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SYNOPSIS 

Floods are natural phenomena which are caused by 

the concentration of rainfall in the catchment of the river, 

and occur, when the resulting run—off in the form of. river 

flaw, exceeds that the river channel can carry within its banks. 

The safeguards against the floods are flood protection methods. 

The various methods generally employed are U) works to store 

or detain the excess water si h as storage reservoirs or detente 

Lion basins (ii) works to confine the flood flow by embankment 

(iii) works to Increase the cap ity of the existing channels 

such as by river training and out-o `e (v) soil conservation. 

The above flood protect ion methods are normally 

adopted • The limitations of each of the methods which have to 

be taken into account while planning flood protection in sped .«» 

tied areas are discussed in this dissertation. 

..•. 
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Chapter - 1 

RT t a D U0 T I 0 N 

Plowing waters of the streams and rivers are the 

source of vealth 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 sub-conti-

nent. The total annual water resources have been estimated as 

about 1.67 billion cu.. ( 1356 million acre ft ) (7 ). Pb. 
rivers carry most of their discharge during south-west monsoon 

when heavy and wide-spread rains occurp. It ie mainly during 

this period floods of varying intensity are experienced in one 
or the other part of the country bringing in their wake conai-

derable lose of life, property and disruption of communications. 

Excessive precipitation is beyond human control. Man 

can, therefore, only attempt to reduce the i i effects of 

excessive precipitation after it has occurred. 

Floods in India affect, on an average, 150 lakh acres 

annually. The area affected is mostly in the 4anga and Brahma-

putra vallies and the deltaic areas in Andhra Pradesh and 
Orissa, which are rich agricultural tracts in the country. 
The average annual loss of fbod production is estimated roughly 

as about 1 million tone. In addition the flood cause lose of 
human life and cattle and disruption of normal activities. The 

average annual flood damage is of the order of Re. 100 aroree. 

Protection of the cultivated areas from floods will 
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provide a sense of eecuri t r 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 to communications by floods 

cause considerable inconvenience. Measures for keeping the 

communications safe and uninterrupted have, therefo je, become 

an urgent necessity. 

A river in floods spills over its banks due to 

-inadeq ay of its normal section to carry the high floods 

discharges. Damage occurs in the areas Where such spilling 

takes place. The magnitude of damage depends upon the depth 

and d prat io n of the spill and nature of development of the 

area. Flood protection measures aim at reducing such damage. 

The degree of protection that can be given to an area depends 

upon its importance, the, extent of damage that is 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 
all times, but only implies protection against floods of 

specified magnitudes or mitigation of the flood losses. 

1.1. Flood Control prior to Planned Development : 

Even though the importance of flood protection 

in general h ed been realised long ago, control measures had 

been restricted to the construct ion of embankments to give 

protection to the commanded areas under the canal sy et ems 

in Northern India and the deitiac tracts of east flowing 

rivers in the State of Orissa, Andhra Pradesh and Tamil Nadu. 
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The total length  of embankment a thus constructed was about 

4,800 km. (3000 miles )• Flood damage, therefore, continued to 

occur in other areas, leading to an average annual lose of 

about Be.100 croree.• 

Measures for stabilising the river channel for 

prevention of bank erosion had also been taken. These it clude 

construction of spurs and groynes, pitching and revetment. 

Examples of such works are the bank protect ion wo rics at Baraae 

construo•tod hundreds of years ago, known as Banaras Gtia1e, and 

protection work undertaken in the first half of this century 

on both banks of the Krishna river downstream of Vi jayawade. 

Anicut ( now Barrage ) for the prevention of damage to flood 

embankments. 

1.2. Importance of Flood Control 

The continuous short fall in food production to meet 

the increasing demands has necessitated all measures which are 

required for reducing the damage cuused to crops by recurring 

floods. The dioastrous floods that occurred in the country 

in 1954 focussed the need for taking effective measures for 
mitigating the damage due to floods. On this ace o.tnt, flood 

control and training have received. considerable attention 

during the successive five years plane of the country. The 

objective of flood control In India$  as in other places, Is 

for mitigating the loss of life and damage to property by 

floods. 

Some of the Indian rivexs have special problems. 
the 

Rivers in North and part of Central India andLtail reaches 
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of some of the large Sohtb Indian rivers are mostly alluvial in 

nature and therefore unstable. The position ie aggravated in. 

some rivers like tea a Brabmputra sh ieh are in a seismic zone 

and bring down considerable amount of sediment. The rocks of 

the hills vier a this river originate, are a friable and auee ep-

title to erosion and thereby cause exceptionally high silt 

charges in the river. The c ontinuous and nonpredistahie shifting 

of the river couraac causes considerable amount of damage and 

distress. Huge quantities of sand are some times deposited 

on the fertile lands during floods. 4rooton of river eta r;in 

leads to the lee of land and threat to town and villages. 

In order to make the river take the desired course ani prevent 

such 	river training measures are necessary. 
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Chapter 2 

rLOOD STUDY 

selection of a dosign flood is an important aspect as thi,a 
affects both the safety and the cost of any structure, not only 

those primarily for flood control. Too small a design flood for 
a major works Involves a high risk, not only of total failure of 

structure and the soivices rendered. by It, but also to the safety 

of poroons end properties located downstream, 	oxceSrive design 

flood, on the other hand, will make tha structure costly and may 
affect its economic feasibility. 

Hence, probable rnocimum flood In taken as design flOOd when 

vittuaily no risk can be accepted. sign flood of lesser magni- 

tudo is edoptoci whin the release of water duo to structural foil
uro or over-topping will not endanger liEo or crass disastrous 

damcgo downstream and to taco probablo maximum flood for those 

ti orkn would be uneconomical 

more are two aspects in which flood flow can be studied, viz. 

its volume and Its intensity. Both these are included in the flood 
hydrogrcph. In the c o of structures like bridges. wcire and b 

rrcgrao, where no absorptive capacity i$ allowed fore the flood peak 

has to be passed down without any moderation, an*hereforu peak 

yr luo is determined in these cases. In the flood control and store 

coo projects whore full flood absorptive capacity in provided the 

aspect of volum of flood is of greater Importance. In projects  
whore floods ore not fully absorbed but are only modorate8, bath, the 
volume and the intensity of the flood flow have to be worked out, 
that is design hydrogrcyh. 
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~ h a way in which the flood study be mcda, dopendn upon the C 
able data cnd the ctcgo at which tho project pit ning otenda, Ac 
rdingly, it may be tentativo, prolininary or final. 

Tentative otudy to mode before the field investigation of the 
project commences and will be only approximate. It or-n be beaod 

on the formuicQ or ideas got from dosijn flood ficuros of other 
damn in the region. For preparing of preliminary project report, 

otudAy will be toletivoiy more detailed. This can be carried out 
by flood for n, enveloping curves nd frequency analysis. Dotsii, 

+c1 franc., studios t, will be carried out with 11 the information gall" 

able for the basin, the donign hydrograph no obtained is made use 
oV for rasorvoir flood routing studios, finaal spike capacity 

Docign Criteria to be adopted in the Design of Dcrn and 
&db Prints for Flood control 

In the dooign of d o for flood control it is ururaliy not 
foaetblo from the economic point of vim to provide oo lcte pro- . 
tection cgtainst cervoro flOOds occurrence. Tho normal practice is 
to provide detention otorcgo sufficient to coo ► the standard 

project flood, vita can be defined an the flood resulting f rom 
a moat severe storm or meteoroloical conditions consider .d reason-

ably characteristic of the region a mluding extremely rate oo ri* 

nationo. All the flood•producing storms in the region are tabu" 

3. atoll end tout 10 percent ,f the highest storm oil record are 

omitted. The next lower one is token as a storm f or the standard 
Project Flood. 

For the safety of the dens with the store ge of over 61.7 

miUio own. (50, top ccre'ft) the opill way capacity provided should 
bo sufficient to pow the maximum probib3.o flood which in the maxi► 



» rr flood for which th3ro is reaaon6b3.o chance of occurring ttt 
site. This In to be determined by the unit hydrogr h method for 

tho m ~cl.naun storm. T th latter is obtained from storm studios of 
ail the atoms that occurred in the region, maximised for all con- 
ditions including moisture content. 

In case of pl€ ,.ning# there may be seine projects where there 
In in hardly any discharge data avoilsble4 In such circumstances. 
for preliminary studies the peak flood may be ostimated by empiri-
cal formtl . The empirical formula commonly used in central and 
northorn India is the Dickens foal s#' in acuth India, Ryvoo for-
mula; and in Xdnhareshtro, Inglis formula. 

For permanent berrgoc, end minor dam with loss than 50.000 
sc»ft storage, the stands project flood or Cl l00-yob' flood. 9 
whichtrar is hijher, to to be gdopted. 

Flood + *bankmntc may be designed to peas a flood with a .return 
porlod of 100 years depending on their importance. 

t:itho 	ener i.lepplie or Flo 	t .on 

`i'he determination of the spillway design discharge is of irr 
portanco because it involves the ntructual safety of the dam it' 
self. A design flood is' the flood adaptedfor the design of a otruo-• 
turn after considerations of oconomio and hydrologic fectors. In 
general, there are three basic cppro achoa to solve the problem of 
estimation of design flood 

ti? The empirical approach 
(ii) The nydror tooroiogicol approih, utiicing the theory 

of Unit Hydogrzph; and  
(iii) The statistical €yproech involving the frequency analysis 
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of observcd flood. 

U) ,Cpirical ppro h: Dosed on experience and observations on 
somo catchmonta, engineers have atteriptod a correlation between 
the peck flood flow and the drainage urea. Many ornMl aD are ,vnil-
able btt the most commonly emWloye4 we those derived by Dickens, 
Ryvos and Ing4i. These fcrmil e3 help one to get an proxim te  

v €al ue of the flood peak and not the complete design flood hydro* 
graph, and their use is restricted to pzlixninary designs only. 

. Dickens c .ana l a 

	

~d = CM 3/r ' 	a a Peak flood in cumecs 

C = Cooficient 

M = C atebment area in act. km. 
Value of c+ eff ciont C varies from 	to 10 on large 

Indian rivers actual observed values are upto 22. This formula. 

is applicthio to northern and central India. 

i,i. t v 	c~►rmul a 

	

CM2'3 	 (Symbols seine as above) 

Value of coefficient C eccording to Ryves 6.8 within 80 
lore+ of coast: S.3 for Baas between 80 and 2400 km from coast; 

10.0 for limited areas near the hills. Actual observed values 
upto 37. This formula is pplic.le to southern India. 

iii. IraliG formul e nrrr ar~rrrw.rirr~rrwrr+ 

	

«.2L 	 (Syr ►ols acme as above) 

Applicable is iembey region (for fan sh of catchment a) 

(ii) Unit Hydrogr h method: This m8tho is based on the rational 



analysis ©f rr inf 1 end runoff data, it gives most reliable esti-

mates= of flood for design Purposes. Also, this method, prevides 

the complete hydrog rah and not merely the peek discharge as ob-
tsin+ed by empirical and statistical methods snd hence for design 

of ate rage reservoirs* this has adrantEgc over other m3thods 

3 olloiing steps are involved in application of the unit hydro-

graph method for calculation of design flood:  
i) Analysis of observed flood hydrographs and their sub' 

division into base flow and direct runoff hydrog rapha. 
ii) Analysis of rainfall data related to obso reflood hydro 

i 

gahs. 
iii) Derivation of storm reinfali-runoff rel ationchips from 

observed rainfall-runoff records. 
iv) Dcriv ction of unit hydrr rah and selection of unit hydro-

graph for design flood computations. 
v) Computation of c esign flood hydrog reph based on data 

derived from b vo studies and the design storm. 

This mothed is discussed in detail with illustratiVa ex ple. 

(iii) Prequeney analysis method: This statistical method is adopt-
ed in ccsos where sufficiently long observed peak discharge data, 

say 25 years, are avilEble. These methods are essentially based 
on the study of past flood data. Making use of behaviour pattern 
of past events and transposing what has already been ecperioncod, 
cxi attempt is made to predict the future pattern. Thm data are 
CoOu od to be a set of independent values., homogeneous and free 
Ero iy sang-torm cyclical and trend features. 

The method of analysis consists of , ©rking out a suitable law 
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of probability or frequencies in regard to the occurrences of diffe" 
rent flood intensities and extrapolating it to remote frequencies. 

Assumptions made by different authorities are not similar and 

the la ► suggested by Gambol from extreme value theory has been 
found to be most successful. The expression is written as 

A + B lcg10 log10 y 

where# 
f 

X, is the peak flood with return period T 
A and 8 arc constants to be determined from the data, 

rl ood t~.ma . rn b ttn .t H r rah ?thud 

The probable maximum flood is derived from the probable maxi-
mum storm by application of they theory of Unit Hydrograph. The 

probable maximum storm is an estimate o,. the physical upper limit 
to the storm rainfall over a basin. It is generally determined 

by. storm transposition and maximisation techniques 

Depth-duration curves of the past severe atom. which have 

actually occurred over the catchnent area prepared and maximised 
for maximum moisture charge. The envelopment of the maximised 
depth, duration curves is taken as depth*duration curve for the 
probable maximum storm. 34aximum passible rainfall depths over 

the given drain ge area can also be found by Isohyta . m3thod. By 
this method, isohytas for the maximum storm that has occurred 
over the basin area are dry. Then by placing these isohytes 

of largest storm over the catchm.~nt area of the stroern under con-
nidera ion, the maximum rainfall Is calculated over the given 

area. 
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Minimum infiltration loss rate applicable to the basin is 

computed from tho rainfall and runoff records of the past. This 
is applied to the design, storm to get the rainfall excess quan- 

titles 

Rainfall exce4uentites (obtained after oUowing inf j1* 

tration losses) are then arranged In such a way as would be nece-

ssary to produce the worst effect, Then design flood is calcu-
lated by apply ng this sequence of excess rainfall depths to the 
Unit HyUtoçraph,  

fl illustrative £ ca rtple of Derivation of Maximum Probable 
Tlood b Unit dr r ►Nth d 

Data: Catchment area of one stream 	268 sq. milca 
of the whole river basin 	(695 sq. km) 

Two storms h&ra been selected, viz. September 1966 dates 6 

and 7, and september 1969 datoC 9 to 11. Those hydrographs are 
shown in Fig .2•1. A base flow from the observation of discharge 

is asumad as 500 cue ace. 

in hydrograph of September 1966 dates 6, 7, a recession so-

parntiou curve is drawn based on dischn,rgo observation and after 

knowing the general recession trend of the river basin. 
A runoff of 7.73 in. is calculated. 
This runoff has been obtained against an craz a rainfall of 
263 mm it 10.35 in fallen on 7th September. 
The porcentcge of discharge works out to 74. . 

The Unit Hydrograph ordinates have been worked out by dividing 
ordinates of the observed hydregraph less base flow to the run-

off by 7.73 In, 

Similar Unit Hydrogrnph ordinates etc worked out for the other 
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storm dated 9th to 11th September 1969 as shown in tables 1 znd 2 

and averse unit hydrogzaph is drawn for both unit hydregraphs as 
s ho n in Fig. 2, i , P. 13 • 

Table 2.1 - Area of tho Catchln9nt = 268 sq. mi. . 
Hydrograph of September 6 to jO, 1966 

Minoff Base Surface Pv. suC Period Discbar Date Hours in Flow flow face flow between in Cusec: 
cuMI CS CuSeCS CusecC cusocs two f1+c - 	hours 

"Is 

► 8 	2160 	2160 

20 79613 1400 78213 39106 12 469272. 

7 B 21176 1150 20026  49120 12 589440 

20 8 500 750 7750 13888 12 166656 

B 6 3500 500 3000 $375 12 64500 

20 1900 500 1400 2200 12 26400 

9 8 1100 500 600 1000 12 1200 

20-  20 750 250 250 426 12 5100 

10 8 500 500 0 125 12 1500 

Total 1334868 

133 Sib , 2600 x 1 	T 	. 7 ;k has . Rcrnoli in inha + 	30x 5280268 

.`. Unit H rdrograph ordinates 

Hours 	 Ordinates 	in 
cusecs 

	

0 	 0 

	

12 	 10090 

	

24 	 2585 

	

36 	 1000 

	

48 	 388 

	

60 	 lei 

	

72 	 72 

	

84 	 32 

	

96 	 0 
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TABLE- 2«2 

Ca$chment Area = 268 sq «miles 
Bydrograph for 9 to 11 Sept. 1969 

DatufHour lRunoff Sass Flow ISurface l Av.su I Period 	IDischarge 
runoff face 

off 
run4 betwei 

two flows 
hours 

jn cusec 
IHours 
I 

9 8 AM 11700 11700 0 

20 6580 3880 61600 30800 12 3,69,600 

10 8 AM 341+00 2260 2.8 if0 +870 12 559380440 

20 9700 1425 8275 18207 12 2,18,484 

4 8 AM 3527 95 2573 524 1.2 65,088 

20 1920 85,E 1067 1820 12 21,840 

12 8 AM 1026 853 173 620 12  

20 853 853 0 86 12 1,032 

12,,27,924 

• 12*21w92# x 3600x  x 12 
inoft 	= 7.06" 

268x50x530 

Flours 	0ryato in 
CuseCs 

0 0 
12 8800 
24 4020 
36 1185 

48 368 

60 152 

72 25 

84 0 
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Maximum storm observed so far pertains to August 6, 7. 8, 
1968 not on this stream catcbnent but some distance Oway in tha 

basin area1 isohytal maps for 1 day, 2 days and 3 days maximum 
rainfall are prepared of this area by making use of available rain-
fain stations in the basin. 

By transposition of this storm (isobyta). pattern) to a cri-

tical position over agiven drainage area without major changes 
in pattern of chronology df rainfall increments, we get the maxi-
mum rainfall by isohytal method for 1 day, 2 days and 3 days as 
shown below. 
Fig. 2.2 a howe the transposition of severe storm of i day, 2 days 
and 3 days maximum rainfall isohyta3.s on the given drainage area. 

Storm distribution at evry 6 houtra unit riq . 
Period 	 1 day 	2 days 	3 days 

inches 	inches 	inches 
iv. rainfall calculated by 
isohytal method 	 17.25 	30 	32.2 
Add 

 
20% moisture maxims- 

satin 	 3.45 	6 	6.44 

20.70 	36 	38.64
--IFp yYf.MN/ 

storm distribution as per nearbyvatorr  
(i) Max. 3-day rainfall depth 	 38.64 in. 

(ii) Max. 2 day rainfall depth 	 ta 36.00 in. 

(iii) Max, 1 day rainfcU depth 	 = 36 X 0.83 = 29.9 in 
(iv) Max. 12-hour rainfall depth. 	10 36x0.604 = 21.7 in. 
(v) Max. &'tour rainfall depth 	 1p 36x0.39 = 14.0 in. 

From the graph plotted for above depth versus duration IN(depth dur" 

ation curve) , rainfall at every 6 hours are v<orked out. 
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Table .3 Rainfall, Excess 
...r.Y~wrr■.ua~iYi. r n.wir■u.r.a 

(For this study runoff coefficient is taken as 0.8) 
Hour$ Rainfall 	(ins.) Rainfall excess incremental in. 

at 80% crease 

6 14.00 11.20 11.20 

12 21.70 1735 6.15 

1s 26.50 21.10 3.75 

24 29.90 23.90 2.80 

30 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 0.50 

66 38.00 30.30 0.40 

72 38.64 30 90 0.60 

Derivation of naximum peak 
Y rn.■'Yr YYYrY PI.■rri..r.rYY~MM4F 

The critical order of rainfall incremental excesses have been 
fixed as below in order to obtain rna4nwn peak: 

Table 2.4 

HArs. 	Incremental rain-* 	Hours 	Incremental rain- 
fall excess 	 fall excess 

0 0,0 42 1.50 
6 0.4 48 ► 1.80 

12 0.5 54 2.80 
1s 0.6 60 6.15 
24 0.6 66 11.20 
30 0.7 72 3.75 
36 0.9 
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flood hydrcgzaph is obtained by applying incremdnta1 

excess to the unit hydrograph ordinates as shown in table 2. c 

Max. peak fløod works out to be us  v 91, , 7 cusecs 



Urs. 
11.20 	3075 

Bags Zxiaia probabis 
Flow 0 flood in cusscs ,.....,. -.~  

0 0 
6 4750 

12 9500 
18 8 

3100 
30 1800 

1100 
h2 750 
48 1.00 
54 250 
60 150 
66 12D 
72 80 
78 40 
81. 0 

0 500 500 
1900 500 +00 
6175 500 6675 

10900 500 111.00  
13990 500 M90 
16335 500 16835 
19165 500 19661 

5 500 2581.5 
of 500 35305 

1.8460 500 48960 
0 7881.7 500 ? 

3200 0 *9+52 500 *5952 
300 17800 190657 500 190.157 

2568 35600 156131 500 156631 
72D 31500 8V90 500 83290 
160 11625 1+2m 500 1.29+6 

232D 6750 25668 500 261+8 
8400 4125 16235 500 16735 

h 4480 13 9623 $00 10123 
X300 1500 5762 500 6262 

935 k i6 8o 3 52 500 4152 
563 2511 500 3011 

896 1.50 1592 $00 2092 
"I78 3 	► 71.8 500 108 

0 150 150 500 650 
0 0 500 $00 



•xc•$i•a in inches iA the critical de5igne , ssquOnce I 

TALEI 

WLXIIJ IK  iw~iwwWri+i. 

0 0 0 
6 i750 1900 0 

12 9500 00 2375 0 
18 8)00 30 750 2350 0 

3100 1e0 1 200 5700 2850 0 
30 1800 72D 1550 5 500 3325 0 
36 1100 I! I 	goo 1860 5Oi0 6650 '4275 
42 750 300  

5550 1080 1860 5 8O 5554 
40 160 375 660 1060 2170 7560 
250 100 200 450 660 iBo 2790 

60 150 60 125 0 450 720 1620 
66 120 45 75 150 0 525 990 

72 80 32 60 90 150 250 625 
78 1+i 16 10 72 90 125 360 
g,. 0 0 T2 105 225 

0 4► 8' 135 
0 56 108 

0 72  
0 36 

0 



Chapter - 3 

FLOOD PROTECTION METHODS 

A river in floods spills over its banks due to 

inadequacy of its normal section to carry the high flood 

discharges. Damage occurs in the areas where such spilling  
takes place. The magnitude of the damage depends upon the 

depth and the duration of the spill and the nature of the 

development of the area. Flood protection measures aim at 

reducing such damage. The degree of protection that can be 

given to an area depends upon its importance, the extent of 

damage that is caused annually and the coat of the protection 

measures. It will, therefore, be obvious that " flood control ', 

as the term generally employed, do es not guarantee immunity 

from flood at all places and at all times, but only implies 

protection against floods of specified magnitudes or mitiga-

tion of the flood losses. 

The flood protection methods c as be classified 

under tv* categories, viz., administrative and engineering. 

i) Administrative Methods i 

Flood warning system and Flood plane zoning. These 

aim at reducing the flood damage by the timely evacuation of 

the population and movable property liable to damage and 

restricting the use of lard and building activity in the 

areas subject to floods. 
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Cinder the flood warning system, the likely damage 

centres are alerted well in advance of the actual arrival of 
flood a, to enable the people to move to safe r pl a ea or to 

raised platforms specifically constructed for the purpose. 

Flood forecasting is a useful tool in the Korking of an 
efficient flood warning system. 

The aim of flood plain zoning is to demarcate the 

areas that are liable to be -affected by floods of different 

magnitudes and frequencies . This facilitates the organisation 
of developmental activities in the different zones in such 
a manner that the inconvenience and damage due to floods are 
minimised. 

ii) Engineering me' hods s 

These can be divided into do categories. The first 

category of works,+ aim at reducing the magnitude of the flood 

flows at the damaged centre, thereby reducing the spill aura 

consequent damage. Reservoirs, detention basins, dive ions 

and soil conservation measures, cane under this type of 
works. Reservoirs aim at reducing the peak discharges of 

flood a up to a $ peoified megni tude in such a manner that the 
discharges fm the storage reservoir, together with the 
intermediate contributions, do not exceed the bankfull 

capacity at the pl sees where the protection i a desired. Deten. 
tion basins moderate the floods d va~rnetream by storing part 
of the flood waters during high peaks. Diversions at flood 

ways take away the part of the flood flows to another basin 
or to a depression There it could be stored for use . 
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Chapter 4 

1NI8TRRT YY13 TflOI8 

4..i.  Flood Forecasting  .2 

Flood forecasting is used for &.orting the likely 

damage centre in advance of actual arrival of floods to 
enable the people to move to eater places, for taklrS 

advance activities in the petrolling of flood control 
works and in the operation of flood control reservo ire 

for optimum benefits. 

4.2. Necessity of Flood Forecasting and Flood tarniag: 

There is aiwoya possibility of a flood higher than 

the design flood coming do1n in the future-Therefore, while 

flood protection measurco like embankments, reservoir etc., 

have their own place, it is necessary to take stops to 

reduce damaged to life and movable property from any unox- 

peoted 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 inco mint 

flood, enabling thereby a certain amount of time for living 

beings and movable property to be taken out to safer places. 

'kith this eyotom the petrolling of flood protection orks 
can be intensified during high stages of rivers thereby 

saving  these from breaches, failure etc. '7Lth reliable 

fozooastiog it I s poasibl e to safeguard the dam against 

an unexpected flood of higher return period than for which 



the spillray might have been designed. Some times 

reservoirs can be held at higher lc el for power or other 

purposes, pending a higher flood and lowered in time to 

receive the incoming floods. Simt1 Erly, encroachment into 

the power storage can be - made to increase the flood control 

cape ity when the town areas have been flooded due to heavy 

local rains. Flood forecasting thus increase the overall 

potentialities of a multi-purpose project. The basis of 

forecasting is the hydrological and hydrorlotgi ological data 

in and around the catchment covering rainfall its dictri-

bution and river stages from network of reporting stations. 

4e3. Illustrative Bxample : 

4.3.1. Plood forecaettnZ on the river Yamuna for Delhi $ 

On the right bank of river amuna is situated 

an important town Delhi having population of 35 lakhs. 

