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Drought has',becbmearecurri:dg ,pheriomena;,'.L'he'semi•..
arid trac tofAndhra,Pra,d eshexperi'enc esthisphenomena~ ,
very frequently. "In AridhraPradesh the fourdistriC!ts
of Rayalaseema Vi,z. Anantapur, CUf;ldapah,Kurnool:q.~<l\"
ChittoQr , Mahabubnagar,a.ndNa:Lgondadistrictsof ~elanga~
and the Praka.sa.mdist :d.ctof-tnecoastalt:;'dc t !~..•.ve'be.en
identified as' dro-ught prone. The failure pfthe, mo~o()n
for the lastthre~consequitiye year!3has brol.Aghtu:~t:pre,...
cedented misery and hardship-on the ,populationlivi:ng1n
these district,s. Crops have failed, due to the failure '
or late arrivaTof the monsoons. Water levels have
declined andialling water levels in manypartsof·thea,e
districts havefor,ced the pepple todeepentheirwe1J.§I' ;
while many shallow dug wells have gone dry'. , Du.et9th~
lower input,th;e:t'eplenisha.b1e annualrecbargeto·the
ground water~eservoir isaJ.so low indicating temporary
overdeveloped cond,itions in$ome parts. This calls for
a review oithe, situa tionandsuitablemeasu.res for
conservation and proper managementoitheroo.ol:U"Ces
especially the ground water resources oithe area, as
during the drought years it, i~ the ground water which
meets most of the water requirements of the urban and"
rural population. In this report, a brief review oithEl
general features and the ground water condltions" oieach
district have been .ddscueaed• Methods both short term
and 'loJJg t~rnr drought ITBnagementstrategies have ,been '",.
discussed to tide over the crisis and also asa peI'mEl.nent
measure to SOlve the problems fac edbythe peopleo:f C

these districts •.

It is hoped that thi's report Will be usefultothEi
district authorities and planners connected with the'
drought managemerrt, IRDP, DRDAand o'fiheragencie~.
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tio~s. Thanksare~lsodue to Sri B•.P.C.Sin!l~, Chief
Hydirogeologist&. F'Lember.,.CGWB,.NewDelb.i for his keen.
intierest and encouragemerrt inthe.compilation of this'
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GROUND WATER CONDITIONS IN DROUGHT PRONE DISTRICTS OF
!NDHRAPRADESH AND DROUGHT-MANAGE~'IENT STRITEGI1SS

1.0. INTRODUCTION
Drought is a pheXlomenon which seems to occur

regularly in some parts of the country, especially in
,the semi-arid and arid parts of the country, Sometimes
the drpught conditions may prolong for SUch a long time
as 'to'cause concern to the people who live in such areas
and may be forced to migrate temporarily to th'eneigh-
bouring areas to tide over the crisis.

Drought is a,general term which implies de-
ficiency of precipitation of sufficient magnitude so as
to adversely affect the agriculture, economy and human
society. Drought, though may mean lack of rainfall,,..or
absence of rainfall and prolonged dry spells oftelt for
more than three months at a stretch, needs to be defilled'
from the meteorological as well as from thE agro cli....
matological point of view. From the meteorological pOint,
a 'drought' can be defined as follows:

1.Absolute Drought- any period or spell of 15
consecutive days which does not receive
rainfall of even a minimum of 0.25 mm/day.

2.Partial Drought- any period of atleast 29
consecutive days during which the daily
rainfall received does not exceed 0.25 mm.

3.Dry Spell - any period of atleast 15 cen-
, secutive days where the daily rainfall
received is not more than 1 mm.

The Occurrence of the absolute and partial
dronghts will ihdicate the dry months which will not be
useful for cultivation by use of rainfall for crop pro-
duction. However, if we examine the occurrence of
drought from theagroclimatological point of view,then

•••2
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the d,:r_oughtsare: the dry, pe:r;::±odswhicnaf8character!,i3ed
by deficits of' rainfall, t'lhi~h will hinder the crop- cUl-
tivatiOn andthe/'occurrenceof the so called 'effective
~iL~all' co.lstii;'U~es the deJidj~ng factor. 'rheefi'ecti ve

t d:ocolJ,pt er~),::t;th ae ff ect so f ev apOJfat io n
'. also maitrtai]1 <the soil moisture above the, , "

Asp~i-'I .r-l.D .det'initiona daily rainfall

and runo:f'f:and
wilting P9:int,
of 2 ••5 Im'\l} or

monthly-rainfall of 76.0 ~ forms the effective rainfall..• ' " ' " ,- ,

~o~ plant grovrtli and crop growth'. The Tndia Meteor610g~7""'
ca.LvDepa nt ment also defd.ne-d ?-. drought year as a year
where the annuLl rainfall received during that year is
l.es~ than 75% of-the normal. Similarly it also defined
as a'moderate drought' year as a year where the annual
rainfall, receiv(,d is less than 26 to 50 percent of the
normal and a I severe drought I year :'_,] one in which the
rainfall received is less than '0% of the normal annual
rainfE'_ll.

Simila'.dy, the h;rdrological droughts are caused
due to protracted metei""\.2j~:ogicaldroughts resulting in
reservoirs, stre~).ms, tanks, w'ells drying up causing un-
due hardship to the people and livestock in various
parts of the coui.bry , 'rhis hydrological drought also
resc~'ots in currtar Lmen.t of p01'Tergeneration and irri-
gation and there by effecting industry and agriculture.

Areas "Thich suffer regularly due to the vaga-
ries of monsoons and, meteorological droughts 8..•...•e called
as 'dro'\_ght pzonc ' areas. The second irrigation commi-
ssion(1972) of Government of India defined drought as a
situation arising in any area when the annual rainfal~ is
les~ than 75 percent of the normal and in areas where

.drougb.+ as defined above, has occurred in 20 % of the
years examined are considered as 'Drought prone' areas
and where it has occurred;iJ.'il more than 40 percent of

••· •3



•. 3 ..
years as 'Ch:uonically Drought prorie~ 'areas. Ac,Gordingly
there are 557 communi ty.development blocks in 75 dis-
tricts of 13 states of the country which have,been
identifieq as drought prone by Go~ernment of India.
1 .1 'VARIABILITY O}' RAINFALL IN ANDlffi.A PRADESH AND ITS- ~-EP:E'ECTON IRRIGATION
~ability of Rainfall over Andhra Pradesh:

•

variable with respect to spa~e ana as ,well as time. In
general, the annual rainfall'lLnczeaaes f rrom ' southw'est
(about 400 mm ) to east and n6rtheast,(6yer 1200 mm). The
coastal Andhra',receiVes 972. mm in 5,2 i days annually, the
Telangana 911 mm in 52 days and the Raya.Laa sema 671 rom, ,

in 41 days.

The rainfail over' ~dhra Prad,eshis 'highly

The southwest monsoon contributes about 67 per-
cent of the annual rainfall While the northeast' monsoon
contributes about 23 percent.Dup to cyclonic storms
over the Bay of Bengal, the coastal belt ani in parti-.cu1a~ the southern coastal belt receives 500;';'700 mm dur-

, ing the northeast monsoon. The southwest monsoon is the
main rainy season for the state and all the districts,
except Nellore and parts of Prakaaam and Chittoor dis-
tricts, receive maximum rainfall during this season. Dur-
ing this season, the Telangana region r-ec ef.vea over 75
percent of the annual rainfall, while in the interior
Rayalaseema, i.e. Anantnpur and western parts of Kurnool
and Ouddapah districts and in the central to northern. coast9.~

i Andhra, the contribution of the southwest monsoon is
50 percent to 75 percent and south of Krishna river,
Nellore and eastern part of Chittoor district the conti'i-.bution of this season is 25 percent to 50 percent. The
rainfall normals o,f di£:farent regions are presented in
Table - 1.

September is the month of heaviest rai:lfall in
the interior of Rayalaseema and the southern part of

41
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Telangana, while July is the month of heaviest rainfall
in the northern part of Telangana and Godavari valleyI'
October and November are the months of heaviest rainfall
in t.h>sou'thorn coastal tracts of Nellore andPrakasam.
districts and over a nar-row coastal belt of Andhra, Octo-
ber is the rvLniest month dUe to f:::::,oi'l_uentcyclonic storms.

The annual coefficient of variation of rEd_nfall
in the norther~'Lparts of the state is 20 to 25 percent
and in the southern parts 25 to 30 percent. Du,ring the
sO:lthwest monsoon, the coefficient of variation is over
25 percent in Telangana and coastal belt whereas it is
about 40 percent in Rayalaseema. During the northeast
monsoon, the coe~ficient of variation of rainfall is 50
to 60 percent in coastal plains and Rayalaseema and about
80 percent in Te1angana. Monthly rainfall is highly varia ..•
ble th the aeaeonaj rainfall especially in Raya'Lae eema
and adjoining areas.

1.2 DROUGHT CONDI'1:rONSIN ANDHRA PRADESH:- -,,~,"', -""'----~
Rainfall data for the period 1901-85 is analy-

sed to study the d.cougtrt conditions in Andhra Pradesh.
Moderate to severe drought conditions p1:'evai~ed.in Telan-
gana Region durinE the years 1911,1918,1 920,1 939, 1941,
1971, 1972 and ·~9r/J, while in coastal Andhra d.T;"~~.ng the
years 1935, 1942, 1945 and 1965 and in Rayalaseema in
1904,1913,1923,1942:,1951,1958,1963,1965 and 1980.
In most of the cases the drought conditions prevailed
dueto either delayed monsoon or w'eak monsoon.

The erratic droughts over the state have a
profound influencE' on the ground water resources. A stuuy
of the well hydror:;raphsreveals a clos e relationship "'..Iet-
ween rainfall and the depth to water levels. In all the
drought years, the water table has shown a definite de-
clining tendency.
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The Government of India have launched a pro-
graIIIITIGknown as Drought Prone AreaProgramme(DPAP) wllich
~ims at long term development of areas frequently affec-
,ted by drought through integrated development of local
resources in agriculture and allied sector.

The drought prone areas have been identified
pn the basis of factors like high frequency of drought,
,low and erratic distribution of rainfall, less assured
,irrigation facilities etc. There are 557 community de-
velopment blocks in 75 districts (including continguous
districts )of 13 states.

In AndhraPradesh there are seven drought
tp rone districts (Fig. I). All the four dis i;rfc ts of
RayalaseeJ1la namely,Anahtapur, ChittoQ~, Cuddapah, and
'Kuzmo oL, NalgondaandMahaoubnagar districts of Telan-
'ga.na region and Pzakaeam district of Coastal Andhra.
These districts ftP,Yex ran area-of' 1,08,443 sq.km with
a population of 16,619,806, and fall in the shield area

i .,' ~

of the great Indian, Peninsula ,consisting of the old,est
rock types ranging in age:(rom 100 to 4000mill!gn, years.
These rocksd urin~this;long span of geologic~i' time
have undergone deformation and disintegration due to
the tectonic :noveDle:r:rt-,sand--unendingweathering prQcesses
due to wind and--~~tcr. The above:(~:ctbr,s'ind--the-'ilb::~en~e

of primary pc:rzosity in most of these rocks have rendered
somewhat complex the occurrence, movement and distribution
of water in these formations • As a result, the assess-
ment of ground water potential and the location of well
sites in, the hard rock terrains has becollio a complex

job.

Coupled with the uncertainity of finding
reliable water sources, the vagaries of monsoon and the
,.below normal rainfall neceLved from the last two years

••• 8



8
in these districts the situation has become grim. In
addition, the increasing demand for water for domestic,
industrial, irrigation and drinking water uses in recent
years has also contribu~ed to the already depleting re-
sources and declining wat er levels. Hany dug wells have
gGne dry forcing people to go in for deep wells to meet
the water requirements. In the context of this alarming
situation it was decided to study the effect/relationship
(with the data available with Central Ground EWater Board)
of the rainfall, the longterm water level changes and the
effect of drought and to examine whether the declining
trend in water levels as ob.served in certain areas is a
temporary phenomenon due tQ the receipt of'below normal
rainfall or deficit rainfall or due to the increase in
draft with time or a combined effect, and then suggest'
a remedy or in otherwords a strategy for the management
of the av~ilable resources without disturbing the ecolo-
gical or the socioeconomic S'etup,of the areas involved.

2.0. 'DIS'rRICTvHSE DESCRIPTIon'OF GROUND \VATER
QQND ITI0NS AND DRQY,;!:1.,G;;;.HT;:._..;;M~A.:;;;F;,;;;.JA;;;:::G~E.:.:rII;;::;E:.;.NT=-·.....;;S;.;;;TRATEGIES

The hydrometeoro.Logical, hydrogeological and
hydrochemical setup of each drought prone districts of
Andhra Pradesh is discussed in brief, including the work
ca rz-i.ed out tby Central Ground water Board and suggesting
a strotegy fer drought management on permanent basis

2.1 ANANTAPUR DISTRICT

2.2 Location and ExteB1=

Anantapur district occupies the southwe~~ern
part of the state falling between 13°14' and 15°14'N
latitudes and between 76°47' and 78026' E.Longitudes.lt
is bounded on the north by Bellary district of Karnataka

••• 9
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9
and Kurnool district of Andhra Pradesh and on the east
by Cuddapah and Chittoor districts and to the south and
west by the Karnataka state. The district is divided into
17 taluks and has a geographical eroa of 19 ,130 sq.km hav-
inga population of 2,548,012 (1981 census). There are
11 important towns and 958 villages in the district. The
important towns are Anantapur, Hindupur, Kadiri, Kalyan-
durg, Guntaka, Rayadurg, Dharmavaran, Tadpatri, Gooty,
Urav~konda andPenukonda,All the places are well coneec-
t~d by all weather roads. The Bangalore-Hyderabad, Madras-
Bombay and Hyderabad-Tirupati railway lines pass t:Q,rough
the district. Anantapur is the only class I town in the
district with a population of 119,531. Dharuavaram, GWl-
takal, Hindupur, Kadiri and Tadpatri are class II towns
with a popu.l a'tLon of more than 50,000,.

2.3 Physiography and Drainage:
The district forms the n0rthern extensionbf

the Jllyso-replateau and slopes from south to nprt~. Thus .'
many of the major streams take their origin in the Mysore'
plateau and flow'north. Its elevation towards south La"
600 m and gradually falls to 300 m near Gooty. The eastern
side of the district towards Cuddapah is particularly hilly
bordered by the cliff like quartzite hills. A good part

.-of the district is occupied by black cottonsol1s. Red
loamy l..oils occur in someparttj.

The hill ranges in the district are rocky and.
bare with little or no vegetation. Sometimes even soil
cover is absent. They run from north to south. enclos:i.ng
small valleys. The hill ranges run for 50 to 60 km at
a stretch with varying widths reaching a height of 600 tC)
900 m above msl. The highest poLrrt: is'the MallappakoY'l':J.

(909 m ) near Bukkapatnam. The hill ranges- have general
N-S and N1rf-SEtrends.

•• 10
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The district is drained by the rivers Pennar,

Chitravati, Hag2ri or Vedav2ti, Papaghni and their tri-
butaries, thE:Kushavati and Maddileru. Pennar river the
most 1mportaLt of the drainage system of the district,
is ephemeral like all other streams in the district and
carries onlYrTIonsoon runoff. In some parts of the dis-
trict, the river carries the return flows from the
Tungabhadra Corrnnandarea. The district experiences hot
weather, for most parts of the year with hot summers and
mild winters. ~e highest maximum temperature recorded
is 42.200 and t~e mean daily maximum temperature during
hottest month i~l38.5 °C \vhere as the minimum tempera-
ture of 12.200 has been recorded in January.

2.4 Hydromete.Q£Q~:
Anantapur is one of the districts of Andhra

jlradesh which experiences low rainfall so often that some-
times a fear is expressed whether thE>.district woUld be
.ced.uced to a st ats of an inland desert in course of time.
The normal rainfaLl map of the district is depicted in
Fig. 2. The rainfall decreases from east to west from
about 620 mm to ll?sS than 400 mm , The district normal
is 570 nm , The r(~,infallreceived at An~mtapur which .can
be -t aken more or ~.ess as representative of the district
has been stu.di9d :::0 rthe period 1910-1985. The;lowest
rainf9ll of 233rnD>hasbeen received during the year

.: .: '"

1934 and the naxinUD rainfall of 978 mID during the year
1919. To study the t~end of rainfall and periods of

,below normal or 'a~)ovenormal years f the 5 year and 10
year running means for tho period are plotted. The
plots Fig 3 :i,ndicate that periods between 1910-20
35-40, 1953-58,. 1971':'75were good rainfall years 1'1herear
periods between 1920-25, 1931-35, 1941-53, 1958-71 ar~
from 1975-83 are low rainfall periods. It also indicates
that there isB, declining trend in the rainfall over the

Jl '" '.' '
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1 1 :
years which is evident from the figures where the rainfall
has not exceeded 750 mm Dt any time during the last 35
years. During the last decade normal rainfall wo..srecorded
in4 y ea.ce, excess rainfall in 2 years and deficit in
4 year?;. The graph indicates a declining trend in the
forth coming years indicating.the probability of receiv-
ing no rrnc.L to beLow normal rainfall over the area.

The percentage frequency of occurrence of nor-
mal, excess and deficit rainfall in 5 continuous years
during the period 1910-85 has been calculated for the
weighted average annual rainfall. For this purpose rainfall
of continuous 5 year periods from 1910-1914, 1911-15, 1912-
'16etc upto 1980-84 and 1981-85 are taken in to conside-
ration and in each 5 year data, the number of years of
normal, excess ar.ddeficit rainfall are noted and then
the percentage frequency of different combinations are
noted. In the present case the percentage frequency of
the different categories are given below:
No. of yea~s w~th normal
rainfall

3 4 1 2 2 41 5 3 3 2 1

No.of years with excess
rainfall

1 0 ~ 2 1 1 300 2 3 4

'No.of years with deficit
rainfall

1 121 201 0 2 000

Percentage frequency'of
diffe~ent combinations

17 17 131 0 99 ,,s8 6 1 1 1

-The above table indicates that there is a high
probabili ty of occurrence of normal rainfall in 3 years (17%)
~ndex':!ess-and deficit rainfall in 1 year eaen in a period
of 5 continuous years. The probability of occurrence of
deficit rainfall is more than that of excess rainfall.

During the period 1981-85, normal rainfall
occurred in 2 yeers, excess or above normal rainfall in
one year ahd def5cit rainfall in 2 years. In calculating

••• 12



the probability of normal, excess or deficit rainfall for
example for 1986,the'l'ainfall received upto the previous
year that is upto 1985 from 1982-85(4 years) and its
pattern (8i ther normal, excess or deficit is considered
and the prediction for 1986 with muxipj.umprobability(3
normal, 1 excess, 1 deficit) is given. In case of 1986 it
is excess since in the 1982-85 period there were 3 normal
and one deficit year. In the same way calculations for
the other probability is given and also for the period
from 1986 to 1990. The ab()ve statistical approach in_dicates
that duringithe next 5 yeaxs, the probable frequency of
occurrence Bf normal, excess and deficit rainfall may be
one' 6f the following:

No.of :tears
.,

No.of years with normal rainfall 3 4
No.of yeprs with excess rainfall: 1 0
No. of years with deficit rainfall 1 1

~!: Anticipated Rainfall

1986 EIN N
1987 NIE N
1988 N N

1989 N N
1990' D D

From the above table it is possible to predict
that tlLedistrict ,may receive above normal rainfall in
one year, normal rainfall in three years and deficit
rainfall in one year.

EVen from the study of the figures of rainfall
for the last two years it is seen that the rainfall dur-
ing the year 1984 was only 325 mm much below normal and
during 1985 it was 380 rom also below normal.

2.5 Soils:
The soils of the district are predominently

••••• 13
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of .the bla ck and the red type. The ,d,i.$trj_ct falls into
: : L ,

three.natuI.'al d,ivis.ions(')ccordin,g,!·l;:dthe types of soils.
Fertile b.La.cl;cotton soil predcml:hf1:tes in the nor-thor-n
division conflsting of Gooty , Ur-avakonda and Tadpatri
tal uks. The .ierrt r-a.Ldivision C()D:tJrising the taluks of
Anarrtapux ~Dh.,r'l1avaram~,KqJ~yandu::'gand Rayadu,rg .is ·f __

covered by rcj soiLs ~'7ith. slight adru.xt ur e of black sqi:'
in parts. The southern division comprising Madakasix:a.",
Penukonda , Hindupur and Kadiri t.aLuke contain chiefly
ired soils.

