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316 | Engineering HydrolY . .
The confidence interval indicg

L g desirable N
¢ estimate i desirPc » value can be said 1. - e
¢ bewween which the tru¢ Aid 1o Jjg Wil

N ly.
ling errors on . .
interval of the variate x.ig b"llndcd

confidence limits of th
Jimits about the calculated valv
a specific probability based on samp

For a confidence probability ¢ {he confidence
by values x; and x, given by i
l =T ) Se . (7.13)
where flc) = runctio}m of the confidence probahlluy ¢ determined by using (he b,

of normal variates as

| 1ess | 196

(7 -233)

Op-1
S, = probable error = b —ﬁ

b= f1+13K+11K°

K = frequency factor given by Eq. (7.21)

0, = standard deviation of the sample

N = sample size. o
Itis seen that for a given sample and 7, 80% confidence l}m}lS are twice as large 5
the 50% limits and 95% limits are thrice as large as 50% limits.

13E 1T IR 1)\ overing a period of 82 years for the river Ganga al Raiwala yieldeq

the mean and standard derivation of he annual flood seres a5 6437 and 2951 mls respectively. Using
Gumbel's method estimats the flood discharge with a retum period of 500 years. What are the (3)

95% and (b) 80% confidence limits for this estimate.

Solution
From Tale 7.3 for N = 92 years, 3, = 0.5589 and §, = 1.2020 from Table 7.4.

Ysp = - [In - In (500/499)] = 6.21 361

_ 621361-05589 _ 47044
12020

Xogo = 6437 + (47044 x 2951) =20320 m'fs
From Eq. (7.332)
b=\[1+13(4.7044)+1.1(4.7044)* =5.61

2951
S, probable error =5.61 x == =1726
‘ V92

500

(a) For 95% confidence probability f{c) = 1.96 and by Eq. (7.23)
Xip=20320+ (196 x 1726) x, =23703 m%s and:x, = 16937-m’ls:

Thus estimated discharge of 20320 m¥/s has 2 95% ili ing between
23700 and 16940 m¥s 295% probability of lying betw

Y

A e Tt ks

/O o, confidence Probabij

» I‘-urﬂ=20320i(l.’282x ”i = 482ang
X 26) givi ¥ Eq.(7.23)

cslim.’lICd (lisChargc of X=22533 3
02;30 and 18110 m¥s, 20320m]/5h35a30 3m /s and x, = 18107 mYs

% Probabiliy of lying between
pe data of Example 18, the

t .
for [ xr for different vayeg o - f

oS educ )
‘,.;\IU", cu]nlcd and shown plotteg on g %

i Flood:
l)"f(c)-lzgz s lﬂ
) givin

¢l " .
;1[‘-[:; o proba'bllll)’ paper in Fig, 74 r I —
Gll:is yariation 18 marked s “fueq jinen 24| Gumbels ggiipugon ]
M e figure: Also shown in ths plot 22 Confidence bands </

- lhc] 95 and 80% confidence limits
e Iq <ous values Of T Ttis seen thy o
for ¥ idence probability increascs, the
he ;dcnce interval alsoincreases, Furthe;, 16
coni“crease in the return period Tcauscs' 4
an onfidence band to spread. Theoreticy] L
i by Alexeey (1961) has shown thy _
wo ambel’s distribution the coefficient
ey ¢~ 114 for‘ very I(.)w values of
Thus the Gumbel's distribution wij|
,{ve erroneous results if the sample has a
alueof C; Ve ch different from 1,14,

]
o
LI BELI S |

101520 59 100 200 500 107
Return period Tin years
Fig.7.4  Confidence pands for Gumbels
Dvstﬁbuﬁon—Example 7.8

l

This distribution Es extens!vely: used in USA for projects sponsored by the US
Government. In this the variate is first transformed into logarithmic form )(basc 10)

and the transformed data is then analysed. If X is the variate of ai
series, then the series of Z variates where " ufa o hydoclogic

z=log x (7.24)
are first obtained. For this Z series, for any recurrence interval T, Eq. (7.13) gives
g=7+kK.0, (1.25)

where K, = a frequency factor which is a function of recurrence interval T and the
coefficient of skew Cy,

o, = standard deviation of the Z variate sample

= JE(z-THN-D) (1.252)
and C, = coefficient of skew of variate Z -
_3y
NZ(z-2) (7.25b)

