... ...---. -
. . ;

M ADIIYA PRADESH zz '
1 EAST NIM AR 1. KHANDW A 304 24 ' 12-13.06.1970 ' 13-13* . ,

' 243 12 12-13.06, 1970 15-03
' 

2Ol 6 13.06. 1970 (00-06)
. . l47 3 13.06. 1970 00-03

73 l ' 9.07. 1979 ' 03-04

2 WEjT NIMAR 1 MORTAKKA 305 24 5-6.09. 1994 20-20
' ' 

l 94 12 5-6.*09. 1 994 *20-08 '
l 52 6 25-26.09. 1990 23-05
132 3 26.09. 1990 02-05
72 1 26.09. 1990 . (03-04)' . . ' .

Z.THIKRI 295 24 13-14.06. 1970 l6- l 6
' 

. . 233* ' 12 14.06. 1970 02- 14 ' ,
. . 4

I 74 6 14.06. 1970 . O4- I0) ' . '
. l 07 3 5.6.09. ! 970 (22-01 )

84 . .1 07.08. 1 973 I 4- l 5
. . , . . 

'

. . '

3.BARWANI ' 2 13 24 14-1 7.08.1990 l l - l 1' . .
' ' 

l6t 12 16-17.08.1,990 l 5-03
l 10 6 16-17.08. 1990 . 22-04)

. 89 3 1 7.08. 1 990 (01-04
64 1 1 l .07. J 99 l 05-06

4.MANDALESHW  476 24 22-23.08..1990 ( 14-14)
AR

i ' 1 30 12 30.07. 1 99 1 04- l 6 -
. 

' 

. 
. l l 5 ' 6 . 23.'08. I 990' Q5- l l'' . .

' 

*102 ) 30.07. i :93 (1 1-14) .. ' ' , . . .
' 

, , 80 l l 7.07. 1979 . 12-13
GUJARAT , . . : '

l SURAT 2 300 24 6-7 09 l 970 ' (01-01 )I .SURAT . ' . . . . .. . .
.... . . . y

A-I3



' 

235 12 6.09.1970 (Q2-14 .
l91 6 1 1 .08.1975 03-09

. 
'l 52 3 l 1.08. 1975 04-07

14 l 08.08.1983 06-07

2 BARODA IJBARODA . 256 24 4-5.06.1976 20120
l49 . 12 4-$.06.1976 (20108)
l 19 6 t-8.10.1985 19-01

' 

107 3 01 .07. 1983 I 8-2 I
. . 68 1 20.06. 1975 ( l 8- 19' . .

3.BROACH 2. RAJPIPLA 21 5 74 23-24
.08. 1920 08-*.08)' 

170 l2' ' 23
.08. 1990 ' 12-24

109 6 16-17
.08. l 990. (21-03)' ' ' l04 

3 31 .OB. 1988 (02-05
60 l . 27.06, 1983 2 1-22' 

,M AHARASHTM  
.l .9HULIA I,NANDURBAR 279 24 27

.06. 1977 00-24
' 

99 6 27
.06. 1977 (08- l4) .

77 3 04:06 1973 18
-21

72 ' l 04
.06 1973 18-19

. 
. 2.Gm HODE ' 229 24 05

-06.06.1979 l6- 16
143 12 06.06. 1976 02-14
91 6 29

.08 1986. 15-21. . !'
90 3 29.08. 1986 l6- 19. ' .' 

65 l 14
.96. 1980 00-01' *- . )

. .' ' 

(2. JALGXON IJALGAON ' l 8 l 24 l6
rl 7.08. 1990 05-05' 

E l22 17 16.08. 1990 09-21' 
91 6 

. 28-39.09. 1988 l 9-0 1'). '
91 3 28.09. 1988 19-72

. . . 52 l 12.99.1979 04-95 '. '. . . 
. . 

.
. . . . '

3 NASIK I.M ULHE R l35 24 06-07 O6. 1980 10-10
7 l05 12 l . 27-28

.06..1977 *13-Q1' . . ' . . '
. . . 

<

' 

.
. 

..r 
. .. 62 J 03.05. 1989 16- l 9)

57 l 03.05. 1989 , 17-18. . . '

. . Z.MALEGAON . li5 24 23-24
.09. 1975 13-13. . . 

