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PREFACE

The popﬁlationl.grpwth iﬁ association with industrial‘ and
égricultural ,éxpénsion has placed an increasing demand on water
"résoﬁrces.'The incfeised demand. and high variability of fainfall
necessitate £he need for temporary storage of water to meet ‘thé
demand during monsoéon and non-monsoon period. During the period’
of ‘deficiency_ iﬁ a normal year, the water froh a temporary
. storage is supplied at a demand close to a value of its mean
"avéilﬁbility. "The demand from'a‘reservoir.changes from year to
" year depending upon the prgvaiiing gonditions in a year. In a
drought year;‘the dehgnd increéées; the availabiliﬁy?of'waier inl
temporary storaée reduceé and, therefore, the water ‘supply -to
neet thé demand is nbt aéhieved during the ‘periqd of its
deficiency. Thé storage structufes-in such condition ngeds lthe
nomogramé to indiéafg the deficiency inﬁ meeting the ‘demand

discharge.

This report pfgsents the nomograms in tefms of reservoir
level for actual demand and for-differenﬁ discharge to have an
'idga of reservoir level being ' in the situation of high flow, low
flow or undef drought. The nomogréms not onl& give the ”dpought
index for a reserveoir in terms of reservoir leyel,- but also
indicates the  number‘of days, the water could. be supplied at

required demand discharge.

The study has . been qonductéd by Shri. Avinash Agarwal,

- (DIRECTOR)

Scientist 'C’ of Drought Studies Division.
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' ABSTRACT

A drought index based on reservoir levels has been developed
‘by the analysis of daily stream floﬁ into the Bargi fgservoir.
The 'analysis'has béeh carried ouf_c;nsidering thirty six yvears
daily flow data with different‘deﬁahd‘discharge as percentage of
mean flow. The -.actual demand excluding the dehands of right. bank
canal has also been used. Thé analysis include the. annual flow
depafﬁure analysis, analﬁsis of‘maxiﬁum drought vélume {storage
-volumei, ahaiysis of water available -days and mean monthly
available storage in terms of‘?eservoir level. Thé resﬁlts'of ihe
analyéis are preéented "in the fo;m §f nomcgrams for the
identification bf_ high flow-years, low flow yvears and drought
vyears based, on ' the existing'feservoir ievel ét actual and
differént demand discharges. Anothgr,drpught index is presented,
as mean reservoir level minus half of its standa?d deviation for -
low flﬁw " years and mean reservﬁir level minus ité standard
deviation for identification of‘drought‘ Yeérs " {moderate and

severe drought) respectively.

It ﬁas.observed that the availébility of ﬁater wés high in
pelation to the actual demand. In lpw‘flow yvears .and even in
moderate 'drought vears, the demands from the reserQoir could
easily be ﬁei. It was brépoaed that the drought inaex shéul& be
developéd also by considering the targeted demands of Right .Bank

Canal.
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1.0 INTRODUCTION_

fhe reservoirs are ﬁainlx_built with the objective of
storing the. rlver flow to meetl the water demand (totgl‘ water
requirement at any peint of tlme) in arid and semi arid regions,
during the pepiods of its defiqiency. ‘In such cases, it becomes
important for the réservoir authorities to know an 'index ﬁqr
1dent1f1cat10n bf drought; in terms of reservoir level. It_ is
a}so necessary for authorltles to know, thé number of days for
which water cpuld be supplied at §pec1flc threshdld discharge.
At present, nb specific guidelines afe avaiiable and .th¢ 
authorities take decision either by their experience or through
decisions‘ bésed'on tﬁe amount of-rainfall and storage“availablé‘
op.éxpecteq to arrive. However, the total rainfall alo%e exact}y
dﬁes not. reflect the poéifion of reservoir level. Iﬁ view of
this, it 1is necessary to have some nomograms in terms. of
rgse;voir levei and for dlfferent demand dlscharge to have an
idea of Treservoir wlevel being in norm@l, mlld, or modgrate
drought Vsituation ‘and the number of daxg‘the ,water could:‘be

supplied at required demand discharge with no deficiency.

In arid and semi- arld reglons, the water level in‘feséfVOirs
frequeﬂtly drops'due to low availability of flow in streams. For
such situation, it ié.important for reserveir authorities to knoﬁ-
“an . index for identification of drought in terms of reservoir
level. It also becomes important to know, the number of-days'for-

which water could be supplied at specific demand.-discharge.

The number of days water could be supplied is" analysed as



the‘ reriod for'ﬁhich river flow combined with stofed 'voiume' in
reservoir is able to meet the demand discharge at différeﬂt-level
of stonage;iﬂ-fhé reservoir. The‘demand discharges are taken . as
tﬁé pefcentage. of mean daily flow such that -it covers the
reéervoir 'suppl& ranges fof‘a normal year, 1ow' flow‘ year and
drought'yéar.‘The similar analysis is alSo'cérried out for actual
’ déman& in .order to compare with the other Ademands ana to
ﬁnderstand the_actﬁal situation of reservoir level under ‘actual
de@énd. ‘The dbjecfives of the study thus could:’be listed as
.below: o

i. Development of nomograms for the'estimationvpf,water available
days at different reservoir level for actual and other demands.

2. To develop‘nomograms fér identificatioﬁ of high flow, low flow

and drought year at different reservoiy level( ' . '
2.0 REVIEW

The deviation of stream flow from the normal is ‘Qidely

déceﬁiéd- as &nAiﬁdex tolcharacterizé the hydrological drought.
Thé occurrence of such phencmena at'cerﬁain feéular intervals of

time claséify £he area as drought prone. The C.W.C., 1982 has

suggested ‘phat, the ruﬁoff, if found to be less than 75 percenf

of the normal ruanf'at_a site, the yéhr:would be considered as

drought year and_ if it occurs in 25 percent or more than 25

' peféent_ time oﬁ‘year, the area would be cbnsi&ered as drought

prone,

 Based on the. guide lines, the NIH has'analysed the river
- flow data of Krishna‘basin at eight different discharge measuring

éites. Similarly the. Godavari basin has been analysed for four



different sites (NIH C5-37). The results in the form of flow

duration curves, deficiency of the volume and dry .spells are

reported.

In low flow analysie,-'the drodght volume and . drodght
duration are normally estimated imposing a certain demand. ‘This
'demand- is usuelly alproportion of mean flow. The" calculation
procedure uses 'the Rirple Mass Diagram to -calculate maximum
:annqal drought volume/drought duration (Cunnane, 1981). In some
cases the frequencv analysis of drought volume and duratlon is
also conducted. The,analysis results in deciding the,capaolty of
storege structure to 'meet a particular'demand discharge..et all

times, when the river flow is not able to supply the demand .

