FLOOD PROTECTION
METHODS THEIR APPLICATION
AND LIMITATIONS

A DISSERTATION
submitted in partial fulfilment
of the requirements for the award of the Degree

of
MASTER OF ENGINEERING
in

WATER RESOURCES DEVELOPMENT

By
R.S. AJWANI

WATER RESOURCES DEVELOPMENT TRAINING CENTRE
UNIVERSITY OF ROORKEE
ROORKEE (INDIA)
November, 1975



. P.P. SAHGAL REFRESHER COUBSES DEPARTMENT
Ph.D. UNIVERSITY OF ROORKEE
RECTOR ROORKEE,U.P. INDIA.

Certified that the dissertation entitled " Flood
Protection Methods Their Application amd Limitations " which
ip being submitted by Er. ReS. AJWANI, in partial fulfilment
of the requirements for the award of the Degree of Master of
Engineering in Water Resources Development of the University
of Roorkee is a record of the candidete’s own work carried out
by him under my supervision and guidence. The matter embodied
in thig dissertation has nét been submitted for the award of
any other degree or diploma.

This is further to certify that Shri R.S. Ajwani has

worked for a period of over nine months in the preparstion of

this digsertation.

ROORKEE ‘ (Dr. By PsSAHUAL)
DATED:;



ACKNOVWLEDGEMNENTS

The author expresses his deep ami sincere gratitude

to Dr. P.P. Sahgal, Director, Refresher Courses Department,
University of Roorkee, Roorkee for his valuable guidance, keen
interest and constant encoursgement during the preparation of

thia dissertation.

The author alsc expresses his sincere thanks to
authorities of Water Resources Development Training Centre,
Roorkee for exterd ing necessary library and other facilities

available at the Centre.

7.5 e

ReS. AJWANI

[N



CHAPTER

W SR WY SR GRS aee

INTRODUCTICN

ESTIMATION OF FLOCD
3 FLOOD PROTECTION METHODS
4 ADMINISTRATIVE METHCDS
5 RESERVOIRS,DETENTION Bhe
SINS & DIVERSIONS
6 EMBANEMENTS
CHANNEL IMPROVEMENT AND

RIVER TRAINING WORKS

8 SO0IL CONSERVATION

LN

LN

200

PAGE KO,

18
2\

32

72

148

167



SYNOPSIS

Floods are natural phenomena which are caused by
the concentration of rainefall in the catehment of the river,
and occur, when the resul ting run=0ff in the form of river

flow, exceeds that the river channel can carry within its banks.
The safeguards eagainat the floods are flood protection methods.

The various methods generally employed are (1) works to store
or detain the excess water such as storage reservoirs or deten
tion basins (ii) works to confine the flood flow by embankment
(11i) works to increase the capacity of the existing chanmnels

such as by river training amd cute~offs (v) soil conservation.

The above flood protection methods are normally
adopted. The limitations of each of the methods which have to
be teken into account while planning flood protection in speciw

fied areas are discussed in this d issertation.

[ )
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Chapter « 1

IFITBEODUCIION

Flowing waters of the streams and rivers are the
source of wealth to the nation if they are utilised by proper
control and training. India has immense water resources which
are contributed by network of rivers traversing the subeconti-
nent. The total annual water resources have been estimated as
about 1.67 billion cu.m. ( 1356 million acre £t ) (7 ). The
rivers carry most of their discharge during south-west monsoon
when heavy and wide~gpread rains occurg. It 1is mainly during
this period floods of varying intensity are experienced in one
or the other part of the country bringing in their wake consi-

derable loss of life, property amd disruption of communications.

Excessive precipitation is beyond human control. Man
can, therefore, only attempt to reduce the ill effects of

excesaive precipitation sfter £t has occurred.

Floods in Indie affect, on an average, 150 lakh ecres
annually. The area affected is mostly in the Ganga and Brahme-
putra vallies and the deltaic areas in Andhre Pradesh and

Orissa, which are rich asgricultural tracts in the country.
The average annual loss of fbod proaduction is estimated roughly

as about 1 million tons. In addition the flood cauge loss of
human life and cattle and disruption of normal activities. The

average annual flood damege iz of the order of Rs.100 crores.

Protection of the cultivated areas from floods will
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provide a sense of security to the farmer, there by giving

him incentive for putting more efforts for increased production.
Due to the development of speedy communications, and increased
pace of daily life, interruptions t¢ communicetions by floods
cause consid erable inconvenience. Measures for keeping the
~communications safe and uninterrupted have, therefom, become

an urgent necessity.

A river in floods spills over its banks due to
-1'nadequgny of its nommal section to carry' the high floods
discharges. Damege occurs in the areas vhere such spilling
takes place. The magnitude of demage depernds upon the depth
and duration of the splll and nature of devezlopment of the
area. Flood protection measures aim at reducing such damege.
The degree of prot eqt’;i.on that can be given t© an area depends
upon its importance, 't.he, extent of damege that iz caused annually
and the cost of protection measures. It will, therefore, be

obvious that " flood control ", as the term generally employed,

does not guarantee immunity from flood at all places and at
ell times, but only implies protection against floods of
gpecified megnitudes or mitigation of the flood losses.

1+1. Flood Control prior to Plenned Development 3

Even though the importance of flood protection
in general hel been realised long ago, control measures hed
been restricted to the construotion of embankments to give
protection to the commanded areas under the canal systems
in Northern India and the deltiac tracts of east flowing
rivers in the State of Orissa, Andhra Pradesh and Tamil Nadu.
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The totel length of embankments thus constructed was aboui

4,800 km. (3000 wiles ). Flood demage, therefore, continued o
occur in other areas, leading to an aversge annual loss of

about Es.100 crores.

Measures for stabilising the river channel for
prevention of bank erosion had also been taken., These include
construction of spurs anmi groynes, pitching and revetment.
Examples of such works are the bank protection works st Banams
constructed hundreds ¢f years ag0, known as bBanaves CGhale, and
protection workn undertaken in the first half of this century
on both banks of the Krishna river downstream of Vijoyaweda
Anicut ( now Barrsge ) for the prevention of damage to flood

embankments.

1.2. Importance of Flood Control :

The continuoue short fall in food production to meet

the increasing demanis hag necesaitated all measures which are
required for reducing the damsge caoused to crops by recurring
fioods. The dipastrous floods thet occurred in the country

in 1954 focumsed the need for teking effective measures for
mitigating the damage due to floods. On this accoaunt, floocd
control and training have recelved considerable attention
during the successive five years plans of the country. The
objective of flood control in India, as in other places, is
for mitigating the loss of 1ife and damage t0 property by
floods.

Some of the Indian rivers have special problems.

the
Rivers in North and part of Central India and/tail reaches
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of some of the large Sohth Indian rivere are mostly alluvial in
nature and thorefore unstable. The position is gggravated in
gpoms rivers like the Brahmputra which are in a seismic @one

and bring down cagaiderable amount of sediment. The rocke of
the hille where this river nzigingte, are friable and suscep=-
tible to erosion ané thereby cause excepticnally high silt
charges in the river. The continuous and nonpredictabl e shifting
of the river course: csuses considerable amount of damage end
dietress. Huge quantifies of sand are some times deposited

on the fertile lends during floods. Srosion of river maxgin
igads to the loss of lend and threat 4o town and villagea._

In order to make the river teke the desired course ard prevent

such losges, river training messures are necegsary.
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chaptor 2
rLoobp STUDY

Soloction of a dosign £lood 1o an important aspeet as thio
offects both the safety end the cost of any structure, not only
those primarily for flood control. Too small a design flood for
o major works invelves a high risk, not only of total failure of
structuro and the servicen rendored by it, but also to the safoty
of porsons and propertics located downstream, an oxcessive design
flood, on the other hand, will make the structurc costly and may
affect its economic feooibility.

tienco, probible moximum flood is takon oo design flood whon
virtually no rigk can be accepted. Dovign £lood of lessor magni-
tude is adopted when the rolease of water duo to structural fall-
ure or ovar-topping will not endongor lifc or couso disastrous
dancgo downgtream and to tako probeblo maximum £flood for theso

vorks would be uneconomical.

Thore are two ospects in which floed f£low can be studled, vig,
its volume and its intonsity. Both these are included in the f£lood
hydrogreph, In the caso of structures like bridges., welres and ba~
rreges, where no sbsorptiva capeacity is allowed for, the flood peoak
has to be passed down without ony modoration, andthorefore peak
value is dotermined in these cases., 1In tho f£lood control and stoxe
cge projects whora full flood absorptive capecity is provided ths
copact of voluma 6f flood is of graater importance. In projects
whore floods aro not fully &bsorbed but are only modorated, boththa
volum> ond the inteonsity of the flood £low have to be worked out,

that is design hydreogrevh.
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Tha way in wvhich ths flood study bo mcdo, dopondo upon the &
thle datd ond the otegoe ot which tho projoet plonning stonde, A
rdingly, it may bo tontative, prolimincry or final,

Tentotive study is modo bofors the field inmvestigation of tho
project commances and will be only spproximate, It cen be besed
on tho formuli® or 4doos got from dgaign flood figures of othor
doms in ths reglon. For proparing of proliminary project rebort,
otudy will be rolatively more dotolled. This can bo carried out
by {lood formula, onveloping curves ¢nd froquoncy snelysis, Dotsil
ed flood studico will be carricd cut with all the information wvail:
cole for tha besin, the dosign hydrograph so obtained is mado use
of for roscrvolr f£lood routing studias, final gpillway cepacity &,
Dosign Criteria to bo cdopted in tha Dooign of Dows ond
Emio enkmanto_for Flood Control ,

In tho deglign of dens for flood control it is ucually not

foesiblo from the cconomic point of viow to provide cemplete pro-
tection cgalnat servere floods occurrcnca. Tho normal pregtice is
to provide dotontion atorgge sufficient to sboord the standard
projocet £flood, Thio can be dofincd as tha f£lood resulting from

a most severe stomm or moteorological conditiona considered reason-
ably charcctoristic of the region oxcluding extromely rato conbis
nationg, All the flocd*Ptoﬁucing stormg in the reglon are tibu-
lated tnd out 10 porcent of the highast storms of rocord are
omitted, Th2 noxt lower one is tokon es a stomn for the stondard
Projoet Flood,

For ths safcoty of tha dons with the storzge of over 61.7
million cum. (50,000 ccree~ft) tho opillwaoy ccpecity provided should
bae sufficient to poss the maximum probeble £lood which ip the maxi-
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-mza £lood for wvhich there is ressonsblo chance of occurring at
sito., This 1s to be detormined by the unit hydrograph method for
tho meoxirum storm. Tho laottor is obtalned from storm studies of
all tho storms that occurred in tha region, maximised for all con~

ditions including moisture content.

In case of planning, there may be some projects whare there
is 1o hardly any discharge data svellsble. In such circumstances,
for preliminery studies the poak flood may be ostimated by empiri-
cal formul &, Tho empirical formula comonly used in central and
northorn India is the Dickens formula, in gouth India, Ryves for~
mula; and in Mohevashtra, Inglis formulao,

For permanent barrgen, ond minor dams with less than 50,000
ce=f£t storage, the gtandard projoct flood or o 100~yoar flood, S
whichsver is higher, i to be cdopted.

Flood embeznkreants may be dosigned to pass a flood with a roturn
poriod of 100 ysars depending on thelr inportonco.

Fathodn generally svplicd for Flood Estimation

Tha determination of the spillway design discharge is of ime
portanco because it involves tho structual safety of the dem it~
self. A dosign flood 1s the flood adoptedfor the design of a struc-
turo gftor considerations of cconomic and hydrologic fectors, In
general, thore aro throc hasic gpproaches to salve thoe problem of
optimation of decign £lood:

() The empirical approcch

(11) The Hydromotoorologicol soprozch, utilising the theory

of Unit Hydregroph, and
(i11) The statistical wpprozch imvolving the frequency analysis



of cbserved flood,

(1) mgoirical moproech., Baosed on axperience snd observations on
gome catchments, engineers have attempted a correl ation betwecn

the pedk flood flew and the dralnage area. Many formul z2 are svaile
sble but the most commonly enployed are those derived by Dickens,
Ryves and Ingli. These formul &3 help one to get an fproximgte
vaoluc of the flood peak and not the complete design flood hydro~
greph, and thelr use is restricted to prdliminary designs only.

1. Dickens formula

Q= CMB/ ¢ Q = Paak flood in cumecs
C = Coofficient
M = Catchment arca in sqg. km.

Value of coefficient ¢ varies from 1% to 1035 on large

Indian rivers ~ asctual oboervaed values are upto 22. This formula

is appliceble to northern and central India.

ii. Ryves formula
Q= cr-zz/ 3 (symbols seme as above)

Value of coefficient ¢ eccording to Ryves 6.8 within 80
km of coast; 8.3 for arcas between 80 and 2400 lm from coast;
10.0 for limited areas near the hills., 2ctual observed values
upto 37. This formula is gpplicable to southern India,

1ii. Inglis formula

125 M
Q & s (symbols seme as sbove)
45&4

Mpliceble to Bombay region (for £an sheped catchmonts)

(11) Unit Hydrogrsph methed: This méthod is based on the rational



Q
r

enalysis of rcinfall end runoff data, it glves most relisble esti~
mater of flood for des;gn purposes. Also, this method provides
‘the complete hydrograph and not merely the peak discharge as cbe
tained by empirical and statistical methods mnd hence for design

of stormye reserwolrs, this has advantage over other mathods.

Tollowing eteps are imvolved in eplication of the unit hydro~-
greoh method for caleculation of design £lood.
1) Anelysis of observed £lood hydrographs and their sub-
division into base flow and direct runoff hydrographs.
“41) Malysis of rainfall data related to obnervec?/flood hydyro-
graphs,
iii) Derivation of stomm rainfall-mnaéf rel ationships from
observed rainfall~runoff records.
iv) berivztion of unit hydrograph and sclection of unit hydro-
greph for design flood computations.
v} Computation of design flood hydrogreph based on data
derived from zbive studles and the design storm,

This method is discussed in detall with illustrativo example.in

(1i1) Freguency snalysis method: This statisgtical method is adopt~
ed in ceses where sufficiently long obsorved peak discharge data,
say 25 ycars, are avplleble. These methods are essentially based
on the study of past £lood data. Making usc of beha\riour pattern
of past ovents and transposing what has alresdy been experiencod,
i attompt is made to predict the future pattern. Ths data are
oooumod to be a set of independent values, homogeneous end free

£roa ooy long=torm cyclical and trend features.

Tho method of analysds consists of .orking out a suitcble law
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of probability or fregquencies in regard to the occurrences of diffe~
rent flood intensities and extrapolating it to remote frequencios.

Assumptions made by different suthorities are not similar and
the law suggested by Gumbel E£rom extroma value theory has been

found to be most successful, The exprossion is written as -

T
Xp = A+ Blogyg logys 7oy

where.
{
Xp is the peak flood with return period 7T

A and B arg constants to be detarmined from the data.

Flood Estimation by Unit Hydrograph Msthod

The probable maximum flood is deorived from the probable maxi-
mum storm by application of tho theory of Unit Hydrogrsph, The
probable maximum storm is an ostimate o. the physical upper limit
to the storm rainfall over a basin., It is generslly determined

by .storm tramsposition and maximisation techniques,

beptb-duration curves of the past severe storms which have
actually occurred over ths catchment area prepared and maximised
for maximum moisture charge. The envelopment of the maximised
depth, durntion curves is taken as deptheduration curve fer the
probeble maxirum otorm. lMaximum possible rainfall depths over
the givon draincge arca can also be found by Isohytal method. By
this method, isohytaos for the maximum storm that has occurred
over thz basin ares are drawn. Then by Placing thase isohytes
of largest storm over tho catchment arca of the stroom undor con-
sideration, the maximum rainfall is calculated over the given

area,
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Minimum infiltration loss rate applicable to the basin is
computed from the rainfall and runoff records of the past. This
is applicd to tho design storm to get the rainfall excess quan-
tities,

Rainfall exceaqduantities {obtained after llowing infil-
tration losscs) are then arranged in such a way as would be nece-
ssary to produce the worst effect., Then design flood is calcu~
lated by epplying this sequence of excess rainfall depths to the
Unit Hydrograph.

An Illustrative Exanmple of Derivation of Maximum Probable
Flood by Unit Hydrograph Mothod

Data. Catchment area of one stream 268 sq. miles
of the whole river bosin (695 sg. km)

Two storms hgve been seclected, viz., Septembor 1966 dates 6
ond 7, and september 1969 datea 9 to 11, These hydrographs are
shown in Fig.2.1. A base flow from the observation of dlscharge

is assumed ag 500 cusecs.

In hydregraph of September 1966 dates 6, 7, & recession se-
paration curve is drawn based on discharge observation and after
knowing the general recession trend of the river basin.

A runoff of 7.73 in, 1s calculated.

This runoff has been obfained against an average rainfall of

263 ma = 10,35 in, fallen on 7th September.

The porcentoge of discharge works out to 74. 5%

The Unit Hydrogrdph ordinates have been worked out by dividing
ordinates of tha observed hydrograsph less base flow to the run+
off by 7.73 4in,

Similar Unit Hydrogroph ordinates ate vorked out for the othor
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storm dated Sth to 11th septembor 1969 =zs shown in tables 1 znd 2
and avergge unit hydrograph is drawn for both unit hydrographs as
shown in Fig. 2,/ p—33.

Table 2.1 ~ Area of the catchment = 268 sq., miles,
Hydrograph of September 6 to 10, 1966

pate| Hours || B0 | ew . |face fiow|batwesn|in cuscos
cunges | cusecs {cusecso cusegs ::o f107 hours
6 8 2160 2160
20 79613 1400 78213 39106 12 469272
7 8 21176 1150 20026 49120 12 589440
20 8500 750 7750 13888 12 166656
8 8 3500 500 3000 5375 12 64500
20 1900 500 1400 2200 12 26400
9 8 1100 500 600 10c0 12 1200
20 20 750 250 250 425 12 5100
1o + 8

500 500 0 125 12 1500

Total 1334858

«. Ranoff in inchsa = 223 :682 goozx 1 = 7.73 inches

.. Unit Hydrograph ordinates:

-

Hours Oordinates in
cusecs
0 o)
12 10090
24 2588
36 1000
48 388
60 181
72 72
84 32

96 0
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TABLE - 2.2

Cagchment Area = 268 sq.miles
Hydrograph for 9 to 11 Sept. 1969

S T D SV
DatejHour gmmoff {Base Flovw §Surfacej Av.sur- § Period jDischarge
a % jrunoff § face rung between ain cusgec
g _ g § off two flows QJHours
§ § i g hours |}
] R i S » ]
9 8 AM 11700 11700 0 |
20 65480 3880 61600 30800 12 3,469,600
19 8 AM 30400 2260 28140 U870 12 © 5,38,440
20 9700 %25 8275 18207 12 2,18,484
L 8 AN  3BD 954 2573 S 12 65,088
20 1920 853 1067 1820 12 21,840
12 8 AM 1026 853 173 620 12 7,440
20 893 853 0 86 12 1,032
12,21,9
. 12,21,92+ x 3600 x 12
. o Rhmoff = : - m 7,060

268 x 5280 x 5280

Unit Hydrograph Ordinates
Hours Orcd?‘gggg in

0 0

12 8800

. 4020

3% 1185

L8 368

60 152

72 25

Bl 0
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Maximum storm observed so far pertains to mugust 6, 7, 8,
1968, not on this stream catchment but some distance agway in tho
basin area, Isohytal maps for 1 day, 2 days and 3 days maximum
rainfall are prepared of this area by making use of available rain-
fall stations in the basin,

By transposition of this storm (isohytal pattern) to a cri~
tical position gver agiven drainsge area withput major changes
in pattern of chronology ¢f rainfall increments, we get the maxi-
mum rainfall by isohytal method for 1 day, 2 days and 3' dayn as
shown below,

Fig. 2.2 shows the transposition of severe storm of ) dQay, 2 days

and 3 days maximum rainfall isohytals on the given drainezge area.

Storm distribution at every 6 hours unit pericd.

Period 1 dey 2 days 3 days
inches inches inches
A, rainfall calculated by
isohytal mathod 17.25 30 32.2
»id 20% moisture maximi-
sation 3.45 6 6.44

20.70 36 38.64

Storm distribution as per nearby ocbservatory

(L) Max, 3=-day rainfall depth = 38,64 in,
(11) Max. 2=day rainfall depth = 36,00 in,
(111) HMox, leday rainfall depth = 36 x 0.83 = 29.9 in.
(iv) Max. 12~hour rainfall depth = 36x0.604 = 21.7 in,
(v) Max. 6~hour rainfall depth w 36x0.39 = 14.0 in.
F16-2-3

From the graph plotted for sbove depth versus duration A(depth dur=

acion curve), rainfall at every 6 hours are vworkaed out.
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Table 2.3 = Rainfall Excess
(For this study rupgoff coefficient is taken as 0.8)

‘Hours Rainfall (ins.) |Rainfall excess| Incremental in-
at 80% crease

6 14.00 11,20 11.20
12 21,70 . 17.38 . 6.15
18 26,50 21.10 3.7%
24 29.90 23.90 2.80
20 32.20 25,70 . 1.80
36 34.10 27.20 . 1,50
42 , 35.20 28.10 0,90
48 36.00 28.70 0.60
54 36.80 29.40 0.70
60 37.50 29.90 0.5
66 38,00 30.30 0. 40

72 38.64 30,90 0.60

Derivation of maximum peak

The critical order of rainfall incremental excesses have been
fixed as below in order to cbtain maximum peak!

Table 2.4

Hours Incremental raine Hours Incremental rains
fall excess fall excess
Anches , ek ADCTOB
0 0,0 42 1.50
6 0.4 48 1.80
12 ) 0.5 54 2.80
18 0.6 60 6.15
24 0.8 66 11.20
30 0.7 72 3.78

36 0.9
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Max. flood hydrograph is8 obtained by applying incremental
excess to the unit hydrograsph ordinates as shown in table 2.S

Max. peak flood works out to be = 1,91,157 cusecs
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0 0 500 500
4750 1900 500 200
9500 6175 500 6675
8400 10900 500 11400
3100 13990 500 1Hh90
1800 16335 500 16835
1100 19165 500 19665
7%0 2595 500 25844
%00 3805 500 35308
250 L8460 500 18960
50| © 78847 500 79 N7
1203200 0 W52 500  m5952
8o }6300 17800 190657 500 194157
o 125968 35600 156131 500 156631
0 W72 31500 82790 500 83290
160 11625 L2046 500 42546

230 6750 25668 500 26168
8400 L125 16235 500 16735
Mo B813 9623 500 10123
fgaoo 1500 5762 500 6262
11600 9% ¥32 500 152
13 563 2511 500 3011

. 896 50 1592 500 2092

L W8 300 78 500 1248

| o 150 150 500 650

@ 0 0 500 500



TABLE -

AR

MAXIMOM _FLOOD

L am

Hrs, |- Ihmrau excesses in inches in the crlttdél dssignod sequence §

) ¢ ncher o =X
u’i-aitpiui’o;‘ﬁ.r ob 1 0.5 0.6 E 06 1 07 | 09 1
i naten i SRS SROME TR
0 0 0
4750 %0 0

12 9500 $oo 2375 0
18 8400 3%0 W50 8% 0

& 3100 120 k200 5700 8% 0

3 1800 720 1550 5040 5700 332 0
¥ 1100 Yo ' 900 1860 50M0 6650 W75
b2 750 300 590 1080 1860 5880 5580
L8 %00 60 375 660 1080 2170 7560
K 250 100 200 450 660 1980 2790
60 150 60 125 0 450 720 1620
66 120 L] 7% W0 A0 55 990
72 80 32 60 90 150 250 625
78 40 16 W0 72 90 125 360
B4 0 0 ® 48 72 105 225
0 -3 48 8k 135
' 0 & 56 108
0 3 72
| . »



18

Chapter -3

PLOOD PROTECTION METHODS

A river in floods spille over its banks due to
inadequaecy of ite normal sectlon to carry the high flood
discharges. Damage occurs in the areas whe re sﬁch spilling
takes place. The megnitude of the damage depends upon the
depth and the duration of the spill and the nature of the
development of the area. Flood protection messures aim at
reducing such damage. The degree of protection that can be
given t0 an area depends upon its importance, the extent of
damage that is caueed annually and the cost of the protection
weasures. It will, therefom, be obviougs that " fiood control ¥,
as the term generally employed, does nol guarantee immunity
from flood at all places and at all times, but only implies
protection asgainst floods of speclfied magnitudes or mitiga-
tion of the flood losses.

The flood protection mei_:hods ¢an be classified
unier tvo categories, viz., administrative and engineering.

1) Administrative Methods 1t

Flood warning system and Flood plane zoning. These
ain at roducing the flood damage by the timely evacuation of
the population and movable propexty liable to damege and
restricting the use of laml and building activity in the

areas subject to floods.
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Under the flood warning system, the likely demage

centres are alerted well in advance of the actual arrival of
floodes, to enable the people to move to safer places or to
raised platforms specifically constructed for the purpose.