. j' M 1 1 2 23 
.06. l 98 l b.l -' I 3

79 , 6 24.09. 1975 (92-0*) ' '. . . . . . ' 
. 

.
. . 

*'' 
. 

. *( l 3 l 9-.09. l 983 1..8-2 l ', .' .
42 l 29.99.1978 17-18. '

A-14



Annexure 4.3

. xywj,:TIME DISTRIBUTION CO-EFFICIàNTS t/EACENTAGi) OFCUMULATIVE HOURLY M I

; . . jsjer. 'IMtèe- . . .
. m ska &o>  Duae n @@up) ' MeduM4*** .

' ' ' 

1 3 4 ' 5. 6 7 8 9 5 10 11 12 13 14 15 16 17 1: 19 20 21 22 23 24 l1*M e:Hlua l
* . . .

' 2 '- ' 00 93 :6 80 76 69 64 61 $: 55 53 45 43 41 40 38 37 32 30 29 27 '26 25 ' 2
., qyj ap a j qp w . yy % g3 - - 1*  95 9 l %  K 76 n 70 67 65 56 53 52 
ep . .v =u ' -v.* -e - - - - - - -

4 ' - * ' * lX  94 93 W  . M :1 71 ' 75 n  * fW 61 59 57 M 49 48 46 46 $43 '' 42 4* ' .

5 ' ' lX  97 92 ' :9 87 M 82 79 73 71 68 6 thtl 63 55 54 53 52 '50 48 . 5
, y; yj ,; jy j: 54 66 . - . r ' - - 100 97 93 91 8: 87 85 g0 76 74 72 70 68

' 7 - - . . . . . . .. . I00 97 94 92 90 gg gs. g2 79 77 74 73 67 66 64 63 61 59 7
B tK V; 95 93 91 ' 88 :6 $4 *2 79 77 72 71 69 ' '61 66 65 ' B
9 . . u . . . z . . lûg kg 95 :3 9!' gp g7 :5 :3 82 . 77 75 74

, 7p 77 76 74 72 10. 10 - . . . . . . . . . . .l;g pg 95 :4 vz :; g: :7 86 :1
. gj gz g; yn 77 7j :jj11 - . - - - - - - . . 1p0 vg 97 95 93 91 90 :8 ,

J; - * - '' - : - - r - - - ' 100 99 97 95 91 92 90 87 85 $4 :3 01 79 12''
; j; ,4 gr gg gg gy gj gj gz j3: 1. r . 

- . - - r - . - - . - - - 1 œ  99 97 .
l

. . , vj x ,9 . g7 .. l jI 5 . . . . . . . . . . . . . . . .. 
- 
. . . jœ  H 98 .96 93 92 .

' 46 . i - ' . - . . . - . - . - -, . - . . . . . .. - . 
. 1œ  . 99 9% 96 95 93 91 O :9 . 16 (

!. , jng q: ny ,6 95 vg 91 gj 17
i l : ' - ' -' .

' 
., 
' 

. - 
' 

.. .. . - - - - - . . . . - - l 00. 99 9 S 96 9 6 94 9 2 l B
p x j' w . . ' . . . , , q : g : 6 : 5 () 4 l 9 .

. . jx  w . 97 , 96 2:
' 2 1 . ' - ' - . - '' -' . - .. r 

... . 
.. .. -

' 
. - 

' 
- . .. - .. - - 

' 
- lX  99 98 97 2 1

, jg; ,, q: zz22 .p .. ... '.. ., .. .. . . . . > . . . . . .. * - .
. , , 

. : . . 1(m 99 2323 ' . . . . . .y . . .. . . . t,. . . . . .. .. -
. . . 

' 
. . . 

. 
. . 

- - 100 24
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Annexuiw i4
AREAL REDUCTI9N FXCTURS (%) FOk POINT TO AREAL RAINFALL

. . . . . 
. . . ,

' 
, .

CA7CH ' ' ' D Nj n sjorm Duration (Sollnj CXQC;Mox t e g 
, 
Nlsx.r' # . . . .A!* . ' . ' ! .%%%( $w5!*) ' e ao . . . , 'h ' . ' ( Iù%1 ).œ . ' !' 