.2.6 !fQ'i.£l!~tu):'~~and I rr±£~~tio~~ l'

( -

. The district predominantly dcpep.ds on:t-ail1c,

fall.f.or agz-Lc uit ur e coupled vIith weLl, irrigC'ctfo:l.Holve .•..
ver, the execution of the TungabhadraHigh Level Canal

~';', .

and the. Mid Penn~lr Pro j ect has hel_L)oc.lJoipg SOLlO a,rea
.".

under assured au..-f'ac e water irrigavicn. but 'of theto-cal
geogranhical are~ of 19~13492 he0~at~s of the district,
the extent of thE total c:roppedc,ai~e'ais 8,69027 hectares.
An area of'l ,967T7 hectarGsi8c/ccv~ied 'OJ forests and
the net areaSoWtl is 8;5-iy2'41Jhec-ca:':'o8 which is 44.5 por-
cent of the t.ot a.L geogz-aph Lca.La~::ea. Out of this an area
of' 43883 hectare; ,JgTCSS) arc Lcrigated by canals and
10, 868 hec'bar-es(cro.a~) ar-o irrigated by tanks 0 Nearly
71 ,581 he.ctaresl.re,Jrr:i,.e;atocl by v1811s, and the total
ar-ea irrigat ed i:J 130: 053 .l;l.ectares. 'rhe area irrigated
by wells in tqe district forms almost 55 percent of
the total area :~rrigated. The canal irrigation vlith the
waters of Tuntz;ah::adraHigh level canal j,s conf i.nod
mostly to Anantapur,'''Gooty and Tadpatri t.aLuks , The main
crops grown .are,!addy ,sutBar cane, cotton,groundnuts,
;r-agi, vegetables and chilJhes. IVIulbery cul t tvat f.on is
gaining popularity of late especially in the areas irri-
gated by wells mainly because it is easy to growt r~-
q_uires less water and returns are more.

~..
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2.7 Industries and Mining:
There are several industrial estates located at

Anantapur, Hindupu~, Dhar-mavararn and Kadiri, Guntakal Spi-
nning mills are locat ed at Anant apur-, Gurrt aka.l, and Hindupur.
Cotton pressing factories are located at Tadpatri. Other
minor indust:r.:·iesare located at Dharmava z-arn and Raycduz-g,
Dharmavaram i!3becoming a major centre for silk weaving
industry whicl'.is in handloom sector. The district as
such does not support any major industry. One sugar factory
used to function at Hindupur but closed now for want of
water.

The district is rich and is well known for
some of the mineral deposits like gold, calcite, diamond,
corundum, barytes. Granites, quartziter dolerite, dolo-
mite and limestore are excellent building materials and
are mined at several places.

Diamond occurrences are reported from Vajra
karur particularly after rains. Gold occurrences are
known at Ramagiri where there are old workings. Recently
Geological Survey of India has taken up further investi-
gations in the district to locate areas economically via-
ble for gold mining.
2.8 Geolog_:[:

Geologically the district is underlain by
Archaean group of rocks, pre-Cambrian Cuddapah and Kur-
nool formations and the recent alluvium. The geological
succesdion as seen in the district is as follows:

Recent Alluvium
-------Unconformity --------

Kurnools Q Pania:n quartzite
o Auk shales ' .
~ Narji limestone
v Banganapalle quar+.....lte&
o conglomerates

Upper
Pre-Cambrian
to ~ower
palaeozoic

• ••• 15
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Upper
Pre-Cambrian Cuddapah

super
group

------Unconforri).ity-------
o Chitravati 0 Tadpatri shales with
o group ~ basic intrusives
O~O ~ Pulivendla quartzites
1/ Fapqghni Vempalle shales and

group ~ dolomites and lime-
v stone with basic
~ intrusives
o Gulcheruvu quartzites