Floo@ forecasting is a useful tool in the working of an
efficient flood warning system.

The aim of flood -plai.n goning is to demarcate the
areas that are lisble to be affected by floods of different
magnitudes and frequencies. This facilitates the organisation
of developmental activities in the different zones in such
g manner that the inconvenience and damage due t0 floods are

minimised.

11) Engineering methods

These can be divided into two categories. The first
category of works aim at reducing the mesgnitude of the flood
flows at the damaged centre, thereby reducing the spill and
consequent damage. Reservoirs, detention basins, diversions
and s0il conservation messures, come under this type of
works. Reservoirs eim at reducing the peak discharges of
floods up t¢ a smcified megnitude in such a manner that the
discharges from the storage reservoir, together with the
intermedi et e contributions, do not exceed the bankfull
capacity at the pleces where the protection is desireds Detenw
tion basine moderate the rioode d oynstreen by storing part
of the flood waters during high peaks. Diversions amd flood
ways take awey the part of the flood flows to another basin

or to a depression where it could be gtored for use .
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Chapter 4

ADMIRISTRATIVE METHODS

4ete Flogd Forecasting

Flood forecasting 1s used for alorting the likely
demage centre in advance of actual arrival of floods to
enabl e tho people to move to sérer places, for taking
advance activities in the petrolling of flood control
works and in the operation of flood control reservoirp

for optimunm benefits.

4.2. Necessity of Flood Forecasting and Flood Varning?

There ic always possibility of a flood higher than

the design flood coming down in the futuro.Therefore, vhile
flood protection measuron like embankments, reservoir ete.,
have their own place, it is nacessary to take stepe to
reduce damages to life and movable property from any uncxe
pected floods to the minimum, by being prepared for it.
This can be achieved by system of flood forecasting and
flood warning, which provides advance notice of an incomin,
flood, enabling thereoby a cortein emount of time for living
beings and movable property to be teken out to safer places.
ith this syotom the petrolling of flood protection vorks
can be intensified during high stages of rivers thereby
saving these frouw breaches, fallure otc. Uith relianble
forecanting it ig poseibl e t o safeguard the dam against

an unexpected flood of higher return peariod than for vhich
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the spillway might have been designed. Somz times

reservoire can be held at highar level for power or other

purposes, pending a higher flood and lowered in time to

receive the incoming floods. Simil erly, encroachment into
the bower storage can be made t0 increase tho flood conmtral
capecity when the town areas have been flooded due to heavy
local rains. Flood forecasting thus increase the overall
potentialities of a mul ti-purpose project. The baois of
forecasting ie the hydrological and hydrometérological data
in and around the catchment covering rainfall its distri-

bution and river stages from network of reporting stations.

4.3, Illustrative Example ¢

4.3.1: Flood forecasting on the river Yamuna for Delhi :

On the right bank of river Yemuna is situated
an importent town Delhi having popul ation of 35'lakha.
Another big town named Shahedara with a population of 5 lakhs
io on its left bank. These ere protected from the floods
of the Yamuna by embankmente and in some portioms by the
Hational Highway acting as flood bank. Also 45 villages
situated along the banks of river which are threatened
by floods every year. Whenever the level of the Yemuna
at Delbi Railway Bridge exceeds RL 672.00 ft. above sea
lovel there is spiliing in the unembanked reachep upstream
of the bridge. The villages situated on the rivor margin
get maorooned, neceonsitating measures for evacuating the

affected people t0 safer places. Also, during floods,
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proper regulation of the Vazirabad and the Yamuna Barreges
ie required in the interest of their safety and of the
embenkmonts. The slulceo on the drains out falling into
the Yamuna have to be properly operated to prevent backe
flow from the Yamuna into the city areas. The patrolling
ard wmeintcnance operations along the embankments have %o
be intensified with a view to ensure their maximum safety.
These have all pointed to the necessity of having a well=-
organized system of flood forecasting.

4.3.2+ The Yanmuna River 1

The Yamuna rises from the Jamonotric springs
and after flowing im a south-westerly direction for about
160 km (100 miles), 1t is joined by the Tons end then by
Giri. %he river debouches into the plains near Tajewala,
where a weir has been in existence for the past 100 years.
Downstream of Tajewala, no major stresm joins the Yamuna
and the river slowly winds'ita way for 240 km ( 150 miles )
in alluvial plains begggveenowing through Delhi. The catch~
ment area of the river/Tajewala covering about 11060 sq.kus.
( 4320 sq. miles ) is fan-shaped and is hilly. Below Tajewala
and upto Delhi, there is a ctachment of 8,244 sq.kms.
( 3220 sq. miles) which ie ribbon sheped and consists of
pandy plains. The river experiences floods of high intensity
anmd of short duration at Tajewela. Upto Kalnawr 39 kms.

( 24 miles ) downstream, there is no appreciabl e change in
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flood intensities, but lower down, river spread out conpi-

derably, causing lerge reduction in flood peaks. It has
been observed that a peak discharge of about 12750 m3/ sec.
(4.5 lakh cusecs) at Tajewala gets moderated to about
71,00 m3/sec. ( 2.5 lakh cusecs) at Delhi aftezyé travel
of about 240 km. ( 150 milee ).

Tlood forecasting unit was set up in the Central
Vater and Power Commission in 1958; This Unit made studles
of all the availabl e data of gauges and discharges at
Tajewala and Okhle at Delhi. Since 1890, and the gauges
a“t Kolanaur Railway Bridge since 1947. The coaxial corre-
lation betwcen Kalanour about 192 km. (120 miles) upstreem
of Delhi have been deveoloped using the daily gauges and
daily rainfall data.

With these dingrams, forecests wore issued about
36 houre in cdvanco. The gauge and rainfall data subooe
quently collected have been used continuously for developing
improved correlation. Similar correlation diagrams heve
also been developed for Delhi end Hawi - 106 kms. { 66 miles)
upstream of Delhi and between Delhi and Kutana sbout 64 kams.
(40 miles) upstresm of Delbi. ( Fig. 43).

The hydrological and metrological data received
in control room are procesged and analysed. The first fore-
cast is made from the correlation diagrams for Kalanaur

and Delhi, keeping the following in view i~
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1¢ The current Delhi geuge which may influonco tho

gauges two days later.

2. The rise and fall of Kalansur gauge in the previoun
48 hours.

3 The antecedent precipitation index in the catchment
between Kalanaur and Yewi.

4. The rainfall in the catchment between Kalanaur and
Hawi. |

The forecast on this bapis is gonerally made at about
3.00 pems vhich will bs valid approximately 36 to 48 houro
later. Correction, if any, in the first forecast ic made
about 12 hours later based on the gauge data received by
wireleass from Hawi. The final ¢orrection is made after another

12 hours when the flood wave hao travel upto Kutaa.

4.3.3, Dovelopment of Corrclation Charts @

Two stetiong 'A' and 'B' the distance between them
along the river ac 125 miles are taken into consideration.
Time lag hao been observed as 48 hours. 'A' being in the
upstream side of river. The hydrographs for these two station
arec plotted from the previous evailable data. The o xdinate
at Nth hour of flood hydrograph at 'A' 1s taken corresponding
to the ordinate at ( N plus 48th) hour in the flood hydro-
graph af station 'B' and the series of correpponding points
arc proparod. The points selected ere only from the risi_né

limb since the recession cuxve is not of any importance.
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In preparing the chart for the reach 'A’' to 'B'

the current discharge at 'B' i.e. dischamge at 'B' at any
Hth hour is plotted on x~ aoxis and discharge at 'B' at

(N plus 48th) hour is plotted on Y-axis. Every plotted point
15 given a value of the corresponding Nth hour discharge at
'A'. After plotting all such points, lines of equal values

of 'A' discharge are drawn as contourlines ( Figdt.1).

This graph cen be used to obtain the flood discharge
at 48 hour later at 'B' from given discharge at 'A’.

In.’che above chart contribution from the intervening
catchxhent is not taken into account. Thia can bz taken into
account by taking two more parameters (i) Rainfall over the
intervening catchment and (20 the moisture content of the
catchment ( Anticedent precipitetion Index). Co-asxisl corre-
lations between Kalanaur and Delhi gauges are shown in
Fig.%.2

4.3.4. %gle Example of forecast ipsusd for the flood is given
ow 3

Kalanaur gauge 120 miles upstream of Delhi is reported
to be high, vhith Delhi géuge is low, with wide spread
moderate to heavy rainfall in the catchment. Forecast has been
igsucd on Tth August 1966, for the following day, 8th August
on the basis of data available on 7th August.

1. Delhi gauge on gtk day = 670.1 ft.
2. Kalanaur geuge on R day = 876.0 f£t.
3. “’Aug. Kalanaur gesuge on o day = 873.5 ft.

[ Aug. Kalansur gauge le the averege gauge at Kalanaur for
the Last 48 hours.
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4. Antecedent precipitation index on s 5,08 in.
Nth day ( Kalanaur to Mawi)

5.  Rainfoll on Nth day (Kelaneur to Mawi) = 2.15 in.

6. Forecase from the diagram ( Fig.4-2 ) . = 67341 £t

T Actual gauge abserved on 8.8.66 = 673.25f%,

8. Difference between the forecast and
- actual gauge = 0.15 £t

Forecasts formulated anmd issued about 48 hours in
advence on the basis of Kalanaur gauges are subjected to
mod ifications on account of changes in woather conditions in
the lower catchment. The rovised forecasts are then isgued on
the basis of conditions at Llawi and Kutana (Fig.4.3 ) about

34 hours and 12 hours respectively in advance.

4.4. Limitations :

Flood forecasting pleys an important role in giving
timely warmning for evacuation of population ani movable
prope 1ty to—bafer plece before the arrival of the floods

‘ but it will require efficient tel ecommunication and wireless
r \ systems. Its effectiveness depends upon the time thet vill
- be evailable after the receipt of the warning for evacuation
measures in the damaged centre. Adequate datea are, however,
required for developing a roliable method of flood foro=-
casting to maoke it puccessful.
4.5 Flood Plain Zoning ¢

A flood plein is a portion of river valley vhich

gets covered with water when the river over flows its bunds
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‘-the\‘t

4. Antecedent precipitation index on = §,08 in.
Nth day ( Kelanaur to lawi)

5. Rainfall on Nth dey (Kalanaur to Mawi) = 2.15 in.

6. Forecapoe from the diagram { Pig.42 ) = 673.1 £t

T4 Actual gauge abserved on 8.8.66 = §73.25f%,

8.  Difference beiween the mrecaat and
- actual gauge = 0.15 ft.
Por ecasts formulated apd iseued about 48 hours in
advance on the basis of Kalanaur gauges are subjected to
mod 1fications on aécount of chonges in weather conditions in
the lower catchment. The revised forecasts are then issued on
the basis of conditions at Uawl and Kutana (Fig.4.3 ) about |

34 hours and 12 hours respectively in advance.

4.4, Limi{tations ¢

Flood forecasting plays an important role in giving
timely waming for evacuation of population and movable
property w safer plvece before the arrival of the floods
but it will require efficient tel ecommunication and wireless
systems., Its effectiveness depends upon the time thet will
be available after the receipt of the warning for evacuation
measures in the damaged centre. Adequate date are, however,
required for developing a reliable method of flood foro=~
casting to make it successful.
4.5+ Flood Plein Zoning 3

A flood plain is a portion of river valley vhich

gets covered with water when the river over flows its buni s
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during floods. The flood plain is formed by the river during

the process of lateral swinging and building up of its
valley by silt deposition over a period of tims during floods.

It is only for a short period during mbnsoon that the river
over flows ite banke end occuples the flood plain. ‘

Prom the agricultural point of view, the flood plain,
on asccount of silt deposition, is tho mopt fertile part of
the river valley. The proximity to the navigational facilities
is another importent factor in case of many big rivers for
the popularity in the use of flood plains. Also, rivers are
a valuabl e source of industrial and demestic watero. Thus,
for various reacons, the flood plnins are generally the nost
highly developed arcas in river bacing both from the agricul-
tural and industrial view pointg.

Flood plein zoning means secnsible adjustiment of land

use that io our effortp to adjust land usges to the river
insteed of following the very costly process of adjusting

the river to our uez.

4.6. Demarcation of aflood plain 3

Zouning of flood plain will have ® be decided on the
bagis of a detailed study of the engineering inforumation
mentioned below 3
(a) A topographical map of the flood plain, indicating

thereon the innundation limits of floods of record.
(b) A map of flood plain, delineating the extent of

innundation corresponding to low, med ium and high

floods respectively. Although there can be any
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set rules for determining these catagories of flood

for all places, depending upon past records of damage

by floods, these mgy be divided as low, medium and high -
flood categories at any particular plece. |
A map of flood plain, indicating the magnitude of floods
of various frequencies like 5= year, 1Oeyear amd 15-yecar.
A drawing of flood frequency curve, indicating the
frequency ¢f past floods of different magnitudes and the
probable frequency of future flood s.

A hydrograph ¢f sars major flocds in the past, from
which cen be obtained suvch engineering information,

ns the rate of rice, the period of flood crest, and the
duration of flcod flov.

Data on monetary exteont end type of flood damage
previously experienced, and if possible, a graphicsal
correlat ion of tho flood damwage on the ons haend and

the river gsauge or discharge on the other.

4.7. Reotrictions in Plood Zones 1

(1)_

(11)

Flood detention resarvoirs stand empty for a considerable
period, and it 1s often desireble to utilise the lands,
within the reservoir arcas. Such areas can be utilised
for the purpose of cultivation, but human habitation
chould not be permitted on sites located lower than

5 £%t. ( say), below the spillway crest.

In unprotected arems or semi-protected areas, publie
ptructures, inotitutions, Government structures,

or pe manent residential habitations shoul d not be
pernitted.
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(111) Conservation of areas subject to floods to uses
for which the potential loss would be substantially
lower in value. This would involve acquisition of
lande in question with a view to comvert them into

parks, seasonal agricultural and grazing plots etc.

The ovmers of lands vulnereble to fioods can not be
paid to have a right to put their lands 'to dangerous uses,
and then expect the works of rehabilitation and relief of
the persons affected by floods to be carried out at the

expense 0f nation at lame.

4.8. Conclusion :

Thus, flood plain szoning is very desirable and should
in fact, form a part of any integrated flood programme.
Action for flood plain goning should be taken in hand simul=-

taneously with measureo for flood protcction.

4.9, Limitations s

Occupancy of the flood plsein for agricultural, indus-
trial and urban development, has always been attractive due
10 various advantiages such as fertile nature of the soil,
water supply and river transport facilitiec. Consequently,

inpopite of the threat of occesional flooding, congiderable
encroachment has taken pleace in the flood plains in several

arens. “hile it is possible to domarcate the flood m nes in

guch arcas and 10 legally restrict the development, it gy

not be easy to enforece it in the alreesdy developed arees,



w

both on account of the likely public agitation and the

magnitude of the rehabilitation programme that it will
invalue, Fiood zoning cen, therefore, be adopted for restric=
ting the future development areas, either suiteble engineer-
ing measures have %o be adopted or the damage reduced by
taking timely action for evacuehiion of people and movable
property before the arrival of flcods.
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Chapter = 5

RESERVOIRS,DETENTICN BASINS AND DIVERSICNS

5.01 Concept

The function of flood control reservoir is to store
a portion of flood so that the peak rate of discharge is reduced
towards dovn siream by absorbing a part of the flood volume when
the flood is rising and releasing the game volums gradually when
the flood ip receding. The provision of artificial stomge on
a river by construction of a reservoir on it io thus the direct
method of roducing flood otages and flood damage downsiream.
Tith reforonce to Fig.(5.1) the firm line represents the natural
hydrograph of a flood at tho dam site and dotted line the hydroe
graph as moderated by the reservoir. It follows that the reservoir
gshould be able to hold in storage the volum: of water represented
by the hatched area between the tvo curves which represents the

exceps of inflowover outflow durlng the rising stege, which
would thon be gradually rcleased during the falling stage.

5.02 Depign Criteria @

In the deeign of dams for flood control it is
usually not feasible frow the economic point of view to provide
compl otc pro tection ageinst severe floods occurrances. The
normal practice is to provide detention storage sufficient to
absorb the standard project flood. This can be defined as the
flood resulting from a uwost severe storm or metrological

conditions congidered reasonably cheacteristiec of the region.
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All the flood producing storms are tabulated and aboui 10 percent

of the highest storms of record are omitted. The next lower one
is takon as the storm for the standard project flood. Hethods of
calcul gtion for dlood peai: and volume have been discussed in the

previous chapters.

5.03% Location of reservoire 3

The wmost effective flood contrad is obtained from an
edequate repervoir located immediately upstream of the area to be
protected. However this will in many cases mean.that the reservoir
be located in a broal plain, where the length of the dam required
ig excessive. It aleo entaile submergence of vast greas of
valugble land. A location farther upstresm in a hilly region
vill generally reduce the both the iength of dam as well as the
value of land to be submerged. However such location reduces the
effectiveness of the reservoir in reducing the flood peaks,
becanne of influence of channei storége and the lack of control
over the local inflow between the reservoir and the protected
area. If thoe local area is sufficiently large, it may produce
a flood of ite own, on which i;ha reaervéir hes little control.
Econonmic factors gon ervally favour the upstream locations despite

1ts lonper effectivenens.

The offcctiveness vf the reservoir in reducing peak
flow, increases, oo its storage capecity increcases. The maximum

capacity required is the difference in volume between the safe

relepse froam reservoir and the maximum inflow. However the
cconomic factars contral the size of the reserveir. Thus the

pigc of the regervoir hes to be determined by weighing the
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cost involved in reducing the pealt flows on one hand and the
benefits estimated on the other hami.

5.04 Estimation of reservoir storage capacity ¢

-

For given a run-off data of a river ( not less than
25 years ) it is poseible to determine the storage requirement
for a given demand rate for the whole yeér. The best method
is with the help of mass curves that is ploting of accumulated
adjusted inflovws.

Ad justed inflows are workcl by edding rain fall in tho
reservoir area to the given inflows at uw/o of renarvoir site
with given run-off co-efficient and d'edueting evepo rat ion losseo

in the reservoir area.

Pigure 5.2 showe the maps curve of calculeted ad juoted
flows. Row to the same scal o, accumulated given demand figurce
for the year ere plotted to got the demand line for the annunl
yield. To find the reservoir capecity for this annual yield,

a line parallel to the demend line is drawn tangential to the
bulges ( crests ) on the mans curve. The largest ominate
botwoen the demand line end the mass curve { in flow lime ) gives
the volume which must be held in storage to tide over the dry
period .

5.041 Illustrative exemple for the same io given below 3

Given below are calcul ted the adjusted inflown for

the river at reservoir sgite. Vhet 510 xage capacity would be

roquired to get the constant annual yield of 300 hectarc m
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water surface area of reservoir to be 160 ha.m. run of co-efficient
to de 0,25 and Pan coe-efficlent of 0.7,
Month - J F M A M J I A 8 0 8N 1D

Bormal pan 6,0 B.7 12,6 1tk 19:3 13¢5 114 7.5 o2 2.1 2.4 3.3
gnporation
’ m.

Refer Table 5i 1e

Mass curve is drawn with cumulative inflows ( Col.5) versus

time figure 2. A derand line perallel to the annual demend of

390 hae«ms 18 drawn tangential to the crests 6f mass curve, Largest
ordinate between theass two lines worka out to be 820 ha.m.

Result s Max. cspaclity of storage = 820 hectare meter

5.05 Reservolr Sedimentation s

For the design of the reservoirs, provision is to
be nade for dead storage and live storage. Dead storage is consie
dered to provide space for the deposition of sediment for a

nunber of years 1o come.

There are two methods for determining the rate of
silting ( space to be allotted for sediment in a reservoir ).

1) By an agsessment of the suspended and bed loads of
the strean on which the resecrvolr is t0 be comstructed.

1) By analogy to the results of a capacity survey of
existing reservolirs.

First method requires sediment load determinations
for sufficient long period to ensure adoption of a ryational
load figurs. The second method 1s based on the assumptions
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Rainfall in hoctarc meter = raoinfell in cm. x reservoir erea

1 x co=cff.
(Cole3) 13.44 = %3'2 x 160 x 0.75

Evgporation losses = Normal pan

in ha.m. Qvap'loﬁaes X area X 007 = 6/100!‘60!007

= 6072 ha.@.
(Col.4) Adjusted inflow = Cob.{2) + Co0l.(3) = “vap. losses
260,72 = 254 + 13.44 = 6.72

Tabl e 2. ] .
fuse.
lonth Inflow Rainfall in Adjugted in Cumulative
ha.m. flow
1 2 3 4 5
1332
Jan. 254 13.44 260,72 260472
Harch 0 1.56 «12+55 809.59
April 0 2o 16 "15097 795 «62
ey 0 0.60 16454 779.08
June 0 0 15,12 763.96
July O 0 ~12.77 751.19
Aug . 0 O "'80 40 742 .79
Sept. Q (4] “4070 738009
Oct. 0 1.2 -1+15 737+54
EOV. 0 2.4 "0029 737099
Doc. 1 13.8 *11.10 745435
1933
Jan. 131 37436 151.64 899.99
Fob., 3 5-6 «3.14 896.85
larch 43 10.2 39.39 936.24
april 1 0.6 ~14.53 921.71
Uay 1 5,76 ~10.38 911.33
June 0 0 ~15.12 896.21
July O 0 -12.77 883.44
Sopt. 0 0 -4.70 870034
Oct. 0 5.76 +3.41 873.75
Nov. 0 0 -2.69 871.06
Dee. 0 20.64 +16.94 888.00

Contd.



Table 5.1. Contd.

1 2 4 5
1234
Jan. 8. 3.96 b.24 893.24
Fob. 38 16.04 44.30 937.54
Ligrch 2 0 -12.11 925.43
April 1 2.04 -13.09 912.34
"oy 1 1.8 -14.34 898.00
June 0 1.8 «1%,.%2 884.68
July 0 0 -12.717 371.91
Aug. 0 0 -8.40 863.51
Sept. 0 3.0 -1.70 86 1.81
Oct. 0 300 + 0065 862046
ov. g 1% 036 +12.67 875.13
Dec. 0 11.16 + 7.46 882.59
1935
Jen. 228 27.36 +248.64 1131423
Pob . 2 3.96 -3.78 11,2745
llaxrch 204 17.64 +207.53 1334.98
April 460 174 +461.27 1796 .25
Hoy 3 0 ~14.14 1782411
June 1 0 -14.12 1767.99
July 0 0 -12.77 1755.22
Auguset 0 Q =8.40 1746.82
Septo 0 006 "4- 10 1742 '72
Oct. 0 g.4 Q.05 174277
Hov. 0 1.56 -113 17941464
Dec. 1 10.04 + 6.34 1747.98
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that the tvo otrecans hove similar sodiment characteristicn

with regard to the production, trana'portation and ultimeate

settloment of godiment.

The turveys of ths existing reservoirs ind icate the ._
gpecific weight of the settled sedimonts and the percentage of
ontOring ocdiment which is deposited in the reserveir. Sp wiﬂc
weighto ( dry ) of sediments semplos from reservoire rangu from
about 40 to 110 lbs/cuft. with an average of about 60 lbs/cuft.
for frech ocdiments and 80 1b/cuft. for old sediments. Trap
officiency of the reocervoir is defined as the ratio of cediment
rotoincd in the reservoir to the scdiment brought by the strehm.
This dependo on the ratio of reservoir capecity to annual inflow.
curves correlating trap efficiency and capacity inflow ratio are
~shown in figure 5.3. dravn on the besis of data from surveys of
oxisting reservoirs. It is seen from the figure that the small
reservoireo on big rivers passes most of its inflow so quickly
that tho finer sediments do not petile but are discharged down
octroam and laerge reservoirg permit glmost complete removal of
scdimento. Ugeful life of the reservoir is temingied when the
capecity occupied by the sediment is sufficient to prevent the

reservoir from sgerving its intended purposs.

5.3
Pigure L may be used for estimating the quantity

6
of scdimont being traped im new reservo 1z(~. )If the average annuael
pedimant load of the stream is known, the volume occupial by

this scdiment can be cglculated by using value of specific weight
for the Goposited pediment. Usefull life mey be calculated by

finding the total time required to fill the critical storage

volume.
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5.06 Flood routing @

The computation of reservoir stomage volumes and
outflow rates corresponding to a particular hydrograph of inflow
is known as flood routing. Over any internal of time, the volume
of inflow must equal the vaume of outflow ﬁlus the change in the

ntorage during the period. For prac_tical solution step by step
method is used for flood routing.

Step by Step method

For any given flood, the data required for flood

routing may be stated as beldw 3

1) The inflow hydrograph
2) The storage el evation curve for reservoir,
3) The outflow elevation curve,

Required i~ To constmet the out flow hydrograph end to obtain

naximum water to be obtained in the reservoir.

The first operation is to divide the inflow hyd rograph
into steps, s0 that oteps may be taken as otraight lines. The
time interval should be so choosen as not to mips the peaks.