-
'2 3.. ' 4. . . . 5. 6 2 . 9 10 ' l l 12 13 14 - 15 

. 
' 16 ' 17 f 8 19 ' 20 2 l 22 23 24 '

00 . l00 ' ' l00 l00 ' 100 '' l00 ' l00 lôô l0c Ic:
., .1:0 lcn jcc jcc )cû ):a jôô jcc 1:1 ' 1:: 1aô Ic0 lô0 Iô0 l:0 00. 4 n . .: . ' v ' : '

. . % * . . ' .. 
.. :A. ' ' '. . .p u . .A ' ' . . 

. .50 . 22.56,- :93.50 '. 94.5: . - 94.:3 95.17 93,15 95.79 96.00 +.57 %.6i 96.96 97.25 97.31 97.38 97.44 97.50 ' 97.56 ' .97.62 97.69 97.71 97.:1 97.8* 97.94 9*.* 50. * ' . '' ' . . . n '
, f . w .. . .! .ug...

d 

1 a . . . . ' . 
. . '141 f. w.0b l ::.12 89.50 90.17 O s:!. 91..50 92.00 +1.50 93k*  :3.50 94.à0 :430 94.65 94.79 94.:4 . 9548 95.23 95.38. 95:52 95.67 .95.81 '95.96 94.10 96.25 ; l(X' . % . ' . . . ' . 

.' ' . . q. . . . . . .15& ::.fhn :3.62 :5.23 :6.17 :748 *:.œ ' *.:.7:7 .:9.5) '90.21 --:j.*  9 1.75 92.5c 02.67 :2.0 '4n.x  93.17 93.33. :3.50 . *:3.67 93.:3 94.* ' 94.17 94-33 94.50 15C
*2(X ' .74.50 :0.00 t2.00 :3.0: g4. 17 . 8f.28 %.04 *6.;j (187.62 -' 8:.42 . :9.21 90.%  .x .25 tm..50 x.75 , 9l.œ ' ,1.2. 5 9!.50 ' 91 .75' 92.* 92.25 92.50 92.75 93.* 2* '. -
250 . '72.K ' 76.7.5. 79.00 ' *6.33 à1.47 .:3.* D. ;87* '84.'i5 85.62 :6.50 :7.37 88.25 88.82 8:.79 ' *9.* *.33 ' 89.60- *9.:7 0.15 90.42 90.69 90.96 91.23 91.50 l ' 2,50

' 3*  ' ' ' - 74.25 76.50 r .#; '79,336 *0.7, 81.11 6.67 *3.62 . 84-5* I 85*.84 :6.50 :6.79 87.08 . r .38 r.67 ' 87.96 *8.25 88.54 :*.83 *9.12 W .42% **.71 O .W 3* '
350 ' 74.80 .7$.8: . r .17 7:.50 79.5: :0.67 i1'.7r ' :2.:3. :3.92 :à.0'0 *5.29 25.*5: .' :5.:: M.17 *6.46 86.75 . W.04 8733 81.62 87-92 88.2 I 88.50 ' 350

. 
' 

- . ' 
. 

..-.. ;4* . ' - 72.7, . 74.17 7:.5: 77.*  7:.0: 79. 17 .80.25 . 81.33 :2.4 1 :3-5ô j3.79 :4.0: #4.3: ' >.67 14.96 85.25 :5.54 *5.83 86-12 0.42 86.71 W.* i 4t*. . . -. - ' ''- . - '''' ' ''' v , v '''' ' ' ''' - ' ' - - - v 
. 

- . . . l. . A .

* ' 50 ' 71'26 7i J8 73 92 7
.4 ;r 76 37 77 50 78 62 71 75 R0':7 $2 00 82 33. 82 67 :3 X D.33 :3,67 *4 00 M.33 84.67 85.00 ' 85.33 35.67 M.W ' 4 50

5* 70.00 '71.1j 72.67 74.* 75.12 76.25 77.34 7:.50 ' 79.62 80.1: 81.10 .#l .46 .81.:1 D.17 82..52. 82.87 83.23 03.58 83-94 >.29' 84.65 $5.* 5*' , . . .. . '

tx''/ . ' . ' ''' '- ,8.75. 7.:.12 79.5: 79..7 . *-25 89.62 'l*n .1-37 .'.75 'C-l2 82.5: '2.'7 83-25 *%
- ' ' 7*  ' ' . ) . .- . 