and conglomerates
--...:-Unconformity----------

Archaean to
Lower
Pre-Cambrian

A, .~
o Dlla'i'war
o Super group"O
O' 0

I
Dhar--
war

o Dolerite dykes, peg-
01. matites and quartzveins

Schists, phyllites,
Araphibolites

·Penins~a!"
gneisses
Eastern
Ghat
Group

Granitic gneisses
Gneissic granites.

~~~~tes~Q~~~!:i.t:e~,9£l§tl:no-

2.9 Hydrogeology:
The district is mostly underlain by Dharwar

schists and phyllites, peninsular gneisses and granites,
Cuddapah and Kurnool group of rocks consisting of shales,
limestones and quartzites and riveralluviurn confined to
the major stream courses. These rock types are traversed
.by quartz and pegmatite veins and also by dolerite dykes.
2.10 ground.1fater in Archaeans and Dharwars:

The depth of weathering in the crystalline
complex varies generally from less than a metre near the

J

outcrops to more than 15.00 m in the valley bottoms and
topographic lows. These crystalline rocks seem to be well
!fractured and jointed. Sometimes the fractures extend
upto depths of 50.0 ill and beyond as evidenced by the v::'E.lds
and lithologs of borewells drilled in the region •

••• 16
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Ground water occurs under \orater table, semi confined to
confined conditions and is developed by open dug wells,
dug;-cum-borewells and borewells for irrigation and
drinking water supp.Ly , The depth to water in wells loca-
ted in the crystalline rocks, generally ranges from
1.30 ill to more than 9 ill bgl b~t sometimes the water table
is found to be as deep as 20 m and mo~~.Ihthe last
couple of years due to theiailurcr,ol the monsoons and
c~bupl:edwit.b:th~:~;xcess withdrawal's, the water table has
heen 'de.clining;considerably iIl most parts of the dis-
t-i:ict' •. i'hedug'wells 'in the area, generally range in depth
from 7 to 25 mbgl and yields vary from 20 to 220m3 /«,
TheYield~:, of bbr'ewells ~5 m deep range from 9 to 45 m3/h.
Lately, however, the yields have been coming down due to
the decreased saturated' thickness of the formation availa-
ble, for, pqmping. A number of doLer-Lt e dykes intrude the
granitic gneisses and S,eemto 90ntrolthemovement of
ground water by acting ,as..ba,rr±ers to' ground water flow .•
More or less similar conditions prevail in the wells tapping

Dharwarian schists". However, due to the natu.re of the forma-
tions here, the"yields are generallYPobr:.

2.1·1 Ground water Oondittons ~ Cuddapah Formations:

The Cuddapah and Kurnool forIllations chiefly
comprising of quartzites, shales, slates and limestone~

, ,

occur over a limited area: confined mostly to the· Tadpatri
taluk of the district. The sedimentary rocks like the
sha;t,ef, sandstones and to some extent limestones have under-
gone compaction, metamorphism and are involved in th~post
Cuddapah tecto.nic movements undergoing faul ting, foldin~

i·· _ r- " .

and :fracturing. 'Although the fracturing and faulting~ "

have ·...reatedideal condition '. in,..,~9:e rocks for holding.,
" -., .._ ... "'." ,.' .,

water, the oC'currence and movement of ground water in
.. -.;.:-~ ~-":~.,-~<...,.~. " ; , '"

these rocks is however controlled by the '--degree Of .frac-
turing, fa~ting and the 'occurrence of solution channels
and cavities especially in limestones. ShE1.leswhich were

••• 17
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once considered to be poor aquifers also yield substan-
tial quantities in this2.rea dUe to the presence of frac-
.tut-es. The depths of wells in those rocks generally rE'"nge
from 4.50 to 30 m bgl and tho depth to water level varies
from 2 to 29 TIl bgl. The yields of dug wells vary from
40 to 200 1113/«. Bo r-ewe Ll.s drilled down to a depth of
50 ill bgl have given yields ranging from 0.5 to 2 m3/h.
2.',_, 1 2' G d l,T troun '.wQ.. er Conditions in All'U.vium:

:

.Alluvium is found to occur locally and to a
limited extent along pennar and other streams like Chitra-

"va ti, Kushavati, Tadakaleru and Maravanka. The thickness
.o f alluvium varies from 1to 10m but exceeds 15 mas
obseryed near Tadpatri town. Filter points, shallow tube-
wells and infiltration wells have been constructed to tap
this formation in addition to the dug wells and there vary
in depth from 3.5 m to more than 12 I!1 bgl.a:nd Yields
Ivar~ing from 8 to 135 m3/h. are obtained f;~'~thEve wells.
Presently,\the allq.vial aquifer has become practically

.--. . \:). ,

dryas a result many of the wells now tap the fractures
in the basement. The general depth to water as seen in the
district based on water level data of networks stations
of Cerrt r-a.l, Ground vIater Board for lVIay,1986is given in
Fig 4~
·2.13 status of -the_Studies:

Central Ground Water Board has been carrying
out systematic hydrogeological and reappraisal surveys
as part of the Boards' annual work programme in the dis-
trict. By the end of March, 1987 the ent~re area of
19,130 sq.km of the district has been covered under
systematic hydrogeologicalsltr:v?ysand'.~? ;~4'2tsq.km
under reappraisal surveys.

2.14 GroundWater Level Monitoring:.
Monitoring of ground water levels through

the establishment of a network of hydro graph stations
••• 18
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commenced i~ the year 1969 with the establishment of
i13 All Indi~ Network Stations. Presently there are 17

Hydrograph stations in the district being monitored 5 times
a year (4 t Lraes a year since 1985). In addition, as part
of the Pennar Basin studies in the district, 323 key
observation wells are being monitored two times a year
(pre-and post-monsoon) since 1981. Thooc'Y'itoring has
indicated that f'Luc tua't.Lonq/ ground water levels oncur- Lin
in response to r8charge and draft. Generally water levels
stert rising 't'liththe commencement of the monsoon and
reaches a peak in Nov:ember-December period. The~ after
the levels start declining till May/June. The range of
fluctuations varies from less than a metre near topo-
graphic lows to more 'than 9.7 m near upland areas. Lately,
there has been a continuous decline in water levels in
the southe rn parts·.of,..~:th.e.:disllA'i£e,:,~"wfii€h.._inaJCbe due to'
the failure of monsoons during the>+ast 2-3 years and
increase in draft in these parts to meet the water re-
Quirements. T~is aspect will be discus$ed in detail at
a later stage while discussing the resource aspects and
the declining trends observed in some,part$ of the dis-
trict.

2~.15 ~l:O'lJlld jk.t,9r ;?;ploJ:o:tion:
Ground water exploration in the district .was

initiated by Central Ground Water Board as part of the
explorationprograIIlm.e in Vedavati and Chitravati Riv:er
basins. About 43 exploratory wells have been drilled
sofa..:in an area of·n391 sq.km in parts of Rayadurg,
Kalyandurg, Mad~kasfr, Dharmavaram, Kadiri and Uravakonda
taluks. The depth of the wells drilled ranged between
38 and 88 m bgl in Vedavati River Basin and 50 to 309 m
bgf, , "Ln Chitravati River Baat.rr; .The yields of -~borewells
vary from 28 to 900lpm (generally ranging from 50 to
300 lpm) for drawdowns ranging from 1.7 to 14.8 m. The
ground water exploration programme in Chitravati and

... '9
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and Pennar basins is being continuad during the year
1986...,87also.

lJ.ihuchemical quality of ground water occurring
in the district is being tested from time to ·time by
analysing the samples collected from the open dug wells.
The samples gre collected from more than 300 observation
wells in the Pennar basin and from the 17 All India
Network Stations. The results of chemical analysis carried
out sofar indiC!ate, that the quality of water is suitable
for domestic ardirrigation and as well as f()rindustrial
purposes. Ground water in general is alkaline with pH
values ranging from 7 to 9.1. In majority of the cases
carbonate is absent,while the bicarbonate ranges from
49 to 1122 ppm. ~~ota.lHardness as caC03 ranges from 60
to 1520 ppm and the waters can be classified as moderately
hard to very harJ.C}-u..orides·range between 12 to 1219 ppm.
The electrical c')nductivity varies from390micromhos/cm
to 6065 rmcnomhoo Zcm at 25°C but in majority of the cases
it ranges from 7~)O to 2250 micromhos/cmat ..::5°Cand thus
presen.ts salinitJ hazard (U.S. salinity Lab.classifica-
tion). The fluoride concentration in ground waters of
the dLstrLct aeeme to be high in excess of poz--

j-" ••

missible limi-ts ,Jf 1"5 ppm and is reported from almost
all parts. of thE district. The maximum values of 5 to
5.5 ppm of fluoride is reported from the Kadiri taluk.
The general range of fluoride in the.distr1,ct is bet-
ween 1 and 4.0 ppm.

2.,17 £_.J.:'ound.Jl£ii:rReGources und Development Prospects:
The dJ.strict devoid of any perennial surface

water sources except tanks, solely depends on ground
water for meeting irrig~tional, industrial and drinking
water needs. Nearly 55 percent of the irrigational re-
quirements and 90 per'- can't of the drinking water
needs are met from ground waters.

•••• 20
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The earliest estimation of the ground water re-

sources was carried out in the year 1977. This was reVised
subsequently on the basis of the Ground Water Estimation
Committee's recommendations ..The estimated tentative utili-
sable potentiaL based on current data is given in Table 2.
The total utilisable potential of the district is ,925.0 MCM.
/1.8 the district does not possess any notable surtaee water
~esourc8s, the need to develop the g~ound water potential
has been realised. As a result of this realisation, ground
vTater is now being developed mostly by dug wells and dug-
cum-borewells. Borewells and tubewells are not common for
irrigational uses, but th~r~ are a good number of bo i.e-
wells fitted with hand pumps used for drinking water pur-
poses.

With th3 increase in institutional financing,
there has been a zapLd increase in the development of ground
water resource •.The number of wells 'are on the increase.
There Ivere 63829 dugwells in 1976-77 • But presently, there
are 60,:110 dug wells in the district out of which 47,212
wells are fitted with pwnpsets. In keeping p!:>e with the
increase in ground water structures the ground water draft
is also going up. It was 317.6 MCM in 1981-82, it went up
to 320.3 rJICf-lin 1933-84 and it has gene up to
332.3 MCM in 1984-85. The in cr-oace in the draft in
1983-84 and 1984-25 can be attributed to the drought si-
tuation which the district experdenc ed in 1984 and 1985.
Almost the entire district had received below normal rain-
fall in 1984 and 1985 and in some taluks like Hindupur,
Kalyandurg, Uravakonda, r,ladakasira and Kadiri, the rain-
fall has been below normal right from 1982 onwardsL Almost
continu.ous drought condi tions have prevailed in most parts
of the district. There has been a continuous decline in
water levels also in several parts of the district except
in Tadpatri, Mudigubba and Gooty. 1he decline in water
levels varied' from 0.7 m to 12 m (Fig 5). Maximum decline
in the water level has been observed at Rayadurg where the
Land as per the information available the r&.in-f61.lfor 1986
is a.l.so .below nczma.l ,

•••21
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water level has been observed to be continuously declining
right from 1971 onwards. The decline in the ~>~-(;c:rlevel
is also notable in Anantapur (6 m) from 1982 onwards,
Hindupur (8 m) from 1983 onwards, Madakasira (8 m) from
1982 onwards and Penukonda(5 m) from 1982 onwards~ An
examination of data on draft from ground water for the
last 4 years, Lndi.ca'tes that ther-ehas been no apprec Lab.l e
increase in the withdrawals 'over the years and the dra~-c
is more or less same over the years (1981-82 to 1984-85).
This indicates, that the decline in water levels has been
solely due~o the below nQrmal rainfall received during the
last 4 years. At this stage it is imperative to examine
the hydrometeorological a,:"g,lysisdiscussed in the eaJ:J_ier
chapters. The analysis has shown that there is a decreas-
ing trend in rainfall observed over the years and drought

,conditions may prevail towards the end of the decade even.
if normal rainfall:-occurs in 1986 and perhaps in 1987.As
such it may be necessary that certain restrictions are
brought on water utilisation oertain changes in cropping
pattern are adopted and better water management techniques
are adopted to red.uce C::?01;.::;tU, vJO,tor(:;.~,:,[',:ftv

2 ~1CRura.l nnd -Ur:banwater" G1l.Rpliesfor drink:idJ.g"rater ang.
lridustries:

Drinking water for urban and rural population
is an important aspec t. As per the statistics (1981)
There are 20.88 lakh rural and 5.30 lakh urban popula-
tion in the district. AS per the inforr:J.ationthere are
nearly 12,392 borewells and 382 pumping and mini pumping
water schemes in the district which meet the drinking and
domestiC water requirements of the urban and rural pOpU"ll"
La.tLon in addition to number of public and private dug -:'
wellS for the purpose, Taking the average ':!onsumptionof
90 lpd for urban and 70 Ipd for rural including the
livestocks population. The total requirements works out
to 70.73 MOM per year whereas a provision of 163 MOM
has already been made for drinking water and industrial
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needs while calculating the utilisable ground water re-
, -, ,

sources (925 nGH);~fxOIIlthe gros.g recharge( 1088 MClJI). Hence
there_is ample scope for meeting the requirements from ground
Wc.t!or. It is only during the drought ,years , the pr-cb Lera

arises because of reduced recharge and Cleclining wate.::r;'levels
which can only be-tackled bt sinkihgde€per borewells or
by deepening the existing dug wells.

2.19 Grou,nd.Water Devolo,E_mentwith Reference to Rainfall and
Water Levels: ..--As already discussed declining water levels h~s
have been observed in most parts of the district in recent
yea,rs. But if we examine the ground water draft for the
las'tfour years there is no apprec LahLe increase in d.L~ft.
Thi:s shows that1:;his decline in wat~r levels is not due to
increase in drnft but is attributable to only below normal
rainfall received in the district especially during the pe-
riop, 1984 to 1985. and also during 1986. The post monsoon'
rec'overies druing 1986 varied from 0.2 ill to 6.10 m, The water
lev!elsare still lower than 1982 water levels. Hence this

I

decline in-water levels can be attributed to only below
normal rainfall and not toover developed conditions. How-
ev etr the prolonged meteorological drought and below nor-
m~~ conditions seen in th~district have created a situa-
tio\n where in there will be reduced recharge to ground
water storage RS compared to a normal or an oxceas rainfall
yea,r, so the.t successive below normal rainfall years with
reduced recharge may create over developed conditions in
course of time. This can be overcome if a good rainfall
or iabove normal conditions occur in the cotling years. In
this corrt exb , a look at the hydrb-mete6rological anal.ys i.s
ca~ried out earlier shows th~~chances are that by 1988 Lthe
or ,1989 drought conditions may recur, which means tiha't.
there is a possibility Gf recurring drought and declining
water levels towards the end of the decade even if normal
rainfall occur between 1987 and 1988 resulting in the re-

I

covery of water levels and normal recharge condi tions during

this period. There is also a declining trend ofL obDerved
Lrainfall •••24
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over the district. This clearly shows that
some management techniques havo to be evolved and adopted
in order "to overcome the harmful effects of drought and
find a suitable solutions to the problem. -
2.20 Ground ~Io.torManagement Pr.).cti,c~s-'an-d:·D:rought~b.nageme_:q~

Strategies_: .-- J'.>.",..

>- .
ASJo;.lreudy mentioned the district of l-illantapur

is one of the chronically drought prone areas of the
State. In most parts of the district the drought is a
.recurring feature. As a result of the failure of monsoon
successivoly for the last 2 to 3 years, the district has
been depleted of its water resources to such an extmt
that the agricultural operations were badly hit . and ":"..'come
of the rural population is grcateiy ·rea;:q.eed. Much
of the.rural population who depend upon. agricultural pro-
duce for. ..the ir living and income haVe beenreduc ad to
desti t~tion. Even the fodder for the cat~tle has become
scarce. The kharif yield which is the main crop depending
upon the rain'has suffered drastically. To over.,;.come the
suf'ferings of the people and mitigate thoirhardshipscer_
tain longterm and short term meaSUres have to be adopted
which should yield results. Short term measures or drought
me -J.gementstrategies can be conSidered as quick measuresL
which are spread over the years are supposed to yield
results which will improve the living condi tions'of the
people in course of time and help them to meet their re ....

qUirements in a phased manner.Lto tide over the crises and long
. .... . term measures

2.21 Longrterm dl.lOught Lk-mo.gODontstrategies :InJtho district,

the "total cropped area in 1982-83 was 3,50,885 ha which
came down to 2·,79,439 ha in 1984-85. Nearly 55 perc ent
of the area is under well irrigation and most of the area
cul tivates paddy and to some extent. groundnuts and sugaz-
cane. Except for groundnutsthe consumpti,ve use of paddy
and sugar cane is very high. Even in areas irrigated from
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canals and t anks , the same trend is seen. However, ground-
nut is gro';.m on a large scale but mostly ~ainfed. l.yhen-
ever there is a failure of monsoon there is a drastic
reduction .in the yield of groundnut crop ~which indi-
•rectly affec-i.J the market ra t s of the oil products •
Hence, it .is ':leCes3ary that this crop is stabilised pre-
ferab.ly ini~l.:i: areas irrigated by wells as a khazLf crop
.and as a I'D,bJ crop under- tank and canal irriga·cion. Since
the cbstrict u:periences a hot climate ,wi th a very few
rai.ny clays and high evapo-:-transpirational losses ~ it is
better to consj.ier the idea of reducing the areB of
.- ,c ,'- C:1':1-( c'·· ·t:i·,'ov-tio:a/ tiake up cul tivatio:q!dry Lof

land . ....-
czops on a large sQii.l.le.Rice isoeing cultivated approxi-

{

mately over an area of 68,233 ha(1984-85) mostly UI,l.dL .•.'

tank and canal L~rigation., If instead, .othercropswl::).ich
reauire less HatEr like wheat, oilseeds (ground n:uts,sun
f'Lo vor ) put.ees; cotton, mulberry are grown there' is a
vast saving of v·mter for nearly 6 to 8 months, The ivater
thus s.ved can be utilised for bringing aJditional areas
uncler irrigation. This can stabilise groundw"£tter levels
in many are as and ul.timate1y euz-f'ao o and groW1d water can
be put to c ortjUnc·:ive use in an affective manner. Of late
:farmers themselvec are shifting to mulberry cu.ltivation

areas undez- we=~lirrigation. It is better this trend
is encouraged even in tank and canal commandareas, so
th2t this gives a boost to sericulture and as well as
:farmers are assured of better income returns and purchasing
pcwez. 'I'he mainfo()d crop li~e rice .can be imported into
the district fl:0In therlce.surplus .arepslike the coastal
districc!::> b In addition to the. changing cropping pattern,
the other drought management practices like the social
forestry and DPAPpnogxammes 'can be coupled to meet the
fuel requirements of the rural population. The district
has noarly 85,990 ha 0:: 4.5 percent of the total geographi-
Gal area as cul,t.ura ble v-rBst,e• This should be put to use
perhaps coupling with the DPAPand other dryland farming
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•• 26 ••methods fqr growing fodder for the cattle.

The hills and hillocks looks a'o.ost barren and -rocky in most parts of the district and are devoid of
any vegetative COVer. The forests as such are non-exis-
tent and'what vVG see are only shrubs and small plants.
There is need to build up a forest cover and take to
afforestation on a lare'e scale. This will not only check
the soil erosion which is on the rise, but ensure better
environmental conditions for living. The ar~al seeding of
the hills may be carried out in the reserve forest areas
during monsoon seasons and all attempts should be made to,
conserve and protect the forests from cutting for some years.
A similar experiment was carried out
year back which is reported to have
sll1.ts.

in Maharashtra a
yielded good r8-

Another aspect which needs attention is contro-
lling of grazing of the forests. Special grazing or grass
lands may be developed for the cattle and sheep grazing
so that the plants and the sapling do not wither away.
All these, will stabilise indirect.ly ground water by add...•
ing and retaining moisture and reducing direct evaporation
in case of down pours. Other rainwater harvestingtechni-

~s like contou~ bunding, recharge ponds etc wherever
feasible are to be adopted to conserve water and arrest
flash floods. Check dams, recharge wiers are also use-
ful. Other water use techniques like drip and sprinkler
irrigation can be adopted for saving water.

2.22 Short term ManagomentStrategies:
With the declining trends seen in several

parts of the district, most of the drinking water wells
(dug wells) which are shallow are going dry. This is an
alarming situation and methods have to be devised to meet
the drinking water needs which is the prime need of the

\ '"population during drought years and more so in summer
••• 27
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months. Some of the methods discussedeexlier will how-
ever take several years to yield results and they are
long term strategies. To meet the iID1i1odir...G requirements
and to mitigate the hardships of the people and the live-
stock population cGrt~in short term steps orstrntegies
are to be adopted. One of the strategy is to drill bore-
holes tapping deeper aqUifers and meeting the water re-
qqirements. Though borewells are being'drilled on a large
scale, many are dry and few are yielding very low dis-
charges so that they cannot be put to use continuously.
I'1anyof these wells-are drilled without proper scienti-
fic investigations.It is suggested that proper scientific
investigativetechniqu.es be adopted to minimise the fni-
lures and as far as posm ble utilise the same for rural

Jwater supply and pumping water supply schemes. Whereve~
poes tble, these wells can also be utilised for growing
fodder for the cattle to tide Over the crisis and save
the livestock population and also to avoid transportation
of fodder from long distances. In this context, it might
be mentioned here that some of the exploratory wells
drilled by Central Ground \'laterBoard in the district have