The various steps involved in tho process are given below i=

1) Fix the storage level in the reservoir above vhich

the empty flood reserve is provided; this level isgcalled
pre~flood pool level.

i1) Vork out spillway and outlets discharge rating
curves.
141) Obtain from the inflow hydrograph, the vdlume of

wator ( to be expresged in cu.m.) entering the reservoir in a
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short tims interval ( pay 6 to 12 hours ) this volume will be

i+ 12 s wheare 11, represents the initial inflow
-J-—i—-— x ¢

am i, after lapse of 't' hours.

iv) From the outflow curves, work out outflow 01+ 02 x t

vhere O4 is the initial ouj:flow and 02 after the lapse of time
'$! hours. For obtaining O, acsube a small increase in reservoir

levelp
v) Deduet the volume of outflow from the vdume of inflow
to got increment in storgge capacity of reservoir.

vi) Add this increment in storage, to the previous pro-

flood storsge.

vii) Find out storage levol corresponding to storage as

in gtep (vi).

viii) Plot outflow hydrograph from the values of O, obtained
in (iv).
ix) Ree=work out steps (iv) to (vii), till the reservoir

levol acsumed in (iv) corresponds nesrly to the reservoir level

obtained in ( vii).

x) Continue step by step process till the outflow curve
crogges the inflow curve; this point gives the peak cutflow
ratc. From thie time onwards the rate of outflow begins to
fall duc to decrease in inflow rato.

xi) The various steps should be continued from (iii)

to (viii) untill the reservoir level returns to the pre=flow

pool level.
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5.07 Reservoirs for £100od prevention and other uges ¢

The main obstacle to bullt a reservoir for flood
provention alone is cost. Therefo re to lower ths cost of flood
prevention, it hes always been suggested to use resexvoirs for

othe purposes as well as for flood control.

The demends of power and flood control are more or
leos conflicting, but by mutuval edjustment, a combined use of the
gawe storage is somstimes feasible. This is not in the case of
recervoirs having a combined function of flood control and irrie
gotion, since, for the latter, water supply must be dependable am,
for the former, there must be a dependable reservoir capecitye.
Reoervation of seperate storage spaces for flood and irrigation
within the same reservoir offers greater facilities as a certain

over lapping of each space is practicabl e.

Economics in river valley developments are frequently
possible by formulation 0f a balanced and comprehensive plan
involving & combination of purposes. Therefore multipurpose
pro.jacts penit more compl ete use of the physical potentialities
of individual reservoir sites and fuller utilisation of aveilable
facilities than single purpose project. The basic factar in
multipurpose operation is compromise. A working table must be
dovised vhich permits rcasonable efficient opemtion for each
purpose although meximum efficiency is not necessarily attained
for eny pm singl e purpose. The success which can be achieved
in g joint use of storage space in a multipurpose pro ject
depenis upon the extent to vhich the various purpeses sre

compatible, It is helpful, therefore, to review the requirements
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of the various uses amd to consider the ways in vhich these

uses may be coordinated.

5,071 Example 3

Fixation of storge capacity of the Hirakud Reservoir :

The Hirakud reservoir on the river lMahanadi has

for its prineiple objectives flood contral, irrigation anmd
power generation. '

Catchment area uptco diameter | = 32,200 sq.miles

Annual silt deposite = 12,000 ac.ft. per year

'+ Dead storage capecity ( for 100 year life) = 1.20 m. ac.ft.

Net withdrawal from storage far irrigation = 1.00 m. ac.ft.

Flood storage required ( worst flood ) = 3,51 @eac.fte
Economic live storage for power = 3,62 m.ac.ft.
Reservoir losses : = 0.36 meac.ft,

ote ¢ Vater drawn from storage for the purposes of irrigation
will not on the whole bs avellable for pover generation

as bulk of it is drawvn direct from the resexvoir.

Capocity of the reservoir would have to be as follows 3

Flood control Flood control Irriga-tion and
and power and irrigation power
Flood roserve 3.:51 ’ 3451 DI L I,
Power 3.62 ° 3.62 meacft.
Irrigation - ' 1.00 1.00 m.acft.
Reservoir losses 0.36 0.36 0% m.acft.
Silt reserve 1.20 1.20 1.20 m.acft.

Total 8.69 6.07 6.18 m.ectt.



Fortunatoly however, after the floods are over,

thore io onough water to fill the reservoir. From records
avcailable for tho period 1872 to 1946, it wao apparcnt that
tho river geugo ot llaraj ( vhere flood protection are givon )
nover oxceeded 89.0 after 24th Septomber. Therefore the entire
capacity reservod in the rpaervoir for flood absorption could
be filled up after the 24th Septomber. The river hydrographs
furtha ipdicated that the ro would be sufficient water in tho
river in ldie Soptombz r and Octobar to £ill the roservoir oven
in the worgt year. Thus the live otorage capacity of the
rooervolr including that reserve for flood control absorption
would bs availagble for uge in irrigation and power gencration.
Thu o reéervoir capsnii:y i-equircd for tho three purposcs of
flood cantrol, irrigation amd power taoken together would bo
6418 meac.ft. ( with compromice of using flood space aftor
24th September ).

5.08 Reservoir Uperation Studies ,

Thore are two major considerations relative to
tho plannlug{e.nd design stage. One is tho selection of storage
rogorvation and the other is tho determination of the best
plan for using the storage. These considerations arc inter-
rolated in as much as the plan of rogulation is partly
dopendent upon the amount of ptorage and the storage io
colected to recalise certain broed objectives by following

a plan of rogul ation.

Repervoir operation studies frequently becomo
conplicated when scveral reserveirs aro operatod in combination

for multipurposes. A typicel operation study of the Damodar
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Valley system of Reservoirs for multipurposes is discussed

in the following paragraphs.

5.081 Genera; :

Demodar river rises in the plateau hills of Chota Nagpur
at an elevation of about 2000 f£t. above M.8.L. It flows in a
gene rally south-easternly di rection entering the detalc plains
below Raniganj. Near Burdwan the river abrutply changes its course
to a southerly direction and joins the Hooghly about 30 miles
below Calcutta. The river. is fed by six ptreams of vhich the

principal tributery Barakar joins it where it emerges from the
hills.

The area drained by the river at ite mouth is about
8500 sq.miles of which 6960 sq. miles is the catchment of upper

Damoder just below its confluence with Barakar.

The river usecd to flood the ed joining areas in the
lower valley located in the state of Vest Bengal.Due to disastrous
floods of 1943, the measures for the control of floods in the
valley received top priority and an sxpert Ilr. U.L. Vooxiuin
of TVA was invited to prepere a project,primarily for the
control of flocds, and gsecondarily for development of water
repources for various other uses, e.g. power, irrigation,

navigation and water supply for industrisl and murk ipal uses.

Voorduin'oc plan of development of the wate resources
of the valley was toconstruct seven storege dams, across Damodar
and its tributaries and one diversion dem et Bermo, and a

barrage at Durgapur vith esccompanying net-vork of censals.
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Thio development wao to bz carried out ian two stages, the first
stage to cover the construction of four dams at Tilaiya, Konar,
Wiaithon andPanchet ard a barrege and irrigation system at Durgapur,
Fige4t .54 . cnd the second stage to complete the remaining
four dams. The first stage was completed in 1958 and the second
stage wao not teken up as the Government of West Bengal felt that

these dams were not necessary.

ft_gin fall ¢

The mean annual rainfall is 50 tnches out of this

82% occurs during four monsoon months June to September.
\ .

Stream flow $

Maximum annual flow recorded is of the order of 12.m.

acft. at Rhondia and average annual flow about 6.1 m.ac.ft.

1966-67 as low as 1.6 m.ac.ft.

fax. flood 1913 - 6,50,000 cusecs - volume 3.238 m.acft.
Max. flood 1959 - 8,10,000 cuseces - volume 1.15 m.acfft.
Bank full capecity at Durgapur - 2,50,000 cusecs

Total storage capecity for four dams is 2.9 m.ac.ft.

Flood control was naintained as primary objective of
the scheme, providing a to tal flood control capacity of 1.51 m.acft.
of the 2.48 m.ecft. of live storage in these dams. Vith this
flood rescerve it is edtpected that all nown floods witk peak
flow of 6,50,000 cusees could be moderated to 2,50,000 cusecs,
provided conditions in the lower valley were ignored. Hocouoer
till now, the lend in the fore shore of the [Haithon end Panechet
reservoirs hes not been acquired up to the designed levels with

the result that against the designed flood absorption capacity
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of 1.51 wm.acft. only 1.047 m.acfi. is available. In viow of
this woderation of 1 million cusecs flood oM the known floed
with the peak flow of 6,50,000 cupecs to the bankfull capecity
of 2,50,000 cusgecs is not possible at present.

Howeve r the moderation of flood flows st Durgapur

t0 1,00:,000 cusecs if not less is expected with only 4 dams
end with the limited flood reserve avail abl e without complete
land acquieition up %o the design levels.

The general method of opcrating emch reservoir for
normal conditions ip depexribsd below 3

Tilaiya Konay Haithon Panchet

1.Dead storage level EL 1192 EL 1347 EL 435 EL 392
2.Crest level EL.1212 EL 1372.5 EL460 -BL 405
3.Top of the gate EL 1222 EL 1404 EL 500 EL 445

'5.082. Tilaiya ¢ reservoir io opcratod primerily for powor

and irrigation andonly incidently for flood conirol. Hence g
during the greater part of the monsoon, one power unit is ruma
ot base load end the other to meet peak loels, thereby allowing
- the regervoir to fill by the ond of the monsoon. Calculations
show that by this operation there is seldom any spillege, since
the capacity of tho reservoir is large emough to siecommodate all
tho inflow in a normal year less the water required to run one
unit by 2,00C lw about 4000 cusecs. Thereafter, during the

dry poriod ( Oct. to June), the storege barely suffices to run
one unit at the bese load or both units far peaking purposes

for part of each day. The vater thus released is re=regulated at
Maithon dam, firstly for power and then for irrigation.



5.083. Koner dam is at present operated primerly t0 meot tho
cooling water requirements of the steam plant at Bakaro, not
exceeding 4008 cusocs, including flow from the uncontrolled
Bokaro river. Almost all th water is retumed to the river
downétream and is availgble for repoetative use by various munici-
palities, industries and Panchet power plant and thereafter

diverted into the irrigation cenals, off the barrage at Durgapur.

5.084, Maithon and Panchet hill reservolrs are to be operated

~ for irrigation and power, with the important limitation that
prescribed storsge levels ( EL 480 and EL 410 repsp.) are not
to exceed, except for the purpose of temporarily absorbing

flood flows in excess of downsiream channel capseity.

General instructions for the overator for tho
operat ion of Maithon and Panchet h1ill regservoirs are conteined

in Appendices I and II. P. 48, 50.

5.085 Outlii:e of the proposed flow regul ation fa reservoirse
Tilaiya, Konar, lpithon and Panchet

Procedure 3

1) AMllocation of sto rage capacitios is as given below 3

Tilaiya Konar Ha ithen Panchet
(_in 1000 acre-ft.)
Deed storage 61 49 168 148

Capecity for wmonsoon
storege 259 224 496 185

Roserve for flood
contral - - 440 881

Total to top of
gates 320 273 1,104




APPEND IX-1

HAITHOI RESERVOIR

Ruleo of operation for flood contral s

vith the arrival of a flood inflow in the reservoir,
the operator is required first to allow the reservoir level %
rise to EL 480, vithout opening the mmder sluices or spillway

gates. ( Two or three turbines are permitted to be oporated ).

If the reservoir level continues to rise rapidly and
approachos EL 495 { lend acquisition level ) the spillway en
woll as the under aiuicea ghould be operated end water released
to ensure the reservoir level not to ris® above EL 500

( top of gateo )

Then the water level falls well below EL 495,
the spillway gato should be gredually closed but under sluices
should b‘e kept fully open, till reservoir level ‘tefurns to
EL 480, the pre=flood pool level, when the sluices should also
be cloped.

Hoteg? The oporations at llaithon and Panchet hill are

%0 be co-ordinated s0 as t0 keep the combined
release within the channel capecity of 250,000 cusecs

in the lower reaches of the river.
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Rules 0OI operation IOr 4irrigavion aua rovoer 3

Storage levels ¢

Period Reservoir
elevation

EL 435 to EL 480

Irrigation and Power Requirements

July  EL 438 to
EL 456

Aug. El 456 to
ue EL 480

Sept. E1l 480

Oct.  E1.480
(first
half)

Oct. El,480 to
(second EL 475
helf )

Nov. to EL 475 %o
Mareh EL 453%

April El 453 %o
to ElL 435
Mid June

Junse El 435 to
(second EL 438
half)

Total irrigation requiremnt 7,891 cusecs
(Uaithon & Panchet Hill)
Power two or three units as per WeAeo

Totel irrigation requirement 6,838 cusecs
Power 2 ¥® 3 units as per G.A.

Totel irrigation reguirement 7,891 cusecs
Power 2 & 3 units as per W.A.

Total irrigation fequirenant 8,206 cusecs
Power 1 or 2 units as per V.A.

Total irrigation reguiromont 8,206 cusecs
Power 1 or 2 unito as per W.4.

Totoal irrigation requirenent 1,500 cusecs
Povor 1 unit

Total Irrigation nil
Othe useo - - 500 cusecs
Power 1 unit

Total i mxigation requirement 5,129 cusecs
Power {1 0y 2 units as per W.A.

Note t 1. The releasc from llaithon reservoir 1o to be co=
oxingtod with ths from Panchet Hill to meet

full irrigation requirenents.
2« Unit cepdoity 20,000 kw each.
¢ W.A. ptando for vater avell ebility
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APPEIDIX « II

PALCHET HILL RESERVOIR

Rulece for operation of flood control s

vith the arrivel of a flood inflow in the reservoir,
the operator is required first to allow the reservoir level to
rise to EL 410, without opening the under sluices or spiliway
gates. ( onme turbine may be operated at this time ).

Vhen the reservoir level begins to rise above
EL 410, the operator is requirecd to hold down the water level
to EL 410 by opening all the under sluices and gplllway gates,
limiting the releasec to safe river capecity { when water level
oxceeds EL 410, both turbinos are permitted to be operated ).

If the reservoir level continues t¢ rise rapidly emd
approaches EL 425 { land acquisition level ) the opillway as well
ap under slulces should be operated end just enough water released

t0 onsurc the réservoir level not to rise above EL 445 ( top of

gates ).

Then the water level begins to fall below EL 425, the

spillway gates should be gradually closed but under sluices should
be kept opon till reservoir lerel returns to EL 410, the pree
flo0d, pool level, when tho sluices aleo should be closed.

Note ¢+ The operations at Panchet Hill and Maithon are to be
co=ordingted so ag t0 keep thoe combined rel easo within
the channel capacity of 2,50,000 cusece in the lower
reaches of the river.

/e&s5 27
GRITRAL LIBRARY UHIVERSITY OF ROGRKEE



Rules of operation for Irrigation and Power 3
(Storego levels EL 392 to EL 410)
Poricd

Reogervolir

Irrigation requiremeats epd power production
el ewvat ion ;

July Fl.397 to
El.408

Aug. Elo408 to
BE1.410

Sept. EL. 410

October EL.410
firot
half

October EL 410 to
2nd half EL 407

Nov. to EL 407 to
Harch EL 401

April to El 401 to
144 June El 392

June
(2nd half) El.397

EL.392 to

Total irrigation requirementt - 7,891 cusecs
(Panchet Hill & Maithon)

Power 1 ﬁnit' |

Total lrrigation requirement - 6838 cusecs
Power 1 or 2 units as per W.A. &

Total irrigation requirement < 7,891 cuseecs
Pogrer 1 or 2 units as per V.A.

Total irrigation requirement = 8206 cusccs
Power 1 or 2 units as per W.A.

Total irrigation reguirement - 8,206 cuseco
Power < 1 unit

Total irrigation requirement = 1500 cusecs
other uses - 500 cusecs
Po wer « 1 unit

Total irrigation requirement « Nil
Other uses 500 cusecs
Power - 1 unit

Totel irrigation regquirement - 5,129 cusecso
Power « 1 unit

Hote = 1.

The rel ease from Panchet Hill reservoir is to

be co-ordinated with that from Maithon to meet
full irrigation requirements.

2. Unit cepac ity 40,000 K% each

o V. A 8tends for water availability
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Hooting of the above requirement, the guide for

storage and the guide for dravdown are fixed by a few trials
to ensure optimum usage of water (Pigs.5.5 amd 5.6).

ii) For the purpose of ostimating the contribution of
inflow into Maithon due to the release from Tilaiya and for

inflow into Panchet due to release from Kongr, allowance has

been made for enroute losges as shown below

6 108 of release from the middl e of June to the

middle of December.

@ 205 from the middl e of December to end of Feb.
0 25% for Harch and April

0 30% from the beginning of lay to the middle of

June.

111) vithdrawal direct from the Tilaiya reservoir
for the High level Irrigation Schems to irrigate 10,000 acres
during the Kharif season ard 5,500 acres during the Rabi

season 1is allowed as follows

June 21-30 - 100 cusecs equivalent to 2,000 ac.ft.
July - 100 Q0w 6,000 «do-
August - 50 -d O 3,000 ~do-
Sept.1=20 - 50 g Qu 2,000 wdo=-

21= 30 - 100 -3 Ow 2 ’ 000 «do-
October - 100 wd 0w 6,000 «do-
Nov ember - 33 -d 0w 2,000 «do-
Decenmber - 33 =3 0w 2,000 «do=-
January - 33 ad o= 2,000 =do=-
February - 33 ~3 O~ 2,000 =do~
llarch -

33 =d 0w 2,000 «gdo-
Total 31’ A.cofto
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iv) Allowance has been mede for withdrawal of water

for industriel and domestic uses at the rate of 20 cusees in
the roach between Tilaiya and Maithon and at the rate of 450
cusecs in the reach between Konar amd Panchet. It will be seen
that in some periods the release from Konar and the inflow
from intermediate catchment together would not be as high as
450 cusecs, in which case it is assumed that the inflow less
than 450 cusece is all consumed for industrial end domestic

water supply in the reach.(8)

v) Evaporetion lcas from the water surface in the
reservoirs is allowed on the basis of average monthly evapora~
tion recorded by Piche evaporimeter installed in the observatories

near the dam sites.

vi) Primary supply through the power plant equal to 150
cusecs in Tilaiya, 250 cusecs in Konar and 1,100 cusecs in

flaithon is rel eased throughout the year oxcept when such

release requires drawing the reserveirs level below the deadstorage
when 1t is assumed that the power house will dbe shut down
complotely and the primary supply 10 the power house cui~-off.

In case 0f Maithon in addition to the primary supply, an
extra.release of 900 cusecs during June 21-30, 2960 cusecs

during July 1-10 end 3,400 cusecva during July 11 to Aug.10 is
agssuned in order to help meeting the Kharif irrigation

roquirement.

vit) After relessing the primary and assumed supplies
as above, if the reservoir level is above the guide curve

for storage or the guide curve fo r drawedown, then secondary



supply limited to the capacity of the power plant is

permittod. Tho capacity of the power plant is 800 cusecs
at Tilalya, at Konar it is assumed ae equal to 500 cucecs
and at Haithon it is 1,200 cusecs.

viii) After filling the reservoir upto the permissible
limit, the excess water, if any, during the monsoon months
will first be released through the power plant and anything
in excess of power plant capseity will be released through
the sluices or over the spillway as & part of the flood

control operation.

1x) The expected indent of the water at canal head

works is estimated on the basls of discussings held with

Chief Engineer. According to this, the total requirement for
the season out of vwhich the rain fall deficiency plus a certain
percent { 10% of cenal take-off during second half of

June, 5% during seconmd half of September and 7% during Cotober)
addod to cover the Tra}ait loss would be the indent for supply
at the cenal headworks. This hep been sepgrately worked out

end the 10«dny summary is ‘takeu for the purpoee of flow

regul gtion. The extent of this requirement met by rel eages
from Maithon following the nommal operation procedure is
deducted and the balance is taken as the indent for water to
be supplied from Panchet reservoir as shown in table 5.2.

The outflow from Panchet will be g0 regulated as to nw2et

these indents received during each week or shorter period
during tl® Kharif season. As a result of such operation, the

dry period release from Panchei is governed by the quantity
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of water left in the rescrvoir at the end of the Kherif

geason.

5.086 Torkiny teble ¢

Following the above procedure, the flow regulation

1s worked out for the period July 1949 to February 1958. The
ne

types of years includ edz_tairly representative - Details of the

computations are shown in the vorking tables 5.3 to 5.6.

Regervoir levels are also represented graphically in figu res

5+5¢ and 5.6.

5.087 Summary 3

1) Pilaiya reservoir does not fill up to the top of
gatos in 7 out of 8 years. It fills up to the spillwey crest level
( EL.1212) in two out of 8 years ).

11) Kongr reservoir does not £ill up to the top of
gates in 6 out of 8 years. It fills up to EL. 1387 in 6 out
of 8 years.

1i1) Keithon reservoir f£ills up to EL 480 every ycar
and Panchet £ills up to EL 410 every year.

iv) A rel ease of 250 cusecs can be assumed from Konar
through out the year even in dmy year.

v) A minimum rel eage of 1,100 cusecs can be assured
froa llaithon through out the year even in dry year.

vi) In case of the Tilalye the Power House will have
t0 be closed down in some years when the regciveir level .

goes below the dead storage level and in case of Panchet



regervoir. the power houso will have to be shut down during
the dry periods in 7 out of 8 years becauee of the extre
drav=down below the dead otorsge in meeting' the irrigation
requirement mainly during October.

5.9 Limitations @

Effective flood moderation can be achieved only ‘
if the sto rege is adequato to deal with all floods except the
abnormal ones. The cost of providing such storasge for flood
control only is generally very high. Therefore, the flood pro-
tection by stomge reservoirs cen be considered in speciel
cages such as the protection of 1mpoxtant centres immediately
dovnstream. For recalising the planned benefits from reservoirs,
operation has to be sikilifully done regul ating the releases
taking into account the intermediate flows between the dam
and the damage centres. Decrease in the normal discharge in
the river due to the flood moderation effected by the reservoir,
results in deterioration of the channel downétream. The sense
of security provided by the reservoir is likely to lead to the
development of':.-' » aress affected by floode before the cons-
truction of reservoir. Silting will gredually reduce the
effective capacity for controlling the floods. All the factors
enum2rated above way, in due course, lead to a larger loss in

the protected area requiring more expensive and elaborate

nethods to remedy the situation.

Review of the progress mado !

Prior to 1951, storage schemes had been planned
mainly with the object of providing irrigation water . Thero
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wap practically no storege dam for flood moderation. Since
1951, a lorge number of otomge dams hes been teken up for
harnepning the rivor woaters for irrigation and hydroelectric

dovelopment and nloo for moderation of floods.

Specific storege for flood moderation haes besn provided
in the Hirakud Dam Project on lMahanad i and dams on the river
Damodar. In the cage of Hirakud Dam, entire storage of 4.72 willion
acre feet is utilised for flood moderation during the South VWest
monsoon and later on filled to be utilised for irrigation amd
power. In the Damodar Valley dams, a storage of 1.3 thoupand
million cu.m. (1.05 million acre feet ) out of a total of 3.3
thousand million cu.m. ( 2.64 million acre feet) has been reserved
for flood moderation. The balance is utilised far irrigation
and power during flood season. In the non-flood season, tho
supplies, if avaellable, are stored in the storage earmarked for
flood control. These reservoirs hgre been in operation for more
than a decade now end have been proved very useful in the con-
tributing the overall prosperity of the area. The other large
irrigation and multipurpose reservoirg sich as Bhakra-Nangal,
Rihand, Hager junasagar and Tungabhadra, even though they do not
havo got any specific flood storagé, prov ide incidental flood
control benefits in as much as they moderate the flood peaks
in woot of the years during the filling pe riod.

Even though the flood problem is serious, requiring
measures for moderation of peak flood discharges, it hes not
beon possible to comstruct major storage dams in Brahmaputra

basin end on the Northern tributaries of Genga in the North-
central and Horth-eastern regions. This has been mainly due to
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the lack of puitable sites within the limits of the countxy,

“high seiomicity in the region end tho high sediment content
of tho rivors which will roduce the life ard the utility of

the resorvoirs.

5.2+ Diversion of excess discherge

Vhen the flood waters cam not be led safely through
particul ar react of river even by embenkments or can not be
moderatcd by regervoirs, part of this can be d werted to another
channel. Diversions and flood ways take away a part of flood
f£lows to another basine or s depression where it could be etored
for uso later on, and, consequently reduce the dipcharge to

harmless oxtent at most of the times.

The oxcoss water of a river, during floods can be

divertod in onc or morec of following ways i-

1) From one river to another river.
ii) Directly into sca

141) On to arid zone

iv) Into natural lekes or deprepsions

v) By providing breaching sections.