The nomograms for  drought iodex for the reéerroir. of
_dalaprabha and.Ghataprabha in'Belgadh distriot'of Kardataka were
developed applying the present methodology (NIH Report 1994-953.
The results ‘of the ana1y31s are presented. ih the form of
rnodograms for the 1dent1f1catlon of drought based on the ex1st1ng
‘reservolr- level at . dlfferent demand d1scharge. Another drought
':index ‘wae presented, as mean reservoir level mtnus half of’ its
standard devietion -for mild drouéht and .mear' reéer?oir level
minus its standard deviation for-tﬁdentification"of._doderate‘

drought respectively.
3.0 BRIEF DESCRIPTION OF AREA

3.1 Narmada River Basin
ot . ‘ 7
The river Narmada rises in the Mikala range in Shahdol

district -inn  the Amarkantak plétéau at an elevation of 1050 m,



Flowing -generally in tﬁe south westérly direétion in a narrbw
~valley, the ~river  takes a northerly turn near Mandla. After
passing through the city of Jabalpur, the rifer flows through a
deep narrow channel Phrough the faﬁous "Marble Rocks" of
Bedaghat..fhe river system and the batchmenf area up fo the Bargi

reservoir is shown in Fig. 1.

After emerging from the gorge ana‘continqing west, thé river
enters the fertile Narmada“valley:yhich is a long and nérrow
strip walled by Vindhyas on the north‘and Satpuras on the south.
Coming out of the gorge, the river enters the plainé of Gujarat

and finally discharges sinto thé Gulf of Khambat..
3.2 General Description of the Bargi Dam

In the seriés of major dams to b; construéﬁed oﬁ the Narmada
river in Madhya‘Prédesh?-the Bargi projéét is one of the major
schenes whiéh has been completed till'déte. The. project consists
of ﬁargi dam {(later renamed as Rani A?anti Bai Sagar Project)
ﬁhich :has been constructed on the river Narﬁ;da ﬁear' viilage
Bargi 'in the Jabalﬁur district. The dam is located 43 km.
dowhstream_ of the Jabalpur city. The iatitude and- longitude . of

the dam are 22° 56’ 30" N and 79° 55' 30" E respectively.

Thg Bargi‘dam isla composite_earth and masdnry &am, "5374.39
m long. The maximum height of the masonry dam is 69.80 m while
that of earth dam is 29 m. The catéhment arearat the dam site is”
14556 sq. km. The gross, live and Qead storage capacities of the .

reservoir are 3.92 billion cubic meter {B.Cum.), 3.18 B.Cum. and
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Fig. 1: Bargi reservoir and its catchment area in Upper
’ narmada basin, '



0.740 B.Cum. respectively. The maximum water level, full
reservoir level and the dead storage level of the reservozr are
at 425.70 m, 422.76 m and 403.55 m respectively. < The ‘estimated -

life of the reservoir is 100 years.,

The project has:been envisaged'as a muitiﬁurpose scheme
meant to serve for water supply for domestic and 1ndustrlal
purposes, irrigation and hydropower generation. One canal system
(left bank canal system) is near1ng completion and one power
plant (Rlver ‘bed power plant1 w1th capac1ty of 90 MW has . alreedy
been completed _for _utlllzlng the stored water of . the Bargi

.reserv01r. The gross and cultlvable command area of the left bank
canal is 2, 574 and 1. 57 lakh ha. respectlvelv. Other.canal system
{right °bank canal system) is under constructlon. The purpose ~of
right bank oanal is to transport 116 M. Cum. of water for domestic
‘use and_‘eround 2300 Micum. of water for irrigetion"and inter-
basin transfer annually. Qne‘power-nouse {Canal power house) with
capacity of 15 MW is‘eiso;proposed to be constrﬁcted in the 1left
bank canal system. Annual weter requirement from the reservoir
throughr the left bank oanel-for‘ domestic " water supply and
irrigation is 54 'Mféom. end 2160.1 ﬂ;Cum. respectively. 1In
addition, .annual firm energy‘requirenent from the reserveir is
363 M.kwh." Fér ‘discharging excess weter during the flood season,

.1aw 335.72’& iongrspillway-has been provided in‘the centre of the
-masonry sectlon. Twenty one nunbers of radiai gates of size 13.71

m length and 15.25 m height have been provided on this splllway.

'The water availability at the dam site has been based on the

discharge data collected at the Jamtara gauge site. Jamtare gauge



site is located 16 km. downstream of the Bargi dam site and has a

catehment aree of 165676 sq. km. Svstematlc gauglng has been done
at this site since 1949. The average annual 1nflow at the ‘dam
site 1s 7197 M.Cum. There are-13l raingauge stationsw;in the
catchment area. In some of the raingauge stations, reinfall data
for hearly -89 ‘yeers . has been recorded; :Thew’averageg annual
rainfall’  in the catchment up to‘Jamtara‘is 1414 mm. Rainfall in
the basin- mostly occurs-dﬁhing the monsoon months :- (July. to
‘October)}. During monsoon,. %4,09 % of.the total rainfall: -of .. the

calender year occurs..:

The reservoir has been cla531f1ed as hllly accordlng to Jthe'

I.S. spec1f1cat10n number 5477. The shape of the reservoir is

almost Longltudlnal. Its longest perlphery from the axis 1s about

80 km. The w1dth at 16 Km. and 25 km. from the axis is 16 km. and

3.2 km. respectlvely.

%

The salient features of Bargi reservoir are as below:

3.3 Demands from the Bargi Dam

The Bargi feservoir:project is a multipurpose project .meant
to serve various.pUrpoees like waterusupply_ for:. domestic . and
industrial  purposes, ' irrigation end hydropower generation. . No
ad&itional-.storage has been-provided:for_therpurpose of flood
- control as'the.top;of.the_gate-level correeponde;to;the; FRI, o%
the dam. _However,_when fhe reservoir level is ‘below the FRL,
incidental floed~ conhrol benefits can be achieved. Various

demands which have been envisaged from the reservoir -are detailed
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in the following section:
a) Water supply demands for domestic and industrial purposes.