Another big town named Shahadara with a population of 5 lakhe 

is on its left bank.. These are protected from tho floods 

of the Yamuna by embankments and in some portions by the 

National Highway acting as flood bank. Also 45 villages  

situated along the beaks of river which are threatened 

by floods every year. Whenever the level of the Ymuna 

at Delhi Railway Bridge exceeds RI 672.00 ft. above sea 

level there is spill ing in the unembanked reaches0 upstream 

of the bridge. The villages situated on the river margin 

get marooned, nooeositeting measures for evacuatiz the 

affected people to safer places. Also, during floods, 
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proper regulation of the t az irabad and the Yamuna Barrages 

is required in the interest of their safety and Of the 
embankments. The sluices on the drains out falling into 

the Yamuna have to be properly operated to prevent back-

flow from the Yamuna into the city areas. The patrolling 

and maintenance operat ions along the embankments have to 

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 l amuna River I 

The Yamuna rises from the Jamonotric springs 

and after flowing ins a south-westerly direction for about 

160 km (100 miles), it Is joined by the Tone and then by 

Girt. -'he river debauches into the plains near Tajerialla, 

where a weir has been in existence for the past 100 years. 

Downstream of T'aj owala, no major stream joins the Yamuna 

and the river slowly wind a its way for 240 km ( 150 miles ) 

in alluvial plains before flowing through Delhi. The catch-above 
ment area of the riv erL Ta j Bala covering about 11060 eq . kma . 

4320 sq. miles ) is fan-shaped and is billy, Below Tajewala 

and upto Delhi, there is a ctachment of 8,244 eq.kme. 

( 3220 sq. miles) which is ribbon shaped and, cone is to o f 

sandy plains. The river experiences floods of high intensity 

and of short duration at Tajevaia. Upto KaJ.naur 39 kma. 

( 24 miles ) downstream, there is no appreciable change in 
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Flood intensities, but lower down, river spread out conoi- 

derably, cauein, large reduction in flood peaks. It has 

been observed that a peak discharge of about 12750 nl/sec • 

(4.5 lakb cuseco) at Tajewala gets moderated to about 

71!0© m3/000 . ( 2.5 lakh cus ece) at Delhi after travel 

of about 240  km. ( 154 miles ). 

Flood forecasting unit was set up in the Central. 

Water and. Power Commission in 1958. This Unit made studies 

of all the available data of gauges and discharges at 

Tajewala and Okhla at Delhi. Since 1890, and the gauges 

at Kolanaur Railway Bridge since  1947. The coaxial corre-

lation be Boon Kalanaur about 192 km. (120  miles) upstream 

of Delhi have been developed using the daily gauges and 

daily rainfall data. 

¶Yith these diagrams, forecasto core issued about 

36 hours in, ndvanco . The gauge and rainfall data suboc-

quently collected have been used continuously for developing 

improved correlation. Similar correlation diagrams be 

also been developed for Delhi and Liawi - 106 kme. ( 66 miles) 

upstream of Delhi and between Delhi and Kutana about 64 kms. 

(40 miles) upstream of Delhi. ( Fig. 4). 

The hydrological and metrological data received 

in control room are processed and analysed. The first fo xe-

cast is made from the correlation diagrams for Kalanaur 

and Delhi, keeping the following in view i- 



1. 	The current Delhi gcugo thich may influonco tho 

gauges two days  later. 

2 	The rise and fall of Kalanaur gauge in the pre`viouo 
48 hours. 

3. The antecedent preci pit at ion index in the oatchment 

between Kalanaur and awl. 

4. The rainfall in the catchment between Kalanaur and 

t1awi 

The fo recast on this basis is generally made at about 

3.00 p.m. rhich will be valid approximately 36 to 48 houro 

later. Correction, if any, in the first forecast is made 

about 12 hours later based on the gauge data received by 

wireless from ;'avi. The final correction is made after another 

12 hours when the flood wave has travel upto Kutna. 

4.3.3. Development of Correlation Charts : 

Two stations 'A' and 'B' the distance between them 

along the river ac 125 miles are taken into consideration. 

Time lag has been observed as 48 hours. 'A being in the 

upstream side of river. The bydrographa for these two station 
are plotted from the previous available data. The o inate 
at Nth  hour of flood hydrograph at 'A' to taken corresponding 

to the ordinate at ( N plus 48th) hour in the flood hydro-

graph at station 'B' and the series of corresponding points 

arc propared. The points selected are only from the rising 

limb sine a the recession curve is not of any importance. 



In preparing the chart for the reach 'A' to 'B' 

the current discharge at 'B' i.e. discharge at 'B' at any 

Nth hour is plotted on x- axis and discharge at 'B' at 
(N plus 48th) hour is plotted on Y-sale. Every plotted point 

ie given a value of the cOrreSPOfldir4g  Nth hour discharge at 

'A'.  After plotting all such points, lines of equal values 

of 'A' discharge are drawn as contourlines ( Fig.4.1) . 

This graph c an be used to obtain the flood discharge 

at 48 hour later at 'B' from given discharge at 'A'. 

In the above chart contribution from the intervening 

catchment Is not taken into account. This can be taken into 

account by taking two more parameters (i) Rainfall over the 

intervening catchment and (20 the moisture content of the 

catchment. ( Anticedent precipitation Index). Co-axial corre-

lations between Kalanaur and Delhi gauges are shown in 

F.ig.4.2 

4.3.4. One Example of forecast iseuod for the flood is given 
below; 

Kalanaur gauge 120 miles ups trean of Delhi is reported 

to be high, 1i1b Delhi gauge is low, with wide spread 

moderate to heavy rainfall in the catchment. Forecast has been 

issued on 7th August i966, for the following day, 8th August 

on the basis of data available on 7th August. 

1. Delhi gauge on Nth  day 	 a 670.1 ft. 
2. Kalanaur gauge on Nth  day 	 = 876.0 ft. 

3. #Aug. Kalanaur gauge on Nth  day 	 a 873.5 ft. 

Aug. KsIanaur gauge is the averege gauge at Kalanaur for 
the 1; ast 48 hours. 





4. Antecedent precipitation index on 
Nth day ( Kalanaur to L1arrj ) 

5. Rainfall on Nth day (Kalanaur to Maui) 

6. Forecaoe from the diagram ( Pig.4.2 ) 

7. Actual gauge abserved on 8.8.66 

8. , Difference between the forecast and 
actual gauge 

a 5.08 in. 

2.15 in. 

0 673s1 ft. 
673.25ft. 

0.15 ft. 

Forecasts formulated and Issued about 48 hours in 

advance on the b ae is of Kalanaur gauges are subjected to 

mod ifications on account of changes in weather conditions in 

the lower oatcbment. The revised forecasts are then 1s uod on 

the basis of conditions at Liam and Kutana (Fig.4.3 ) about 

34 hours and 12 hours reopect ivoly in advance. 

4.4. Limitations : 

Plood f or ec as t in,g plays an important role in giving 

timely warning fb r evacuation of population and movable 

grope x t of er pl $ce before the arrival of the floods 

but it will require efficient telecommunication and wireless 

systems. Its effect iv  effectiveness depends upon the time that will 

be available after the receipt of the warning for evacuation 

measures in the damaged centre. Adequate data are, however, 

required for developing a reliable method of flood fora- 

casting to make it suceeceful. 

4.5. Flood Plain Zoning s 

A flood plain is a portion of river valley viich 

gets covered with water when the river over flowwo its burde 







a 5.08 in. 4• 	Antecedent precipitation index on 
Nth day ( Kalenaur to Mavi ) 

5. Rainfall on Nth day (Kalanaur to t awi) 

6. Porecace from the diagram ( Pig.4.2 ) 

7. Actual gauge observed on 8.8.66 

g. 	Difference between the forecast and 
actual gauge 

2.15 in. 

1* 673.1 ft. 
gz 673.25ft. 
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Forecasts formulated and issued about 48 hours in 

advance on the basis of Kalanaur gauges are subjected to 

modifications on account of changes in weather conditions in 

the lower catchment. The revised forecasts are then issued on 

the baste of conditions at i awi and Kutana (Fig.4.3 ) about 

34 hours and 12 hours respectively in advance. 

4.4. Limitations : 

Flood forecasting plays an important role in giving 

timely warning for evacuation of population and movable 

prope x y to safer pl cøe before th a arrival of th e floods 

but it will require efficient tel ecommunication and wireless 
systems. Its effectiveness depends upon the time that will 

be available after the receipt of the warning for evacuation 

measures in the damaged centre. Adequate data are, however, 

required for developing a reliable method of flood foro-

casting to make it successful. 

4.5. Flood Plain Zoning s 

A flood plain is a portion of river valley which 

gets covered with water when the river over flows its bunch 



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 time during floods. 

It is only for a abort period during monsoon that the river 

over flows its banks and oecupie3 the flood plain. 

Prom the agricultural point of view, the flood plain, 

on account of silt deposition, io the moot fertile part of 

the river valley. The proximity  on 	to the navi gat tonal facilities 

is another important factor in case of many big rivers for 

the popularity in the use of flood plains. Also, rivers are 

a valuable source of industrial and domestic %atoro. Thus, 

for various reasons, the flood plains are generally the most 

highly developed areas in river bao in o both from the agricul-

tural and industrial view points. 

Flood plain zoning moans sensible adjustment of land 

use that Is our efforts to adjust land use to the river 

instead of follov ing the very costly proc ess of adjusting 

the river to our use. 

4.6. Demarcation of aflood plain i 

Zoning of flood plain will have to be decided on the 

basic of a detailed study of the engineering .r forLnation 

mentioned below s 

(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, medium and high 

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

for all places, depanding upon past records o damage 
by floods, these may be divided an low, medium and high 

flood categories at ary particular place. 

(c) A map of flood plain, indicating the magnitude of floods 

of various frequencies like 5- year, 10-year and 15-year. 

(d) A drawing of flood frequency curve, indicating the 

frequency of past floods of different magnitudes and the 

probable frequency of future floods. 

(e) A hydrograph of scx major floods in the past, from 

vhich can be obtained such engineering information, 

as the rate of rico, the period of flood crept, and the 

duration of flood f'l orr . 

(f) Data on monetary extent and type of flood damage 

previously expo rienced, and if possible, a graphical 

correlat ion of the flood damage on the one hand and 

the river gauge or discharge on the other. 

4.7.  Rootrictione in Plood Zones  : 

(1)Plood detention reservoirs stand empty for a considerable 

period, and it is often desirable to utilise the lands, 

within the reservoir areas. Such areas can be utilised 

for the purpose of cultivation, but human habitation 

should not be permitted on sites located lower than 

5 ft. ( . say), below the spillway crest. 

(ii) In unprotected areas or aemi-protoetod areas, public 

structures, institutions, Government structures, 

or pe tinanent residential habitat ions should not be 
permitted. 



(iii) Conservation of areas subject to floods to uses 

for which the potential lose would be substantially 

lower in value. This would involve acquisition of 

lands in question with a view to convert them into 

parks, seasonal agricultural and grazing plots etc. 

The owners of 1 ands vulncrabl e t o floods can not be 

said 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 of nation at laze. 

4.8. Conclusion : 

Thus, flood plain zoning is very desirable and should 

in fact, form a part of any integrated flood programme. 

Action for flood plain zoning should be taken in hand oimul-

taneously with measures for flood protection. 

4.9. Limitations s 

Occupancy of the flood plain for agricultural, indus-

trial and urban development, has always been attractive due 

to various advantages much as fertile nature of the soil, 

water supply and river transport facilities. Consequently, 

inopite of the threat of occasional flooding, considerable 
encroachment has taken place in the flood plains in several 

areas. Chile it is possible to demarcate the flood o n ea in 

ouch areas and to legally restrict the development, it may 

not be easy to enforce it in the already developed areas, 
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both on account of the likely public agitation and the 

magnitude of the rehabilitation programme that it will 

inYQiue. Flood zoning can, therefore, be adopted for reatrio 

tixag the future development areas, either suitable engineer- 
ing measures have to be adopted or the damage reduced by 

taking timely action for evacuation of people and movable 

property before the arrival of floods, 
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Chapter - 5 

RFSaVOIRS O D 'TRNTICN BASINS AND DIVERt 3IONS 

5.01 Concept s 

The function of flood control reservoir is to store 

a portion of flood so that the peak rate of discharge is reduced 

towards down stream by absorbing a part of the flood volume when 

the flood is rising and releasing the same volume gradually when 

the flood to rocoding. The provision of artificial sto rage on 

a river by construction of a reservoir on it is thus the direct 
method of roducins flood otageo and flood damage downstream. 

With reference to Fig. (5.1) the firm line represents the natural 

hydrograph of a flood at the dam a its and dotted line the bydro-
graph as moderated by the reservoir. It follows that the reservoir 

should be able to hold in storage the volum of water represented 

by the hatched area between the to curves which represents the 

excess of inflow over outflow during the rising stage, which 

would then be gradually roleased during the falling stage. 

5.02 Design Criteria  I 

In the design of dame for flood control it le 

usually not feasible from the economic point of vier to provide 

compl etc protect ion against severe ffl ood s occurrences . 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 most severe storm or metrological 

conditions considered reasonably cheracterietie of the region. 
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All the flood producing storms are tabulated and about 10 percent 

of tho highest storms of record are omitted. The next lover one 

is taken as the storm for the standard project flood. Methods of 

calculation for flood peak and volume have been discussed in the 

previous chapters. 

5.03  Location of reservoirs  I 

The most effective flood control Is obtained from an 

adequate reservoir 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, mere the length of the dam required 

is excessive. It also entails submergence of vast areas of 

valuable land. A location farther upstream in a hilly region 

will generally reduce the both the length 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, 

b cc cue a of influence of channel storage and the lack of control 

over the local inflow between the reservoir and the protected 

area. If the local, area is sufficiently large, it may produce 

a flood of its own, on which the reservoir hes little control. 

Economic factors generally favour the upstream locations despite 

its looser effectiveness. 

The effectiveness of the reservoir in reducing peak 

flow, increases, as its storage capacity increases. The maximu' 

capacity required is the difference in volume between the safe 
release from reservoir and the maximum inflow. However the 

economic factare control the cite of the reservoir. Thus the 

size of the reservoir hrg to be determined by weighing the 
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cost involved in reducing the peak flove on one hand and the 

benefits estimated on the other hand. 

5.04 Estimation of reservoir  storage capacity  $ 

Per given a runoff data of a river ( not less than 
25 years ) it is poe Bible to determine the storage requirement 

for a given demand rate for the whole year. The beet method 

is with the help of mass curve* that is ploting of accumulated 

adjusted inflora. 

Ad justed inflot3 axe czorkcd by adding rain fall in tbo 

reservoir area to the given inflow, at u/c of recorvoir site 

with given runi.off co-efficient and deducting evaporation loo sec 

in the reservoir area. 

Pigu re 5.2 shove the mace curve of caloul at ed ad juo ted 

flows. Now to the same scale, accumulated given demand figuroa 

for the year are plotted to got the dornd line for the annual 

yield. To find the reservoir capacity for this annual yield, 

a line parallel to the demand line is drawn tangential to the 

bulges ( create) on the mace curve. The largest o dinato 

between the demand line and the mass curve ( in flow line ) gives 

the volume which must be held in storage to tide over the dry 

period. 

5.041 Illustrative example for the same to given below : 

Given below are calculated the adjusted inflows for 

the river at reservoir site. %ha storage capacity would be 
roquired to get the constant annual yield of 300 heotaro m 
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water surface area of reservoir to be 160 hn.m. run of co-efficient 
to be 0.25 and Pan co-efficient of 0.7. 
Month *- I P 	MA M 	9 	3 	AS 	0 	ND 

Nomal pan 6.0 8.? 12.6 14.4 15.3 13.5 11.4 7.5 4.2 2.1 2.4 .3 
aporation 

mom. 

Refer Table 5.3. 

Mass cures Is drawn with cumulative in ..ows ( Col.5) versus 
time figure 2. A demand line parallelto the annual demand of 
300 ba.m. Is drawn tangential to the crests bf mass curve. Largest 
ordinate between these two lines writs out to be 820 Maim. 

Result i Max. capacity of storage a 020 hectare meter 

5.o 5 Reservoir $ invent ation 

' r the design of the reservoirs, provision is to 
be made for dead storage and live storage. Dead storage is consi- 
dared to provide space for the deposition of sediment for a 
number of years to come. 

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

i) 	By an assessment of the suspended and bed loads of 
the stream on icb the reservoir is to be constructed. 

l 	By analogy to the results of a capacity survey of 
existing reservoirs. 

First method requires sediment load determinations nations 
for fficient long period to ensure adoption or a rational 
load figure. The second method is based on the assumptions 



lfainfell in hoctoro motor 	rainfall morn. x reaoroir area _..r.  
iOO 	x co-off. 

(Ool.3) 13.44 	__.2 x 160 	x 0.75 
. 	 1 

Evaporation losses 	Normal pan x area x 0.7 = 6/1(3Gxf6C►xfl.7 in ba.m. 	 ovap•loaoea 
a 6.72 ha-inn 

(Col.4) Adjusted inflow = Gob. (2) + Col. (3) - vap. losses 
260.72 	254 + 13.44 - 6.72 

Tab1a 5.1• 

Lionth Inflow Rainfall in Adjusted in 	Cumulative 
ha• n. glow 

f 2 3 4 5 

Jan. 254 13.44 260.72 260.72 
Feb. 557 14.16 561.42 822.14 
iaroh 0 1.56 -12.55 809.59 
April 0 2.16 -13.97 795.62 
Llay 0 0.60 -16.54 779.p8 
Juno 0 0 -15.12 763.96 
July 0 0 --12.77 751.19 
Aug. 0 0 -8.40 742.79 
Sept. 0 0 -4.70 738.09 
Oct. 0 1.2 -1.15 737.54 
Nov. 0 2.4 -0.29 737 • 
Doe. 1 13.8 +11.10 74b.35 

Jan. 131 37.36 151.64 899.99 
Feb. 3 3.6 -3.14 896.85 
March 43 10.2 39.39 936.24 
April 1 0.6 -14.53 921.71 
May 1 5.76 --10.38 911.33 
June 0 0 -15.12 896.21 
July 0 0 -12.77 883.44 
August 0 0 -8.40 875.04 
Sept. 0 0 -4.70 870.34 
Oct. 0 5.76 +3.41 873.75 
NOV. 0 0 -2.69 871.06 
Dec. 0 20.64 +16.94 888.00 

Oontd• 



Table 5.1. Cont. 

2 	 3 	 4 	5 

Jan. 8 3.96 5.24 893.24 
Feb • 38 16.04 44.34 937.54  
Vlorah 2 0 -12.11 925.43 
April 1 2.04 -13.09 912.34 ica0  1 1.8 -14.34 898.00 
June 0 1.8 -13.32 884.68 
July 0 0 -12.77 6371.91 
Aug. 0 0 -8.40 863.51 
Sept. 0 3.0 -1.70 861.81 
Oct. 0 3•0 + 0.65 862.46 
';ov . a 15.36 +12.67 875.13 
Doe. 0 11.16 + 7.46 882.59 

Jen. 228 27.36 +248.64 1131.23 
Pob . 2 3.96 -3.78 11, 27.45 
Varch 204 17.64 +207.53 1334.98 
April 460 17.4 +461.27 1796.25 
LIcY 3 0 -14.14 1782.11 
June 1 0 -14.12 1767.99 
July 0 0 -12.77 1755 «22 
August 0 0 -8.40 1746.82 
Sept. 0 0.6 -4.10 1742.72 
Oct. 0 i8.4 +0.45 1742.77 
f'ov. 0 1.56 -1.13 17,41.64 
Dec. 1 10.04 + 6.34 1747.98 



that the to otreaao have similar sediment charact erietico 

with reenrd to the production, transportation end ultimate 

settlement of oodiment. 

The uurvey a of the existing reservoirs ind icate the 

specific weight of the settled sediments and the percentage of 

ontbring ocd invent tbich is deposited in the reservoir. $p ec ific 

weights ( dry ) of sediments samples from reservoirs range from 

about 40 to 110 ibe/tuft. with an average of about 60 lbe/cufto 
for fresh oodimonto and 80 ib/cuft. for old sediments • Trap 

efficiency of the reservoir to defined as the ratio of oodiment 

retained in the reservoir to the sediment brought by the stream. 

This depends on the ratio of reservoir capacity to annual Inflow. 

C:urveo correlating trap efficiency and capacity inflow ratio are 

shown in fidu re 5.3. drawn on the basis of data from survey s of 

oxietin reservoirs. It is seen from the figure that the small 

reservoirs on big rivers passes most of its inflow so quickly 

that the finer sediment a do not nettle but are discharged down 

stream and large reservoirs permit almost complete removal of 

ocdimento. Useful life of the reservoir to twminated when the 

capacity occupied by the sediment is sufficient to prevent the 

reservoir from serving its intended purpoes. 
5.3 

Pigure may be used for estimating the quantity 

of sediment being traped in new reservoir. If the average annual 

oodimant load of the stream is known, thevolume occupied by 

this sediment can be calculated by using value of specific weight 
for the depositedd. sediment. Usefull life may be calculated by 

finding the total time required to fill the critical storage 

volume. 
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5.06 Flood routing s 

The computation of reservoir storage volumes and 

out 3.ow rates corresponding to a particular hydrograph of inflovz 

is known as flood routing. Over any internal of time, the volume 

of inflow must equal the v al.ume of outflow plus the change in the 

storage during the period. For practical 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 below $ 

t) 	The inflow hydrograph 

2) 	The storage elevation curve for reservoir, 

) 	The outflow elevation curve, 

Required s- To. construct the out flow hydrograph and to obtain 

maximum water to be obtained in the reservoir. 

The first operation is to divide the inflow hydrograph 

into steps, so that steps may be taken as otraight lines. The 

time interval should be so choosen as not to miss the peaks. 

The various steps involved in the process are given below z 

i) Fix the storage level in the reservoir above which 

the empty flood reserve is provided; this level i s c all ed 

pre-flood pool level. 

ii) Clork out spillway and outlets discharge rating 

curves. 

iii) Obtain from the inflow by drograph, the volume of 

water ( to be expressed in cu.m.) entering the reservoir in a 
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short tip interval ( say 6 to 12 hours ) this volume will b e 

+ i2 	where i1, represents the initial inflow 
2--•-~ it 

and i2 after lapse of 't' hours. 

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

where m1 is the initial outflow and a2 after the lapse of time 

't' hours. For obtaining Q2 assume a email increase in reservoir 

level* 

v) Deduct the volume of outflow from the volume of inflow 

to got increment in storage capacity of reservoir. 

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

flood storage. 

vii) Find out storage level corresponding to storage as 

in step (vi). 

viii) Plot outflow hydrograph from the values of X32 obtained 
in (iv). 

ix) Rework out steps (iv) to (vii), till the reservoir 
level assumed in (iv) corresponds neerly to the reservoir level 

obtained in ( vii) . 

x) Continue step by step process till the outflow curve 

cr000eo the inflow curve; this point gives the peak out 'low 

rats. From this time onwards the rate of outflow begins to 

fall duo to decrease in inflow rata. 

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 flood prevention and other uses I 

The main obstacle to built a reservoir for flood 

prcv-ention alone is cost. Therofo re to lower the cost of flood 

prevention, it h e3 -a ways been suggested to use reee xvo irs for 

other purposes as well as for flood control. 

The skemand a of power and flood control are more or 

leas conflicting, but by mutual adjustment, a combined use of the 

same storage is sometimes feasible. This is not in the case of 

reservoirs having a combined function of flood control and irri. 

gat ion, since, for the latter, water supply must be dependable and, 

for the former, there must be a dependable reservoir capacity. 

Reservation of sep ate storage spaces for flood and irrigation 

within the 'same reservoir offere greater facilities as a certain 

over lapping of each space is practicable. 

Economics in river vall developments are frequently 

possible by formulation of a balanced and comprehensive plan 

involving a combination of purposes. Therefore multipurpose 

pro jects permit more complete use of the physical potentialities 

of ind ividual reservoir sites and fuller utilisation of available 

facilities than single purpose project. The basic factor in 

multipurpose operation is a ompromise• A working table must be 

devised thich permits reasonable efficient operation for each 

purpose although maximum efficiency is not necessarily attained 

for any pa single purpose. The success which can be achieved 

in a joint use of storage space in a multipurpose project 

depend a upon the extent to which the various pur posea are 

compatible. It is helpful, therefore, to review the requirements 
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of the various uses aml to consider the ways in rich these 
uses may be coordinated. 

5.071 Example : 

Fixation of eto rr o capacity of th a lirakud Reservoir : 

The Eirakud reservoir on the river Mahanadi has 
for its principle objectives flood control, irrigation and 
power generation 

Catchment area upto diameter 	 32,200 eq.mileo 

Annual silt deposit 	 12,000 ac.ft. per yew 

. ~. Dead etoraga eapecity ( for 100 year life) 42 1.20 m. ao.ft• 

Net withdrawal from storage for irrigation 0 1.00 a. ac.ft• 

Flood storage required ( worst flood) 	3.51 m. ac . f to 

Economic live storage for power 	 3.62 m. acs . tt . 

Reservoir losses 	 0.36 a.ac•ft. 

ITote ; Tinter drawn from stogie for the purposes of i urigat ion 
will not on the whole ba available for power generation 
as bulk of it is drawn direct from the reservoir. 

Capacity of the reservoir would have to be as follo rm $ 
Flood control 
and power 

Flood ro serve 3.51 

Power 	3.62 
Irrigat ion 
Reservoir losses 0.36 
Silt reserve 	1.20 

Total 	8.69  

Flood control 
and irrigation 

3.51 

e 

1.00 
0.36 
1.20 

6.07 

Irrigation and 
power 

3,.62: m.QCft . 

1.00 m. soft. 
0.36 m.acft. 
1.20 m.acft. 
6.18 m. acft. 
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Fortunately ho w av a r, after the fl ood o are over, 

there io enough raper to fill the reservoir. From records 

available for the period 1872 to 1946, it van apparent that 

the river gaugo at Ilcira j ( there flood protection are given ) 

never exceeded 89.0 after 24th September. Therefore the entire 
capacity reserved in the reservoir for flood absorption could 

be filled up after the 24th September. The river hydrographo 

further Indicated that the ro would be sufficient water in the 

riv er in late  Soptombe r and October to fill the reservoir oven 

in the worst year. Thus the live otvrage capacity of the 

reservoir including that reserve for flood control absorption 

vould bs available for use In irrigation and power son ern Lion. 

Thu c reaorvoir cap ci ty required for the three purposes of 

flood c aatrol, irrigation and power taken together would be 

6.18 m.ao.ft. ( with compromise of using flood space after 

24th September ). 

5.08 Reservoir Uperution Studies = 

There are two major considerations relative to 

the plannin(end design stage. One is the selection of storage 

reservation and the other is the determination of the beet 

plan for using the storage. These considerations arc inter" 

related in as much as the plan of regulation is partly 

dependent upon the amount of storage and the storage is 

selected to realise certain broad objectives by following 

a plan of regulation. 