1) Prom one river to another river t

Then tho receiving river has the capeeity to take
diverted flood diccharge without creating any seriow problew
olong ito own, diveroion of oxcess water from one river to
another rivor is poooibl es Examples of this in Indiae are,
diversion of flood diecharge of Mahanadi into Brehmin, and

Budameru river into Krigchna river.



11) Directly into sea 1

Flood waters are diverted into sea for reducing flood
danezc in the lower reaches of the river. It may be wentioned
here that spilting up of rivers into number of channels at iis
delta is a natural process of flood diversion. A number of

cut-offs to the rivers near sea are contempl sted in Orissa.

111) On to the arid zone !

The main arid zone in India is in the state of
Rajesthan. On thic method a schewe for diversion of flood flows
of Ghagger river into the sand dunes near Suratgarh hag been

conplected.

iv) Into naturel lakes or depressions 1@

Damage due to floods can be reduced by diverting
the flood flows intw natgral lakeo or depressions, the inunda=
tion of vhich will not result in grest loss. This method has
boon omployed on tho schome of supplomentry channel taking
off from river Jhelum, upstream of Srinagar and outfalling into
tYullar lake.

v) By providing breaching sectione :

In sowe ceses breaching sections or spillways are

being provided in the embenkmsnts to allow oscape of exceons

flood water into areas where the demage would be least.

521 Diversion for moderating the flood intensities
" heve been adopted to a limiteg extent oo far. One of the

notable works which has been executed im the suppl ementry
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channel with a ocapacity of 283 cumees ( 10,000 cusecs ) taking
off from tho Jhelun 5 km. ( 3 miles J upstreen of Srinagar
and outfalling into Vullar lske. This hes becn provided to
reduce the flood intensities and heighte of the Yhelum river
at Srinagar which ig protected by embankments. Diversion for
carwy ing 210 cumecs ( 7,500 cusecs ) of tin Bndameru, a small
river in Andhra Pradesh, into the Krishne has been done for
roducing the discharge of the river, while passing through the
Vijeyaweda town. The divorsion tekos msarly 259 of the norumal

poak floods. Another iaportent vork which has been compl ected
recently, is the diversion chennel froa Ghaggar river, which

carries awey 330 cumscs ( 12000 cusecn ) into the depreseions
‘1n the sand dunes vhich have a capacity of about 863 million
cu.m. ( OJ7 willion as.ft. ). Tho geccumulatod water is lost by
percolation into the undergrouni water table and by evaporation.
The diveraim*hea been provided to provent damgo to the important
towns of Hanumangorh end Suratgerh, end lines of communications
vhich have been aligned along tho low area vhich, prior 1958
hardly used to got eny damsge ceuoing floodc in Ghaggar but, in
recent years, with dovelopment work in the uppoer ¢atchument,
suptalned peske leading to demage and dioruption of communica-

tion havo bec ars frequent.

5.22. Linitationp ¢

i) Divernion of exceos water from ons river into enother
will be feasiblo if the receiving source has the capecity to
take such diverted flood diecharge vithout croating seriows

problems alonz its own.
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i1) There may be appooition from the lamde-ownors whoed

land the divorsions have to paoo.

5.3, Detontion Baoing

Ao dlgtinct from rogervoirs created by building damo,

dotention basins ccn be formod ac the creationo of natumw,improved
and regul gied by'mcm to serve tho ncedo of flood modaration. An

a rule, rivers flowing through allunfium built up thelr banks higher
than the od joining leands. Swampo and lakoo got crea;ed vhero
draingge of cd joining lend 15 obotrueted by thio procoso of

bank raicing by river opillo. Yuring high floodo, vhon tho river

io not ombonkcd, wator opille over tho river banko ard flowo

into theso dopreooionsp, lator to flow back into the river. Thio

procepo bringo chout flocd modeoration im tho river downctrcem.

Tho dotontion baoims, %0 bo offoetive, needo large
areas, spocielly on a largoe rivoroc. For oxomploa river of o
oizo of Genga or tho Brehmaputra, would roquire dotont ion booins
of aggregatc oaron of vany thouoond squero wil ¢ for bringing
ebout an apprecicblo flood moderation. Such largo owemps do not
oxiot in thege rivor basins. Howeover thioc method cen find opplice~
tion on a number of ocmall rivers in tho country. For inoctance,
thoro aro a number of gwemps or " boolo® along some tributaries
of tho Brahmaputra, and in the Barsck velley in Aooem as woll
oo olong oomo of the rivors in Horth Bihar, which can be put to

cuch unce

The copacity of natural dotontion besino can be

concldorably increaced by embanking those around. Their
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utility can be increased by providing regulating dovicos at the
intake and the oxit.

Flood moderation by means of detention basins, when
feapible, i geneslly the cheapest form of flood control. The
works are relat ively inexpensive as the compensation of land
is generally smll. In India, no sizeable detention basing heve
boen created. Fow are contemplated on various rivers in the

statos of Appam, Bihar and Uttar Pradech.

Storeze tanko in K.P., Rajacthan, U.P. and a good
number in South India, built for purposes of irrigation havo
been contributing towardo moderation particul ady during ecarly

part of rainy ceason.

5.32¢ Limitationp 3

i) Hoderation of floods by dotention basins vhowever
foasible, is goncrally cheap. Howover to bo effoctivo the
arca of detontion besins hes t0 be relatively large, but natural

ovemps arl leckes having a large aros are vexy raro.

11) The pattern of floods in the river chould be such
thet there is edequate interval botween two successive floods
to facilitate the elerance of water from the sarlliea flood
before the arriva of the next floodo.
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col.(1; Inflov into the reservoir
2 Reservoir capncity at the end of the pericd
Ool.se) Soc:ondar{h

) Releass rou;h sluices & over the spillway,



{ﬁido}'&iﬁ.dw In’oml ¥
pbnthl Date jfor

oVa Wil
| jetor jdrav- lratg.:‘n i-l:L%J T L L5 13

—— jage jdowvn jloss . : (] _

July 1-10 300 2 :30 118 337
11.20 333 1 1 33 1% 13 2
2131 1333 1 357 333 1 222 287

Aug, 110 1 W80 333 13

“GER 1 B BREY B
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Fob. . 250 7 12 271 W 8
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April 90 11 0 180 » 0
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8 18 0 83 0
o 95 0 70 0
0 8h 0 o 0
0O M 0 L &1
7 89 7 5 &
I 66 55
21 1% 10 22 87 41
4003 M0 233 125 1829 813 W51 7 103
NOTES

Col.1 Inflov into the reservoiy

Col.2 Storage capacity at the end of the peried
Col.3 Telease through power house

Col.,h Release through sluices or over the spillvay

Col.5 Part of the 1 yrigation release which can not be
passed through power House,
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CRNB3ALKOGDUTO

6.l. Loyoutd

Lian Cho low land on both sidem of tho riveor Lo to bo protected
from flocd wators, for justificetion to tho land ownors, ono-
half of Sho Zlocdstioy ohould be tokon frem ocoeh sido. If tho
rivor cheanol 1o stroight end lectl conditions porie, then ealy

tho ombealesats will bo ploced opproximotoly cgual ciotongo from
tho choanel.  cut, usually, river chonnolo hovo lot of curved

ad 38 4o not dosirdblo chot tho eobhonlionto ohould follow all
t2 ocinuaditica of tho choennol, In trio ccoo, it 4o ocen that
tho cdlignzoat of tho flootwny 4o strodghtor then chot of chonaold,
v. Lch ohould be followca 4n docdding tho cligpmont of cooonlaento.
utbenalkoonts ghould not bo locoted closo to tho band in tho chae
anol o in this coso undormining will toko ploco by eoving of tho
rivor bhonk,  Also, 1te oclope will bo subjoetod to the crosive
cotion of bigh velocitieon of chonnel durdng floods., M €O o0
pouoiblo, cooenkmonts should bo otroight and eny chango in dirce~
tien should bo provided vith curven of lorge rodius.

For dcciding upon tho guidtobleo alignmant the most icportont
point ic¢ to know tho probeblo limdito of cresion onad tha likaly
future ot of the rivor, Theso con bo judged by plottiny ¢ho rivor
cources d cseortatning tho limito of tho owingo or odcillotions
cho piver 4o likoly o Goko, I4 Cloo doponds, o 0 groct ontend,
on tho oacfe gorrying coHocity of tho onisting rivor ocotion ond
tho depth of tho onill Shove tho ooalk lovals.,
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T2 natura of coll for the foundotion ot bo £irm cnough
to ocupport thy cobhonkmont ond poseess noeescary reaistanes to horm-
ful poreoletion cnd oucpege. For tn arbonkoont to rotodn a knovn
depth of watar, the motoricl ohould be sultibly compected to form
a8 deongo woter-tight otchlo £411 undor conditions of oaturatieon
and Grovaown. Tho coil ohould bo wollwgreded and poosess high done
sity, lov pormocbility ond good cohwalon,

Exonlmonts oro cdignod oo that Imdortent towns ond propersw
tian olong tho river bonk ore loft cutodds the ozhenkeont.  Somd
timoo ring buns hoo o bo providod to protoet o towm or urbom pro-
perty, 4 AT hxs Co Lo within Cho cobenlmonto.  In ouch cooco,
rivar 0ddo of Chu =ing hurkl ooy hovo to bo protogtod by chort
permacble or irporsachlo opurs or otons rovetnont od purdo Lo bo
providcd €o pump cul draincye ond rodn wator Anto Whe river vhen
the lottor 40 in oppoto with high wvotor=lovel. Such @ ring bund
has beon proviuod for tho town of Limatli on tho leod rivor,

Tha clignmnt of caboakronts heo to bo dotorminod 4in such o
way thot Sho hah velocity £lov 4o sufficiontly owoy £roem thom,
for thio, hydrsulic modclo ora tho useful guido,

wen vhon the alignmont of anbonkicants io dotorminod £ron
moucd €Coto, it should bo oophesized thot this will not noccocuri-
1y bo thy ctvo vhich vill givo saticficotory results for & long
tima. Sivor conditions chomjo continuclly, ond an crbenloont which
heo bohioved sotinfeetordly Gvor o cortoin poried, oy bo suceopis
iklo to atteek Curdng subccguont yoors., Tho oucecss ol oo abink=
Lent QoponGs upon vigilent ond coatinutus ocuporvisicn during ¢ho
floodn, thon tho cuboalmonts oo 1ilaly to Do ottoeked, icaaqioto
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protcctien hoo to be proviucd. 1€, houcvor, 4t is tound chot pro-
videdn acourcs ouch ©a spurs, rovetmonts, ote., would not givo
dooiroed ocourdiy o tho embmménwg o loop bund bohind thg oxiote
irg cmbonlkoent should be constructed, This will eot &9 o scocond
1ino of Gogoneo él‘muld the original erbaonlmont £241.  such loop
ound heo beon provided for Cchitound Bund onothe river Groot candak,

G. 2. Doolion of m:omlﬁn:m

ror Cesign of cmbealtoont, through Inovdcelipo of foundotiaon
conGitions, tyDo of tho matorial <o bs uncd, 1o phyoical propopw
tico cnd cenotructicn mathods Lo accded.

Cebealim nCo con bo clonsigicd fnto ©wo tybPen: homegoncouo
QW@ ond zcened tWOc

(4) Bossacacovn edenleonto

In on ciyaliont vhoro enly ono typo of noterfal 4o wocd,
it &0 colled honogonoous cabzalmont,. whio 1o uscl for dow
haighto ond coxotinss for madiun hights,

(18) Zomod Dohrahooato

Livro ot locot tuo Sypos of ncterdels aro uced, inner sces
tion of irporvicuo ocutor ccetions of rolativoly porvioup motor-
iclo, aro colled soncd cbonkmonts. Thic 48 woed for high or
ptructuro of vory groat importanco,

6. 21 Loupdction Dasign

Poundcticn is not cotudlly deopignod, but certain provioions
for trootmont aro medd in design to cosuro thot tho ossonticl roe
cquirononto ore fulfillced,
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ool op hied ohalo foundctictpooldon presont ony problom

. of booring pouce £or cndenkmont out orcoive leakcgo, f£oult plonco,
&, woy beconn unsuiteble cnd foll wndor continucd soturatden ond
hydrcalie prossurc. Dosigna for ouch foundotions roguire parti-
cular coro to sccure tight or bondirg with ths guperimoscd ome
bankoont ond proper control of secpzpe alomy tho pline of contoot,

crevol, oong, cloy ond other gronudor motoriaslo ore common
te carthon crbenlmont construction, Foundations of unconsolidated
matoricl vory ofton Presont momy voricd oeng complox problemn, Bodre
ing pouvor, locnl slipn, displocomonts ond porcolotion » ox2 the

neohlons Amvelved.,

(4) ¢eatrol of ncopecyo th

Provicicno ncdo for peopege through foundotions of unconsoli-
datod ong pormadhlo ootaricle ore, cutoff trorches, otonl oheot
piling cutosfs, blcoaiots of dmporvieus matorisd ontonding upe
ptrozn £rem o0 of tho cchonlmont. Inwortod £filotoro of sond ond
grovel noy be cuployed to covor tha arda bolew i cowastroem too
of tho cabonimont svor which porcoleting wotor miy ooetpo under
an apprecioblo gredient or hoad, Clooing saomm ond jointo ond
othar oponings in bed rock 4a Gccorplishod by injoction of grout
under PEossurs usually to form o dooP grout curtodn or cutoff,

Feotors influencing tho otabllity of en ombonliont aro woights
of cobohlment matoricls, tholr cooffielonts of intornal f£riction,
otrooocy rosultipg fram tho cdopted slopes, gettloment ond pore
Prosoures which rooult from consolidatien end protoction.

foundotions of loy booring powor noy rogquiyo oxtonnion of on
othorvica cudtoblo booe wiath, to bring vithin allowshle limito tho
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baoring procsurcof soll.

6.22. Deoonticl requiremonts for dosign of Bebraknonts

(1) 2t groot of the onbealmont ohould bo ehave tho high flood
level ond have adoquato froewboard sgolnst weve wash,

() For crhonkmants slong tha benlo of the rivorn wvhoro gonow
raolly tho foteh do not rnuch, & freo-boord of 4 foot over tho
danigned tdgh Floed level 4o considered cdequata,

{2) Tha hydroulic grodgiont should b2 vell wvithin tho benk with
ciegucta covor., Hydroulic grediont vorics epcording to tho
chercotor of the aa'u oand may be essumed oo 11 in an 4icDore
mochln cloy verying to 1112 in xamidy sodl. It ohould be in-
‘sido tha body of the onbonlmont with o minicun covor of 0.9 m
{3 £L),

(3) Tho structuro should bo otdlo undier cll otogen of conotiuce
tion ctnd conditions of saturaction cng dreovdovn.

(4) Thoupotreom olopo should bo proporly protcctcd cgodnot weve
oetion, ercgsion cnd drowdovn, ond tho downotroeom clope cgoinst
cetion of rein ond wvind,

6,23, High Flood lavel
Ffor corroctly oascssing tho highost flood loval, tha followe
ing matheds are sdopicd to suit tho porsicul ar situation:

(1) thoro lony=torm dischargo end geugo aoba oxiat.
thoro diocchargo ond gougo Aoko 4o aredloblo for ohout 40w
to=£0 yooro or longor poriod, o ralationship botwoon grougo and
aicchargo 4o £ir0¢ otcbilicod. Who cvedlceble diochomo dota
io pubjoctod to Croguoncy onclysin ond o pook dlochargo of o
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10C=yoor £lood 4o dotornined chd cdoptod for dooign purposes,
Tho gougo corresponding to this dischorgo 4o rocd off from
thoe gomo dischamgo curve olroedy catcblishod, This 1o furthor
chocked by dotormining o 100-yoar podk gouge by subjecting tho
vatlehlo geuge dota to a freocuoney analysis.

(2) vhoro tho dlechorgo end geuge dabo ape ovollable for 8 short
poricd.

A rolotionohip botween the ovafllsble gaugo end dischergo
data 4o firot cstoblishad, thon & relationship betwoen storm
roinfoll cnd pook Glschorgs io cotahliohod for a poriod for
which ddochorgo dota e svodloblo. Uoing all ovollcoblao post
roinfoll ¢atn, a au&tm:io valuo o chooon for dooign storm
roingnll intonsfty, Tha dooign £lood pock dischorge o then
rocd O£ from tha rolatien clrocdy aotedlished, ond, finclly,

a dooign pock giugo 4o rood from tho cotchlished rolotion.

{3) thore no dicchamgoe or gougo Aata 4o ovadlsslo,

In cuch coses, sld ovollodlo storm rodnfoll doto Lo cxomine
¢d end rainfoll intonsity 4o worked ocut. Thon tho resulting
poal: diechazge is dorived on the bogis of hydrolegical chaerao-

- toriotics of adjoining river basin for which dats might bo
tvall eble,

in all tho thovo throo eases, tha dosign flood posk diochargo
ond gouge aro furthor vardficd by cowputing tho dischorge f£or ths
corrcopanding gougc on tho boods of oralledle cronsescetiecn ot tho
ddachorge odto, obsarved sledon ond volocitics undor coxditions
of f£lood Clowo., Under conditions of oxtron: poucdty of dotpd, suite
thlo ¢rpiricnl fomulo aro used,

6. 24, Hydroulde Grediont lino



6. 24.

Tho top £lov lino or ocepoge 1ing oo por snelysis ond oxe
perinont 1o vory noorly purtholic encept for a chort distonce of

rovornQ curvature ot P oo shown in Pig, 6.

/o cn cpproximotion, the oeopage line oy bo csoumnd of a
gtrodght ino,. For irpormaablo matoriol as clay, it 3s cokon oo
1:1 cnd vorying upto 1:12 for sandy coil. For safoty 6 tho cas
beakmant, wctor ccoping from dovnotyoom 40 cvoidod onu 46 45 ro-
commandad thoat tho sccpégm lino ohould hovo Jrtomd~LE covor along
thy dounotrocn nlopo ond chout 2«64 cover olong tho ground.

G.25. ntohilicy cnalyoin

In n carthen oxbmlnont, thoro org forees vhich ctuse movow
mont of ooll Srom upper lovel ¢o Yowar lovol., Forees consiet of -
wolaht of ocoil éamalm, frictional resistonco botucen tho codil
perticlceo cuw the cohtaionol rosistonco botwoen tho porticles.
svcddoh anginzern hovo studicd that tho surfoce of nlippago io
cledo to tha circular in moat congy, Thorofore, tha analynls for
£inding tho otddility of tho olopes is known &3 o0lip circlao tost,
Tho 0lepo 1o considored sofiorhon tho footor of safety botwcon tha
Realotivo forccnond the fetuoting forces {conponont of woipht of
ool porticlep) 4o botwoon 1.3*to~1.5 ¢o chown in tha following
cquoation:
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N & + FCH

r. o o e 1.3 to 1.5

0

vhrs,
Il = noraal component of wi., of soil particlo
trngongdel componont of wt, of soll particle

»)
g

g o onglo of Anternal friction
C o unit cohasive strangth of oodl
L o= _zongth of are of circlo

P o pOro pProsours

(1) Ypotxeom olodo

This lopo 45 tosted for rosorvelr full, oudden droudown.

In cese of mgwmiwﬁu;ll contition teot, wolghts of mutoriel
bolow peepego lino oro token o pubmorged wolght, thovo ncxcmgp
ins oo polst wadght,

(o) gudden Growiovh comiltion
In this croo, the dntergronulor forcod thot aro oubmargod
volyht of boil, firictional foreo &nd cohoaivo foreo oro in ogquilds
briun gwong thomnelves ond aloo tho noutrol forceo thot oo waight of
wator and wotor presourc on thy upntroam foca,

Whan the cendition of pudden drowdowm occurs, thot 4o vhon tho
flovd ouboides quickly, tho forge due to votor proosuro on thy upe
osraom Coco of enbhonlmont 4o mthm:m tnd thy oguilidbrium 4o throwvn
out of balongo, Uithirswol 40 eseumcd inctentonoouo cuch thotno
drainego ocouro £2en tha ooll ond ooturation linc io unchongod, In
thio ¢oac, tho podl haos to put forverd caditionsl foreq thot 4o une
woed cohcaivo .farco to ovold olippogo. Volucs of C ond 4 in thip
¢Rsc oro to bhe token 0o undrodned ohooar toot voluos,
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ror clioeldny tha sGebility of downotrotm Joee of ombhmmisoont,
tho voroe conditien s vhon tho mcoorvoir 4o full., Thic 4o épno
in ¢ho oo voy & ronorvodr=full condition in upstrocm clopo &3
acseribsd chov.

cootruction

Duc to mechaniscd eonptruction mothodo, the holight of come
benlmont 1o roloed quickly snd the pam prossurcs in tho botton
loyor orc budlt up Guo to ocuporimposced locd of tho matorio)l ohewe
i, %ho chove ocuation moy bo used for finding tho feotor of
ongoty. In this ceso, tho Sop ourfeoco of thy cohetivo ooll may
dovolep crocka and m%:oh::nion io poooible thoro. Thorofors, roe
duecd cohedion to bo offcetive gvor tho ontdre length of oreh,
thet 40 in sotio of uncrooied longth to totol lcnﬁh of are. This
ehoch 1o pogformod for both tho olepas. |

G.26. Frcobooxd
Pho vortieol disteneo botooon tha ton of tho choenlomont ond

tho monboun wotor devel io colled tho £oeo boogd, THio oxtrs how
40hG 4o tha morgin of ocofoty cgoinot tho flecdo of groontor intone
bity thoa that dosigned for ond offofdd protaction poinat wive
cotion during storm. A frochonrd of 4 £ Ao consddored clogquateo
viopo tho foloh 4o not such.

Lrporicnee showo thot o nindoun top width of 15 £¢ vith culige

thlo turning plocform io quite deoirchlo for inspoction rozd, tronse
port of motarial during conotrueotion oid mointonence. A wvide top
heo tho furthay coivontogo of providing cuple spose for toking oarth
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for stremgbicaing oy voch oito durdny omargency. In opcelal
otaco, top width moy bo poducod $0 1030132 LU,

6,29, gidg pleaco

Prineipol olomonts influcncing the side olopos aro notorial
0of which it i medo, mothod of gomtiiction, onbinkaont hoight
ond lopgth of timo tho cbonkmant As subjocted to fleod wotors,

, 1% chould bo sage cgodnot piping octdone d.e,. width of booo must

bo ouch thed thy wotor porcoleting through A€ moy not hivo cufids
ciont forpo to corry fuy motoried with i¢ ultimatoly rooulting
in 0 ruoh of vitor ond coil grom too of tho cubomimont ond worlt
oubsidim dnto tho hollow co formed. Aloo, 4t muot bo oofc cgo-
inot olipning undor vorot conditions, |

(4) Upgtenom rivor 7 A
for hoighto Amr; thon 10 foot, otocpent olopo for good soil
twhich 40 to ba usod in most £ovourdhlo conditions of paturotion
ond decwdotm 4o 2:1 ond for hoighto 10 €4 ond obove, 3ii.  Aloo,
it io to bo ooon thot tho rivor ndgo olopo 4o flottor thin tho
undor=wotor tnglo of zepesc of tho notoriol usod for crbinkmand.
Tha closo moy bo much 09 4:1 in ¢rso of oondy matorial wod
for ctbealieont, An this ¢oso & covoer of ono foot thick good coil
io provided to protect tho slopo.

(44) Dessnteoom glopo or 1 _
Devmatroom clodo should bo provided sccording to thd hy-
dreuldic grogiont to bo dotorminod for tho motoriol wiod in tho
omboakaont with tho nindmum covor of 0.9 m (3 £4). Hydroulic
gradient 4o flottor 4n tho coso of more coasoo matoriol used, It
ic 1:12 for sond, and 1.4 for clry. aloo, tho olopa moy bo mado
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flattor o9 por the rocquiromont of stubllity, Slope generally
provided o 3:1 for hoight 1coo then 10 £t rnd 4:1 for haight
10 ft ond chova, If th2oo olopes ore not sufficiont to givo
required covor for hydreaulic gradiont, berm of roguired width is

provicded on dovnstream slopes,

(111) Dorm
Borm ic o horizontol benching provided on the land-side
olopo to provent the water from sceping through the base of the
ombankmont and coucing the embonkmant to clough., The hight of tho
borm must bo such thot its surfoce will bo sbove tho line of satu~
rotion (H , G.), and 4its width such that tho linoof saturation will
intorosect the natursl ground within its baso width.