The present policy of the Government of Madhya Pradesh is to

" supply water ‘tb the Jabalpur city for deomestic and industrial

puppqses_and]to the.urbén and rural areas in the command area of

. the:left bank canal irrigation projects. It has been planned that

54 M.Cum. of water will be supplied from the ' reservoir for
domestic. requirement of Jabalpur city. In the rural and urhan
areas under the command of left bank canal, 47 M.Cum. of water 1is

required which will be met through the ground water reserve in

“the Jabalpur and Narasiﬁghpur districts. Domestic supply for the

Jab&fpuf-'city'ﬂ(54 M.Cum. annually) will be routed through the
left bank éhhai.‘Fufther. there is also a provision of 116 M.Cum.
of water for domestic purposes through the right bank canal wﬁich

is under construction.

b) Irfigation demands

\

Bargi reservoir project is proposed to provide irrigation

.through its left bank canal system and right bank canal system.

 The ﬁafg} left bank canal takes off from the left bank -of the dam

and'qnuns‘gp to the.Shakkar river, covering a distance of 137.20

km. The command area under the Bargi L.B.C.'liesﬂin the - Jabalpur

and‘Ngrasinghpur districts. The gross command area of the L.B.C.

system is,2.574 lakh ha. and the cultivable command area 1.570
lakh ha. Annual irrigation area with 140 % intensity of
irriggtion_-wqus out to be 2.198 lakh ha. The cropping pattern

has been approved by the State Agricﬁlture Department and the



target monthly water requirements for irrigation at the left bank

canal head are given in Table 1.

Table 1: Monthly demand of the Bargi reservoir.

Month Irri- Hydro Water Total Total Ratio to R.B.C.
P - . o - mean: . o
gation power  -supply. demand demand demand demand

M.m? - M.md . M.md M.m? M.m?¥ mi/sec - M.md?

June 55.9 70 . 4.5 130.4 - 50.30 0.429 309.82

July 192.5 140 4.5 337.0 130.01 1.109 . 119.65

Aug. 69.3 . 210 4.5 283.8 109.49 0.934 .132.76°

Sept. 240.0 210 4.5 454.5 .175.34 1.496 325,15

Oct. - 43£.9 . 210 4.5 650.4 250.92- 2.141 -.465.20

Nov. - 191.0 105 4.5 300.5 115.93 0,989 275.51

Dec. 274.7 105 4.5 384.2 . 148.24 ,1.265- 285,94

Jan. 322.7 70 4.5 397.2  153.24 1.307 231.54

Feb. 200.4 70 4.5 274.9 106.05 0.905 157.49

Mar. 79.2 70 4.5 153.7 .59.29 0.506. :...-3:37.

April 53.4 70 4.5 127.9 49.34. 0.421 0.00

4.5

151.4 58.41 0.498 0.00

May 76.9 70
. Average 7303 g2 -117.21

The right bank canal of the Bargi reservoir. has sill..level
-of 410 m. The high intake level ie kept in order to cross. a-ridge
~ for inter- ba51n transfer. -The annual water regu1femenu trom-:th1s
canal . is planned fo be .around 2306 M.Cum. Thisf;will"include
Airrigation "in the cemmand area of the canal, water supply .for
domestic purposes and inter- ba51n transfer. In the present study,
the demands from this canal system have not been accoented for as
this canal system is in 1ts initial phase of construction..

c) Hydropower demands N

St

The project contemplates generation of 105 MW of thfepower
by installation of 2 unlts of 45 MW power plants in the -river: bed

and 2 units of 7 5 MW power plants 1n the left bank canal. At




presént; two units of river Sea deef plant are functibning. The
power plant, with a total capacity of 90.MW,.has bgen installed
in ;hé river bed at the right_flank of tﬁe nén-overﬁloﬁ section
of fhe dam. The construction for the'seéond pbﬁer blant, with a
tétal cabécity  of 15 MW, has not beenrstarted vet and has not
been accoﬁﬁted .f;r in the operatioh study!rfirm power of ‘the
ﬁiaﬁts a£_60 % ioaa-factor is 58 MW, The annual ahd firm energy

feéuirement, from the dam is 363 M kwh. For the river bed . power "

plant, the.invert level is 367.22 m. The maximum and minimum head

fqutﬁis ﬁlant are 57 m and 32 m respectively.
d) Flood Contfol requiremént§

.. The . detailed .ppoject report .prepared by NVDD. does not

provide for flood protection through the opefation of Bargi

reservoir. However, through judicious and cautious reservoir
'opérétioh; peak flood can be moderated to some ektenf; thereby
reducing the damage and submergence. of life and  property

Lﬁowﬁstream "of the dam speéially near Jabalpur town and Bedaghat

" area.
.3.4 Salienﬁ Features of Bargi Reservoir

- Location ' ‘ , ' . Village - Bijora

Dist. - Jabalpur
State - M.P.
River ‘ ) Narmada
Latitude , 200 56" 30"
Longitude e ‘ : o 19e 55" 30"
Toposheet No. ‘ 55 N '
Hydrology _ .
Catchment Area. . : ' o 14,556 sqg.km.
Maximum Rainfall in the catchment = - 2311 mm.
Minimum Rainfall in the catchment ' 665 mm.
_Average Rainfall in the catchment ' 1448 mm.

10



Maximum Annual yield . ' 16.02 B.Cum...

Minimum Annual yield . 3.67 "
Average Annual yield ‘ 7.19 "
50% dependable yield : 8.07 "
75% dependable yield , ) 5.29 "
90% dependable yield 4,10 "
100 yr. freqguency flood at Jamtara 14744 cumec
1000 yr. frequency flood at Jamtara 13782 cumec
Maximum designed flopd 51,510 cumec
Moderated flood . 43,000 cumec
Reservoir data . , .
River Bed level .o . RL 367.00 m.
Minimum draw down level {MDDL) RL 403.55 m.
Spillway Crest level : RL 407.30 m.
Full Reservoir level {FRL) RL 422.76 m.
. Maximum Reservoir level (MWL) RL 425.70 m.

Top of Dam Level (TBL) 2 RL 426.90 m.
Sill level (L.B.C.) ' RL 401.00 m.

- 5ill level (R.B.C.) : RL 410.00 m.
Minimum Tail water level o RL 369.05 m.
Maximum Tail water level , ~ RL 370.88 m.
Dead Storage Capacity at MDDL 740 M.m3.
Gross Storage Capacity at Crest level 1140 M.md.
Gross Storage Capacity at FRL , ‘ 3920 M.m?.
Gross, Storage Capacity at MWL 4806 M.m3 .
Live Storage Capacity at FRL 3180 M.md.
Area of Submergence at MDDL _ 30860 ha.
Area of Submergence at FRL o 26797 ha.
Dam.- data .

