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FOREWORTLD

In the recent vears consldersble sdvances have taken
place in the field of Hydrology and these sre being applied to the
design of major projects, However, Hydralogic desipgn of
steuctures like road, Bailwsy bridges, oross drainage works, small
irrigation tanks is not receiving aomparable attention.
Consequently, the waterway and other parameters provided in these
bridges prove, 1in many & case, grossly inadegquate, The Committes
of Engineers set ap by the Goveramsnt of Indis in 19567 under the
chairwanshie of De. A W EKhosla went into this problew and after
reviewing the methods avsilable for estimating the design flood
discharge, recommended the adoption of rational methodolgy,
invelving wse of design storms and wnlt  hydrographs for the
estimation of design floods, This methodology 1= oot normally
adopted for swmall and medium structures, partly due to lack of
adeauate railnfall and runcff data for analveis and partly dus o
the time and cost iavolved in such analysis. For overcoming these
problems &sod & & follow uwp on the recommendstions of the
Committee of Engineers, four organisations concerned wWith the
desian of  bridaes, viz. . Eesaarah Designe and Standards
 Brganlsation of Lthe Mialstry of Ballways, the Ministry of Surface
Transport, the Indis Heteorologicsl Department and Central HWater
Commizsion have g0t togethsy for a joint effort &t collecting
raiafall-ronoff datas for & period of about % yesars in the
cgatehments of swall and wedium bridges, anslysing the dats  and
developing & rational wethodology based on unit  hvdrecgraph., This
methodology would enable, through & set of charts &snd graphs,
gauick estimation of design flood for ungsugsd catchasnts,

The data 1z being collected by both the Ministry of
Bailways &snd the Central Water Commission (on behalf of the
Hinistey af Surface Transport). The India fieteorological
Departwent has analysed the rainfall data and the Central Water
Commizsion developed the vnit hydrograph based methodolgy.

Since 1t would be impracticable and groszsly erroneous to
sttenpt development of & single set of referencs charts and graphs
for the whole country.the countey has been divided into 26
hydrologically homogeneous subzones. So far studies on 18 subzones
have been cowpleted sad 16 reports covering these studles have
been brought, ount.

The present report is the 17Tth in this series and covers
the studies ol North Brahmaputrs Sub-zone 2{al). The
methodologies ocontalned in these reports will drastially reduce
the time and oost involved in the hydrologic design of small and
mwedivi bridges.



In order to Tfamilisrise the deslan snd ‘cﬁnstructian
engineers of various organisations with the methodology developed,
CWC hazs conducted workshops st Calcutts, Bhubaneswar, Guwahati,
Patna, Bhopsl, Bangalore, Lucknow, Hyderabad and Madras. Similar
workshops are also beinz planned in other regions of the country.

I &am sure that thiz very useful report would be widely
referred to by the designers of swmuall snd wediuvm bridges in  this
BOTE, i .

I would like to place on record my appreciation of the
excellent cooperative effort of the officers and staff of the four
organisations meéntioned above in producing this report.

ASRad et
( M.S. Eﬂﬂ'ﬁ%”
Hew Delhi. Member (Water Planning)
January 18891 Central Water Commission



PREFACE

Design EBngineers essentially need the design flood of &
gpecific return period for fixing the wsterway vis-ms-vis the
design  HFL and foundstion depths of bridges, eoulverts and cross
drainage structures depending on their life and = iluportance to
snsure safety ss well Bs econony, A cazsual approach way lead to
under-estimation or over-estimation of design flood resulting in
the loss and destruction of structure or uneconomic structure with
problenatic situation.

The wse of cmplrical flood formlse like Dickens, Byves,

Inglis ete., has no such frequency concept though has the simpli-
ity of relating the waxiuum flood discharge to the power of
catochuent area with constants. These forumlase do not take into

account the basic meteorologic factor bE storm rainfall components
and other physicgraphie snd hydrolegic factéors varying from cat-
chuent to  catohivsat. FProper selsction of constants 1in  these

swpirical formalas iz left to the discretion of design enginser,
invoelving subjectivity.

Recognising the need to evolve s method for estimation
of design flood peak of desired frequency, the comulttee of engi-
nesrs headed by Dr. AN Ehosls had recommended, in their
report Syvesitewaitic and swestalined collection of hydro-nmeteorologl-
ol duts &t selected catchuwents ln different <limatic z2ones of
India. The commities felt that deslgn discharge ghould be the
maxintw Tlood on record for & period not lezs than 50 yesrs., Where
adequate records are availshle extending over a perlod of not wuch
legs than 50 yesars,the deslgn £lood should be 50 yesr flood deter-
mined frowm probability cueve on the bazils of recorded floods
during the pericd., In case where the requilsite data, sz above are
not &available, the design flood should be decided based -on  the
ground and meteorological charactersiics obtained on the basis of
design storm”

Econowmle constraints do not Justify detslled hydro-
logical and weteorological investigations &t &very new site on &
large scale and on & long terw basls for estimation of desian
flood with & desired return period. HBegional flood estimation
studies hecowe pecessary for hydro-meteorologically homogenecus
regions in the couantey. Broadly twoe main reglorial approaches are
open for adoption depending on the avallsbility of the storm
raintall and flood data, The first approsach needs long terwm dis-
charge observationzs for the represeantative catchments for subjec-
ting to statistical analysis ' te develop & reglonal flood frequency
model., The other approsch nesds concurrent storm rainfall and
panoff dats of the representative catochments over & period of § to
10 years ta develop a regional “rainfall-loss-rate runoff (UH)
model” and long term rainfsall records &t & large number of
stations to develop “"design storwm values”, This approsch has been
adopted in the vrepration of flood estimation reports under short
term  plan awl for each of the 22 sub-zones under long term  plan.
For this purposs, the country has hbeen devided iato 26



hwydrouwsteorologically homogeneouns subzonhes.

Syvstemstic and sustainad collection of Hydro-
meteorological data at the represeatative catchwent numbering 10
to 30 for & period of § to 10 years in different subsones has been
carried out in & phased manner by different gonal rallways since
1965 under the supervision and guldance of Bridges and Flood Wing
of Research Desigans and Standards Organisation of the Ministry of
Bailways. Similarly the Ministry of Transport has undertaken the
collection of data for 45 catchuwents through Central Water Commnlis-
slon since 1879, 3Such ralnfsll snd runoff data was supplied to
Hydrology (Small Catchusnts) Directorats of Central Water Comimls-
gion and raiafall dsta slone to Indis Meteorological Departucnt
(IMD) for neceszary studies.

Hydrology (Swall Catchments) Directorate of CWC has car-
ried out the analysis of selected concurrent rainfall and floods
for the gauwged catchiwents to derive unit hydrographs of mostly i-
hr wnit daration on the basis of dats of rainfall, gauge and
discharges collected during the wonsoon sesson, The bridaes  and
floods wing of BDS0 has provided assistance as reauired from tine
to time in laterpretstion of data, rewoving inconsistencies  and
other additionsl informsation during analysis stame. Bepresentative
1-hre, unit hydeogreaphs have besn obtalined for each of the gauged
catchuents, The characterstics of the catelwents and their wnit
hydrographs prepared for several catchments in & subzone have been
oorrelsted by regression analysiz snd the sqauations for synthetic
unlt hvdrographs for the subzone were derived, The loss rate and
base flow studies were also carrdsed out.

otudies of Bainfall-Depth-Duration-Frequency, point to
arcal ratios and time diztribution of storm were carrisd -out by
Hydeomet Cell of IMD and results were provided to Hydrology ({3C)
Dte,, for preparing the full report for the subzons. The reports
are approved by the Flood Estimation Planning snd Coordination
Committes (FEPCC) during their meetings. A “Foreword” as provided
in the peport by Hember WO recommended the extensive use of the
report ftor e=stimstion of design flood from smell &and  wediom
catchments, The reports  are published by the Ceatral Water
Commission.

Flood Estiwation Reports for the following subzones have
already been prepared, spproved by FEPCC and published and circu-
lated to various States and Central agencies for the use of desian
anglinesrs:

A. UNDER SHOBT TEEM PLAN
1. Estimation of Design Flood Peak (1373)
B. UNDEE LONG TERM PLAN

1. Lower Gangetic Plains subzone-1(g} (1978}



2. Lower Godavari subzone-3(f) (1981)

3. Lower Narmads & Tapi subzone-3(b) (1982)
4, Mahansdi subzone-3(d)} (1982)
5. Upper Harwads & Tapl subzone-3(c) (1983)
B, Erishos & Penner subzone-3(h) (1883)
T Ssouth Brahmsputra Bassin subzone-2(b) (1984)
a. Deper Indo-Ganga Flains subzone-1(e) (1984)
8. Middle Gangs Plains subzone-1(f) (1985)
10. Kaveri Bassin subzone-3 (i) (1986)
it Upper Godavari szabzons-3(e) (19886)
12. Mahi & Sabarmsati subzone-3(a) (1887)
13. Euxst Cosst subzone-4(a,b & c) (13837
14. sons subzone-1(d) (1988)
15. Chiambal subzone-1(b) {1989)
is8. Betus subzone-1(c) {1988)

The preseat peport for North Brahwsputrs subzone - 2(a)
is based on the detailed raiafall snd runoff studies of 21 repre-
sentative catchuents. The data at each of the 28 catchments was
collected for & period varying from 1 to 11 vears by North
Frontier BRailvays under the guidsnce of BE.D.S.0. Besides this,
the dats of 130 ordinary raingsuge stations maintained by
IMD/Btates alongwith dats of 62 self-recording raingsuge stations
maintained by IMD/Failways has been wade use of in preparation of
this report.

The Horth Brahmsputrs subzone- 2(a) report deals with
the estimation of design flood of 25-yr., 50-ye. &and 100-yr.
return  pericds for swall and mediva catchments in  thiz  subzone
covering mainly parts of Assaw, and small portion of Sikkim,
Arunschal Pradesh and West Bengial hased on design storm rainfall
and synthetic wanitgrsph. The report is divided into five parts.
The part 1 desls with the svimary snd contents of the sapproaches
of design flood estination. I[llustartive examples covering hboth
the approachss are also given., General description of the subzone
detziling locatons of gsuging =ites, rpiver systems, rainfall,

temperature  snd various types of soll is  given in part II, It
alse  brings out the S3UH relstions of the subzone along with the
various regression  equations for estimating @ , @ snd @

25 50 100

The zterm studlss carried out by 'IMD are dealt in part IIT of the



report, The part IV is the porticn where the step by step
procedure to compute design flood 1s described. The last part
i.e. part V describes the limitations, assumptions and conclusions
made in the report.

The report on subzone-2(a) iz recommended for estimation
of design flood frow small and medivm catchments varving in areas
from 25 to 2500 sq. En. This repart may also be used for cat-
chuwent &aresns uwpto 5000 sg, km, Jwdiciously after comparison of
loss rate values in the neighbouring catchments having more o
less similar characteristics.

This report is & jolnt effort of Central Water Comuls-
sion of Ministry of Water Resources, Besearch Designs & Standards
Organisation of Miaistry of Railways, FRoads and Bridges wing of
Ministry of Surface Traansport and Hydromet Directorate of Indis
Meteorological Departmwent, Ministry of Science snd Technology.

The methodology adopted mnd conclusions arrived at &are
subject to perlodical review and revision in the llight of further
data beling collected sand analysed &s also the advancemnsats  in
theory and technigues,

sd/-

( BE.V. GODBOLE )
DIRECTOR, HYDEROLOGY (5C) DTE.
CENTRAL WATEE COMMISS ION
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SYMBOLS

SYMBOLS AND ABBREVATIONS

&s fTar as possible well recognlsed letter symbols in the :
hydrological =cience have been used in thisz report, The 1list of
symbols adopted is given with the units.