(iv) pebenkmont slops
slope of tho embankmont should be the ooma as thy ootor oure

feoo olopo at Haxdwmum floed holght. Gawgo hoights which aro col~
culoted £rom tho assumsd Maxdimum dincharge oshould be used, On
aggrading type of stoam, the slopo of the wator surfrco o groator
than tho olopa of bed and on degroding typo otroem 4t 1o rovoruoo.

v) Protection to Earth banko
Upstroen glopo

Tho troditional mothod of protection ogainst weve atteck 4o by
usa of cdequato grass covering. A short wolleclipped groso, giving
a good turf is also provided a9 o protective layer syainst osurfoco

oroasion,

sufficlent frochoard may be provided for wave action and holght
of veve, thot is from trough to crest of tho weve, may be calculated
from tho Stovenson’'s formula given below,
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h, = 0.032 JVE%0, 76~0. 27?3'/ 4, for F <32 n.
h, = 0.032 JVFr for P >32 kw..

wharag,
n, is height of wove £rom trough to crest in motres
v is mex. wind velocity in kms/hr
F is the fetch in km,

If the current is strong, pitéhing on slopes is provided. It
ohould be taken at ’-laast 1 £% abovo the maximum hoight of wove len-
gth of wave expectod., At mmm wharg the embanlment 15 undor %ho
diroct attachks of rivor, horizontol zpron built up of stonos in
wire-crate or concfete blogks, in addition to slope pitching io
provided. Length and tho thickness of apron are colculated cocord-
ing to the expected ocour which is found by spplying thy Lecoy’'s

poour depth formla -

R 0,472 («%)"/ 3

wharo,
R i0 normal scour dopth balow . F,L. in £5,
2 = dlachorge in cuoecs

£ = Leeoy' s nllt fector, dopending on oides and naturo of bed
ond equale to 1.76 Jdm whore dm io tho moen sizo of bed

motorial in inch, |
«» Dopth of scour ig takon &9 D = %R
whars, |
w1l ab shank = 1.8 at noso,

Thickness of lounching apron = 1.25 timos thoe thicknosp
of horizontal otono pitche
ing {(suggested by spring).
thare rivor 1 lioblo to
sudden decp scour, it may
be inereased to 1.8 times,
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slope of lsunching apron suggested by spring is 2:1,
. Length of apron when launched will be J8 D
volume of stone per foot width = J'g pt

whera ¢ %s the thickness of
apron.

For slope to be safe against sudden~drawdown conditions, stab.:l.lity
analysis is to be carried out which Ls discussed in the ﬁeﬁ;;géa
paregraphs. For this purpose free draining materieal or more per-
vious material is preﬁérmd on upstresm slope, High eﬁzbanlman’cs

are protected with rip-rap and low embankments with willow mattress,

(vi) Rip=rzp ,
Twelve-toetwantyfour inches thick durable stone are hand-

pecked on the slope of the embankment end joints are filled with
spalls or small rock fregments, In case fines may be washed out
through the volds in the rip~rap, 6-12 in. thick layer of graded
filter is provided below the rip-rap.

{vii) Downstream slope protection

(8) Turfing |
The slope to be provided turfing is to be dressed with é~in.

top layer of good soil. Sod conslsts of set of roots snd earth
at least two inches thick is laid on the slope in close contast
and tamped firmly in place. The slope should be wetted till the
pl a.nt growth is fully established and should not be allowed to
dry out. Grass which grows in bunches on having deep roots should

not be used as it will provide easy percolation path for water.

thore growth of gress is not possible such as in arid or aemi-
arid regions, gravel or rock blanket should be providedfor the

protection,
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Rain water may cause ercsion of the slope and form gulliles
along the slope, for this purpose longitudinal drains may be pro=-
vided on berms with revarse slops and cross drains ot suitable site
for draining cut the water safely.

(viii) Toe o

he_embankment |

For preventing any soil particles to be washed sway through
seepage under the embankment, filter blanket is provided which ex~
tends from rock toe upto some distance near heating materisl. A
drain filled with boulders is provided at the end of rock toe for

draining out the seepage watar.
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6.30. Spacing of ombenkments @

Tho spacing and the height of embskments arc inter-~
dependent. Lither the embankments cen be mede low and far apart,
or they con be made higher and closor together. The correct
locat ion of the embankments from an economic stgndpoint ie that
vhich makes tho sum of the eoét of the embenkuents and the
valus of the unreclaimed lerd in the floodway & winimuam. Ih thio
connection, the value of the unreclaimsd lands should bo taion
os tho difforence between the market value of tho land, if it
wero poosible to proteet it from overflow, amd ito velue for

the fledway purposen.

The spacing and hoight of embenkments are dotermined

by & sories of trial solutions as shown below.

6,31, Outline of method @

Firast, a height of water level above the bank of river
1o aoscumad and to this a free board of 3 to 4 feel is added
to got the height of embankments to carry the estimted dle~
charge. The discharge through and above the channel proper 1o
then coaputed and this dischargo subtracted fronm the maximunm
dioccharge gives the discharge which muct pase over the flood
woyo between the chennel proper and the ombankments. The latter
diocharge divided by the computed volocity of flow along tho
flood-woy gives the croogecectional area %o be provided by
the flood-wey. This arca divided by the depth of flow over the
flood pleddag gives the width of the flood-way, exclusive of
tho channel width. The cost of tho embankmento, lard acquisition

of tomporary and permanent landso, value of unpro-tected land in
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floodwny, compsannation for the cropo ond hutmonto faolling

undor the lamip for cmbankments end boryow pito is then compu-
ted. Sioilar colutions arc made for other hoights of water

loveol above tho river banks; and ap previously stated that
spacing of embenkomentis vhich gives o minimum velue for the

oun of tho cost of embankments and the value of unbrotected land,
ic tho proper spacing ( corresponding the height of embankment)

t0 use.

Tho example of Bhogwati Flood Control Schemo is glven

below to understand bettor the several cteps involved in the

dotormination of the correct spacing amd height of combankemsnte.

6.32. Bhagmati embankament gcheme !

Introduetioa s

The river Bhagumati, ons of tho poronnial rivers of
lorth Bihar rices in the Shoopuri range of hills in Nopal ot an
oltitude of about 7000 f£t. above U.S.L. The total length of
the river from its pleco of origin to the point of ocutfall io
365 nileg, out of which 122 miles fall in Hepal and the rest
243 wilop in India.

The catchmont 1s fan shaped at the top. Below Hoyeghat
it io wore or lcso rectengul zr in shapo. Cut of the total catch-
nent of 5,187 nq. wiles, 2747 oq. wiles lie in Hepol and the
balecnce 2440 oq. miles in Bihar
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Tho Bhagnpti river flows betwoen two big rivers,
tho Gandak and the <ooi. iho flood in Bhagmati is an annual
phenonmcnon and is wainly duc to tho hoavy r&ina in its hilly
catohmont, which is often oynchronised with heavy raingo in
plaino lowar dovn. Phagmati hoe a steep slope of 4.55 pfiper
wile botwoon licon Thore and Dheng Railwey bridge. Below Dhung'
Railway bridge, ths ptoop olops ebruptly changes to a flatter
plopo. The nilt corricd by the river is therefore deposited
in tho reach from Dhong Rallway bridge to Musaffarpur- Darbhanga
rood crosoing. Thioc reculto in raising the bed of the river. It
1c in thip aiddlo reach thot the river seetion is normally widoe

ani challow and opills ovor, oven in compara tively low floodo.

Tho eaximum discherge occurred in 1965 was 90,080 cuseco

at Dheng railwoy bdbridge.

6.%3. Problem 3

Tho river Bhageati hex alrecady besn ombenked in ito
lover reachos vis. (a/ along ito left bank from Hayatghot
to Phohig, 46 mileo ord (b) nlong 1ts right bank from Surmarhat
to Bodloghat, 101 oiloo.

Tho ooin problems of tho Bhagmati are that -

o) it innudotos tho aroca of 80C pq. miles in Bihar vhoro
tho crops are nootly domaged.

b) it hao corved out oeveral opill chennslo on both
ito bank.

o) it hao a termdeoncy to ovulge in river Burhi Gandak,

through its right opill chonnels.



a) ito poetion io incdoquate ond not cepable of tnking
ito full dinchargoe.

0) 1t erodoo ito bonko ond fortile lando aere engul fed
into tho river.

£) the commerd orea of the proposed Bhagmati irrigation

sehems, balow Downpur, is nleo to be madoe flood free.

6.34. Proposals

For tackling the problem of Bhagmati a preliminary
investigation of n 230' high dan at Raoschhu about 6 mileg up-
stroam of Noonthore cooting He.18 cxores wae dono. Thig proposed
¢an, if oxccuted, would bave cmtrollad the flood digelrge to
tho oxtont of one lokh cusocs. This projeet will no doubt
moderato the flood in the Bhogmati basin, but will not ooke tho

arca flood froo complotely ao the pection of the river io not

capable of accomodating ovon a discharge of 25,000 cuscco. Henco

in cddition to ths dom at loonthore, embankmonts will havo to be
provided to prevent opllling.

Embankocnto in the following rocches of Bhegmati are

propoced ao Bhogoati flood control oechcenme.

1. Embankacnt along the right bank of river Bhagmati from
Shecopur Gobindpur road to Surmorbet ( Down stream
torminal tagned with exioting Hoyotghat Surmarhat ombank-
ment ) .

11. tmbankoont along left bank of Bhegmati from Sheopur=
Gobindpur roal to Samastipur Darbhango roal at
Jathmalpur.
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6.35. Available Data 3

Propo eed embankment with a 50-year design flood will
rise the H.F.L. congiderably and consequently mgy adversely
affect the drainage of the country side. Hence the proposed
enbankment should be designed for 25-year flood 101,000 cusecs
and escapes should be provided at approxisate pleces for dis-
charging a portion of the flood di scharge above the 25~y ear
flood.

6.35.1. Pree Board:

A free board of 4 ft. over the design H.F.L. along
the emmbankment has been provided 10 arrive at the design crest

level of the embankment.

6.%.2. Embankment Section 1

It is proposed to keep the itop width of the embank-
ment 16ft. with side slopes 2 : 1 on the river side and 3 : 1 on
country side. The siope of line of saturation has been taken

as 5 1 1.

6.36. Procedure s

Alble [ Wi Wirk @ =10 1,000 SUSECT N
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Data given

Q = 1,011,000 cuscen, design flood discharge
A = channel X-peetion area ( RST )
P = wetted perimeter ( RST )

i = plope of chaml

n = roughness factor for channel, n' = raighness
factor for flood-way

¥ = X RST Y = offective channel X-gectional arca

Q =  discharge through effective channel
x-aection area.

Q@ =  diocharge through flood-woy

L = longth of flood-way

H =  dopth of woter above the banks

Given river channol and flood plain as slown by
eroag-ocotion PQRSTLU im the above figure. The flood discharxge
t0 bg carried by tho embanked channel crops-gection 1o
1,91,000 cusecs, the aroa of the channel x-section RST is
4 = RS?T ic 482.69 fecot,
the slope of the strean is 0.00019; n for the channel 1o
given as 0.025 ond for the floodway 0.05. The velue of lani for

4‘15608 Bq.fto, th@ vottod mrimatﬂ‘ P

permanent acquisition { for seat of the embankments) is
Re.2500/= an acro and for tempoxary acquieition ( for borrow
pito ) is Re.300/~ an acre. Crop compensation given € Ro.200
an eacre and £>% compensation for hutments Hs.600 per mile.
Assutz a triol helght of water 3.5 feet above the

bank level and 4 fcet ac frec board. With the water 3.5 ft.
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above the bankful lovel, the aroa of the offective channcl
XRSTY, vill bo increcocd 1690 sq. ft., ooking a total croos-
pectional aropg of 5846.8 nq.ft. Tho wotted perimeter, RST, i
482.69 ft. and henceo the hydraulic radius will be 12.1 ft.

Subs tituting in ilenning's formula, the mean velocity ig found
to bo 4.3 £t/eeci ond with this velocity the dischorge Qq Wwould
be 25,100 cunces. Since the flood discharge to be carried is
1,901,000 cugeco, the floodway must be dosigned to carry |

Qp © 75,900 cucccs. The veloeity of flow along the floodway

for a roughneces factor 0f0.05 average depth of 4.5 ft. and

a olope of 0.00019 would be 1.12 ft/see. To carry a diechaigoe
of 75,906 cuseco at a vclocity of 1.12 f£t/sec., the area of
tho floodway muct be 67,800 sq.ft and 8incé the aversge depth of
flow at floodway is 4.5 ft., the width of the floodwgy wust be
15,050 f£t., exclugive of tho chennel proper.

Cost of the cambankmonts with given t0p width amd side
plopes and height 9.5 ft. in worked out for one mile length as
Re.1.39 lokhs. A floodway ono mile long ond 15,050 ft. vide
would contain 1825 acrco. Since the potential value of thise
lend for agricultural is only Rs.2500 per acre, vhile ito value
for floodway purpoges is only Re.2000 per acre, the lossg is
Ro.500 por mcro or Re.9.13 lokh per mile of floodway. The cost
of pormonent lend width for one amile long embenkmente € Rs.2500
por ceroe ic Rp.0.40 lekh. Cost of temporary lend for taking
carth for om wile embonkments © Ks.300 per acre is Re.0.16 lakh.
Cost pald for domaging standing crops @ Re.200 per acre io
Rg.0.10 lakho. Compensation paid for hutmente O Re.600 per mile
io R5.1200. The to tal coot for this height 1is Re.11.20 lakh.



AL

In liko wannor tho opacing and the total cost for
the hoights of water depth abovc bank level for 4.5', 6.5',
8.5', 12.5' and 16.5' are vorked out os shown in tho following
calculationo. Valuos of tho to tal cost have been plotted sgainst
the corrcoponding opacing of cmbankments. (Fig. ¢-4. ). Hence
from tho curve tho 4,500 ft. specing is scen to be the mont

ccononical. Caleulations for tho sams are given below @

REF. Ft16.6-3 A 90 -

= 1,01,000 design flood discharge

Q

A = chennol x-sec. area ( RST )

P, = wettod perimeter ( RST )

i = sglopo of channel

n & rougzhneos factor for chennsl, n's roughness
factor for floodway.

py = offoctive chennel x-sec. ereo ( XRSTY)

Qq = dlechecrge thro.gh offcetivo channzl x-scc. area

( XBSTY)

0, = dinchamge through floodway.

L = Jlength of floodway
H = depth of water above bankag.
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6 -37. ca]-CUl.ationa :

6,371, Depth of water level above banke assumed as 3.5 ft.

Area of portion above channel

= 843.9 x 3.5 = 1690 éq-ft.

Q = 1,011,000 cugecs.
?1 = 482069 £t.

A’ = 415608 + 1690 = 584668 ﬂq-ft.

R = 28&608 = 1201 fto
v 352.69

V1 = éfégg x 12.1)2/3 x 0o00019)t/2

= 4.3 £t/sec.
Q1 = 5846.8 x 4.3 = 25, 100 cusecs
szw 1,01,000 = 25,100 = 75,900 cusecs.
Ty " Jess x 4.5%3 x 0.00019 V2

= 1.486 x 2.73 x 0.01378
¢ .U; ‘ :

= 1,12 ft/poc.

Ay = Qf V, = 75.soq/1.12 = 67,800 sq. ft.
L = ay/45 =67,800/4.5 = 15,050 ft.

Spacing = 15,050 + 480 = 15,530

Cost of egrthwork

Cross section aree @

=16 x H + 2.5 H
= 16x9.5 + 2.5 x 9.5°

= 152.0 + 2.5 x 90.25



ad
e 152.0 + 225.6
a 377-6 DQoft'

Quantity of carthwork for both cmbgnkments for oms milo
langth.

= 377-6 X 5280 xe®= 3.99;00,300 eft.
Coet at Rp.34.9/ %o ¢Ft

= 39900 x 34.9 = 139,000 Rg.

B. Cost of lapd 3

Vidth = 16 +5 x 9.5 o 16 + 47-5 = 6305 ft.

area ”W = 15.35 acros

Cost at rate of Re.2500/ ac. = 2500 x 15.97

= lg,.40,000

C. Loss due % valuwe of unprotected land in the floodway.
¢ Rp.500/ac.

aree = 15,050 é 5280 = 1825 acros.
43 '

Cost = 500 x 1825 = 9,112,500

D. Cont of tomporary land for taking earth for embenkment
( 2 £%. depth of borrow pit ).

Area = Quentity of carth work/mile
X 43?6-5 acrep

= 3,990,000 a 45.8 ac % 245 129 for each
2x43560 = 45.8 + 9016 ‘cide for offico,

\borrack, parallel
= 54.96 nc. istrip ote.
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Cost @ Rs.300/sc.
= 30 x 54.96 = Rs.16,488
E. Compensation to be paid fo r damaging standing crops
( area = 1/2 of permanent land * 3/4 of temporery land)
Area = 1/2 x 15.97 + 3/4 x 54.96
= 7.98 + 41.25 = 49.23
Cost € Re.200/ ac.

= 200 x 49.23 = Rs.9,846

¥. Compeneation to be paid for hutments falling
on the alignment of embankment @ He.600 per mile for one
side.
Cost = 2 x 600 = He. 1,200

Total cost = A+ B +C +D+E+P

= Rg. 11,20 lakh

6.37.2. Vepth of water level above bank assumed as 4.5 ft.

Area of portion sbove channel
= 484.5 x 4.5 = 2180
Q = 101,000 cusecs

P = 482.69 f¢t.

Ay = 4156.8 + 2180 = 6336.8 sq.ft.

R. = 6336.8/482.69 = 1%.1 ft.
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vV, = 1.486/0.025 x 13.13/3 x 0,000191/2

= 1.486/0.025 x 5.55 x 0.01378 = 4.53 ft/sec.
Q1 = 6336.8 x 4.53 = 28,700 cusecs.

Q, = 101,000 - 28,700 = 72, 300
V = 10486/0005 x 5.52/3 x Q.OUO191/2

= 1.486/0.05 x 3.12 x 0.01378 = 1.28 f£t/sec.
Ay = 72,300/1.28 = 56,600 sq .£t.
L = 56,60Q/505 = 101300 £t.

8 = 10,300 + 480 = 10,780

A.Cost of “arthwork 1

Cross~section area a {6 x H + 2.5 82
= 16 x 10.5 + 2.5 x 10.5°
= 1680 + 205 X 1’0.25

= 168.0 + 276.0 = 444.0 sq.ft.
Quantity of E.¥. = 444.0 x 5280 x 2 # 46,80,000
Cost = 4680 x 36.2 = 1,69,500 Rs.
B. Cost of land 1 width = 16 + 5 x 10.5 = 16+452.5 = 68.5 tt.
Ares = 68.5 x 2 x 5280/83560 = 16.6 acre + 4 % i.e. .66

= 17026
Coat = 2500 x 17.26 = 43,100 Rs.
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C, Loss dus t0 valve of ungrotected »J.and in flood way ¢
sres = 10,300 x 5280/43560 = 1250 acres.
Cost = 500.1 1250 = 6,25,000 Rs.
D. Cost of tempﬁmry land
Area = 4680.000/é x 43,565 = 53,8 ; 24 »
v= 53.8 + 12.9
= 66.7 ac.

Cost = 300 x 66.7 = Rs.20,010

E. Compensation for crops @
Area = 1/2 x17.26 + 3/4 x 66.7
= 8.63 + 50.0 = 58.63 Ac.

Cost = 200 x 58.63 = Re.11,726

. . Compensation for hutment = Re.1200

Total cost = A+ B+ (¢ + D+ E+ ¥ = Rs.8.Tt Lakhs

6.37.3. Depth of water level above banks assumed as 6.5 ft.

Q = 101,000 cusecs.

P = 482.69 ft.
A ™ 4156.8 + 486.5 x 6.5 = 4156.8 + 3120=7276.8 sq.ft.

7276.8/4B2.69 = 15.1 f1t.

o
]



a3

V, = 1.486/0.025 x 16.1%3 x 0.00019"/2

—ld

= 1.486/0.025 x 6.1 x 0.01378

= 5.0 ft/sec.

Q = 7276.8 x 5.0 = 36,384.0 cusecs.
Q = Q-q, = 105,000'~ 36,384 = 64, 616 cusecs.
v, = 1.486/0.05 x 7.5%/3 x 0.00019"/2

= 1.486/0.05 x 3.8% x ¢.01378

- 1'57 fVBBct

A, = Qf V, =64616/1.57 = 41,200 aq.ft.
L = 41200/7.5 = 5,500 £t. B = 5,500 + 480 = 5980 ft.

A. Cost of earthwork ¢

¢/s area = 16 x H + 2.5 H2

= 16 X 12.5 + 2.5 x 12.5°
= 200 + 390.6 = 590.6 &q./ft.

Cost 0 3803701/ ’oOUof’t-

= 220.611 %280 x 2 x 37.1 = 2,%1,500
[¥18]¢)

B. %idth of embankment = 16 + 5 H = 78.5

area of land required = 18.% x 2 x 5280

= 19.0 acreg + 4 % L.0. 0.76

2 19.76 acres.

Cogt @ Rs.2500/ ac. = 19.76 x 2500 = Rs .49,400
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C. Lomss due to value of unprotected lend in flood ways

area = zzg%%%_z_gg_ = 666acres

D. Cost 0f tempeoray land
= = 2+ 24
Area gx,z‘gg;ooo - ;:.2 ' 21’;.:
= 88.4 ac.
Cost = 300 x 88.4 = Hg.26,520
E. Crop compensation
area = 1/2 x 19.76 + 3/4 x 88.4
= 9,88 + 66. %
= 76.18 ac.
Cost = 200 x 76.18
= Rg. 15,236

F. ®ompensation for hutments = Ra. 1200

Totel cost = A + B+ +D + B+ F = Eg.6.57 lakhs

6.37.4 Depth of water level above banks ssgumed as 8.5 ft.

Area of portion above channel = 488.5 x 8.9 = 4,150

Q = 101,000 cusecs.

g
]

482.69 ft.
A = 4156.8 + 49150 = 8, 306.8 8q.ft.

R b 8306.8/482-69 = 17.25 ft.



1.486/0.025 x 17.25%/3 3 0.00019 V2

«
]

= 1.-486/0.025 x 6.7 x 0.01378 = 5.47 £1/sec.

Q = 8306.8 x 5.47 = 45,500 cusecs.
Q2 = 101,000 « 45,500 = 55,500 cweces.

Vo = 1.486/0.05 x 9.5%3 x 0.00019 V2
= 1.486/0.05 x 4.5 x 0.01378 = 1.845 2t/sec.
4, = 55,500/9.845 = 30,200
L = 30,200/9.5 = 3,180 ft.

S = 3,180 + 480 = 3,660 ft.

Cost of earthwork :

A. cross-gection area

=16 x H + 2.5 B
® 16 X 14.5 + 2.5 x 14.5°
= 232.0 + 525.6 = 757.6 8q.Lt.

Quantity of E.¥.
= 757.6 x 5280 x 2 = 80,00,000 cft.
Cost 8,000 x 43 = Re.3,44,000
Cost of land.

Bs Width = 16 + 5 x 14.5 = 16 + 72.5 = 88.5 ft.

‘rea - 880 X 2 280 = 21-‘5 ac. + 4 ’ tcﬁ‘o 0.86
%5’535

= 22.31 ac.
Cost = 2500 x 22.31 = BKsa.55,700
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C. Loos duo to veoluo of unprotcetcd lond in floed woy
Arco = 3180 x 5280/ 43,560 = 385 no.

Coot =500 x 386 = 1,93,000 Ra. -

D. Cont of Soaporaxy lond
Avon = 80,00,0 5 G1.8 +24 8
244
5 01,8 + 22.0

& 113~8 Ac.
Copt = 300 x 113.83 = Np.54,140

B Crop conponoation
arca © 1/2 x 22.31 + 3/4 x 113.8 = 96.45 ce.
Cont = 200 x 96.45 = U0.13,290

7. compongation for hutnento o Ho.1200

Totol aoct e A+ B+ C ¢ D¢ .4 5 Rhoo$5.48 loido

6.37.5. Dopth of woter lovol cbove benko aocucad oo 12.5 £t.
Aron of wotcr obovo chemnol = 492.5x12.5 = 6150 oq.ft.
Q = 101,000 cuoceo.
P o 482.6% !

A & 4156.6 + 6150 = 10,366.8 o0q.2t.

By °© 10,306.8/482.69 = 21.3 |

1.485/0.025 2 21.5%/3 2 0.00019 Y2
2 1.485/0.025 % 7.8 x 0.01378

-
-
0

6.37 £t/oce.
6.37 & 10,306.8 = 65,600 ¢..ocep.

D o
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@y = 101,000 - 65,600 = 35,400 cuccco.

V2 a o. &5 % 13.52/3 X 0.000191/2

o 2,32 £4/o00,
A, = 33,400/ 2.32 = 15, 300
L = 15,300/ 13.5 = 1135 f£t.
8= 1435 + 480 o 1615 f£t.

Cont of crxthrorhs
A = Crooo peetion aron

16 ¢ 103.5 r 18.6 = 1154 + 36 = 1190
é

Quantity of :.%U. for ono ailo longth = 2 x 5280 x 1190 =

125 950'000 cuft.
Cost © 125,50,000/3000 x 49 = Ro.615,000

B. Coot of land.  droa = S 2 n 5280
= 2747 * 45 Le00 1011
= 28.81
Copt = 2900 x 28.81 = Ho.72,000
¢. Loos duco to valve of unpro toeted long in flood woy.