Reservoir operation studies frequently bee aim 

complicated when serveral reservoirs arc operated in combination 

for multipurposee. A typical operation study of the Damodar 
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Valley system of Reservoirs for muitipurposea is discussed 

in the folio wing paragraphs . 

5.081 General s 

Damodar river rises in the plateau hills of Ohota 1agpur 

at an elevation of about 2000 ft. above 9.8.L. It flows in a 

generally south-easternly direction entering the detaic plains 

below Raniganj. Near Burdwan the river abzvtply changes its course 

to a southerly direction and joins the Hooghly about 30 miles 
below Calcutta. The river is fed by six streams of which the 

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

The area drained by the river at its mouth is about 

8500 sq.miies of which 6960 sq. miles ie the catchment of upper 

Damodar just below its confluence with Baraker. 

The river used to flood the s joinning areas in the 

lover valley located in the state of West Bengal.Due to disastrous 

floods of 1943, the measures for the control, of floods in the 

valley received top priority and an expert•1 r. t,'.L. Vooxduin 

of TVA was invited to prep er© a project, primarily for the 

control of floods, and secondarily for development of water 

recourcea for various other uses, e.g. power, irrigation, 

navigation and water supply for industrial and muob ipal uses. 

Voorduin'o plan of development of tkn water resources 

of the valley was toeonstruct seven tor ego dame, across Damodar 

and its tributaries and one diversion dam at Bermo, and a 

barrage at Durgapur ri th avcompaiy i.ng net-work of canals. 
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Thin dovolopmont uao to t3 carried out in two stages, the first 

stage to cover the construction of four dams at Pilaiya,' Konar, 

iaithon and Pane het and a barreS a and irrigation system at Durgapur, 

Fig • .34 1 and the second stage to complete the remaining 

four dams. The first stage was completed in 1958 and the second 

stage was not taken up as the Government of Meet Bengal felt that 

these dams were not necessary. 

Rain fall ; 

The mean annual rainfall is 50 thnebeo out of this 

82 occurs during four monsoon months June to September. 

Stream flow I 

Maximum annual flow recorded i s of the order of 12. m. 

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

1966-67 as low as 1.6 m. ac . f t. 

Max. flood 1913 - 6,50,000 cusses - volume 3.238 m.acft. 

"äo.x. flood 1959 - 8,10, 000 cusses - volume 1.15 m.acfft. 

Hank full c.ap ecity at Durgapu r - 2,50,000 cusece 

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

Flood control was maintained as primary ob jectivo of 

the scheme, providing a to tal flood control capacity of 1.51 m.acft. 

of the 2.48 m. acft. of live storage in these dams. V,'i th. this 

flood rooerve it is edpected that all known floods with peak 
flow of 6,50,000 ,Cicece could be moderated to 2,50,000 cusses, 

provided conditions in the lower valley were ignored. Ho Qr 

till now, the l and in the fore shore of the IIaithon and Panehe t 

reservoirs has 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 m•acft. only 1.047 m.acft. is available. In vio of 

this moderation of 1 million cuocoe flood off the known flood 

with the peak flow of 6,50,000 cusses to the bankfull capacity 

of 2,50,000 cuceen is not possible at present. 

However the moderation of flood flows at Durgapur 

to 1,40 • ,000 cuseos if not less is expected with only 4 dams 

and with the limited flood reserve available without complete 

land aequiui Lion up to the design levels. 

The general method of op arat ing each reservoir for 

normal conditions is described below s 

Tilaiya 	Ionar 	Uaithon 

1.Dead storage level EL 1192 EL 1347 EL 435 

2.Creot level EL.1212 EL 1372.5 EL460 

Psnchet 

EL 392 

EL 405 

3. Top of the gate 	EL 1222 EL 1404 	EL 500 	EL 445 

5.082. Tilaiya t 	reservoir is op;.ratod primarily for power 

and irrigation andonly incidently for flood c onLrol. Hence 

during the greater part of the monsoon, one power unit is runri 

at base load and the other to meet peak loo c, thereby allowing 

the reservoir to fill by the and of the monsoon. Calculations 

show that by this operation there is seldom any spille3o, since 

the capacity of tho reservoir is large enough to moommodate all 

the inflow in a normal year less the water required to run one 

unit by 2,000 kw about 4000 cusses. Thereafter, du r ing t ba 

dry period ( Oct. to June, the storage barely suffices to run 
one unit at the base load or both units for pcakin,, purposes 

for part of each day. The ter thus released is r&regul ated at 

Maithon dam, firstly for power and then for irrigation. 
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5.083. Konar dam is at present operatod pri©tarly to moot the 

cooling water requirements of t bn steam plant at Bakaro, not 

exceeding 4000 cusoca, including flow from the uncontrolled 

Bokaro river. Almost all tb2 water is returned to the river 

downstream arid is available for ropotative use by various munici-

palities, industries and Panchet power plant and thereafter 

diverted into t& a irrigation canals, off the barrage at Durgapur. 

5.084. :?aithon and Panehet hill  reservoirs are to be operated 

for irrigation at power, with the important limitation that 

prescribed storage levels ( EL 480 and E, 410 reop.) are not 

to exceed, except for the purpose of temporarily absorbing 

flood flows in excess of downstream channel cap epity. 

General instructions for the operator for the 

operation of Uaithon and Panchet mill reservoirs are contained 

in Appendices I and II. P.48, 5o . 

5.085 Outline of the proposed flow regulation f roeervoir u 
Ti ,aiya, Konar, !iaithon and Panchet 

Procedure ; 
i) Allocation of storage capacities is as given below x 

Tiiaiya Konar Iia itbon Panchet 
in 1000 acre-ft • 

Dead storage 61 49 168 1.48* 

C ap m i ty for monsoon 
storage 259 224 496 185 

Reserve for flood 
control. - - 440 881 

Total to top of 
sates 320 2?3 i,104 1,2 i4 
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4IPPEND ELI 

UA,ITROf RESL V41R 

Rulco of operation for flood control : 

'ith the arrival of a flood inflow in the reservoir, 

the operat or is required first to allow the reservoir level to 

rice to EL 480, without opening the under sluices or spillway 

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

If the reservoir 1 ar el continues to rise rap 2ly and 

approaches LL 495 ( lend acquisition level ) the spill y an 

well as to under sluices should be operated and water released 

to one u ro the re servo i r leer of not t o ri s above EL 500 

top of gates 

then the water level falls well below EL 495, 

the spillway gttto should be gradually closed but under sluices 

ghoul d be kept fully open, till reservoir level returns to 

EL 480, the pre-flood pool level, when the sluices should also 

be closed. 

'off 	The opo rat lone at 1aithon and Panchet hill ar e 

to be co-ordinated so as to 1 ep the combined 

release within the channel cap ecity of 250,040 cusses 

in the lower reaches of the river. 



Rules or operaToion ror Lrrigaiiun aua ivwur 

Storage levels s EL 435  to EL 480 

49 

Ported 	Reservoir 
elevation 

July 	EL 438 to 
EL 456 

Aug. 	El 456 to 
EL 480 

Sept. El 480 

Oct. 	E1.480 
(first 
half) 

Oct. 	El.480 to 
(second EL 475 
half ) 

Nov. to EL 475 to 
March EL 453 

April El 45 3 to 
t© 	E1. 435 

Kid June 

June 	E1 435  to 
438 

half) 
 n'd EL 

Irrigation and Power Requirements 

Total irrigation requirement 7,891 cuseco 
(T aithon & Panchet Hill) 
Poorer two or three units as per U.A•c 

Total irrigation requirement 6,838 cusecs 
Power 2 t( 3 units as per W. A. 

Total irrigation. requiremeat 7,891 cusecs 
Power 2 & 3 units as per W.A. 

Total irrigation roquireuent 8,206 cusecs 
Power 1 or 2 units as per 'I. A. 

Total irrigation requi rommnt 8,206 cuseco 
Power 1 or 2 unite as per 1.A. 

Total irrigation requirement 1,500 cu execs 
Po wa r 1 unit 

Total Irrigation 	- 	 nil 
Other us ea 	 500 cuseco 
Pove r 1 unit 

Total i rrigation requirement 5,129 cusecs 
Power 1 or2 units as per h7.A. 

Note : 1. The role sec from t aithon re corvo i r is to be c o-
ord.instod with that from Panchet Hill to meet 
full irrigation requirements. 

2. Unit sap&city 20,000 k each. 
0 V.A. stands for water avail. siril.ity 
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PPSMIX .. II 

PA "CHHT HILL R13F V0IR 

Rules for operation of flood control i 

t7ith the arrival of a flood inflow in the reservoir, 

the operator is required firot to allow the reservoir 1 siel to 

rise to EL 410, without opening the under sluices or spillway 

gates. ( one turbine may be operated at this time ) . 

T7hen the reservoir level begins to rise above 

EL 410, the operator is required to hold down the water level 

to EL 410 by opening all the under sluices and spillway gates, 

limiting the release to safe river cap city ( when water level 

exceeds EL 410, both turbines are permitted to be operated ). 

If the reservoir level continues t o rise rapidly and 

approached EL 425 ( land acquisition level ) the opillway as well 

no under sluices should be operated and just enough water released 

to ensure the ra ervo it level not to ri a e above EL 445 ( top of 

gates ) . 

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

epillvey gates should be gradually closed but under sluices should 
be kept open till reservoir l erel returns to EL 4i0, the pro 
flood, pool level, when the sluices ale o should be c to sed . 

Note $ The operations at Panebet Hill and flalthon are to be 
co—ordin ttcd oo so to keep the combined release within 
the channel capacity of 2,50,000 cucece in the lower 
reaches of the river. 

/ c ~r Z. 7 
URtA1 LIBRARY UtIVERSITY OF ROORKEE 



Rules of operation for Irrigation and Power s 
(8torage levels EL 392 to EL 410) 

Period 	Rece xv oir 	Irrigation requirem cmt o and power production 
elevation 

July 	El.397 to 	Total irrigation requirem en tt ► 7,891 cusses 
El.408 	(Panchet Hill & Lieithou) 

Power 	 1 unit 

Aug. El.408 to Tots. irrigation roquiremeit - 6838 cuceos 
E1.410 Power 1 or 2 unite as per W.A. 

Sept. El. 410 Total irrigation requirement 7,891 cusses 
Power 1 or 2 units as per ).A. 

Octob cr El .410 Total irrigation requirement 	- 8206 cuooco 
f irot Power 1 or 2 units as per Y7. A. 
half 

0ctob cr EL 410 to Tol irrigation requirement 	- 8,206 cusses 
2nd half EL 407 Power 1 unit 

Nov. to EL 407 to Total irrigation requirement 	- 1500 cusses 
Larch EL 401 o th er uses - 500 c uo ec o 

Po ner - I unit 

April to El 401 to 	Total irrigation requirement - Nil 
Mid June El 392 	Other uses 	 500 cueeco 

Power 	 - 1 unit 

June 	EL•392 to Total irrigation requiremant - 5,129 cu.eeco 
(2nd half) El.397 	Power 	 - 1 unit 

Note I- 	1. The rel ease from Panchet Hill reservoir is to 
be c o-ordi na ted with that from Ltaitbon to meet 
full irrigation requirements. 

2. Unit capacity 40,000 X0  each 

0 	Ti. A. atando fo r water availability 



£Sooting of the above requirement, the guide for 

o for aggo and the guide for dravdown are fixed by a few trials 

to ensure optimum usage of water (Pigs.5.5 and 5.6). 

ii) Por the purpose of estimating the contribution of 

inflow into Iaithon due to the release from Tilaiya 	and for 

inflow into Panchet due to release from Konen, allowance has 

been made for enroute losses as shown below ; 

0 10 5 of role aoe from the middle of June to the 

middle of December. 

( 20 5 from the middle of December to end of Feb. 

0 250 for March and April 
p 30% from the beginning of day to the middle of 

June. 

iii) t7ithdrawal direct from the Tilaiya reservoir 

for the High level Irrigation Scheme to irrigate 10,000 acres 

during the Yharif season and 5,500 acres during the Rabi 

season is allowed as follows 

June 21-30 - 100 cueece 	equiva'ent to 2,000 ao.ft. 
July - 100 -do- 6,000  -do- 

August - 	50 -do- 3,000 -ido- 
Sept. 1-20 - 	50 -do- 2,000 .do- 

21-30  - 100 -do- 2,000 -do- 

October - 100 -do- 6,000  -rdo- 
Nov ember - 	33 -do-- 2,000  -do- 
Decomt r - 	33 -do- 2,000 -do- 
January - 	33 -do- 2,•000 -do- 
February - 	33 -do- 2,000 -do- 
March - 	33 -do- 2,000 	-do- 

31'  Total . Ac.ft. 



iv) Allowance has been made for withdrawal of water 

for industrial and domestic uses at the rate of 20 ouacos in 

the roach between Tilaiya and T aithon and at the rate of 450 

cusses in the reach between Konar ani 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 cusses, in which case it is assumed that the inflow less 

than 450  cusses is all consumed for industrial and domestic 

water supply in the reach. (8) 

v) Evaporation loss from th e water surface in the 

reservoirs is allowed on the basis of average monthly ev apora . 

tion recorded by Fiche evaporimeter installed in the observatories 

near the dam sites. 

vi) Primary supply through the power plant equal to 150 

cusses in Pilaiy'a, 250 cusses is Konar and 1,100 cusses in 

t aithon is released throughout the year oxeept when such 

release requires drawing the reservoirs 1 ere . below the deadstorage 

when it is assumed that the power house will be shut down 

completely and the primary supply to the power house cut-off. 

In case of Maithon in addition to the primary supply,  an 
extra release of 900 cusece during June 21-30, 2900 cusses 

during July. 1-10 and 39400  cusecs during July 11 to Aug.10 is 

ascumrd in order to help meeting the Kharif irrigation 

requirement. 

vii) After releasing the primary and assumed supplies 

as above, if the reservoir level is above the guide curve 

for storage or the guide curve fO r draw' down, then secondary 



supply limited to the capacity of the power plant is 

permitted. The capacity of the power plant is 800 euseca 

at Tilaiya, at Konar it is assumed as equal to 500 cuc ecs 

and at T aithon it is 1,200 cusece. 

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 capacity will be released through 

the sluices or over the ep ilk. why ae a pe rt of the flood 

control operation. 

ix) The expected indent of the water at canal, head 

works is estimated on the basis of d iscussth s hold with 

Chief Engineer. According to this, the total requirement for 

the season out of v+hieh the rain fall deficiency plus a certain 

percent ( 1©% of canal take-off during second half of 

June, 5% during second half of September and 7# . during October) 

added to cover the Trait lose would be the indent for supply 

at the canal headworks. This has been separately worked out 

and the 10-►der summary is taken for the purpose of flow 

regul tiot . The extent of this requirement met by rel eases 

from LI'aithon following the normal 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 so regulated as to in3et 
these indents received during each week or shorter period 

during the Kharif season. As a result of such operation, the 

dry period release from Panehet is governed by the quan tity 
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of water left in the reservoir at the end of the Kherif 

oensou. 

5.086 torkine table 1 

Following the above procedure, the flow regulation 

is worked out for the period July 1949 to February1958. The 

types of years included ,fairly representative • Details of the 

computations are shown in the wrking tables 5.3 to 5.6. 
Reservoir levels are also represented graphically in figures 

5.5. and 5.6. 

5.087 Summary s 

i) Pilaiya reservoir does not fill up to the top of 

gates in 7 out of 8 years. It fills up to the spillway crest level 

( EL .1212) in tvo out of 8 years ) • 

ii) Kon ar reservoir does not fill up to the top of 

gates in 6 out of 8 years. It fills up to i1. 1387 in 6 out 

of 8 years. 

iii) taithon reservoir fills up to EL 480 every year 

and Panchet fills up to EL 410  every year. 

iv) A rel ease of 250 eusees can be assumed from Konar 

through out the year even in day year. 

v) A minimum release of 1,100 cuseae can be assured 

from Uaithon through out the year even in dry year. 

vi) In case of the Tiiaiya the Power House will have 

to be closed down in some years when the reservoir level 

goes below , the dead storage level and in case of Panchet 



reservoir. the Power house will have to be shut down during 

the dry poriodo in 7 out of 8 years bee Gu c3 of the extra 

draw-down below the dead otorago in meeting the irrigat ion 

requirement mainly duriag, October. 

5.9,  Limitations  t 

Effective flood moderation can be achieved only 

if the ate rage is adequate to deal with all floods except the 

abnormal ones. The cost of providing such storage for flood 

control only is generally very high. Therefore, the flood pro-
tection by ato rage reservoirs can be considered in special 

cases such as the protection of important centres immediately 

doinstream. For roalicing tho planned benefits from reservoirs, 

operation has to be skillfully done regulating the releases 

taking into account the intermediate flows between the dam 

and the damage centres. Decrease in the normal discharge in 

the river duo to the flood moderation effected by the reservoir, 

reoulto in deterioration of the channel downstream. The sense 

of security provided by the reservoir is likely to lead to the 

development of r : areas affected by floods before the cons-' 

truction of reservoir. Silting will gradually reduce the 

effective capacity for controlling the floods• All the factors 

enum rated above may, in due course, lead to a larger lose in 

the protected area requiring more expensive and elaborate 

mothodo to remedy the situation. 

Review of the progress made : 

Prior to  1951, storage schemes had been planned 

mainly with the object of providing irrigation water. There 
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was practically no storag e dam for flood moderation. Since 

1951, a largo nuobor of oto rga dams has been taken up for 

harnessing the rivor waters for irrigation and hydroelectric 

development and also for moderation of floods. 

Specific storage for flood moderation has been provided 

in the Hirakud Dam Project on Mahanadi and dams on the river 

Damodar. In the case of Hirakud Dam, entire storage of 4.72  million 

acre feet is utilised for flood moderation during the South rest 

monsoon and later on filled to be utilised for irrigation and 

purer. In the Damodar Valley dams, a ate rage of 1.3 thousand 

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. he balance is utilised for irrigation 

std power during flood season. In the non-flood season, the 

supplies, if available, are stored in the storage earmarked for 

flood control. These reservoirs has been in operation for more 

than a decade now gad have been proved very useful in the con-

tributing the overall prosperity of the area. The other large 

irrigation and multipurpose reservoirs , ch as Dhakra-Nangal, 

Rihand, Nagar junasagar and Tungabhadra, even though they do not 

have got any sp ecific flood storage, prey ids incidental flood 

control b enef its in as much as they moderate the flood peaks 

in moot of the years during the filling pe riod. 

. ven though the flood problem is serious, requiring 

measures fbr moderation of peak flood discharges, it has not 

been possible to construct major storage dame in Brahmaputra 

basin and on the North ern tributaries of Ganga in the North-
central and Iorth-eastern regions. This has been mainly due to 



the lack of suit abbe c itea within the limits of th e c ountxy , 

high ooio©icity in tho region E d the high eedim nt c ont en t 

of tho rivore which will reduce the life and the utility of 

the reservoirs. 

5.2. Diversion of excess disch erge 

tlhen the flood Patera can not be led safely th'iough 

Particular react of river even by embankments or can not be 

mod crated by r000rvoire, part of thIa can be o iterted to another 

channel. Diversions and flood ways, take away a part of flood 

flora to another b asinc or a depression where it could be stored 

for taco later on, ands consequently reduce the discharge to 

harmless extent at most of the times. 

The oxooss water of a rimer, during floods can be 

diverted in one or more of following ways 1- 

i) From one river to another river. 

ii) Directly into Boa 

iii) On to and zone 

iv) Into natural lakes or depressions 

v) By providing breaching sections. 

i) From one river to another river : 

'hen the receiving river has the capacity to take 

diverted flood diochargo without creating sxay serious problem 

along Ito own, diversion of excess water from one river to 
cnothc river i.a poo of bl e. Examples of this in India are, 

divers ion of flood di ech arge of Mahanadi into Brahmin, and 

Budameru river into Krishna river. 
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ii) Directly into con s 

Flood waters are diverted into sea for reducing flood 

dawc3o in the lower reaches of the river. It may be mentioned 

here that epilting up of rivers into number of channels at its 

delta is a natural process of flood dive x ion. A number of 

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

iii) Onto the arid zone  j 

The main arid zone in India Is in the state of 

Rajasthan. On this method a scheme for diversion of flood flows 

of Oba gar river into the sand dunce near Suratgarh has been 

completed. 

iv) Into natural lakes or depressions : 

Damage due to floods  ea,n be reduced by d ive rt iog 

the flood flows into natural lakes or depressions# the inunda'. 

tion of which will not reoult in groat lose. This method hao 

been employed on the scheme of supplomontry channel taking 

off from river Jhelum#  upstream of Srinagar and outfalling into 

tsullar lake. 

v) By providing breaching sections  s 

In some cases breaching sections or spillways are 

being provided in the embankeante to allow escape of excess 

flood water into areas where the damage would be least. 

5.21 Diversion for moderating the flood intensities 

have been adopted to a limited extent so far. One of the 
notable works which has been executed is the euppl emcntry 
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channel with a capacity of 283 oumece ( 10,000 cusses ) taking 

off from the Jhelum 5 km. ( 3 miles ) upstreen of Srinagar 

and outfalling into %ullur lake. This bee becn provided to 

reduce the flood intensiti es and heights of the 4helum river 

at Srinagar which is protected by embankments. Diversion for 

car4r irg 210 oumeos ( 7,500 susses ) of t b Sadameru, a email 

river in Andhra Pradesh, into the Krishna has been done for 

reducing the discharge of the river, while paesir through the 

Vi j yawada town. The diversion takes nearly 25% of the normal 

pack floods. Another important cork which has been completed d 
recently, is the diversion channel from Gbaggar river, which 

carries away 330 cumcs ( 12000 aus000 ) into the depressions 

in the sand dunes which have a capacity of about 863 million 

( 0)7 million ac.ft. ). The accumulated water is lost by 

percolation into the underground water table and by evaporation. 

The diver siorhe3 be on provided to prevent damEgo to the iiportOtt 

towns of Hanumangcuvh and Suratgarb, and lines of communteations 

rhich have been aligned along the low area which, prior 1958 

hardly used to got any damage causing floods in Ghaggar but, in 

recent years, with development work in the upper oatebment, 

sustained peaks leading to damage and disruption of communica-

tion have bee as frequent. 

5.22. Limitations : 

i) 	Diversion of c cc000 water from one river into another 

will be fans iblo if the receiving source has the capacity to 

take such diverted flood discharge without groat ing eorio ua 

problem along its own. 
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ii) 	There i oy be appoo iti.on frcn the lan ownoro rho co 
land the divoroiono have to papa. 

5.3. 1etout ion Baoino ; 

loo dint inct from rocery oir. o created by building demo, 

detention basins ecn be gorood no the creation of fa'tu=,improved 

and ro. ula;od by man to carve tho noeda of flood mod oration. As 

a rule, rivero flowing through eilulaium built up their bunko higher 

than the adjoining l endo. Sviampo and lakoo got created rrhero 

draine.o of cd joining l sad to obatruc tod by thio proc000 of 

bank raioinj by river optila. Durip, high floodo, rbon the river 
to not embankcd, rioter opille over the river banko aced floro 

into these dop r000iono, later to flow back into the river. This 
pros euo bringo about flood moderation in the river don otroem • 

'rho dotontion baoino, to be effective, needo largo 

arena, opocielly on a largo rivoro. For oxompl o a river of a 

oizo of Gangs or the Brohnaputra, Could require dotont ion baoine 

of agdrega to area of anny thouo end equ r' o oil co for br ins inS 

about an appreciable flood moderation. Such largo ovempo do not 

oxiot in thooe river bs~sins. aor,over this m3thod can find appite 

tion on a number of una .l rive ra in the eount z r . For inotencc, 

thoro are a number of or~ampo or " boolo" along some tributerieo 

of tho Brahmaputra, and in th a Daralc veil cy in Mow no well 

no alonZ oomo of the rivoro in Ilorth Bihar, which can ho put to 

ouch uoo. 

The capacity of natural detention bootno can be 

conoidorably increased by eebenking those around. Their 



utility can be increased by providing regulating dovicoo at tl 

intake and the oxit. 

Flood moderation by means of detention basins, when 

foaoibl e, is generally the cheapest form of flood control. The 

works are red at far a ly inoxpon efve as the componoat ion of land 

is generally small. In India, no sizeable detention basins have 

been created. Pew are contemplated on various rivers in the 

states of Aooam, Bihar and Uttar Pradesh. 

Stor o tanks in i1• P• , Ra Jaothao, U • P. and a good 

number in South India, built for purposes of irrii3ation have 

been contributinj to ardo moderation paartieul arly during early 

part of rainy season. 

5.32. Limitations s 

i) fled oration of floods by detention basins whoever 

foaoiblo, is Qoncrally cheap. However to be effective the 
area of detont ion brains bra to be relatively large, but natural 

swamps aid lckos bving a large area are vo y rare. 

ii) The pattern of floods in the river should be such 

thiA there is adequate interval between two successive floods 

to facilitate the clerance of water from the ourlic flood 

before the arrival of the next flood o. 



►nth 	,tamer 	 A' OOP - TAKS 
1949 1950 19 51 19 52 1953 19 +r 1955'  

Ably 	I - 10 	6.2 	7.4 	4.1 2.0 	1.4 1105 1.0 
11-20 	4.7 3.0 6.0 3.4 7.2 5.i )+.7 
21- 31 	0.3 	4.6 	11.1 4.7 	1.3 8.0 0.6 I 

August 	I- 10 	2.7 	0.0 	8.6 9.7 	2.8 11.5 5.5 
11 - 20 	5.1 	1.9 	)+.1 	5.3 	3.7 3.2 	1.0 
21 • 31 	5.2 	6.1 	3.5 7.6 	5,0 11.5 8.3 

Sep t. 	I - 10 	5.2 	11.5 0.4 4.0 	6.1 2.0 9.8 
11 - 	1,9 	11.9 9.3 6.. 	i.' 5.8 7.? 
21 +r 30 	5.6 	9.6 	10.5 3.5 	0.1 )..3 3.3 

Oct. 	I - 1 ► 	5.5 5.)r 2.0 1,1 5.7 8.). 3.5 
11 - 20 	1.). L.? 3.0 .9 8.4 8.4 1.7 
1.31 	3.3 1.9 ?.1 8.2 9.1 3.6 6.9 .  