Type of Dam . 'Composite earthen
’ ’ . & masonry

Length of masconry Dam .o ) 827 m.
Length of earthen Dam . 2750 51 m.
Maximum height of masonry Dam . . . .. 69 m.
Maximum height of earthen Dam - . 29 m,
Free Board above FRL - 4,14 m.
Free Board above MWL .. 1,20 m.
Spillway : ) ‘
Length of Spillway 385.72 m.
Number of Gates 21 Nos.
Size of Gates o o 13.7t m x 15.25 m.
Type of Gates . Radial :
Top level of Gates S .. 422.76 m.
Outlets.
Length of L.B.C. . 135 km.
Size of L.B.C. ' | 3 x 4 m.

- Maximum .discharge capacity of L.B. c. 127.8 cumec
Length of R.B.C. . 95.5 km.

8ize of R.B.C. 2.62 mx 2.62 m.

11




Power House . —
Location . Right bank of Dam

Installed Capacity 2 x 45 MW .
C ) 2 X 7.5 MW(Proposed) . .
-Firm power -& Load factor " 58 MW at 60% Load factor
Head = . Maximum 56.40 m.

Minimum : 35.687 m.

Designed o 47,85 m.

4.0 METHODGLOGY
. The dﬁily?‘in floé to the reservoir is subjected to the

ahglysi; infordér:to‘preﬁare the nomograms for thé identification

of ‘low‘flqw and:droﬁghf. Thé analysis carried oui‘are as listed

below. T

1. Annual'fldﬁadeparfure.

2. Maximum drought value.

3. Days of water availability.

4. Monthly.mean‘available storage.

Thel pbjective"df_ the stud& is to_ analyse .thé resefvoir
inflow to iaentify an index for low fléw and drought in terms gf
reseryoi;mleVel.rwith such an objective, 1t is important to kﬁow
the limitapjoq ﬁﬂd”abplicability of.above analysis. The analysis
reported Aébo?éiéfé for the river flow wifh emphasis on low flow
having objéciive to. know 'aboutr departure of . low flow and
reservoir stofége to meet. the dem#qd during'the leén flow period,
The applicatioq:ofnabﬁvé analysis is therefore widely applicable
to -@hg;.c§ﬁaitioﬁs;iof arid to semi-arid regions, Theh above
lanalysis are;pofjipténded for conditions Qhere_the regulation of
the peék flow or routing through reservoir is to be éonsidered;

The flow depaygpre-analysis, results in the flow departure from

’

its mean W;;hﬁum gi?ing any attention to the existing demand at

12




that point of river.

The maximum drought'volume'at any site is analysed to decide
the storage volume of a reservoir in order to supply the water
during the period ‘ef defieieﬁcy for a giyen'-demand., In the
present analysie of maximum drought volume, the demandﬁ”is
considered as’ the direct demand at that barticular pointr{‘The
direct water requirement incluees {a) irrigation demanq,'r(b)

hydro power demends {c) water supply.

The analysis of'waterleveilable days also considers the
volume of water‘réceired iﬁ the river over and above‘the drought
volume, which could be stored and utilized to compensate for phe
. next drought vblume{ The analysis of mean monthly avallable

‘ sterage also consrders the drought‘ﬁolume as{well ‘as the demend

as explained earlier.

4.1 Data
The analysis requlres the daily inflow to the reservoir and
reservoir 1evel/capaclty curve. In addltlon, the daily demand ‘at

the po1nt is requ1red if ava11ab1e. The elevation-area-capacity

data of Bargi dam is reported 1n Table 2 as well of Fig. 2,

The actual 1rr1gat1on,‘hydropower and water supply demaed‘on
‘the Raght Bank Canal(R B.C.) is given in Table 1. Total monthly
demand and 1ts ratlo from the mean is represented in Fig. 3. ' The
analfsis is also carrled out - for dlfferent demand as . fhe
percentaée of mean availaele floﬁ;7The demand }evels are 20%,

’ . . . o o o
30%, 40%, 50%, 60% and 70% of mean available flow and are
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considered constant in each month of the year.

Table 2: Elivation—area—capgcity fable for Bargi reservoir.

sl. Depth Elevation . Area Capacity
Ne. m m ha T.M. md :
1 0.00 381.56 0 0.000
2 -0.48 . .. . 382.04 - 48 - - - .0.000 < s
3 8.54 390.11 ‘ 560 0.018
4 14.87 . 396.24 - - 2270 .+ 0,102
-3 20.76 ' 402,33 4246 0.299
6 21,98 . 403.55 . - . 5110 . -0.365 . .
7 26.86 408.43 8585 0.634
8 29.91 :-411.48- .. _..2161 0.906
9 30.63 412.50 3625 1.164
10 32.96 . - 414,52 < 6138 .. 1.429
11 .36.00 ‘ 417.517 0119 1.980
12 . -38.45 : 420.02 - . 4227 - . 2.655

i3 41.19 422.76- 7296 3.181

The analysis is carried out usiﬁg the daily river flow .of"

thirty six yearé,_starting;fnom 1951-52 to 1986-87.

4.2 Seléction'of.Bhsé Pefiod—and-Déﬁand Discharké

The base period in the. analysis is considered as a year cand

any carry over effect. of :drought volume from one .year to - next: -

" year 1is not considereq:;to _confirm with the assumption in
estimétion proéedure.of maxjmumudrbught volume. The assumption. is
that, all flows in the-currqnt-baég*period are greater. than . the..
demand discharge. The assumption says that, at the end of each
year there 1is .one value of ﬁaximum« drought volume.. ., : The
assumption is based on the fact: that the reservoir;is'depletednta~
meet the demands due to drought in one year, at beg1nn1ng of next.
year, there w111 be no storage in the reservoir to supply- during.
deficiency, As such carry over of drought in case of reservoir

physically has no meaning and‘finding an indéx for an .empty
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reservoir has no significance. This carry over effect of drought
could be true for an aguifer which is considered as a ground

water reservoirs.