given encouraging results and some of the wells have
tapped fractured aqUifers below 100 mgiving substantial
yields •.Thene wells are to be utilised for rural water
s lJply. While there can bepossibili ties of over exploi ta-
tiQn temporarily. 111is cannot be avoided, keeping the
situation in view and the need of the population as a
whole.

The quality of water has not been a problem
except that there is high flUoride in 'some parts of the
district. The fluoride content in ground water goes upto
5 ppm in parts of Kadiri and Anantapurtaluks. In case
of ,Kadiri town where the fluoride content is.repor~ed to
be around 3 ppm, there isadefluoridation plant in ope-
ration rlhich brings down the'fluoride content to the per-
mis!Sible limits. Defluoridation plants of small scale or
even kits will be useful in tackling this fluoride pro-
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blem in the rural areas.

No major industry exists in the district
and as such the demand on ground water is '1ot much to
meet the industrial requirements. If the trend of rain-
fall as seen from the analysis is true, then there is
a possibility of grave water shortage especially in the
southern and western talukswhich are experienQing de-
clining trends in water levels, decreasing rainfall and
increasing drinking water shortgages. To meet the
situation and solve the problem permanently the possi-
bility of bringing surface water'through canals froll
th€ neighbouring Karnataka state either from the Bhadra
:'19servoiror the extension of the Tungabhadra High
Levelcani:t1 through branch cana.l.e and distributaries may
have to be examined. This will not orily stabilise gro'..:':.:d
w,ater but also will help tbe district permanently to
solve its drought conditions and' improve the socioecono-
mic conditions of the people living in the district.

3.0. KURNOOL DISTRICT

3~tc Loccrt1:on- nnd Extont:
Kurnool district is situated between the N.

Latitudes 14°54' and 16°18' and E.Longitudes 76°58' and
7qo')4' with a geographical area of 17,658 aqvkm and popu-
If-cion of 2,407,299. It is bordered by Tungabhadra and
Krishna rivers as well as Mahabubnagar district orith~
north, Prakasam district on the east, Bellarydistrict
of Karnataka state on the west and Anantapur and Cuddapah
districts on the south. It forms one of the drought di-s";'
tricts of Rayalaseema Region and one among the seven
drought prone districts of Andhra Pradesh.'The district
has 13 taluks with headquarters at Kurnoo L There pre
11 towns in the district and only Ku.rnool and Adoni have
population fof more than 100, 000.
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3.2 Physiograph;y and Drainage.!.
The district is characterised by scattered hill

ranges with internittent valleys and plains. The Veligondas»
the Erra'Jalais rendthe Na'l LamaLa.i :ranges form the main
hill ranees. The average width of the hill ranges from west
to east is n ccr-Ly 40 kill.They extend for about 113 km in
the dd.s t r-ict reaching 0. maxa.mum altitude of 909 m abovemsl.
The upper reaches of the hill ranges has a thick forest
cover of temperate type with rich fauna and flora. The
Erramalais are low and cliff-scarped and plateau topped
hills risinG to a height of 606;=l The Veligondas form the
boundary and run parallel to NallamRlsis. The ranges termi-
r,.c:tesat about 16 km east of Markapur town. The highest-
point in the range is 815 m amsl.

The principal rivers which drain the district
are the Krishna, the Tungabhadra and its tributaries, and
the riversLKunderu and the Gundlakamma. Tungabhadra andL the
Krishna are the perennial rivers while other streams are
ephemeral in nature.

3.3 RydJ;:Qrgeteo:r2Iogy:
.The climate of the district is characterised

by hot summers and mild winters. The period from December
to-February is dry and cool, summer season is from March to
Mav and the period from June to September forms the south-
W8.3tmonsoon season. The mean daily maximum temperatum-e during
December is 30.3°0 andminimilm is 16.1°C. During the hottest
period which is generally the month of May, tl1emeo.n daily
maximum temperature reaches 40.30C. The hLgh eaf tempera-
ture recorded is 45.6°C and the lowestte-mp-erature recorded
is 6.79°0.

The average annual rain-fall of the di.strict
is 624.;]. rmn.(Fig• .2), depicts the normal annual rainfall of
the district. The rainfall over the district decreases

- ..
- from east to west from more than 650 mm to less than 550 mm .
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To study the trend of the rainfall over a period
of time and decipher any 'cycl~s' rainfall rece~ved at
Kurnool for 85 years (1901-1985) has been studied and the
5 year and 10 year moving averages have been plotted and
shown in figure-6. An examination of the f~gure indicates
that a rough periodicity is apparent though not clear.It
can be seen that the periods 1907-12, 1917-27, 1933-43,
1961-72 as below normal or deficit years whereas 1912-15,
1930-32, 1944-60 and 1973-80 as 'wet' years. An increasing
trend in the rainfall is also apparent indicating the
coming years to be good as far as rainfall is concerned.
if we eri:aminethe record of 85 years, the lowest rainfall
of 281 rom has been received in 1920 whereas the heaviest
rainfall of 1070 rom has beenrec:eived during the year 1970.
Tne trend of rainfall for the last ten years during the
last decade indicates that normal rainfall has been re-
corded in 5 years, excess rainfall in 3 years and defic~t
rainfall in 2 years. This indicates that there is a possi-
bility of receiving normal rainfall in the coming years
rather than deficit rainfall.

The percentage frequency of occurrence of nor-
mal, excess and defici tc rainfall in 5 co:ritinuousyears dur-
ing the period 1901- 1985 is given below:
No. of years with normal
rainfall 4 3 3 5 2 2 3 2 421

No.)f years with excess
~ ,-nfall 0 1 2 0 1 0 0 2 1 3 0
No. of years with defi-cit rainfall 1 1 0 0 2 3 2 1 0 0 4
.".•- - - - - - - - - - - - - - - - - - - - -
Percentage frequency ofOccu.rrence 15 14 12 12 10 9 9 6 6 5 2
-. - - - - - - - - -.- _, -- - - - - - - - - -

The table above Lndd.catea that in a 5 year
continuous period, there is a high probability of occurrence
of normal rainfall in 3 or 4 yoars and deficit rainfall
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in1year •.There may or may not be a year with excess
rainfall. During 1981-85,. normal rainfall has been re-
ceived in 3 years, excess rainfall in 1 year and deficit
rainfall .in1 year. From the above analysis it can be
assumed thEt during the next 5.years (1986-90) the fre-
quency of occurrence of normal, excess and deficit rain-
fall can be one of the following:

NO •.of years with normal rainfall 3 4No. of years with excess rain:fall 1 0No. of years with deficit rainfall 1 1

Year ..Anticipated rainfall
1986 N N
1987 N N.
1988 F. N
1989 D D
1990. N N

This indicates that in KUrnool' district the
Situation. of rainfall iilthe cooing years is not ominous
and there is [,distinct possibility of getting normal
and excess rainfall during the next five years with one
of the years. of low rainfall, probably dur:Lng,1989.

-..
Kurnool district is mostly covered by regur and

red ferruginous SOils which constitute about 60 and 40 per-
centre.spectively. They have been further classified '1s
clayey, loamy and sandy soils. The black cotton soils are
predominent in the taluks ofPattikonda,Nandyal, Alla-
gadda, KOilkuntla, Nandikotkur:and Adoni. In the eastern
part of the district red soil of poor quality largely
predominent. ThoDG soils .even·thouGh are, poo.r Ln quality
generally produce good crops with minimum of rainfall.
The crops mainly raised are Rice, Jowar, Cotton and Pulses •
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"Regur soil of good quality occurs iLlthe cerrtz-al, part of

the district in Kurnool, and pattikonda taluks. The occu-
rrence of alluvial soil Ls r.estricted and confined to
smallarea near the confluence of Bhavallnsiand the Kri-
shna rivers.

Nearl, 51.0 perc8nt of the district or
898336 hectares is the total "cropped area sown out of the
total area of 17,60,034 hettares.»The'gross,area,ir~iga-
ted by different sources is 1, 41~<! 426 hectares out of
which the gross irrigated area under wells is 23273 he-
ctares, Which is ~bo~t 16.4 percent of the gross irrigated
ar·ea.The 'area under canal command is 98487 hectares. The
Tungabhadra Canal Command irrigates an are~of 63,545 hec-
tares in parts of Adoni and Alur taluks while the K.C.
Ganal Command irrigates 74,727 hectares in Nandikotkur,
Atmakur and Nandyal tnluks. An area of 12,950 hectares
is under Sanjeevaiah Sagar Project Canal Command in Hin-
dri Basin. Nearly 13,307 hectares ara under tank irriga-
t i.onvout of1:lo az-ea irrigated by different sources an '
area of nearly 1,03,788 hectares is under food crops.:'
About 37930 hectares are under gz-oundnu'te The ar-catunder

, . I

rice culttvatron is 65,926 hectares and an area,of'9,44 nec-
_\.

tares is under sugarcane cultivation. Most of the"'iice,
sugar cane and groundnut cu.Ltivated is in the canal
command area. Under well irrigation mostly crops like'·'

groundnuts,onions, chillies and ,other vegetables are raised
while under the few wells situated in areas served 'by
canal or tank commands crops like sugar cane and rice
are gz-ovn, It is proposed to bring an area of about
65,170 hectares in Nandyal, Banganapalli, Koilkuntla
taluksunder the Srisailam Right Bank canal and an area
of 1.08 lakh hectares in parts of Nandyal, Allagadda,
Atmakur and Nandikotkur taluks under the Telugu Ganga pro-
ject. This brings the total area under canal irrigation
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to 2,55,965 hectares which' is about 14.4 percent of the
total area of ,the district and 28.5 percent of the
total cropp~d area of the district.
3.6 Industries and 11ini!!£!

Several industries exist in the district most
of which a~e concentrated at Kurnool, Nandyal, and Adon~
towns. Tungabhadra Industries located at Kurnool is
the largest Groundl1utoil p,~dVanaspati unit in the
south. A few more industries like Spinning and Cotton
IJIills,Pgper Ivlillsare located at Kurnool and Adoni.
The panyam Cements and Mineral Industries is located at
Bugganip8.1lenear,Bangannpalle. Several small scale
industries .mos tLy agro based are located in the district.
Handloom weaving an important cottage industry is located
at Nandy~,l, Koilk~tla, Banganapalle, Allagadda, Alur,
Yemmiganur and Nandikotkur. Minining is an important
activity in the district.- With several known occurrences
of copper, dip.monds, iron orEf, and limestone. There are
several old worki.nga of copper, dia:'ond,and iron ores.
Limestones lliiningis a major industry in the district
feeding the cement factory located at Bugganipalle. With
nearly 19.6% of the area of the district under forests ':

"forest based products like' timber and bamboo also
form important sources for-several forest based indust-
tries located at Nc"ndyal and Kurnoo l.,

3.7 Geol.:.Q&l
Geologically the district is underlain by

the formations ranging froD Ar8haeun gneisses to the
Recent alluvium. The broad geological succession as
seen is given belDw:
Recent to Sub-Recent Soils,Alluvium andCavernous deposits

----Unconformity ----------
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~ Kurnool8 Group
ONandyal shales
~KOilku:ntla lime-
Qstones
~saniaD quartzites
Auk shales
Narji limestones
Banganapalle
quartzites

shales
Limestones

Quartzites
shales
Limestones
quartzites &
Conglomerates

-----Unconformity ---- ...--
SrisailamQu~rtzites &
Quartzi t.es Shales

---- Unconformity --- ---
Cumbum Shales

I
I
I
I
l
I
I
I
I
I
I
I

Nallamalai
Group

Bairankonda
Quartzite

Cumbum shales &

phyllites ,slates,
Pulampet shales
with intrusives
Bairenkonda
quartzites and
shales.
Nagari quartzi-
tes, Ultra basic
intrusives and
alkaJine intru-
sives

---Angular UnconfoJ:'mity----------
Chitra-
vati
Group

,Tadpatri shales

Pulivendla
Quartzite

.•---Unconformi ty ---- ..•-
Papagni Vempalledolo-

..-Group mites & shales

Shales, quartzites
with basic intru-
·sives.
Conglomerates &

quart zite's

Stroma t 01itic
dolomites,cherts,
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brecCi~,shales with
basic intruives

,Papagni.
Group
I Gulcheruvu

Quartzites
CongloDerates ,quart-
zites and shales

- __.~---l-------Unconforni ty·----------
Dharwar Super Dharwars Dolerite dykes,pegma-

I Group ti tes and quar-tz veins,
A~chaeanl schists, phyllites
to Lower!

I amphibolitesPre-Cam-j

brian
Peninsular
gneisses

Granitic gneisses,
Gneissic granites

3~8 £!ydrogeology:

.A oajor part of the district in the west is
occupLod by granitic gneisses while the Guddapahand Kur-
nool formations fomprising of Gu.Lchoz-uvuquar1:;zitcs, Vem-
palle limf)stones and shales, :Pulivendla quartzites and
Tadpatri shales, Banganapalle quartzites Nerji l~mestones,
Aak shales, Koilkuntla limestones 8JldNandyal shales OcCUr
in the eastern part of the district. The Recent froma-
tions represented by the river alluviwn is .confined to
the major stream and river courses like Krishna, Tubga-
bhadra, Gundlakamme, and Kund er-u, The ground water condi-
tions as seen indifferent formations are discussed
below:

).9 Ground w~tor conditions in crystalline rocks:
The granites and gneisses occupy the western

hnlf of the district. Ground water Occurs in the wea-
thered Fmd fractuJ:~edrocks under,water table and semi-
confined condirions. The depth of weathering varies
f~om less than a metre near outcrops to about 18.0 m in
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topographical lows and valleys. The wells range in total
depth from 4.00 to 26.00 m bgl. and depth to water in open
wells varies from 1.0 II to 13.50 m bgl.Water table is shallow
around 2.00 m in the area served by the Tungabhadra Low
Le,vel Canal Command area. falling in ports of Yemiganur,
Adoni and Kurnool taluks. The yie1d of bore wells drilled
down to a depths of 25 to 35 m vary from 1.84 -to 9.2 m3/h
for drawdowns upto 20.0 m.

3.10 Ground wat!31 in_Cuddapah formations:
The Cuddapah formations are represented by Gul-

cheruvu quartzites, Vempallilimestones and shales, l?uli-
vendla quartzites and Tadpatri shales. Wells tapping all
these formations vary in depth froD 2 .•00 mtc 34.0 m.The
depth to water varies from lesS than a metre to 5 m in
Gulcheruvu quartzites, from 0.2 m to 30 m in Vempalle
limestones, from 2.8 to 20.5 m in Tadpatri shales and from
2 to 22 min the traps si1 "s _~intruding the Vempallis.
Recent studies have shown that Te.dpatri shales of Tammaraju-
palli area form potential aquifers down to a depth of nearly
60 m • Wells drilled by APSIDC down to depths 33 to 61.6 m
have given discharges varying from 7.8 m to 59 m3/hfor
drawdowns ranging from 2.2 to 6.6 m. The transmissivity of
the aquifer ranged from-30tO 213 m2/Q. • The depth to water
in theEre wells varied from 2.4 to S.,5 m bgl.
3.11 Ground w~ter in Kurnool Formation:-

The Kurnoolformations are represented' by Banga-
napalle quartzites and conglomerates, Narji limestones,
Auk shales, plateau and pinnacle quartzites, Koilkuntla
limestones' and Nandyal shales. These formations occur in
the eastern part of the district. These rocks have under-
gone compaction and metamorphism to a considerable degree
obliterating the primary porosity. Hence, th3 occurrence
and movement of ground water is confined to weathered,
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fractured and join.)..ed rock, solution 'ianneLs and cavities.
Ground water is developed by illBU .•.-.•.i;3 of dug welis ,dug-cum-:
bor'ewells and borewells. Dug wells range in depth from
2 to 41 m,

Maximum depth to water in the wells tapping Ban-
ganapalle quartzites and conglomerates is 20.0 mwhile it
is 13.5 ill in Narji limestones, 18 m in Au)rshales and 16 m
in Naridya.L shales. The yield of open wells vary from 2 5
to 100 m3/d in Nandyal shales, around 36 riJ.3/din Auk shales
~round 67 33/d in Narji limestones, 30 to 100 m3/d in Paniam
quartzites ..The dug-cum-borewells in Koilkuntla limestones,
have given :,!ieldsranging from 100 to 1500 m3/d with exten-
sion bores 25 m deep from the bottom of the wells., The borewe~_l.;..J
d::M.l1od in the above formations especially Koilkuntla
limestones down to depths of 30 to 74 m have given yields
varying from 8 to 70 m3/h. The limestone f arms a potential
aquifer amongst the Kunnoo.Ls formations.

The alluvium in gE._era::!.is limitE.....in extent and
npt v3ry important from the ground water point of view end
are important only locally. The thickness of this forma .•.
tion varies from less than a metre to 8 m. Depth to water
in wells tapping alluvium ranges between 1.2 and 5.3' m bgl.
Fig. 7 depicts -tho gcnerul depth to water map of the district.
3.12 Status of Studies:

The entire 1.16,128 Km20f the district has been
cover-ed by systematic hydrogeological surveys till March,
1987. L area of
3 •13 Gro£!..ldWat~r Level Moni toring:

Ground water levels are being monitored from
1969 onwards with the establishment of 2 stations which
have been increased subsequently to 15. The monitoring
has indicated that the water level fluctuations occur in
response to recharge cUcd draft seasonally and also annually .•
The annual fluctuation ranges from l~ss than a metre to
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more than 4.50 r:l with the average flllctuntion around 1 to
2.5 E~. In recent years there has abeen declining trends in
wat2r levels observed in the south-western part of the
district falling in parts of Adoni, Alur and Dhone taluks •.
This is mainly attributed to below normal rainfall recei-
ved during the last 2 to 3 years and consequent increase
in WRt2J:' demands being met from gr-ound water aour-ces ,

Central Ground water Board carried out ground
water exploration under the Veclavnti River Basin Project
studies frlling in parts of Alur taluk. Thr:ee exploratory
wells havG been drilled down to depths of 40 to 52 m bgl
covering en area of 929 sq.km and the yields from these
wells ve.ried from 7~ to 900 lpm for drawdowns varying
from 1.7to 8.0 m. Pumping tests carried out on these
wells have Civen transmissivity values varying from

585.55 m2/d to 1370 m2/d

3.15 Qhemical_9uality of Ground water:

The qil.ali ty of groillld wat er from wslls tapping
the crystalline:-romations is'generally goodc..nd ~uituble
both for il--rl€,""O.tionand domestic purposes. Tho pH varies
froUl 7.1 to 8.8. The ElectricaL Conductivity varies from
515 to 4412 DicroLhos/cm at 25°0. The tot-alhardIless a~
CaC03

in general vJ.ries from 120 to 1300 ppm arid the
chloride content v:'l,ries from 67 to 790 ppm. The~'eare
pockets of high EoO. ~hich can be attributed to local
conditions. The qtL:1lity of water in cuddapah formations
is generally good both for domestic and irrigatioh pur-
poses. However, there are some salin's pockets in Kurnool
formations. The pH :)f ground water in Kurnool forr',ations
generally v[lries fXJm 7.0 to 8.6. Highe_r pH is seen in
areas with poor drr :.nage and thic~ black cotton soils.
The EoC.varies fror 203 to 6780 micromhos/cm at 25°0.
A high degree of m:neralisHtion :in'seen in areas.:uncfer-
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lain by Nandyal s~ales along the Kun~eru river, while it
is 500 to 1000 micrC'nhos/cm at?5°C in areas underlain
by Tadpatri shales, Paniam quartzites and Koiluntla lime-
stones. The total hardness as Cac03 varies from 90 to
1440 ppm. Ground water in Nandyal shales is characterised
Py perm~nent hardness. The chlorida content varies from
18 t() 1144 ppm. The fluoride concentration in t~e ground
waters of Kurnool district is slightly high ranging in
concentration from 1.70 to 2.30 ppm ~hich can be treated
easily and used for human consuoption.
3.16 Ground water Resources and Development prospec~:

Ground water forms an important resource in
addition to the surface water. Ground water utilisation
r"is been gaining momentum in recent years in view' of the
increase in institutional financing in addition to the
major and medium irrigation projects and tanks ..Conse-
quent to increase in development, the estimation of ground
water resources has assum( importancef, and in order
to keep up with the pace of deVelopment, estimation of
ground water resources are being 9arried out from time

, i_-to -~illle. 1'ne:ri..cstassessment was car:r:ied out(-in.the year
.1977. Subsequently the estimations have been ±evised and
the latest tentative assessment for the year 1985 has been
carr~ed out ,a3.pe,rthe Ground ·liaterEstimation Committee
recommendations. The taltik-wise estimations are given
in Table 3. As per the estimations, the total utilisable
ground water resources of the district is 1356 MCltland
the net draft is 118 PJ!CJ1 leaving a balance of ·1236 MCM.
The stage of ground water development is 9% which means
there is ::1 very. good _scope for further development.

The estimated Net draft in the district dur-
ing the last four years are given below:

Year Net draft Stage of G.v, Annual rise- peveloEment
1981-82 86.5 J'1CN 6.4 ;rf.) ,,~:.~,{.~
1982-83 96.3 " 7.1 0.71983-84 101 .3 11 7.5 0.41984-85 118.0 " 9;.0 1.5
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This shows that. ·.there-is a steady Lnc'rease in the draft •

. -However; ~1') qpit8 o+' tpe increase in draft the stage of
ground water deveiopment is only 9 percent and at the
present rate of annual inci-ease in the draft of less than
1 percent of the available resource, the stage of ground
water devel'opment after 5 years (1990} can be anticipated
to be less than 20 percent of the total available re-
aourc e ,

3.17~al and Urban water supplies for drinking water
and for Industrie§l

As per 198fCensus there ar$~'18.15 lakhrural
and 5.89 lakhurban population living in the district.
To meet the drinking water requirement·s of this popula-
tion, the Panchayat Raj and the Public Health Engineer-
Dep!a:ttmertthave drilled 7552 bore wells and executed
320 pumping and mini pumping water schemes in' the dis-
trict. In addition to the above, there are No. of public
and private shallow dug w'-'Llsto meet .tht- drinking and
domestd'c ueedsofthe pOO1>l.e.As per the norms and taking
'the average consumption 90 Ipd for urban and 70 Ipd for Rural
and livestock population the total requirements works
to ~5.74 MCMper year. This is for less than the:provi-
sion of 239.3 HCMgiven for drinking water~'iz{dustrial
purposes and for unaccounted losses while c::dculating
'"'Cneutilisablep'otential of 1356 MCMfrom the gross re-
charge of 1595.3 f.1CI'1. There is enough scopefdr 'meeting
the'o/'ater requirement~ for rural and urban population.
Part. of the water;r:-equirement of some towns like Kurnool