TOTM. 	 50.1 	. 58.0 69.7 60.8 52.2 83.3 57.0 
Del 	In Xnches 	11.5 11.3 16.0 *.0 *0 12.0 19.2 13.1 



TILIT1 RI 
'IO13XNG TABi,E 880 G DLO 

Month' T to 	Ouids IOulA. INoral With'. 	Priairy 	19.9 	50 ....... for Ifor Ievapo. dravi. 	Supp1 	I 
Stor- t' IrAtion 4t 	tst 	I 	1 	2 	3 
ago d° .ass from 

r.air- . 

for  forIrr.t 	I I 

MY 1-10 80 	 2 	3 	12 72 
11*- 	.100 	 a 	2 	3 	7 	72 
21-31 . 12D 	 a 	3 	17 

Mg 1-10 130 	 1 	3 	118 
11- 	 1 	3 	1i0 
21.31 150 	 1 	3 	10 

Sept. 1-10 160 	 1 	3 	ii 
153 11-2)  

21-30 180 	 2 	3 	11 1?6 
Oct. 11010 	160 1 	2 	3 	5 170 

11'. 	 1 	2 	3 	 163 
21-31 	150 2 2 	3 	2 153 5 

Novo 	 *0 42 1 5 140 3 
Ile. 	 130 3 2 9 	2 1$ 

3m. 	 1' ' 	3 	2 	9 	2 	116 
Feb. 	 110 	 2 9 1 102 
March 	 100 6 2 9 2 87 
Ap .1 	 90 	8 	 9 . 	0 	?0 
may 

 

	

.8o 	7 	9 	0 
Jrn. 1.10 	75 1 	 3 	2 5

• 213O 	65 	1 	2 	 69 	5 

TOT" 	 31 	108 	215 	30 
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19534 + 

	

55 	87 
X09 	5 	t o 	i~ 	5 	1. 

 

37  136  4  16  t3o  5  

	

177 
9 ~7 5 	12 ib ~ 	19 

 

3g 3~02 ~ 2~i i87 5  6 

	

37 	320 	13 	1 	4 	181 	5 	 3 

	

14 	
5 
	5 	Q 	181 	5 	2 

	

S 	t 	Igo 	~ 	 2 

	

7 aB4 15 	17 *0 12 	 7 

	

io 	ffi5 	15 	9 	130 	5 	 7 

	

10 	14 	9 	120 	5 	 10 
~► 

 

 

220  15  8  110  3  7 

	

5 192 15 	 17 100 10 	 1 

 

9  170  15  11  90  4  0 

	

7 	Fhb 	15 	10 	80 	1► 	 7 

	

~+ 	*1 	5 	 75 	5 	 2 

 

5  137  5  3  70  k  9 

 

7  133  5  3  65  2  1 

42 

 

147 	1$8 	1 	233 	'1 	 i$ 

NO T.S s 

coi.(1) Inflov into the reservoir 
Col .(2) Buerioti, cepacity at the and of the period 
001.0) Secondary suppl' 
col.(1) RSLS*ae through sluices 0 r aver the spiUlvay 



Mouth 

dr 

Duty 1.10 80 	 1 5 1 
11.20 	100 	 ' 	20 	68 
21-31 120 	 5 1+5 108 

Aug. 1-10 11+0 	 5 52 150 5 11- 160 	 1 5 32 171 5 
1 -31 	17 	 22 	1.3  

Sept. 10 180 	 5 	197 5 11.20 	 1 	 232 
21-30 20 	5 13  

Oat, 1-10 	160 	5 12 237 5 
1- 	150 	5 1+ 23? 5 

Nov. 	 11+0 2 15 11 210 15 
Dcc. 	 130 9 	15 	1+ 184- 15 
Jan. 	 120 2 Is 	2 152 15 
?sb. 	 110 2 15 	2 129 15 
Maroh 	 100 3 i5 2 100 6 
AprU 	 85 3 iS 0 82 
may 	 70 	3 	15 	1+ 	68 
June 1-10 	65 	5 1 64 

11.20 	60 1 5 7 60 5 
21-30 	 55 	5 12 6^ 5 

To Ut 	 22 	180 	330 	121 



1954-55 

8 

	

102 
 109  ~  $  56 

	

31 	130 	5 	3) 	91 

	

t~K1 	5 	8 	7~► 

 

9

t

5 0  a55  ~ 
 50 

 722 

	

27 	2'J23 	$~ 	
11 

 

	

35 	2?3 	S 	25 	7 	t5t 

	

9 	272 	 151 

	

k 	a6 	 5 	150 

	

1 	197 	15 	 10 	72'i► 

	

1 	166 	15 	10 	120 
t 	136 	15 	 $ 	110 	1 

	

0 	103 	15 	 8 	100 

 

p  85  8  85  5 

 

1  68  95 15 

 

3  65  1  1  86  5 

	

5 	60 	 1 	76 	5 

	

3 	55 	3 	2 	68 	5 

395 	 43 	251 

Col. (1) Xnnov i nto the Reservoir 
Cal q, 2 Reservoir capacity at the and of the per .ai 
Col.(3) Secondary Supply to the pover plant 
Cob. (#) Release through the sluices or over the spill 



1 RKIN G 	L1 SHOWING PLo 

HODth Dats it  or Guide for Nome Printry A 	ittonsl 
Storage Dravdomn •vrpOra- Supply assured. 

tion supply fors- lost ing part of 
secondary 
supply 

July 1-10 1 22 58 
i1'2) 370. 1 22 68 
21.31 1 22 68 

Aug. 
11-20 520 1 22 
21-31 570 1 22 

8spt. 110 62) 1 22 
11.2) 66Lf 1 22 
21- l 66i 1 22 

Oct. I-10 664 1 22 
11.2D 664 2 22 
21-31 664 2 22 

Nov. 620 7 66 
Doe. 570 7 66 
:an, 500 6 66 
F•b« 430 8 66 
March Q! 11 66 
April. 280 11 66 
May 2200 8 66 
Zone 1-10 180 3 22 

11- 1• 
21.30 270 1 22 18 

2) 3'L 	 77 	792 	280 



1953 4. + 	I 	1951+.. 55 	1 	1955- 

61+ 

 

s1+ 	10 37? 51+ 	
167 
	 17t► q8 

160 	 130 	219 	 a11+ 	39 
173 1+70 4

1620
70 32 	47 175 	t 470 

3i2 	122 23 286 b~ 	
35
3 6oi 

1ao 664 122 147 1$O 61[2 25 
	33 ~►  

,51 664 ~  25 664 2  48 6614 
its 6% 	 664 2 	46 664 
12 6116 	19 659 	15 655 
62 620 15 	32 618 sit 	27 609 
35 570 12 	29 570 1+ 	17 553 
118 500 46  3B 500  ib 417 

26 430 22 	22 430 18 	23 430 
35 	36o 	360 	7 	360 
22 290 25 	12 ssa  15 	15 ado 
25 200 31 	11 200 19 	92 200 
18 180 13 	15 160 14 	180 
53 210 	21 178 	yip 220 
32 201 	39 176 	92 x!o 

2291 	967 170 1260 	1, 	1945 

C01410) 	Inflow into the reservoir 
Co]. (2 	Reservoir Capacity at the and of the period 
Ool. ) 	Secondary supply 
C01,(} 	Release through sluices & over the spillvay. 



TABLE. 

1 nth Data IfOr Ifor l.VaipQ 
I l*ato I 	r . Irc ca n 

I 	 el oss 

19-50 

Tu3 	1-10 ," 	9 	170 300 118 

	

11-20 333 	1 	18 	33 1 	13 

	

21.31 333 	1 	.357 	333 1Y 222 

	

Aug. 1-10 333 	1 	480 333 ' 	j5 
11. 	 1 	"~4 	3 1 	e 
21.31 	 1 	V9 333 1 	14 	162 

	

Sap t. 1.10 333 	1 	256 	333 i4 121 	189 
1 i- 	333 	1 	~0 	333 1 	255 	209 

	

2 30 333 	 X33 1 9 	81 

	

Oct. 14»10 333 	1 	liii 	333 1 	4? 
11.20 33 	 2 333 8 	 42 

 

21-31 333  2  33 32D  23 

Nov. 	 320 6 82 351 45 	 41 
a►0. 	300 	6 	, ► 	) 5 	28 

	

6 22 311 45 	 23 
lob. 	 250 7 	12 271 45 	 $ 

	

March 220 13 	8 221 1+5 	 1 
April. 	 'go 11 	0 180 3) 	 0 
1 , r 

 

	

160 10 	0 1e8 22 	 0 

	

Tuns 1.010 150 	2 	0 ili6 	 17 
11.20 	 2 98 « 15 

	

21.3) $0 	1 	333 1 	7 

TOUL 79 36 	1830 i5e6►qi 



1953- 54 

	

u6)+ 	 156 
691 333 1~r 3836  28  150 11~4 
290 ~39 13+ fS~ 	i30 16~i~D # 	~ 

1
'~5 

333 1+ 209 	59 78 20 

333 ~  ~ 3208 13+  

120  106 
 

77o4 333 1  ~ 333 t~' 2~►  40 
 1+5 

►~ 333 t ~  X33 333 1
3 21?  afl

23 
75 333 71+ 	 35 223

X 
	39 

i 	s 	 ~ 
23 1 	 62 	~ ao w9 	~ x ~  

1+9 81 - 	 81 90 	 0 
20 105 	 0 84 	 0 
8 107  12 90  0 
6i9 	 0 83 	 0 
095  0 70  0 

 

a 81+  0 59  o 

0 74 	 0 My 	 a14 
17 89 	 7 5►► 	 8) 
59 t46 	 +1+ 66 	 55 

21 	156 	10 	 22 	87 	 1+1 

i003 	11470 2336 126 1821 	813 451 	7 101 

1.1 Inftov into the reservoir 
Col.2 Storage capactt3r at the and of the pined, 
CoI.3 PoLsase through pover house 
001.1+ Release through sluices or over the spi , .wa7 

Cot. ' Part of the I rrigation release vbicb can not be 
passed, through power ► House. 
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t ~ a tit) .dot' IODD on both aim of tho .v " a to bo p ectccl 
from fio 	for jiw tiictLon to th land ocmorox ono- 
Fire' o2 tho CiOO Icy ohou14 bo tie from cosh iL 2o. I f tho 
$ iV4# g4h,-ano. 	nti? ight  a Zotii{+Al con 	ow Yor it, tt eñ 0T4y  

tho '+. ",:~.~4..~►i1il ntO t 11 bo p~M..cO7 ap roximz oiy c,~u V' of nco F41di 

tt.o chcnnci • 2u , uouauiy, river chruaio hro 3o oµ curvoo 
c it .n not c osir€ io thcit tho cCc rntO oPcz tI 'oiio~i all 
to ct ucol4c o tho ccnno.t In t~.ia ct of it Lc accn thzit  

t ciignt of tho 11oOLw3y La otrai3htor tiro tot of chm o ., 
ti. 2ch atiu1cd be o, . ,oticx In COC din tin c1ii m:nt o2 citnnto. 
xcn!rntc te+ not be ioccito c goxx to tI3 be zs in tits 01€11 
nazi ci n this s,-oso u o ..ninrj cuU.i taho p1co by ccvinj of tho 
river be t;. Al o► ito oioe will be oubjoetod to the orcLvo 

Uon c2 t4jh volaciits o chcnno urL 	loo . to for co 
poioibia. CX r }mcntO DIouid be otraiht and any choo in r2iroc' 
tion cic1 be provided rdth curvccl of iazo redjue. 

or c2-cLding upon th cuLt io olignm3nt the most trportant 
point a to Jno + tho probcbio Lt to of erosion cna tho iiIziy 
1uturo a_it of tb rivor t o can be Judged by piotticj the rigor 

w2 czcortciining the Uctto o the ot4ngo or oaciiic .on 
6  river La, ii1eiy to take. It oleo Gopcn io► to o çroct c n ► 

on the i.0 o c 	inn c oei y of th o L tte river occ ion c 

the dcpth of the spill cb ro the ,Cnk icvo3o. 
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natciro of coil for th fcundtion i zat bo firm cnouçjh 

to cupport th Thcnbunt c poaao rn me .no cry rcx iotznco to h -

ul po:cot.ton mnQ. c :pro. rot cn onl=nt to rotCin n tma 

CIopth of t atar, tk nntorL1 ohhould bo auitb3.y co*It'actod to form 

a danmso otcr"tight atcb2o fill uncior co3t4ou of oturotWn  
d e r .t:-4ovn. ¶?1 o coil ohould bo a Xlgrcod and POCDC3D high den- 

3itf, it .r potcbility anti good cotiofl. 

Ecflznt3 aro cl icjno i ao t t 	Cattle toflOand Prom 

Uoc clog t1 rivor be cr0 loft ctøidc tho c:. ►tn zmt Co !o 

circa rir 3 um-'` Inc to bo prcjidod to p act a torn or urban pro" 

pertys iE it hi o o .ithin tip c:cnmtc. In of : h c m cs* 

rive aic2 o!! . Mr band racy h=a to bo pro ct b chort  
r cblo or .r&'a . bra owro or atom rvotn c d pear ,» to bo 

provided to PuT7 cat d a$ncjo cnd rain intor into W -, rivor FJhan 

tho I actor ii in cpcto tith highh trot r4 cvo1. such o rinj bund 

has been proviuod for th ,totm of iii ali on tho loci rivor. 

Tho clignrnmt of criTcn2ncnth bt to be dato it d in ouch a 

wryt1cit tf high vcticoity flaw to au~G scion l.y aticj fMz theca. 

or tom hydraulic 2Q" lO era tho ZDQfL4 guiclo 

.molten t o the a l ignm-mt of o b )Urnto to dotormt1202 from 

,zt al Ito, it nhould bo ci ha iz that thtc t411 not a ciccocari 

l y bo tho cOao which will giva cattofactory rc3ulto for n long 

ti . . r4ivor conditionc chat co tiuufi...' yr end an cu cn3z nt rwhich 

h bohcod a otiofectortly vor a cortGin prtod. ray be cuoco ► 

iblo to attac2 Curing ocbccVont yo ro. T ho au+ coco oQ an uz„b b 

r.« 	d0pZ O upon vtcjilam enti coutinux cupor4oio during tho 

C-. + 	. t: c tho 	c 1zn n o o IiloIy to bo rt ce2 ed, ic:=,.o ate  
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tro ccttea h: to be pr iu . If: Pto:cvor, it is icunc1 that pro-
vtd4n ricur ouch c puz , rrcvatnnta, etc., .tea not givo 

c aires a^~rit, to the xaba2entt, a loop bun bohind tho o 4otm 
it cz.,  at :.rn shou1 be constructed. This Vii.l t+ a cocon, 

line of c o coo egad: the origino3 emboub=t fU . such loop 

,)uf l he bCm Pr ided for Chitauni Bun* oritho river orot Gand&, 

6.2. 1Xon o 	nznt  

ror Cciçn of cr c ib nt. thz'ouh 1moslcCo of founds .on 

con Gtti , 'tom of tho rtoric1 to be acct. its ph cal proper" 

tics cszL cortructio r tho o ia ncc2eL 

c . _ ritO Cn be cl cieiod into .v typea hoccjoncouo 

typo ar i zcic typo, 

U) 	 ' ! ~►+1`ii, iviiw r 

In cu c a►u2x ont tro c ,y' one ty of naoreL Ia uncd, 

it iO CCICw V=cj :► sow Ci 3+: Yt: r. " .a iL3 UOCi Lor tct 

twig hta tnd aotztire Cor z6iui I=Lg ht. 

t1 rra at ,lorat tto type of ricteriio era uor~ . innor acc- 

Lion of it o vio o outer CecticflD of rolauvaXy POWLOUO motor' 
ic3.o, 	ccflcI onod anntn. Thie is uood for high or 
Dt ucth D of VCS greet ortanco. 

oim2etic is not eatuelly dccigno, but cartcthi ptovioionn 
for raathent i ea2o in aaeign to eauro that the ococ i re" 
(utrantc caeca fuZf .l+ . 
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i,c  or 	 O he o oncticc 	pr cont cuy problem 
of be n rrj . ..; r for r 	znt out oroiva ick cjox  E'c.dt p1cne 
r^"c. r c buco zo ui'" uitab10 cnd EU moo: con nu-4 v oWra ' cn cu 
hth?c11io pourar DwIgns for ouch Loundotione ruiro part$ 
cu.tor core to secure tight or bonding tith the oupeririood orn 
b art cnfA pa it controZ of oaap o aion the pl ma of contact. 

+arc;cl. Off. clay, Ond o .her grcnU1OX matari O z +a CO1OU_ 

to orthon 	kmz construction. ?oun  iona of unconoolida d 

mia ri 1 vorj Of to PXrOnt m "J►y v cri cnd r 1c prlc '3 . Sow► 
I 	or, locol olipo, CPOOOrntO 4d POrCOZOtiOD *- O3 the 
pr 1lrc involv . 

U) contra , o9 z,e9pco. thoun4atLona  
Pvoicric n e for ocpco through Lotindationc o unconao i 

0,Otcd cx.ti p'-'r 	la t.i3tericlo ro, cutoff trcchce, ctoZ aheot 
p i n  cu to o. b rnota of Iry i m cLtJrtcZ o:tcn3ingup 

s t 
 

from Pco of th cxm1mzmt moor e  i filotoro of ocni1 and 
grcvol ram be c p4oya& to cover the oa balv.i the cottictroe too 
of the bon=gat aver rihicb porcoZEting tiatar r y aoc a under  
On appreciable grodiont or tea.. CZA%ing 000x s cni jointo cn4  

other ov a in bad rock is occorn►l ishod by injection of grout 
under presuro ueuolly to form a deep grout curtain or cutoff. 

tor influencing  t stability of rz amb 	nt = toigbto  
of c.sr-nt nntrio:o, their coo ficionto of intornol friction, 
of oc rou1tin from the 4c + tc6 o1ope,, oottloimznt cod pogo 
PrOOOUE Which rc3u3.t from consolidation cad pro s . 

undotiono of lot bearing po tcyra+ iro ctcnoion of on 
oth3rtltcQ otttcblo boo %4dth. to bring eithin aUot Ia liZ4to the  



bm zin j pro^:3 urooE soil. 

6...22. t zientt.+ 	wirer rr 	f+ar
LN U 9 ~ 	rr ►~, ► n 

(1) 	Ctoot of thc e►m t c ul6 	a,o ter high €l o 
2vcl cnG hcwo ad0juto f + bow igoinot azro wh, 

() 	ror :> 1n 	oflJ th3 been?o of tb itvo iiht gon 
rotor thc otch to not much► a Eroobocrd oE 4 !oct over t 
c zign tttjb 'lo level to c ongU loci: c qua. 

() Th hyarcnljo gr'c6ic*it q uid b3 t- U 4thin t1 bcrnk with 

C t tQ co'ror. R Wkk grtiont Vo7i+D zceottrj to the 
ch c ? 42 th ooil crnc nrny bo cam tcc I :1 In rn Lr. or- 
~r+ 	r city vyinj to 112 In a sky o ►L1. It oboui2 bo £n- 
3Ld0 tt s body a t4ro cr cn2ztmt Frith a inian covor of 0.9 m 
(3 t) 

(3 Th ctzucturo otcu34 ho of 10 a cr cif, ctc c o! conotxuoW& 
lion cnd con2i' .o l3 oc 	urtion cn2 +t ,rct ,ao . 

of o D said lxi PrOddy pro cca € goinct ucva 

OctiOn, c2oo ion cflc2 3raz dot , cat tho comma t an. c].+o qjoinst 
cctton of rain an uirud. 

6.23. ; 	I 
'or cOrrct1 	so3in th Iiih st g1c icttoi, th3Col .ot 

ing rnthcs ar 	otod to oust th! particular ottzation  

(1) Uro tortorr i schargo tmt gugo date o4at. 

Uhoro .2iochcizgo 	gcuo Gs to to ter. U eta for cbcat 4O 

Yom or 1oajor porio6, a r31otionohip bott3n g c a and 

(icchao to Urot oUb . cd. r, "tea cruel tbio iochcrgo Meats 
ire cu otci to . r(qacncy MOIV o cna a pao dicchorcjo o a 



77 

2COmyocr i1ooi to coca linod cnc2 cctod f+ r ccagn puzp eo. 

;.tom g' QX O c1L3 h e cUZVO troecy "'. ►tcbl i.ch. This in furtLir 
c1 a by 	tOtUth.t1T a .tit 	+,r ' po 	<, t+ by 	cUn tho  

r+i1CL1O gcizge dct4 to a f o uowy ne3ynio. 

(2) !.er a tho diacha o e gc o 4nto aro coiinbo for a short 
peric . 

A rc1tionnhip botwcnn the  tho cvnkb10 gnugo md diochuo 
datei ire drat on Unhod, thou a re1at1onohj bit onotorrn 
r+ fall mgt E00k macho o in onti24inho1 for a orto for 
ithich iiochczjo data in 	l l.o. Wing1 ni1nb3.o pone 
roLnf niX unto, a o a .tom o valuc in ch000n for clonign etc 
a .nfoll thton t , Tho dcoign fXood poth UMchargo In thon 
rocd Off from thc r LaUa oiroeziy nt1ich, on1. finoLty, 

a donign Bch gC o in roan Eron tho cstdXioho roio on, 

(3) thro no dtochngo or g o date in cv i1cbXo, 

in ouch ccoa# atX cr4.o3o atom roinEoiL data to o amine 
oend rainfall intonnity in tares out. ran tto ruXtir' 
paazdiocharo to dorivod on the bciin of a xcxjico3 char ms 
tortotica of 4JOLnLng twat ba nin for which dato might bo 

In- iii tho coo throo canon, tho docign flood poQ1 dtochoo 

zind gougo oro £trthz3r vodiod by coting tho dinchorgo for tho 

corico?onctn gaugo o tho bnto of  aaUcXo c c*'mccttc2z cx t 

dthcxicjt # to, obQoivcd 010200 cad voXo lies undor CO4ttiOD  

of flood Clo . Unor contttouu o ozstzoo pcuci y of dotQ. suit 
Xo or4rical farflU3.a a trod. 

G. 24. i4y2t . a1 c Orc2irnt lino 
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nt3 top flow f UUno or occpc i in z par aietyaic trnd as - 

ric zt S.0 vary ruddy  poU.c o3rcOt for c hctrt dthtco as 

rOvor D cU2V turi at P r GhOUfl in pig. s. 

~'SlE~i96C L/n'E 

D cn paonimttS.m, the ocopogo , no may, be cournd c0 

atrcight Urzo. for i, porno material 	clay, it to t CCn 
1, .cn veryinj upto 1, 2 Eo.00ny coil. ior aefoty 	the ca' 
b c it ntl uctor ac tr iro 	nst, 	to cvoidod onJ it to 
co.:..- 	that the ccc c o Uno ohoila hCVO 3to4ft cctvor oloncj  

the d ncst tc-a ropo mad out 2t covor along the groina. 

G.2$.  

Zn on oortP onrnt, tz a forco which co rncsro» 
,nt of coil frot fro upper level to to or level, Pow conciot o 

ro1 Mt or- coil perticl , EriotioneX reaistonco to cc the o 
perticic, cn tie cohionr rosiMtcnco barn the potL.cleo. 
stet toh on9ineer h vostadlec3 thOt. the out 	of Lipp go to 
c1030 to the circular  circuler in moat coeoa, Therefore, tie flØIyLO for 
Eindincj tt at IlIty of to Olopoc Is than»n ro cUUp circle toot. 
The oloo to aGx7aS4orc< a men the f 'f̀ir of o Qty botucon t'1m 
RaiotLvo f°oxc ond this r.ctuoting fo 	(cox ono t of uoi ht of 
coil pc lcl ) La botuocn 1.3-UP-1.5 c a hwn in the folloving  
equation 
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Li = 	cor nc~n o om. oo toil por ialo 
' tgantd CO QIt of r ♦ OE coil + cL 

id cjio of Into= f "1cti 

C + unit eo io Stith of  ooil  

c = 
 

10 nth of are OE eirelo 

P z poro + ocu;' 

o 

Thi13 iopo to 	od zor r-+ror oir cull* iJ d On 4 	 4'ii m. 

in c + of roorvoLruJ.1 cort4.ti.cn tct, + roiçj1n of  notorL 1  

boXou ante 1ina cat t&*= c oubirgc6 t t+ ht. c io oao o 
k .nn c Est ttetg hh. 

In "th '.DcIr the Int 'E`cuuLo orcc that O om zo 3 
voijhh of coil* ErictioioZ o o nd cot vo £orco ciro in 	t' 
b Um 	 V 04 O0O U  nQUtVoZ $QZCCC that 	t9 OO 
IOto tnd %O t Puro on th 	tron fit c~. 

I- n the condition 1 ouadon dram a occurn, that in %-:h= thz  

21OOd oubai4oa cuick1y, tho fcrac duo to rotor praccuro on tb ups. 

stem Coca of erct cn n nt to i. thdrn tnd t cut1Lbrium to thotn 

cut of bof OtICO, t .L ttir 	to ran unei intcntflooua ouch the 

arala o occuro 9mm t) coLt end noturnticrn lino iø u bjcd. in 

tPio c, tie coil hac to put 1ortord edditionol . £orcgo that to u 

ua cnhaLvo Eo=o to a oid of ip jo. Vaucc of C 	*5 in thin 
eOSo art to bo 'fin 	un4rotnod char toot valuoo 
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vo cctt thi of lty oc do otrcn m' a ov or Cnj=-nt, 
tho toot t co t + to xth n tbQ ro vtt to full. Th to ono 
in tbO aC3 UcJ co tOVOir»ciU condttiun to u .xo ► OXQpQ 
dcXctib cbro. 

Duo tO UChOntOOd coMt tc on rnothodp R th3 ha ht of cru 
bcnl nt to zo*o6 jit14l` 6 . 	r proacuroc in tho both 
layer cro built up duo to ouperipco2 to of th rnriAt cbavo 
it. T cbro ua on r bo u c# for finder Ecotor o 
OciLoty. In t1ta co. tho top our2 o of th coheGiVo coil. r ay 
cicvolop crce}w na m9Icohion to pcothX+o them. ThroEoro, ro 
tuco coh lon to bo ofcctivo ovor t o onUrc lcngth oE cr h. 
thct a in zotto of uncrc&o lath to totoL lath erg arc. This 
c o . to p000r o d or both tho olo 4 

6.20. 	*, 

i kit vor't1.c i diatcnco blattA th top o ' ti ccn1nt ond 
th rna 4o lo tear 1 r►C1 to c tcd ttt r booed. Thto< t 

to t mcrgLn of o of coLnct t  lodo a. grootor 
city Ghzm that, doigno4 EoZ ond cEordo Vtoctlon + rat vCTO 

cotton during atoro . A Lrocboor Of 4 f't in coriotdorcd coquoto  
ty ro thD Locb is not uch.. 