The. other reésop for not conSiderihg:the carry over affect
of drought voluﬁe;from year to year is because of the ngture of
‘storage in the reservoir. Thé nafure of storage in reservoir. is
limited b& a minimum'and maximum value, with. an objective to
utilise the storage most economically béfore ihe rains of next
base - period starts.-%The possibility of excess mining and its
replenishmenf is not psssiﬁle ﬁs ‘such to the stor@ge of‘
reservoirs. Therefore; the carryover of drought velume from year
. to year is not_considered in £he aﬁalySiSc

The decision of gssigning'a demand to be supplied by ihe
reservoir .is based on thg purpose with which the} reservoir is
coﬂstructed{ The. déﬁand at a point on a reserv;ir -varies from
year to year and oﬁ thellﬁcal requirements., The demand in a year
followed by a dréught year dlso vafieh. The actﬁhl demand on the i
Bargi reservoir is reported in Table 1 along with the demands of
R.B.C. -not included in the analysis.” The monthly mean démand
comes to 3.64 TfM;M;i (thousand‘;illion7metre cube) approximately
40% of mean flow. The analysis is alsc carried out-fof different
constant -demands ‘. 'Thére constant demands are taken as the
pefcentage of mean flow such that it covers the different
reservoif,'supply ranges from normal to‘drought'_éituationé. The
cohst;ﬁt 'dehands considered are 20%, 30%, 40%;_60% and 75% of

~ mean flow.
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4.3 Annual Flow Denarture

. The percent departure on annual basis is the departure of
annual flow from its long term mean. The analy31s hlghllghts the
‘year of hlgh flows, low flows and drought years} The drough£
years could be cla551f1ed in drought scale as per the crlterla of
C.W.C, 1982. The ana1y31s requires the long term flow data end
does not eon51der the effectsu ,of demand oni drouéht'
identifiCation.d-The Vanalysis has been cafried oup as per ihe
proeedure' defined by C.W. C., 1982; The lmead daily',fiow ;s
connerted to mean annual flow and 1s subJected to the departure‘
anaiyeis. A commonlv used 1ndex as suggested by C W C., ;982 nas
been applled tp c13531fy the drought:‘ Thej cr1ter1a saye as
follows; - S o
If;
a. Percent departure is greater than 50 % (Severe dronght);
b. Percent departure is in between:-25-50 % :{Moderate drought)

Thls analy31s at present 1s‘carr1ed out only to have an 1dea
of pattern of yearly river flow to reflect the 51tuat10n of flow

in each year and to sp11t the yearg in to_h1gh flou, low flow and

drought yeersu
4.4 Maximum Drought Volume

The . maximum drought volume -is ;he sterage volume required at
the beginning of the dfought to prevent wafee supply fof falling -
‘below the- demand for the duratlon-of the drought in-a base period
of a year. The definition of drought volume 1tself deflnes the*'
duration of drought for'a particular demand during any period  of -
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stream flowr record.

The drought vglume in a single drought éonsist bf arsiﬁgle
,deficit lfﬁiloﬁed by azsurpius which should make }ecovery of tﬁe
deficif Vand if tﬂe flow drops below'fhe demand discharge before
thé ’recbveryrcgn occﬁr, thé drought is-continued‘into‘neXt time
ste_.p- till 't,_he recovery is obt.a.inéd. The net- deficit qt, each time
steﬁ is calculated till the volume becomes surplus related‘ to
some specific demand dischérge._ At the end'ofleach surﬁius the
maximum deficit volume is the drought voluﬁe in one drought
element. It is, fherefore, at high demands, there may be more
numbers jof‘drought elements.with high drought volume but for low
dqmand' the number of drought elements asIWell”as drought uvolume
will be low. The methodrestimates the maximum drought on annual
basis as one base period. The base period ends when there is no
further flow less than the demand discharge i.e. the next monsoon
should have stgrted. The procedure has been defined by Institute
of ﬁydrplogy (1980). This ﬁrocedure allows for the effect of
pﬁ%sible 'dafri' over of a previous drought element in the same

base period, but not considered in the present analysis.

The maximum drought volume. is estimated for eacﬁ year using
the mean daily inflow and superimposing a demand as percentage of
mean daily flow. ' The analysis feéulté in maximum drougﬁt volume
fof-;q Vbasé lperiod:as one year.. By statisticai analysis of
maximum drought volqmé Aof'a number of years , the ‘requiréd
maximum . storage .volume for differeﬁt réturn lperiod _is also
estimated. The énalysis of drought duration, the duration of low

flow, could also be'carried out on the similar guidelines, but
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not considered in this report.

~The -max1mum drought volume is obtalned by v1ew1ng the flow
Lecord and de01d1ng a common date as the start of ménsoon to ’511
3years for which data has been con51dered. For different return
period‘the drought volume is EIOtted agadnst demand dieeﬁarge as
a percentage of mean flow for ﬁhe‘purﬁoses ef'iefefpelafzhg -ehe
‘drought_volpme‘(storage required) fof other demand. This maximum
‘drought -volume related tc a demand are arranged' in ascending

order and there plottlng p091t10n are marked us1ng an Extreme

Value Type 1 dlstrlbutlon.

_The .cumulative distribution function o6f. the Extreme value 1

type distribution. is;y
 F(q) = expli-el(a-wyje)j : IS

where; 'u, -4 - . are the parameters of location and " scale
respectively and are determined from sample data. F(q) 1is -the

non exceedable probability of ¢ (data) in the series.
By replacing {g-u)/a = Y, the equafion (i)‘feduces to:
In{F(Y}} = - e =X - : o e e . {(2)

where; Y is called the Extreme Value 1 standardized normal
variate or reduced variate and has parameters u=o and d=1.l'An
approprlate expre331on for probab111ty value Fi correspondlng “to

Yi has been glven by Grlngorten as:

Fi = (i - 0.44)/(N.# 0.12) T ¢ 1
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where; N is the saﬁple and-i is the rank counted from the
_gmallest value. The values of Fi is used with gqggtion {2). Thus
the drought Qolume (S) can be represented by plotting position
gg} as é line 'S = a‘+ b Y’,an# the gonétapts‘a;e e§timated by a
lest sguare anglys}s‘of 'S’ on ’Y'. The return period (Tp) could

be e;timated by Yr=7—ln (IITQ).
4,5 Water Avaflable Days

ThehdUpatioﬁ for wh@ch thg.sﬁpply is grgate; than the demqnd
is considered. as the: water: availab;e, dai. The da&s‘ water
avail#ble from a reservoir is dependent on fhe storage folume of
? the reservoir and:demand.'An analysis for water available days at
actual aﬁd at different constant demand has been carried out in
order to yield a series of graphs relating the gbové parameters
for Bargi reservoir at different storage. For the éase, whéﬁ
the storage volume at the beginning is'sufficieﬁtly high, such
' that, to prevent the supply from'falliﬁg below a - demand, there
will -be no day witﬁ'shbrtage of water supply. The stored volume
will - be utilizqd:tp preveqt the sgpply to fall below ‘demand.
Such a condition could only hgppen whén either storage volumé‘ is
ver&  high or the demand is very low, i;e. the condition of
. uneconomical management:of storﬁgg. For ﬁhq_conditions, whén the
_storage at the begihning is_not'su{ficienf. the water. supply
_po:pallyn_goes- dowﬁ regulting in shortage of water supply and
turns to the situation drought. The water a%ailgble‘ days: is
defined as a situation when; |