Mantralayam are met from the surface sources that is
'from the' 'Tungabha'draRi";er. Ho-.leverthe problem is to
meet the water requi.:r;ementsduring drought years when
the surface flows:,dw~indleand the shallow wells go dry

.'. .; .:

as the water le,veJ,.;sgo deeper. In such a situation, to
meet the requirements, the existing wells have to be
deepened and deeperborewells have to be drill"'d.
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3.18 G'roundwater DE?,.velopmentwith referencelRainfall and

Viat er levels:

Groundwater development in the district has
been on the rise as evidenced from the increasing trend
::'1 the number of grolli"ldwater extraction structures from
5,922 in 1976-77 to 19,301 in 1984-85- Presently there
are 17,26; energiE;ledwells and 2048 dugw'ells with out

, '

pumps in the district. There has been :increased ener-
gisation of wells in the district of late as is evident
from theinc.rease ·ln~the.numberof energised wells
compared to the prevlous years. The ground water draft
is al.ao ton the rise from year to year. However, if this

"

rise in the ground."later extraction is examined in re-
lation to the tempo of development, rainfall and water
~evols, tne rise in draft cis recorded in all the taluks
except in IUrnool t"aluk ~ii~rethcre is actuaily decrease
in draft from 14 HeM ill 1983-84 to 11_:; I-iCM in 1984-85.
If we examine'the tre~d of 'water levels it will be seon

\'

that t:here La no fEl.II in water levels at Kurn601which
is almost E:~eadyfrom 1976 onwards (Fig 8 ).The stage
of ground i>Tate~development' inK'urn601 talUk is only
6 pCI' cent. Kuroool aroa received below normal ra.1Ilfall
during 1984 and 1985, vThereasi twas above nozma), dur-
ing 1983_ Hence, the fall in draft can be atributed to
low rainfall due to which there has not boen any culti-
vation in aroas wl\_ichare partly irrigated and partly
cultivated by rainfall.

;

There hasboen o.lmost a failure of monsoonin
tno last three years i.e. 1984~85 and 1986 in most of
thetaluks of the district. ConsequentlYdtJn:::;.ndfor the ground
water has gone up. Hence, the increase in ground water
draft in most o:f the talu.ks. In some of tho taluks like
Kcdumuzu, Banganapa1.leood Alur the draft for 1985
was .almost double compared to the previous year 1984.
TherG has been a faIle-in· ground water levels observed
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in almost all th,:;network obsorvation stations monitored
by Central Ground vIator Board in all tho taluks except
in Alur, Yemrniganur and Srisailam which show rise in
levels varying from 0.13m to 1.18 m. However, the draft
data indicate that tho stage of ground water develop-
ment has not exceeded more than 30 percent except only
in. tho case of Banganapalle tiaLuk , The fall in water
levels vary from 6.30 m at Atmakur to 1.55 mat Nandyal
between November 1983 and Novcmbez- 1986. This fall in
levels can only be attributed to the below normal rain-
fall received during the last 3 years. AS per the rain-
i'all probability analysis carried out and discussed
e,arlier, the rainfall during 1987 is likely to be normal
which may help recover the water levels in these az-eas ,
The stage of ground water development as per estimations

_, is &lso low.

3.19 Ground Water Management Practices and Drought-Manage-
mentStrategies: ..

As is eVident from the estimations carried out,
barring B2~1~;:tnupall~taluk, the stage of gro1.Uldwater
devJlopment in most of thetaluks is below 15 percent
of the utilisable ground water resources. But the meteo-
rological drought crea.ted by the below normal rainfall
received in the district, has created prob16mswith most
ot tho tanks having gone dry and the recharge from rain-
fall being much below than in tho periods of normal
rainfa.ll. As such there can be te~porary lowering of the
water table during the periods of drought. Coupled with
thiS, due to the shortage of surfa.ce water sources,people
will bo forced to depend on ground water to meet their
water nneods. Hence increased draft froJIlground water
sources can be antiCipated and this is what has been
observed during 1984 and 1985 in Kurnool district. Howov:er.,
a? generally happens the pro bLe is one of vT8 ter manage-
ment and efficient and optir,naluti-lisation of water
resources during tho periods of water shortage which
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can hclptide over the criBis.This calls :.£01.' certain
longtsrm and short term drought manr+eraerrt strategies
+'0 0iTF:""~0T(1C tnt) orj.sis~ The longterm strategies call
for advance planning to solvo the water needs on a per-
mancmtbasis but essentially a slow one , The short-term
strategies is to tide over the crisis for the time being
to mitigate the hardships of the rural and urban popula-
tion ana calls for quicks decisions.
3.20 Lorg term drought management strategies:

The longterm measures or strategies like
uttang~s in cropping pattern and to raise crops which
requi,re less water like ground nuts, cotten vegetables,
fruits" oil seeds and mul,ber.r:~y.Resorting to these
nottsure"Till ensure the purchasing powe.r of the far-
mers without reducing their income. A~so practicing
cf theefficienct water use methods'likeclrip and sprink-
ler irrigation techn:iques can save 8.1most30 percent of
water on applied irrigation.

The problem in £ aas like the cue served by the.
Tungabhadra Low LevelCanul Commamd and the K.C.Canal
i~ slightly d.i~ferent~:Here the problelilis one of plonty •

.The water table is shallow generally within 2 to 3 ill bgl
for nearly 8 months a year. Ground water is generally
mineralised with EC values going upto 10 to 15,000 micro-
siemens/cm at 2500. The ground water becomes mineralised
due .to water logging conditions, low leaching, low per••
mcaPility of the soila:nd intense agricultural practices
due ,to the availabi;"ity of surface water at a lower cost
for mos t part of thE'year, with mf.nf.numinvestment.
Ground water is re.relyused. The remedial measure is to
adopt better water management practices like conjunctive
use techniques, reduce the in take through canals,
introduce water use officiency techniques, encourage uti-
lisation of ground wuter development by subsidies and
dril~ borcwells by the state agencies after adopting
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proper well siting techniques and mix the poor quality
water with the ennal wnters. This will ensuZ'e lowering
of wp.ter tF.ble in water logged areas and improve the
qua~ity Qf ground water in course of time due to creat-
ion of
stagno~t

gradient and flushing which is otherwise
This will also help bZ'i.ngaCdltiorial area

•

u"Y\derirrigation and ensut'e that water will reach the
tai;L ends. It maybe worth mentioning hore that an
additional area of 1,73,170 hectares are proposed to be
brought underirrigationuriderthe Srisailam Right Bank
Canal and the Telugu Ganga Project. water management and
conjunctive methods can be adopted at tho time of exe....
cution itself, so that the quality problems, water logg-
ing problems etc can be avoided which ,!!laycrop up at
a later date •

In areas, :where the water has fluoride of
more than 1.5 ppm as ;inparts of Pattikonda, Alur and
Dhone taluks people may be-lldvised to use defluorida-
tioin kits or the water be supplied through pipes wider
rural wat€..:::upply schemes, after defluorfdation. In
ardas, where no surface source is available and ground

wat!er is brackish there is nootheI.' way exdeptto Use
des1alination plants and also resort to growi:ng salt
resistant crops. Perhaps use ofs'ole.r energy which is
qUite abundant in those parts can be'used,successfully
fo~ desalination.

As far as the water requirements for the.:i,ndus-
\tries are concerned, no major industry exists in the .

district. MostLthe industries are located at Kurnool andLo£
their water requirements are met from the Tungabhadra
River.

As one of th.o permanent measures for drought
mana,g;craent,the DPAP.Projects cnn be utilised for social
forestry of barren and waste lands which is about
5.6 percent (98200 hectares) of the district. This can
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retain the 88il coV"orand also meet the fuel requiro-
raont s and avoLd further deforestation. SiI1ilarly the...
cul turablc waste l.vhich is about 4.9 percent of tho
district (S5,800 hect£;,ros) can be usod f'or cu.ltiv[_~ting
fodder for the cattle in the n.t::'eas. i;.. much mor-e Viable
p zopos Lt a.on vL)uld be to harnoss tho fl,'Lsh flc ~4s, and
adopt rei'nfwater havGsting t ecnm quoa by ccns t ruc t ton
of check dams/wiers cc..nstructicm cf pc rc cLat i.cn pcnde
and ofcourse utilise the possibilities of storing
this aunf'ac s water 'undergrou!fcl' esppcially in thE; lime-
stone terrain. The occurranc e of t,hick, Oudd apah and Kur-

I
nooL limestone formations, the numez-ous caves .and in
partic'Ul.ar. the r BeLum Caves' offer,a,greatscopo for
such an experiment. This can serve, E~l:mpstlike a

) "_'

IGround water Sanctuary' and the wa~,arst()ired thu.s
"..nderground can be developec: by dug cum bor9sor bore-
wells in times of severe drought.

SotJc of the methcd s discussed above :ta.kes
some time to Yield rosul ts and they can be cGnsider'ed.,
a.slongtern meas~res. But the pG;.)l'le and tb.c Ii vestr)ck;,~'
havo to' )lithstahd' the hcrdohip cif! the dr()ught situation

_.i· ,-"':'.; " .. , :) ...!. ~ , - . , ' .

created by tl1e failure "of the monsoons anc thoj,r'q,rgcnt
needs a.rc td bo met iIill:1ediately ~nd which cannot be

<, pos'tponcd ," 'The most important nce d is to raoe t the drink-
.'~ 'irater roquirement of the peop~e for survival. Tho
urgo~ need will be to clrill a nuol:l,orof boz-ehoLos to
tap thc:,€:round water wherever feusiblo and meet tho needs
(In war footing. The moro effiCient way is to Look t unc cr--
ground t tf) tap. tbe p:'ltcIlti£.l aquarcz-s in tho f avour'ab.Le
zones like the fnul ts fracturos, joints and other' 'favoura-
ble location of gr()und water.KurnooLdistrict holds good
acop o for devulr)pL1ont. The Cuddapah and Kur-nooL for!12.tions
like the Tadpatri aha.Loe , Vcr:lpallo limestonGs and ahe.Les ,

N'2.rji linGstones and KOilkuntla limestones, Banganapalle,
quartzites and conglomorates all hole good promise for
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development. They can be talJped extmsi vely by utili-
sin€, the latest t8(j.~Yliqu(;slike r-erao t o sensing and

e,

geophysical surveys for 2ccurate siting and pinpoin-
ting to minimise the well fail~ros. Possibi~ities for
tapping deoper aquifers below 100 metres S110iuld be

exam.i.ned aLao as they amay yield substantial quanti-
ties to' tide over the oris is " The experience gained
by doep drilling in the neighbouring Anantapur dis-
trict will be helpful. In areas,scrvod by canal
coranand where there is ,quality pro bLcra storago pon: s ,
tanks can be constructed near the villagos and canal
waters can be stored during the perioc;'.s~of canal ope-
ration and the water thus storodcan be· utilised dur-
ing the periods vvhenthe canaf, is not in operation.
This will help to tide over tho summer raorrthe whf.ch
are the periods during 'Which canals are shutdown.
This can be CIDnsiaered as a purely temporary measure
or can also be used em a ornanont basis during every
summer months. Other neasures can be utilise the
IRDP, DFDAand 1X7cEP programLlED of curse to help the
rural popl'laticn to give GIJ:j)lojLcnt and these programnes
car' also be utilised for construction ofpercolatiCb.n
ponds, check dcne etc. which 1'1i11help +o 'conserve
water even when there are sut:lIi1ershowers. These ncthods
will go a longvmy to help the rural and urban popula-
tion during tbe o1.'is1s.

4.0. QUDDAPAHDISTRICT

4.1 Locat ion and Extent:

Quddapah is one the four c1istricts of Rayala-
s eema region of Andhra Pradesh with a total geographi-
cal area of 15,371 Sq.kD nnd lies between North Lati-
tude, 13°4;" and 15°14' and East Longitude 77055" and
79 °29' and bounded em the north by Kurnool 'distri¢!t,

I . ,
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on the east by NeLl.o z-e on the south by Chittc)()r and
on the west by hlRntapur districts. The district is

i

well connected by roaC!.~-;,nc1rail. The r'~8.c1.r8:s-B()!'lb[:',y.

broad gauge line pass ee through tho i'iRtrict. The
district 'hcadquart ere Cuddapah town~ if) about 480 km
f rori the state capi,tD.l by road and 553 kn by train 4

There are 12 taluk.s, 15 t';)vTl1S nnd 1007 villagos in
tih s nistpict cf whi.cn c·nly. 7 are t(nms T,litil nor« than
20,000 population. There arc)::;nly tvlC) towns viz. Prcddutur
and Cc.ddapa.1J.with noro than 50,000 population( 1981
Census) •

The district is characterised by undulating
topography' with deep fr)nted hill ro,ngcs and interven-
ing valleys an.t plains. The ilJ.portant hill rangus are
Na.llaw.lais fVolligondas, Pa.Lakond as, Lakk[:~f:l,1laisEnd
Yerraoalais. The Nnllanalais are covered by thick forest
['..l1dabound in wil(l, animals. Generally these hill ranges
rise to a height of 735 m. to 882 n.

~
Cuddapah district is drained byrivorpennar

and its tribut£lXies. Perman is tho wain ri "'lor wh:i,ch
enters the district near Tallaprodc1atur after paee Lng
through Ane.ntapur dLst.rdo t , Pennaz f10ws throllgh Jaona-
Lataadugu taluk and at th~.historic fort of Gandikota,
it cuts thrc1ughthe Yerra:ualai hill rnn{,:;es. TJ1io ether

~.
inportant rivers of tlw district are the Chitravp,ti
Kunderu, Sagileru, dhoyyeru and Papaghnf all cf v~hich
are the tributaries ofPennar. Howevcz al.L tihe ae are
ephooeral and even Ponnar is dry for Dost part of th3
yoar and carry only nonsoon disclW:.rg(j.

The district enjoys hot SUD!J.ersand IJild
~""inters. Tho period frcm Dec cnber t'J February is COI:l-

pa rat tvely cool and dry. Tho S•.Ulnar season starts f rori
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March and lasts till May. I~y is the hottest Donthof
the year. This is followed by the southwest Donsoon
fron June to Septenber which brings down the tcopera-
ture. Octobor-Nove;::'lberforms the retre£vting nonaoon
soason. £he ncan maxa.nun tenperature is 40.8°C in Nay
while the nenn niniD.UI1tenperature is 18.8°C recorded
in December. The highest naxiDun temperature recorded
is 46.10C in May 1986 while the lowest temperature
recorded is 11.70C in January 1912 and Dccembcr,1945
cuddapah district generally experiences dry climate
and the rainfall is erratic. Though it is under t~'3
.influence ofb:,th the monsoons ,'the intensity and
c'ctivi ty of the-roonsuons gets reducecl by the title theY
re[';.chthe district. The average nnnua.l rainfall over
tho district is 730.00 rom. The rainfall generally in-
creases from the north-west to south-east. Chitvel near
the southeastern border receives 909.4I:lTIlof rain while
pulivendla near the western border has an averago annual
rainfall of 563.9 I!lD. Fig-2 pl!esents the norme~ annual
rainf211 of the district end fig 9 gives the 5 and
10 year running moans for the rEdnfall station at
cudc1apah for the period 1901 to 1985. Fr01'1the stutly
of the plot, it is clear that there is no decreasing
or increasing trend inr_tinfnll over tho years. The
heaviest rninfall of 1226 mID has boen received during
the year 1903 and the lovTest rc,infall of 386 IJL1

However, a rough periodicity or 'wet' and 'dry' periods
\can be deciJ_)hered.. The porions from 1901 to 1920, 1'935

to 1949, and froD 1971 to 1981 can be said as above'
normal or 'wet' periods while the periods fran 1921
to 1935, 1949 to 1971 (with a snall above normal pe-'.
riod fron 1956 to 1957) can be said as below normal
or 'dryt periods.
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If we "xar:1inethe rainfal" received during the
, last docade no rrae.L L(:',il:~~i.,:_=-~:.:,~ r,_;c(;rdod in 8 yoars,

,excess and deficit 'rainfall in 1 year each. The curve
show's declining trendior the coming docade,

The percentage frequency of occurrence of
no rmal., excess and deficit rainfall in 5 continuous years

, during the period 1901-85 :Lstatulb.~ed··'bGlow:
-~-----~.----'-.---~"""'--";"'_---------....------------------------
No.of years with normal rainfall 4 3 4 2 2 '3 3 1

No. n n excess " 0 1 1 1 2 0 ,... 3
It u -deficit It ; 1 ., 0 2 1 2 0 1I

- - - - - •.. - - - - - - - - - - - - - -- ~,

Percentage freqUency of occu- 20 17 16 11 9 7 7 4,rren.::c
- •••• <I<- •• .., - ••• :- ~

The table indicates that thero is a high pro-
babili ty 'of occur-rence of'ormal rainfall in '3 or 4 years. ,

during any cO'ntinu~ 5 years period and excess and de-
.I'>?

fici t rainfall iLL 1 year cach , The probability of occu-
rrence of ueficit raini'all in an year is more than that
of excess rainfall.

.'

If the rainfall particulars for 1981-8~, eJ.!re
examined it will be seen that normal rainfall occurred
in 4 years and excess rE'.infallin 1 year. From this
statistical ~proach it can be safely assumed that the
pr:)bability of rece:!ving normal, excess and deficit
rainfall during the next 5 years can be anyone of the
following:----------------~--------~--~-------------------~----
" It

excess
deficit

t1

4
o
1

3
1
1

No&of years with normal rainfall
II II

It

••••
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-~--------~_ It __ ~~~~ ~~_~ ~_~ ~ __ ~~

Year Anticipated Rainfall- ~ ~ - - - - - - - - - - - - .. - - -"

1986
87
88
89
90

D
N

N
N
N

D
N
B
N,

N

From the above it is apparent that the coming periods ,
may be below no~ years.

Tp.is analysis indicates that there is a high
probability. of receiving normal. rainfall in 4 years and

, I

deficit rainfall in 1 year,during the next five years,
But from the analysis of the plot of moving a"!erages
there .Ls aposeibi1i tyof below normal rainfall in one
or two years within then.ext five years. FroID.the

. \ \ .stu.dyofannual rainfall alao, iit is clear t~~t the
rainfall wasnormaJ. during the last :3 years, ,and as
per the data collected for 1986 ,it is belownorma.l
( 540 mm},

4.•.4 Soils:
, " ,

Soils of the district have been classified
, '/into (1) Red ferruginous soil and (2) Black soil.

, ,

Theee, two classes are again subdivided 'into (a.)dla,
(b) loam (c l salno with finer distinctions. ,The soil

f ,'f",'," -:~1 f'.has also bcentlfrther divided into six sub-divisions
(J) black cJ.ay·(2) black Loam (:3) blac'k sand <.4) •red
clay (5) red loam a~d (6) rea sand. .

"Black clay or tli: black 00 tton soil. is the
moat superior· soil. of the district and occupies 23~710

- ,of the area of thedlstrict. Black loam is an alluvial
soil and occurs t.p.roughoutthedistrlct. It accounts for
18.2% o£ the area of ,the district. This soil is not deep'

..r''''.
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and hence sub-jected to erb'sion. Blackaa:Z).d is not
. very important and accountsf'~r 3'.9% of'·the"a.te~ of
the district .,ItQd-clay'occul:S' o·v~;o. small area in
tnee~istri~t-,,',Red.J.oam occurs approxiJJl8.toly over an
aroaef 25% of nhedistri6t'~ It is fcund mainly in
Rajampet.a:l.d Budvel taluks" This is of high agricul-
tural value and all varieties of crops can be::grown

"

on this soil. It is suitable for "Tet r'lltiva1;iion. Red
sand is of the lowest productive type. 'It occupies
27.5,,'0£' the area of the district and is notauitable

", •... '_ ...

for agriculture.

4.5 Ag;ricul ture aoo Irriga tiol!: ,

The:r>att ern of -l;andutiii'sat ion is,'of
interest,~ Of .its total geo'gr.a.?hicalarea,fbres~EJ oon-
s.titute, 32.8% barren and Wlcul.tivable ia.nd .16.4". The
'cuJ.tu,rable waste is 2.8%. Out ofthetQtal geograph1.cal
area.of 15,37,1:38 hectares, the'net area,.,sown is
3,52,,'f:l8hectares or 22.9 percent. The total cl:'opp'ed
area ..t.,s3,64,619 hectares 6r,23~7%.Tl1'e '~~t area ~~:::".-
gated' ~e1 ,01 t~25~e~ta~es wIl1ell is '28.9 ':I>erc,ent" ot tl1e
net area ~own.The' u;t'eaundercanals is 23 ,;380 hectares e

•
The :f3.;;9,a,under 'tanks is 15 ,818 hectares and the area
und~r wells is 57 , 655 hectares. That means th~·,~$~e~'·
und~r.well irriga.tion 1s 56 percent.Thegross area irri-
gat!3d1s '1,14,217 heotares (84-a5-Joutof~hiCh the
area )lllder" cana.ls iS24,056hectare$,under·tank's ,.-~

)'.' ,-,0" ': .• : ", ,,': " " " -" - r,- -:. ,~." ,.,.--' ,.._' ,._. '_,." .-...
17,508 ·hectaresand- tmd~r:'w~11~~.16.,701hectares.' The
~~n cr~p~grQwn in thG'\~:'1:'str1~tFll:ea Rice,Bajra, Jowar,
19",g:i.,~e~ic,Sugarcan,e,"'Gr'~~nuts,i' s~sa.mumand. Cotton.
lice 'is c,ultiyated<'over' an 'af~a pf ,50, 681 hectares'~
Bajll.'Bo;er a~,al';eaof 8992 hecta~scotton over'an
a.rea· of 2228 hectares ,'sugar cane OVf;1: an area of
2317 h~ctares, Gro~dnut over an area of14;82~ hectares.
Itisproposedt6 bring ,an area of 66,000 hectares -under
irrig~tion through canals un4ertheTel.ugu· Ganga p..ro- .
j ect '~d Srisai.i3ID Right.Bank canal 'in parts of,,'Jammal.a~

" t'_
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madugu, Proddutur, Badvcl and Sidhout taluks.
4.6 I_ndustries and Mining:

The district does not haiTG any heavy indus-
tries or largescale industries except two cement facto-
rios run byCeL1ent Corporation r_:,f India and Mis. Coro-
mandaI Fertilisers. It is also poor in swall scale

, industries. Most of the small scale industries are
agro based, like groundnut oil decOnication faatories,
oil and rice mills, ginning factories, saw mills and
and baryt es pulve rising mills. Cottage iri~f~~~ies like
handloom weaving exist in KaLlal,apuram,Ray-::c,hotiand
Rajampet taluks. Cuddapahdistrict is 1;hl3.r:i.ehestdis-

",;.', -, .-~, u' ., ,' .. ".

trictinof Jmdhra Pradesh in mineral deposits apd is,.

known for the large variety and qu~tity of minerals.
The exploitation of ..its mineral wealth from ancient
days has contInued through the mediaeval to the modern
period. Occurrence eyf diamonds is known in addition to
other m:neral'dep6s~ts. Lead, silver and copper seem

.,

to have been prodUged ain ancient times though there
are 'no known wqrkable deposits. Iron orc-occurrences

. '.~.. ,_'_, ._.: .

are limited and "[orked on a limited scale. The high~... ,,-.- ~_#: ,
grade asbestos of chrysotilevar'i,ot;y'!is mined in Fuli-
vandla t~luk at Brahmanapalle an~ Lingala. Barytes is
another important mineral in the {district,:occ~ring in
Pulivencla, Rajanpet, Karaa'Lepunam a.r~ Cuddapah taluks.
Theoost importantdeposi ts are situa\ed in the belt
between Velupula and Veopalle in the Pulivendla taLuk.
The barytes deposits of Rajainpet taJ.uk are sa.id to be
the best. in the world. White clay is mined in cuddapah
tal uk: and used asf'il1er in pape r and textile industries.
Limestone by L the mcatr extensive deposit in the district

.is mined on a large scale and used for cement and also
as building material granites, quartzites are also used
as building material. Lfar
~.7Geology:

Cuddap~h district is underlain by a variety