A

ARF
C.G.
Cumecs

CHS

E. B.
Hr
H(5C) ,CHC

I.M.D.
In

K

M.0.5.T.

Min

Catchuent Ares in sq. k.

Arenl Reduction Factor.

Centre of Geavity

Cubjec metres per second

Centinetres

Depths. between the river bed bed profile
(L-section) based on the levels of (i-1) and ith
contonrs st the inter-section points and the level
of the base line (datum) drawn at the point of
study in metres.

Effective Fainfall in cms.

Houre

Hydrology (Small Catohuwents) Directorste,
Central Water Commission, Hew Delhd.

[ndia Meteorological Departuent
Inches
Kilometres

Length of longest wain stream slong the river
course in km,

Leagth of the longest waln stream from. & point
Opposite to aentrold of thes catchient aresn to
the gauging site along the main stream in Ko

Length of the ith segwment of L-section in k.

Ministry of Surface Transport (Romds Wing).
Metres
Minutes

Hillinetres



Peak Discharge of Unit Hydrograph in cublc metres
per second.

Flood Discharge with return periocds of 20-¥r.
E0-yr and 100-yr respectively in cumecs

Peak Discharge of Mnit Hydrograph per unit area in
cumecs per s4a. R

Foint Storm Bainfall Values for 25-vr,24-hours

60-yr 24-hours and 100-yr Z24-hour. return periods
respectively ia cn.

Besearch Designs & Standards Organisation
{Ministry of Bailways),Lucknow,

Equivalent stream slope in m/Run.
Synthetic Unlt Hydrograph

Surface Ruaoff Hydrograph (Direct Bunoff
Hydrograph)

neconds
Square

Sauare Kilometres, sz

Time Duration of Rainfall in hours

Base Width of Unit Hydrograrh in hours
Design Storm Duration in hours
Time frowm the start of rise to the peak of Unit

Hydrograph in hours

Time from the centre of Unit Reinfall Duration to
the Peak of Unit Hydrograph in hours

Unit Rainfall Duratiocn adopted in & specific study
in hours

hnit Hydrograph

Width of U.G. memsured at 50% peak Discharge
Ordinate (HPJ in hours,



RS0

R75

-

HWidth of the U.G. messured at T75% peak Discharge
Ordinate {QPJ in hours.

Hidth of the rising side of [J.G. measured at 50% of
pealk Discharge Ordinste tqp} in hours.

Width of the rising side of U.G. measured at 75% of
peak Discharge Ordinate (Qpiin hours.

Percent.

Summation



PART - I
SUHMARY AND COMTENTS OF APPROACHES
1.0 Approsches for deslgn fleood estimation:

The Flood Estimation report for Horth Brahwaputra Sub-
Zone 2(a) may be used for estimatlion of design flond (25-vr, 50-yr
and 100-yr)} for uagsuged and inadequately gsuged catchment in the
subzone, There mre two approaches discussed in the report namely
()} Detailed mpproach (b) Simplified approach, To elncidate the

procedure, an illustrative exawple is @lven below with relevant
detsails by both the approaches.

1.1 Detailed 3UH approach

The varions steps necessary to estimste the design flood
peak/design flood hydrograph are as ander :

1}Prepsration of catchment sresx plan of the ungauged
catehment in questlion,

il) Determination of physiographic paransters viz:
catchment ares (A}, Length of the longest stream (L) and
squivalent strean slope (5]).

iii) Determination 1-hr. SUG parameters 1.e. q , @, t
o B P

T.,.HW , W W . W & T .
m 50 75 RS0 R75 B

iv} Drawing of SUG.
v} Estimation of design storm duration (TD})

vi) Estimation of point rainfall and areal rainfall for
design storm duration (TD) snd to obtain rainfall inecrements for
unit duration intervals,

vii) Distribotion of areal rainfall during the desiga
storm durstion (TD) snd Lo obtaln rainfall increments for unlt
duration latervals,

viii) Eztimation of effective rainfall unlts by
substracting the prescribed design loss rate Trom the rainfall
increments,

ix) Estimation of base flow.
%) Computation of design [lood pesak.

#1i) Computation of design flood hvdrograph.



1.1.1 Illustrative Example:

A typlcal example with reference to Bailway Bridge Cat-
chment (trested as ungauvged ) 1s worked out for illustrating the

proceduare, The particulars of the catchment under study are &s
upd&r:
1) Hame & Homber of sub-zone Horth Brahmaputa Z(a)
11) Name of site (i.e. point Rly.Br., 373
of study)
11i) Hmme of Ely Section Alipurdwar - Bongal-
gaon (HER)
iv) Hame of Tributary GANGIA
v) Shape of catchment Elongated
o
vi) Location Lat 26-23"-10"

o
Long 90-07 "-10"
vii) Topography Moderate slope
The procedure is explained stepwise:
Step-1:- FPreparation of Catchment Area Flsau:

The point of interest (Railway Bridge Site in this gase)
was located on the Survey of India toposheet and catchment bounda-
ry was marked using the contours along the ridge line and also
from the spot levels in the plains, A catchment area plan (Fig.
A-1) showing the rivers, contours and spot levels was prepared.
Step-2: Determination of Physiographic Parameters:

The following physiographic parameters were detearmined
from the catchment asrea plan:

1) Area (A) 595.70 sq km

2} Length of the longest 75.62 EKm
stream (L)

3) Length of the longest 47,14 Em
strean from & polint
opposite C.G. of catchuent
to point of study (Le)

4) Egquivalent stream slope (S) 1. 701 w/km

Step-3: Computation of equivalent stresm 8lope:

Following methods are adopted for computation of
Slope(a):



{a) By Graphicsl Method:

Draw a longitudinal section of the longest main stream
from contours c¢rozsing the stream and the spot levels along the
banks from the scurces to the point of study from the catchment
plan &3 shown in Fig A-1. Draw a sloping line by trisl to replaceé
the plotted °L° section having different =lopes such that the
areas below and above the line with reference to origninal plot

(of sloping lines) are egual, Then compute the zlope (3) on this
line.

{(b) By Anslytical Method:

The  computations of (3) shown.in Tablt: T-1 with
reference to Fig A-1 are self-explanstory.

Step-4:- Derivation of Synthetic (1-hr.) Unltgraph Parsmeters:

The Tollowing egqustions appesring in pars 2.3.13 were

used to compute the Synthetic Unitgraph parsueters with the knowe
values of AL and 5:

-0.409
i) g = 2.272 (LLe/3)
D -0.409
= 2.272 ( 2095.70 )
= 0.0885 Cumecs per 3q km say 0,10 Cumécs
per aq km.
-0.940
iiy ¢t = 2.164 (g )
P .
-0.9409
= 2.164 ( 0,100)
= 18.85 hra
(rounded off to 18.50 hrs.)
-1.08658 -1. 0865
iifi) W = 2.084 (gq ) = 2.084 (0. 100)
50 r = 24.20 hrsa
-1.071 -1.071
iv) W = 1.028 (a ) =1.028 (0. 10)
T5 = =12, 10 hrs.
~0.865 -0}, B65
vl W = 0.856 (a ) = 0.8586(0.10)
BS540 P = 6.25 hra,
-0.918 -0.918
vi) W = 0,440 (@ ) = 0.440(0. 10)
R7T5 B = 3.64 hrs.



0.852 0.852

vii) T = 5.423(t ) = 5.428(18.5)
B p = £5.20 hrs.
Say 65,00 hrs,
viii) ¢ =t + t /2 = 18.50+0,50=19,00 hrs
10 p r
ix) W = g x A = 0.10 x §95.7T0
D ) = £9,57 Cumecs,

Estimated parameters of unitgraph in step-4 were plotted
to scale on & graph paper as shown in Fig A-2. The plotted poinis
were joined to draw synthetic unitgraph. The discharge ordinates
(@i). of the unitgraph at ti = tr = 1 hr interval were summed up

- o
and multiplied by tr (=1) i.e <@i ti = 1654.72 m /s as shown in
Fig F-2 and compared with the volume of 1.00 em Direct Eunoff
Depth over the catchment with the Formula <Qixti = A.d/ti*0.36

Where A = Uétchment area in 5q. HKm
d = 1.0 cm depth
ti = tr (the unit duration of the UG) = 1 hr.
A % d RO5.T0 % 1L
& Girtt s---o—mmmm- = e = 1654.72
3,36 ® tr .36 % 1

This the waitersaph so drawn was found to be in ardesr,

In case the <@itl for the unithraph dresvwn is highsr ot
lover then +he volune worked out by the shove fTormulas, thel
prefershly falling limb and/or rising limb may be suitsbly
wodified keeping the polnts of the ayathetic paramsiers 35 par the
galeulation te get the correct volume of the waltgraph.

Step-5: Bstiwation of Desian Storn Duration:

The Design Storw Duration (T } i3 equel to T as recol-
D B
mended 1in Section 3.1.0,

Adjusting the design storm duration limited to 24
hour, the adopted design sTLor duration (T ) is 24,0 hrs.
0

Step-8; Estimation of Folnt Rainfall and Aresal Ralnfall:

The catchment under study was located on plate - 9
showing B50-yr 24-hr point rainfall. The point rainfall is found
to be 35.00 cm. Since T = 24 hrs, 50-yr 24-hr point rainfall 1s

D
reckoned as 35:00 cm.



Areal reduction factor of 0.84 corresponding %o & oat-
chment ares of 535.70 sq.km for T = Z4-hr. was interpolated from
) D
Takle B or Fig 11(b) for conversion of polnt to areal rainfal,
Hence 50-yr 24-hr areal rainfall = 35.00 = 0.34 cm = 29.40 cm.

Hote : When the catchment under study falis between two isohyets
the point rainfall wmay be computed for the catchment taking into
acoount both the isohyets.

Step-T: Time Distribution of Aresal Ralafsall:

60-yr 24-hr sresl rainfall = 29.40 cm was distributed
with the distribution coefficients (col.24 of Table T-2) or from
mean average time distribution curve for storms of 19-24 hrs in

Fig 12 corresponding to 24-hrs to get 1-hr rainfall increments
as followus:

Dura- Distribu- Aresl Hourly
tion tion coef- Rainfsxll rainfall
ficlient (cms ) increments
1 ' 3 4
i .13 3,82 3.82
z N, 25 T.35 3.53
3 0. 32 9.41 2.08
4 0,40 11,76 2.35
b 0.47 13.82 z.06
A 0.52 15,29 1. 47
T .56 16, 46 1.17
a 0.61 17.93 1.47
9 .65 19. 11 1.13
10 0.69 20.28 1.18
11 0.73 21,48 1. 17
12 0.76 22.34 0.88
13 .79 23,23 0,88
14 0.81 23.81 0,58
15 0.84 24.70 0.89
16 0,86 25,28 0,58
17 0.88 26.87 0.59
18 0.90 26, 486 0.539
19 0,92 27.05 .58
20 0.93 27.34 0,29
21 0.95 27.93 0.59
22 0.97 28.52 0,59
23 0.98 28,81 0,29
24 1.00 29. 40 .59

—

Step-8: Estimation of Effective Rainfall Units:

A design loss rate of 0.24 cm/hr as recommended in para
2,3.11 has been adopted.
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The following table shows the computation of 1-hr effea-
tive rainfall wmits in eol.  (4) by subtfacting the design loses
rate in col. (3) from 1-hr reinfall increwents in col. {2).