Available cumulative supply > ' Cﬁlulative demand
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. 4.6 Honfhly Mean Available Storage *4: T

, Monthly_mean-availablelstorage is estimﬁted afuacpual'andfat
different .constant ;demands from daily river flow-'datas,ifTHb
. monthlir mean -storaé; volume fis then  converted ‘‘to level - of
"reéervoir. Based on a ?umbér of years ‘of .data,. the monthly mean
level and its standafd deviation is estiméted. A - criteria for
low flow and droughf‘is inen'by relating monthly mean level to-

‘its standard deviatién and half of sténdard deviation as follows;

For low flow;
Storage level . < Monthly mean level - Standard deviation/2
For- ﬂréught;'

‘Storage level < Monthly mean level - Standard deviation

lThys, the reservoir leveliestimated with above-criterion is
compared with the reservoir 1efel estimated for the condition of

high flow years, low flow years and drought years.

5.0 . RESULTS AND DISCUSSION - L

The ﬁean daily flow to Bargi reservoir basédﬁon-the thirty
six years<datq5 starting from 1951-52 fo 1986-87 is estimated as
281.8 m’?;ec (8.881 T.M.m33. The éctual‘ demand e;cludinés ﬁhe
_demaﬁds of. Right Bank Canal (R,.B.C.)} is 112.7 m3/aec* {(3.64
T.M.m®). This demand is around 40% of mean available flow. gincé,
‘the acﬁgql demand is only ;round 40% .of mean available' flow,v'g
' reduction of around 66% in mean availability.of water may -‘not

3
¥

. effect the:supply.
On the other hand, one half of the actual. demand (1.85
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T.M;m3) is during the monsoon months (Juné»to October). During

;+this period, the-incoming water is directly supplied to meet the

- demand ~without using the storage of the reservoir. Thus,. in

.relating, the .storage of reservoir meets the demands of . around
-.20% of mean. available flow. Therefore, even in the years . of
. moderate drought, when the stream flow departure is in between -

.25 % to -50_%,;the demand of the reservoir could. be. met.

Keeping in view, the high availabilityrbf water, the river

flow has been classified into three groups as the:,high . flow

yéars;_the.low'flow years and.themdrought%yéars.-The*guideﬂ”lihes

to form the above grouping is kept such that, it\-éhOuld--not

_gffgpttthé,drought,definition reported.by C.W.C. for. the case of

T rivef flow. The guidélines for the above grouping is as ‘below.

{a) ﬁigH‘fiow:years:f
Percgntideparture'less than -10%.--
(b) Low flow years:
-Percent'departuré -10% to -25%.l
(c) Drought years:

.- "Percent - departure i$§ greater tham - 25% { It covers mild

hﬂdrbught {-25% to 50%} and Severe drought {greater than -59%}.

W

The flow deparfure ﬁnalysis indicates a high flow in twenty

_years, a low flow in seven years and -nine years‘#s‘drbught'years.

The seven years out.of nine drought yeﬁrs faced moderate drought

and  two yearsjfaced'sévéfe‘drought (Table 3). For the development

of drought index, each group has been analysed separately. '~
In: the analysis of. maximum drought volume, the first step.is’
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fo decide the time of on sét of monsoon, such that, all the fldws
beyond this time is above the demand in order to fulfil the
‘limitation of the procedure. The daily river flow of all the
yéars, indicates that no exact date of start of monsocon could be
assigned but on an average it starts inl:ﬁhe' m@nfh of June.
Therefore, June 1 is cpnéidered as the daté béydhﬁ Whiéh all

flows in the river are assumed to be greater than’ the demand.

Table 3: Departure of annual inflows to Bargi reservoir.

Sl. Year  Percent Remarks Sl. Year  Percent Remarks
no. departure © . Nno. " . - departure
1 1951-52 ~-47.56 .. M.D. " 19 1 1969-70 i.65. - H.F.
2 1952-53 -14.97 L.F. - 20 1970-71 35.90 ° H.F.
3 1953-54 -24.28 " - L.F. 21 1971-72 39.18 - H.F.
4 1954-55 -23.02 L.F. 22 1972-73 -15.55 L.F.
5 1955-56 28.78 " H.F. 23 1973-74 35.56 H.F.
6 1956-57 62.20 H.F. : ‘24 1974-75  -45.87 M.D.
7 1957-58 =10.57 L.F. 25 1975-76 27.71 H.F.
8 1958-59 -9.64 H.F. : 26 1976-77" -42.67 M.D.
9..1959-60 36.07 - H.F, 27 1977-78. 36.24 H.F.
10 1960-61 -6.58 H.F. 28 1978-79 . 122 H.F.
11 1961-62 95.59 H.F. 29 1979-80 -65.75 ‘8.D.
12 1962-63 -32.99 M.D. 30 1980-81 46.67 _ H.F,
13 1963-64 -12.30 L.F. ) 31 1981-82 -45.73 <~ M.D.
14 1964-65 25.49 H.F. 32 1982-83 -19.83 - L.F.
15 1965-66 -69.65 5.D. 33 1983-84 24.48 " H.F.
16 1966-67 -48.65 M.D. 34 1984-~-85 14.65 - H.F.
17 1967-68. . 46.17 H.F., . 35 1985-86 - 10.52 H.F.
18 1968-69 -33.36 '~ M.D. 36 1986-87 2.54 H.F.
L.F: Low flow, . H.F: High flow,

M.D: Moderate drought, . 8.D: Severe drought.

The maximum drought volume. (Sﬁorhge" requifed) .fqr the
constant demands of 20%, 30%, 40%, 50%, 60% and 70% of méah:'flow
and for actual démand.hasrbeen estimated and reported in Fig. 4.
"In geperal, the drought volume.increases with demand and retﬁrn
perioé. Comﬁgfigo; of drought vblume at 40%‘;f constant demand

and at actual demand indicates an increase in drought volume with
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return period. The maximum drought volume at constant demand .of
40% of mean flow and at hundred Years return period is 3.017
T.M.m¥ and it increases to 3.55 T.M.m3 when the same- demand 40%
of mean flow is actual demand. The similar observation are for

the drought volume as a percentage of mean annual flow volume.