••• 54
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gcological f'o.rmat.Lons belongin.g to the Archaean.sCudc1a-
p.ahs the Ku.rnoo'Ls and. tho Jiecent;alluvilID.. Infac.
it i~ the type, area for the Cu~1c1apahand Kuznoo L rocks
whichconstitutG the::1Ein Oudd apah Basin. Th.e broad
geological succession as sCGnin the district is given
below:

-:.

Recent SoilS and

Sub-Recent Alluvium

limestones
------ •..-Loc.al disconformi ty---

I!::j~~~~:~stOji~~
~ Bangana~alle qua~tzites

i" _ --Unconformity __ _ _ _•.•.'__

- Uricon;t'o,;'mity- - - - - - - - -
-.Kundai;r gro up N~nctyal

shales,
Limestones
Koilkuntla

o KUf.nool
Formations

Pr,e-,
:~lao~
brian
to
tower, ,.

Palaeo
zeic

JalllI!l8.la-
m.adugu

- ",.._

=I"~Group:

'0

NtllJ.a.-
\bo.la:f..

Group

Srisailarn 'Quartz'ftoa---
Unconformity ----

I
CumbJPP.shales
and phyllites
(phl.la;npet )
Baireilkonda

-'
.),. quartzi;tos

Nagarj..qu,art-
zites'

, ;

- ..•---Discon.fo'roi ty-~';'-';'
O'Chi traV1,'l.ti. Gandik;ota quir:l;-I .... zite

Tadapat~i !}~hales
:aasicint~USives
andsil.l,a

d'\

Pu:i.ivelldiaqua-
rtzite'

••••
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..•.- ..-Dis c ~mf'c.I'oi ty ----------------
l?apaghni Venpnlle doloDitos
Group and linostcnes,

sha.Lea BasLc

intrusives Gul-
choruvu quartzite

Archaeans
to LowJrPre-Cambrian

-----------Non ..ccnfornity

o

1::::~~uP
Unclassified.
Crystallinqs

The.Archaean gneisDes and granitea are l?re~
dominem.tly e:x:poaedin the Rayachoti taluk with schistose
pocke1Js. Dolerite dykes, quartz and pegmCl,tit e veins
occur Gtsintrusipns in these fOX'fluti,ons.Someof the.
dykes run for 16ng'o.istances. Dharwar~q.nschists which

:-<'. - ' ,',

...•.-.•...•.-...-•.._ ..----- ..--_.-
Dolori to dykes, pc;c·-

matites
Dharwarian Schists

Granites and Gneisses

are micaceous w:i.thphyllites occdr1zl·thc "north-eastel'll,
northw¢stern and southcrntpa~t~""of the tal.l1k,

Ouddapah foroatians rep:toQented by Gulchoruvu
quartzi tea occur in thePalakonda :ranges in the Ray-a-
choti, iPulivendla. and Cuddapah taluks, This formation

I, ;

consists of conglooerates, quartzites and sandstones with
intercalation of shales. The VOllpallo formations consist-
ing of:d~louites, limestones, chorts, b.:reccia and mud-.,
stones overlie theGUlcheruvu q~rtzi te in thc:::re to.lultsL
in Raoalapur talult •.This formation ~osU:y ao"U~e .~.1Ju:ld·o.J.so
of fi,ne grained, massive, flaggy, nd.caeeoua and dolor:litic

,<,:""<,,!.,, . .'';.,'

l.iuestone with thin inter<:;alations of sandstones and
shales, They shew intrusions of tl:,'aPsills.

Pulivendl!:'. quartzites occur in.PuJ,ivendla." .<Kp.oa.-
'.._ , --,' , _. -_-\' ., '~- :. ' 'c -_ ..•

lap'lU.",Cuddapah and B.ajaopot tal.uks~ Tad~~atri formations
r~pres~nt 0c1 by shales, cL')lomitiql:i,..me.••tionea , Gherts and
wilth volcanic tuffs, 8ccur ir!. PuJ,ivendla, :Muddanur,

~•• 56
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Karo.alapura Cur'ldapahand Rnjampet taluks. The basic in-
trusives like the trap sills occur in the western part
of the district.

Gannikcta quartzite occurs in Muddanur and
Jarnm£'~la!ladugutaluks. Tho NallnI.1alai gr,jup represented
by Baironkonda quartzites and Nagari quartzites occur in
tho Nalla.malairangoD in parts ~lf Pr')ddutur, Cuc1dapah
Budvel, Siddhcut and RDjanpet tnluks. The Cunbun forma-
tions.(shales, slates phyllites) with intercalations
of quartzites, dolomites and lio8stones occur all along
"the eastern marg~n of "the Cuddapah .basin and ar e exposed in
Prodc1utu.r, ~" siddbout 0.00 Rcjampct. t!lJ.u.ks•..P1),.1'~mpet
sho.l.es n:eo oxnc.scd in .iaj n;opetta.1ukSrisaiJ.am. qt.artz:ites
occur as patches in Pul1vendla taluk.

The Kurnool group of fOrIJa.:t~pnsrepresented by
the Jammalamadugu series (Banganapalle :q~\~~tzites, .,N?-rji
limestones and Auk shales) and the Kundai.rgroup{Koil-
kuntla linestones, Nandyal shales and limest;6'rlt:~;S)'occur
in the north and northwestern part of the districtoover-
ing partso! Muddanur,Kamalapur, Cucldapah, JamIna.la-

'1; \'mad ugu and Proddatur taluks.

\,

•
t
i
I

Alluvium comprising of fine to coarse grained
sands,' gravel, clay and silt are seen as river depos:tts
along the major rivers .•.ike Chitravati, :Pennax, Papaghni,
Cheyyar, Sagileru a!l.dKund ~u. HO~'ever its occurrence
is limited to the course of the :Diver. The thickness
varies from 3,to 20 m.However at some places they are
found' to extend upto 70m depth as confirmed froIllgeo-
phyalc~l surveys •

.:-''-~...:.,\. -,b_:~.~:.lI.~!.;! ~l

4.8 Hydrogeology:

From t,he hydrogeol.ogical paint of view rock-
types occurring in Cuddapah district can be broadly
grJuped in to.six groups viz 1) crystallines 2)trap
sills 3) quartzites 4) shales 5) limeston.es and
6) alluviuc. The ground water conditions in these forma-
tions are discusSed in.bricf below:
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4.9 Groun§_)iator j_n Crystflllinos:;:

,
~

~.,
'l
~
~.)

I

J

+

Ground wator in the Archaean crystalline gnei-
sses and Dharwarian schists occur under water table and
semiaonfinec1 condi,tions in thoweatherod, jointed and
fractured portions '.)f the rocks and is 'develaped by

dugwclls, .dug cunjio r es and borowolls • The depth of-wea-
thering extends dOvmto 15 D. 'Depth of we~s range fron

, ' ',;. 'A '\,; _

4 m t,a 14.5 n and depth to water ranges from. 1.0 m to
10.70\ m gbgl •.,~lie,yiel,d of dug wells zangas from 20' m.3/d
to 220 rn.3/d":if:cif:drawdowns varying fran 0.60 m to 3.80 n,
for p~pjl"l~ periods of 4 to6 hours.

., ,
4.10 ~round wate r in quartzites;

-....
Quartzites are mostly confined to the hilly

regions and forests. They arc hard, compact and nase Ive ,
joint~d and occasionally fractured which'make them.
pezaeab.l,e , Dugwells tapping quartzites (Pulivenc,la
quart~d tes, N:q.g.FFi quartzites, Banganapa'Ll,e quartzites)
range ~~indepthfrom 5 E1 to 19 m and depth to weter range
froe 1,.•70 m to 12. 70 m bgl. with yi elds ranging fr8e
45 m3/flto 60 m3/d. Borewell$ .drilled ra."'1ging in depth
fron 31 m to 41 n yield upto 4.5 m3/h.

- 4.11 Ground water in sl-tales:

Major partQf· :Fp.e, dist~ict isunderlai:tl by
shales (Nandyal shales', Aukslla;tes,·· Cumbunshales and
Tadapatri shales).: ~heso Bhales~1e compact and imp~r-

, f~··'· ,

vious except when jointed and fractured. Ground water
occurs under water table and semiconl'ined conditions.

Depth of weathering ~xtends.dq-wn to, 40.0 rl. Dugwells
in sha.Les rangeil1 depth from 5 ra t~21 D and depth to
water vam es from 1 0 :to 15.•50 mbgl" The yield of
dugwells gcnerallyvaries-fror:r'30m~ld;to 150 o.3/d•
Bore wells drilled for village water supply down to
depths- trarying from 23.0:bto 49 .On have given yields
froIn' 2. '7 m3/h to 18.1 m3/h•.In case of dug cum bore
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wells, bore3 are drilled fron tho botton of theWBIl
varying in depth fron 30 I.'l to 100 m. The yields from
Nandyal and Tadpatri shales are poor compared to oth.er

_'"'!" ••.'_

fornations.

4.12 Groundwater in linostones:

Limeston8s (VoLlpalli lioestones, koilkun~+a ..[
limestones, Narji liuestcmes and Nandyal lic6stones,
Jarji limestones~ and Nandyal limestones) occur app~o-
ximately over an area of 10% of the d1striGt. The
limestonep are fine grained, taaaat ve , flaggy",J~oloD)itic
and cave:.;,:u.eodsatmanyplac'es. Ground wate; 'O~Cll+$'~der
water table and under confined conditi0nslnthe.oaver-

",' ' .•. )

nous zones , fractures and hedd.ine planes • The dug wells
valzyin depth frem 4 In to 17'-mwhile the d~pth to
watervaries from 1.20 mto 14.10 mbgl.The depth of
weathering is found to ~xtend downto 10.0 m.Dugwells
have .yields ranging trom 3'6 m3/d to 189 m3/d for draw••
downs varying frenD.0.80 m to 4.80 m. Bore wells dril'l'od
down to .,a depth ranging from 26> to 60 III have g1Ven.y1.ulds
varyingf:r:on 5 n3/hto 22.7 03/h• LiLlestones, especially
the KQilkuntla linestonos appear to 'be very potential:::
aquifers in the nrea;because O:fthepresence of. caverns.

4.13 Groundwater in Trap Sills:
.,

Groundwater occurs in thetra.p t,'Q9kS in the
weathered, jointod and fractured portions under water
te~blo and somiconfined crnd Ltions. Dugwells range in
depth fron 7 to 21 m andthG depth to water in thcm;rangos

from 4.7- n to 12.8 m, Tho yields oiwel~ vary:fron
45 I:1.

3/d .to 60 m3/r1 for drawdownsvarying :from2 to 3 n,
, ,

4.14 GrOund.Water in Alluvium:

. AlluviUI!1'occurs in lirJi ted patches along tho
major stre8.Iil courses~ Groundwater occurs in this.fcrc.a-
tioD under water table conditions, and is developed
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mainl'y' by dug wells ancf1:il tor pornt.s, Dug wells range

:r~:-

in depth frr)[l 3 ..0 m to 13 m whLLo the depth ~to water

int'hoL'l. varies froQ 1..0 ill tc 9. 0 rii;bgl.Th~ !~ield gono-,"
rally varios from 50 m3/d to 300 n3/'a.eThe filter point
wells which aro9:tH}t6 15 cmdiD.o.eter range in depth
fr()J~<6>_t-€1'l:r:So rrl£tl1c1 yield fron 20 L13/d to 50 m3/de

..---~-
'.1"' .•

",,_"c· violls in 8lluviun sustain punpi.ng for a Longer period.
The triJ.,nsQj_ssivity values cJf-tho formations range fran
270 o2/d to 875 m2/de The exploration carried out by
the State Ground \vater Depar-tmerrt hae= given promiSing
results for the consti'u:ctioh' ~I shallow to medLumduty

•,
•

tube wells in .the Perman alluvium. The yield of shallow
tubewell~ range from 30 m'?;/hto1 00 m3/h.Fig'l 0 depicts

, ,
\

~.I -

the genE'I'al depth to water conditions in the district
durihg May 1986.

4.15 Status of the studies =.

,Anarea of 1'1,577 km2has been Co,vered,under
syst,ematic hydrog.eological surveys and an ar:ea.oi'
50 k:m2hasbeencoverec1und er :t'eapprn.J.i'salsurv:eys·upto
~he 'end of March, 1987.

• ".~.. . ,l;~

4.16 Ground WaterL'eveliMoiii torin(5:

•
Ground we.ter level monitoring has bean ilitro-

duced in the .district with the$stablis:b..tllent of net-
work stations in 1.9'B9. Subsequently 'they have beffri
increased to 7 stations and are being Il1onitor.ed4
times a year. The long to:r'D observations indicated
that flucd~).lo.tL)ns occur in response tothQ changes in
.tihc grQund water regiIle .~he· avc rege artnual fJ_ucfua-; '.'(

tion ranges fron 0.50 mto 6. 40D~'fI~ recent !ears.,~
thereliisbe-en docline i'n water l'C'·Tols"in parts of tho
district. The decline in levels varies from 5.0 m at
Ouddapah to 1.5 ill a t·PrQddutur. Th:is decline in wato,t':
levels can be attributodtQthe below norma.Lrainfall ~'L)

\ recoived during.~he last 2 to 3 years, and in case of
Ouddapan tho rainfall is/below normal from the last 6

:{
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to 7 ycarF. This is .b(~u.rid··,tohave an adverse
on the water table.

effect

. t,.
4.17 ~"ld v/aterExplo:cation:

"No ground water cxpl()ration has been carried
. ,

out by"Contral Ground vlater Board so far in this part
. of the. state. It is prcposed to carryout e%plc)ration
in th'ej_)'e:rmarb,~sin in the near future. Tho poten-
tialof the lir.lestone aquifers are also proposed to

~ be explored.

4.18qhemical Quality of Ground Water:

The quality of ground water in cr:stalline
zx.cke is generally good with TDS values ~nging from
295 to 1586 ppmpH values from 7.5 to 8~4 and chlo-
ride valUeS from 10 t() L The water is alkaline l.nL272 ppm
'naturesuiiedfc'rboth irrigation ,and domestic pur-
pose.s.Th.e quality of .ground 'water in ,Cuddapahforma~
;tionlJ ;.is. gooc1.todoub.tful. "Gi-oundwater is ,alkaline
nth pH ranging frQm 7.3to8.85 and E..C,.variesfrom
115 m1cromhos/cmat 25'00 to 5200 micromhos/ctl at
25°C. Chloride valucrangee i'rom 40 to 546 ppm. Ground
water in Kurnool formation is sgenerally good for
irrigation. It is mildly to storgiy alkaline with pH
ranging froD 7.0 to O,.6Q ,E.C. vn.lues range from 6P4
to 2250micr..::ohos/CDat 250C. But souetimes ECvalues
go beyond 2,250Oicronth~:H~/cmat 250C and then chloride
exccede 500 ppm. GroUD,dwater _,.inallUVium is geperaUy
goqd.;.both .for irrigation and domestic ,needs. Fluuridc

_, < ~ , •

concentra1{.:i.onis f'ound to exceed ,1.5 ppm~t SOI!leplaces
und,erlain by gneisses and alluvium.

4.19 G:pound. Water Resourcos and Development Prospects:

Cuddapah.district devoid of surface water
sources has been depending upon the ground water re-
sources for agriculture and irrigation. Nearly 5~ of
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the irrigation in the district is L18.inlyfrom the wells.

:;"'-::on upward swing in gr~)lli"ldwater utilisation
:;ars dUG to the s t r-oes laid on institutional
ad /'.lso on Lnc r cas o in tho agricultural pr.'o-
nsequent on the increase in developnent it ,
at the gr'>Ll.ncl water rosC)urces have to be
o plan thf/ future c:evol,:pnent in a scienti-
Hence preliminary estimatiCJns wore carried
which were revised later as more data be-

Lblc • The latest,·t'nntative assessment baaed
-,

lfor 1985 are given in.1able 4. This, esti-
done based on the Ground water Estimation
s:c'.")I!lI!1endations.Presently the estimations have
ed out taluk-wise. As per the estioations,
utilisable ground water resource of the dis •...
82. 4 ~WM a-id net draft is 2l'1,' MCM leaving;
of 705.; 1MCM for, development. The stage of
erdevelopment is only 28% which means that
cope f::r further development.

rt ed Net draft for the last four years are

,

t
" t,

t

.
Net d,raI't stage of G.W.Developnent

32 266.5 NCr.1 27.1%
83 272.1 11 27.6%
84 273.8 It 27 •.9?'
85 271.3 UtV'
s that there is a steady rise in the draft
yt:3XS. HCJweverinspite of the rise the stage
l water cl,Qv6lo:;?L.lelltwill be still less than 32%

'.
'-:titer 5 years, which means there is wide scope

Lopment.

:l.~ and Urban water supplies for drinking water

InduGtries:- "'---

The district has (1981 Jensus) a population
:LakhSCJut of which 15.53 lukhs live in the.. ~

\.

\
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villages and ;.75 lakhs livo in the towns orur"ban
areas .•l'1learly 10.916 b,:t'eweli.§ have been drilled. by
tho ]l?ancha.yntiRaj DepartI!lent a.nd 125 pumring <lIld
mini ••.putlp~ng ,.fatar schemes exist in the district. In
addition, to these puolic bore wells and pumping schr:lcs,
~ arc; numbo r 0f private shallow dug wellSex:itsting
whicpp.Iso rartly moef tho requirenents. As per the
norms existing for drinking 'water and d'Jmestic needs
incl~ding the livestock poptUation, the tDtal water
requirements of the district for drinking and domestic
need~ 'Worksout to 52.0 MOM per year with a per capita
CQns~tion 'J! 90li~rea per day for urban and 70 Ipd
for rural populatioIH This :tTgU1'eis much below the
proj ected demand of' '173.' 4 MOM for drinking water and
fndu$triaJ. purpos~$ out of: ·the gross recharge of 1J55.8
MeM. ,However the p:t0blem may' comeon~;y durinp drougbt
years when. tne recharge to ground wat;er body gets re-
duced- and the shallow wells/borewells go dry du~tp

.Idp.t&l:1 nt7\3waterl~vels. This s1tuation.ca,lls,.f01:; ,sink"
, . ,. 1 '. .

ing 6f addi tionalgleeR,. bcrewells and' also deep.l'liug
of existing dugwells.

4.21 ,Groundlja.terDevelopment with reference to Raih-
alld~t e;Y1Qyol s:

.•..
GroUll.dwQ.te~devel-6pment haa sh~wn.n rising

trend as is evident· froin tho. i~crease in the number of
wells in recent Y$ars.. Thenwnber cf wells\lsed:for
irrigation w~re 44;406 in 1975-76 out of which 19,178
wells were energi$o~t This figure has gone u1' to 49,466
-wellS in 1982-83 Ol,lt/whi~h33,140 wellS are energised.
Presently (1984-S5) there are 50.620 "dugwells out of
which. 36,298 wells are energised •.In keeping with this
increase. ;the ground water d±-a:t,t i$ also on the rise
framy-ear to yea.r. However if.this rising trend is
exam~ed in reJ.ation to rainfall; and water levelS. the
rise iin-:araft is ~f.eco:r!d.edin all '~he ta:lUk:s except in
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Mud~a.pur which i9.ho,wsaIIl~L'ginal reduc'tion in draft.
Howev,erthis increa~se'i~'d.I.'aft .,;Ls:,v,erymar~inaland is,
not so se'r:totisas tp' affect thewat~+ ~evels_' Th.c' de-
~-line in: water levels~'-se~n «: in observ~.ti6n wells located
at Ouddanah , Ray~chQti" Badvel, Huddanuri Vempalle,Ra-

,L:.J.nd jaIIlPetaL Proddatur c~nbe attributed tobel<?;w:.:normal
rainfall only. 'The fall in lev.:elstre.rY,from 5.0 mat
auddapah to 1.5 m at Froddatur •.·..The o~her notable de-
clinesarfJ,,'at Badv~t(4.00,) Nud,danu.:r (3.62 m}'(fig-11)
This declining trend in some parts is !p.ore or less due
to below norm~lrainfall observedi:in the last\2"to
3 years. Should<'the conc1itions improv:Occ,!Lti:lentHfsde-

I, ,

clining trend.WflY more or less ge,:t .arrssted:'. \~,,;
.' . '.1 " .' .', i" . ;

4.22 Ground Water'Management Practices_artdDrC>!3Bht Manage- ,
'ment §__trategies.: ,,'" \,,',

(,., ....

I, I

" It iss~,e.n ::'rom the estimation~ carried out
! • .~.:~J,j , ", , _ ,'"__, __" _ , .

earlie~rthat, barfing Raj,ampb't~'KamalaJ?~~' JR~fa,Ch<i;fi:'
an~j~~kk~redQ.ipa~li ta.Luks'ther~ i~ nO~~I?(L1:clh,.fq.~V-e]Op...•
ment ._"Thestageof' grou...~dwatei' developm~]lt i~below

',-'f.': ·i~._;,,:. t; . -r~, ' .,.,' _' :::"._L_L ,") .. _::.-:'~.J." ',. ..

30 percent' of the utilisable ground'water res9urc.e~.;:,. ,
But the be;Z_olVRcH;malrainfall C0nd,!i.J_iana:c!~ei-iep.c-~d in

.--_:" '.' - .:> ~-.--;:;""""":;<:" -;- ,-.~-~.... --- ,_, -:: .'-'''~''. _J __ ,"'-r.-' -'<.'~..;. ..-.,>., .~
the4istriq:t;. dur-:tng the last?, j:to ..:Q_y'~atig-b:ave-crea,ted- ,.. " ~- ,., , -_ '" ." _ ...•.

_. G~~

pro blems resul tine in Jnt)s,t of the tap.ks p,~p1a;Lningdry
andfth,e recharge .ffP~ rf3.infall'bElifig~~Ch,?elow,than in'~':~
the,pOi'ioQ.sof nO;-n1al,r§i:ntaJ.l~\~'T:h~i~accountsfo,r.the" I

temp,orary :loweffn,g' oftlij4~; ,waterctabl'e'in the last 2'tb:'': ,,,':

:5 years.L With'th"e ,rost,rt-c:ti{);n"'on 'the ~vaila:t>:ili ty of '
,; "". -.': .' '. .' ".,'C' •• ". _" ,'"

surface waters~. tho +e~ui~€!m~nt lias to(be ~e,1i. from, the
groUlld.,water r6sourcq.~enpe" (incrdas~dcl,;'~ft fr,omground
water res'o1irC'e'scan be a,1lt;iu:1pated, though in the pre-

"." . :- \~.~ : f, '

sent case' the increase i1\1draft is marginal. The stage', .,,_.~..
of grou:rlcl wat~r deve+qpment in'~th~'>'district is lessthan-";
30%, so there, is stiii<~GPpe for 'ClevelopmE:;cpt•.As it
looksth~ problemi~"~~~ of water'mana~ementa:i:td efficient'

"". .... !. ,

utilisation of avai,l~ble,~es6urces t6'tide over the cri-
sis. However these drought managemen+.strategies ~ave
to/both'longterm and short term measures. The long term
be ' ;

••
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measu3:.C:saim at solving tL.oproblem permanently .•But some

LrequirEFld to tide over the immodiate problems., Lshort term measures are
'r 4.23 Long te~Drou_ght Management Strategies:

The usual suggested longterm strategy is to
change the c.2opping pattern and to raise the crops
which +,cqui:e less water lil-"~eBajna , Raga , Groundnuts

:' or some oth oc oil sceds which can ensure the purchasing
poY;rerof the farmers 'iithout .affectingtheir income
and which also adds to the agricultural production of
.tihe district and the state.

Presently rice is irrigated over an area of
50,,681hectares(gross) out of which th~!area irrigated
by tan~s and wells is about 28,841 hectares. If instead
of rice, other crops like groundnuts, Bajra or Ragi is
cul tivated much !V'ateJ.:can be saved. Use of drip and
sprinkler irrigation will also help reduce_-g.seo:f
waterr~pplied fo:':,irrigation. This should be ,tried.
Farmers can be g:,ven advane es onvcasy terms to purchase
the drip and sprtnkler irrigatio'11equipments.This will
be beneficial in the longrun.

,
X
t"

CuddapLh district holds good promise for crea-
tion of ground water sanctuaries because of the existance
of hills and narrow valleys. Recharge weirs, check
dams will add to the water 'conservation methods which

"._can be sucoessfully employed to increase recharge to
ground water reservoir. The limestone aquifers and to

'-.'somq extent the Cuddapah formations hold promise for
", future ground water develaf"Jlentwhich can be~xplored

sUCcessfully and development effected for <lrought mana-
gement •.

It is proposed to bring nearly 66,000 hectares
af land under the Telugu Ganga Project and Srisailam
Right Bank Canal Command covering parts of Jammalamadugu,
:nadvel, Sidhout and Prodd ..tur tuluks. It is bettAr ad-
vance planning is done for conjunct~ve use of surface
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and gr;und w4ter,inithe a1:'eD.so that in times of meteo-
rological drought, water shortages ~re not felt in these
taluks. The shallovlground wO.terproblems and water
logging conditj.:ons wll.lchniaY.Q.Q.IJl?up at a later stage
can be avoided. .

The quality of ground water by and large is
good and is D2.donly in. areas where local pollution is
there or where the shale aquf.f'er-s occur. In such areas.
where it is not possible to get potable water from sur-
face eou reea jl esal.Lnat Lon methods can be employed. In
areas, where high fluorides occur (FIU.orideconcentration
of more than 1.5 ppm) defluoridetion techniques maybe
adopted. either ..through a. centralised treatment and supplyor through small treatment kit.

As a permanent drought managementmeasure, the'DPAP projects and afforestatiO::l and social forestry pro-
grammescan be utilised'for grJwing:fuel for the rural
population in the barreJiandu..'lcul ti vable land which
is about 16.4%of.the district. The district };lasnearly
2.9% of culturable waste (44,8{2 hectares) whcih can be
used as a grazing land or for grqwi.ngfodder which can
meet the fodder:requirements o~ the· local cattle popu-
lation.

4.24 Short term Drought ManagementStrategies:

r
)

The moasures.discussec above, however takes
1?imeand meanwh~leit maybe nEcessary to adopt
dertain short term measures tocomoat the drought si-
~uatio:a so that people are n6tyut to hardship for
/w~nt .of water for their needs uzrt t.L the monsoon sets
i in.TlD.emost immediate measure into drill deep bore-
wells to tap ground water on a :J..argescale at favou-
rqJ.ble s.ites after. carrying the site investigations, ..
adopting latest investigation techniques to mini-
~isefailures • The·A'iater thus ta:;Jpedmaybe used
~irst to meet the dr:i:'~ing water, and domestic' needs
and after meeting the above two requircI!1€mts, can
b,e used to grow' fJJddO'rfor cattle~ and also for
~ocial forestry and..other .drought prone area pro-

./ grammes. The othor' measures Lf.kevcona'tructd.cn ro.f
./ percolation ponds, check dams w:i,llbe useful to

/ keep the rural population engaged.,·in gainfulempl.oy •..
f mont and eJ.s9 help in harvesting rain water for U"~;~~

lity and r.elp.toinducc infiltration and deep percola-
tion which"may' harp recharge grouhdwater:and thus
arresttemp<tJrar,ily the declining water levels.