“reo © 11%% % 5280

o 158 coroo
Coot = 500 n 130 = H0.69,000

D. Cont of tcuporary land

oroq = 1a§g§ogooo o 158.5 + 24%
2143560

o 158,5 + 38.0

a 19605 Lol o Y
Coot = 300 x 196.5 = R0.58,950
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L. orop coapcacotion

arca o 1/2 n 2U.81 + 3/4 x 196.5
2 14.40 + 147.3 = 161.7 Ac.

Copt = 200 x 161.7 = Hp 32,340
F; Conpenpation for hutuents = Ho. 1200

Total coot @2 A+ B+ C +D + 8+ P = Hp.8.48 lakhs
6.37.6. Dopth of wotor lovel above banke ascumod as 16,5 ft.

fpea of portion abovo chennol
& 496'5 X 16‘5 w 81&0 ﬂan‘o

¢ ©= 1,01,000 cunces.

P, © 482.69 ft.

Ay = 4156.8 + 8180 o 12, 336.8 og.ft.
Ry © 12336.8/482.69 = 25.5 f£t.

v, = 1.486/0.025 x 25.5%/3 1 0.00019 V2
& 1.486/0.025 x 8.7 x 0.01378 = 7.1 £t/co0.

Q - 7.1 x 12, 336.8 = 87,500 cuboeo.
Q, = 101,000 -~ 87,500 = 13,500 cusocs

¥, = 1.485/0.05 z 17.5%3 x 0.00019"/?
= 1.486/0.05 x 6,75 x 0.01378 = 2.76 £t/oec.

13,500/2.76 = 4,900 cq. f£t.

o>
%]
1]

L = 4900/17.5 = 280 £%.

B = 480 + 280 = 760 f£¢.



&
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Cort o hroxks

A ©/o aroa = 1,7320q. £t. Coot O Ro.58/ & cuft.

= 1,7 zg‘ %280 x 2 58 = fsg.10,60,000
1

B vwidth = 128.5 ft. orea 328. 2 280

= 31.2 00, *453
43560

( L.0o 1.248) = 32.45 ac.
Coot = 2500 x 52.45 © Ro.81,000

0. Looo duo to valvo of unprotooted land in flood woy.

Coot = 500 § 260 _x 5RE0 2 17,000
‘ 7

B

D. Coot (:Af‘tonp: lord
orea © 183,00,000/2x43560 = 290 + 24 ©
© 210 + 50.4 = 260.4 Ac.
Coot = 300 x 2.60.4 = Ho.78,120

E. Crop aooopcnoat ion

orca = 1/2 x 32.45 + 3/4 x 260.4
= 16.22 + 195.3 = 211.52 ce.
Coet = 200 x 211.52 = ko.42,304
. Coopenontion for hutionto
= Rop. 1200
Total coot s A+ B+ C +D+L+7p

= Hp. 12.80 1latho.



Table 6.1

Bpacing oF 'CoBt of earth] Cost of lond woss @id COst Of €np. Totel oSt
embankments ‘work in embank

in feet

4

menitsg

acquisition, &40 valve + cost of
compensation of une

hitnents

4and for for crop &
[Floodvay, hutment

(Cole24344)

land acqud siJRs.lakhs
for crops and protected tion,comp,

o P aan -

Lo B 3

, , - .
! 2 3 A S $
1‘53 530 1.39 0.68 913 2.07 31 «20
3,660 3ot 1.1 1.93 %455 6.48
11615 6'15 10&* 0&69 7079 3.15'3
760 10.60 2.03 0.17 12463 12.80
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6.38. Relgtion botwoon opacing of cmbankments, hydraulic
rediue and roughnooo fretor

From tho above dato of the Bhaguneti flood control
pchene, taking tho chennel portion and over banks portion
ao one compooite aectiop. the veluoo of hydreulic radius
" r " and roughness factor " n " for the different spacings
of tho cmbankments heve been vworked out as shown in the
caleul ction below. Hydresulle redius is plotted ageinot the
opacing of the cmbankments ( Pig. 6.6 ) amd it io ocon
that it increases with tho docreape in the ppacingo of the
cabenknents « Again hydreulic redius " r ® is plotted ogainst
roughness factor " n ® ( Pige 6.5 ) here it decreases

with the incrcaco in " n v,

Conclusion @

It 1o goon that ths above rel ationo worked out for
tho coamposite scetion,that io hydraulic rediuc varios invemsly
with roughneso facetor ond tho channel width,aro tho pame as

for the normal noction of tho channel.

Colculegtiono
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A o X-gectionol arca of chemnel ( RST )

by n JYepoctional areca above chennel portion { XRTY )
Ay = X= gectional area of floodway { CQRX + YTID)

& X=gectionnl ares of composite seotloh ( CORSTID )

= Hydrenlic redius for composite pection ( CQRSTLD )

4

P = ywetted perimeter of composite poc. ( CQRSTLD )

R

n = roughnoss factor for compoeli te section ( CQRSTLD )

Q@ = 101,000 cunece.
1) Spacing of ombonkmcato = 15,530 ft.

Conbinod crogo~-ocetion area = A1+A2¢2A3
A1 = 4156.8 oq. £t.
& = 480 x 3.5 = 1,680 oq.ft.
Ag = 15050 x 4.5 = 67,700 og.ft.
A = A % dy*hy = 73,536.8 0q. Lt
P = 482.69 ¢ ( 15530 « 480) + 2 x 3.5 x 262
= 482.69 ¥ 15050 + 15.4 = 15,548 ft.
R e o/P = 73536.8/15,548 = 4.73 £t

V=04 1,01,000/73,536.8 = 1.375 £%/sco.
V= 1.485/0 x 873 2§72 = 1.375 = 1.486/n x 4.73%/3

x 0.00019 "2
= 1,485 x 2.82 x 0,01378
n

e s N = 1.485 2.82 x 0.0 8 = 0'042
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(i1) Spacing of cmbankmonto = 10,780 ft.

(111)

31 2 4.5 ﬂ2 = 5,5 Q = 101,000 cusceco.

A’ = 415608 BQOfto 4156.8

Ay = 480x4.5 = 2160 nq.ft. 2160.0

g = 10,300 x 5.5 = 56,500 0q . ££:565000.00
62,816.8

A = 62,816.8
P = 480 + 10,300 + 2 1t 6.5 x 2.2 = 10,809 f£t.

R= AP =62,816,8/10,809 =  5.82 £t

V2 o/ A = 101,000/62,816.8 =  1.61 £t./00c.
V = 1.485/n x 5~822/3 x 0.000191/2
n= 1@43@/1-61 x 3.24 x 0.01378. .n = 0.0412

Spacing of cmbankmeonto = 5980 £t.

H1 = 6.5 Hy =75 Q= 101,000 cuceco.
Ay = 415648 oq.2t. 4156 .8
by © 480 x 6.5 = 3120 3120.0
&5 = 5500 x T.5 = 41'200 4!300000 0q;fto
48t4 *
soy 48,500
A © 48,500

P = 480 + 5,500 + 2 3585 1225 6017 £%.
R = A/P = 48,500/6017 =.8.07

Vo o/as= 105.000 = 2,08 f£t/00c.

)
V = 1.486/n = 8.07 2/3 x o.ocxng’/2

2.08 5 1.485/n 2z 4.03 x 0.01378

n = 1.485/2.08 x .03 x 0.01378 = 0,0397



(iv) Spacing of cmbanknonto = 3,660 ft.

Hy © 8.5 Hz = 9,5 Q = 101,000 cuoceo.

A1 B 415608 Gq. £%. 4157

b, = 480 x 8.5 = 4680 4080

Ay = 3180 x 9.5 = 30,200 | 30200
“58437

h=hy+ay . Ay = 38,437 oq.fte
P =480 + 3180 + 2 x 10.5 x 2.2 = 3704 f£t.
R = A/P = 38.437/3,704 = 10.4 £%.
v = o/A 101,000/38,437 = 2.63 £%/voc.
V = 1.486/n x 10.42/3 z 0.0‘00191/2
9.63 = 1.485/n x 4.77 x 0.01378
B = 10485/2.63 x 4477 x 0.01378 = 0.0364

(v ) Spacing of oobenkmonto © 1.615 £t

H1 = 12.5 H, = 13.5 g = 101,000 cusoeco.
& = 4156.8 o0q.ft. 4157
Ay © 480 1 12.5 = 6,000 6000
:!13 = 1133 x 13.5 = 15,300 153000
25,457

A =ag YA YAy s 25,457

P =480 + 1135 + 2 1 1465 & 2.2 = 1679 £t. ony 1679
Re= AP  25.457/1679 = 15015 £t
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v = Q/A = 101,000 = 3,97 £t/sec.
1'5“2 45T

Vo= 1.486/n % 15.15%/3 x 0.000191/2

3.97 = 1.486/n x 6.1 x 0.01378
n = 1.486/3.97 x 641 x 0,01378 = 0.0314

(vi) Spacing of embankments = 760 ft.

B, = 1645 Hy = 17.5 Q@ = 104,000 cusecs.
‘1 = 4156.8 8Qq. £t. 4157
52 = 480 x 16.5 = 71920 ICpftO 7920

A; = 280 x 17.5 = 4,800 4300
| 16,977

A= ‘1 + Az + A, - 16'977 Bq.fto
Px 480 + 280 + 2 x 18,5 x 2.2 = 841 £¢.
R= AP =16977/841 =20.2 2te V = /A = 101,000
13'.!5'77""

= 5,94 £t/gec.,
¥ = 1.486/n x 20,2277 x 0,00019"/2

5.94 = 1,486/ x T.4 x 0.01378

R = 1.486/5.94 x 7.4 x 0.01378 = 0,0255



Table 6.2.

qQ = 101,000 cusecs { Compoeite Section )

Spacing of embank~ Hydraulic radius 'Rnughneas cenefficient
ments in feet 'r' in feet. 'n'

15,530 4.73 0.0420

10,780 5.82 . 0.0412

5,980 8.07 0.0397

3,660 10.40 U.0364

1615 15.15 0.0314

760 20.20 0.0255
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6.4+ Silt carrying capacity of river section between embankment :

Sediment deposition is a troublesome process along the
rivers and streams, it raises their bed levels, thereby the flood
heights are increased amd inundation takes place. Algo sediment
load causes the river to meander and often to leave its original
courses and flow along new courses. It silts up irrigation and navi=-
getion channels and meking them inefficient.

The simplified forms of tfﬁe following equations give sediment
discharge capacity and water discharge camacity of the channel : [1]

2 o2

1) Qq =0.17/m% © B.4° s ¥he e

2) Q = 1.49/a B, d5/3 31/2 Q, = rate of sediment transport
m = diameter of sand in mm
r = gpecific weight
J = slope B = width of channel
n = roughness factor d = Hydraulic mean depth.

Q = discharge
We have to establish rel & ion between width of the channel

and the sed iment discharge capepity from the above two equations.

Keeping the discharge, Qz gpame and taking the change in
S negligible, then from equation(2)= d @ /877  tiueri (3)

from equation (1)~ Q Btl2 cevenna(d)
Sudb value of d from 3 in 4
= Qg 1/ 3!/3

This shows that by decreasing the bed width, the
sediment discharge capacity is increased. The above rel atioh is
also proved by taking the illustrative example of Bhagmati
Flood Control Schewe. The previous paragrapha,‘ specings of the
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ecbankments have been calcul ated for assuming the different

heights of water level over the river bank. Now taking the

peme data, bed loed and total sediment load heave been calcu~-
lated between the different spacings of the embankments.

caleul ated above for maximum design flood. Calculation on

page 116.
Bed loed transport capecity has been calculated

by Einstein equation. This equation correlates two dimension-

leso paremeters § and ¢ , where

# ".a_fi.@._. ( 1/6=1V2 (1 @3 )2
eL'e

Vhere g, is the rate of bed load transport in lbs/sec.

# and () ere dimensionless paramsters

G = specific gravity of tho gralne

r = apecifm weight ( Unit wt. of water )
g = acceleration due to gravity

4@ = grain diamoter

R' = Hydraulic mean rsdius with reference t0 grain
roughness.

3 = glope
Total load has been calculdgied by Laursen equation

g = (o™ (2T ) e Cuym)

)

where C 1s the percentege concentration by weight



d = grain diameter

D = depth of water
= Boundary shear

= Critical tractive stress
f- stands for function

u, = shear velocity

w = fall velocity
Total load = £ C P found in PPY

Total bed load ( i.e. for channel and floodways )
and tovtul sediment loet hexe been plo tted againet the spacings
of the embenkments ( Fig. 6.8 o It is seen that the relation
comes the same as worked out anslytically thet is the to tal
loal increases with the decremse of the spacings of the embank~

ments. Calculations for bed load and total load are given below.

Embankiment
Embankmient waler Level .
S
v CENTRAL /
FLOODWAY
FL OUD WAV \ POR TION ’l

\

CHANNEL

5.41. Caleulations




6.41. Spacing = 15,530

(1) Centrsl Portion :

g = 25,100 cusecs

A = 5846.8 sq.ft.

R = 12.1 ft.

ﬁﬁﬁ 0.00059 £t = 0.18 oo

fean valc - 403 ft/BGGo

Hydraulic meen radius with reference t¢ gralm roughness,

R' is given by
V/y, =166 (RY/K ) VS

V [ =166 ( B'/ag5) "/

4.3 . = 7.66 ( R'/0.000856) "6
32021“ XU o 19

'3 24320513 = 2.21

R = ( 2.21)72 = 3.28

" = (o-1) Dyy/R'S = 165 20.00059 = 1.56
30 X W 1

from greph g = 4.4 fbr ¢ = 1.56
dm go/Gor ( 1/5-1)V2 (1 gd* V2

4.4 =G

......'....,_xe:. nm——— X . /2 b ¢ ’

8. = 404 b 4 0.0301 = 001325 3-bﬂ/ft/aac.

8 = 0.1325 x 480 = 63,50 lbs/sec.
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(11) Flood-way

Q = 75, 900 cusecs
A = 67'800 8Q. £t.
R = 4.5 ft.
dgs™ 0-000853 £t.
Mean vel. = 1.12 £t/sec.
Hydraulie mean redius with reference %0 grain roughness

R' 18 given by

v 1/6
P e——— = 7.66 ( RY d,.:)
e / 465

112
/322 x B’ x 0.00019

= T7.66 ( B'/O.OOOBSB)VG

B3 o 412 x 0.513 = 0.575
R' = ( 0.575)%2 = 0.436

- R's = 1.65 x0.00059
v o= (e-1) Dg/ TR .75

From graph f = 0.050 for ¢ = 11.75 |

0.05 = ga/2.65x62.4 x 1/1.2845 x 1/56745 x10° 2=

1e®
gy = 0.05 x 0.0301 = 0.001505 1be/ft./sec.

Gg * 0.001505 x 15050 = 22.65 lb/mec.
Total G, = 63.5 + 22.65 = 86.15 lbe/sec.
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6042- Splclngl of emb., = 10'780 Tt

(1) Central portion

Q = 28700 cusecs.
A = 6336-8 Bq.ftc

R = 13.1 £t.

a35= 0-00059

ags= 0+000853 ft.

Ygean = 4-’53

= 7.66 ( RY/ dgg ) V/©

52 R0, 00075 = 766 B'/0.000856) /6

R' = 2.33)3/2 = 3.55

¢ = ( G=1) nso/n'u

= 1,65 x 0,00 =
T R AL o

from greph £ = 3.7 for ¢ = 1.445
p =gy G 1e-0V2 (/g )2

4.8. = g /2.65 x62.4 x 1/1.2885 x 1/5.6745 x 25/10°
gq = 48 x 0.0301 = 0.1445 lbe/Tt/sec.
Gy = 0.1445 x 480 = 69.3 lba/sec.
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(11) Xlood ways 1

Q = 72,300 ocusecs
b = 56,600 sq.rt.
R = 5'5 ttc

dzg * 0.60059
465 = 0.000853
mean v = 1,28 ft/sec.

X

mg = 7.66 ( R"/O.OOO&H)V
()23 « 1.28 x 0.513 = 0.657 R =0.657%2 u 0.533

¢ m ( G=1) Dec/ R'S * 1.65x0.0 .
35 L R BN 19 9.6

from graph § = 0.1 for ¢ = 9.6
g = gf Ger. (V/ 6-1)1/2 ¢ 1/ 563)1/2
0.1 =g /2.6 x 62.4 x 1/1.2845 x 1:106/‘5.6745::25
g ™ 0+1 X 0.0301 = 0.00301 1ba/ft/eec.
Gy = 0.00301 x 10,780 = 32.4 1bo/sec.

Total Gy * 69.3 + 32.4 = 101.7
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6.43 Spacings of emb. = 5380 ft.

(1) Central portion i

Q = 36,384 cusecs - dgg ™ 0.00059
P = 482.69 dgs = 0,00085% ft.
= 5846 .8 v =5 ft/sec.

A
vV =5 f£t/eec.
R = 15.1
n = 0,025
Ky * 0.000853 £t

y \ 1/6
SERT e = 7.66 ( 8/665 )/

2. o \1/6
W = 7,66 ( R'/0.000856)

Ri%/3 =5 x 0.513 = 2.565 f%t.
R = ( 2.565)%2 = 4y
y = ( G=1) Dgg/ R' S

- 3:6§xx‘oooog§2 = 1.25
from graph § = 5.7 for ¢ = 1.25
g = gu/G-re ( 146-1) /2 ( /8 43)1/2
2
5.7 = gn/2.65xH2.4 x 1/(1h65)"/2 x1/ ( 3252)1/2 (0.000853)5/

gq = 5+7 x 0.0301 = 0.1715 lbe/tt/Bec
}

Gy = 0+1715 x 480 = 82.3 lbe/sec:
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(11) Flood~ways

Q = 64,616 cusecs
A = 41,200 ag.ft.
R =7.5

d35 = 0.00059

d65 = 0.000853%

Nean v = 1.57 ft/sec.

/"E-';-r-;— = 7.66 ( R'/dss )1/6

15T = 7.66 ( R /0.000853)"/6
/32.% x R'x0.00019
R¥3 = 157 x 0,513 = 0.805 = R’ = (0.805)%2
: R' = Q.722

¢ = (Get) D,/ R'® = 1.65 x 0.00¢ .
35/ '1"70 ; iz“z"“:"""‘ﬁ%o .00019 71

from graph § = 0.255 for ¢ = 7.1
g =g/ Gor. ( 1/3-1)‘/2 ( /¢ a3)V/2

2
0.255 = g/2.65 x 62.4 x 1/1.2845 x 1/5.6745 % (0.000853)%/

= g, = 0.255 x 0.0301 1be/ft/sec.
Gy = 0.007675 x 5500 = 42.2 lbs/sec.

Totel G, = 82.3 + 42.2 = 124.5 1lbs/sec.



6.44 Bod lozd by Einotein Bed loed oquation

At cpacing 3660 ft.
(1) Central portion

Q = 45,500 cugecs.
A= 830608 Bq-fto

R = 17.25 £t.
dsg = 0-18 mo = 0,00059 ft.

665 = 0,26 om = 00600853 ft.

llcan vel. = 5.47 £%/oce.
Hydreuliec meen radiuc with reforemcc to grain roughness, R’

io givon by

v
/ g R'o
2241 1/6
/95 TR0, 00079 = 1+66 ( R'/0.000856)
2/3
R'“/? = 5.47
,g-%m x { 0.000 '*cs)"/6

.

2/3
R' = * 0. 0 x = - .
§§; zz!!;'ﬂ'%'l. 1378 ?lﬁ'é' 5.47 x 0.513 = 2.81 £¢

Rt = 2.8172 = 4.7 2t.
(]
¢ = ( Geq) Dyg/ R' 0
= §,65 x 0.00039 . 1.
4.7 x O, 19 ! 09
Fron graph valuc of £ = 6.6 for ¢ = 1.09
g =g Gor= ( Ve-1)V2 (1/g 8 V2

6.6 = g /2.65x62.4 x 1/(1-65)‘/2 x 1/(32.2)’/2(-000853)3/2
= §,/165.5 x 1/1.2845 x 1/5.6745 x 25/10% = 0.1985
= g, 6.6 x 0.0301 = 0.1965 1bo/2t/BeC .
6, =0-19%5x 480 = 95.2

= 7.66 ( R'/GGS)VG V/VG=7.66(R‘/K0)1/5

o
—~



(11)_ Plood=way
Q = 55,500 cusecs
A = 30,200 sq.rt.
R = 6.5 ft.

= 0,00059

= 0.000853

d35
dgs
Mean V = 1.845 ft/seo.

v
= 1/6
/’é*ﬁv. 7.66 ( R'/BGS’ /
1:843 = 7.66 ( R'/0.000853)"/6

/32.2xR ' x0.00019

R'%/3 = 1.845 x 0.513 = 0.946 = R' = (0.946)¥/2
= RY 3.0,92

¢ = ( Ge1) D,/ R'a = 3.55;0.00053
35 . 2x0. U1 - 5057
from graph # = 0.47 for Ky = 5.57
g = g/ oux. ( /e-1)V2 (1/g a3)V2

0.47 = g'/ 2.65 x 62.4 x 1/1.2,845 x 1/5.6745}((0-“00053)3/2

gy = 0:47 x 0.0301 1bs/14/ sec
Gg = 0:01415 x 3,180 = 45.0 1b/sec.

Total G. = 05,2 + 45.0 = 140.2



6.45 Spacing of emb = 1,615 ft.
(1) Central portion

Q = 65,600 cusecs

P = 482.69

A = 10,306.8 pq.tt.
R = 21.3

n=0.02% 4

Kg= 0.000853 £t
d35°0+18 ma = 0.00059

v = 6.37 £1/sec.
650' 0.0008

v 1/6
= 7.66 R'/K )
/g R's (R/Ey

orn"?/}n v < K 1/6
8

les
= 6.%1 % 0.}0;
<013 O IX{o

rte/3 5,27
R' = 5.9

50'1 . U ' 0.868

f = 8.5 from graph for Jv = 0.868
§ = g/ S-r- ( 1/6-1)Y2 ( 1/ g 8)V2

8.5 = g /2.65x62.4 x 1/1.2845 x 1/5.6745% (0.000853

)3/2

8, = 8.5 x 2.65 x 62.4 x 1.2845x5.6745x25.0

10°

g, =85 x0.0307 = 0.256 1b/tt/sec.

Gg = 04256 x 480 = 123 Jbs/sec.



(i1) Flood-way 3

Q = 35,400 cusecs
A = 15,300 sq.ft.

B = 13'5 fto

ﬂ}sﬁ 0000059

d65= 0.000853
Mean V = 2.32 ft/sec.

v
FEEE = 1.6 (8/25) /5

2.32
2‘ X R X . 19

= 3'2/3 = 2,32 x 0.5’13 = 4,19 = R' = ( 1.19¢5/2 = ’,298

y = ( G=1) Dyg/ B’ 5 = 11:5350.?08%?19 . 3.95

from grath g = 1.12 for ¢y = 3.95
g =gy G ( We-0V2 (i g a)V?

1.12 =g/ 2.65 x 62.4 x 1/1.2845 x 1/5.6745 x (0.000853

= 7.66 ( R'/0.000853)"/

)3/2

g, = 112 x 0.0307 = 0.0337 lba/ft/sec.

o, = 0.0337 x 1135 = 38.2 1b/sec.

Total Gg = 123.0 + 38.2 = 161.2 lbs/sec.
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6.46 At spacing 760 rt.
(1) Central portion

Q = 87,500 cusecs
A = 12336.8 sq.Lt.
R = 25.5

Mean vel. = 7.1 f£t/gec.
a5 = 0.00059 f%.
dgs = 0.000853 f£t.

v
Vara il 7.66 ( R'/d6

7.1
— 1/6
/3T X T x0.000y9 = 7+66 ( R'/0.000856)

(R )13 27,1 x0.513 = 35.64
R' = ( 3.64)72 = 6.95 £t.

1/6
)"

Y a(G-‘[) DSO/R'S

= 1.65 x 0.000

AT = o.T8
from grath value of 4 = 10.3 tor U = 0.738
g =g/ 6. (/62 (@3 V2

10.3. = g /2.65 x 62.4 x 1/(1.65)Y2 1 1/(32.2)V?(0.000853) 72
gg = 10:3 x 0.0301 = 0.31  lbe/ft/sec.

Gg * 031 x 480 = 149.0 1bs/sec.
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(11) Plood-ways:

Q@ = 13,500 cusecs
A = 4,900 sq.f%.
R = 17.5 f%.
450 = 0.0008 £%.
45 = 0.00853 f£t.
635 = (.00059

V mean = 2.76 ft/sec.

1 1/6
Vars = 7.66 ( R'/dSS)

2,76
: “00019

= T.66 R/o.oooess)’/ 6
R'%/3 = 2.76 2 0.513 = 1.415
R = ( 1.415)72 = 1.683

Y = ( Ge1) Dyg/ B'®

= 1.65 x 0.00059 = 3,04
1.683 x 0.00019

from graph § = 1.75 for F¢ = 3.04

g =g/ 0w (V=02 (1 ge?) /2
1‘75 n 53/206515204 1‘1/102845 ) 4 1/5‘67451 (0.000353)3/é

gg = 1:75 x 0.0301 = 0.0527 1bs/2t/sec,
6, = 0.0527 x 280 = 14.75 Lbs/sec.