" (N-1XN-2)0, P
7 = mean of the z values
N = sample size = number of years of record
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is given in Table 7.6 /M] 319
The variations of K, =f{C,. T) is given in Table 7.0. ) ) 1‘-1!!'07‘6 Contd g
AﬂcrﬁndfnsZrbyEQ-(7‘25)-‘h°°°"f5P°"d"’1“""“'”°°f"r's°b.“""e“by 1541.(7.2«%s 05 10083 f 12167 P T s |
.\',:anm.og (:.r) 025, _06 0.099 ! 1.200 l 1528 .i 10 | 1.830 : ;.108 ! 2400
Sometimes, the cocfficient of skew Ci. is ndJUS!CdV(O account for the g, of 07 O.116 | 1183 | ) 45 | o ! 1.806 | ,0:5 } 2275
sample by using the following relation proposed by Hazen 1930). e 08 0.132 ' 1166 | 144 ) e , !.733 {1926 | 2150
NP e 09 | OMB I Llag g [t B3] 1837 | 2005
G =Uw (.2 A0 | 064 | 1128 ! gec | | 1660 | 1749 | 1910
. ) . 1 e 10225 toa | e M2 0 nsss | ress | 1ss0
where C, = adjusted coefficicnt of skew. However, the standard procedure for uge ; -l | 0282 il 1.198 D120 1 1318 past | p46s
log-Pearson Type III distribution adopted by U.S. Water Resources Council doeg n°r | -1.8 2821 0945 | 1035 {1060 | 1087 | 1007 | l.l30
include this adjustment for skew. ot : 22 0330 | 0.844 | pggg , 0900 ‘ i 0'907 i 0.910
When the skew is zero, i.e. C, =0, the log-.Pca‘rsop Type I distribution Teduce, : -3.0 0.396 | 0.660 | 0666 | 0666 i Py i 0‘667 : 0-668
10 log normal distribution. The log-normal distribution plots as a straight Jipe 05 ot ¢, = 0 cormesponds to log-norma! s . i 0. i 0.
logarithmic probability paper. n .
. N i O i cxample 7.9 )
Table 7.6 K, = F(C,, T) for Use in Log-Pearson Type 1II Distribution ! male . ﬂooddischarz(:fgz E:ZEJU;I plo::d selr}e; f&"a“"‘e B gven i Exanle 74,
¢ es fofinctte of (a) 100 years (b) 200
Codﬁcienl,’ Recurrence interval 7 in years using log-Pearson Type Il distribution. (b) 200 years, and (c) 1000 years by

T
100 | 200 | 190p

of skew, C,:| 272 L[5 1075|5251 80 .
30 |09 | 2278 | 3152 | 4051 | 4970 | solution .

X i .396 l 1.180 & B L ) 7.250 i The variate z = log x is first calculaled for all the discharges (Table 7.7). Then the .

© gutistics Z, 0; and C; are calculated from Table 7.7 1o obtas, 5

|
I 1'
25 1-0360 | 1250 | 2.262 ‘ 3.048 l‘ 3845 | 4652 | 6600
[

22 |-0330 1284 | 2240 | 2970 | 3705 | 4444 | 6200
20 ,-0.307 1.302 ) 2219 | 2912 | 3605 | 4298 | 5910 Table 7.7  Variate Z—Example 7.9
18 |-0282 ! 1318 | 2193 | 2848 | 3499 | 4147 | 5660 e |- lood
16 | -02541 1320 | 2163 | 2780 | 3388 | 3.990 | 5300 [ xm¥s) |
14 |-0225] 1337 ]‘ 2128 | 2706 | 3271 | 3828 | s.110 1951 2947 34694 1965 4366 | 36401 ’
12 |-0195 { 1340 { 2087 | 2626 | 3149 | 3661 | 4820 1952 3521 3.5467 1966 3380 | 35289
1.0 ,-o.mf 1390 | 2003 | 2502 | 302 "3.489 4540 1953 2399 33800 1967 86 | 3.8935
09 ,-0.1481‘ 1339 | 2018 | 2498 I 2957 | 3401 1954 4124 36153 1968 1o | 35200
08 [-0132 1336 | 1998 | 2453 | 2.891 f3.312 1955 3496 3.5436 1969 6599 | 3.8195
0.7 -o.ns,[ 1333 | 1.967 ; 2.407 | 2.824 | 3.223 1956 2947 34694 1970 3700 3.5682
06 |[-0099 | 1328 f 1939 | 2359 | 2755 | 3.132 ] 1957 5060 | 37002 1971 475 1 36207
05 | -0083| 1323 | 1510 | 2311 | 2686 | 3.04I ¥ 1958 4903+ | 36905 1972|2988 | 34754 /
04 -0.066 | 1.317 } 1880 | 2261 | 2.615 | 2.949. 1959 3751 3.5748 1973 2109 | 34328
03 |-0050 | 1.309 | 1849 | 2211 | 2.544 | 2.856 19607 | 4798 | 3esu | 197 3873 | 35880
.02 10033 | 1301 | 1.818 | 2.159 | 2472 | 2763 1961 4290 3.6325 1975 4593 | 36621
0.1 10017 1292 | 1.785 | 2107 | 2400 | 2.670 1962 4652 - | 36676 1976 6761° |- 38300
00 | 0000 | 1282 | 1751 | 2054 | 2326 | -2.576 1963 5050 | 37033 L2 N L 2o
0110017 [ 1270 | 1716 | 2000 | 2252 | 2482 1964 _6%0 | 38388
38533 1258 | 1680 | 1945 | 2.178 | 2388 ,  21%000%0
050 | 1245 | 1643 | 1890 | 2104 | 2204 0, =0.1421  C= o o014y -
0066 | 1231 | 1606 [ 1834 | 2029 | 2901 A ]
' ' Contd Z=36071 C,=0043
i
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flood discharge for a given T is calculated as below. Here, values of K, Tor he®
The 1SChK ! =