Tiwe ERailnfsll Design loss Effective
hrs inocre- rate owm/ hre Bainfall
ments [(col.2-col.3)
(cms) (cms )
1 2 3 4
1 3.82 0.24 3.58
2 3.53 0.24 3.29
3 2.08 0,24 1.82
4 2,35 .24 2.11
4] 2.08 .24 1.22
6 1.47 .24 1.23
T .17 0.24 0.83
3 1.47 .24 1.23
2 1.18 .24 0, 94
10 1. 18 .24 0.94
11 1,17 .24 0.93
12 .88 0.2 0.64
13 0,89 0.2 0.865
14 0.53 .24 0,34
15 0.83 .24 .65
16 0.58 0.4 0,34
17 .59 0.24 0,35
18 n.59 .24 0.35
19 .59 .24 .35
20 .29 0.24 0. 05
21 0.59 .24 0.35
22 0.59 B.24 0.35
23 0.29 0,24 0,08
24 0.59 .24 0.3%

The colunn (2) in above table is taken from col. (4) of
table in Step - T.

5tep-9: Estimation of Base Flow:

The design base flow of 0,05 cumecs per sq km has been
adopted as recommonded in para 2,3.12.

Total Base Flow = A ¥ Rate of base flow
595.70 % 0.05 = 29.78 cumeca.

Step-10: Estimstion of 50-yr Fleod (Peak only):

For the estimation of the peak discharge the efﬁfctiv&
rainfall units were re-arranged against the ordinates suc that
the meximut effective rainfall was placed sgsinst the waxinum
U0.G. ordinate, the uext lower value of rainfall effective against

6



the next lower value of .G, ordinate and s0 on &5 shown 1n col.
(2) and (3) in the following table, Summstion of the product of
0.G. ordinates and the rainfall gives the total direct runoff as
under,

Time .G, ordinate 1-hr effec, Direct
(hrs) CUNECS rainfall Runoff
(1S ) (cumecs)
1 2 3 4

13 32.00 0.08 1.60
14 37.00 .35 12.35
15 43. 00 .64 27.52
16 49.50 0.94 456.53
17 £55.50 1.82 101.01
18 58.00 2.11 122, 38
19 59,87 3.68 213.28
20 £8.70 3.28 183. 12
21 57.00 1.82 103,74
22 &55.00 1.23 BT.65
23 652. 75 1.23 64.848
24 50,75 0.94 47,71
28 43.75 0,93 45, 34
26 46 .90 0.93 43.62
27 45.00 0.65 29.25
28 43.50 .65 28.28
23 41.60 0,35 14.58
30 47.00 0.35 14.00
31 38,50 0.35 13.48
3z aAT.00 .38 12,495
33 35.50 0.35 12. 42
J4 34,258 0.34 11.65
39 32.75 0.34 11, 14
36 31.50 .05 1.58

Total 1240.60

Base Flow 29.78

50-yr Flood Peak 1270.38

Step-11: Computation of Design Flood Hydrograph:

The L-hr effective ralnfall sequence shown in ool,  (3)
of Table in Step-10 was reversed to obtain the critical sequence
53 shown below:



Time in hrs Critical 1-hr effective
rainfall sequence Cns

(1) (2)
1 0,05
2 0.34
3 0.34
= 0.35
5 0.35
6 0,35
7 0.35
8 0.3%
g 0.85

10 0.86%

11 0.93

12 0.93

13 0.94

14 1.23

15 1,23

16 1.32

17 3.29

12 3.58

12 2.11

20 1.82

21 0,94
2 D,64

23 0,35

24 0.05%

For cowmpuistion of design flood hydrograph, the .G
ordinstes for l-hr ianterveal were tsbulsted in col(2) of Table T-3
against time (hrs) in col. (1), The critical sequence of 1-hr
effective rainfall wvalis were entered in co0l.3 to 26, horizontally
a5 shown in Tsble T-3. The direct runcff resulting from eich of
the 1-hr effective rvainfall units wezs obtained by multiplying the
1-hr effective reinfall with the syathetic 1-hrs .G, ordinates
in col. (2) and direet ronoff values were entered 1in wvertical
colunns against each unit with a swuceessive lag of 1-hr since the
unlt  doration of S.U.G.  is 1-hr. The direct runcff so obtained
are shown in ool (3) te (26). The direct runoff were added horizo-
ntally and the total direct runoff is shown 1ia col. (2T). The

3

total base flow of 29.78 m /3ec. was entered in col. (28), col.
(29) gives (the addition of col. (27) and (28)) the desiagn flood
hydrograph ordindates. The total dischearge in ool. (29) were
plotted agalnst tine in eol. (1) to get the design flood
hydeograph a2 shown in Fig A-3.

1.2 Simplified Approsch:

In the simplified spprosch, the Z5-yr, 50-yr and 100-yr
flood peak is only estimaned on the basis of regression
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relationship. Flood peak, with physiographic paraneters and
corresponding 25-vr, 50-vr and 100-vr TD-hr point rainfall sz read
from the isopluvial maps (plates 8,9, 10) supplied by the I.M.D.
are obtained by substituting the corresponding parameters in the
emperical relation developed on the basis of regression analysis.
26_yyr, &0-yr and 100-yr flood values for esch of the 21 gauged
catchment for differeat sizes were computed by detailed approach.

Series of @ , 4 and W , Tor the 21 catchnents as dependent
25 50 104G
variables were related by multiple regresslon analysis to  their
respective phyvsiographic parasmeters A, 5 and mneteorclogic parsine-
ter of point rainfall E ., E and E g2 | independent variables
25 50 100
The derived flood formilses for @ 9, @ and @ with their
25 50 100
reapective coefficient of correlation (r) are as under:

0.91839 -0.39454 -0,1994% 0,.31381 1,11481

Q . = 0.6855(4) (L) (Lc) (5) (R ) r = 0,996
2 a5
0.80265 -0.37461 -0.18224 0.31348 1.09713
Q@ = 0.726Z(A) (L) (Le) (5) (B 3} r = '0.3897
50 50
0.30662 -0.36533 -0.20383 0,31028 1,05471
@ = 0.8372(4) (L) (Le) (8) (B ) r = 0,997
100 100

Where @ , @ and @ are 26-yy, B0-vr and 100-yr
25 50 100
flood in cumecs reapectively.

1.2.1 I1lpatrative Exanple:

Illustrative example for estimstion of 25-yr, 50-yr &and
100-vr flood for catchment sres upte REly. Br. HNo. 373 is consi-
dered for solution of the problem by flood formalas., The physiog-
raphic &and meteorologic parvameters for the catchment under study
re:

s
1

595.70 =q km

e
1]

T5.62 Em
Le= 47.14 km

3= 1.7T01 m/km
R = 30.00em, R = 35.00 cm, R = 42.00 cu
25 50 100
0.91839 -0.39454 -0, 19845 0.31381 1,11481
@ = 0.6855(4) (L) (L) (5} (B}
25 : 25
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0.91839 -0.39454 -0.19945 0.31391 1.11481
= ),6855(585.70) (75.62) (47.14) (1.701) (30.00}

= 1068.62 Cumecs.

0.90265 -0.37461 -0,19224 0.31348 1.09719
Q@ = 0.7262(A) (L) (Le) ) (R )
a9 - 50

0.80265 -0.37461 -0,19224 0,31348 1.08719
= 0.7262(595.70} (75.62) (47.14) (1.701) (35.00)

= 1279.25 Cuwecs.

0.90662 -0,36538 -0.20383 0.31028 1.05471
Q@ = 0.8372(4A) (L) (L) (8) (B )
100 100
n.90662 -0.36538 -0.20383 0.31028 1.05471
= 0.8372(595.70) (75.62) (47, 14) (1.701) (42.00}

= 1566.37 Cumecs,

The percentage varistions in the values of @ & and
25 50
Q by the detailed aspproach and the flood formulae with respect
100

to the flood values by detziled spproach for the catchment wunder
study are -2.61 , -0.70 and -1,24 respectivaly. Therefore, tThe
flood valuss for 25H-Yr, 50-yr and 100-yr return periods estimated
by the respectlve flood formulae are ressonable for adoption in
preliminary designs.
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PABT - II

GENERAL DESCRIPTIONS OF NORTH BRAHMAPUTRA SUBZOWE AHD
5.0.H. STUDIES

2.1.0 General Description of the sub-zZone:

2.1.1 Location:

The Horth Brahmsputrs subzone - 2(a) lies approximately

betusen 237 and. 977-20 longitudes (East) and 267 and 29°-25°
latitudes (North}. Flate-1 shows the location of Horth
Brahmaputra Subzone and Annexure - 1 shows the list of =zub-zones
in Indis.

The Sub-zone 2(a) is mostly bounded by international
boundaries on 2ll the four sides, It has Bhutan and Chins on the
north, Burms on the =ast, Nepal on west &and Bangla Desh on South-
west, Sub-zone 2(b) lies adjacent to thes South of Brahmaputra
river,

The states covered by this subzone are Assam (Lower and
Upper) part of west Bengal, Sikkiw and Arunschal Pradesh, The
important towns aad clties in the subzone are Gangtok the capital
of Sikkim, Siligori, Itenagar, Horth Lakhimpur, Jalpaigori,
Tezpur, Hanagal snd Anlol in Arunachal Pradesh.

2.1.2 EBiver System

Plate-2 depicts the river system of the Horth
Brahmsputra subzone., Of the 25 principal north bank tributaries,
the Subsnsiri, the Manas, the Dibang, Dhansiri, Torass, Testa are
few major onss. The Brahmwsputrs with & total catchmeat of 0.94
willion sa. km. 1s one of the biggest river la the world. The
total length of the river in Indis is 385 km. The drainnge area
of the Brahwapotrs basin in Iadis is 1,95,000 sg. km The colrae
of the Brahwaputrs river in the plain divides the Brahmaputra
basin into Horthern and Southern Brahmapatra.Out of the total
drainage aresa the North Brahmsputra basin has & dralnsge &FSA
of 1,21,444 =q. k.

The drainage areas of the river system in Horth
Brahmaputra subzone are a3 under:
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5. Ko. Hame of river/tributary Drainage ares

(=q. k. )

1 ) 2 3
1. Tists 1,0616.74
2. Jaldhaka 4366.87
3. Torsa . 3405. 37
4, Hanas 4056, 38
5, Pagladiva 170Z. 68
6. Dhansiri 18562. 82
7. Kamag 1,0766.87
8. Subansiri 1,7427. 47
9. Dinag 1,5724.79
10. Dibang 1,2369.50
11, Others 3,9164. 30

Total area of North Brahmaputra Basin 1,21,444,. 00
2.1.3 Topegraphy and Relief:

FPlate - 3 szahows the general topography of Horth

Brahmaputira subzone - Z{ay, The Horth Bank tributaries have

comparatively moderste steep slope, meandeving channels almost
from the foothills, heds and banks of alluvial soils and compara-
tively low z2ilt charge,

2.1.4 BRainfall:

Plate - 4 shows the normal sanpal rainfsall of the HNorth
Brahmaputrs subzone &and the histograms of norwal moanthly rainfall
st different parts. The zsouth-west monsoon and cycleonic storm
causes  the rainfell io the subzone from May to October. The
pnorwal manual raiafsll varies from Z000 mm to 5000 mi.

2.1.5 Tenmperaturs:

Plate-5 shows the normal  snnual tewperature in  The
subzone alongwith the histograms showing the winimum, maximam snd

mean woanbhly teuperaturs at  Darjeeling and Jalpalguri, The
variation of the wesn snnual temperature in the Central and
Western parts of subzone is between 22.5Gc to Zﬁnc.