' 
. ' -/7 cd '77.42 .' 7.7.:3* ' 7g.cJ 7:..67 79.0: 49.50 - 79.92 - 80,33 80.75 81.1.7 8 l.r8 82.*  7*

gy . . . . , . . : w w
.x  yoay .x .x ac.jc w.x sx. .. . . . . .' 76.00 76.3à 76.75 r. 12 77.$0 77.87 7:.25 . 7 .

M  ' ' ' ' .:.15c ' i4-sa ' 75.33 75.75 76-:7 76.ss ,7.cc ,,-*2 =.ez -*.25 ,.-67 ,79.n. *-rp tz'x't .' . . . . .. ' ' 
. . . . . ' . . . . . ' ' ' .lA  - ' ' - ' ' ' ' ' ' ' 74.(* 74-38 74.75 75.!2 75-5e 75.87 ''u-2s 16.61 r-nn . r-37 *-fs 7'-.2 7'-'e ' 't'X%1 8

'''* ' ' ' ' ' ' . 73 nn ' -r.' 42 73.83 7*25 ' 74-67 .'7s.08 75.5: 75-92 76.31 76.75 77..7 *77.5% 7'-* ' ''*'. . ' . . l .- . .j ' . . , , , , . ç , . . . . . . . . j gy gy-ay, yp.6z w-x ., j cx2X  ' ' , .
' 

. 
' 
. ' : . .. ' ' . 7/5: 77 g: . 43.25 D.62 Y42* 74.37. 74.75 75.12 75.50 7 .

. . . 
. . . . . xkx. h j.;xIM

1400 
.

15œ . ' 76
.* ! 5*

. u .u.2*  '5
'W 1M
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Aippxuèe t.1

EQUATIUYSLIST OF SUG PARAMETERS OBTAINED FFUM

' 

Qp . w . wk v : i *CmC.K é tp : Fw w,s pRx p . voumeSI.NP. BT.NO. v
mlj çumee amecg per uo Ao jjs , so :o. uyx a mx. . ( k

m: . . . . . .
1 2 3 4 .-. 5 6 ' 7 g ' 9 10 1 : 12

l 361/2 828 r 10.60 ')t 62 4 50 2.' 9 .1.10 0.85 0.49 ' 16 2300.00
2 21 542 ' 25).49 .:.47 5.50 . 

4.48 1.95 1.49 0.74 26 1605.60 .
3 523 525 323 80 0 62 4 50 3 20 l 49 l 14 0 63 16 '' 145$ 30

. . 
' . .

! 21 378 . . 281.70 0.75 7.50 2.90 ' 1.3: 1.06 6.69 14 1050..00
5 293/1 371 3J6.20 b'.9b . 2 10 2.45 ' l.2j'' ; 0.92 ' 0.53 12 . ' 1030k60' . . . * . . . . r'

6 507 . ' 365 193.50 ' 6.53 : .4.50 . . 3..48 1.60.. 1.13 0.'66 18 1013.00
. 7 485/4 285 212.40 ' . 0:75 2.50. 

7.50 l .22 0.94 .'.. 9.53 14 . ' 791.70
1 4 l 1 / 1 262 1.6 I . 00 'Q'. 62 ' 3 . 50 . 22 16 1 . 32 C l .92' 0. J 7 l 6 727. 80 S!

. ggg gp2 fVVl? 240 l 78 
. t0 0t 75 2.50 . 1 .98 ' . 1..0 l 0.78 0.46 14 v--. . - .

1 /1 2265 l68 40 '.'û$75 1.50 .2.j9 l .06 0.$2 0.48 14 627.80l 0 3 4 .
l 1 666 202 l93 80 ' U''96 2 50 . 2 19 1 . 1'9 , 0.85 *0.49 t2 ' . 56l . 10
12 50 194 144.60 0r75 2-50 2.72 1,A1 1.01 0.56 14 538.90 '

86 : l74 129.70 ' 0 75 ' 2.
50 2.43 . I .'19 0.92 0.52 14 . 483.30 .