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5• CHITTOORDISTRICT

5.1 Location and Extent: !

Chittoor district has a total geographical area
of 15, 13~ aqvkm, It is one of the chronically drought
affeoted areas of the state. It lies between N.Latitudes
13°13' and 14°05' and E..Longitudes 78005' and 80°08' and
hounded on the north by Ananbapur- district, on the w'est
by Ko:lar district of Kazna+aka, on the south by Chingleput
district of Tamil Naduand on the east by Nellore district~
Chittpor :;he district headquarters is well connected by
road and ra LL, The Nadras-Bombaybroad-gauge and Hyderabad-
-Tirupati metre-gauge railivay line ja ssee through the
district. Chittoor which is on Bangalore-Madras National
High'wayis the district headquarters. There are! only
two towns with a population of more than 50,000. The
district has a population 2,737,316 (1981). L 15 tia.Luke and
13 towns in the district but there are
Physiography and Drainage :" .

I,

5.2
The district is characterised by undaiating topo-

graphy: formed by scattered hill ranges and narrow river
valley:s and plains. The general elevation of the ground
varies from 150 m to 300 mabove m.s.l. The highest peak
reaches an elevation of 1313 mabove 'm.s.l is in the I
Horsley hill range near Madanapalle. . The Tirumala hills
attain an altitude of ~093 mabove m.s.l. Almost all the
hills ~re thickly forestec.. Several ephemeral rivers and
streams drain the district. The important ones are
SwarnaD\lukhi,Bahuda, Pincha,. Ponnai, Kalangi, Nagari,
Arani"Palar and their tributaries. The ,river Swarnamukhi
origin~t .)S in the valley between Pakala and Pana.pakam hill
rangeaand has a northeasterly course up to Kalahasti.
Kalyani, river is one of the important tributaries of Swarna-
mukhi river. PaLar is another important river vThich
originates in Kolar district of Karnataka and dra.:i.nsthe
distric~ before jo:Lning the Bay of Bengal in Tamil Nadu.
Almost 4l1l these rivers and streams are seasonal a:p.dflow
only in\response to monsoonrainfall. As such they do not
have mu¢hof irrigational potential for development or
utilisation. { .

5.3 H:Ydromeieorology:

~he climate of the district in general is healthy.
The mean,maximumtemperature is around 380C and the minimum
around 1~oC. Madanapalle taluk is'comparativelycooler
than KalFlhast~ and Satyavedu taluks. The average. annual
rainfall of the district is 830 mm. Thoughthe district
enjoys rainfall from both the monsoons, the contribution
of preCipitation varies from place to place. In general,
the contribution of northeast monsoon is muchless than
southwest 'monsoonLn the taluks of Madanapalle and Vayal-
pad. Contribution from NEmonsoonis maximumin Kalahasti,
Satyavedu, Puttur, Chandragiri and Chittoor taluks. The
contribution of both the monsoonsare almost equal in the
taluks of PaL~ner, Punganur and Kuppam.

••.68.
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Fig.•2 depicts the normal annual rainfall

isohyetal map of the district. A look at the map shows
that the rainfall decreases from east to west from over
1000·rom to less than 650 mm. The 'peripheral influence
of cyclonic storms that originate in the Bay of Bengal
is responsible for more rainfall in the eastern parts.
Fig.12 presents the 5 year and 10 year running means
or moving averages using the data of 1901-1985 for the
Chittoorstation. Fromthe Fig.12, it is evident that
the curves are sinusoidal in nature and there is a
negligeable change in the trend of the rainfall over
the years. The heaviest rainfall of 1683 mmoccurred
during the year 1903 wnereas the lowest rainfall of
259mmwas received during the year 1957. However,
'dryl and Iwet' spells can be broadly deciphered from
the Figure.,..12, while the period from 1901 to.1920,
1928-50 and from 1972 to 1981 can be grouped as Iwet'
or years of above normal rain:fall,the periods from
1921 to 1928, 1951 to 1971 can be said as 'dry' or
below normal rainfall years. During the last decade,
normal rainfall was received in 5 years, excess rain-
fall in. 2 years and deficit rainfall in 3 years • ,The
trend indicates that the forthcoming years maybe below
normal. The 5 year mOvingaverage shows that during
the next 5 years, the probability of receiVing below
normal and normal raLLiall is more than recei ying excess
rainfall. The 10 year m0ving average also indicates
that during the coming decade, normal and deficit
reinfall may occur more.frequently while excess rain-
fall may occur in about 2 years.

The percentage frequemf~Jof occurrence of
normal, exceSs and deficit rainfall in 5 continuous
years during the period 1901-85 is given be Lows

No.of. years with
1. . normal rainfall :3 2 2 :3 :3 4 4 5 2 2 1 1

No.Of'years with
0excess rainfall 1 1 2 0 2 ° 1 ·.0, 0 3 2' ',', :;

No.of years with
deficit rainfall 1 '2 . 1 2 0 1 0 0 :; ° 2 4 1

Percentage frequency 18 13 13 9 9 8 6 5 4 4 4 4 :;

. The above analysis indicates that there is a
nigh probability of occurrence of normal rainfall in
~ or 3 years, excess rainfall in 1 year and deficit
rainfall in 1 o~ 2 year ;jma period of 5 continuous
years.

If the rainfall received during the 1981-85
period is examined it is seen that normal rainfall
occurred in 3 years and 'deficit rainfall in·2 years •
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From this analysis it can be inferieed that during the
next 5 year period (1986-90) the probable frequency of
occurrence of normal, .excaae and deficit rainfall may
be anyrene of the follovTing~

~~- ----...-_........",
No.of years uith normal rainfall 3
No.oi' years w:Lth excess rainfall 1
No.of years l.'j_thdeficit rainfall 1

2 2
2 1
1 2

'_'"""~ -Years Antigpated
1.9_e:6 BID E/D
1§87 DIE DIE
1988 N DIE

-:t- 1989 N N
1990 N N

----------------Rainfall
.B/D
DIE
EID

N

N

,From thee above it is clear that there isa
highproba.bil~ty of occurrence of normal rainfall in'
2 yea.rs, excess or deficit rainf'a+l in 1 year each and
normal, or excess in 1 year. In all probability normal
rainfall may be rece:'.J"edduring 1989 and 1990.
5.4 .§.Qils:

The major'types of.s.oils that are seen in the
district are the red loamy sands, red sandy loams, red
clayey Loamaand black soils., The red soils occupy
about 95 percent of tbe cultivable land of the district
and are f'ound in almost all the +a.Luke of the district.
Red soils are seen mostlyin'the areas underlain by
granites and gneisses. Tbesesoils are good for growing
the rainfed crops like groundnuts and millets and for
cultivation of irrigated crops if irrigational facili-
ties are available. ThQblack$oils, also known as the
black cotton sails are mostly clays and clayey loarns.
These sod.La are ofver'iT limited occurrence in the
distriot. They occur in Kuppam, Chandragiri, Punganur
and Madanapalle taluks. These soils are suitable for
,cotton i and millets and wherever seen in valleys and
tank ayacuts are good for paddy cultivation.

There are saline and alkaline patches seen
at p1a.ces in areas underlain by red soils especially
in top<i>graphiclows and plainco1lllt ry near tanks and
streams pexhapa 'due to high evaporation and saline
encrustations. !:Iowever,such saline soils are very
limited in extent.
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5.5 Agriculture and Irrigation:

Out of the total geographi.cc.larea of 15)39100 .
hectares of the district nearly 4,62,164 hectares or 30.5
percent of the total area is the net area sown and the
total cropped area is 5,20,602 hectares (34.4 percent
of the total geographical area). The net area under
irrigation is 1,40,068 hectares and the gross are~
irrigated is 1,90,240 hectares. This is nearly 36.5
percent of the total cropped area of the district.
There are not many irrigation projects in the district
since no major perennial river drains the district.
However, the scheme of optimum utilisation of surplus
waters of Krishna and Pennar rivers under the Telugu
Ganga Project is expected to bring maximum irrigation
benefit to the district by irrigating 18,400 hectares
of land. There are several minor irrigation projects
on the rivers Swarnamukhi and Kalangi. The one.s which
can be mentioned are the Swarnamukhi project, .::tille,
]Jlallimaduguproject, Kalangi project, Bugga Al1icut,
Araniar project and Bahuda project. All put together,
they irrigate an area of 4920 hectares (Gross). Hence,
the only source of irrigation are the tanks and wells. .
There .are 7536 tanks in the district altogether irriga-
tinganarea of 54,491 hectares. There are 1,19,418
dug wells in the district used for irrigation and out
of this nearly 83,195 wells are energised, fitted with
el,ectric or diesel pump sets. The gross area irrigated
by wells is 1,14,876 hectares (1984-85). Thus out of
the area of 1,90,240 he9tares, nearly 60 percent is
irrigated by wells. The main crops, grown during
kharif and rabi seasons both under canals ,tanks and
wells is rice, sUgarcane and groundnuts. Out of this
an area of 1,00,456 hectares is und.er rice and 21,528
hectares under sugarcane and 36,466 hectares under
groundnuts.Rest of the area is under bajra, ragi,cotton and millets.
5.6 Industries and Minipp;:

Not many industries' exist in the district •
There are cotton spinning and weaving industries at
Tirupati and Madanapal::e. A coopera t:i:vesugar mill
exist at Savatapalle in Chittoor talu.k~. ~JIppedsIndia
Limited has a factory near Tirupati for the manufacture
of mopeds known as 'Suvega'. Several small scale
.industries exist but most of them are ag robaaed , They
are mainly located a:t Chittoor, Kalahasti, Madanapalle,
Voyalpad, Putturu, and K\l.ppL.m.Private' industrial
estates exist at Chittoor and Tirupati, Cottage
industries likE) handloom weaving exist at Putturu,
Srikalahasti, Chittoor, Bangarupalem, Voyalpad and
Punganur , Bricks. kiln and related works is another
cottage industry in the district. There is scope for
future forest based industries and fruit based
industries as there are several fruit gardens and
orchards existing in the district.

"'A
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Mining is not an important activity in the

district eventhough several knownoccurrences of gold,
iron ore and steatite are there. Gold is knownto
occur at Bisanattam and rJIallappaKondaareas which are
considered to be extensions of the Kolat'GoldFields of
Karnataka'; Recently exploratory mining haspeell taken
up by the Bharat Gold Mines Limited in the Chigaragunta
area of Kuppamtaluk. If it proves successful, then
it will becomeanother major source of emp:loyment.
Steatite is mined locally near Chittoor andIron Ore
is reported to occur in Srikalahasti taluk. It is
reported to be of poor grade and is not mined. The
several outcrops of granites and gneisses, quartzites
are mined locally for building material.

5.7 Geology:

Chittoor district is Underlain by a variety
of geological formations from the Archaeans to the
Recent alluvium. The geological succession as seen in
the district is given below:

Recent to SUDRecent SOils, Alluvium"
talus, Laterite

--------------Unconformity-------------_
Upper Gondwanas Kota.Stage. Satyavedu sandstone

and shales, Conglo- "."
merates

----------- ...-Unconformity----------.-: •.••_
Upper Precambrian tOICUdd.·a.pah INalla-I.Nagari Quartzites
LowerPalaeozoic Super malai

Group Group
__'------------ ...Unconformi ty --------- ...---

Archaean to Lower
Pr-e-Camb rf.an

Dharwar superl
Group

. I

Dolerite dykes,
pegI$.tites and
quart z veins
Schists, Amphibolites

Peninsular
gneisses

i Gneisses and Granites

5.8 Hydrbgeology:

Chittoor district is, mostly underlain by
peninsulitr gneisses and gran;' tes with pockets of
Dharwar schists, Nagari, quartzites, Upper Gondwana
sandstones, talus and river alluvium. Dolerite dykes
occur at places traversing the gneisses and granites.
The hydrogeological conditions seen in each forma:tion
is discussed in brief, in the following paragraphs:
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5D 9 Greund.vlater in Crystalline Recks:

f4ere than 75 percent of the district is undE3r-
lain by granites and gneisses with peckets of Dharwarian
schists. Greundwatereccurs Ln the fermatien under
water table and semi-cenfined cenditiens in the weathe-
red ,fractured andj einted -rocks and is developed by
dug wells and berewells. The mhickness ef weathered zene
varies from less than a metre to. 15-m •• The j eint sand
fractures as evidenced fremberewells drilled in the
area are found to. extend downtea depth of 50 mbgl.
The depth of open wells, generally varj: between 3 and
28.5 mbgl and the depth to. water in them varies from
1 •60 t~- 27m bgl. -3The yields cf open wells vary from
24.5 m /d to. 360 mid. ,The yields of' berewells vary~~
in depth from 13 to. 71.5 m range between 1.3 to 50 m Ih
fer drawdewnsvarying from 2.82 te12 IIi.

5.10 GroundWater in Quddapah>Fermatiens:
. . ,!

The Nagariqua~zites efCuddapah age with
intercalati-ons of shales occur in the northern parts
of the district. These quartzites are hard andcempact
and net very important from the ground water peint of
view as they Occur to a limited extent and occupy hill
ranges. - water levels are fairly deep•. The depth of
wells generally range between 7 and, 9 mbgl and depth
to water level varies from 3.00 to 8.60 mbgl. The
yields ef the wells are fairly good whenever they tap
j ei5s and bedding -planes and are reperted to. be ar-ound
40 mid. -' ,

5.11 GreundWater in Upper Gendwanas:

The Satyavedu cenglemerates and sandstenes of
Upper Gendwanafermatiens are found in the east-nerth-
eastern pertion of the district in Satyavedu taluk .•
The depth etwells in these fermations range between
3 and 10.9m bgland.depth to. water'leve,l in them nermally
varies from 2.9 to. 9~8 ni bgl. The yields ef wells in
thesefermatiens range hetween 9 and 90 m3/d• Laterites
are found capping the Satyavedu cenglemerates and are
generally limited in ex'tent. The depth ef the wells
in laterite generally range between 5 and 10 mbgl and
the depth -to. water in them varies frem 3.25 to. 5.50 mbgl.
The~ields of wells in these fermations vary from 9 to.
22 mid.

5.12 GroundWater in Al'luvium::

Alluvium eccurs toa limited ,extent aleng
the majer stream ceurses. However, thisfermation is
impertant locally and yields sufficient quantities
whenever it is extensive and thick. The thickness of
the alluvium ranges from 2 to. 14 m. Greund water eccurs
in this fermatien under unconfined and semi-cenfined
condd. tiens.' The wells tapping alluvium range' in dep.th

•••73



: 73 :
from 5.5 to 14.1 IJ bgl 1'Tithdepth to vro.ter in them
generally varying from 4.6 toB.1 mbgl. ;he yields .
from these wells range from 04.2 to 62.1 m /h. with
drawdomls ranging from 1.0 to"~;m and are able to
irrigate '2 to 8 hectares. B6~:ewells dril+~d in the
a l.Luvf.um ia.r-o reported toyield~,upto 1600m /«: T~e
average ~ield of the filter point is around 500 mid.
Figure 1) depicts the general depth to water in the
district for May, 1986.

5.13 status of the Studios:

Arl<arca of 12, ,>'
systematic hydrogeol
reappraisal hydroge
Thus almost 80 .
by the hydroge

sq~klnhas, 90c!), 'coveredby
s~eys ~nd5;t0'qsq.km by
Sl:1rVeY13>irl:-~h.e-·'d.:i.strict.

'1. the~d±&t.riothas'b~en covered
' -',,'f .0',- <! •• '-, ,. - ,-. _:','.' ,", • .'"l"

.> ! ,

5.14 Ground Water Level Monitoring:

Monitoring ofwat~r leve#-,s in the distric:fi
was introduced in 1969 th~ough a network of two hy4ro-
graph network stations. As this was felt to inadequate
in couraeof time the number was increased subsequently
to have bl&ttercqntrolover space and time. Presently
there are 29'hydrograph network stations in the district
which are ri!.Qp.itor.ed'~'5times a year (4 times a yea-r:from
1985). The-mOnitoring ha·s indic.a;ted !t'pat ground water
level fl~ctuatiOAS occur in response: to changes in .the
saturated zonew:hich:~in effect is duei~o recharge~rom :::
rainfall,: irrigation~ and draft frOm'wel1.s, baae flOws, i~r
etc. Usually.water le¥~l:.sstart ris.ingwith the onset, i',~,
of monsoonand ro?-ch p,eak ;in: :Pa9,ember-Ja.nuai"y;~nd ...,- ~
thereafte'r start declinirigtiitJ;~31 Junf.l!_~Eiaverage OJ'
annuaj, fluctuations vary ,fromO.5·-to' I.ani but the ._<: ~ .. !

general range is betwee:n(j.2 and 3.5 ra, From the last •
2 to 3 yea.rs a pontinuousdeclineinthe water l.evel.s ~
is seen 1.n the southern 'p~rt Of the district. The ~
declin,evaries from 7.18 mat DamaLachez-uvuto 0.1 m ~._
at Pile.:i-uJ This. decline in water levels js attributable Q) .

more to the failure, of .monaoon,than to increase in if
draft. -Lwrereas_ -aomeparts show ~;i.sl3·il1:water . . Q)

-leve..,..suvaliyipgfrom 1.14 ill. ~t .Na-garito '.0'

5.15 ~ound water Exploratiori: o.ro mat Puttur.Thisrise/
and.fall have been..seen __I J

Groundwater exploration was carried'out in .
the Poini Ri vel' Basin,a,f;.ril>:utary of Palar, during, .
1973-76 covering an arear·;of',2500 sq.km' falling in parts
of' Chittoor taJ.pk. Explo~t6ry dril1i~ ,wa.scarrie~
out at 20si tea ':ranging in'depth from 42~Bto11.5 m
bgl •. The>area explbredis:underlainby granites,
gneisses and traversed bY,(10leriVe, dy¥:es. .Theexplo-
ration rerealed, tliee~i~t.E;lp.c~,Ofprodu(}tiye fractures .
down to a depth of 60 @. .~heyi&lds .ofthesehoreholes
rangedb el;weeniS8'anq., ~57++'Dl ~o~,{1f"':'downs·vary;i.nt~i'
from 9.41 to 25.75m.cThe t~nsm:t.~::H~;t.vJ.Fy'Values0'2 .' .
the hardrockaquifer~ ~arie(t f~om;1,,,39to 82'O.,2_IPId.
and the stiorage coeffJ.pJ.entvarJ.ed from .1.5x'1 0 t.o.

',}
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4.8 x 1iO-3.Tll~ explorat=i:on ~", revealed that produc-
ti(mw.eJ..ls.,c~n, be ,d~illeClr afte-i" adopting proper well
siting methods and ,theSal!le"otW be used tobr1ng addi-
tional m'eas~derirrigation or to meet th~riri.king
water requirements under rural w.ater supply •.

5.~6 Chemical Qu.ality of Ground'Water:

'Groundwater in crystalline rocks is generally
good except in local pockets where the quality of water
has deteriorated because of local population. ~he pH
varies from 7.9 to 8.6; Chlorides vary from 26 . to' 1I4:fppn
with E.C" values varying froD 210 to 7530 micromhos!cm
at 25°0. Though the fluoride concentration is within
the pernd,.ssible limits of 11.5ppmin cost parts of ,the
district~ there are pockets in Kuppamtaluk where the
t'].uoride concentration in ground water exceeds 1.5 ppm
and reaches maximumbf 3.7 ppm. The quality of ground
water inSatyaveduconglomerates is gener'lily good with
pH varying from 5.70 to 7.5 and slightly acidic to
alkaline. The total hardness ranges from 10 to 343 ppm.
The E.,O. ~aluesV'ary .from·70 to 140,0 micromhos/cm at
25°9.\ .Gi'o~~ water~1;l laterites is, report,ed:"tQ"b-eof
good "qUlllitY~,Theq,uali ty of wa:-erina].lll~um\'·is' ..'
een~r~11.''l",/g, 0o.C\.'J?H'.V. aX'.i~~.from 5~7" to 7.5' an....·'.'dl,t,he.' ,.,.:.\chlorJ..de')vari~!3:froD 20 to 200 ppm, total. hardiiessa.s \
caco,:{,j1iari'(js,,':er. o,:,m14(),1;o",.".3.6.0ppma.p.d,specif. 1e0,:,.conduct.a.nc.e
varias;fi'om ~3+,td 19~Q m;i;cromhos/cmat2'5~O. \, \

;'-'\'\{'"

5. t 7 ",GrdundWaterResources'and Development.Prosp acts:
" - '-. " .

G:round:water,:t~,a.n(important source o.firri-
g9.tionand drinking"W"ate:rrequirement of the district
since noma jor perennialr1 ver or s.tream drains the ,
district. AI].. thestre~ms are ephemeral and aeaaonal.," ,"
Hence there i~ no aoope for largescale irriga.ti9n f8.01-
litiesfroli,lsurface water. However, under the Telugu' i

Ganga Project , an area of 18,400 hectaresLexpected Lis'\
to be irrigated in Chittoor district. Nearly 60.0 per .
cent of'the.area in the district. is irrigated from
ground water sources •.Rest of the area is irrigated by
tanks and canals.

;-' ','.

,lis the agricultural operations andthedeve-
lopment'of "the district depend upon the availability
of the groun" water resource is necessary to have a
reliablees.t~m.ation of the ground.;/tmter resource for
proper planning and development. The earliest estima-
tion of the ground water resource. was attempted in 1977.
Since thief wa,a a prelimina.ry estimatio:nbased k on
scanti da.ta, it was felt to reVise the estimations
based on more·reliable scientific data. The latest '
Zslightlyacidic to alkaline .~'he. total hardness ranges from
10.0 to 34.30 ppm. TheE.C .. values varies from 70 to t40Q·m
mlros/cmat ~O~C. Ground.water in laterite is reported .to
be of good q~ality. The quality of water in alkaline in
generally good.pH varies from 6.7 to 8.6 and

'''', .
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revised estiD.ations of the ground water potential'
bas ed on current dat'l are {~iven.in Table;,;;.5~The total
utilisable potential of the district is 11533:8 MOM
and the present assessed ground water draft, is
614.1 MCl\L This utilisable resource is developed
mainly by dug wells, dug CUD borewells and to sone
extent borewells and filter points.

As Q consequence of greo-ter steps on the
ground water.utiliso.tion for crop production there
has been increase in the number of wells in recent
years. There were only 99,940 irrigation wells in'
1976-77. This wns gone upto 110418 in 1984-85. Of
these Chittoor, Bcngarup al.em, Palmner, Punganur ,
Chandragiri, and Puttur have more number o::fwells
compared to .thtf qther taluks. The ground water drafts
are also high in .these:ta1uks: However" as, per
estimations Chittoor'tn.luk has themaximurrl draft while
the minimum is in Srlkalahasti taluk. The ground
water draft in the district has also recorded a rise
in recent years. But it is almost steady from the
l~st 3 to 4 years. If we examine the rainfall data
also, there h~s been below normal rainfall for the
l~st two years which is also responsible for the
declining trends' seen inw ater levels in acne of the
taluks. If the developnent and the stage of ground
water development aspects are examined, then as per
estimations, the entire district has a 40% stage of
development. If talukwise development aspects are
examined, then Bangarupalem and Chittoor taluks have
reached the 80% stage of ground water development.
The development in Palmaner and Nagari taluks has
crossed 60% of. the:utilisaple resources. In the
oth.er taluks; the deveiopment is less than 50%. From
this it is iDperative~- tliat the development has
.reached critical stage in BangaruPalem and Chittoor
taluks and as a result of below nornal recharge during
the last two years, they will reach the over deve-«
lopadntstage which woUibdmean that the development
has to be severely curtailed in future in these two
tnluks. In case of Palrmer and Nagari tnluks, though
there is more scope for development, critical stage
will be reached soon. Hence the development in these
two taluks has to be wa•.ched in the cooing years. In
case of other talults, there is scope for developnent.
However, if the rains fail successively, then the