2.1.6 BSoil:

The subzone Z(a) couprises of variety of solls as shown
in-plate - 6. Broadly they can be classifled a3 red loany soil,
brown hill soil, teral soil and alluvisl scil of recent origin.
The red loawy soil is found towards north-east and  continues
through & belt in the middle of the subzone up to Itanagar. A
small patch of browa hill soil iz found 1in the worthern and
western corner of the sabzone. The slluvial soil is also deploted

—
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in flood plain covering wnorth sastern rart 1o the west all along
the maia river Brahmsputrs touching luportant touns of Itanagar,
Tezpur, Jalpaiguri. A4 belt of Terai soll runs through the middle
of the subzone Lo the west,

2. 1.7 Land uss:

The land use map at plate no-7 has been prepared from
the Irrigstion Atlass of Indis 1372, The subzone 2Z({a) has conzl-
dersble area of forests which way have undervgone chsnges in  the
recent tiwes because of wmore inhabitations.

Z2.1.8 Commuinications:
2.1.8.1 EBeriluay sections:

The following railway sections of North Frontier zone
partly or fully traverse the ares of thizs subzouns - 2(&}).

SILIGURI - DARJEELING

NEW JALPATGUEI - HALDIBAR

SILIGURT JUNCTION - BRANGIYA MURKONG SCLAK
WEWJALPAIGURLI - RANGIYA AGTHERI

RANGAFPARA - TEZPUE

HEW BONGAIGAGHN - JOGIGHOFA

FAKIRAGRAM - DHUBRI

ALIPUR DWAR - NEW GITALDAHA

GITALDAHA - BAMANHAT

HEWMAL - CHANGHRA BANDHA

H
P T 5 R R B IR VU 5, e

3]

.B8.2. Highusys:

The following wajor highways partly and fully pass
through the subzones o

1. DALKHORA - SILIGURT -» HH - 31
¢, SILIGURI - GANGTOK - HH - 31
3. GILIGURI - COOCHBEHAR - NH - 31
4. COOCHBEHAR - GOALPARA - NH - 31
5. BONGAIGAOW - DESPUR - MNH - 31
6. DISFUR - TEZFUR - NH - 52
7. TEZPUR - JONAI - NH - 52
3. JONAI - BEAHMEKOUND - NH - 52

2.2,0 BSynthetic Flood Hydrogrsph Studies:
2.8.1 Design Flood:

The Khosla UCommittee of Enginesrs had recommsaded =
design flood of gensrally 50-vear return period for fixing the
waterway of the bridges. The committee of Enginesrs had suggested
that 50-year flood way be considered &s  the maximum observed
dlischarge from the yesrly pesk discharge records &availsble for
over 50-yenrs. However the present Indian Railway Bridge
substructire code reccommends that the design dischage way be
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compited statisticslly &3 & 50-yr flood wsing records of larvger
than/equal %o/ less then H0-yrs. In the sbzense of adequate dats
of peak discherges, storm rainfall and runoff data for the
selected calchments shall be collected for a reguired period and
detailed studies carried out to derive the unitgraph for these
catchments and o prepare storw ralnfall waps fTor different
durations, [n thiz connection, the Committes had suggested to
develop & suitable rstional methodology fer estimation of S50-ye
flood subzonevise based - on application of storm rainfall to
unitgraph., In this approach, it 13 assumed that 50-vear fregusncy
rainfall whean spplied to unit hydrogaraph produces flood of sams
Frequency. Becently IBC hes nlso adopted flood peaks of 50-year
frequency for design of road bridge waterways.

Z2.2.2 Dats Beauired:

For econducting the unitgraph and design storm rainfall
studies, the folliowing concurrent rainfall and runoff data for a
number of catchments of swall snd wedium sizes representatively
located in s subzone sre required for s mianimum period of 65 to 8
Vears during the monsoon SeasSon:

i) dourly gruge deta at the gaunging site (bridgs
sits) ronnd the clock,

iy Gouge snd discharge dats observed 2 to 3 times
5 day &t the gavging site (bridees z2ite),

ity Hourly rainfall dates of raingauge stations in
the catchuent. Raingauge stations are t6 be
gelf-recording sndfor manually operated,

The Tollowing catohment details are =mlzo required |

iv) Cetchment &ares plans showing the river aet-
work, location of reingsuge statlons snd gaugs
and dischar ge sites, contours, highway and
railvay network, nstural snd man medes  sto-
rages, heabltations, forests, agricultural and
lrrigated aress, soils ete,

v} Cross-sectlons &t the bridge site (gauglng
slte)] uwpstrean and downstream of the bridege
aite.

vil Longitudinal section of the river uwpstream and
dounstrean of the bridges aipe,

In addition to +the above rainfall data of
ordinary/self-recording railngangs stations waintained by India
Heteorologickl Departwent is also required.

2.2.3 Dats Collected:
The Hﬁrth East Frontier Rasilway under the supervision
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and guidance of Research Deslgns aand Standsrds Organisation

(RDS0Q) hss observed and collected the required data in Section
2.2.2 Tor 28 catchusuts 1in the North Brahmaputrs subzone
2(a} fTor a period ranging from 1 to 11 vesrs. The size of +the
ganged catchments vary from 26. 18 =q.km to 1350.00 gq. km. Concur-
reut ralnfall, geauge and discharge data for 131 bridge catohuent

years frow 21 catchusnts were available and conld be utilised for
the studies. -

The locations of the gauging sites are shown 1in Plsate-
2. Indis Meteorological Department has collected the rainfall
datsa of addiiional raingange stations maintained by IMD and states
falling in  North Brahmwaputra subzone-2(a). Cemtral HWater
Commission (CWC) has prepared the detailed plans - of gauged
catchwents showing information in 2.2.2 (iv). Table-1 shows the
nawes of streaws, railway bridge numbers with railway sections,
thelr catchweut aress, number of raingauge stations and the period
of concurrent rainfall, gauge and discharge data.  R.D.S.0. - has
made gvailable the data collected to CHWC and IMD for carrying out
the studies, 1 |

2.2.4 Analysis of Data for obtaining sub-zonal synthetic unit
hydrograph equations (one hour):

The synthetic unitgrsph is & unitgraph of unit duration
for a catchwent onder study obtained from the relations
sstablished between the physicgraphic and unitgraph parsmweters of
the  representative catchments in & hydro-metecrologically
howogenous reglon, In order to obtain & synthetic unitgraph, the
following steps have to be followed:

1) Analysis of physiographic paraweters of the
catchuents,

ii) Secratiny of data and finalisation of gauge
discharge rating curves, =

111) Selection of flood and corresponding storm -~

eventse. L Jif:

iv} Computation of hourly catolment rainfalli~: - ?ﬁ€
" u nEedL s lE D By Spts

v) Separation of base flow and, computation of
direct runoff-depth, -~~“avel  ialisvligs fd)

vi) Commutation of ifiltérabioif Loss ‘@ index)
it Bt MBI e i P

vii) Derivation of 1-hourly unitarapll #90i8 dnaleviies
viii) Drawing ,ﬁf‘repr&seitﬁiii?”:ﬁhiﬁﬁrgpha and
. weasuritg the parameters/ */ & & 5

ixy Bstablishing  relationships  between
physicgraphic and representative unitgraph
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Parameters.

X} Derivation of i-hour synthetie unitgraph using
guch equations for an ungauged catohmert.

The above steps are briefly described sms under:
2.2.5 FPhysiographic paraneters of the catchement:

The representative ocatchments selected for the study

were analysed Tor physicgraphic parameters, The catohment parame-
ters shown in Fig, 1 are as under :

2.2.5.1 Catchnent Area(d):

On & relisble wap, the watershed boundary is marked.
The ares enclosed in this boundary upto the gauging site may be
referred to as the catchment ares,

2.2.5.2 Length of the Main Stream (L) and (Le):

i lwplies the Longest length of the main river
from the farthest watershed boundary of the catchment area to
the gauging site,Le is the longest of the main river course Trom
the point opposite to the C. .G, to the point of study.

2.2.5.3 Equivalent Stream Slope (5):

OUne of the physiographic parameter is =lope. The =lope
way be equivlent slope or statistical slope. In  this report
équivalent stream slope has been used for developing the SUH
relation,

(&) Graphical Method:

Longitudinal section (L-section) of the main stream was
prepared from the values of the contours scross the stream or the
apot  levels near the banks with respect to their distances from
the poliant of interest/gmuging site. A line i= =20 drawn by trials
from the point of luterest on the L-section such that the aress of
the L-section (profile) sbove and below the line are egqual, This
line 1= called equivalent stresm slope line,

(b} Analytiecsl Method.

The L-section way be broadly divided inte 3 to 4
seguwents représenting the broad ranges of the slopes of the
segments and the following formulae may be used to caleounlate the
equivalent slops (35)

LD +D )
i (1-1 £)
5 =
2
(L}
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where Li Length of the ith segment in km.

D S D= Elevations of river bed &t

i-1 i 1ith intersection points of contours
reckoned from the bed elevation
at poilnts of interest considered
58 datum, and Dii-1) snd D sre the
heights of zuccessive bed location
at contour and latersections.

L = Length of the longest stream as

defined in section 2.2.5.2 in Em.

The physiographic parameters A, L, Le and S which
were obtained only for 21 catchments found suitable for analysis
are shown in Table-2.

2.2.6 Becrutiny of dats and finilisation of gauge discharge
rating curve:

The dats wes scerutinised through arithmetical checks.
Where wide dispersions were observed in the stage-discharge curve,
leg-log fitting was sdopted, The stages for concelvable floods
were converted iuto discharges initially ideutified with reference
to rise and fall in the stages of the river.

2.2.7T Seleection of flood and corresponding storm eventsa:

The general guidelines adopted for seleation of flood
events for sach catchmesant are as uander

i} The fleod should not have wunduly stagnating
water levels,

i1) The selected flood should result from
significant rainfall excess generally not less
than one on,

2.2.8 Computation of hourly catchment rainfall:

The Thiessen network was dravn for the raingesuge sta-
tlons on the catehment map and then Thelsszen Welghts were ocom-
puted, The hourly point rainfall at each station was multiplied
by thelr respective Theissen Welght and added to obtain the
eatihment rainfall for each one hour duration during the storm
period.

2.2.9 Cowmputation of Infiltration loss (F-index) and 1-hourly
effective ralnfall units:

With the known values of 1-hourly catchment rainfall in
section 2.2.8 a&nd the direct runoff depth in section 2.2.10 for

each Tflood event, the infiltrstion loas (constant -loss rate) by
trials was estimated. The 1-hourly infiltration loss was deducted
from the I-hourly rainfall to get l-hourly rainfall excess units.
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2.2.10 Seperation of base flow:

The selected flood events were plotted on the normal
araph paper, The base flow was separated through the nornal
Procedure to obtain direet surfasce runoff hydrographs &and the
direct ronoff depth over the catchment was, compated for each flood
events.

2.2.11 Derivation of l-Hour Unlitgraph:

A unit duration of l-hour was adopted for derivation of
unitgraphs. The ‘1-hour unitgraphs were derived from the ralnfall
excess hyetographs and thelr corresponding direct runcff hydrog-
raphs by iterative methods, The iterations were carried out till
the observed and estimated direct runoff hydrographs compared

favourably. Horwally & to 15 unltgraphs sre derived for each of
the 21 catchments considered.

2.2.12 Drawing of representative Unitgrephs and wmeasuring their
parameters:

The set of Unitgraphs &s aﬁtained vide para Z.2.11 sbove
were superimposed and an average/representative Uniltaraph (RUG)
was derived. This excercise was repeated for all samples. Esach
BUH was then tested by reproducing the direct zurface run-off
hydrograph by spplying BOH ordinstes to the corresponding observed
ralnfall excesses and conmparing with the observed hydrograph, The
relevent parameters of BOH 1., £ ., @ , W , W , W s W anrd

1] B 50 75 ES50 BTS
TE 52 1llustrated in Fig.2, were messured for each Catchment.