G. 27. SE 
czporionco cIoo that a ninituo top width of 16 ft'4th Cult" 

o turning p1 c&orn to quitoacotrc10 for incpoction row ttonc- 
port OR mLtov t erring conotructton cn2 ma tonnce. A Wide 

hon 
 

tho $urttir crcntcgo o p ,t2ing cnp3.o op co for tots oorth 



£CIE i7 tLZ: ̀ ~►i' m sk:'g O,` p t C1 Vito du z'Lnç nrgoncy, in opoioL 

ccoc , to t + tt iay 	cUc 40 1OtQ2 ft. 

6 2*»  

Principal a.om3no UMUMCing the •aid+ O o oL o 	r 

+4ioh it La Flo, rtho of conetxuctton, oakmnt hoigh  

rna loth of ttra tea c børim3nt £ oubjoctato foe cto . 
I 	bo o o oitut Piping cation. i.0, ttdth of be a rust 

bo ouch the th3 atar 	oLcttncj thth it may not ho auffio 

cLoni oro to ccuy Oj tanic1 with it u nctc4r cuzLtLnjo 

in 0 rw,t oo t atQQcnz1 aoU gror too of tho cr n 	i o k 

ate ch, j into 	 lX Do for, Ala** it 	 oaCo cg+ 

in t clipping mat rzt c0 i QnL 

 MF 	G~LV' if 11-0 0- 

or h4gto loo then 10 toot. comps 0 » ► for good Boll 

which to to bo + d in root fcwourôio condieio Qg ca*ration 

d drmlam to yl rr►c C r L 	10 gt cad ab wo 31. iLco, 

it 10 bO 000fl hot t rivar c14 o olopo to ittor t ANt43 

11t iJ `owotor cngZa of rpoo of tho ontoriol fact for c C th nt. 

Tho old noy bo c Hugh cc 41 In c o of cry UtOrial wo 

for ctmJtnt. in thin c o G cover of one foot tom) good oo 1. 

to prori2cd to protoct the eopo.  

(Li) 	+n 	~. 	0iQ n,im 

tonatoam ofc?o should be prcriccd for it to thc by 

6 'cuh1c grunt to be dotorritnad foci th cctoriel wad in the 

encmt tzith t3 cutniu cover of 0 0 r (3 Et) . fly roAlic 

graLcnt to Eottor in tho cosh of core c0000 tatoriol used. 	It 

to 1:12 for eona, an1 1:.4 for cl 	. 400. the alto may bena6o 

0 



tlmttor co por the rcquirom. nt of stability,Slope generally 

provided ic 3:1 for tzig ht lc.W then. 10 Ct end C : A for height 
10 ft and cbcvo, IS' theoo olopoci are not sufficient to give 
required covor for hydrEu1ic gradient, berm of required width is 
provided on do,netream slopes 

+Ciii) Dorm 

3orm ic a hericont l benching Prmid+ on the land-side 

of opo to prevent the water from seeping t oug h the b&o of the 
c~mbenlmntcinz ecucing the ethanktent to slough, The ,fight of the 
berm moat be such that its outface wiU be above the line of satu-
rotion (H . G.) and its width such that the line of saturation will 
Lntorøoct the natural ground within its bono Ninth. 

(iv) . 'mb cikm3nt _ dojo 

Slope of the embankment should be the came as the zcitor cur 
fo slope at psi .mum flood height. Goa heights which are eel-
culacted from the ensum3d 4a,4rtnm dicchazo c hould be used, Cr 
cggrziding type of stoame the slope of the water surface to greater 
than the olopq of bad and on degrading type otroo it is r o ro. 

r streS1 

The traditional method of protects cg ainat wc,o att k to by 

use of c oquQto grass covering. A abort wolWWclippc d graca, giving 

a good turf in also provided as o protective layer Ø.nst surface 

erosion. 

sufficient f Moboard may be pr4ded for seve action and height 
of wwo, that is from trough to crest of the wcue. may be calculate 
from the $tovOWOn' a formula given below. 



s O.02 , VT+O. 7611P0.  27P /4, f+ r t < s 2 1<w. . 

0032 j ,  for F 5a2 kw.. 

is height of ware from trough to cwt in 
Vi max. wind velocity in . Ar 
P is the fetch in , 

It the current is strong, piting on slopon Is ,PrLdod, 
a [ uld be a)en at least I ft ibovo the maximum height of wwo lon* 
gth of wvo oPectod. At ,laces wher. the+ 	t As der the 
diroct attac1t of river, horizont al 'ron built up of otonoo in 
wirocrate or concfoth blockao in ' ddttion to slope pitching is 
Prcvidod. Length and tho thicnest' of opron am c cu.,at 4ccord  
ing to the oo tod scour which is found by applying  Its L oy' c 
scour depth form w 

R a 0.472 	1/ 

rh3, 
R in normal scour dept t bclotr T1, F, L. in ft. 

Q 4* discharge  in auaaca 
f x Lcroyi  a silt factor,,_depending on cidet and notuzo of bed 

cM equate to 1..76 jdm tthoro dm to the nron ei o of bad 
material in inch. 

.. Dopthofocourintakonao a ' R 
whore, 

X a I at a hank a 1.5 at nose4. 
Thicicness of Inching 	 = 1.25 times the thic1noim 

of horizontal Stone pitch' 
i (suggested by spring) . 
tits riot is liable to 
sudden deep saw. It may 
be increased to 1.9 times. 

183 

it 
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Slope of lcunching apron suggest c by Spring is 2:1. 

. `. Length of apron when launched will be , 5 i7 

Volum3 of stone per foot width = ► 5 Di 

where t is the thickness of 
apron. 

For slope to be safe against suddervdrawdown conditions. stability 
'P e-vlvvS 

analysis is to be carried out which is discussed in the :owig 

p areg raphs . For this purpose E roe draining materiel or more per-

vious material Is preferred on upstream slope. High embankments 
are protected with r p-rap and low enankments with willow mattress. 

(vi) Ri -r 
Tw lvo-tc twentyfour inches thick durable stone are hanth 

packed can the slope of the embankmentand joints are filled with 

spells or small rock fragments. Xn case fines may be washed out 
through the voids in the rip *rya, 6-12 in . thick layer of graded 

filter is prc ided below the rip-rap. 

(vii) fownstrt wm slope protection 

(a) 'turfin  

The slope to be provided turfing is to be dressed with bin. 

top 1 ayor of good soil, Sod consists of set of roots and earth 
at least two inches thick is laid on the slope in close contact 

and tamped firmly in place. The slope should be wetted till the 

pl antj 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 water1 

there growth of grass is not possible such as in and or semi - 
arid regions, gravel or rock blanket should be providodfor the 
protection. 



Rein water may c1sB erosion of the &&CPO and form gu1ieø 
e1o2 the si e, for this purpose longitudinaldreine may be par.* 
vidad on berms with reverse slope end cross drains at suitable site 
for draining out the rater safely. 

Por preventiz any soil particles to be washed away through 
seepage under the a $rent. filter blanket is wit which sit ^ 
tends from roci too upto some disttee near 'beating ineteri el. A 

drain filled with ceders is provided  at the end of rock toe for 
draining out the, seepage water. 
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6.30. $pac ina of ombonkmente z 

The spacing and the height of embeakmente are intcr-

dependent. Lithor the embankments can be made low and for apart, 

or they can be made higher and closer tcgother. The correct 

location of tthe embankments from on economic standpoint is that 
which maces the sum of the c oat of the embankments and the 

valuo of the unreclaimed land in the floodway a minimum. In this 

connection, the value of the unreclaimed lands should be takon 

no the difference between the market value of the land, if it 

wore pooeible to protect it from overflow, and Ito value for 

the f i ctthvey pur poa ec . 

The spacing and height of emba.kmente are determined 

by a series of trial solutions as shown belov. 

6,31. Outline of method : 

riret, a height of water level above the bank of river 

to aecumed and to this a free board of 3 to 4 feet is added 

to got the height of embankments to carry the eatimatcd die-

charte. The discharge through and above the channel. prop Q 10 

then c a put ed and this di schargo subtracted from the maximum 

diochargo gives the discharge which muc t pace over the flood 

v yc between the channel proper and the embankments. The latter 

diochargo divided. by the computed velocity of flow along the 

flood-way gives the croon-occtionul area to be provided by 

the flood-way. This area divided by the depth of flow over the 

flood Pe giv o e the width of the flood-way, exclusive o1 

the channel width. The cost of the embe,nkmenta, land acquisition 

of temporary and permanent larch, value of unpro-tected land in 



87  

floodrway, co©ponontioa for the crepe and butnonto falling 

under the land o for ombonkmente and borrow ptta to then compu-

ted. Similar colutione are made for other boighta of rater 

level above the river bonka; and, ao previously stated that 

opaoint of embenkmonta rich givGe a minimum value for the 

sum of the coat of embankments and the value of unprotected land, 

to the propor opac t ( corresponding the height of embankment) 

to uao. 

The example of 1bagc ati Flood Control Scheme is given 

below to understand bettor the several atop involved in the 

determination of the correct spacing and height of ombonktnto. 

6.32.  Bhagmati emb kment o eu e  s 

Introduction  s 

The river Shagmat 1, one of the perennial rivers of 

Korth Bihar riots in the Shoopurt rouge of hills in Uopal at an. 
altitude of about 7000 ft. above fl.S.L. The total length of 

the river from its place of origin to the point of outfa l to 

365 miles, out of hich 122 miles fall in lepel and the rest 

243 milo o in India. 

Thev aatobmont is fan shaped at the top. Below Hoyagbat 

it to more or lcso reotangn.1tr in shape. Out of the total catch-

Qent of 5,187 eq. mdse, 2747 seq. miles lie in Sepal and the 

balonc o 2440 aq • mile a in Bihar. 
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Tho Bhat ati rivor florra betooen tiro big rivoro, 

tho Gandolk and tho 4sooi. ho flood in &zagmati is an annual 

phonomcnon and is mainly duo to tho hoavy rains in its hilly 

ontobmont, %7hicb is often syriebronised with heavy raino in 

plaino lower down. 1aGmat i has a steep elope of 4.55 pf~.por 

mile bet woos Loon Thoro and Bheng Railway bridge. Repay Dhung 

Railway bridgo, tha stoop olopo abruptly changes to a flatter 

elope. Tho out carriod by the river is therefore dopooitcd 

in the reach from Dhosg Railway bridge to f uzaffarpur- Darbhnngra 

road cr000ing. Thin roculto in ralaing the bed of the river. It 

to in thi o middle roach that the river section is normally wido 

and oballot7 and opills over, oven in comparatively low floodo. 

The mximun di oc horgo occurred in 1965 van 90,080 c uoeco 

at Dhong railrgr bridge. 

6.33. Problem z 

The river Bhogcnti hi already been ombenkod in ito 

lower roachoo viz. (a) along ito left bank from Baya%ghat 

to Pht a►ia, 46 mil coo and (b) along & to right bank from Surnarhat 

to k3adloghat, 101 oiloo. 

The coin pro bloc of the Bhagmati are that i-- 

n) 	it innudotoo the area of 800 eq. mil. es in Bihar rrhoro 

the c ro pe are woo tl y damaged.  
b) 	it hao o ©ry cd out oevoral op ill ch onno l a on both 

ito bank. 

o 	it how a tendency to avulgo in river Burhi Gandok, 

through its right spill channels. 



d) 	ito oaction is inadequate and not capable of taking 

it o full dia c horao . 

o) 	it arodoo ito bonko and fertile lands are engulfed 

into th river. 

f) 	the comewd area of the proposed : bagaati irr .ga tion 

oche, bolorr Donapur, is also to be cdo flood free. 

6.34. ?ropoeale : 

For tackling the problem of Bhagmati a preliminary 

investigation 'of a 230' high dom at I amohbu about 6 wtleo up-

otroam of Noonthoro cooti Rr. i$ croree was done. Tbi c proposed 

don, if oxocutcd, would have ooritrollod the flood diceIzrgo to 

the oxtont of ono lokb euuoco. This project attl no doubt 

moderato th- flood in the Bbogonti basin, but will not nuke the 

area flood froo cotoplotoly no the cootion of the river is not 
capable of acoonodatin oven a discharge of 25,000 eu0000. Honeo 

in add it ion to the darn at I7oonthor o, enbnnkm ate nil have to be 
provided to prevent o pill. 1g. 

]mbankeorto in the following rocchce of 13be.tmti are 

propocod no Bhognati flood control oohcmo. 

1. 	£mbanhmcn t along the right bank of river Hhagmati from 

Shoopur Gobindpur road to Surmarhat ( Down stream 

tor©inal tagged with existing Hayooghat Surmarhat owbBzic-

m t) . 

ii. 	Embankoont along loft bank of 8hrgoati from Sbeopur- 

Go b iud pur road to Servant spur bsrbhonga ro al at 

Jathmal pur, 



90 

6.35. Available Data s 

Fro po eed ezbankmeat with a 50-year design flood will 

rise the H.F.L. considerably and consequently mer adversely 

affect the drainage of the country aide •  Hence the proposed 

embankment should be designed for 25iyear flood 101,000 ouseca 

and escapes should be provided at approximate places for die—

charging a portion of the flood d1, so barge above the 25y  ear 

flood. 

6.35.1 • Free Boards 

A free board of 4 ft. over the design H.F.L. along 

the en benkment has been provided to arrive at the design crest 

level  of the embankment . 

6.35.2. Embankment Sect ion s 

It is proposed to keep the top width of the embank—

went 16ft. with side slopes 2 : 1 on the river side and 3 1  1 on 

country side. The elope of line of saturation has been taken 

as 5 s 1. 

6.36. Procedure s 

,, 9X• WvL. Wire 	1O C1.stCf 

I/ 	

Q H  a' 	 Z 	
/ 

7 
Q A 	7-;--;:  

-  

f /C. 63 



Do to given i 

Q 	0  1,01,000  ou3OCO, design flood discharge 

A channel. X-ooction area ( RST ) 

PI  Wetted perimeter ( RST 

i 	a elope of channel 

fl 	0 roughness factor for channel, a' = rcxaghneos 

factor for flood -ray 

Al 	X RST Y a effective channel X-sectional area 

Q1 	a diocharge through effective channel 

z-section area. 
Q2 	d tech arge through flood-way 

L 	length of flood-ray 

H 	4 depth of rotor above the banks 

Given river channol and flood plain as shaven by 

oroa5-000tion PQRSTLLI in the above figure. The flood diocharge 

to be carried by the embanked channel cro oa-ceet iota is 

1,01,000 cuseco, the tiroa of the channel x—section RST is 

4156.8 eq.ft., the votted perimeter P1  a RST is 482.69 foot# 

the elope of the streem is 0.00019; a for the channel is 

given an 0.025 and for the floodway 0.05. The value of lard for 

permanent aoquic ition ( for seat of the embankmcnto) is 

Ro.2500/- an acre and for temporary aoqui.aition ( for borrow 

pits ) is Ao.300/- an acre. Crop compensation given 0 Ro.200 

an acre and a ,r compensation for hutmento Rs.600 per rile. 

Aseum a trial. height of water 3.5 feet above the 

bank level and 4 feet as free board. With the water 3.5 ft. 
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above the bankful lavol, the area of the effective channel 

XRS :Y, rill bo incruaood 1690 sq. ft., making a total oroaa-

oectional aroa of 5846.8 oq.ft. The tatted perimeter, RST, is 

482.69 ft. and hence the hydraulic radius will be 12.1 ft. 

Substituting in iilanning'a formula, the scan velocity to found 

to be 4.3 ft/oea; and ith this velocity the discharge Q1 would 

be 25,1Q0 auooco. Since the flood diocharge to be carried is 

1 i  ©1, 000 cu eeo e, the flood way mustt be designed to carry 
Q2 rz 75,900 cuoeco. The velocity of flow along the floodway 

for a roughnoao factor of .05 avora,p depth of 4 • 5 ft. and 

a elope of 0.00019 would be 1.12 ft/ace. ' To carry a dichaiija 

of 75,900 cus000 at a velocity of 1.12 ft/sec., the area of 

the f14adway must be 67,800 aq.ft and since the average depth of 

floe at floodway to 4.5 ft., the width of the floodway must be 

15,050 ft., oaoluoivo of the channel proper. 

Coat of the embankment a with given top width and side 

elopes and height 9.5 ft . is worked out for one mile length an 

Ro.1.39 lakha. A floodway Ono mile long and 15,050 ft. wide 

would contain 1825 acroo. Since the potential value of this 

land for agricultural is only Ro.2500 per acre, Chile its value 

for flood wa;' purpocee is only Re.2000 per acre, the loss is 

Ho.500 per acre or Ro.9.13 lakh per mile of floodway. The coat 

of pormanen t lit width for one mile long embcakment s 0 Ra.2500 

par core to Ra.0.40 1akh. Coat of temporary land for taking 

earth for on mile embankments ( Ito.30t) per acre is B.0. 16 lakh. 

Cost paid for damaging standing crop 0 Rya.200 per acre to 

Rø.0.10 lakho. Compensation paid for hutmente 0 Ra.600 per who 

is Ra.1200. The to Cal coot for thin ho fight is Re.11.20 lakh. 



In like ounnor the opaeiog and the total coot for 

the hoighto of nator depth above bank lovol for 4.5', 6.5', 

8.5', 12.5' and 16.5' are worked out us shown in the following 

calculationo. Values of tho to tol coot have been plotted against 

the corresponding spacing of ombankmento. (Pig. 6.4. ). Hence 

from the curve the 4,500 ft. opeoing is soon to be the neat 

ocononical. Calculations for the cam are given below : 

REF. /=/G. 6-3 P io 

Q ° 1,01,000 design flood diecha..rge 

A 	chcnnol r-sae. area ( R3T ) 

P 	rettod pori for ( RST ) 

I 	slope of channel 

n 	rougbn000 factor for ch ci nol, n'= roughness 

factor for floodway. 

effective channel x'.sec. area ( XRST'Y) 

Qy 	discharge through effective chennol a-soc. area 

( XHs'rY) 
q2  ° d lO ch a xg a through flood goy.  . 
I 	length of floodway 
if 	depth of cater above banks. 



6.37• Calculation8 : 

6,37. .  Depth of water level above b ku assumed as 3.5 ft. 

Area of portion above channel 

a 843.5 x 3.5 a 1690 sq. f t. 

Q = 1,01,000 cueecs. 

P, 'Q  482.69 ft. 

Al  = 4156.8 4 1690 = 5846.8 sq •ft. 

a = 5846.8 	= 12.1 ft. 
482.69 

V = 1 .86 x ( 12.1)2/3  x ( 0.00019)1/2  
0.025 

a 4.3 ft/eec. 

Q j  = 584th.8 x 4.3 a 25 0  100 cusecs 

Q2  = 1# 01 t000 - 25,100 = 75,900 c us ec a. 

V2  ' • 486 x 4.52/3  x 0.00019 1/2  

1.486 x 2.73 x 0.01378 

1.12 f t/sec • 

A2  = Q2/ 2  = 75,900/1.12 &- 67,800 eq. ft. 

A2/4.5 a* 67,800/4.5 - 15,050 ft. 

Spacing 	15,050 + 480 = 15,530  

Cost of earthwork : 

Cross aeotion area : 

=16xR+2.5H2  

a i6x9.5 + 2.5 x 9.52  

152.0+2.3 290.25 

94 
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n 152.0 + 245.6 

a 377.6 oq.ft. 

Quantity of oarthv ork for both embankments for one mil o 

1m6th• 

377.6 .r 5260 x 2 a 3'99 t4S ° oft• 

Coat at Rc.34.9/ a c-" 

	

39900 x 34.9 	139,000 R. 

B. Coat of land  : 

C7idth as 16 + 5 x 9.5 a 16 + 47.5 = 63.5 fit• 

area 	et  61.2 	2 z_ 5 28th _ 	a 15.35 aortic 

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

w ii0 , 40, UOQ 

C. Loco due to valno of unpro tented land in the 'loodhay. 

0 Ro.500/ac • 

	

area =15,050 	2180 	= 1825 ecroc. 

Costa 500 x 1825 0  9:12,508 

D. Cost of temporary land for taking earth for embenkmont 

( 2 ft. depth Of borrow pit ). 

Area 	Quetatity of earth ryarI/niie 
2x 43560 	

acroo 

*_  , ,9O004 	45.8 ac t 240 ;12 3  for each 
2x43560 	 'oido for officio, 45.8 ' 9.16 	Iborrack, parallel 

54.96 ao• 	,otrip eta. 
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Cost a Rs.300/e.0. 

a 30 x 54.96 	= Re. 16,488 

E. Compensation to be paid for damaging standing crops 

( area = t/0 of permanwt land + 3/4 of temporary land ) 

Area 0  1/2 x 15.97 + 3/4 x 54.96 

a 7.98 + 41.25 a 49.23 

Cost a Rs.200/ ac. 

n 200 x 49.23 a Rs .9 , d46 

P. Compensation to be paid for bu tnenta falling 

on the alignment of embankm ui t 0 Ro. 600 per mile for one 

side. 

Cost a 2 x 600 + Re. 1,200 

Total cost 0  A+B+C +D+S+P 

a Re. 11.20 la kh 

6.37.2. Depth of water avel above bank assumed ao 4.5 ft. 

Area of portion bare channel 

a 484.5 x  4.5 a 2180 

Q 	101,000 cusses 

P 	482.69 ft. 
1 

Al  at 4136.8 + 2190 = 6336.8 sc . ft. 

R1  * 6336.10/462.69 0 13.1 ft. 
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Vi  a i.486/0.)25  x 13.12 3 x 0.000191/2 

* 1.486/0.025 x 5.55 x 0.01378 a 4.53 ft/aeo . 

Q1  "s 6336.8 x 4.53 = 28,700  ousect. 

42  a 101,000 28,700 = 72, 300 

V 0 1.486/0.05 x 5.52/3 x  J.000191/2  
2 

1.486/0.05 x 3.12 x 0.0t378 0 1.28 ft/a®c. 

A2  72,300/1.28 = 56,600 uq.ft• 

L - 56,600/5.5 a 10,300 ft. 

8 a 10,300 + 480 = 10,780 

A.Coet of arthwork j 

	

Cross-section area 	16 x  H + 2.5 H2 

16x10.5'+2.5x10.52  

1680 + 2.5 x 110.25 

a 168.0 + 276.0 a 444.0 eq.ft. 

Quantity of Z.L. a 444.0  x 5280 x 2 ,$ 46:80,000 

Coat m 4680 x 36.2 a 1, 69 ,500 go. 

B. Coat of lard $ width a 16 + 5 x 10.5 ' 16+52.5 = 68.5 ft. 

Area a 68.5 x 2 x 5280/4.3560 a 16.6 acre + 4 % i.e. .66 

* 17.26 
Coat 	2500 x 17.26 	439100 Re. 
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0, Lose due to valve of unprotected land in flood way t 

area .= 10,300 x 5280/43560 = 1250 acres. 

Cost = 500 x 1250 a 6,25,000 Be. 

D. Coat Of temporary l 

Area to 4680,000/2 x 43,560 = 53.8 * 24 A 

x 53.8 + 12.9 

66.7 ae • 

Cost a 300 x 66.7 = Re•20,0$4 

S. Compensation for crops s 

Area = 1/2 x17.26 + 3/4  x 66.7 

8.63 + 50.0 w 58.63 Ac. 

Cost 200 x 58.63 = Re.11,726 

F. Conpeaeatio for butment = R.1200 

Tol&. cost= A + B +0 +D + E + P Ro.8.71 j.akbe 

6.57.5• Depth of water level above banks assumed as 6.5 ft. 

Q a 10i,000 cusece. 

F 	482.69 ft.  
1 

A 	4156.8 + 486.5 x 6.5 • 4156.8 + 3120=7276.8 sq.ft. 

R 	7276.8/482.69 a 15.1 ft. 
I 



V1  - 1.486/0.025 x 16.12/3 x  0.000191/2  

a 1.486/0.025 x 6.1 x 0.01378 

* 5.0 ft/sec. 

Q "° 7276.8 x 5.0 a 36,384.0 C user O• 
1 

Q2  '0  Q — t 1  a 101,000— 36,384 + 64,  616 cusecs. 

V'2  a 1.486/0.05 x 7.52/3  x 0.000191/2 

0 1.486/0.05 x 3.83 x 0.01378 

• 1.57 ft/aec • 

A2  #a Q2/  v2  a 64616/1.57 a 419200 sq.ft. 

L - 4120U/7.5 a 5,500 't. 6 a 5,500 + 480 = 5980 ft. 

A. Cost of earthwork : 

c/o area a 16 x R + 2.5 82  

16 x 12.5 + 2.5 x 12.52 

a 200 + 390.6 93 590.6 sq ./ft. 

Coat 0 Re.37.1/  %oou.ft. 

590.6  x  5-280 x 2 	x 37.1 	2 9  31:500 

B. width of embankment 	16 + 5 f 78.5 

area of land required a 78.5 x 2 x 5280 
43560  

19.0 acres * 4 % i.e. 0.76 

a 19.76 acres • 

Cost 0 Re.2500/ so. a 19.76 x 2500 • Re .49,400 
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C. Lose due to value of unprotected land in flood ways  

area 5500 280 	666aores 
45 DJ 

Cost ■ 500 x 666 a 3, 33,000 Re. 

D. Co et of tsmpsor®ay land 

Area a600 	a71~2 + 24 % 
2x 43560 	= 71.2 + 17.2 

88.4 so. 

Cost = 300 x 88.4 ft ke.26,520 

E. Crop compensation 

area • 1/2 x 19,76 + 3/4 x 88.4 

a 9.88 + 66. 3 

76.18 ac. 

Cost = 200 x 76.18 

• Re.15,236 

P. "ospensat ion for hutments = Re. 1200 

Total cost * A+D+C +)+E+paRe6.57lakhe 

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

Area of portion above ch t►nel = 488.5 x 8• = 4,150 

Q a 101,000 cusses. 

P • 482.69 ft. 

A I - 4155.8 + 4,150 	8, 306.8 8q .its. 

8 ~ a 8306.8/482..69 	a 17.25 ft. 
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V I  a 1.486/0.025 x 17.252/3  I 0.000191'2  

m 1.-486/0.025 x 6.7 x 0.01378 a 5.47 Wt/oec. 