given Tand G, = 0.04 are read from Table 7.6. |

. ) i 2516
getinate e 1000 MG e iveryitn 3 gy oy
yeal

"

(from Table 7.6)
(for.C; = 0.043):

rs.

03365 | | I gplution .
] at i .
03733 | i ; Letx = Random variate ( Flood discharge yin the problem

04498 ] | ransformed variate z = log x js distributed log-normaly.

ariate z at any return period 7

For the v
r=I+K0,

Example 7:10' Forthe annual lood sefes data analysed in Exemple 7.9 estimate lhe ooy

discharge for a return period of (a) 100 years. (b) 200 years. and (c) 1000 years by using log-normg)

Gistribution. Compare the resulls with those of Example 7.9. k

For the given data:

100 years: Xjoo = 12500,

| e 200 =l0g 12500 = 4.0969 and
Soltftion Pearson type 11l distribution wity ¢~ F. Kioo=2.326
a- istribution is a special case of log-Pearson Ly ¢ withe, E B K )
]:lZ)D ';;1)3:: ?ﬁﬁtﬁgg? :: ?akin a5 zero. The other statistics are Z=3.6071 and o= J Hence z+2.326 0. =4.0969 @
0.1427 as calculated in Example 7.9- AuT =200 years: X0 = 15000, 200 =10g 15000 = 4.1761 and

eriod Tand C, =0 is read from Table 7.6, Tpe - | P
n below. 2
Hence, % +2.576 0. = 4.1761
From Egs.(1) and (ii); 025 0, = 0.0792 and 0, = 0.3168
substituting for 0, in Eq.(i): 2=4.1761 - (2,576 x 0.3168) = 33600
When T = 1000 years, Kyg0 =3.090

The value of X for a given return period "
estimation of the required flood discharge i done as show!
(ii)

xr= antilog zr
(m*fs)

3.9390 8690 N
200 2576 {03676 | 39747 9434 21000 = Z+3.090 0, = 3.3600 + (3.000 x 0.3168) = 43389
1000 ' 3.090 l 0.4409 | 40480 | 11170 Flood with a retun period of 1000 years = ;= antilog 4.3389 = 21,823 m¥/s

On comparing the estimated x7 with the corresponding values in Example 7.9, it is
seen that the inclusion of the positive coefficient of skew (C, = 0.047) in log-Pearson
type IIl method gives higher values than those obtained by the log-normal distribution
method. However, as the value of C, is small, the diffegence in the corresponding
values of x; by the two methods is not appreciable;,

[Note: If the coefficient of skew is negative, the log-Pearson type lll method gives consistently
lower values than those obtained by the log-normal distribution method.]

7.8 Partial Duration Series I_

In the annual hydrologic data series of floods, only one maximum value of flood per
year is selected as the data point. Tt is likely that in some catchments there are more
than one independent floods in a year and many of these may be of appreciably high
magn?tude. To enable all the large flood peaks to be considered for analysis. a flood
magnitude larger than an arbitrary selected base value are included in the analysis.
Such a data series is called partial-duration series.