Li=t showing these parameters for 21 catohments is given in Table-
3.

2.2,13 Establishing relationships between physiocgraphic and
Hepresentative Unltgraph Paraneters:

Following simple wmodel was adopted for establising the
relationships between RUH paramsters and catchment characterstics,

<
C X i ST TRES G Pi 2 [ §

where
Dependent varisble

Independsnt variable

A constant .

An exponent .
From above eaquation, it follows that
Log Y= Log C + P log X

MmO N
I

Thus if Y and X are plotted on & log-log paper, one nay
expect & atraight line relationship.

Various trials of relationship between the physiographic
paraweters (Table-2) and one of the unitgraph parameters (Table-
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3) for 21 ganged catchments considered suitable for the studies
were_ wade. The relationship between physlographic parameters
(LLe/S) and U.G.  paraweter qp was found to be significant. After-
wards 1 was related to wnlt pesk discharge of the U.G. (a ) and q
P z p D
was related to various U.G. parsmeters like W W , WE , WR , The
60 TH &0 5
T could be significantly correlated to tp. The priniciple of
B .
least squares -was used 1a the regression mnalysls to get the
relationships in the forw of equation 2.2.13.1 to predict the
parameters of the Synthetic unitgraph in an unbiased manner. The
following relationships have been derived for estimating the 1-hr
unitgraph parameters in the subzone - 2(a).

Relationships Eauation Fig.No, correlation
: Ho. Coefficient
(x)
1 2 3 4
-0.409
qQ = 2.27T2(LLc/3) 2.2.143.2 3 0.911
P
-0.940
t = 2.164 (gp) 2.2.13.3 4 0.884
2]
-1.065
W = 2.084(ap) 2.2.13.4 L 0.985
&n
-1.07L
W = .,1.028 (ap) 2.2.13.5 6 0.956
75
-0.865
H L= D.BEEEQPJ 2121 131.-5 T ﬂlglﬂ
RS0
-0.918
W = 0.440(qp) 2.2.13.7 B 0.879
RTS
0.852
TB = 5,428 (tp) 2.2.13.8 g 0.939
T =t +1t 2 2.2:13.9
i1} ] r
Q =q xA 2.2.13.10
§ ] B

Attempts were made to develop a confidence band which
could cover &all the 21 samples and 1t was found that with & 956%
upper &and lower band &1l the 21 samples sare within the band.
List of physical and unit hydrograph parsmeters studied to
establish relationship and co-effecient of correlations are shown

19



'in Annexure-2,

The above relationships may be utilised to estimate the
parameters of 1-hour syuthetic unitaraph for an ungauged catchment
with its konown physiographic characteristics like A, L, L¢é and 5.

2.2,14 Derivation of l-Hour Synthetic Unitgraph for an Unganged
catchment: -

Considering the hydro-meteorological homogenelty of
subzone-2 (&), the relations established between physiographic and
uniteraph parameters in section 2.2, 13 for 21 representative cat-
chuente &are applicable for derivation of 1-hour BSynthetie unit-
graph for an unganged catchment in the same subzone.

The steps for derivation of 1-hour unitgraph ape :

i) Physiographle parameters of the ungauged
catchwent via A, L, Le and 5 &are determined from
the catchwent area plan LLe/S is caleculated.

11) Substitute LLe/S in the equation 2.2,13,2 to obtaln
q and this aq in equation 2.2.13.2.3 to get 1
B <] e
in hours.
1ii) Substitute the vaiue of g /£ in the

PP
equations 2.2.13.4 to 2.2.13.8 to obtain W W
F

50 T5
W . W T and T 4in hours.
RS0 HT5 B m
iv) Flot the parameters.of 1-hour unitgraph viz. T
m
T . @ , W ., W W , and W , oOn a

B P 50 76 R50 R76
graph paper &3 shown in 1llustrative Fig. 2 and
sketeh the unitgraph through these points.

Sum of discharge ordinates of tr-hr Unitgraph i1is
accuratety obtained by using the followlng equation:

Q = 2.78 A
T
tr
Where = dischare ordinates at l-hour interval
i (cumecs)
A = Catchment area in sq. kn,

Onit duration in hours,

ct
¥
1
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Suitable modifications can be méde in rising and falling
limbs upto W points, and & smwooth Unitgraph be drown.
50

2.3.0 Design Loss Rate:

Direct (surface) runoff 1s the end product of storm
rainfall after infiltration into Surface soils, sub-surface and
ground besides abstractions like evaporation, evapotranspiration,
enil wmolsture and f£illing up of surface depressicns. It is diffi-
cult, rather Iimpossible, to record these various parameters at
various representative locations in the catchment except by  the
anslysis of observed storm rainfall and flood events. Conversion
of @ross storm.rainfall units into effective rainfsll units for
application to unitgrsph iz normally done by subtraction of
constant loss rate (F-index) for the catchment, even though the
loss rates in the catchments, a complex phenomensa, vary due to
goll conditions, soil cover complex and topography alongwith tem-—
poral and spatial varistions of storm rainfall.

Following method of estimating design loss rate wWas
adopted:

Conatant loss rates were eatimsted based on wvaricus
sclected observed storm rainfall and flood events of reasonably
higher wmagnitude for derivation of unitaraphs. Abcut 233 flocd
events were snalysed for 21 bridge catchments. Number of <flood
occasions for each bridge ecatchment uwnder different loss  rate
ranges at intervals of | 2em/hr were tabulated., All flood events
havi been considered for estimating the modal lozs rate shown in
Table-4,

The wmodual value of loss rate of 0,24 cwm/hr 15 recommon-
ded for adoption as Design Loss Bate. The designer can however
mwodify this value as per the locsl site conditions.

2.4 Design Base Flow:

Similarly wnumber of ocassions with different base flow
under variouvs intervals for 237 flood events &are shown in table-5,
For 100 flood events out of 237 the base Tlow rates fall under the
range of | loumecs per sq.kwm.  An average base flow rate of .05
cumecs per sq.Bu.  way be sdopted for estimating the design bsase
flow for a catchment under study. The suwmury of the base flow for
all the floods studied is given in Table-5H.

2.5 Simplified Approach:

For the preliminary studies some times desginers are

interested 1a only the return period peak flood values, without
going into much detail of design flood estimation.

So & simple equation relating the return period (25-yr,
60-yr &and 100-yr) flood peak are derived sfter obtaining the
return period flood from the synthetic unit hydrograph sapproach
and relating this peak with the physiographic parameters and
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meterclogical paramter of point rainfall applying least .square
method .for fitting.

& b ¢ d €
@ (peak) = C (A) (L) (Le) (8) (Rt)
where Gpeak = Return period peak flood.

C = Constant.

A = Catchment area in sq, Ekm. _

L = Length of the longest stream from the
catchwent boundary to the site under
study (km). _ '

Le = Length of the stream from the centroid
?im?hﬁ-catchment to the point of study

S = Equivalent stream slope m'\km.

Bt = Return period point rainfall to be found

from plates 8, 9, 10 in em for td hour.
The derived flood formulse for 25-yr; 50-yr and 100-yr
return period flood pesks are as upder with the co-efficent of co-
relation,

0.91839 -0D.39454 -0.198456 0.31391 1, 11481

Q@ = 0.6855(A) (L) (Le) () (R ) r = 0.996
25 25 2.4,1
0.80265 -0.37461 -0.19224 0,31348 1,09719
Q@ = 0.7262(A) (L) (Le) (5) (R ) r = 0,987
50 - | 50 2.4.2
0.80662 -0,36538 -0,20383 0.31028 1.05471
@ = 0.8372(A) (L) (Le) (8) (R ) r = 0.997
100 100 2.4.3

The coefficlents of correlation for all the above rela-
tionships are edatremely high and therefore the relationships de-
rived are very remsonable, Further overall range of the + and
- percentsge varistions in the computed flood values (§ , @

25 50
and @ ; ) by both the reapective derived formulae and the de-
0o
tailed approsch for the 21 catchments shown in Table-8 are within
tolerable limits of + or - 16% as given below:

Variation Bange

(percentage)
(+) ' (~)
Q 1.11 to 11.8B7 0.29 to 13.69
25
Qﬁﬂ 0.26 to 11.28 0.24 to.12.52
Q 0.04 to 10.05 0.45 to 13.15
100

The flood formulae for computation of 25-yr, 50-yr and
100-yr flood mwmay be applied only for preliminary designs,
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PART III
DESIGN STORM INPUT

3.1 The point rainfall amount for the design storm. duration
and its areal snd tine distribotion are the three main
neteorological factors deciding the shape of design flood
hydrograph. Studies on such components have been carried out by
IMD &and the results have been given in the form of 26, 50 and 100
year 24 hour isopluvial wmaps, ratios for short durations to 24

hn?ra. Tables for point to areal values snd time distribution
values, '

Rainfall data of self recording and ordinary raingauges
was collected from & large number of stations within and around
the subzone for as long a period as possible by IMND and other

organisations including Railways and MOT. Methodology adopted for
analysis for each cowmponent is discussed in subsequent paras.

3.1.¢ Design Storm Durstion:

The duration of the storm rainfall which causes the
maximum  discharge in a draiusge basin is called the design storwm
duration (TD). Alternative studies were carried out assuming Td=
1.1 tp and TD = TB for estiwmating 265yr, 50yr and 100yr flood for
21 catchments. The TD = TB design storm duration is adopted as it

givez higher discharges in 16 cases out of 21 bridge catohments as
shown in Table-3,

‘The design storw duration Td which is equal to TB may
be rouwaded off to the nerest full houy for any specific site study
the designer can adopt sny other value out of the trials made by
him to sulit the requirement.

3.1.2 Rainfall Depth-Duration-Frequency Analysis:

India HMeteorological Departwent have conducted this
study utilizing the data of 12 Self Recording Ralngauge Stations
and 13 Ordinary Baingauge Stations waintsined departmentally, 82
Ordinary Bailngsuge Statlions belonging to the States of West
Bengsal, Sikkim, Assam and Arunachal Pradesh. and 24 5elf Recording
Raingéauge Stations maintained by Railwayvs in their 8 Dbridage
catchments falling in Subzone 2(a).

The annveal maximum series of one-day rainfall were for-
med for each of 95 ordinary raingauge stations in and around the
sub-zone using the rainfall records of 50 to 80 years., The annual
extreme values series were subjected to frequency analysis by
Gumbel's extrems value distriboution and the rainfall estimates
for one-day corresponding to 25, 50 and 100 year return periods
were computed, The daily values of 25-years, 50 yvears and 100
years rainfall estiwstes were converted into 24 hour rainfall
estimates of corresponding return periods by using the conversion
factor of 1,165, These 24-hour ralnfell estimates for all the
stations in and around the sub-zone were plotted on base maps and
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isopluvial mwaps of 25-yesr, O50-year and 100-year return period
were drawn. These maps are shown in plates B, 9 and 10.