Q1  0 8306.8 x 5.47 0 45,500 ousecs. 

1 	 Q2 - 101,00 - 45,500 = 35,500 c ►ecs. 

V2  0 1.486/0.03 z 9.52/3  z  0.000191/2  

0 1.486/0.05 x 4.5 x 0.01378 = 1.845 ft/eec. 

A2 't 

 

55,500/0.845 a 30,200 

£ 0 30,200/9.5 	3,180 ft. 

S- 3:180 + 40 a 3,660 ft. 

Cost of earthwork s 

A. crose-.sect ion area 

16 x H  + 2.3 Ii2  

16 x 14.5 + 2.5 x 14.52 

232.0 4 525.6 = 757.6 eq.ft. 

Quantity of E.W. 

* 757.6 x 5280 z 2 80,00,000 oft. 

Cost 8,000 x 43 w Ee.3,44,000 

Cost of land. 

B. Width a 16 + 5 x 14.5 a t6 + 72.5 a 88.5 ft. 

Area a  88. x 2 x  5 280 	= 21.43 so. + 4 % &.e. 0.86 
43;50 

22.31 so • 
Cost 	2500 x 22.31 • Re.55,700 
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0. Loos duo to vc uo of unprotootod land in flood r.-aJ 

Arot a 3180 tt 5280/ 43,560 a 385 ao • 

Coot C 500 n 385 0 1993,000 Ro. 

D. Coot of to3porlazy land 

Aron 	fl Q0 £f 	„ 	m91.8+24 

0 91.8+22.0 

a 113.8 Ac. 
Coot 	300 z 113.8 

	
1.0.34, 140 

R. Crop oos~ponootto a 

area ° 1/2 z 22.31 + 3/4 a 113.1 © 96.45 ao • 

Coot = 20U z 96.45 a to• 19,290 

P. cooponoc tton for budoonto cs RO.12J 

	

ott,i doct a l+ B+ 0 4 D+ ja 4 L 	fic-6.48 1 

6.37.5. floptb of cz to lovol oboe bank €couo co 12.5 ft • 

Aroa of voter obwo chonnol 49k.5x12•5 = 6150 oq.ft• 

Q 	0 101,000 eu ac0 o. 

Pt 	482.69 1 

Al 	c 4156.6 + 6150 a 1O,3%.8 aq. ft• 

Q 10,306.8/482.69' ' 21.3 

° 1.485/0.025 3: 21.52/3 n 0.000191/2 

1.486/0.029 a 7.8 n 0.01378 

a 6.37 ft/oao. 
+ 	~ 0 6.37 n 90, 306.8 0 656Q0 oa ocoo. 
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Q2  a 101,000 — 65,600 = 35,400 cu coo o . 

0  1.4C 	r. 13.52/3 x  O.000191''2  

a 2.32 fVoco, 

n2  '0 

 

35,400/ 2.32 c 15, 300 

L ° i5,300/ 13.5 ° 1135 ft. 

 1135 + 4U0 a 1615 ft. 

Copt of c.r thco 'tus 

A a +Crood ocotion+ croa 

Ic,  + i20.5 	z18.6 	1154+36x1190 

Quantity of *C., for ono silo 1ou tb = 2 x 5280 z 1190 
125,50,000 cuft. 

Goat Q 125,50x000/1000 it 49 = Flo•615PO00 

	

S. Coot of 1046. 	1►ro ' i:1 : 	, 2  .. &5 280  

27.7 + 45S 1.0 • 1.11 
a 28.8t 

Coot = 2500 it 28»$1 = HO.72,000 

C. Looc duo to valvo of uapro tooted lard, In f11ood v . 

° 158 carob 
Coot ' 500 it 130 a L oad9900O 

D. Coot of tczporarr is 

	

aroa = 1 	0O0 	158.5 + 240 
2z43 O 

158.5 + 38.0 
196.5 cc. 

	

coot a 300 A 196.5 	Ro.58,950 
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L. Drop cozpcncation 

ciroc R 1/2 z 2U.81 + 3/4 x 196.5 
14.40 + 147.3 = 161.7 Ac. 

Coo t o 20 n 161.7 c ho •32, 340 

P. CoDponoation for huts en try &,.12'X1 

iofof coot = A + S + C + D + 2 • 	to..48 lakho 

6.37.6. Depth of victor Level above bane accumod ors 16,5 ft. 

r cc of portion ahovo ebe.nnol 

0  496.5 x 16.5 '" 8180 o q. t t. 

Q ° 1.01.0'0 ouocc a. 

P1 	482.69 ft. 

Al  c2  4156.8 + 8i80 	12. 336.8 oq • f t. 

12336.8/482.69 8  25.5 aft. 

1 1.485/0.025 z 25.52/5 z  0.00019 1/2 

1.48S/0.05 z 1.7 )t 0.01378 0  7. 1 fV/000 . 

0  7.1 z 12, 336.8 0 87,5OQ ouaoao. 

Q2  0 101 0 000 —87,500  ' 15#500 cu0008 

1.486/0.05 z 17.52/3 x  0.000191/2  

0 1.486/0.05 z 6.75 is 0.01378 a 2.76 f t/ eee . 

p2  = 13,500/2.76 0 49900 eq . ft. 

490O/17.5 = 280 ft. 

6 	480+2808760 ft. 
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ChonCl a be o~rk: 

A C/a aroa = 1,732oq. ft. Coct 0 Ro•58/ cuft. 

a 
	 80. 10,60,000 

B rt dth 	128.5 ft. orOa 'i2 3.5 	 31.2 
43560 

( t. o• 1.248) 	32.45 oc• 

Coot = 2500 z 32.45 ° Ro.81,000 

0. Loa duo to volvo of uuprotootod 1 on in flood v:oy. 

Coot R4~~____ ,.~.,. 	17,000 

D. Coot of toop. latrl  

area ° 183,00,00)/2x43560 210 + 24 S 

0210+50.4 0260.4 Ac. 

Coot a 300 x 2.60.4 0 fla•7+~,120 

S. Crop 000pcnoot ton 

aroa a 1/2 z 32.45 + 3/4 r 260.4 

a 16.22 + 195.3 ' 211.52 ca. 

Cost = 200 z 211.52 + kto.42, 304 

?. Oonpouoat ton for tau t3onto 

Eo.1200 

Total coot c A+ B+ C+ D+ Su+ 1 

a Ro. 12.80 10 o• 
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Table 6.1 

byaóing or 	c at of .dthi CosF1 land oes àJóAt of etal cost  
embankments $work in enbanlç acquisition,  1t0 valve + cost of 	(Col.2+3 	) 
In feet 	f 	inents 	, cpenation of un. 	landacquist j 	.1akh 

for crops an protected ti 	,comp. 
r 	 ; kutm 	is ,land toi for crop & 	, 

. '1oodva , tent 
2 

_1-- 

,~  '" 6 

t•5,530  1.39 0.68 9.13 2.07 11.20 

10,780 1.70 0.76 6a255 2.6 8.71 

5,980 2,32 0.92 3.33 3.2 6 .57 

3,660 3. 1,.11 1.93 '.55 6. 	3 

1,615 6.15 1.+1 0.69 7.79 8.48 

760 10.60 2.03 0.17  12.63 12.80 
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6,38. Relation botioon opacing of embankmcnto, hydraulic 
radius and rOu1JhAODO  fcetor 

Prom tho above data of the Bhaguati flood control 

ceheno, taking tho channel portion and over banks portion 

as one composite coat ion, the valuoc of hydraulic radius 

" r ' and roughness factor " n '1  for the different epocir o 

of the embankment o h c, a been rao rid out as shorn in the 

calculdion bslow. Hydraulic radius is plotted against the 

opac it of the embankments ( pig. 6. G ) and it is coon 

that it increases with the decrease in the opaciao of the 
oobankmento . Main hydrwulic radius '" r I* is plotted against 

roughness factor " a 0  ( Pig. 6.5 

c ith the ins r caoo in " a ". 

) bore it decreases 

Conclusion # 

It is coon that the above rel etiono corked out for 

the co opus it a coo tion ,that is hydraulic radius varies Lave xcly 

with roughness factor and the channel y id th, arc the came a© 

for the normal ooction of the channel. 

Calculations t 
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Al 	0 Z-►coot tonal area of ch incl ( EST a 

A2  0 	X—ooctional area abovo cbennol portion ( XRTY ) 

A5  = 	X— oeot iona]. area of floodway ( OQEX + YPID ) 

= X—ooational. area of composite sect ion ( CQRSTLD ) 

et t ed perimeter of co mpoe l to Doe. ( CQRSTLD ) 

R 	Hydreul.io radiue for composite voodoo ( CQRSTLD ) 

a 	rouuhn000 factor for compoci to section ( CQRSTZ) ) 

Q = 	101 #000 cuoeao. 

i) S aci of cmbantmcat 	= 15,530 ft. 

Conbinod crooc.000tion area = AI+A2+2A3  

Al 	4156.8 ©q. ft. 

p , = 480 x 3.5 0  1,600 oq• f't. 

A3  a 15050 x 4.5 a 67,700 oq. ft. 

A 	A, + 12  A3  73#536.8 oq.ft. 

P 482.69 + ( 15530 — 480) + 2 z 3.5 c 2,2 

482.69 + 15050 + 15.4 = 15,548 ft. 

R 	' = 73536.8/15,548 = 4.73 ft. 

V = WA 1901000/13436-8 	1.375 f t/000 . 

V = 1.483/0 z Of 	x S1/2  = 1.375 = 1.486/n 3r 4.732/3  

It 0.000191/2  

ili485 x 2.82 x 0.01378 
n 

.' . n 	1.486 3 2.82 x 0.0 i 2 ...._. 	a 0.042 



(U.) Spacits of ombanhnonto = 10,780 ft. 

E, c 4.5 	H2 ° 5.5 	Q C 101,000 C uoao o. 

1i1 ° 4156.8 oq. ft. 	4156.8 

£2 = 48Ox4•5 $ 2160 oq •f t. 	2160.0 

3 = 10,300 x 5.5 = 56,500 cq.ft.565000.00 

2,ei  

A C 62,816.8 

P 	480 + 10,300 + 2 it 6.5 z 2.2 = 10,809 ft. 

R = 4/P 	62,816,8/10,809 = 	5.82 ft. 

y( Q/ A = 101 9000/62,816.8 0  1.61 ft /oac. 

V 	1.485/n x 5,322/'3 x 0.000191/2 

n a 1.486/1.61 x 3.24 n 0.01378•' •n ° 0.0412 

(iii) Spacing of oobonitEonto 	5980 ft* 

a1 =6.5 	if2 m7.5 

A~ a 4156.8 cq.Yt. 

£2  480 x 6.5 a 3120 

A3 = 5500 x 7.5 = 41,200 

x 0 48,500  

4 	101,000 euac o. 

4156.8 

3120.0 

cq• ft. 
48,47 

©r 48,500 

P 430 + 50500 -0 2 x 805 x 2.2 13 6017 ft• 

R = 4/P a 48,500/6017 =.8.07  

a OjA j})00 
	

2.38 ft/oao. 
s 

V = 1.486/n n 8.07 3 z 0.000191/2 

2.08 a 1.486/u z 4.03 x 0.01378 
n rx 1.486/2.08 x 4.03 n 0.01378 a  039L..._ 
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(iv) SpaoirZ of oobaal sonto = 3,660 ft. 

H1  a 8.5 	112  = 9.5 	Q a 1011000 auocco. 

1i1 	4156.8 oq. ft. 	 4157 

t 	480 z 8.5 4080 	 4080 

*3  3180 9.5 30,200 	 30200 

A = A l  + A2 '+ A3 38 x 437 oq • Pt. 

P Ox 480 ♦ 3180 + 2 z 1©e5 x 2.2 0  3704 ft. 

A/P ° 38.437/39704 10.4 ft. 

V ' Q/* 101,000/38,437 m 2.63 ft/coo. 

V c 1.486/n z 10.42/3 n  0.000191 /2  

2.63 0 1.486/n x 4.77 s 0.01378 

12'* 1.486/2.63 x 4.77 z 0.01370 = 0.0364  

(v ) Spacinofoobcnitmoto 	1.615 ft. 

Ai  012.5 	F 2 =13.5 

A9  0 4156.8 oq. ft. 

A2 0  480 t 12.5 0 6,000 

43  0  1155 2L 13.5 = 15,300  

Q c 101 0000 cucooa. 

4157 

153000 

25,457 

A c A1 +*2 +A3 ° 25,457 

Po 480 + 1135 + 2 a 14.5 z 2.2 = 1679 ft. çpi1679  
T a 4/P 25.457/1679 a 15.15 ft. 



V = Q/A 	101 000 	3.97 ft/sec. 
2 

V = 1.486/4 X - 15.152/3 x 0.000191/2 

3.97 = 1.486/n x 6.1 x 0.01378 

u a 1.486/3.97 x 6.t x 0.01378 0.03.4„ 

(art) Spacing of embankments * 760 ft. 

81 = 16.5 	H2 = 17.5 	Q a 101,000 cusecs. 

Al = 4156.8 sq• ft. 	 4157 

A2 a 480 x 16.5 = 79920 sq.ft. 7920 

A, 	280 x 17.5 * 4,800 	..,. 4900 ...~ 
16,977 

A Al + A2 + A3 = 16,97? sq. ft . 

P 480 + 280 + 2 x 18.5 x 2.2 = 841 f t. 

R a A/P * 16977/841 " 20.2 ft. V a 4/A = 14,,.1 000 
16,77 

a 5.94 ft/aeo • 

V = 1.486/11 x 20.22/3 z 0.000191'/2 

594 = 1.486/n x 7.4 x 0.01378 

n 	1.486/5.94 x 7.4 x 0.01378 = 0.0255 
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Table 6.2. 

C ' 1019000 eusece ( Composite Section ) 

Spacing of embank- 	►d rau), io radius 	Roughness Co-»effio ient 
menu in feet 	'r' in feet. 	 en' 

15,530 4.73 0.0420 

10,780  5.82 0.0412 

5,980 8.07 0.0397 

3,660 10.40 U.0364 

1#615 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 and inundation takes place. Also 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-

gation channels and making them inef'f'icient. 

The simplified for of the following equations give sediment 

discharge capacity and water discharge caracity of the channel s [D] 

1) Q = 0.1?/m 	r B.d2  S2  U&  

2) Q 	1.49/n B, d5/3 

$ = elope 
n 	roughness factor 
Q discharge 

we have to establish rel gt ion between width of the channel 

and the sediment discharge capacity from the above two equations. 

Keeping the discharge, Q2  same and taking the change in 

S negligible, then from equation (2 )* d ar  

from equation l 1.. Q8  o Bd2 	 . • • .. • .(4) 

Sub value ofd fm 3 in 4 

a Qs  ac 1/ B1 "5  

This shows that by decreasing the bed width, the 

sediment discharge capacity is increased. The above relation is 

also proved by taking the illustrative example of Bhagmati 

Flood Control Scheme. The previous paragraphs, spacings of the 

eze 
Qe  rate of sediment transport 
m 	diameter of sand in mm 
r 	specific weight 
B 	width of channel 
d 	Hydraulic mean depth. 
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embankments have been calculated for assuming the different 

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

came data#  bed load and total sediment load have been calcu-
lated between the different spacings of the embankments 

calculated above for maximum design flood. Calculation on 

page 116 . 

Bed bed transport capacity has been calculated 

by Einstein equation. This equation correlates two dimension- 

less parameters and 	, where 

0 	a 	( i/o-1  j 1/2 	( 1/ gd 3 1/2 
G.r. 

Mere gp  is the rate of bed load transport in lbs/ceo. 

0 and ip  are dimensionless parameters 

0 = specific gravity of tho grains 

r a specific weight ( Unit wt. of water ) 

g a acceleration due to gravity 

d = grain diameter 

B' = Hydraulic mean radiu a with reference to grain 
roughness. 

slope 

Total load has been calcul dt ed. by Laursen equation 

d/D)/6 ( 	-i ) f(uJA) 

where C is the percentage cone ent rat ion by weight 



1i3 

d a grain diameter 

1) 0 depth of water 

Boundary shear 

Critical tractive etrees 
f- stands to r fumction 

u , = shear velocity 

w = fall veloc itr 
Total load 	C? found in PPM  

Total bed load ( i.e. for channel and flood ays ) 
*t 4e+ ,t ee n*t 	, here been plotted againe t the spacings 
of the embankments ( Pig. 6.8 	). It is seen that the relation 
comes the some ae worked out analytically that is the tots. 

Load ins reasee with the decrease of the spacings of the embank

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

E~,~ja,r2`cirtC~,tt 
EmbanJ<n,Lerrf 	 water Level 

FL OUD WAS' 	; CE A/TRAL 	1 FCOODWAY 
PORT ON 

CHANNEL 

5.41. Calculations ; 
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6.41. Spacing a 15:530  

U) Central Portion : 

Q = 25 9 100 euseca 

A a 5846.8 oq. f t. 

R a 12.1 ft. 

d35a 0.00059 ft 	0.18 mW 

d 5 0.000853 ft = 0.26 mm 

%ean vel. 0 4.3 ft/eec. 

Hydraulic mean radius with reference to grain z ughneea, 

R' in given by 
V/U* a 7 .66  ( B  '/K ) 1/6 

V/ /'e 	- 7.66 ( R'/d65  )1 /6  

. _,_-• 3 	 - 7.66 ( R'/4.000856) 1/6 
32.2xR x 	19 

R'2/3 	4.3 x 0.513 	= 2.21 

B' 	( 2.2l)' a 3.28 

(it) 	tz (c-1) r3 	
8 

5/R's 	00
09 1 .56  

3. x 1 
from graph 0 = 4.4 for y* a 1.56 

v! ga/G.r ( 1/G-1)1/2  ( 1/ g1 )1/2 

4.4 

2.6  5 	.4 	1 ' S 	32.2 (0.000853) 

go  = 4.4 x 0,0301 = 0.1325 lbs/ft/Bee. 

Go a 0.1325 x 480 a 63.50 lbs/sec . 



(ii) P1ao a-wey 

Q * 759 900 cueecs 

A a 57,800 eq. ft. 

R * 4.5 ft. 
d65 * 0.000853 ft- 

d35' 0.00059 ft. 

Mean vel. a 1.12 ft  /sea. . 

Hydraulic mean radius with reference to grain roughness 
R' to given by 

- -V-,--» 	7.66 ( B'/ d65 ) 1/6 ,gRe 

1 • 2 	: 7.66 ( R'/0.000853) 1/6 
• x 	.x Q0Qbi9 

R'2/3 	1.12 x 0.513 • 0.575 

R' 	( 0575)3/2  * 0.436 

* (G 1) D/ R'a +~ J-65 x4.a~... 

	

35 	0.436x0.00019 11.75 

From graph Ø = 0.050 for p * 11.75 

ge/G. r. ( 1- 01)1/2 ( 1/ ad3 )1/2 

0.05 * gs/2.65x62•4 x 1/1.2845 x 1/56745 xt  
to 

g * 0.05 x 0.0301 a 0.009505 lb8/ft./aec. 

4p * 0.001505 x 15050 = 22.65 lb/sec. 

Total Goo * 63.5 + 22.65 * 86.15 lb./eea . 
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6.42. Spacings of ebb. = 10,780 ft. 

i)  Central. portion 

Q 	28700 cueece• 

A = 6336.8 eq. f't• 
R a 13.1 ft. 

d35 0.00059 

d65= 0.000853 ft. 

nmean - 4 .53  

R' S 	a 7.66 ( R'/ d65 )1/6 

453 	 /6 

R'2/5 	4.53 x 0.513 	2.33 

R' _ ( 2.33)3/2  „ 3.55 

q 0 ( G-1) D5n/R's 

1.445 

from graph 0 = 3.7 for 4 • 1.445 

	

A a BJ G.  r,  ( 1/G' 1) 1/2  ( 1/8 	)1/2  

4.8. a go/2.65 x62.4 x 1/1.2845 x 1/5.6745 x 25/106  

go  a 4.8 x 0.0301 = 0.1445 l be /Zt/sec • 

(Ga  ,= 0.1445 x 480 # 69.3 lb's/aec. 



(ii) Flood wars t 

+* 72,300 cusses 

* 56,640 sq.ft. 
it a 5.5 ft. 

d35 = 0.00059 

465 a Q.00U 3 

soon y.10 1.28 ft/sec. 

• a 7.66 (R o/d65)
1/6 

_:t Z8 
/~32 	 `T 	9 a 7.66 ( R"/0,000833 )1/6 

(p)2/3 	1.28 x 0.513 a 0.657 R' *0.6373'2 a 4.533 

( of—t) D35/ B's 10 .6 	9.6 

fz oo graph JO a 0.1 to r 0 a 9.6 

0 " S, 0.z. (t/ 0~t)1/2 ( f/ gd3)1 '2 

0.1 a gJ2.63 z 62.4 x 1/1.2645 x 1z106/S.6743 5 

go * 0.1 x '.030i A 0.00301 l b$/ft/8.C. 

{,fig a 0.00301 x 10,780 a 32.4 ba/s*V . 

otal 0# • 69.3 + 32.4 * 101.7 	01, 



6.43 Spacings of emb• 0 5980 ft. 

(i) Central portion i 

	

Q 	36:564 cu Bear - 

P = 462.69 

A 5846.8 

	

V 	5 ft/sec 

	

B 	t5.1 

	

i 	0.025 

0.000853 ft 

d35 - 0.00059 

d65 w 0.000855 ft. 

V a 5 ft/nec . 

Y ..... a 766 ( R'/d65 )1/6 

_r,...~...... 	~, 	- 7.66 (R I/O.000856 )1/6 

R,2"3 C 5 x 0.513 	2.565 fit. 

B' u ( 2,565)5/2  4.1 

~ (G 1) D55/ a' 5 

- i'65 _x 0.00059._ 
	- 1.25 x . rJ 

from graph 0 - 5.7 for qi a 1.25 
0 a ge/Gdhzd' ( I/G-1 j 1/2 ( 1/8 d3 )1/2 

C 	2.65x62.4 x 1/(1.65 )1/2 is 1/ ( 32,2)1/1 (0.00 0853)5/2 
5 7 	g 	 . 

go a 5.7 x 0.0501 - 0.1715 lbs/it/eec* 
t 

ao a 0.1715 x 480 w 82.3 lbe/eec 
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(ii) Flood-ways i 

Q = 64,616 c useos 

A 	41,200 Seq.it. 
R a 7.5 

d35 a 0.000559 

d65 0.000853 

~.ean v a 

 

1.57 ft/sec. 

/ j 	m 7.66 ( R t/d65 )1/6 

1.57 -~- - 	•• 7.66 ( R /0.000853)1/6 
/fix  z0:QO019 

R ,2/3 	1.57 x 0.513 	0.805 	16 RI = (0.805)3'2 
R' =0.722 

q' 	( G-1) D35/  t I s 	.6 	0.00 	.~.. 0.22 x U. ~g 	7.1 

from graph 0 a 0.255 for q a 7.1 

0 _ S./ G.r. ( 1/G-1)1/2 ( 1g d3)1/2 

0.255 = 8,/2.65 x 62.4 x 1/1.2845 x 1/5.6745 x (0.000853)3'2 

g5 0.255 x 0e0301 lbe/ft/eecx . 

0s = 0.007675 x 5500 = 42.2 lbs/see. 

Total a a 82.3 + 42.2 = 124.5 lbs/eec. 



6.44 Bod load by Einatoin Bcd lord equation 
At cpQc ing 3660 ft.  

(i) Central portion 

Q = 45,500 cuoeoe. 

a = 8306.8 sq.ft. 

R ' 17.25 ft. 
435 = 0.18 mm = 0.00059 ft. 
465  0.26 mm = 0.000853 ft. 

uoan vol. = 5.47 ft/occ. 
Hydraulic mean radiuo with reforenoo to grain roughneao, R' 

io giv on by 

V 	,_,, R'/465)f /6 	1 /6 7 	0 	7.66 ( 	.... V/V0 7.66(R /.o} 

_..2 4.7....._,.._...._.,. 	0 7.66 ( R'/0.000856 )1/6 2.2RF=X 0~l0~19 
X213 	

1/6 
2.2 	X31 

R'2/3 = 	X0. 0 x 	=5.4720.513=2.81 ft. 178 

V = 2.813/2 a 4.7 ft. 

LP __(0"1)D35/ B ' 0 

kO5. x 00059_ 1.09 
4.7 x • 0 019 

	

Prod graph valuo of 0 = 6.6 for 0 	1.09 
cc/ o- - (1/G_1)1 2 1/e43)1/2  

6.6 ° gj2.65 x62.4 z 1/(1.65)h/'2 x 1/(32.2)h/'2(.000853)3'2 

= a0/165.5 x 1/1.2845 x 1/5.6745 x 25/106 = 0.1985 

Qa 6.6 x 0.0301 0.1985 lba/ft/soe • 

00 =o'..19$5x 480 = 95.2 



I TO 

(it) flood•way. 

Q * 55,500 cusses 

A a 30,200 sq.ft. 
R a 9.5 ft. 
d35= 0.0059 

651a 0.000853 

Sean V = 1.845 f' seo . 

. 	7.66 ( It/d6 )1/6 

7.66 ( R'/0-000853)1/6 
.2 '*0.00019 

-R t2/3 * 1.845 x 0•513 	0.946 	a R' a (0.946)3/'2 
a R' a 0.92 

( Q-1) D35/ R' 	i.65xO.000SF Is 5.57 

from graph 0 	= 0.47 for Mq • 5.57 

0 g/ G•V. 1/G-1)1/2 ( hg d5)i/2 

r 

0.47 a gs/ 2.65 x 62.4 x 1/1.2,845 x 1/5.6745 x(0.000b53) ~ 

gn M 0.47 x 0,0301 lbs/ft/eec 

+ Is = 0.01415 X 3,180 a 45.0 lb/sec 

Total G5 ' 95.2 + 45.0 B 140.2 
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6.45 Spacing of emb w 1,613 ft. 
(i) Central portion 

Q a 65,600 cusecs 

P w 482.69 

A a 10,306.8 6.8 eq. ft . 
It & 21.3 

n * 0.025 
0.000853 it 

, 3300.18 mm = 0.00059 

v a 6.37 ft/sec • 
d5aw 0.0008 

~__ 	= 7.66 ( R'/fie )1/6 
,*8_ 8 

o r it'2/3 * 	x 
8 7.66 

6.7 x 0.307  

R12/'3 	3.27 
a# 	=5,9 

G-1) DIR t S .65 x O.000 9 _g_ .9 x0.0OU1  

0 	8.5 from graph for $ tk a 0.868 
g,/ G-r- ( 1/G-1)1/2 ( 1/ g d3)1/2 

8.5 a g1/2.63x62.4 x 1/1.2845 x 1/5.6745X (o.000853)3/'2 

8.5 sr 2.65 x 62.4 x 1.2845x5.6745x25.0 	,F 

1© 

= 8.5 x 0.0301 * 	 0.256 lb/ft/sec. 