. t 3 . . .
. . . . ! . .

14 502/1 106 148.50 1'.41 l .50 1.2t' , 9.67 0,52 0.33 . 9 294.40 '
. . 

' r - . . .
15 .. 53 ;' : 103 76.80 . 0:75 ' . 2.50 2.59 1.26 0.97 . 0.55 ' 14 286.10
l6, 476/1 10l 97.00 0k'96 ' 1.50 E 1.78 0.93 ( 0.72 '9.43 12 - 280.60
17. 497/1,7 53 50.90 0',96 . -2.50 . 1.t4 '. ' 0.99 0.77 .0.45 12' 147.20 -



Annexure 5.2

UG TION oF EQUIVAyENT stzopE oF BRiDGEcoMp
CATCHM ENT NO. 485/4

. sejgu
, lxngt: pboveof

tEe j (sj
-j + sj)Rl, . Eath a - DI-1+D1 L3I

. RD Km) sejmenj ua-m (m)'( (pj)No
. (Km) uj) 

(um.m)' ( )(m
(Km)

1 .; 3 4 ' 5 6 7 
-.

1 0 250.00 0 0 0 0

2 6.t5 260.00 6.75 10.00 10.00 67.50
3 13.50 280.00 6.75 30.00 40.00 270

:00
4 14.75 283.00 1.35 33.00 . 63.

.
06 78.*75

5 22.50 300.00 7.75 50.00 83.00 643.,25 ,

6 27.63 . 320.00 . 5: 15 70.00 120.00 /18.00
7 3 1.40 340.00 3.75 90.00 160

.00 600.00
8 33.10 360.00 ) .70 1 10.00 200.00 340.00
9 31.45 380.00 l .35 ' -130.00 ' 240.00 . , 324.00,

, . 

, ùtj. aq4 j .5g

Datum (ite. R.L. of river bed at point of stufy )

Z Li (Di j+Di )
S xr -..-....<...L ......etj .

(1-)
; .,

2941.50
x  ' > .

(j4.45)1
!

2.48 m/knl

250 m

à-jg .



Aunqxure 5.3

COM PUTATION UF DESIGN FLOOD HYDROGM PH OF BRIDGE
CATCHMENT NO. 485/4

Rainfall Kxces: In (eni)
sUH Total ùtaj ynowBax Flow T

Hour: Ordjate: :.79 5.73 0.07 DSRO y ) (m3/s)3/S1 tX' S(m /,) (m
' *

Dirœt Rulioff (nF/:)

l 2 3 4 5 ti 7 8

0 0L00 0.00 0.00 14.25 14.25

l 33.00 26.07 0.00 26.07 14.25 40.32
2 l01.U0 ' 79.79 189.09 0.00 268.88 14.25 283. 13

3 21j.40 167.:0 ' 578.73 2.31 748.84 1k.2) 76).09
4 ' l38 00 109.62 12 17 05 7.07 1333. 14 14,25 1347.39. . :

t 5 86.00 67.94 790.94 14.87 873.55 14.25 887.80
' 

Mg 98 492 78 9 66 55l '42 14 25 565 67j 62.00 . . 
- - . . .

7 h7.00 77.13 355.26 6.02 398.41 14.25 412.67
8 37 00 29.23 269.31 4.34 302..88 14.25 31 7. 13

8 0U 22 12 212.01 3.29 237 42 14.25 *252 679 
. 2 . . . . .

20 00 l 5.:0 160.44 2.59 1 78.83 14.25 103.Q8.l 0 .
14 00 l l 06 1 14.60 l .96 127 62 14.25 14l .871 1 . . . . .

12 9 00 7. l l 80.22 1 .40 88.7j 14.25 102.98
13 4.00 3. 16 51.57 0.98 55.7 1 14,25 69.96

14 0.U0 0.00 22.92 0.63 23.45 14.25 37,80
' 1 5 0.00 0.28 0.28 l 4.25 l 4.53

0.00 o oo 14.25 14.25 ,l 6 - . . . . . . . . .

è . 
. 

-

A-l9
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