The hourly rainfall dats recorded at 12 Self Recording
Raingauge Stations maintained by Indla Meteorclogical Depsrtment
Wwere analysed by frequency analysis (partial duration series)
wethod and the rainfall estimates for various return periods. (viz.
2,5,10,25,50 and 100 yesars) were computed for duration
1,3,6,9,12,15,18 snd 24 hours. The rainfall estimstes correspon-
ding to duration from 1 to 18 hours for each of the 12 stations
were converted lnte ratios with respect of 24 hours estimates for
each of the above mentioned return periods. Aversged ratios for
various durations for sach return period were computed for the
whole sub-zons, It was noticed that for a specified duration the
average ratiod, except for return period of more than S-yenrs were
coupasrable ih magnitude. The averaged ratios for various dura-

tions for comberting 24-hour raeinfall into short daration rainfall
are given bdlpw :-

Duratior EBatio
1 0.260

3 0. 457 H0-yr T-hr Point Bainfall
B 0.615 Ratio = ——-mmmmmm e e
g 0.720 50-yr 24-hr Point rainfall
12 0.805

15 0.875%

18 0.930
24 1.000

Fig. 10 shows the ratios for short duration point
rainfall with respect to 24-hr point rainfall.

The short duration rainfall estimates . for varioue =zhort
duration (1,3,6,9,12,15 & 18 hrs) can be computed by using the
respective ratios. The value of 24-hr rainfall estipates for &
particular station for 25-yr,50-vr and 100-yr return periocd can
be obtained by plates 8, 9 & 10 and the sho#t duration rainfall
estimates can be obtained by multiplying with the corresponding
ratico for that particular short duration obtailned from Fig., 10,
Statement of highest ever recorded daily rainfall gatselected
stations in the subzone is at Table - 7.

3.1.3 Point to Aresal Rainfall:

R.D.5.0. supplied short dureation rainfall date of about
90 stations in 21 bridge catchments but the short duration
rainfall data of only 8 bridge catchments were used for this
study. The data of remalning 13 bridee catchments could not be
utilised as the period of data were either lesa than 4 years
and/or concurrent years data were not recorded continuously for 4
years over the stations in & bridae catchment. Z2-yr point
rainfall valuwes for specified duration for each station in the
catchments were computed by freguency analysis, Arithmetic
average of 2-yr point rainfall of all the stations in the cat-
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chment was caleulsted to get the Z-year representative point
rainfall for the catchment, Events of maximuam average depth for a
particulesr durstion in each year were then selected on the bsasis
of simaltaneous occurrence of raiufsll st esch station 1In the
catchment. The areal rainfall szeries thus obtained was sublected
to freguency analysiz of Z-yesar asresal rainfall snd depths for
specified durations were computed. The percentage ratio of Z-year
aresl rainfall 1o Z-vear representative point rainfall for the
catchmwent was calewnlsated =and plotted sgainst the ares of the

agatchment for various durations. The beat flt ocurves were drawn
for specified durations on the polnts obtained for all the
catchments. Fig. 11(a} to 11(b) give the curves for conversion

of point rainfal into aresl reaiafall for 1,3.6,12 and 24 hours.
The #areal reduction factor (ABF) at different intervals of
catchment areas for the above durations are given in Table 8.

3.1L.4 Time Distribution Studies:

The time distribution studies have been carried out for
the following rainfall durations:

1} Bain storw of 2 to 3 hours
2) Baln storm of 4 to 6 hours
3} Rain storm of 7 to 12 hours
4) Fain storm of 13 to 18 hours
5) BRain ztorm of 19 to 24 hours

2207 rainstorms of wvarious durations upto 24 hours
occurring  In varicus parts of the subzone were analysed based on
147 statlion yesr data. Raln storms selected at each station were
grouped under the avove § categories and plotted on different
graphs a5 dimensionless curves with cuwulative percentage of the
total ralafall orrdinste and the percentage of the short duration
slong the sbeeizssa, Thus, five different graphs were prepared for
each sStation correspondine to various durations, and were then
sxraminead, The averadge time distribution curves for the wvarious
durations were drawn for each station, All the average curves for
the stations thus obtained were plotted on & elngle graph sand &
single &avermge ourve for the subzone a5 A whole was  drawn for
storms of different durations &2 shown 1in Fig. 12, T L e
distribution co-effecients for different durations read from these
curves are presanted in Table - T-2.

3.2.0 Procedure for Estimation of Dezlgn Storm BRainfall:
The following procedure is recommended to be adopted for

estimation ¢f erltical distribution of storm reailnfall to csuse the
maximam flood dos te railafall of & specifled duration:
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Step-1:

otep-2:

Step-3:

Step—4:

Step-5:

Step-6:

Step-T:

Estimate T = Which can be obtained from the computed
K}
values of T {Equation 2.2, 13,3}
B

Locste bridege catchmernt under study on the
50-yr, Z24-hr isopluvial wap (plate-9) and obtain
the 50-yr Z4-hy polot rainfsll value in ems, For
catohwent covering more thean one isohvte, compubte
the aversge polnt storm rainfall,

Bead the conversion ratio for T hours from

D
Fig. 10 and multiply the 50-yr Z4-hr rainfall in
Step-2 by the ratioc to obtain 50-yr T -hr point

D
rainfall.
Coavert the 50-yr T -hr point rainfsll te 50-
o
yr T -hr aresal reinfall by woltiplying it with the

n
aresal reduction factor (AEF) corresponding to  the
Elven values of catchment area and T -hr daratlion
b
from Table-6 or by interpolation from Fig. 11(a)
and 11(b} in section 3.1.4.

Apply the cumulative percentage of total rainfall

against the cumulative ‘percentage of storm duration

curves in Fig. 12 or from Table T - 2 corre-

sponding to deslign storm duration T to obtain the
D

depths at 1-hr interval, since the unit dursation of

aynthetic U.G. is 1-hour.

Obtain the 1-hourly rainfall increments by sub-
traction of auccessive 1l-hour cumnlative values of
rainfall in atep-5,

Rearrange rainfall excess velues in a apecific

sequence depending upon the necesaity. (Peak only
or complets hydrograph)
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PART 1V
UTILISATION OF SUH APPROACH FOR DESIGN FLOOD ESTIMATION
4.1.0 Estimation of Design Flood for an Ungasuged Catchment:
The following procedure 1s reconmended:

Step-1 Deternmine the l;hr synthetic unitgraph vide section
2.2.13,

Step-2 Determine the design storm rainfall input vide
2ection 3.2, 0,

Step-3 Adopt the design loss rate as recoumended vide.
section 2.3.0,

Step-4 Obtain the hourly effective rainfall units upto
the design storm duration T by subtracting
D

the design loss rate from the hourly aresl
raiafall wnlits vide section 3.2.0,

Tabulate the 5.0.G. ordinates obtained from
otep-1 at 1-hour iaterval.

Arrange the effective reainfall values against the 1-
hourly synthetic 0.4, ordinates such that the meximum value of
effective rainfall comes against the peak discharge of synthetic

0.G., the next lower value of effective rainfall units comes
sgalnst the next lower discharge ordinste snd so on upto T hour

D
duration.

The sum of the product of unitgraph ordinates and the
effective rainfall values as tabulated above gives the 50-yr flood
peak value after addition of base flow in Step-8 given below.

However, the subsequent Steps-5 to 9 should be followed,
for gomputstion of design flood hydrograph.

step-5 Beverse the sequence of effective rainfall units
obtained in Step-4 which will give the eritical
sequence of the effective rainfall.

Step-B Hultiply the first 1-hr effective rainfall with
the synthetic ordinates &t 1-hr interval which will
give the corresponding direct runoff ordinates,
Likewise repesat the procedure with the rest of the
hourly effective rainfall units giving & lag of 1-
hr to sucessive direct runoff ordinates.

Step-7 Add the direet runoff ordinates st l-hr interval
to get the total direct runoff hydrograph.
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S5tep-8 Obtain the base flow rate in cumecs /s4q. kn vide
section 2.3.12., Multiply base flow rate in cumecs/
2q. km with the catehment aress under study to get
the total base flow,

Step-9 Add the total base flow to the direct runoff
ordinates at 1-hr interval in Step-7 to get the 50-
vr flood hydrograph, Flot the hydrogrsaph.

Likewise 25-yr flood and 100-yr flood hydrographs &re
conputed following the above steps in section 3.1.6 and 4.1.0
corresponding the 25-yr and 100-yr storm rainfall for design storm
duration T =T

D B
4.2.0 0Other Purposes:

The report may alsc be used for estimation of frequency

flood for the following categories of structures as per the Indisn
Standard.

1) Small Daws:

The Indien Standard - gudelines for fixing spillway
capacity of Daws under clauses 3.1.2 and 3.1.3 of IS :11223 - 1935
recommends  100-yr floods ss ianflow deziga flood for small dams
having either gross storsge behind the dam between 0.5 to 10
willion eom.m or hydraulic head (from normal or annuasl average
flood level on the downstream to the paximum water level) betwesn
7.5 mto 12 n The report may be wade use of for estimation of
100-yr flood for safety of small dams. L00-yr flood may be
estimated using the modsl loss rate of 0.24 cm/hr.

11} Miaor Cross Dralnage Works:

The Indian Standard - code of practice for design of
aress drainage works, part-1 General Features under clause 6.2 of

IS ¢ 7784 (part-1) - 1975 recouwends 10 to 25 years freguency
flood with incresase sfflux for the design of waterway of wminor
aross drainage works. The report way be ‘made use of for estima-

tion of 25-yr flood for fixing the waterway of minor crosas dral-
nsge works, The tlood of different return periods say from 10 to
20 yesars mway be estimated by using the detalled methodology given
in the report on the basis of 10 te 20 yvears 24-hr. point storm
rainfall determined for the ungauged catchments under study.

4,.3.0 Computation of Design H.F.L. Corresponding to Design Flood:
4,.3.1 General:

The design englneer has to determine the design High
Flood Level correspoandlog to adopted design flood for the bridges
and cross drelnage structures under natural and constricted condi-
tions. This elevation 1s very luportant in the anslysis for foun-
dations, scour free bosrd, formation levels, hydraulie foroces eto.
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4.3.2 OStage Discharge Relationship:

Stage diacharge relationship is represented by 'stage vs.
discharge rating curve of a river at the point of study. The most
acceptable method for establishing stage discharge rating curve is
based on observed gauges and diacharges covering satisfactorily
the lower to upper elevation ranges. Stage diacharge relation
definea +the complex interaction of channel characteristics inclu-
ding cross sectional areas, shape, slope and roughness of bed and
banks. The permanent stage discharge relation 1s a straight line
or a combination of stralight lines on a logarthmic plotting depen-
ding on the channel configuration; a single straight line for a
single well defined channel and a combination of +two straight
lines for +the main channel with its berm portions. The stage
discharge relation may be considered more accurate depending on
the reliable and adequate observed gauge and discharge data of the
river at the point of study. The gauge dishcarge rating curve so
determined may be used for fixing the desian HFL corresponding to
design flood by extrapolation if necessary.

While 1in the absence of observed gauge and discharge
data at the point of study (bridge cor cross-drainage structures
locatlon), synthetice gauge discharge rating curve has to be c<con-
structed by Area-Yelocity Method, using the river croas section,
slope data and nature of the cross-section. The wvelocity 1is
computed by the Manning s formula.

Computation of H.F.L. is generally done with the help of
Hanning s formula in which Manning's "N° 13 & very important
factor affecting the discharge of a river or Halla, In applying
the Manning a formula the greatest difficulty liea in the determi-
nation of the roughness coefficient (N)., In reality, the value of
N 1is highly wvariable and depends on a number 'of factors, In
selecting a proper value of N for various design conditions, a
basic knowledge of the factors affecting Manning s roughnese coef-
ficient sahoud be found very uaeful. The factora that exert the
gregtest influence upon the coefficlient of roughness in netural
channels are asurface roughnesa, vegetation, channel irregularity,
channel alignmenta, silting and scourlnz, obatruction, aize and

shape of channel, stage and discharge, seaszonal change and suspen-
ded material and bed load.

The wvarious values of the roushness co-efficient for
different +types of channel are given in Table 5.6 "Open Channel
Hyvdraulies" by Ven-Te-Chow.