Go = 0.256 x 480 w 123 Ibe/eec. 
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(ii) Flood-why 

Q ` 35,400 cusses 

A 	15,300 eq.ft. 
R 	13.5 ft. 
d35' 0.00059 
d65= 0.000853 

Mean V 0 2.32 ft/sec . 

V 
a 7.66 (R'/+ 	1 f5} 

r-0 - 

 

2.32  

,T2; 2x R x0.00619 	7.66 ( a'/0.000853)1 6 

R,2/3 : 2.32 z 0.5 ,13 	1.19 a R' 	( 1.19)3P '2 a 1.298 

y- ' : (G_ 1) D35/ a' $ ar6 ` 0.000 	3.95 1•  19 

from Agra;h 0 	1,12 for L a 3.95 
y~ = g J G.r • ( 1/0-1)1/2 ( 1/ g 43)1/2 

1.12 a g 2.65 z 62.4 x 1/1.2845 x 1/5.6745 x (0.000853)3!2 

ge 0 1.12 x 0.0301 a 0.0337 Lbs/ft/sec. 

0e - 0.0337 z 1135 " 38.2 lb/eec. 

Total Oe n 123.0 + 38.2 = 161.2 lbe/sec. 



6.46 At spacing 760 ft. 

(1) Central p+ r t on 

Q 1 87,500 cusses 

A a 12336.8 ®q.ft. 

R *25.5 

Meta veil 0 7.1 ft/see • 
d35 ' 0.00059 ft. 

d65 a 0.000853 ft. 

V 
7.66 ( R'/d65)1/6 

+~.■i.w■~fm.1irwr~r rrwmrr~ ~~rw 	
t 6F7 ( R ,/V • VVV~6 ) 1/6 

	

3 • 	x • 	19 	
'~ 

 

( R' )2/3 a 7.1 x 0.513 	3.64 

R' IK ( 3.64)32 " 6.95 ft. 

14) =(G1) x /R'S 

~
.000 	..... 	0.738 

	

~c 	1 

from graiti value of 0 +x 10.3 for Off' 0.738 

a go/ ! .e. ( 1/ G"-1)1/2 ( 1/ gd3) 1/2 

	

10•3. 	gJ2.65 z 62.4 x 1/(1.65)1/2 x 1/(32,2)1'2(0.000853)3/2 

6o a 10.3 x 0.0301 a 0.31 	ibe/ft/mec 

0 f ft 0.51 z 480 a 149.0 lba/aso . 



(it) Flood-'waja $ 

Q = 13,500 cuseca 
A sx 49900 aq.ft . 

R *17.5ft. 
d50  0.0008 ft. 

65  0.00853 ft. 
d35  0.00059 

V seen = 2.76 ft/aec. 

11 ..... 	7.66 ( R'/d65 )1/6 

?f. 2 ,.. 	0  7.66  ( P,/0-000853)1/6 

R'2/3  w 2.76 x 0.513 	'A 1.415 

R' = ( 1.415 )3/2 sa  1.683  

q  

a  	0.00459 	3.04  
1.683 'x 0.00019 

from graph 0 a 1.75 for 04-   3.04 

0 a 	G.7C`. ( 1/ G1)1/2  ( 1/ g 43 ) 1/2  

1.75 a g 2.+65x62.4 x 1/1.2845 z 1/5.6745x (0.00853)3/'2  

6a  = 1.75 X 0.0301 0.0527 lbs/ft/sac. 

* a 0.0527 z 280 14.75 Iba/seo . 

Total Ga  a 149 + 14.75 a 163.75 lbs/®ea • 
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6.5. Total load canputat ion by 7 nrsen iethod t 

4/1)916 ( o  _ ► 	) 	/W ) 

1)iscMrge in tl river 	101,000 cusoos 
i) Buret portion 

Proportion and mean size s 

Uizo 	% fire 	% of size 	n (rnm) % to iMc Rare 
di 
ponds  

0.0nrn 	6 	 $ 	0.08 	 <0.1 
-0.1 twi 
0. 	43 	3 	0.155 	22 	0.1 t 

0.2 
t .4 	88 	45 	0.25 	63 	0.2 t 

upto 2#5 t 100 	12 	+D.52 	94 	> 0.4 

i) Settling (fan) velocity W 

dm(znrn) 

0008 mm 

0.15 mm 

0.25 mm 

0.52 m 
0.21+ m► 

in /sec 

0.52 

1,50 
,3.00 
8.00 
3.0 

k1 in ft/soc. 

1.yo 1p"2  
,. 90x10412 

9, 85z104  
26.20 2̀  

9.8 x 10"2 
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ill) 3lzear velocity Up, /  

. er Portion 

3Dacirng of x In / 	U /w 	U4 / 	Up/ 	V embank onte ft4  
d0.08 	0.15 0.2 	0J2 

1,30 	12,1 0.01371 O.9 5`.3 i9.5 9. 	3.559 
10,780 'Sol 0,01371 i * 	? 	..O 1O 	5 3 9  

,980 1 	. 1 0.01371 i,17 	6 2.0 1i.9 

3,,660 	17,25 0.01371 1.3k ?8.O 27.3 13.60 .12  

1,6i 	21,3 0.01371 1,66 97.6 33.9 16.8 6.31 

760 	•5 0.01371 1.98 117,0 *5 20.15 7.7 

(iv) Computation for /, ( in 1x"6 ) 
Sp cing,$ of 	D (n ft) 	 Ô.  emban'kmet t c 

15 3Q 13.89 18.60  3 .60 9.00 123.0  
10780 1t.39 17*6 34.10 , ~. 114#5 
5980 16.89 30*01 t48.O 101.0 
3660 18.89 13,90 26,90 43. 90.3  
1615 226 11450 220 20 3.8o 7' # 
760 26,89 9.77 18,90 30J0 63j 
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(v U) Boundary shoad o 	r/30 ( r 'D) ''3 ( for ontiro 

drn: 00'.. 

circa v 	 j +~ 	dm/B 	 , 
	s::; 

1 , 30 	f.30 	52.8x10 6 	2.315xi o 
10,780 	 +9,3z10 6 	2.505x10 2  

5,980 	5,00 	3Jz1Q ` 	2,93910-2 
3,660 	5.7 	38.9x10 6 	3.38z10 2  
1 ,650 	6.37 	3,1x10' 	) .2%10*, 

760 	7.4,10 	27,3z10  

(v 4i) Ratio of Boundary mar to critical, tractivo across 70 
7; 

Spacing o e baubnonty 	A. 	01'i 	0►2 	i~. 

15530 19.6 10.5 6.a7 3.02 
10,780 21.2 11.0 6.80 3.27 
5,980 2.8 12.85 7.95 3.82 
3,660 8. 1480 9,17 4042 
1,650 36.E 18.85 11.65 5,6o 
70 t»5.3 23.40 1i..50 6.97  
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(in) iieon concentration C = ( ''D}7/6  ( 7° - I ) t 	p 

pceifl, of  
onbrbnent 0,,08 0.1 o.$ 0.52 

1,530 iaQ05 0.2 0,0'+9 0.00 ?2  

10,780 1.1 0.28 o.o69$ 0.00628 

x"0980 1.275 0.386 0.0890 0.00993 

3,660 1.7  0x498 0,11380 0.01'2o  

1,650 1.775 0.792 0.19700 0.02150 

760 2401 1.01+0 0.31900 0.047O 7O 

(x) Fraction zm1ti1iod with concontrz Lion C F 

omb=n 	t==ts 	car 	,t =owl cm=#. . 2 + 	P rFI 

1,30 0.080 0 0,08920 0,0 1+7 0.0057 0.1902  190 

10,780 0.09200 0.09950 0.0070 0.00075 0*22295 2230 

5.,980 0.10200 0,13500 0.1 	20 0.00119 0.27839 2?8t 

3,660 0.11750 0,17450 0.05120 0.0017 0.3+91 350 

1,615 0.1+20O 0,27700 0.08850 0.00291+ 0.510k 0t. 

760 0.1610 0.36+O0 0.11350 0.00500 0,67350 6735 
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II • Flood stay t 

Proportion and mean size - 
Size 	 % fino $ of 	dm(mm) 

aiz0 
S to which 
dm oorross 
pond s 

Range 

< 0.1 

0.1 to 
0.2 

0.2 to 
0.4 

> 0.4 

0.055 ma-.0.1 mm 8 8 0.08 4 

0.2 mm 43 35 0.155 22 

 

0.4  88  45  0.25 
 

63 

upto 	2.5 	100 	12 	0.52 	94 

i) Settling (fall) velocity Q v 

dm (mm) 
	

~7 in oml$ eo . 	t1 In ft/eec• 

m2 
0.08 0.52 1.70 x 10 

0.155 1.50 4.90 x 10` 2 

0.25 3.00 9.85 x 10 2 

0.52 8.00 26.2 x 102 

0.244 3.00 9.85 x 1©-2 
ii) $bear vilooity U. 	g R of 

do in (mm) 
pgc ng O 	in 

embankment 	ft. = gfof  

15,550 4.5 0.01371 0.165 9.72 3.37. 1.675 0.63 
10,980 5.5 0.01371 0.1825 10.75 3.72 1.855 0.697 
5,980 7.5 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 
1,615 13.5 0.01371 0.285  16.80 5.82 2.99 1.09 
760 17.5 0.01371 0.326  19.20 6.65 3.31 1.245 
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Computation for dD/`D ( In 1o6 ) 

Spacing of D in(ft) 	 6 embankment  0.08  0.155  0.25  0.52 

15,530 4.5 58.3 113.0 182.5 379.0 

10,780 5.5 47.7 92.5 149.0 310.0 

5,980 7.5 35.0 ' 67.8 109.5 227.5 

3,660 9.5 27.6 : 53.5 86.3 179.5 
1,615 13.5 19.4 37.7 60.75 126.5 

760 17.5 15.0 29.1 46.8 97.5 

/ (d/D) ( 	i  _ Zauraan funotio on f (tj) C 

Spacing of 
embankment 

U /w 
0.08 

f(U~/w) 	 /w 
0.155 
f(UJw) 

0.25 
U0/ 	f(UJw) 

052 
U f(r /v) 

15,530 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 

19615 16.80 2800 5.82 280 2.99 60 1.09 16 

760 19.20 4000 6.65 380 3.31 75 1.245 18 

	

Critical tractive atreoo (ro, 	4-i5. am (mm) 304.8 

do 	0.08 	0.155 	0.25 	0.52 

0.118x10-2 0.228x10 2̀ 0.369x10 0.767x10°2 



36 

Bound ary ah ear ° 	V2/30 ( dq/D )1/3  ( for entire sampbs 
dm  =0.224 ) 

embankment 	ft/sec) 	(dq/D) 	 0 

15,530 	1.12 	163.5x10 6̀ 	0.002285 
10,780 	1.28 	133.5x106  0.00279 

5,980 1.57 98.0 x 10 6  0.00378 

3,660 '1.845 77.4 x16, 6 V 0.004825 

1,650 2.32 54.5 x14 6  0.0068 

760 2.67 42.0 z10'6  0.00827 

Ratio of Boundary shear to critical tractive stress 
?r' 

Spacing of dm embankmento x.08 0.155 0.25 0.52 

15,530 1.935 1.0 0.618 0.298 
10,780 2.37 1.225 0.757 0.364 
5,980 3.2 1.66 1.025 0.493 
3,660 4.08 2.115 1.305 0.63 
1,650 5.76 2.98 1.845 0.888 

760 7.02 3.63 2.24 1.08 
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Mean concentration C = 	(dw)7/6  ° 	-' 	1 t 	(V fir ) 
Spacing of dm 
ombanlcmcnta 0.08 0.155 0.25 0.52 

15,530 0.0102 .. - •. 

10,780  0.0142 0.000438 - 
5,980 0.0208 0.001355 0.000021 4» 

3,660 0.0266 0.00225 0.00022 - 
1,650 0,042 0.00382 0.000608 •• 

760 0.0564 0.0051 0.000818 0.000309 

Fraction multiplied with concentration C P 

Spacing of 	 P 	 C i' 	PPS 
embankment 4mQ.08 dm=0.155 am=0.25 dm=0.52 

P=0.08 P=0.35 P=0.45 P=0.12 

15,530 0.000815 	 - 	- 0.000815 8.15 

10,780 0.001135 0.0001545 - - 	0.001289 12.89 

5,980  0.001665 0.000475 0.000009 - 	0.002149 21.49 

3,660 0.002095 0.000787 0.000010 - 	0.002092 28.92 

9,45 0.003360 0.001340 0.000274 - 	0.004974 49-70 

760 0.004520 0.001785 0.000368 0.000004 0.006677 66.77 
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Spacing of PPM for river PPM for flood PPM for whole 
embankment portion way section 

15,530 1950 8.15 1958.15 

10,780 2230 12.89 2242.89 

5:980  2784 21.49 2805.49 

39660  3450 28.92 3478.92 

1,615 5104 49.74 5153.74 

760 6735 66.77 6801.77 
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6.6. Effects of embankments on various Was of rivoro t 

Rivoro can be claooified as aggrading, degrading and 

poised rivers. 

6.61. Ajgrading Rivera m 

Usually aggrad in.g rivers tot-be braded ahapo, 

braiding being the result of river's incapacity to transport 

heavy pediment rbieh it brings from above. At the tii of 
hih floods, the river spills over the banks and the out to 
dopooit ed trom~.1 t laden waters and the level of the bunko to 
raioed. Such raising more near the river and lose array from it. 

Due to c ona true t ion of omb ankment o on aggrad fag river the oil t 

lcdenwaters are restricted up to tho line of oobankmonto. 
Therefore, unless the silt goto puohcd dorm into the rivers, 	L 

it hcn to deposit In the area within the onban a.onta. This may 

load to emph otae on oggrc4ation. Ao such the construction 
of embankments on a braided ri.vor the pros oco of the fort t ion 

of a more defined channel, takoo a fairly long time. 

6.62. Degrading rivers $ 

Dogradintj rivers aeldom require the construction 

of ombankmonto for preventing of flooding of areas, no they 

flow in deep ehonnelo and do not spill normally. Along the 

dodrading rivers, some of the roachea, baying to rr ground lovolo 
do got flooded in a very high floods. If ombankoente are 
conotructod for ouch roach o, they will not have the advoreo 
effoot on the river cbennol, dtoh will continue to Show the 
degrading tendency. In course of time as degradation continuos, 



110 

lower flood heighto will obtain an6. itic roamed. free board 

would be available at the ombaikcento. h (To lone reach ee 
of a degradin river arm ombenhed, increased flood levee 
reoulttng from confining flood watore within the embankmcnto 
pro of obtain, although the river bed itself would not rico. 

6.63. Poiøed rivers : 

One poised reachos of rivers, rhich arm able to 

transport, by and largo, whatover sediment comes in from 

above, construction of embenitnto do cz not have ay advoreo 

effect on river bed in ouch roaches. Uithin the ombankmento 
the confined flood flow tench to doopen end wido the river, 

to enable it to carry v7hat previously florod over bi, gor roach. 

Vben embankmento are constructed ovor long reaohoo on those 

rivers, initially the flood levolo E auld rice, but in a courac 

of tine would tend to fall to pro-cmbcnhod flood Levels. 

6.64. The effect of conk'i4nizg the flood water of tbo river 
between ombankoonto Lot 113 

1) toincrease th3 rato at rahich the flood wave 

travels dorm the otrean. 
2) to the roane the water ourfaco cal, cxat ion of the 

river at flood. 
to increase the eazinun discharge at a l the points 

downstream. 

4) to thereace the volocity and the ocourirg action 
through t b ombanked coot lone, and 

5) to reduce the ourfaco elope of the stream above the 

embanked portions. 
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rhon flood rise occur in the river, tinter levol 
r io oo to the high flood level. Obv iou oly, the vat or io now 

occupying a much largor arcs of the river oro oo-ooction. Xo 

fill up the valley cro as-ooction from to w water 1 wel to the 

high flood levol a certain volume of rrat er ie required and thie 

volume to hold b sc k in the valley from the flood waters coming 

from above, the balance only pausing downotrear . This  vole© 

of tinter which ie held up by 'rho valley La call ad ' volley 

storage '. It follows that as a flood progr000co downstream 

during the rising stage it has to leave apart of ito water 

behind, in order to augment the river cross-section. Corroo-

pondingly the ppah rate of diocbaijo no the flood progr00000 

downstream to rcducod. 

11ho f irot th roo pointo are now  noi ed t ovi dent • Ao 

the marginel ombonkrmonto aro conctructcd, they rootrict the 
volley otorogo to a groat or smailcir oitont in acco idanco 

with their opacing from the main river. Tho reduction in 

valley oto rage Could l c d to quicker paeoago of the flood 

croat, higher poak dioch argo rat oo and higher flood o tc eo. 

At the low voloc it io prevailing, the bed mater ial 
of the river itself remain inert and takes no part in the 

flow. As the surface run off of a flood rice etarto coming 

in, it brings with it a load of ocdiment moulting from the 

orocion of the drainage basin. Upto a certain DtC3o of the 

flood, the river to unable to transport all the sediment 

coming in and there to dopoo ition of silt in tba bed. Ao 

the discharge cad velocitioo hoop rising there will be a 

momentary etc o of equilibrium above chioh the scour of the 
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or000-oeation otart as the tractive force exceedo that noedcd 

to carry forwtrd the oedimont load. Ae the flood recedes the 

tractive force will fall bolow the value to convey the silt 

cargo after thick again there will be deposition of silt in 

tho bed. Tbuo the to tal effect of tho passage of th a flood 
on the river ore ce aoetion will be tho net result of oil t.t 

in the rising and falling stages + when the oarryin. capacity is 
bolo the load and ocourin at and near the high ate a when it 

is more than the loo. In case of low floods, in thich lower 

otogoo predominate, the Biltin3 off eat may be more iapo rent 

whereas the higher floods my have the oppooito tendency. The 

over all tendency of any reach of the river in its natural 
conditions will *  thor efo z, be governed by the intone ity,  , 

duration and frequency of the floods booidra the grade and 

concentration of oodimcnt charo brought in and the other 

relevant facto m. 

$pacing of the sargi nol cab ankoont e is oleo important. 

If the ombanI oento are pieced for sort, tho restriction of the 
valley storage and the rice in the high flood levels is omall, 

the increase in the rd l ativo velocities to also relatively 

oeall but on the other band a part of the flood plain to still 

available for deposition of silt. The reverse is the case for 

closely spaced eabankmcnto. 

It to thuo coon that no general statement applicable 

to the all an000 10 possible with regard to the effect of 

marginal eobankoento on bob lovolo. It will depend on the 

factors affecting the natural tendencies of the river mentioned 

above plus the o pacing  of th 0 onb anknen ti rd at the to the main 
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chennol and apart fron each other. 

The fifth point alto followa b aaauoo a ri ca of 

flood levels viithin tb3 ombankod reach could load to formation 
of b clt Qatar and flattor ing of slope behind 'th A recch • 

prom the above paragraph " The efff ec t o of c onf inirn 

the flood eaters of a river bo t700n embankment ", it is coon 

that the influence of longitudinal embankments is, tbun, set 

out to be one of intensification of the tendency to ocour; but 

the net effect on the bed hero again he to be evaluated on 

the basis hors for this tendency is offoet by the opposite tangy. 

deny of ailtin during the periodo of velocitioo lower than 

the critical. 

The overall effect of embankmeuto on #iv or bcd 

can, in genccal, be paid to be to minieiso the tendency of 

alit, thich, in its turn, to depend ent upon a number of 

factors such as the nature and qu cnti ty of bed o tl t, the volo-
citioc attained etc. In c000 the natural tendency to silt to 

rather strong, the effect of onbankmento day not be able to 

atop alto(pthc' the rioin , of bcd that in going on. 

Thuo, in a ociontifto assessment of the effect 

of the ooboniaento on the river bed, factors such as dio- 

tanco botwoon ombankn nto on either side of the natural banks, 

the critical velocity, the nature of the bed alit, the intonnity, 

the duration of floodo, all bocom important factors r ►ioh have 

to be teen into consideration. Without considering all theoo 

factoro, it is not cdvioabl o to att+r pt to draw a conclusion, 

in general, with er that the embankments tend to coouring of the 

bed or that they led to a rioing of a bed o r even that they have 
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aimply no influonco. It lo, therefore, highly desirable to 
inctitato dotailcd stud iso on rivers of different characteristics 

with a view to collect tho above information to servo ac a 

basin for a scientific investigation of the problem. 

The fQ1loving is a brief account of the obeorvattono 

mado on some of the rivcro in the past by engineero in connec-

tion with the same problem. ("J 

i) River tltsalosipi in the United States $ 

Crow; -occtiona of the river in certain roachac 

taken by the Liississipi Commiooion, in 1881, in 1894 and 

oath in lator yoaro.On the coapariaon of thorn crocc •ooctiona, 

Ocheroon In 1914 found that the ro was a ra xuod tendency towaxdo 

a greeter or000-ooction invo1vin deoponin of the bod. 

ii) The Yellow River in China : 

Accord ing to study of S.C. Chan, the bed of thi o 

river baa boon oat ieat od to bo ricing at the rate of t to 

1.3 natrec a century as compared with the surround. ina 
country. 

iii) Induo river (Pakthton ) 

The Induc in Pakiotan h been coopl etoly embealced 

from north crn bordor of Sind to the sea, except where th o ground 

to high. The conotruction of embonktmentc on the Indus hca 

accelerated the nggrad iqg tendency of the river although it 

c not bo rocognic ed that aomo aggrcdation roul.6 have rosul tad 

oven without eobankmentoe 
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iv) I 	anc d i & 

Profecoor Uehalanobio from a study o f the varia tiono 
of l cv d c from 1868 to 1928 at lara j, concluded that the average 
varietton in level io 0.304 rim (0.001 ft) a year. 

6.55. Conclusion i 

From the above excmploo it can be seen that in come 

cases there wao scouring of the bed chile In cone there vao 
a rice in b ei level an a rocult of oobanlmento. 

All this goco only to give support to the no single 

generalization on thi o quoation could be univoroally true. 

6.7. Liuiitationos 

Embankpon to are juctif icd and chould be used in any 

vat] 4y rihoro the inter st on their first coat and the coot of 

annual maint eneec o 1a boo than the not annual inc rooco on the 

roturno from the laud vhioh to protected by them. 

Enibankmento are ,genorelly chcepeot, th o quickest 

and the most immediately effective r #add of flood control, 

there are certain inherent difficulties that followi their 

conotruction. xnepito of the greatest pare during execution# 

earthen embcnkinento are fragile, liabl o to be breachcd by over 

topping, river oroc ion, in filtration, l eako and cracks duo to 

shrinks of coil. Th000, therefore, need constant and o 	tioco 
exponaivo maintenance errongomonto during the flood season. 

The broac h2a tend to bec c= the cub joet of painfull enquiries,. 

the outcoa of uhicb, in moot capon, to no diocovory, but a 
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roitoration of one or no re of the oauoeo 1i atod abovo. 

Protection from embankment a to rig idly limited 
in th© cone that in case a partioulE flood exceeds the 

docignod flood, a dangerous situation can result. This limitation 
pleceo a heavy burden on the engineer to explain clearly the 

dogree of pro toction afforded by the ombankrnente. In agricultural 

tracts, embankments are likely to cut-off fertilie ing silt aW 

inopite of sluices that may boprovidod, silt doe not travel 

for enough to the fields. There is l ikoly to be an ins roase 

in flood heights upstream, greeter peak florio dovw troem and 

drainage congestion on the country aide of ombankmento. 

Although those disadvantages sago time create 

difference in the public mind s. these are inherent to embonk-
mant a to c hioh occasionally there is no oltorna tiro, like in 
the case of Asses, Uorth Bihtr, Morth I3ongol and deltaic area 
of Central and Deccan rivoro. 

6.8.  Examp1 e $ 

During the last 18 years more than 7,,883 km 
( 4,97.2r miles) of .embankments have besn constrL•gtcd to b+cuofit 

an a~r•ca of 60 lakh ha ( 148 lekh acres). The experience of 
functioning of ' these ombankoente, which had been constructed, 

baocd on the meagre data, Toro found to be inadoquato to 

vithetond, the higher floods rich twocrurrod cubeoquently. 
They are being raised and otrongthened toking into account 

th o further data. By and 1 €rgo the embankmonto have given 
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corsidorablo benefit. Tbto can be illustrated from the goof 
oobantu eut schomo. The Kosi, shioh o rigin atoo in the Himaloyao, 

vao called the " River of Sorrow " on account of the flood 

havoc it used to cause frequently. In addition, it had a tendency 

to shift its course. Durip the period of 130 Years, the river 

had shifted woet"ward by about 112 It ( 70 miles ) renderin 

a vast tract of fertile lands unfit for cultivation by the de-

position of course eilt. Tho Root obbanlonento, -tnich hate boon 

oontxucted to confine the river, after their completion in 

1957, have pro tooted 2 lakh ha ( 5 lakh cc roe ) from the dual. 

innunda ion and have also arroctod the tendency of the river 

to more greet-Trod. The analysis of the detar  after the conotruc-

tion of embankoente has not shown any appreciable rise in the 

bed level. The eobeokaonts are, of course, frequently cub jQo t 

to attack of the main current at different points but thoco 

have been effectively choc load by taking up river training rorko 

as neeeacaq. 
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Chapter • 7 

CHAAIdEL IUROVELIENTS AND RIVER 1RAINIRG CORKS 

7,1, River training  for preventing bank erosion  : 

Erosion or scour of the banks occurs due t o the insta-

bility of the river or disturbances in its regime conditions. 
These are attributed to the variations in discharge, amount of 

sediment, slope of the river and composition of bod end bank 

material •gonditiono in a river are constantly changing, and the ze— 
fore, equilibrium conditions are seldom attained. Depending, upon 

the river characteristics, bank failure takes place, to a l ecso r 

or a greater degree, on almost all rivers at one place or the 

other. But the situation attracts attention only when considerable 

orosion or lose of land occurs, especially when this endangers 

important areas, lines of communications and affects large 

population. 