Total Ga = 149 + 14¢75 = 163¢75 lbs/ sec.
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6.5. Total load computation by laursen lethod ¢

{

c = (a8 (% 1y e (uu)

™

le
Discharge in the river = 101,000 cusecs,
1) River portion 1

Proportion and mean gize 1

S1zo % €ime % of size dm (em) % to which Range
\ dm CoITES
por.xds
0‘055 mn 8 8 0.08 W < 0.1
"0.1 o
Ge2mm | L3 35 0.159 22 0.1 ¢
0.2
Oub 88 L5 0.25 63 0.2 ¢
0.4
upte 2.5 m 100 12 0.52 ok > 0.4

11) Settling (fall) velocity - W

dm (mm) W in cm/sec W in ft/seec.
C)-’DB wn Qe 52 1 070310..2
0,155 m 1,50 e 90X10™2
0.25 mm 3,00 9.89%x10™2
0.52 mn 8.00 26,2210

0,244 1m 3.0 9,85 x 10°2



111) Shear velocity U, = / g R of

ldiver Portion

pacing of Rin /BT U/ U/W TN T
embankmonts f£t, gmgfm)

d,=0,08 0.155 0,25 0,52

U N

15,530 1241 0.01371 0.9% 55.3 " 19.5 9.5% 3,59
10,780 13.1 0,01371 1,02 60.0 20.8 10,35 3.%
5,980 15.1 0.01371 1,175 69.2 24,0 11,95 4,48
3,660 17.25 0.,01371 1.3% 978.8 27,35 13.60 5,12
1,615 2143 0.,01371 1,66 97.6 33.9 16,85 6,34
760 25,5 0,01371 1.985 117,0 40.5 20,15 7.57
(iv) Computation for dm/D ( in 1&"6 )
Bpacings of D (4n £t) 0,08 0.1'5’? . 0.25  0.52
embanknents
15530 13.89 18,60 36,60 59.00 123.0
10780 1k, 89 17,65 310 55.00 1145
5980 16,8 15.55 30,01 LB.50 101.0
3660 18.89 13,90 26,90 4340 9043
1615 22,89 11,50 22,20 35.80 %5
760 26,89 9.77 18,90 30,50 63.5
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{vil) Doundary shoar

13

2

T, = V2/30 ( d}n/D)1/3 { for entiro

8ilt sample

dm = Gozz
gg%gggegf; ¥ (i‘t/aée} '(am/D) 7!
15,530 %, 30 52,8710°0 © 2,315x1072
10,780 4,53 w.3x10°¢  2.505x1072
5,980 5,00 3,500  2,03x1072
3,660 5,47 38,0110 3.38m10°2
1,650 6.37 32,1207 u.2omo?
760 7,10 27,3x10™C 5, 341 02

(viii) Ratio of Boundary shoar to critical tractive btross T;
3pacing ot dn

cmbanlmonts  5T5g 6,155 0.25 0.52
15530 19.6 10.5 6.27 - 3,02 -
10,780 21,2 11.0 6,80 3,27
54980 2%, 8 12,85 7,95 3.82
3,660 28.% 14,80 9417 42
1,650 36,5 18,85 11465 5,60
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(1) Iean concentration ¢ = ( a/D)7/6 ( % (2 -1 )2 (Ty/W)
Opoeing of - | ~ |
cubaniment 5 59 0.155 0.25 0.52
15,930 1,009 04259 040549 0.00k72
10,780 1,18 0,285 0.06825 0.00628
5,980 1.275 0.386 0.08940 0.00993
3,660 47 0.498 0.11380 001120
1,650 775 0.792 0.19700 0.02150
760 2.01 1.040 0,31900 0.04170
(n) Traction nultifliecd with concentrotion CF
Spacings ol ﬂ}g
onbanknonts  Gm=0,00 dmuon? an=0,29 G0=0,92 gg
P=0.08 on.ass .h—gz’ 5 CP Pl
15,530 0. 08050 0.08920 0.02475 0.00057 0.19502 1950
10,780 0.09200  0.00950 £.03070 0.00075 0.22295 2230
5,980 0.10200 0,13500  0.04020 0.00119 0,27839 2784
3,660 0. 11750 0. 17450  0.05120 0.00171 0,3%¥491 3450
1,615 0. 14200 0.27700 0.08850 0.0029% 0.51084% 5104
760 0. 16100 0.36400  0.14350 0.00500 0.67350 6735
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Proportion ani mean mige -

134

Size % finoc £ of dm(mm) ¢ to vhich  Range
gizo 4 corrose
ponds
0.055 mm~0el mm 8 8 0.08 4 < 0.1
0v2mm 435 35 0,155 22 0.1 %0
0.4 88 45 0.25 63 0.2 to
0.4
upto 2.5 100 12 0,52 94 > 0.4
1) Settling (fall) velocity = w
dm (mm) v in cau/sec. ¥ in £t/sec.
0,08 0.52 1.70 x 102
0.155 1.50 4.90 x 10°°
0.25 3,00 9.85 x 1072
0.52 8.00 26.2 x 1072
0.244 3,00 9.85 x 1072
1) Shear velocity U, =/ g R sf
| - an in (%) s
dpacing of 'K’ in /3% U U.UB 0155 V. Uen?d
smbenkment %, Al v VI VO WO
10,980 5.5 0.01371 0.1825 10.75 3.72 1.855 0.697
5,980 T.5 0.01371 0.213 12.55 4.35 2.165 0.813
3,660 9.5 0.01371 0.240 14.10 4.90 2.44 0.917
T60 175 0.01371 04326 19.20 6465 3431  1.245




Computation for dm/D ( in 10° 6 )

22%3‘1‘?“%"35 D in(re) 0.08 %155 0.25 0.52
15,530 4.5 5843 113.0 182.5 379.0
10,780 5.5 4.7 92.5 149.0  310.0
5,980 7.5 3540 '67.8  109.5  227.5
3,660 9.5 27,6 53,5 . 86.3 17945
1,615 135 19.4 3747 60,75 12645
760 17.5 15,0 2941 46.8  9T.5

| | | /6 , 7'
Laurgen function f (Ua/") = T / ( a/D) ( > -1 )

c

Spacing of . 5
embankment 0.08 155

U,/w f(Up/w) U/w Q/) Uo/w f(Uc/w)ﬁ w f(U/w)

15,550  9.72 950 3.37 80  1.675 25  0.63 12
10,780 10.75 1150 3.72 100  1.855 30  0.697 13
5,980  12.55 1500 4,35 150  2.165 35  0.813 14
3,660 14.10 1800 4.90 180 2.44 40 0.917 15
1,615 16.80 2800 5.82 28C 2.99 60 1.09 16
760 19.20 4000 6.65 380  3.31 75  1.245 18

Criticel tractive streos (7; = %%Tg;g;_(gm)

dn 0.08 0.155 = 0.25 0.52

Te : 0-118::10.2 0-228:10'2 0-369:10"2 0.767x10°2
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Boundary shear % s V2/30 ( da/D)V 3 A( fg; :ngfg&a?mpbe
emaons ¥ (f¥ae)  (aw) |
154530 1.12 163.5x10"° | o,ooé285
10,780 1.28 133.5x10'6. 0.00279
5,980 1,57 98.0 x 1078 0.00378
3,660 1.845 44 x10°° 0.004825
1,650 2.32 54.5 1070 0.0068

760 C2.67 42,0 x10°° 0.00827

r .

Ratio of Boundary shear to critical tractive stress —-

/e
Spacing of | am |
embankmento 008 5 15§ 0.25 053
15,530 1.935 1.0 0.618  0.298
10,780 2.37 1,225 0.757 0.364
54980 3.2 1.66 1.025 0.493
3,660 4.08 2.115 1,305 0,63
14650 5.76 2.98 1.845 0.888
760 7.02 3.63 2.24 1.08
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/!
Yean concentration € = (dm/D)7/6 ( 7—’% -l )t (V/w)
Spacing of dm
ombankments C.08 0. 155 0.25 0.52
15.,530 0.0102 - - -
10,780 0.0142 0.000438 - -
5,980 0.0208 0.001355 - 0.000021 -
3,660 0.0266 0.002285 0.00022 -
1,650 0.042 0.00382 0.000608 -
760 0.0564 0.0059 0.,000818 ©  0.000309
Fraction multiplied with concentration C P
Spacing of TP £C P PPu
embankuen Y ey 58 an=0, 155 dm=0.25  dw=0:52

P=0008 P==0.35 . P=0.45 =0. 12

10,780 0.001135 0.0001545 - - 0.001289  12.89
5,980 0.001665 0.000475  0.000009 - 0.002149 21449
3,660 0.002095 0.000787 0.000010 - 0.002892 28.92
1,85 0.003%60 0.001340  0.000274 - 0.004973 49.78
760 0.004520 0.,001785 0.000368 0.000004 0.006677 66477
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PPM for river

Spacing of PPM for flood PPM for whole
embankment - portion way gection
15,530 1950 8.15 19584 15
10,780 2230 12.89 2242.89
5,980 2784 21.49 2805.49
3,660 3450 28,92 3478492
1:615 5104 45.74 515374

760 6735 66.77 6801.77
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6.6. Effceto of embankmentis on varioue typeo of rivers ¢

Rivoro can be claoeified ao aggrading, degrading and

poiscd rivers.

6-61- Aggrading Hiverﬁ H

Usually aggrading rivers ta-te braded shape,
braiding being the result of river's incapacity to transport
heavy pediment vhich it brings from above. At the tims of
high floods, the river opills over the banks gnd the silt io
dopopited fromsllt leden waterp and the level of the banks is
raioed. Such raiping more near the rivor and less away from it.
Due to comstruction of cmbenkmento on oggreding river tho oilt
lcden waters are restricted up to tho line of ombankmento.
Therofore, unless the silt goto pushcd dowm into the rivers,
it hes to deposit in the areo within tho cmbankmenis. This nay
loed %o emphacize on sggredoation. Ao such the conotrustion
of embankments on a braided rivor tho processc of the forcation

of o more defined channel, takop a fairly long time.

6.62. Degrading rivero ¢

Degreding rivers peldom require the construction
of cuwbankments for preventing of flooding of areasy, ac thoy
flov in deep chonnelo and 4o not spill normally. Along the
dogroeding rivoro, come of tho reaches, having low ground levolo
do got floodcd in a very high floodo. If cubankments are
conntructed for cuch reachis, they will not have the adverno
offcet on the rivor chennel, thich will continuc to show the

degreding tendoney. In caurse of time as degradation continues,
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lover flood heighto will obtain anmd incrcased free board

would be available at the cmbankments. “here long reaches
of a dogreding river arc cmbenked, increased flood levels
reculting from confining flood waters within the embankmen to
ma st obtain, although the river bed itself would not risc.

6.63. Poiped rivere 3

One poised reachos of rivers, which are able to
trensport, by emd large, vhatover pediment comes in from
ebove, construction of embenks2nts do <3 not have any edvorso
qffeet on river bed in such reachepc. Uithim the ombankmento
the confincd flood flow tendo to decpen end widon tho river,
to enable 1t to carry vhat proviously flowed over bigger roech.
"hen embankuents are constructed ovor long rcaches on thoso
rivers, initially the flood levelo would riocc, but in a courso
of time would tend to foll to pro-cubonked flood lovels.

6.64. The effect of confifning the flood water of the river
between onbankmento iot (1)

1) %o increacc the rato ot vhieh thoe flood wave

travele dovn the strean.

2) to incroase the wator purfaco ol cration of the

river at flood.

3) to increaso the raximum dischagge at all the points
downotroeam.
4) %o increace tho volocity end the ocouring action

through th> ombanked gmcotiono, and
5) to reduce the ourfecc clope of the stream abovo the

eobanked portiono.
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Thon flood rise oceur in the river, wator levol
rineo to the high flood level. Obviously, the water is now
occupying a much larger arca of the river crooss-socction. lo
£411 up the valloy croos-scetion from low woter lerel to the
high flood levoel a certain volume of water is required and thie
velume 4o hold bsck in the valley from the flood waters coming
from ebove, the balance only passing downstream. This volumo
of water which is held up by tho valley ise callcd ' valley
storage '. It follows thet o o flood mgrecaod dovnstrcam
during the rining otage it has t0 leave apart of 1%o weter
behind, in oxder to augment the river crose~scetion. Corrco-
pondingly tho poak ratc of dischamge ac the flood progroosen
downstrean ic rciduccd.

The firot thyoo pointo arc now oeclf ovident. 4o
the marginel cmbonkments aro conciructed, thoy reotricet the
volley storage to a groater or emallor oxtont in geco Eanco
with their cpocing from the wain river. Tho rcduetion in
valley otorage would lecxd %o quicker passege of tho flood
croot, higher poak diccharge ratooc ond higher flood oteges.

At tho low velocit i3p prevailing, the bed mater ial
of the river itsclf remsin inert and takes no part in thoe
flow. Ac the surfeco run off of a flood rice starto coming
in, 1t brings with 1t a lond of scdiment resulting fron the
orogion of the drainoge basin. Upto a cextain stege of tho
flood, tho river ic unable to trensport all the pediwment
coming in and thoro fiop depooition of oilt in th bed. Ao
the diocharge end velocitioo hoep riging thore vill be a

nomentary ctege of equilibrium above vhich the scour of tho
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crooo-oection start ao the tractivo fomwo excoeds that necded
to caryy forwad the pedimont load. As tho flood rocedes the
tractive forec will fall bolow the value t© comvey the silt
cargo aftar vhich again thero will be deposition of wilt in
tho bed. Thuo the total offect of the passage of the flood

on the river crossesoction will be tho net result of sil ting
in the rising and falling otages vhen tho carrying capacity is
bolow: the lond end poouring atv and necar the high ctege when it
ig wore than tho les. In case of low floods, in vhich lower
otogos predominate, the silting cffect may be morc impo rtent
vhomas the highor floodo may havo thc opposito tomiency. The
ovor all tendency of any reach of the rivoer in ito natural
cond itiona will, thoreforc, be govorncd by the intonsity,
duration and frequency of thc floodn booiddio the grade ard
concontration of cediment chaxge brought im ond the other

relovant factorm.

Spacing of tho marginel cobankments is oleo important.
If thc cmbankments arc plecod for gart, tho rostriction of tho
vallay storage amd the rise in the high flood levels is gmall,
tho increase in tho rol stivo velocitics ip also relativoly
coall but on ths other hand o part of the flood plain in still
avolleble for deposition of silt. The reverse ic the case for

clooccly spaced embankmcnto.

It i thun poon that no genersl otatement applicablo
to the all cacco is poooible with regard to the effoct of
narginal eobankmento on bed levels. It will depond on tho
foctors affeeting the natural tendencios of the rivor mentioned

obovo plus the opecing of tho cmbanknentn relative to the mpin
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channel ond apart froo each other.
The fifth point alco fallown beeauso a rioy of
flood levels wvithin ths ombanked reach would leod to formation
of beck water and flattoring of siope bohird thé recch.

From the above paragraph " The effecte of confining
the flood waters of a river betseen embankment ", it is ocen
that the influence of longitudinal embankments is, thuo, sot
out to bo one of intensification of the tondency to scour; but
the net cffect on the bed horeo again hey to bo eveluated on
the banis how far this tendonoy is affoet by the opposito tone
denoy of oilting during tho periodo of velocitico lower thon
the eritical.

Tho overoll effoot of embankmento on ariver bed
can, in gencal, be pald to be t0 minimisc the tendency of
oilt, vhieh, in ite turn, is doperient upon o nuober of
foctors such aoc tho nature ond quentity of bed silt, the velo-
citien attained ete. In cape tho natural terdoncy to gilt io
rather strong, the coffect of cmbankmenic may not be able to
gtop altogpther the rining of bed that in going on.

Thuo, in o ociontifio apscogment of tho offoct
of tho onbonknento on the river bod, factors such as dio-
tance betwoon cobankmento on either side of the naturaol bankn,
tho oritlical velocity, the nature of the bed oilt, tho intonoity,
tho duration of floodop, oll bocoms important fectors which have
to bo tcken into conpigderation. Vithout conpidering all these
factoro, it is not cxlﬂsable to attcapt to draw a conclusion,
in general, cithe that the cmbankmants tend to ceouring of the

bed or that they lod to o rioing of a bed or even that they havo
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olxmply no influence. It io, therefore, highly dosirable to
inptituto dctalled stud leo on rivers of difforont characteristice
with a view to collect the above information t0 perve ag o

basis for a scientific investigation of the problem.

The folloving io a brief account of the obeorvetions
made on some of vhe rivero in tho past by ongineers in connec-

tion with tho same problem. (v¢)

1) River Uissiceipi in the United States 3

Crosec-sections of the rivor in certain reachos
taken by the Uississipi Commipsion, in 1881, in 1894 cnd
ogain in lgtor yearsc.On tho comparigson of theso erosg-coetiono,
Ockerson in 1914 found that thore was o m rkod tendcney towaxdo

a greatey crosg-pection involving decponing of the bod.

11) The Yellow Rivor in China :

Accoxd ing to study of 8.C. Chang, tho bed of thio
river hao boon ostinatod to be rising ot the rate of 1 to
1.3 metrens a contury ao eomparcd with tho surround ing

country.

141) Induo rivor (Paokintaon )

The Induo in Pakiptan hes been completoly embanked
£rom northern bordor of Sind to the sea, oxcept wherc the ground
ic high. The conotruction of cabenkments on the Indus‘ hes
accolorated the oggreding tondoney of the rivor al though 4%
ouct bo recognised that nomo nggredation vould have resul ted

oven without ceubankmentoe.



iv) lchencdd 1

Profeogor lghelanobis from a study of the variations
of levelo from 1868 to 1928 at Faraj, concluded the t the avereage
varigtion in level is 0,304 mm (0.001 £4) o year.

6.55. Conclusion

From the above excmploo it can be scen thet in come

cases there was scouring of the bed vhile in none there wao

a rice in bed level ac a reooult of onmbankuents.

All thigs goes only to give support to thet no pingle

generalization on thic question could be¢ universally truo.

6.7« Limitationo:

Embanknents ore justificd and chould be uced in any
vallgy vhore the interost on their first cost anmd the coot of
aonnuel maintenence io loos than the net cnnual incresso on the

returng from the land thich 1o protected by thom.

Embenkments are generally cheaspest, .th o quickent
end the most immed istely effoctive mo=thod of flood control,
thero are certain inherent difficulties that £ollow their
conotruction. Inspite of the greatest care during exocution,
carthen embankmento aro fragile, liabl o t0 be breached by over
toppinz, river croscion, in fil tretivn, lecake and cracks due to
shrinkego of coil. Thopo, thorcfore, nocd constant and coms tinco
exponsive maintcnance orrongocento during tho flood season.
The breachs terd to becox2 the cubjeet of painfull enquiries,.

the outcoms of vhich, in wost cases, is no dipeovory, but o
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roitcration of one or rore of the caunes lioted above.

Protection from embenkments io rigidly limited
in the conne that in caso a particuler flood exceeds tho
dooigned flood. n dangerous situation can result. This limitation
places a heevy burden on the engineer t0 explain clearly the
dogree of protection afforded by the cmbankmenrts. In agricul sural
troctso, embankments are likely to cute-off fertilising silt aml
inopite of sluices thet wey boprovided, silt does not travel
for encugh o the fieldo. There 1 likely to be an increase
in flood helghts upstrenm, grester peak flowp dowmtrcam ana

drainage congection on the country sido of cubankmentoe.
Although those disedvantsges same times ercato

difference in the public mird, these aro inheront to embank-
mente to which occasionnlly there is no pltorna ive, like in
the case of 4pcam, Horth Biher, llorth Bengol ond deltaic area

of Central and Decoon rivoro.

6.8, Example 3

During the last 18 yoers more than 7,883 lm

(4,072 miles) of cmbankments have besn constructed to benafit
an arca of 60 lekh ha ( 148 lalh acres). The experiente of
func tioning of these cmbenkments, vhich had boen constructed,
baoed on tho meagre dota, were found to be inadoguate to
vithotand, the higher floods vhioh coerurred cubsoquently.
They are being raiced md otrongthened toking into gocount
tho further dota. By and lergo the embankmonto have given
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corsiderable benofit. This can be illustrated from the Kool
enbankment schome. The Kosi, whieh originates in the Himalgyas,
wao called the ? River of Sorrow " on account of the flood
havoe it used to caune frequently. In addition, it hgl a tendency
to ghift its course. During the period of 130 years, the river
hed shifted weet=ward by about 112 knm ( 70 miles ) rendering
a vapt tract of fortile lands unfit for cultivation by the doe
position of course silt. Tho Kool ombankments, which here boen
comstructed to confine the rivor, after their completion in
1957, have protcetod 2 lakh ho ( 5 lakh oereo ) from the conual
innundetion and have elso arrestod the tondoncy of tho river
to more west-wori. The annlyoic of tho data, after the construc-
tion of embanlmenta has not shown any approeiadble rise in the
bed level. Tho ambanlments are, of course, froquently cubjoet
1;0 attack of the main current at diffeyrecnt points but theco
have been effcctively chocked by takting up river training vorko

a8 neoesoary.
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Chapter « 7

CHANNEL IMPROVELERTS AND RIVER TRAINIEG UORKS

741y River training for preventing bank erosion :

Erogion or scour of the banke occurs due to the insta-
bility of the river or disturbances in its regime ¢ omditions.
These are attributed to the varigtiong in discharge, amount of
sediment, slope of the river ami composition of bed end bank
material -Gonditions in a river aie constantly changing, and thoerce
fore, equilibrium conditions are seldom attained. Dopending upon
the river' characteristics, bank fallure takes place, to a lesser
or a greater degree, on slmost all rivers at one place or the
other. But the situatior attractes attention only vhen considerable
erosion or loss of land occure, especially when this endangers
important areas, lines of communications and affects 1arge

popul gtion.

7.2. Causos of bank erosion ¢

River bank erosion is coused cither on ascount of the
benk material not being sufficiently .strong or when the river
currcnis arc too fast. Strength of some type of soils is very
woak ond with coturation they are lmown to cause sloughing of
river bank. Bank erogion on the Barak and some other rivers

in Assam is of this type. Banks of some of the rivers arc

~compoged of relatively stiffer materipl when dry. The otrata,

if it is porous, permits eassy porcol ¢tion of the drainage water
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from the adjoining lands. On the contrery, if the material

is comevhat impremeabl oy tho draingge water, could make the
river banks composed of such soilo, unstable on aecoimt of

back pressure. A typlcal example of vhich is the. Pohru, a

4ributery of the Jhelum in Kasbmir.

The river bank erosion ale0 depends 'on the éeverity
of the river atteck. At the foot hills in sub-mountain regions,
rivers have braided pottern, i.e. having several inter-twining
channols. Bank cropion in such channsle is caused on accoaunt of
oblique attack during floods. Bank erosion on the Kaol river -
in North Bihar and in Brahmaputra river in Agsam are of thia‘
typo., In the plains, the rivers normally forms a meandoring
cournc. Thego m2enders are generally not stationary but have a
tondency to move progresgively in the downward direction; In such
neandoring rivers, erosion occurs on the outside of the beds
on account of secondaly helicoidel flow which removes the
waterial from the eroding bank on the shoal on the opposite side.
The bank erosion on Ganga river in Mansli bend ie an example

of this type of erosion.

Bank erosion could also be cauned on account of

natural and artificial changes taking plece in the river regime
when structural like dams, barreges ete. are constructed
which arrest sediment movement on the river bed and consequently

tho river reaches downstream get affected.

7.3« Indirect protection work 3

Funetiont

Indirect protection works are constructed in front
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of tho bank with the object of reducing the eropivei: force

of the current elthear by deflecting it away from the bank or by
inducing eilt deposition in front of it. These works include

spurs at adequate smeling.

7.31. Types of Spurs 3

The type of the work can be further divided according
to the dursbility of the works. |

i) Temporary and semi-permanent measures 3

Temporary worke check erosion at the time of em ergency
while pemi-permenent works will last gnd will be effective for
ehmparatively ghort time, hege inec lude the conptruction of

bamboo spurs and tree spurs.
1i) Permenent works s

These includc conotruction of permsable spurs made
with wooden piles, semi-permeable bouldoer spurs which are esnené—
tially permeable spurs, but strengthened by dumping botlders
| on both upstream and downstream and impermeeble spurs which
consist of rockfill or egrth c¢ore armoured with resistant

material like stones, fascine mattress or sausages filled with

Factors which influempe the choice and design of

sBpurs are 3

i) Fall and veloc ity of river
11) Cheracter of bed material carried, such as shingle

boulders, souhd orailt.



ii1) Uidth of water way at high water, mean water

anrd low water,

iv) Depth of watereway, height of flood rise and nature of
flood hyd rograik; and

v) Available materials end funds

in
Spurs for confip/ g river to a defined chennecl,

especially during high water end low water are usually made

imperms abl e. Permeable apure' are suitable for pil t~laden rivers.