The above procedure pertains to determination of design
HFL corresponding to design flood of & river under natural condl-
tions, With the type of structures in positlon there will geners-
1ly be & constriction in the watertiay. The sffect of the constri-
ction by way of raising the design HFL under natural conditions
has to be evalusted in the water slevations to arrive at the
revised design HFL uwnder constricted conditions. The difference
between wupstream and downstream water levels corresponding to
design flood due to constriction in the waterway may be termed as
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afflux. = There are hydraulic methods for working out the final
dezign HFL due to constriction by the structure. The welr forma-
la or orrifice formuls of hydrauliecs 1= generally used depending on
the wupstream sand downstrean depths to estimste the revized design
HEL under constricted conditions.

4.3.3 Bachk Water Effect:

Sometimes it happens that the cross section of river or
nalls on the downstream side of scross drainsge structure mway be
too narrow than the cross sectlon at the location of & crossing
site, The flood levels at the proposed structure may also be
affected by the high flood levels in the mwain river jolining dow-
nstrean 'in proximity of the stream. In snch cases, there will be
backwater effect due +to the narrow gorge of the river as  the
design flood for the crozsing site Will not be a&ble to pass
through the narrow gorge in the downstresm and hene there will be
heading up of water in its upstream side which ultimstely efffects
on HFL of the river st the crozsing site, In the latter case the
tributary stresm on which the bridge 1= located will be under the
influence of tLhe backwater affect of the mailn stream Jolinlneg
downs trea. Tn such cases badck water study shall be essential.

4.3.4 Hydraulic Gradient:

In the absence of any observed levels of water profilies
for computing hydraulic gradient, bed gradient of nalla shall be
considered, after verifying that local depressions are not accoun-
ted for and bed gradient is computed on & reasonable length of
atleast 300wmbt. upstream and downstresm of the crossing site.

4.3.5 Uafavoursable Crozsing Site:

IT +the crogeing s2ite is located scross the river/dral-
nage in the uwnfevourable resch i.e, not complying with the ususl
reauirenent of gauge site, the design flood elevation shall be
conputed in &5 straight resch downstresm of the crossing and then
from back water streams, deslgn flood elevation of the crossing
site shall be decided,
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FART ¥
ASSUMFTIONS, LIMITATIONS ANHD CONCLUSIONS

Assumptions:

It 1= assumed that 50-year return perlod storm
rainfall produces H0-year flood. Similar is the
case for 25-yesr flood and 100-year flood,

& generalised conclusion regarding the base flow and
loss rate are assumed to hold good during the
design fiood event.

Limitations:

The dats of 21 catchments has been considered for
developing & generallsed approach however, for
wore reliable rvelationships the dats for more
suitable catchments would be desirable.

The method would be applicable for reassonably fres
catchwents with interception, if any, limited to
20% of the total catchment. For eslenlsating the
dischargs, the total asrea of the catchient has to
be considered.

The approach developed mostly covers the catchment
with flat to moderate slopes.

Conclus ions:

The wethodology for estimating the design flood of
30-yr return period iacorporated in the body of the
report is recounended for sdoption, which also holds
good for 25-yr flood and 100-yvr flood.

The report alse recommends the adoption of desilan
flood of Z5-yr and 100-yr return periods taking in
to account the type and relative importance of the
Structureas.

The flood forwmlae with different return periods
shall be used only for preliminary design.
However, for final design, the design flood shall be
estimated usine the detailed approsch in 1llustrative
examnple nonder P§rt—1,

Forwalas for fixing the linear waterway of cross
drainage structures on streams in North Brahmaputrs
gsubzone 2(a) may be used at the discretion of the
déesign engineer.

E5-yy, 50-yr and 100-vr flood may be estimated
using design loss rate of 0.24 cwn/hr.
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5.3.6

The report is applicable for the catchment area
ranging from 25 sq km to 1500 sq Emn. Further the
report way be wsed for large catchments upto 5000
gq ki bssed on sound Jjudgemsnt sand considering the
data of neighbouring catchments alse, However, in-
dividual site conditions may necessitate special
gite study. Eangineer-in-charge st site is advised
to take a pragmatic view while deciding the design
dizehsrge of n bridge.
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. TABLE - 2
BASIN CHARACTERISTICS OF SUBZONE - 2Z(a)

51.NHo.Bridge No Area L Le SEQ LLe\ S
(sq. km. ) (km) (km) (m/km)
1 2 3 4 5 6 T
1 240 1350.00 108. 00 61.00 10. 88 606. 00
2 521 1016. 00 120,75 89. 36 T.41 1456. 00
3 376 758. 00 60.62 22,00 4. 46 299. 00
q 373 595. 70 75.62 47. 14 1.70 209.50
& 8(B) 345. 30 4254 27.37 21,28 54. 00
5] 486 326. 00 E2.7H 35.40 1.95 1139.00
T 363 323,23 69.23 42.499 2.68 1111.00
5 450 233. 10 38.62 29.77 1. 84 625. 00
8 6/12 230.45 H4.T1 28,94 23.47 T0.00
10 242 229,99 34,59 18.82 22.53 29.00
11 210 220,87 36,06 17.07 9. 10 65. 00
12 22 213. 05 42.00 25,76 1. 52 T1iz2. 00
13 a6 119. 14 27.29 16.74 34. 07 13. 00
14 285 92. 46 36. 086 26,38 0.88 1099.00
15 196 85.47 21.56 11.26 19.81 12. 00
16 429 69.60 Ja.52 15,30 1. 00 500. 00
17 114 66.00 23,00 11. 00 12. 867 20.00
18 8(38) 61.38 22.54 8.36 0.63 299,00
19 385 46. 6% 24.94 16. 25 .26 1535.00
20 24 42.10 12.88 8.21 0.77 137. 00

21 201 38,49 21.33 11,75 g9.87 25.00
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RAPRESENTATIVE 1-HOUK UNIT GRAPH PARAMETRRS TABLS - 3
H0RTE BRARNAPOTRA SURZOME 2(d) '

SL.HO. BRIDGE tpIN QPIN qp [N tr N TEIN WSO DN WTS I8 WESO IN WRIS [8
K. EGIRE  wisq km SQ/E  HOUBS  MOOES  HOUES  HOORS  WOUES  HOORS

1 2 ] i .8 § 1 § 9 10 il

L 0 1050 20000 0.06 L06 36.00 1575 .35 555  3.60
2 §20 10.50 168.00  6.17  LO0 43.00 1450 120 S5.40 340
3 36 150 20002 02T L00 23.00 1000 630 7T 2.60
¢ $13 2250 SLO0 009  L00 103.00 2615 14.00  T.40  4.00
5 M 450 1950 051 LOD 15.00 LTT 297 87T L%
g S0 40 008 100 13500 2250 1.50 550 10
1 E .50 2880 0.69 100 62.00 3L 15.90 .60 390
§ WO2050 W40 0.9 LO00 60.00 LLO0 520 480 220
9 §/2 440 12500 054 LO0 M6.00 620 180 L0 0.80
10 U2 450 M0.00 061 100 2100 300 140 130 0.60
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TABLE - ¢
LOSS BATE HABGES (cms/br) PO OBSERYED FLOOD IN SUBIOME - 2(a)

§1.00 Br.  hrea 0.11 0.31 0.51 0.71 €.91 L11 131 151 LYE L.90 2,10 2,30 2.51 2,71 2.81 .11 3,31 Total
Bo. (sq.bm.] 0.1 0.3 0.5 0.7 0,9 L1 L3 LS LY L9 2.1 2.3 2.5 2.7 2.9 L1 3.1 & abowe

I 5 e 0 B 0 000 e 0 5 i 0 e 0 - 0, e 5

120 1s0.00 12 9 3 : 2
TS omeo 3 3 . 1
336 15600, 5 3 | 9
(3134810 1 ! I t 1 n
§ “8(8) 35.30 13 1 2 1 1 1 T
B4 3600 1 2 3 2 2 11 I 1
TN ML 4 12 6 2 2 2 )
g4 21 ? 1 ? ! L 1) R
96/12 23048 21 I 1 1 g
0242 2999 2 | 'R I 1
1210 2081 U S T S 1 -1 1 15
R oL 2 11 I 5
39 191 2 1 g
oS 9246 1 1 2 1 1 1 2 2 1 1 16
516 AT 1 I I (
16 423  59.60 1 : | |
TR TR I S T 2 1 6
85 6L 1 & 2 3 1 1 12
19385 {6.62 2 1t Pl I [
0 4 1 7| 11 S ]
20201 38.49 | 6 | 2 1

MoH M OB MK M1 6 45 33 4 2y 2o

BODAL LOSS RATE - (F¥ - Fije(B)
bl #fe-eeeeees I = 0.2 ensfhr
(2Fw - F1 - F2)

KEERE LI = LOWER LINIT OF THE BODAL CLASS

Fa = FREGUENCT OF THE NODAL CLASS

F1 = FREQUENCT OF THR CLASS PRECEDDING THE MODAL CLASS
F2 = TREQBEECT OF THE CLASS SOCCEEDING TEE MODAL CLASS
B = WIDTE OF TEE BODAL CLASS
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OBSERVED BASK FLON RANGES FOR OBSERVED FLOGD EVENTS
(In cumecs per square kilometre)

§1.% Br.  drea 0.11 0.21 0.31 0.41 0.51 0.61 0.70 0.81 0.91 101 1.11 1.21 131 141 L.51 Total
Ro. (sq.ke.) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 69 1 11 L2 L3 L4 L5 LS

1 240 138008 23 | U
7 %21 100600 3 o 1
1 W5 1.0 P 2 1 13 1 12
¢ m o sn 3 4 1 2 I 1
5 8(B) ML 2 2 2 | 2 1 10
& 488 MO0 10 ) 1
T M) I un ¥ 2 i
450 210 ¢« 4 3 | 12
9 6/12 230.45 L1 1 ! 1 1 b
10 242 W9 1 2 ! 10
I 210 22081 M 1 1§
o me 4 1 5
18 1 1 ] 1 5
s e 2 1 1 31 3 | "
15 196 8541 1 1 2 {
16 423 69.60 | | 1 1
im I e6.00 Y 2 1 g
19 8(5) 6L & 12 l 12
4 3 w82 1 2 2 1 2 1 g
LI + 50 S B §
2 e 348 I 1 I 2 1 1 I 1. 10
Total 0 e 2 8 7 8 18 3 & 1 1 2 1 0 1 o2

Base flow = 0.05 cumees/s

Oul of 237 flood, 100 floods Call (n the flest vange of 0.1 cunces/ks 59,
Therefore am average walue of 0.05 u /km is recomsended -



Table - &

POINT TO AREAL RAINFALL RATIO'S (PERCENTAGE)

Area in 1-hr 3-hr 6-hr 12-hr 24-hr
sq. km.