7.2. Causes of bank erosion I 

River bank erosion is caused either on account of the 

bank material not being sufficiently .strong or when the river 

currents are too fast. Strength of some type of soils is very 
woakt and with saturation they are known to cause sloughing of 

river bank. Bank erosion on the Barak and some other rivers 

in Assam is of this type. Banko of some of the rivers axe 
compooed of relatively stiffer material when dry. The otrata, 

if it is porous, permits easy porcol eion of the drainage water 
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from the ad joining lands. On the contrary, if the material 

to coenowhat impremeabl o, the draincgo water, could make the 

rivor banks composed of such so tie, unstable on account of 

back pressure. A typical example of which is the . Pohru, a 

, tributary of the Jhelum in Kashmir. 

The river bank erosion al co depends on the severity 

of the river attack. At the foot hills in sub-mountain regions, 

rivers have braided pattern, i. e. having several inter-twining 

channels. Bank erosion in such channel a Is caused on ace aunt of 

obliquo attack during floods. Bank erosion on the Kaoi rive r 

in North Bihar and in Brahmaputra river in Assam are of this 

typo. In the plains, the rivers normally forma a meandering 

couroe. Theso meanders are generally not stationary but have a 

tendency to move progressively in the downward direction. In such 

neandoring river a, erosion occurs on the outside of the beds 

on account of socondasy helicoidal flow which removes the 

material from the eroding bank on the shoal on the opposite side. 

The bank erosion on Ganga river in Mansi bend is an example 

of this type of erosion. 

Bank erosion could also be caused on account of 

natural and artificial changes taking place in the river regime 

when structural like dams, barrages etc. are constructed 

which arrest sodi ms nt movement on the river bed and consequently 

the river reaches downstream get affected. 

7.3. Indirect protection work I 

'unc t ion I 

Indirect protection works are constructed in front 
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of the bank with the object of reducing the erooive,.c force 

of the current either by deflecting it away from the bank or by 

Inducing silt deposition in front of it. These marks include 

spurs at adequate s pacing. 

7.38.  Types of Spurs  s 

The type of the work can be further divided according 

to the durability of the works. 

i) Temporary and semi-permanent measures : 

Temporary works check erosion at the time of em ergeney 

while semi-permanent works will last and will be effective for 

comparatively short time. These include the construction of 

bamboo spurs and tree spurs. 

ii) Permanent works : 

These include construction of permeable spurs made 

with wooden piles, semi-permeable boulder spurs which are ecoon-

tially permeable spurs but strengthened by dumping boildoro 

on both upstream and downstream and impermeable spurs which 

consist of rockfill or earth core armoured with resistant 

material like stones, fascina mattress or sausages filled with 
eton3 e. 

Factors which influence the choice and design of 

spurs are t 

i) Fall and v el oc ity Of river 

ii) Character of bed material carried, such as shingle 

boulders, sound or e i t. 
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iii) t7idth of water way at high Pater, mean rate r 

and loci Pater, 
iv) Depth of crater-way, height of flood rise and nature of 

flood hyd xogra ; and 

v) Available materials and funds 
ing 

Spurs for coni'i / a river to a defined eh~nnal, 

especially during high water and low water axe usually made 
impermo abl e. Permeable Spurs are suitable for oil b-laden rivers. 

Depending upon the purpose spur can be uced singly 
or in oeries. 

8pura may be aligned either perpendicular to the 
bank line or at an angle pointing upstream or d avnztream. 

A opur pointing upstream has the property of repelling the 
river flow away from it and hence it is t e xted as repelling 

spur ( Pig.7.1). A spur pointing d a~netream attracts the river 

flow towazda it and is called attracting, opur. then a spur 

aligned perpend, icul ar to flow, changes only the d irection of 

flow without repelling it s it is known as a deflecting spur. 

7.311. Repelling spurs are usually successful in achieving 

desired results if they are properly located with due regard 

to their po cation in reel dioa to the meander length. It is 
desirable to toot them in hydraulic models before adopting 
thorn in practice. The angle of deflection upstream varies 
from 600 to 800 with the bank. Gen 'ally, the h-end of repelling 
spur ccuees disturbance in the flow at its nose and heavy 
scour scours downstream due to eddy formation. These spurs 
,should, tberofo m, have a strong head to resist the direct 
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attack of a swirling current. The scour diminishes from the 

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

In the case of a repelling spur, a still water pocket 

is formed upstream of it, and suspended load 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 spreads to the aide below the hoes of the spur, 

and after flowing through the pocket formed by two successive 

opurs , it impinges on the lower spur and is turned towards the 

chore. This beck roller action is responsible for sedimentation 

in the pocket. 

7.312. Attracting spur, in this case the angle ie usually 600 , 

within a range of 300  to 600. An attracting spur bears the full. 

fury of the frontal attack of the river on its upstream face 

and has therefore, to be adoquataly armoured; and equally,hoavy 

protection is not necessary on the downstream slope. 

7.313. Specing 

Regarding the s pacing between ad cent spu re , the 

general practice is to make it in a certain proportion of their 

iengtho, varying it with the width of the river. Spurs aim 

usually spaced further apart ( with respect to their lengths ) 
in a wide river than in a narro w one if the discharges of the 

two, are more or lase same. Larger spacing can be planned for 

convex banks, and smaller for concave banks, with a pacing at 

crossings in between the tam: A spacing of 2 to 2.5 timoe the 

length of spurs is the general practice. 
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7.314. Length : 

Tho length of tho opuro dopendo upon the di otanco 

bat rioen tho original riv er bank 1 ine and th o d 00 igned nor rol 

line of tho trained channel. To long a spur io not desirable 

ou rivers with easily credible material ( as compa d with the 

otrongth of the flood current ). In this case the beet way 

io to start Pith a oborter length and to extend the spurs after 

opeco betwoon thom hao been oiltod up. Short or and t©oporary 

opuro conotructod in between the long ones mey be nococeary to 

induce out dopooition. 

7.315• Section 1 

Aith their lonatho and cpcoing fixod, other dimonoions 

of opuro nil doper on the typo of construction, material and 

the oxtont of protoction required. Any material th&, could rociot 

both the water and the currant night be, end has boon, uood for 

conotruction of opuro. Thoro are two main typoo of opuro, the 

solid type and the porn eabl o typo, and the5o are two heighto 

of protection, the high water and low r at cc. Dimensions of 

spuro should be dosignod according to (a) the material used; 

for instance, an earth spur can not be over top pod end must be 

oafoly above the highest pooaiblo water level; (b) the side 

olopoo depend on the angle of rep000 that the material may aooume 

vihrn dumped or p1coed in the river; for inotanco-, rocks could have 

otoopor side clopoc than earth. Aloe whore the attackin3 fordo 

io aroatect, the coction should be strongest, for instance the 

head of spur. 



7.32. Apron s 

The taco of the inpermeabl o spur is pro tooted at 

the river bed lcvol by atone pitching, so that during floodo, 

the slope is not damaged. Scour, however, would occur at the 

goo with consequent undermining and collapse of the atone 

pitching. To obviate such damage to the slopes, a atone cover, 

known as apron, is laid beyond the too on th a boric ntal 

river bed, so that the scour undormineo the apron first, utart-

ing at its farthest and and works backwardtowards the olopo. 

The apron then launches to cover the faro of the scour with 

atone, forming a continuous carpet below the parmamont elope o of 

the spurs. Adequate qucntitp of atone for the apron has to be 

provided to ensure corpleto protection of tho whole of the 

assured face. This quantity will obviously depend on the apron 

thickness, depth of the scour and the olopo of tho launchedd 

apron. 

7.321. Dcaign ; 

Generally the cothod cdoptcd for findtnj out the 

length of the apron is by determining the scour depth. The 
foraul a accepted anti in use no far is that of Lacey'o 

scour formula, which to 

R = 0.472 ( q/f)1/3 

1 here 
Depth of occurr to taken as 	 B Le normal ecour depth 

D = x R 	 belor, l `L in ft• 

t"hcro x 1 at the ehcnh 	 Q ' di seh ccgo in cuoeco. 

a 	'~ 1.5 at nose 
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f 	Lacey'o silt factor depends 
on sides and natoxo of bod 
and equal to 1.7 	dm 
whero dm is th3 mean size of 
bed material in mm. 

7.322. Section x 

Thickness of launching apron no suggested by Spring 

is 1.25 times the thickness of stone pitching, and for rivers 

liable to sudden deep scour, it may bo increased to 1.5 times 

par t'. Slope of the launching apron ouggoatod by Spring and 

Gabeis2 $1• 

Length of the a on whoa launehod will be = /TD 
volume of atone per foot width a / -x D x t 	where t is 

the thiekne oa of apron after launching. 

Length of apron 	s T1 x1 
t' 

7.323. Illustrative example $ 

Flood protection works for village Cbajnawar on 

Ohhaoha Rao, hilly torrent, district Saharanpur, U.P. 

Village  is a itu at ed on th e left bank of stream Chhaoh a Rao, 
which is on the upstream side of the newly constructed 

bridge on Kaleat-Patehpur ro sA. There is a very high. land 

on the upstream side of the Rao on which the village is 

situated. Stream Rao is eroding its left bank end causing 

danger to. the safety of the village. There is an urgent 

demand fromn the villagers to provide some pro teetive measures 

for their village. 
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Data $ 

Q 	15,000 cu aac o 

Depth of river during high floods = 7 ' 

Lacey' a silt factor P = 1 ( for course sandy a oil ) 

R 0 0.472 ( Q/f )1/3  

0.472 ( 15000/1)1/3  

a 0.472 x 24.9 	11.8 ft. 

Taking deepest scour depth at nose 1.5 R and at u/c 
ohari 	R 

R at nose 	= 1.5 x 11.8 17.7 ft. Say 18' below HIL 

R at u/c shank a 1 x 11.8 a 11.8 ft.  say 12' 	" 

Depth of scour at hoop D = 18-7 = 11 ft. below bed 

Depth of scour at u/c shank D g 12-7 0  5 ft• below bod 

t) Thickness of the .Launching Apron ; 

Taking the thickness of the launching apron as 

2.5 ft. at 2 # 1 slope. 

Quantity of apron material required per ft. 

Length at nose 	/ 5 x D x T 

2.23x11x2.5 

61.5 cuft. 

Quantity of apron material requi red per ft. 

len. th at upstream shank = Jx D x T 
a 2.23 x 5 x 2.5 

27.88, Say 28 cuft. 
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ii) Width and thickness of apron s 

Takir thickne eo of apron 3' at nose 

width of apron at nose = 61.5/3 	= 20.5 ft. 

Adopted 25 ft. 

Width of apron at of e shank = 28/3 

9*3 ft. any 10 ft. 

Kept the same. 

7.4. Direct bank protection vorke 

Bank protection is prov ided for any of the following 
purposes s 

1. Plood embankment a are given bank pro tea ti on due to 

erosion otherwise he losses All tat place in the 

protected areas on accidental breaching. 

2. Upstream and downstream banks of weir, barrage and 

bridge are alsoproteoted from erosion due to heavy 

currents. 

3. In navigable rivers and canals, due to the movement 

of vessels, waves are formed which cause bank caving 

and Protection is provided for the aams. 
4. Bank prot eot ion is given to pave the agriauitu. , 

lands and valuable  propert tee in the thickly popu-
fated areas from river erosion. 

5. Due to bank erosion, the o ition of the river 

gets deterioated and hence bank protection forms the 
part of river training works. 



7.41.  Causes of  erosion s 

1. On the side slope of stream the resistance to motion 

of the soil particl £3 is further reduced by the sliding 

force of the particles duo to their weight and hence 

on slope they get washed away easily by strong current. 

2. At the time of floode, banks get partially or fully 

saturated. Shearing resistance far Gilt or silty sand 

may be as low as 50 percent of its oxiginal value 
before saturation. If the angle of sloping surface 

is steeper than the reduced angle of shearing 

resistance, sloughing mtr moult. 

7.42. Types of 'fork® i 

Direct bank protection works include vegetal cover, 

pavement, revetment, grading of olopo otc • 

If the current is not strong, banks can be well 

protected by a vegetal cover, eith er by turfing or by ooddin 

or by other natural growth. Low growth of shurbs and willowo 

is by for the most effective covor but they require a long 

period to grow. In such cases, a temporary cover with mattresses 

of woven willow brushes is often necessary for the initial 

period of one or two yearn. After the natural growth has taken 
place, it just needs cutting every year to keep the brush-wood 
from Growing into tall trees. Temporary covering by brush-wood 

or lumber mattress, weighted down by atones, may be used for 

emergency purposes. 

V/hen the current is very strong, protection has t o 

be provided by stone revetments or various types of mattresses 
ouch as willow, lumber, asphalt or articulated concrete. 
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7.43. Revetment i 

Banks are first cleared from trees, brush wood, grass 

etc . Cl eared banks are th on properly graded such that the slope 

is flatter or at least equal to the angle of repose of the 

soil under water. Drainage behind the pavement may be necessary 
to prevent the saturation 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 
flow. 

7.44• Thickness of rip-rap i 

Thickness of rip-rap is governed by the velocity 
of the current near the bank. Table given below ie recommended. 
by Spring ~for determining the thickness of stone pitching 

for guide banks, the same can also be used for finding the 

thickness for revetment. Where stones are dumped under water 

the thickness shouldbe increased by 50 per cent. 

River bed material Thickness in t, ehes for river elopes 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 a certain rigidity vhich induces scour at its toe. There-

fore, 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 

expected scour at the toe of revetment. The apron launches as 

the scour developer. Generally the maximum anticipated depth 

of scour is aeaum3d as 1.5 to 2 D.fiethod of designing apron 

is discussed in previous paragraphs under ind Irect protection 
wor ke . 

7.5. Channel improvement s 

Flood protection by war of channel improvement 

can be done by increasing the x••eectional area of channel 

or velocity so th d more d i echarge will pass in the first case 

and in second case it will pace quickly. Hence both will serve 

in reducing flood height and its duration. 

7.51.  Increasing the channel z-section area  I 

If a stream is narrow and shallow, its catchment 

small, the depth of flooding small, and the period of overflow 
short, it 	r be practicable to deepen end widen the channel 

to limited extent and to use the excavated material to raise 

the height of the banks. But for the streams of large catchment 

area of several thousand .square miles, it is not economical 

to solve the flood problem in this way, since the volume 

of flood water is so large that it is not feasible to pass 

the flood water within i to banks. 
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7.52 Increase in velocity : 

Velocity of flow depends on throe factors (i) the 

roughness of channel, (ii) the hydraulic radius (iii) the 
slope of channel. 

7.53• Roughness of channel : 

This include the obstacles which retard the flow. 
Any obetackle such as floating trees and bushes backs up 

the water and reduces the slope and velocity. This happens 
in the caco of small streams but for large streams the gain 
is negligible. Lining the channel thereby improving roughness 
co-off is tent and thus enabling river to pace greater d iech ergo 

for the same water level. This is voz costly and b n not 

boon employed for flood control. 

7.54. Hydraulic radius i 

This can be increased by increasing the bed width 

©f? depth of the channel. It is seen that for seine enlargement 

of x-.oection area, deepening of the channel h &r more effect on 

velocity then widening. Since the 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 

ouch there will be more lose in velocity due to flatter slope 
than Gain in velocity due to increase in hydraulic radius. 

If however tho otroams can be ehortended by construction of 
cut" offo, the channel can be deepened as well as slope is 
increased/at the came t ia~ . 
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Hydraulic radius can also be increased by raising 

the banks i.e. by construction of embankments instead of 

lowering the bed by dredging. Cheapest thod of construction 
of embankments is by dredging the material from the bed and in 

this both the ma thodo of increasing hydraulic radius are consi- 

dared as ono method. 

7455. Slope of Chnnnol s 

Velocity of water varies as square root of elope of 

channel. lfwe have to double the velocity in that case we have 

to Increase the elope by four tiro. The total fall between two 

pointeof the stream is constant and the only way to increase 

the slope or fall per unit length of stream is by reducing 

its length. The shortening Is accomplished by the construction 

of cutuoffo across the narrow necks of land mate by sharp loops 

in the channel. 

7.6. Out—off s 

Mon the meander of the river reaches extrem3 

condition and develops into farrow necks, it is likely 
that the river may cut across the neck at high flood and 

create a straight channel for itself. 

7.61. Natural out-offs t 

A river flowing along the curved paths, has a 

shallow side channels beside, which ere caused by the floods 

or thq are the remnants of an old course. During high stages 

these side channels get doopbnod aixi growth of bare develops 

at the curve portions which stress the tendency of water to 

take to side channels. 17ith the result that main channel 
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continues to a ilt because of extended bare and cut-off is 

completely formed . 

7.62. Artificial cut-offs s 

The out-offs may be ut ilieed to divert the river 
from a curved flow which may be endangering valu this land or 

property or for any other river training. purpose. The arti-

ficial cut-off is likely to develop when the ratio of the length 

of the bend to that of the chord is between 1.7 to 3.U. For the 

design of an artificial cut-off, the alignment should be such 

that at both enda)the cut is tangential to 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 
Lacey R82  depends wholly upon grade of transported material. 

B is hyd raul is red iva and g is elope ) . Assuming that the 

existing channel is reasonably stable at a dominant discharge 

and the cut will flow through the same grade of material # the 

cut should be excavated for a section for which R82  will be 

atleast as high as of river section. Since the slope is inverely 

proportional tothe length of channel as said in previous 

paragraphs, a workabi a rd ation is obtained for the pilot cut 

to be self-aeouring, provided that the expression 1,/12  is 

groator for the pilot cut than for the river section. ( L being 

the lox th of a reach ) . This, however, ignores losses by shocks 

at curves, the reduction of the discharge down the river course by 

the amount of flow in the cut, and the fact that material in 

the out is usually more firmLy compacted than in the river. 
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In practice, therefore, for R/y2  to be greater for out than the 

main course, pilot cuts are designed to a rather deeper section. 

7.7. River Training for Navigation: 

Diver 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 c to si rag o th s channels. I Band el l ing ( has been used for this 

purpose extensively on tin Ganga and the Brahmaputra. Sandals are 

designed to concentrate the low water flow in a single channel 

for maintaining required navigation depths. Thece works are taken 

up after the flood season as soon as the water levels begin, to 

lower. They check the flow and cause sand to be dope sited parallel 

to and behind the bandal o , , thus the channel confined between the 

bandals is formed with sand banks on either side, and the whole 

discharge of river i8 directed through this channel. Deeping of 

the channel is achieved in two or three weeks after the conatruc-

tion of the bandals. Tho depth thus achieved subsists until the 

next flood period. 

Bottom panelling which has been developed in Chateau 

lboratnries in 'prance has been usedon an experimental basis for 

low water training in the Brahamputra. This consists of panel s 

of corrugated sheets or any other material resting on river 

bed and hold in position by vertical piles driven 3 to 4.6 in 

( 10 to 15 ft.) below bed level at j in ( 3 ft.) intervals. This 

has the advantage Over the bandailing in that it can stand higher 

floods and also last longer. Purther, the building up of send 

banks can be c antinued by adding more panneia. This has been 



tried at Hathimura in 1964 and Heamat i in 1965.   

7.8. Limitations : 

A river can be made to carry its discharge at lower 

level a or within its high banks by improving its hydraulic 

conditions, but such improvement are generally very costly and 

can be feasible only in short reaches in the vicinity of towns 

where other methods of protection can not be resorted to. Such 

a local improvement may not alway a be effective, may require 

expensive maintenance. Although channel improvements can help 

in reducing flood stage at the point of improvement, but the r 

increase flood heights at down stream points and are likely to 

increase the damage there. 

7.9. Examples s 

Examples of the important river training works are 

the Dibrugarh protection viorko in Assam where a combination of 

otons spurs, timber spurs, porn abl a spurs and revetment has 

been adopted. These works were undertaken after the floods of 

1954 when the Dibrugarh town tas almost under a threat of extino-
tion by severe erosion of the river Brahmaputra. The corks have 

withstood the subsequent onslaughts of the river and have pro- 

vided very good protection to the town. River training by 

rovetmont and spurs has also been successfully adopted for the 

protection of Gaubat i and Goalpara towns in Aseem. Anoth er 

notable work thich has been carried out recently is the construc- 

tion of stone spurs on the right bank of the Great Gandak river 

in Uttar Pradesh. This has not helped ihh checking the west-ward 
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movement the river but also d ivertod the main stream away from 

the bank the reby removing the threat to the safety of the 7eatert 

Gandak Canal. The experience of the river training rorke uuderta 
so far indicates that the temporary measures can only give soma 

immediate protection from the active erosion and can not held on 
for long. Stone spurs and revetment, which are measures of permar 
nature, have been generally found satisfactory and have given 
good reoul to. 

r'• 	 ._-,...__ -- as concrete mattress and timber mattress 
extensively used on Mississippi in the U•S•A. have not been tried 
in India so far due to their high cost as well as the heavy 
investment on plant and meohinory that is required for laying 

them. 

Bottom panelling has also been tried as anti erosion 

measure on Brahmaptura, vhen the bank is subjected to severe 
erosion but the efficacy of this method is yet to be established. 
However, it is considered that if the work to planned properly, 
after study of the changes in the river course for a number of 
years and if done in addition to other training measures, it 
can be effective. 

Dredging has not been tried so far ae an anti—erosion 
meacu re. However, it has been c oneidered that it may  be advantage 
ly done to provide a suitable leading channel to divert the mast 
stream away from the vulnerable bank. Therefore, on an experiment 
baste, two dredgers are being procured to work at selected 
places along the Brahmaputra where erosion is a serious problem. 
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Chapter - 8 

SOIL CONS&RVATIOR 

8.1. Introduction : 

It has been observed that the vegetal cover has effect 

on floods. Vegetal. cover removes moisture from the soil by trans-

piration and that it also promotes loose organic soil, which is 

favourable for the infiltration of rainfall. A heavy vegeta]. cover 

means a high interception lose during storms. Therefore less 
flood run-off is expected from well—vegetated area than from an 
area of bare vegetation. Vegetal cover hag a decided influence 

on the reduction of flood of small magnitude; but the effect is 
much lees pronounced for large floods. 

Flood problem arises not only due to oxo oes ive water 

in the rivers but also due to excessive sediment loads in them. 

Some reduction in sediment inflow is possible by use of soil-
conoervvution methods within the drainage area. 

Soil conservation is essentially a land development 

measure, as it increases the agriculture yields and productive 

potential of forests and grass lands. Its effect on reducing the 

sediment load in rivers and diminution of flood discharge are 

additional to the improved capability of the soil. 

8.2. The important factors which effect the soil erosion are $ 

i) The intensity and amount of rain fall; 

ii) The topograr of catchment 

iii) he nature of the s. oil ; and 



iv) 	The vegetative cover. 

8.3• 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 run-
off along with sediment removed from the top layer of the soil. 

In addition to loss of valuable soil from land the eroded eedi-

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. 

iii) Reservoirs get silted up and therebytheir life is 

reduced. 

iv) The height of the embankments in case of ag6rad ing 

rivers is raised and consequently they become more 

vulnerable to breaches. 

v) Navigability of the rivers is reduced on account of 

excessive sediments deposit. 

vi) The course sediment gets deposited on the flood 

plains, ruins the standing crops and even renders 

unfit fertile lands for cultivation. 

8.4• Soil conservation measures comprises  t 

-8.4.1. (a) Maintaining a mantle of vegetation over the land 

during periodis of heavy precipitation to reduce soil erosion. 

It has been seen that the soil losses from exposed ground are 



o to 150 times the lossee1ram wet ..prot.cted aroac. Where 
the land has been unjudiciously made bare, the ewe should - be 
covered by growing some vegetation on it*  The reckless deface» 
station should be checked by controlling authority Me Forest 
DePartUeflt. The rights of a4ointng rr&Uagerc regarding tim' r$. 

fuel#  cultivations  grass. razing in the forests should be regu. 
lated by this authority.  
8. 2. (b) Additional measures to reduce the erosive forces, 
epeci n7 the eroding action of water such as terracing, contour 
cultivation, Chock mss. 
i) Qiltivation on very steep hilly slops* should be 
prohibited and a per1enent cover of vegetation (ire. forest 
or ac) should be m4nt4ned on it. That is the land which 
would inevitably got eroded, it laid bare, should never be 
uncovered by destroying the vegetation on it, 

ii) Terracing i Terraces are made an steep elopes, 
to breach the 'velocity of water and hence it erosive L`orc•. 
The peak rate ofrun-off is 50 to 60 per,  cent less rn 

terraced area than on unterraced land. The terraces are 
important in reducing the amount of soil reaching the stream 

channels from the cultivated land* 

iii) Contour cultivation $ This kind of cultivation reduces 
the tots;, run-off from 15 to 47 per cent and soil losses 
from ,30 to 50 percent from the land so cultivated* 

11 
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iv) 	Chodt -dams s These are constructed aoroso streams to 

control it a gradient and hih velocitic o responsible for bed 
and bank erosion. These are constructed with brush wood and 

loose atone. 

8.5. Effect of vegetal cover on run-off and sediment4flow 

To have some idea about the effect of soil conservation 

on reduction of run-off and soil erosion, e7 u reoe~cab was 

carriod out in. Bombay State on specially constructed plots during 

1934-35 to 1942-43. The results of experiments are so follows $ 

Si.no. Different types of covers 	of runoff Soil loos 
to total rain (100 l b/ao re ) 

1.  Plot with natural vegetaion 4.77 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 soil erosion on haze lands as 

cot pared with those under complete vegetation. It is further 

increaoel if the land ie cultivated and left fa ,tlovi. 
8.6. Limitations s 

Soil conservation measures are intended to retard the 

speed of run-off and to minimise soil loses and consequently the 
sed invent lead in the river. r1hil e th i a may moderate mod ium and low 
flood e, their effect on the high floods is not significant. But soil 

cone~rvation measures play an important role of preventing 
excessive lose of coil even during high floods. 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. 
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Upto-date Progress of 1lood Protection Works : 

The physical progress regarding flood protection works 

achieved upto March 1975 includes construction of 7883 km. of 

flood embankments: 13395 km• of drainage 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 s 

Every method of flood control has its advantages as 

well as its limitations. In the adoption of flood control 

methods, emphasis has too often laid on a comparison of the 

engineering effectiveness of different measures. The general 

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 methods rather than a single method 
will be most economical. 

It Is beyond doubt that any improvement in the methods 

of flood control is of major significance to the improvement 

of living standard in that area.. Flood problems affect 

millions and they can only be solved by the eon-operative 

effort of millions. 
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