Depending upon the purpose spur can be used oingly

or in geries.

Spurs may be aligned either perpendicul ar to tho
bank line or at an angle pointing upstream or d ownstream.
A opur pointing upstream has the property of repolling the
river flow awsy from it and hence it is temed as repelling
spur ( Fig.7.1). A spur pointing d ovnstream attracts the river
flow towars it and is called attracting spur. Then a epur
aligned perpeund icul ar to flow, changes only the 4 irection of
flow without repelling it, it is known as a deflecting spur.

7+311°. Repelling spurs arc usually successful in schieving
desired results if they are properly located with due regerd
to their pocition in rel gsion to the meender length. It is
desirable to toot them in hyd raulic models before ad opting
thom in practicec. The angle of deflection upstream varies

fronm 60° to 80° with the bank. Generally, the hedd of repelling
spur ceauses disturbance in the flow at its nose and heavy
scour accurs downstroem due to eddy formation. These spurs

should, thereofow, have a strong head to resist the direct
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attack of a swirling current. The pcour diminishes from the

head towards the bank and protection of the slope anl apron can
be reduced accordingly.

In the case of a répel].ing gspur, a still water pocket
is formed upstiream of it, and suspended loal brought down by the
river gets deposited in this pocket. The action of a series of
repelling spurs is shown in figure 7.2,

Flow spremis to the side below the hose of the spur,
and efter flowing through the pocket formed by two successive
ocpurs, it impinges on the lower spur and is turned towarde the
ghore. This back roller action ie responsible for sedimentation

in the pooket.

7.312. Attracting spur, in this case the angle is usually 60°,
within a range of 30° to 60° An atiracting spur bears the full
fury of the frontal attack of the river on 1ts upstream face
ard hag therafore, t be adoquatoly armoured; and equally,heavy

protection is not neccespary on the downstresm slope.

7.313. Specing

Regarding the spmecing between ad jacent gpure, the
general practice ie to meke it in a certaih propo rtion of their
1 engthe, varying it with the width of the river. Spurs am
usually spaced further apart ( with respect to their lengthpo )
in a wide river than in a narrow mie i1f the digcharges of the
two, are more or less same. Larger specing can be planned fa
convex benks, end smaller for concave banks, with smcing at
erossings in between the two. A spacing of 2 0 2.5 tims the
length of ppurs is the general practice.
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Te 3140 Length ]

The length of tho sopurs dependo upon the di stanco
bctwoen the original river bank line and the descigned norml
lino of the trained channel. Two long a spur is not desirable
on rivers with easily eroiible maeterial ( as compared with the
ostrength ‘of the flood current ). In this cace the best way
io to otart with a chorter length and to extend the spurs after
gpacc betweon thom hap been silted up. Shortor and temporary
opurp conptructed in botwoon the long ones moy bo nccesoary to

induce oilt doposition.

7315 Section 13

Vith thoir lengtho and cpceing fixed, other dimensions
of opurp will deperd on the type of comstruction, material ard
tho oxtont of protcetion roquircd. Any materiel thet vould rogiot
both the water and the cuxront night bo, end has beon, used for
conotruction of opurs. Thero are two meln typos of gpurs, the
polid type ard the pormoable typo, and thege are two heighto
of protection, thoe high water and low vater. Dimensions of
opurc should be dosigned according to (a) tho material usedj
for inotence, an earth spur can not bo over topped and munt be
cafoly above the highest possiblo water level; (b) the side
clopoo depend on the angle of repopo that the material may acoumo
wvhen dumped or pleged in the riveori for inotance, roclk could have
otoopor eide slopes than earth. Alpo whoro the attacking foreo
ioc grontect, the soction should be strongest, for instance tho
hend of spur.
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7052- Apron 3

The faco of the inmpermeablc spur io protected at
the river bed level by stonme pitching, so that during floods,
the slope is not damaged. Scour, however, would cccur at the
oo with consequent undormining end collapse of the stone
pitching. To obviate such damuge to the plopes, a stone cover,
known a8 apron, is laid beyord the toe on the horizmontal
river bed, g0 that the scour undcrminec the apron first, starte
ing at its fartheot ond and vorks backward \tomrde tho oslopo.
The apron then lsunchos to cover the face of the scour with
stone, forming a continuous cerpet bolow the p@rmanon'; plopan of
the spurs. Adequate quentity of stone for tho epron hao to bo
provided to enmure complete protection of tho whole of tho
scoured face. This quantity will obviouocly dopend on thc apron
thickness, depth of the gecour amd the glope of tho lounched

apron.

T7.321. Deaign

Gemerally the mothod cdopted for finding out the

length of the apron io by determining the ecour depth. Tho
fornul a accopted and in uso oo far ie that of Laeccy'o
scour formula, which io

R = 0.472 ( o/£)V/3
Vhere

Dopth of scaur io teken ac R is normal pcour depth
D=xR below HFL in £t.

There x = 1 at tho shemk Q = dischergo in cuseco.
and = 1.6 at nose
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£ = Laccy's silt factor depends
on sides emd nature of boed

end equal to 1.76 / dm
. where 4m is th3 measn sige of
bed material in mm.

7.322. Section

“hickness of launching npron as suggested by Spring
15 1.25 timss the thickness of stons pitching, and for rivers
liable to sudden dcep scour, it may bo increased to 1.5 times
pey t's Slope of the launching apron ouggestod by Spring arxd
Galos 18 2 ¢t 1.

Length of the amon whon lgunched will be = /5D
volume of stone per foot width = /5 xD x ¢ vhere t ie

the thicknese of apron after launching.

Length of apron = /5 x D x %
t'

7+323. Illustrative example 3

Flood pro tection works for village Khajnewar on

Chhacha Reo, hilly torrent, district Saheranpur, U.P.
Village is situgted on the left bank of stream Chhach a Ra0,
which is on the upstream side of the newly constructed

bridge on Kalsai-Fatehpur roed. There is a very high land

on the upstream side of the Rac on which the village is
oituated. Stream Rao is eroding its left bank end causing
denger to the safety of the village. There is an urgent
demand from the villagers to provide some pro tective measures

for their viuage.
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Data 3
Q = 15,000 cusceco

Depth of river during high floods =T !

Lacey's silt factor P =1 ( for courge sandy soil )

R = 0.472 Q/f)””
= 0.472 ( 15000/1)"/3

= 00472 X 2409 = 1108 ft.

Taking dcepest scour depth at noese = 1.5 R mﬂ at' wo
shart = 1 R ”

R at nose =1.5 x 11.8 = 17.7 £t. Say 18' below HFL
R at u/o chank = 1 x 11.8 = 11.8 £t. cay 12' "

Depth of peour ot hose D = 18=7 = 11 ft. balow bed
Depth of scour at u/o shank D = 12-7 = § £t. below bod

1) Thickness of the Launching Apron 3

,Taking the thickness of the launching apron as
2.5 ft. at 2 ¢+ 1 plope.
Quantity of apron material required per ft.
Length at nose = /5 xDx?T
| =2.23 x 11 x 2.5
= 61.5 cuft.

Quantity of apron material xequired per ft.

lenyth at upetream gshenk = /5 xD x T
= 2025 p ¢ 5 X 205

= 27.88, BSay 28 cuft.
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1i) vidth amd thickness of apron !

Taking thicknseo of apron 3' at nose
width of apron et nose = 61.5/3 = 20.5 ft.

Adopted 25 ft.
width of apron at w/e shank = 28/3

Kept the same.

T+4¢ Direct bank protection vorks

Bank protection is provided for any of the following

purposes 3

1. Plood embankments are given bank protection‘due to
erosion othewise huge losses will tako place in the

protected areas on sccidental breaching.

2, Upstreem and downstream banks of weir, barrege and
buidge are elsoprotected from erosion due to heavy
currents.

Do In navigable rivers and canalse, due % the movement
of vesaels; waves are formed which cause bank caving
and prot ection is provided for the sams.

4. Bank protection 1s given to pave the agricultursl
lands and valuabl e properties in the thickly popue
lated greas from river erosion.

5 Due to bank erosion, ithe comiition of the river
gets deterioated and hence bank protection forms the
part of river iraining works.



Te41. Causes of erosion 3

1e On the side slope of stream the resistance to motion
of the eoll particles is further reduced by the sliding
force of the particles dueo to fheir weight amd henco
on slope they get 'washad away 'easily by strong current.
é. At the time of floods, banks get partially or‘fully
saturated. Shearing resistance far oilt or silty send
may be asc low as 50 percent of its original value
bofore saturation. If the angle of sloping surfaco
is gteoper than the recducecd angle of shearing
rosistance, sloughing mgy reoult.

T7.42. Typen of Vorke ¢

Direct bank protection works include vegetal cover,

pavement, rovetment, grading of glope cote.
If the current is not ptrong, banks can be well

protected by a vegetal cover, either by turfing or by sodding
or by other natural growth. Low growth of shurbs and willows

is by for the most effective covoer but they require a long
period to grow. In such cases, a temporary cover with mattresses
of wovon willow brushee is often necepsary for the initial
period of one or two years. After the natural growth has taken
place, it just needs cutting every year to keep the brush-wocd
from growing into tall trees. Temporary covering by brush-wood
or lumber mattress, weighted down by stones, may be uged for

energency purposesg.

Vhen the current is very strong, protection has to
be provided by stone revetments or various types of mattircopgeo

puch as willow, lumbe, asphalt or articulated concrote.
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7.4%, Revetment

Banks are first cleered from trees, brugh wood, graes
etc. Cleared banks are then properly graded such that the slope
is flatter or at least equal %0 the angle of repose of the

801l under water. Drainage behind the pavement may be necessary
to prevent the seturation of the banks. Graded stones, i.e.

filter should be provided on the back side of the revetment to
prevent soil particles being sucked out due to high velocity
flo*.

7.44+ Thickness of rhp-rap 1

Thickness of riperap is governed by the velocity
of ihe- current near the bank., Table given below is recommended
by Spring]ror determining the thickness of stone pitching
for guide banks, the seme can also be used for finding the
thickness for reveiment. Where stones are dumped under water

the thickness shoul dbe increased by 50 per cent.

River bed materisl Thickness in inches for river sLopes in

as classified by inches per mile
Spring

3 9 12 18 24
1 2 3 4 5 6
Very course 16 19 22 25 28
Course 22 25 28 31 34
Medium 28 31 34 37 40
Fine 34 37 40 43 46

very fine . 40 43 46 49 52
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Pitching with boulders or concrete blocks gives the

bank g certain rigidity vhich induces scour at its toe. There-
forec, the pitched bank must be protected at its toe. For toe
protection different method are used in practice. The first is
a flexible stone apron, designed after taking into account the
expocted scour at the toe of revetment. The apron launches as
the scour developes. Generally the maximum anticipeted depth
of ecour is assumsd as 1.5 to 2 D.Method of denigning apron
iz discussed in previous paragraphs under ind irect protection

works.

75« Channel improvement :

Flood protection by way of channel improvement
can be done by increasing the xe=sectional area of channel
or velocity so the& more discharge will pass vin the first case
and in second case it will paos quickly. Hence both will serve
in reducing flood height and its duration.

7.51. Incroasing the channel x-gection area @

If a stream is narrow end shallow, its catchment
pmall, the depth of flooding small, and the period of overflow
ghort, 1t may be practicaeble to decepen end widen the channel
t0 o limited oxtent and to use the excavated materigl to raise
the hoight of the banks. But for the streams of large catchment
arca of soveral thougand ,square miles, it is not economical
to solve the flood problem in this way, since the volums
of flood water is o0 large that it is not feasible to pass
the flood water within its banks.



7.52 Increasc in velocity

Velocity of flow depends on three factors (i) the
roughness of channel, (ii) the hydraulic radius (iii) the

slope of channcl.

7.53. Roughness of chennel 1

Thie include the obstacles vhich retard the flow.
Any obstackle such as floating trees and bushes backs up
the water and reduces the olope and velocity. This heppens
in the case of emall streams but for large streams the gain
1o negligible. Lining the channel thereby improving roughneas
coecfficient and thus enabling river to paos greeter discharge
for the same water level. This is vory coptly end hes not

becn employed for flood control.

7.54. Hydraulie radius ¢

This cen be increased by increasing the bed width
of depth of the channel. It is seen that for same enlaxgoment
of x~pection arca, deepening of the channel hg3 more effect on
velocity then widening. Since thé outlet of a stream can not
be lowered in most instances, the deepening of the channel in
upstream portion would decrease the slope of the stream, as
puch there will bo moxe lossc in velocity due to flatter plopo
than gain in volocity due to 1nci~eaae in hydreulic rediuo.

If howover the circams can be shortended by construction of
cut=offs, the chennel can be deepencd as well as slope is

increasedat the same tims.
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Hydreulic redius can also be increased by raising
the banks i.e. by congtruction of embankments inoteed of

lowering the bed by drciging. Cheap2st mathod of comstruction
of embankuments is by dredging the material from the bed and in

this both the m3thods of increasing hydraulic radius are consie

dered as onc w3 thod.

T:55. Slope of Channcl 3

Volocity of watdy varies as square root of slope of
channel. Ifwe have to double the velocity in thet case we have
%0 increase the slopo by four timos. The total foll betwoen two
pointgof the stream ie constant and the only wey to increaso
the slope or fall per unit length of ptresm is by recducing
its length. The shortening is accomplished by the conctruetion
of cut=0ffs acroop the narrow necko of land mede by sharp loopo

in the channcl.

7.6, Cut=off

Thon the meander 0f the river reaches extrem?

condition and develops into Barrow necks, it 15 likely
that the river may cut across the neck at high flood amd

create a straight channel for itself.

7.61« Natural cut-offs 3

A river flowing along the curved paths, hes o
shallow side channels beside, which zre coused by the floods
or they are the remnants of an old course. During high stages
these side channels get doopdned amd growth of bars develops
at the curve portions which stress the tendency of water to

take to side channele. 7ith the result that main channel
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continues to silt because of extenled bars and cut-off ip

completely formed.

7.62. Artificial cut-offs

The cut-offa may be utilised to dﬁert the river
from a curved flow which may be endangering valueble land or
property or for eny other river training purpose. The arti-
ficial cut-off is likely to develop when the ratio of the length
of me. bend to that of the chord is between 1.7 to 3.U. For the
d(esign of an artificial cut-off, the alignment should be such
that at both ends,fhe cut is tangontial %o the main direction
of flow. Cut should be preferably aligned on a slight curve to
promote speedy development. Upstream end of the cut-off should
be made bell-mouthed. According to the require formula of
Laccy 332 deperd s wholly upon grede of transportod material.
( R ig hydraulic redius and S ie clope ). Agpuming thet the
existing oha#nel is reasonably stable at a dominant dischargo
and the cut will flow through the same grade of material, the
2 W1l be

atleast as high as of river section. Since the slope is inversly

cut should be excavated for a section for vwhich RS

proportional tothe length of channel as said in previous
paragraphs, a workabl e rel ation is obtained for the pilot cut

t0o be gelf-gcouring, provided that the expression R/.I:2 is

groater for the pilot cut than for the river section. ( L being
tho length of a reach ). This, however, ignores lossos by shocks
at curves, the reduction of the discharge down the river course by
the amount of flow in the cut, snd the fact that material in

the cut is usually more firmly compacted than in the river.
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In practice, thereroré, for R/L2 to be greater for cut than the

main course, pilot cuts are designed to a rather deeper section.

T.7. River Training for Navigation :

River training for maintaining a safe and good navigable
channel known as " low water training " or " training for depth *
is being done by concentrating the flow in the desired channel
and closing othe chennels. ' Bandelling ! has been ussd for this
purpo se extensivelly on thd Ganga and the ﬁrahmaputra. Bandals aro
designed to concentrate the low water flow in a single channel
for maintaining reqhirad navigation depths. Thepe works are taken
up after the flood season as soon ag the water levels begin to
lower. They check the flow and cause gand to be doposited paramllel
t0o and behind the bandale;, thug the channel confihed be twveen the
bandels is formsd with sand benks on cither pide, and the vhole
discharge of river is directed through this channel. Deeping of
the channel is achieved in two or thive weeks after the conotruc-
tion of the bandals. The depth thus achieved subsists until the
next flood period.

Bottom panelling which has been developed in Chatean
laboratories in France has been usedon an experimental basis for
low water treining in the Brahamputra. This consists of panel s
0of corrugated sheets or any other materisl resting on river
bed end held in position by verticel piles driven 3 to_ 4.6 m
( 10 to 15 f£t.) below bed level at 1 m ( 3 £t.) intervals. This
has the advantage dver the bazidalling in that it cen stand higher
floods aﬁd also last longer. Further, the building up of sand
banks can be continued by adding more pannels. This has been
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tried at Hathimura in 1964 aml Neamati in 1965.

7.8, Limitat ions :

A river can be mede to carry its discharge at lower
level & or within its high banks by improving its hydraulic
conditions, but such improvement are generally very costly amd
can be feapible only in short reaches in the vicinity of towns
wvhere other methods of protection can not be resorted to. Such
a local improvement may not élways be efféetive, mgy require
expensive maintencnce. Although channel improvements can help
in reducing flood stage at the point of improvemeni, but thg
increase flood heights at down stream points and are likely to

increase the damage there.

Te9e Examplen s

Examples of the important river %training works are
the Dibrugarh protection works in Aesam where a combination of
etono spurs, timber spurs, permeable spurs and revetment has
been adopted. These works were undertaken after the flocds of

1954 when the Dibrugarh town kms almost under a threai of extince

tion by nevers erosion of the river Brahmaputra. The works have
withstood the subsequent onslaughts of the river and have pro-
vided very good protection to the town. River training by
revetment and spurs has alsd been successfully adopted for the
protection of Gauhati end Goalpara towns in Assem. Another
notable work which hes been carried out recently is the construce
tion of stone spurs on the right bank of the Great Gandaek river
in Uttor Pradesh. This hes not helped ia checking the west-ward



movoment the river but also divertcd the mein stream awgy from

the bank the reby removing the threat to the safety of the Vestern
Gandak Canal. The experience ofthe river training vorks undertak
80 far indicates that the temporary measures can only give some

immediate protection from the active erosion and can not held on
for long. Stone spurs aml revetment, which are measures of permar

nature, have been generally found satisfactory and have given

good resul ts.

Voo mvsm e ~+=h ag concrete mattress and timber mattress

extensively used on Migsiseippi in the UeS.A. bave not been tried
ip Indie so far due to thelr high cost as well as the heavy

investment on plent and mechinery that is required for laying
them.

Bottom pavelling has also been tried as antieerosion

meaoure on Brehmaptura, vhen the bank is gubjected to severe
erosion but the efficacy of this method is yet to be established.
However, it is considered that if the work is planned properly,
after study of the changes in the rlveb courge for a number of

yearo and if done in addition ¢t o0 other training measures, it

can be effective.

Dredging has not been triel g0 far as an antie-erxrosion
meacure. However, it has been ¢ meidered that it may be adventage
ly done to provide a suitable leading channel to divert the main
stream away from the vulnerabl ¢ bank. Therefore, on an experiment
basis, two dredgers are boing procured to work at selected

places along the Brahmaputra where erosion is a sericus problem.
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Chapter = 8

SO0IL CONSERVATION

8s1+. Introduction

It has been observed ‘that the vegetal cover has effect |
on floods. Vegetal cover removes moisturm from the soil by transe
piration and that i1t also promotes loose organic soil, which is
favourable for the infiltration of rainfall. A heévy vegetal cover
means a high interception loss during storms. Therefore less
flood run=off is expected from well-vegetated area than from an
area of bare vegetation. Vegetal cover hes a decided inﬂuenee
on the reduction of flood of small magnitude; but the effect is

much less pronounced for large floods.

Plood problem arises not only due to oxceasive water
in the rivers but aleo due to excessive gediment lcads in then.
Some reduction in sediment inflow is possible by use of soil=

conservation methods within the drainage area.

Soil conservation is esgsentially a land developuent
measure, aé it increeses the agriculture ylelds and productive
potential of foreets and graes lands. Its effect on reducing the
pediment loed in rivers amd diminution of flood discharge are
additional to the improved capability of the soil.

8.2. The important factqre which effect the svil erosion are s

i) The intensity and awmount of rain fallj

i1) The topography of catchment
141) ‘he nature of the soil;} and



iv) The vegetative cover.

8s3. 4&ffects of Soil Erosion

then the rain falls with the intensities greater

than the rate at which it can enter the soil, or infiltrate,
the water flows down hill towards the streams as surface rune
- off along with sediment removed from the top layer of the soil,
In addition to loss of valuable soil from land fhe eroded sedie
ment carried into the river streams causes the following damages:
i) Section of the river gets reduced by deposition of
sediments and thereby increases the flood heights.
ii) It upsets the regime of the river, causing it to
change its course, erode its banks and silt its bed.

111) Reservoirs get silted up and thereby their life is
reduced.
iv) The height of the embankments 1in case of agyreding

rivers is raised anmd consequently they become more
vulnerable to breaches.

v) Navigeb ility of the rivers is reduced on account of
excessive sedimentes deposit.

vi) The course pediment gets deposited on the flood
plains, ruins the standing crops and even renders

unfit fertile lands for cultivation.

8.4. Soil conservation measures comprises ¢

8+4.1. (a) Maintaining a mantle of vegetation over the land
during periodls of heavy precipitation to reduce soil erosion.

It has been seen that the goil losses from exposed ground are
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50 to 10 times the lossesfronm welleprotected areas. Where

the land has been unjudiciously made bare, the same should be
covered by growing some vegetation on 1t, The reckless deforee
station should be checked by controlling suthority like Forest
Departzent. The rights of adjoining villagere regarding timber,
fueol, cultivation, grass-graging in the forests should be regue
lated by this anthority.

BJe24(b)  Additional measures to reduce the erosive forces,

apqcially the eroding action of water sach as terracing, contour
cultivation, Check dams,

1) Cultivation on very steep hilly slopes ashould be
prohidbited and a pemanent cover of vegetation (i.e. forest
or grags)should ve malntained on it. That 4s the land which

would inevitably get ercded, if laid bare, should never be
uncovered by destroying the vegetation om it,

11) Terracing t Terraces are made on steep slopes,
to bregch the velocity of vater and hence its erogive force.
The pesk rate of run-off is 50 to 60 per cent less on
terraced arsa than on unterraced lend. The tsrraces arve
important in reducing the ssount of scll reaching the stream
channels from the cultivated land,

ii11) contour cultivation 1 Thins kind of cultivation reduces
the total runeoff from 15 to 47 per cent and soil losses
from 30 to 50 percent fros the land so cultivated,
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iv) Chok =dams t These are constructed acroso streamo to
control ito gradient amd high velocities responsible for bed
and bank eropion. ‘hese are constructed with brush wood and

loose stone.

8.5, Effect of vegetal cover on run=off and sediment&flow :

To hagve some idea about the effect of 50il conservation
on reduction of run-off and‘ soll erosion, @ w2 reseerch was
carried out in Bombay State on specially constructed plots during
1934=35 to 1942-43. The results of experiments are ao follows $

S1.To. Different types of covers ® of runoff Solil loge
10 total rain (100 lb/acre)

1..  Plot with natural vegetaion - 477 11.7
2. Vegetation removed 19.75 396.3
3. Shallow cultivation 22.50 556.0

The results of these experiments show a decided
increase of rate of run-off and soll erosion on bare lands as
coPpared with those under complete vegetation. It is further
increasel if the land is cultivated and left fallow
8.6. Limitations 3

Soil conservation measures ere intended to reterd the
speed of run-off and to minimise eo0il losges end consequently the
sediment lamd in the river. Uhile this may woderate medium and low
floods, thelr effect on the high floods is not significant. But soil
congarvation measures play an important roie Of preventing

oxcessive loge of soil evon during high flocds. However, these
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have to be carried out over large areas, and require consi-
derable time to be effective. These measures, though useful,

are slow and costly to implement.



Upto-date Progrese of Flood Protection Works

The physical progrese regarding flood protection works
achieved upto March 1975 includes construction of 7883 km. of
flood embankments, 13395 km. of dralnage channels, 4686 villages
have been raised above high flood level and 221 town protection
schemes have been executed. These works have provided protection

to nearly 80.622 lakh ha.

CONCLUSION

Every wmethod of flood control has its advantages as
well as its limitations. In the adoption of flood contral
methods, emphapis has 100 ofiten l1eid on a comparison of the
engineering effectiveness of different measures. The genersl
practice adopted is to select, out of the technically feasible
methods, one that is the most economical or yields the highest
benefits cost ratio. In doing so it is generally found that
a combination of different wmethods rather than a single method

will be most economical.

It is beyond doudt that any improvement in the methods
of flood control ie of mejor significance tc the improvement
of living stendard in that area. Flood problems affect |
millions and they can only be solved by the co-operative
effort of millions.
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