By locking at the actual monthly demand (Table 1}, it can be .
seen that nearly half of the dedand is during the months of June
to October when water availability is sufficieqtly highsand for
meeting‘ this demand the reservoir storage is not. utilized. Thus.
xhe actual demand on the storage of reservoir is nearly half- of
Ethat reported and 1n the months of Novemher to May. In case éie
,demand on the storage of reservolr is assumed around half of the
present demand the max1mum drought value (requlred storege}
should have been-1.708 T.M.m? .- When‘this‘feQuired etoragelﬁis
compared with the actoal resefvoir.storagejoé“S.lﬁ ‘T,ﬁ,m?,~ £he

¥

storage of reservoir is quite high compared'folstorage”required;

Water available deye for six'diffeeent demand andﬁ for thei
actual demand at different reservoir'level is’. estimated. The
‘estimated éye:age. nuﬁberﬁof water available days in a year is
reported in Fig.B; It can be observed that the reserveoir level at
F.R.L. will meet a constant demand of 40 percent of mean flow on

- an ' average 336 days of the year. When this demand_is varied as

per the actual demand, the water available days comes to 335,

Two conclusions could be drawn out of the above. Firstly,
that the variable and the constant demand makes no difference in

number of water available days. Secondly, the feservoir will not
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be able to supply water for around 30 or less days in a year. It

is happening so, because of the following two reasons.

.1. - Since the demand is too less as coﬁpared to  water
availability, the variation of deﬁand'in different months makes

no differéncejin‘watEr available dayé;

2. The Analyéis aSéumes_that the reservoir is empty at the start
of each year in the mdnth of June. This assumption may not be
true to some extent for reservoirs like Bargi where the demand is

very less as comparéd to average water availability.

3. The énalysis also assumes that-the mb6soonlstBrts on June .1,
which may not be true because of the'natural‘variatioﬁ‘ of @he
arrival of monsocon. Thelresults éuggest that thé-anal&sis should
bé ﬁaffied_out also by considering the éarry Bver-of storagg‘from

year to yeai.

Average numnber of water dvéiléble days is-also‘estimated for
- the data iﬁ_threé groups (high flow Years,_low flow years and
drought vyears) ‘for bpth conétanf demgnds éhd actual éemand.
Fig.6. The water avail%ple days of high.flow vears, -low flow
Years aqq drought yearé;-are ;lmqst similar. It iﬁdicqtes that a
reducfion” of mean water availabilit§ dﬁring the high flow years
to low flow years to drought years has not significantlyféffeéfed
the water availability ffom't;e‘féservoir.

The watéi‘available da&s:by imposing actualldemand:for the
threé conditions of flow and fof the ~average flow years is

reported in Table 4. The average number of water available days
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for the average flow years, high flow years, low’flow vears and
drought yéars are not significantly different as compared to the

change in water availability in high to low to:drought years. It

'again' suggests that the demand is too low compared to water

availability.

Tablq 4:5-Average minimuﬁ number of watef availablé days from

. Bargi reservoir under actual demand {around 40 % _qf the mean

flow).
S1. - Reservoir Reservoir Average minimum number of
no. level ~level ’ water available days
% .. m Average Highflow Lowflow Drough
' flow years years years years
1 100.0 422.8 . 335 ‘ 341 337 320
"2 95.0 421.8 335, 341 337 320
3 90.0 420.8 © 335 341 . 337 320
4 85.0 419.9 334 341 337 . 318
5 80.0 418.9 332 , 341 337 . 310
6 75.0 418.0 .320 340 304 287.
T 70.0 417.0 302 334 263 . 263
8 65.0 "416.0 283 317 242 241
9 €0.0 415.1 T 262 290 229 224
10 55.0 414.1 . 241 263 218 209
11 50.0 413.2 2217 248 207 197
12 45.0 412.2 217 238 ©.198 185
13 40.0 411.2 208 230 187 175
14 35.0 410,3 . 200 224 . 175 167
15 - 30.0 409.3 193 : 218 166 161
16 25.0 408.4 188 21 161 156
17 20.0 " 407.4 183 205 156 153
18 15.0 406.4 178 200 152 150 -
19 - 10.0 405.5 173 194 147 145
20 15.0 404.5 168 188 o143 141
21 ;

NS | . 403.6 161 - 180 . 138. ‘ 137

it can also be observed that the average number of ‘water

" available days at consfant demand of 40%-of-méan flow and at full

reservoir level is 340, 332, 332 respectively for~ high “flow

. years, low flow years and drought years. (Fig.6) and the same' is

341, 337 and 320 for acfual demand (Table 4). A similarity is :
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again observed between the two.

The valheé‘ﬁresented in Table ‘4 could be used for low flow
aﬂa droﬁght.identffication and indexing, bylknowing the available
sfbrége. The valﬁés also reflect the numberlof days when the
water wili not be available at actual demand. The situation when
the number owagter available days at aq£q31 demand are,}ess than
that:repbrted‘reflec£s the condition of drodght. Since, the ;éter’
avéilhbilit& tqfﬁaréi reservoif:is very high compared to demand,
a differepqepan wqtef‘avqilable days for different conditions of
floﬁ‘ could :hop“ be obéépyed. The results suggest towards the

possibility of imposing higher demands on the reservoir.

fﬁé mean reservoir level is‘a%so estimated_and réported by
'splifﬁing the data in to high flow years, low flow years and
droughf; years tjor both constant dem;nds and the - actual demand
(Fig.7).

_iE‘ can BE‘Seen (Fig.?) that mean resefvoir level for thé
&ear ;f high fl@wiis folloﬁed by lpylflow yéar and drought years.
Alsoz}G} high fi?w yeafs fhe reservéﬁr is able to supply water up
to 7diﬂgf constahk deman@Jéna in léﬁ flow yeéfs and drought years
it couia supplymﬁéter up»tb BO%‘of‘cbnsfant demgnd, ﬁithédt being
empﬁ&yiguthe mdhfh of"Aﬂr;i ahd Hay.ﬁThe'resefvoir le§élé at 'tﬁe
egﬁ;ipf ?gaﬁtjn May for the;qase‘of‘acpygl‘demanq .remains quite
abgyg'.fnom,the_ﬁeadﬁ;evéi-at the level of 418.6 m, 416.2 m. and
418.2 mbﬁ;eépggtiyg}y for_hjgh_flow year,: low flow - years . and

M S

dfpugb$”yegrs. Table 5,
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The mean reservoir.levél at different demands and at .actual
demand for diff;rent months are presented in Fig.8 along with the
mean reservoir level minus half of its standard deviation and
mean‘:éServoir‘level‘minus its standard deviation."