In. using the partial-duration series, it is necessary to establish that all events
considered are-independenit. Hence the partial-duration series is adopted mostly for
rainfall analysis where the conditions of independency of events are easy to establish.
s use in flood studies is rather tare. The recurrence interval of an event obtained by
annual series (7,) and by the partial duration series (T,) are related by

T.= T S . (1.28)
P” 1aT, -In(T, -1

i

Example 7.11 Annual fiood flow series of a river were analysed and was fourid o follow -

log normal distribution. The frequency analysis of the data yielded the following results:

Retum Period Tinyears |  Peak Flood (mYs).
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11632 Areaof the catchmen;

8

5= Ordinate

Time
tin
pours: (UKD :(co/h)

L8 ur
m 1s) ho! OSO

0.000

14 | 4.242|0.0589)49.112
15 | 4.545]0.0554;46.180
16 [ 4.848]0.0513} 42751 46.180

17 | 5.152{0.04681 39.039; 42.751
18 | 545500422] 35.219] 39.039
19 m.dm__d.ad :.a___a.ws
20 | 6.061]0.0333)27.779; 31.431
21 | 6364]0.0292( 24.337} 27.779{26.058; 661.417
22 | 6667;0.0254
23 | 6.970:0.0219] 18.253121.153}19.703| 710.221
7.273:0.0188| 15.647 18.253116.950{ 729.924

31 | 9.394/0.0055; 4.5941 5.546| 5.070{ 806.273

{ }

39.442| 88.378| 127.820| 31.469
172958 55.982| 116,975
49217| 172958] 222.175| 88.378| 1333,
50.834]51.623| 222.175] 273.798] 127.820| 145975
52.451) 273798 326.248 172.958] 153,29,
' $52490(51.897! 326.248! 378.145| 222.175 |55 970

33 110.000/0.0037; 3.119: 3.792

e o 3.456) 815.537| 818.992; 806.273

i I 558 3.119| 2.838] 818.992( 821.831| 811.344
60610.0025 2.091! 2.558! 2.324; 821.831] 824.155| 815.537

: i H | Cunve of§, -
D - ould) byl A.ﬂuﬁu“unumzo_-. Curve

0.000
0.123

1273

5435 0000
14909 0.123
31469) 1273
55982 5435
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Flood Contro]

rm flood controlis comm
a s o life and property c«o__ﬁ__w Used to denote allthe m
00dls, 9:8:3 Mmany vn%mw :wnm_maovn& toreduce
ntrol a i refer to use the term
i reflects the activity more realistically.

howey
erremote jy
ma
1€ control of the i ybe, of an extremel y large lood

nge .
ua\ management instead of flogy ¢,

Ol e,
00 ere is always a possibility,

arring in a river the comple

ocet : )
cally possible nor economically feasible 4:09_ o blevel of zero loss s neither

be classified as e flood control measures that are in

siructural Measures
o Storage and detentjon Teservoirg
¢ Flood ways (new channels)
o Watershed managemen;

5. Non-structural Methods

» Flood plain zoning

» Evacuation and relocation

* Levees (flood embankments)
* Channel improvement

¢ Flood forecast/waming
* Flood insurance

8.10.1 Structural Methods
1. Storage Reservoirs

gorage reservoirs offer one of the most reliable i
sy i 1 b, of e s s sl . o s ey
(he incoming flood. Further, the stored water is released in 2 nonww:umhﬁ s
extended time so that downstream channels do not get flooded. Figu mw «_<mu w%s..,. i
ideal operating plan of a flood control reservoir, As most of =”ﬁ m_.amon n d s ioraes
reservoirs have B.cEw:Gomn commitments, the manipulation owamn”,\.omwﬁ“o”mwﬁn
satisfy many conflicting demands is a very difficult and complicated task. Itso :mn : :M
that many .nv.ﬁo_,.mmn reservoirs while reducing the floods and flood a»asmnm.ao not mw_ww s
aim at achieving optimum benefits in the flood-control aspect. To achieve com _numn
floed control in the entire length of the river, a large number of reservoirs at mwuwa ic
locations in the catchment will be necessary, m_
,_.:_.w Hirakud and Damodar Valley Corporation (DVC) reservoirs are examples
of major reservoirs in the country which have specific volumes earmarked for flood

absorption.

P Inflow
hydrograph
Flood Volume Stored = AA"BP
Reservoir Release = AA’BCD
Safe Dfs Channel Capacity = A'BC
B C ’

emmmeiaa.,
~,
..
-,
>

K
Controlled
Release

Discharge

Sa D

o . .. Time
‘Fig. 8:15 . Flood Control Operation of a Reservolr
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