50 33 " 838 9z a7 g3
100 T4 81 a8 94 98
160 67 75 34 91 94
200 63 71 81 39 93
250 60 638 78 a7 91
300 B85 78 26 339
350 £4 74 84 83
406 T3 a3 37
450 T2 82 an
508 T1 i 85
600 T9 34
TOG T8 82
800 77 31
2040 77 21
LGO0 T85 S0
1500 79
2000 78
2500 77



5. Ho otate District Station Maximum Date
; Rainfall
(mm )
1. Assam Goalpara Damra 508.0 13.8. 1968
2. Lakhipur 490:. 3 5.5. 1869
3 Bijni 486. 4 9.7.138856
4. Kachugaon 366.0 28.6, 1903
6. Mankschar 366, 0 18.6. 1971
B, Goalpara 3567.4 12.5. 1953
s Rowgong Kaapur 385.0 5.8. 1966
8. Lanka 471.9 6.10. 1916
9. Lumding 360.0 26.9. 1976
10. Darang Goupur 312.7 16.1.1971
11. Lakhimpur Moran 3s1,0 4.9, 1963
12, Kamrup Baruduar 417.0 20.6. 1934
13. Patacharkuchid06, 4 20.6, 1889
14. Arunachal Tirap Paasighat 467.0 11.7. 1848
Pradesh )

16, West Bengal Jalpaiguri Jalpsiguri 403.3 8,7.18982
16. Alipurdusar 378.5 24.7.1959
17. Buza 538.95 B.6.1921
15. Kalchini 354.1 20.7.1901
19, Enmargram 381.0 5.6.193%
20. Darjeeling Darijeeling 454. 1 12,8, 1950
21. Kallupong 419.2 5.10. 1850
22. Mongpoo 546, 1 12.86, 1960
23. Kurseong S501.7 11.6,1850
24. Coochbehar Dinnats 364.5 18.9. 1896
25. Mathabhanga 403.3 20.7.1378
26. Sikkim Dikcha 400.8 25.8, 1969
27. Singhik 504.2 12.5. 1881
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Comparision of § , @ and @  Values obtained by SOE and Simplified Method
5 5 100

S R L S e e S S —
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ﬂhserml tstilaud {Ihserlul !st.imed*ﬂbaemﬂ htiuud*
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: tied : tied 3 - -
lquatlﬂ - !quatiu :
i 2{!! 1355 00 : 1T14.71 5 1893.67.: 1978, li 2158.42 ¢ 2504.16 : 2700.07 -
? 521 ¢ 1016.00 = 1328.44 & 1146.52 - 1425.86 : 1247.23 : 149511 : 132154 :
k| ST6 = VH8.00 - 2341.70 = 2291.57 © 2900.48 - 2790.25 : 3826.12 : 3663.23 -
{: 313 59570 - 1041.45-: 1068.37 - 125258 : 1279.10 ¢ 1540.2 @ I566.M :
§* §(B): 345.30 : 1777.96 = 1915.89 : 2040.82 : 2206.07 : 2378.57 : 2559.45 :
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! 363 = 323.723 : BSB.BY : 852,24 : 1008.84 : 1006.42 : 1125.3 : LIIT.81:
§: 450 : 733,10 : TO2Z.50 : 685,53 - 862.47 - 839.41 : 8BA.09 - B55.9% :
90 B2 230.45 : 1527.21 : 1679.46 - 1740.93 : 1937.28 : 191240 : 2104.72 :
(I 2 : 22999 ¢ 1844.60 ¢ 1832.17 : 195004 : 194277 ; 2018.49 : 2208.57 :
I 210 : 220,87 : 85794 : 920,48 : 982.39 : 1056.65 : 1106.15 : 1200.57 :
12 T0: 215,05 0 354.08 ¢ 353.04 : d1L44 : d10.60 io500.32 ¢ §08.52:
13: 85 0 HI9.H  1600.39 ¢ 1416.04 - 1759.25 © 1560.78 : 1898.06 : 1681.49 :
H: 285 ¢ §2.46: 28131 : 288,15 ¢ 328.66 : 320.51 : .365.46 : 363.97:
15 : 196 :  85.47 : 1008.63 : 864.68 : I1176.18 - 1021.93 : 1232.09 : 1070.08 :
16 : 429 ¢ 69.60 - 265.95 - 252.71: 302.26 : 290.66 > 33076 : 324.64 :
IT: I - 66,00 : 402.16 @ 410.29 = A73.37 : 490.46 : 562,17 : 587.83 :
I8 B{5): ©1.38 : Z215.73 : Z04.45 : 280,72 : 0236.51: 305.45: 1292.04 :
1: 85 - 4662 : 11005 : 109.35: 127,38 : 128,25 : 15146 : 5173 :
2 : 0 42100 194.95 ¢ 208,22 : 22434 240.00 : 253.71: 27199 :
21 : 261 0 3849 306.87 - 3.0 : 37H.06 : 40409 - 407.99 : {3494 :

e e o e L i 8 8 e e e e o e B o e ¥



Table - 4

CONPARISION OF DISCEARGES BT DETATLED APPEOACE WEER TD = TO MAD TD = L1 % tp
SOBIONE 2(a)

B e L L L T LT T T T

Si.Me. ErMo, C.heea Discharge in Cumecs by Detailed dpproach

Khes Bben
m=1 m=1irtp

B T ——

8 e e R T 0 e e i e e e 8 e

| W0 1s0.00 ITMLTL OISTEIE 2504.16 1760.31 2010.61 2507.87
i 521 101600 132844 1425.86 MTS.I1 133R.72 432,80 L480.21
3 ME 15500 23070 .2900.48 3826.17 221480 27TTR.38 362113
i I3 585,70 104145 125058 154T.20 TONM.56 123994 [IS06.M0
¥ B{b) 3830 IT7T.86 2040.82 2378.57 1626.%6 (712.66 1993.62
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I eE o 20998 IBML.ED 19513 2218.4% [S20.81 1614.30 1832.92
I 0 220.87 BST.94  982.33 1106.16 795.8%  930.07 104247
12 i 213,05 35408 4160 50332 ML 1Y 40128 LUl
I3 8 1814 1600.38 1759.25 1898.06 300.98 M420.77 1540.26
H %5 92.46 28131 320.56 36S5.46 22278 320.84 350.85
1% 194 85.47 1008.63 HMP6.18 1232.09 B42.52 960.3 1027.09
16 f28 69.60  265.95 36226 .o 26581 200.15 1376
) it 66,00 AGL. 16 47301 SELAT (0836 ATV.BF 6677
18 bis) 6138 215.73 25172 §05.45 206.05 238.41 286.88
13 b1 L f6.62 110.05 12135 IST.46  L1O.ML 12768 157.21
2 u (.10 19095 24M 28471 19221 .M .18
1 0! 3849 306.6T  35.06 407.99 31S.9% 3EY19 311N

B L L]

Note: Qut of 21 bridge catohmeats 16 bridge catchaents
at SLMo, 3.0,5,6,7,0,0,10,00, 12,18, 14,18, 16, 18
and 20 are shoving more valee by Th =TB thas Td =
1.1 tp. Bepce, 1D =TB 15 adepted in this report.



ANNEXURE-1

LIST OF HYDRO-HMETEOROLOGICAL SUB-ZONES

Sub-gZone Name of subzone

{designated earlier)

BHame of sub-

zone (designated

now)

River Baains includ-
ed in the sub-
sone

i e . S . i i . S i S S B . e o . . o, . . S T e o i i R e o o T e 2

1(b)

1ie)

1(d)

1(f)

1(g)

Z(a)

Luni basin & Thar
(Luni & other rivers
of Rajasthan and
Kutch)

Chawmbal Basin

Betwa Basin & other
Tributaries

Sone Basin and REight
Bank Tributaries.

Punjab Flains including
parts of Indusa, Yamuns,

Ganga and Ramganga
Basins.

Ganga Plains inclu-
ding Gomti, Ghagra,

Gandak, Kosi and other.

Lower Ganga FPlains

including Subarnarekha
and other east-flowing

rivers between Ganga
and Baitarani.

Horth Brahmaputra Basin

Chambal

Betwa

Sone

Dpper Indo-
Gangsa
Flains

Middle Ganaga
Flains

Lower Gangs
Flains

Horth
Brahmaputrs

Luni river, Thar

- (Lunl & other rivers

of Rajasthan and
Kutch and Banas
rivar).

Chambal river

Sind, Betwa and Ken
rivers and other
south Tributaries of
Yamuna.

Sone and Tons rivers
and other South Bank
Tributaries of Ganga.

Lower portion of In-
dus Ghagssr Ssahibi
Yamuna, Ganga and
Upper portion of
Sirsa, Hamgangs,
Gomti and Sai
rivers.

Middle portion of
zanga, Lower portion
of Gomtl, Ghagra,
Gandak, Kosi and
middle portion of
Mahanadl Basin.

Lowsr portion of
Ganga, Hoogll river
system and Subarna-
rekha.

North Bank Tributsr-
ies of Brahmaputra
river snd Balazon
river,



2(b)

2{(c)

3(a)

3(b)

I(c)

3(d)

J(e)

3(f)

3(g)

3{h)

3(1)

4(a)

4{b)

South Brahmaputra Basin South

Barak and others

Mahl, including the
Dhadhar, Ssabarmati
and rivers of
Saurashtra.

Lower Narmada and
Tapl Basin

Upper Narmada and
Tapi Basin

Mahanadl Basin inclu-
ding Brahmani and
Baitaranl rivers.

Upper Godavari Basin

Lowsy Godavari Bssin

excert coastal reglon

Indravati Ba=sin

Krishna subzone
includiang Penner
Ba=in except
constal region

Kaveri & Esst
flowing rivers

acieept coastal region

Circars including
east flowing rivers
betwean Mahanadi and
Godavari,

Coromandal Coast
including east
flowing rivers
between Godavari
and Kaveri.

Brahmaputra

Barak

Mahi and
SGabarmati

Lower
Harmada
& Tapi

Upper
Harmada
& Tapi

Mahanadi

Upper
Godavari

Lower
Godavari

Indravsti

Erishus

Kaveri

Upper
Eastern
Coast

Lower
Eastern
Coast

South Bank Tributar-
ies of Brahmaputra
riveryr.

Barak, Kalden and
Manipur rivers,

Mahi and Sabarmati
including Rupen &
Mechha Bhandar, Qzat
Shetaranii riveras of

Kathiawad Peninsulsa, -

Lower portion of
Harmadsa, Tapi and
Dhadhar rivers.

Upper portion of
Narmada and Tapi
rivers.

Mahanadi, Baitarani
and Brahmanl rivers.

Dpper portion of
Godavari Basin.

Loney portion of
Godavari Basin,

Indravatl river.

Krishns & Penner
rivers except
aoastal region,

Kaveri, Palar and
Foennaiyar rivers
(except coastal
reglon).

Eazat flowing comstal
riveras between
Deltas of Mahanadi

& Godavari rivers.

East flowing coastal
rivers, Manimukta,
South Fenner,
Cheyyar, Palar,
Horth Penner,
Munneru, Palleru,
Cundalaksma and
Krishna Delta.



(<)

S5(a)

5(b)

Bandy Coroman Belt

(east flowing rivers
between Cauvery &
Kanyakumari).

Konkan coast (west
flowing river between
Tari and Panajl)

Malabar Coast (weat

flowing rivers between
Kanvakumari and Panajl)

Andaman and Nicobar

J & K Kumaon Hills
(indus Basin).

South
Egatern
Coast

. Konkan

Coast

Malabar
Coast

Andaman &
Nicobar

Weastern
Himalayas

Ea#t flowing coastal
rivers, Manimuther,
Vaigani, Arjuna,
Tamraparni.

West flowing coastal
rivers between Tapi
and Maudavil riversa,

‘Hest flowing coastal

rivers between
Mandavi and
Kenyakumari.

Jhelﬁm. Upper
portion of Indus,
Bavl and Beas
rivers.

e e S e o R S e S T e ] S . . . e, e o e s . e e -
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THE EXTERWAL BOUNDARY AND COAST LINE OF INDIA ON THE MAPS
AGREES WiTH TRE ACCORD COPY CERTIFIED BY THE SURVEY OF [HDIA,
HOTE ~
RESPOMSIBILITY FOR THE COMRECTMESS OF IHTERWAL OETAILS RESTS WITH THE PUBLISHER,
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