]

Table 5: Mean reservoir level for different condltlon of flow at
actual demand of Bargl reserv01r. .

Mean monthly reserv01r level, m

Mohtﬁ .nghflow Lowflow Drought Mean Mean-SD/2 Meah-SD

years ' years years
June 406.8 403.6 403.6 405.4 403.7 402.1
July. 419.8 - 411.1 410.8 - 415.9 412.8 409.8
Aug. 422.8. 422.7 .420.4 422.2 421.2 420.2
Sept. 422.8 422.8 421.5 422.5 421.9 421.2
Oct.  422.5 421.8 420.1' 421.8 420.9 420.0
Nov. 422.2 . 421.2 "419.3 421.3 - 420.2 419.2
Dec. 421.5 420.2 417.8 420.3 419.0 - 417.6
Jan. 420.6 419.0 - 416.0 419.1 417.4 415,17
Feb, 419.9 418.1 414.8 418.3 416.4 414.6
Mar. 419.5 417.5 414.2 . 417.8 416.0 414.1
April 419.1 416.9 413.8 - 417.4 415.6 413.8

May . 418.86 416.,2 413.2 416.8 415.0 413.3

The résults.in Fig.8 are fof‘idehtification and indexing of
low flow years and}dfoﬁght yeafs._Aggin, it can be said that for
the mean flow vears the'reSErvoir could meet 79 %‘of mean flow
deémand and for the,conﬂitioh of mean-S.D./2 and Mean-g.b. Tﬁe
resenQéir could mieet 60% of mean flow demand.. The reservoir
levels at the end of year in the month of may for the case of
actual demand remains quite above from the dead 'leve1  at the
level of 416.8 m;'415.0 m and 413.3 m :éspectively fsr the

conditions of mean, mean-SD/2 and mean-SD. .

A s1m11ar1ty could be seen between the reservoir levels for

the condltion of mean-SD/2 and low flow years {Table 5).
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Sihilarly the reservoir 1eyels for the condition of Mean-SD
correspond to the drought years. Therefore, a rgservoir level
equal or lower than the condition of Mean - SD/2 and mean-SD will

index the cordition of low flow years‘and drought years.
6.0 CONCLUSIONS
The .results discussed in the preceeding section led to the

following cpnclusion.

1. The mean available flow based on the thirty six years daily
flow data is 281.8 m?/sec (8.88 T.M.m3) and the actual démand
- excluding the demands Qf R.B.C: is nearly less than half of the
mean available flow and is around 112.7 m3/sec (3.64 . T.M.m3}. 
Around haif of thig demand (1.85 T.M.m3) “is ‘meg during the
monsoon season with oﬁt gsing the storage ofrthe reservoir. The
results suggesf that a‘reduction of around BQ %‘or: gréatef in

mean available flow will not effect the demands.

2. The maximum drought volume for constant demand of 40% of mean
flow is 3.017 T.M.n® and for the actusl demand the maximum
drought value'isl3,55 T.M.m3. However nearly half of the actual
demand'does not utilizelthé storage of the feservoir, The maximum
drought - toiuﬁe corresponding td the demands of November to May
should hgvé been appfbxiﬁately 1.7 T.M.m?, it is observed quite

‘high.

3. The water available days even at the loweét demand and af_full
reservbir level does not come to 365 days. It is because of .the

assumption of considering the reservoir empty at the start of
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each year in the month of June and also because of assuming the

arrival of monsoon on June 1 in each year.

4. The water available days at different. demand and ‘at actual
demand and for dlfferent cond1t1on of flow has not indicated . a
remarkable dlfference in the number -of water available days. = It
suggested that in low flow year and -even in drought years, the
'actual demands could be met without creatlng a drought condltion.
However.l for severe drought years a shortage of water may exist

‘which needs to be analysed to be sure.

5. 'The mean reservoir level in all three conditionrof flpﬁ’(higﬁ
flow lyears, lqw flew yvears and in drought years) ‘never reacﬁes
below 413.2 m.'It‘suggests fer a further utilizatien of ‘storaée
and 1ncrea31ng the demnands w1th dlfferent level  in Ihigh _flow

’

years, low flow years and in drought years.

6. A reservoir level below the level of mean - SD/2 and mean -
SD’ represents the condition ‘low flow vears and drought years with

respect to preserit existing demand.
7.0 . SUGGESTION

From the study it appears thaf the waters of the reservoir
ere under utilised even a reduction of around 60% in the mean
available flow will not‘effect‘the demands. The demands on the
reservoir could be increased subjectrd to the ana;ysie for upper
section water requirements and evaporation losses from reservoir.
The project w1se dependablllty Bhould be checked for the designed

demands (1.e,, 100 % for water supply, 90 % for hydropower, . and
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76 % fdr‘irrigation), Further analysis is required by considering

the following:

1.. Considering the actual demandsﬁgleink bank‘canal.

2. Considering the demands under typ.groupé i.e. the demands of
the ménaoon season (June to 0¢tqber)‘thn storage. is. not upilized
and demand qfl non-monsoqﬁ season (November to May ) yben.hthg

storage . of reservoir is utilized to meet the demand. o

3.  Further analysis is also’ required by 'éonsiderihé the
" carryover of the storage from &ear to yéér‘ﬁith the case of new

increased demand.
8.0: REFERENCES

1. Cunnane, (1981) -Lecture notes for M. Sc. course in
stochast1c hydrology Department of “ng1neer1ng Hydrology,
University College, Gelway, Ireland. ‘ .

: 2. Central Water Comm1531on {1982) Report on 1dent1f1cat10n
of drcught prone areas for 99 dlstrlcts, New Delhl._

-,- 3. Institute of ‘Hydrology. (1980). Low“flow studies,
Wallingford, Oxon, Research report. ’ ' L

4, National Instltute of Hydrology, (1989- 90) ' Hydrologlcal
aspects of drought up to 1987-88. CS5-37, Roorkee, U.P., India.

36



DIRECTOR - h . | Pr. S.

Head, Drought Studies Division Dr. K.

STUDY GROUP

Avinash Agarwal Sc. 'C’
Drought Studies Division

‘M, Seth

S. Ramasastri




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048