developnent has to be suapended temporarily and all
advances suspended till the situation improves •
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5.18 Rural and Urban Water Supplies flf1rdrinking

W'lter ·md' for Industries:

, The district has a tDm.ft population of
27•47 lakhs, out of which 22. 85 lakhs live in villages
and the remaining 4.62 lakhslive in the urban areas
(1981 Census). The Panch.ayat Raj Depar-traerrtand the
Publ:;i.cHealth Engineering Departments of Governraent
of Andnr-aPradesh have drilled 11103 borewellsan.d
executed 251.punping and mini punping water supply
schewes to neet therequireznents of the :j?opulatj,on.
Over' and above these public water supply facilities
private dug wells also exist in most of the villages
and towns which also neet the requirement spartly.
As per the norms in existence the average per capita
requirements of water has. peen estimated as 90 litres
per day for urban. and 70 Ipdfor rural population
including the livestock demand, the total water re-,
quirement is 73.60 MOMper year, where tlS the projected
d.emandfor drinking water a.nd industri~l:needs- is
270.7 MOM out_:~bf·theestimated g:t"o~§~;~'~:d1iargeof
1804.5 MOM.Hence there is available enough ground
watar to meet th,e demand. Thispictu.r:e m'ay'slightly
change duringthc drought yE;larswhen the- recharge" '
to ground water will be on thel.owerside,fnuch be:t.ow
the projection, as a result of which the'shallO",well.s
go dry. In such .an ever!;there Ls.no other: alternative
excapf togo in for, drilling additional. wellS which
are deeper than' the existing ones and deepen th e,
shallow dugwells. '

5. t 9 GroundWater ,Development with reference to rainfall
arid 'water levels:

The district has recorded good progress in
developing,the.ground water resources. This is evident
from the number of wells existing in the district.
However in recent years declining trends have been
seen in the water levels in some parts cf the district
notably.inChi ttoor, Bangarupa.lem, Punganur , Molaka1a-
chemrva , Tltrupathi and Ohandragiri taluks. ,The
deciline in levels vary from 7.18at Domalacheruvu to
0.1,,'m at Pileru (Fig. 14),• The other.natab,le declines
are at Tirupath¥>.89)", Ohittoor (2.0 m), Bangarupalem
(t.,3 m}, P,u,ta"1apa,ttu (3.2 m}, Nen,d,ragunta,(3m),
PenumuruJ?6 m}, Psradasami (5.,.5 m). This decline .
haa been,6bserved.,between.Nov. 83 and NoV'.86. There
ha:s,'been s,,':o,J,n,e~is,es"noted ',dur,ine this periOd,',aJ.so the'
notables beirigat Nagari (1.11 n) , Palamner (0.60 m)
andMa.danap._~lle(0.33 m) Fig. ~4 D; and B. If the water
le\fel decline with reference to ground water draft
and rainfall is, examined the;''''e'does not· seem ~o be. ",.,.
any appreciable increase· in ground,water>draftilj-ttll.'
these taluks, over the years. If we examine the rain~
fa:p. received during the last 2 to 3 years, there
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b.aa/b·~enbelow nOrIllalrsin:fal'i"for, the lost three
years (11 984-85}and 1986wn:i.94is'responsible for
the decline in ,water levels's~en over most p.'lrts of
the district;. This .haa beenre:sponsi blefor reduced
:r~charseduringthe la~tcouple of years resultiDg
-if{soarce,:,conditions which perhaps for the '
incr~ase , 'irJ, ,draft by way of more,withdrn.w.alstLnd,
Le s serare~f$ ;'irrigated • This is evident ,fromt-he
reduction in the gross irrigated area froll 202248
hectares :iI1.81-82 to 190240 hectares in 1i9;84-85.
H0wever,tb.e,position may improve, if normal-raih":'
fall occurf3, but as per the hydrooeteorological
analysis carried out earlier, there Ls a possibility
of~elow normal rainfall occurring towards the en:d.
of .thedecade, which means that theerlsting condf,«
tionswillcontinue, more or less;n~cessitating some
drought"managementpractices 9 anda.l.so;,ch!3.11gesin
o"l'oppingpattern..)
:~ ,

5.20 GroundWater Man~gementPra.otices'and Drought
ManagementStrategies:- ' ", ' .'

Ohittoor, district is a dr·ought prone area
though t~e problem is' not that acute as compared to
AnantapurorKurnool district. It has a well developed
grouna watererlractionsystemthrough wells and alSo
surfQ.ce water storage tanks which ore more tho;n,.
7500 innUIllber withdif:ferent ayacut areas. The surface
water irrigation pro jects are aJ.oost nil anda.'s aueh
the irrigational potential of the district is solely
dud to minor irrigation only. The,present gross ,area
i:rriga.ted is 1,90,240 hecta.res~, out of which 1i,14,876
hectares are !rri go.ted through wells • Thus, nearby
60%of irrigated area in the district is under wells •
The£ai1llre of the monsoonespec:i.ally from the last
thre'e yearsh,as. serioUSly affected .•the-agricultural.
practices. This is evident from the faIl in the total. '
gross irrigated area from 2;02248 hect~es (81l-8~), '
to' 1.90,240 hectares in 1984-85. This calls for certain
drought ma,nagementmeasures both long term ,and short
term. " , , '

5 .21 LongtermDrought Management,Sltrategies~, ".

'Generally some of the long term'measureswillb~
to change·the existing.1ropping patterns,' conjunotiv.euse
of surface and'groundwater resources wherever feas1bl.e
even in tank ayacut areas 'andJgo in,for afforestation
and adopt certain ,water harvesting techniques. out of
the total Asros.sarea irrigated the area mder rice cUl.-
tivationis_cq~te, hi~~ both ,under -khariif andrabi '
sensons ,tVlq\'·both 'under well and tank irrigation. !rhe
totalirrigated-a.rea'is 1;,90,240 heotares( 1:984-85)
out of wh1chj;he 'area under rice cultivation is
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1,00,456 hectares. The area under suga-r cane is
21,528 hectares. The other crops like ragi, bajra,
millets'etcarecUltivrited in small areas. Groundnut
is6'ultiV'nted over\an area of 36~466 hectares. Thus
a majoraI'eaf'irI'ig~ted' is under rice and sugarcane.
Thes(3crops are':Wn.terconsuming and their consumptive
use is 'high. !ts' such their water requirement is also
high~ A :oaj6r Savil'lg can be effected if this trend
1s cbanged, Even if the 'fdrmers are allowed to grow
rice· during khariffseason, as 'they would like to
grow paddy for their consumption, it is better they
are $.dvisedtogrow other crop like groundnut or
some'other oil seed during rabiseason. ' Nearly 68,024
hectares is under paddy during Rabi season. This will
i tsel.f save substantial quantity 0 f water if paddy ,
cu'l,t:itvat:ion is given up at least for the second cncp,
Even ,additional areas can. be brought under irrigation.
With the :receipt of below riermalrainfaJ.l in the,last
2 to<, 'ye4rs,ltbere has been lesser rechArge altd
declitiing'trerid1t1 water levels seen in somearess.
Except in']3a.n.garupalenand Chittoor t aJ.uks,the~outld
wate:r\dev'elopmenthas not rea.ched critical stage"in
any~.ther taluk~ ,~eclmtllhtlg,water levels seen cari'be
considered aa solely duato below normal rainfall
receijVed in the distriot and not due to increasing
ground water draft except in Bangarupalem:and Ch1,ttoor
where:the existing draft has almost, renchee 90%stq.ge,

'-.of development.4s such, there has tabe restriction,
in these two taluks'on ground water devel,opment.
In other taluks,there is scopefordevelopment,but
this haste be watched in future so that the dev'elop-
meht maynot reach a .overdeveloped.stn.ge.

In a si tuat'i.on arising out of belownorrna.l
rainfall, successively for more than two years, it is
neces~ary that a cropping pattern as suggested above'
may b~ taken up So that substantial saving in ~ter
use can be effected. Efficient and effective utili-
sation of water for irrigation like1he drip and
sprinkler methods can be brought in to use to save
water,; EO tba,t failure of dug-wells (especially drin-
king wiater wells) can be reduced indirectly arresting
declining trendsJ Other water harvesting techniques
like, ,percolation tanks, recharge wiers etc maybe
oonst~ucted wherever feaSible after spot investigations
in areas where there i~ soope for development as per
estimations and where potential is still aVailable
for ut1lisation, ground water development techniques
and methods maybe adopted for successful well Siting,
and in, such areas, priority maybe given for drink-
ing wnter .emrs~s~s in a drought situation the fore-
most p~oblemwill be to find a suitable drinking
water source. As a supplementary measure, afforesta-
tion coupled with DPAP programmesmaybe taken up to
develop forests and also meet the fuel requirements
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of the rural popUla,tion, as the district does not
support anYloajor ,.,in4us;try, me;eting thewat~rr~.quire-
ments fa:rr. the;-.indud:t;ries: does ncbrpcae a problel!l~ Tm: i

district has a cul,tiyable··waste .6f52 ,978 l1.ecta.res"or
3. 5 per c~nto.f- the: tot a1_geographf.oa'L ar-ea, This. can.
be developeda.s a perno.n.-ent'grazing Land ,or far growing
fodder ~or thecattlr, which can he utilised intime _
kf need.,

5.22 Short term :droHeihtmanagement strategies:

Ho,wevermeasures discussed above will take -
some time, perhaps years to yield results • Meanwhile
it may.be neoeasary to adopt certain immediate mea-
sures to ,!!leetthe drought situation on warfooting.
These measures can .be termed as short, term measures
and inclUde ,dr$lling of borewells wherever feas1.bJ.e
basedonproper,s:ftteselectionusing sophisticated
investigation tec@:$.q~es. Suoh borewells wherever
feasible maybe usednotonJ.y for drinking purposes
but aLSOfor growing fodder for-the cattle. Recharge
wiers, .damsandI'eX'coJ.~tionpondscan be constructed
on a large sca.les9ithat, they-can be used for
colleotingrl3.1Il :water.o in caseof--summ,~r shOW"ers.
The water -thus ,qolleoted will not only be usecfu1
to meet the) immediate needs, buta.1s 0/as recharge Laat
ponds• Bven'construction of contour Dun.ds·. in
an undu':Lat1n>g:i'errainwill help ~et1llin moisture for
a long time and help grow fOdder in wastE lands ,
whenever sharp showers acaur • This ...intlU'n will help.
meeting i the imDlediate fodder requirements for cattle.
Theeaare. some of the measures which can be thought
of to meet the crisis.
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6• I~lAH1W3U:SNAGARDr STRr CT

6.1 Location and Extent:

Mahabubnagaz- dis trict is the fourth largest .... , 2
district of Andhra Pradesh with a total area of 118,472kIn
and accounts for 6.75r;& of the total area of the State., The
district has 15: 9 villages and 11 towns and licsbetw'ee,n
north latitudes 1.5°551 and 17°21' and east longitudes
77°15' and 79°t 5' and is bounded on the north by Ranga;
Reddy and Nalgonda district, on the east by Nalgonda
and iGuntur district-s and .to the south b;yKrishna and
Tun.'tabhadra rivers' and to the west by Raichur and Gulbarga
dis~ricts ofKarn~taka state. The district is well se~ved
by rioada and railways. The national highway No.7 and the
Seclmderabad-Guntakalmetregauges section of the 8,.C.
Rai4ways passes through the district. Mahaboobnagar, the
dis~rict headquarters is abollt 106 kInfrom the state
capi;tal. The district is divided into 12 taluks for
adm:i,nistrative.purposesand as per the t981 Census
has fa population of 1,590,686. Of the1!1 towns and
147dLvillages in· the district, only MahaboobnagarLenhabited
has a population of mOrethan 50,000. Its populat~on
as per 1981 Census· is '87,400• .

'. ';~

6.2 ,Physiogra12h.y:andDrainage:

Mahabubnagar district is physiogr~phicallyconti-
guous to the Mysore plateau and is characterised by ero-
Sional topqgraphY. The general slope is from north to
soutih and the elevation varies from 6110m above MSLnear
Shac1nagarto above 350 m above MSLtowards Achampet,
Gadwal and Wanaparthy. There are hill ranges extendiI¥?;
frOID;north to southAn AChampettaltik conSisting of flat
toppied hills. The northern part 6fMakhtal taluk is
rug~ed and is occupied by prominent hills. There are
sevefral mountain peaks.in the district with aJ.titudes
ranging from 600 m to 770 m above MSL.

The district is covered by 'eight major watersheds
Magnur vaghu, Upper Krishna,' Dindi, Musi,Tungabhadra,
Okachettuvagu, Kagna and LowerKr-Lshna, Of these only
Krispn.a and Tungabhadra rivers are important which are
perennial and which fl,w thrOUgh the district. The Krishna,
one of the biggest interstaterlvers of the country,
enters the district in Mukhtaltaluk traverses through
thetaluksof'Gadwal~ Jttmakur, ltTanaparthy, Alampur and
Achampet. The Tungabhadra river flows through the taluks
of Gadwal and Alampu.r.River Dindi a tributary of Krishna,
rises in Jadcherlataluk and joins Krishna about 29 km.
east of Cha:ndragiri.
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6.3 Hydrometeorology:

'Mahabubnagar distriCt, though drained by one of
the major rivers of the south viz the Krishna, experienc'es
frequently drought conditions due to vagaries of th~ mon-
soons. The district also experiences hot summers and cold
winters. The'ma.ximumtemperature recorded is 45°0 in:summer
and the lowest temperature recorded is 11. 70C in" February.
The normal annual rainfall of the district is 720mm,with
44 rainy days. The main rainfall season is the southwest
monsoon season, July and August are the months with maximum
rainfall. ,Theisohyetal map of annual normals of the
district is presented in Fig.2. It is evident from this
figures that the rainfall decreases from north to south
from 775 mmto 600 rom. To study the trend of rainfall
over the district the rainfall received at Mahabubnagar
station from 1. 901. tot 985 has been plotted along with the
5. year and 10 year rl.ltming means and given in fig.li5.
It is clear from the ~igure that there is a rising trend
in the trend of the rainfall over the years. During the
last decade normal rainfall,1'Tas recorded in 6 years,
excess rainfall in 3 years and deficit rainfall in 1 year.
From the fig.tO the 'wet'and fdryl periods can be distin-
gu.ishedandiwh:en the rainfall was above normal or below
normal. 1fuile periods from 1914 to li7" 1i932 to 38, 1i94'5
to 1: 965 and from 1975 to 8,3 can be said as wet perioas~
or years of above normal rainfall the periods from t9,.U4.
to 1914,. 1'917 to 1;932, 1938 to 1948 andirom 1965 'toJ7,'
canbe,teI'm~edas below normal or dry periodS. Fr9m the'! '
examination of the rainfall data' of the last 75:years,
it is seen. that the highest rainfall of 1397 mtJfhaSbeen
received during the year 191i6 whereas the lowest rainfall
of 400 mmhas been received in the year 1918. '", -

Although, 'the long term trend of rainfall shows
a rising trend:, when the data is analysed forpheperiod
1;901-85, there is a decline in the trend' over the last
decade (1975-85) and shows declining trend in the coming
years.

.,:
'" ,

The''Percentage frequency of occurrence of
normal, excess and deficit rainfall in 5 continuous
years during the perind 19011-85has been workeaLand lout
is given below: -

----------------~------------------------~------------~------No.of years with
normal rainfall 4 3 3 5 4 3 22 1 2 2 1 2 1
No.of years with
excess rainfall 0 1 2 0 1 0 23 0 1 3 2 1 3
No.of years with
deficit rainfall 1 1 0 0 1 2 10 4 1 0 2 2 1 ..-.--------------------------------------------------------------
Percentage frequen-
cy of occurrence 1!514 1121.2 1-2 9 76 4 3 3 1 1 1--------------------------------------------------------------
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From :t'he above it is clear that there is a high pro-
bability of occurrence of norma.4.rainfallin'3 years
and ex;cess and deficit rainfall in 1 year each. During
1981-£35 normal rainfall occurred in; .yearE$"and excess
and d~fici t rainfall inti year each. By, ext endf.ng the
same'analysis for the coming 5 years (1986-90) the pro-
bablefrequency of occurrence of normal, exccsa and
deficiJtrainfall are as follows:

-~--------------------------""'---------""""'-.~-'_-
Nd. of years with normal rainfall
No," of years with excess r.air,Lfall
No. of years with deficit ..r,a:infall

4
o
1

3
11
11-...-,----~--.•.-------- .•...•.._---.•...----------- ...,...-----'- '. - I~'

- - - - - - - - - - -
Year Anticipated

'Rainfall

It,
,

,1986
"t9:87
'l988
t989
1990

••
N
N'
N
N
D

N
N
E I'

N
D

·-. '·..·.- - - - - .. _",. - - - - - -

~
' " .,

From the above it .can be infs..lredthat in the next
5 years,'there is a.high,prob,abili ty of occurrence of
normal rainfall in 3 years m,d excess and deficii.t
rainf$.11 in 1 year each. Chances amdthat deficit or
below.riortnalrainfall conditi,.ons may occur by the end.
of the deca;deand it may prolong well to the next de-
cade fu:Fis evident froItl the moving average plots.
This may call for advance planning for the utilisa-tion
of wat'erresources in the coming decade.

The district has four types of soils. The
major group is, red earth, comprising of loamy sands,
sandy loarns and, sandy clay loams.' Black soils, mostly
clayey loams and deep clays occur as narrow strips
along~ide the banks of Krishna and Tungabhadra and
other, streams and nallas. The loamy sands are brown
to red in colour and of poor fertility. The sandy
loamsoccur on sloping terrains with good surface
drainage. These soils, in general are non-saline and,
non-alkaline. Clayey loams and clays are found in
appreciable extent in Alampur and Gadwal taluks and
also in patches in Kodr.19a1mMakhtalm, Kolhapur and ,
Atmakur taluks. They are dark grey, brown to dark grey
in color and are J.ess permeable and poorly drained.
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6.5 Agriculture and Irrigation:

Out of the tot,al area of 118,47,241hectares
nearly 761263hectarefltor 41.2 per cent of the district
is the net area sown. The total cropped area is
8,23,293 hectares or 44.6 percent of the total geo-
graphical. area of the district. Nearly 80,92~ hectares
or nearly 11 per cent of the net area sownis irrigated,
and if we take the gross area irrigated it is
t ,30,952 hectares or 15.9 per cent of the totaJ/cropped
area. Out of this nearly 26.3 per cent or 34t498p.e-
ctares (gross 84-85) is irrig'3.ted fromwells and .
21,730 hectares is irrigated from canals and the rest
of the area irrigated :fromtanks (32,740 hectares)
and other sources. It is evident that tanks and wells
:formthe main source of irrigation in the district.
As per the .statistics, there ~e 6235 tanks, 263 tube
wells and 78,265 dug wells in the district. The main
crop.s grown are Rice, Millets and GrOlmdnuts , Other
crops are Wheat, Ragi and Seasmum. Rice is cultivated
over major part of the district. It is cultivated ov~
an area. of 85,6611hectares ,followed by groundnut~ver
an area' of 35,482 hectares. Out of this the area cul.....
tivated by wells growing rice is 43,887 hectares. Thus
tl major area is under rice cultivation. The area
irrigated by c~als comesunder Rajolibanda Diversion
Scheme, the Koi1sagar Project and the Sholasagar
Pro jec"t., .'..

6. 6 Indlistries and Mining:

. Mahabubnagaris industrially backward•.
Generally cottage and village industries exist in the
district. There are no large scale industries also.
Only oneiQotton mill exists near Mahabubnagartown.
A few small scale industries' and agro-based industries
exist at Makthal, vTanaparthy,Mahabubnagar,Nagar-
Kurnool and Shadnagar. Gadwalis famous for hnndlooms
weaving industry. The other notable weaving centres
are Nnrayanpet; Nagarkurnool, Kalvakurthy. Atinnkur
and Kolhapur. Other industries like dyeing and prin-
ting, leather industry, pottery exist locally.

Several knownoccurrences of mineznls. ona
small aca.Lelike asbestos, copper', clay, diamonds, ."
iron ore, limestones, quartzandJ steatite are reportied
from several parts of the district. Only the Koil-J .
kuntla and Narji limestones are mined,w,J:ierethey. are
flaggy and are used as a building .,and flooring rnaterfal.
Theclay deposits are:ltilised for bricks and pottery.
Qua:rtzis mined for glass industry. Soapstones which
occur in the Kolhapurblmck is mined locslly for use
in the talcum powder.,The Cuddapahslabs are mined
at Alampur, Pebbair and Venlmtapur.
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6.7 Geology:

Mahabubnagnr district forms part of the Indian
l?eninsuilinr shield and is underlain by the rocks belong-
ing from Archaean to' Recent. The succession of geological
formations as encountered in the district is given below:

Recent Alluvium, gravels, soils &.
Sub Recent laterites

-~--·------------Unconformi ty--------------
Upper Mesozoic to Cretaceous Deccan Traps
Lower Tertiary to Eocene

-------------Unconformi t y-----------

Upper .Pz-ecanbr-Lan II Kundair Nandyal shD)..es I Bhima
to Lower Palaeozoic I Series Koilkuntla lime-l

K Panadm stones and I' Seri es
U I Series quartzites' I
R Jaromala- I Auk shales:: <>:

NOOI ::~~~~IN ar ji limest,9h~
I IIBanganapal'I'e ...sandstones ,

L IBangana- qua~tz:lteand conglome-
" S x pa.LLe rat es .r:»

I Series'
-----l..-----Unconformity~------;,;.~c----.:;;

S:risailamquartzi tea Quartzites

Upper
Precam-
brian

-------------Un'conformity---;.,,-----..:.'J.::..-

CUDDAPAHC IVempalle I Limestone!s' and
SUPER U I S.e,'~.•.Lea ) ChertlWwathtrap-

D· I sills f·fGROUP I Gl.l.)..cheruvu .
~ I Quartzit~s. I Quartzi t es .and
p I Conglomerates
11
H
S

----------Unconformity---------------
llrchaeo.ns to
Lower :Pre- Dharwar Super Group
crunorians

Unclassified Urys-
tallines.

Basic dykes, pegma-
ti tes,Apli tes ,Qurlrtz
veins,
Schists &Metavol-
conics
Granit esand

_,GUet,sses
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6.8 Hydrogeology:

Mahabubnagar is mainly occupied by Archaean
crystalline rocks. The precambrian sedimentaries re-
presented by Cuddapah and Kurnool formations occur as a
narrow belt along the.northern bank of Krishna river
bordering the southern part of the district. Deccan
Traps occur as detached patches in parts of Kodangal
and Shadnagar taluks in the western part of the
district.

The degree and depth of weathering in the
peninsular gneissic rocks vary widely even within
short distances. The thickness of the weathered mantle
varies from less than a metre near outcrops to as much
as 23.0 m in valley bottoms and low lying areas. GroWld
water occurs in the weathered and fractured rock under
water table andsemiconfined condition's. The depth to
wa.ter varies from 0.5 m to 19.80 m·bgl in open wel~ .
and the, yields of these w-ellsvnry from 18 to 375 m / d.
Depth to >;wa,terinborewells range between 0.45 m and
6.6 m bgl and the yi~~d from thEfJ:>qrewells vary from
1100 and 4500 lph for drawdowns varying from 1 m and
1!2 m, The open wells 61tuated 1tl! ;Cuddapah and Kurnool
formations range in depth from 21;0 30 m bgl and the
depth to water level in them varieS from 0.4 m to 29 m,
bgl. These wells yieJ.(jlimited supplies of water vary:-
ingfrom 15 to 1100m-'a. Alluvium. occurs along the
courses of Dindi river and its tributaries. The wells
in alluvium range in depthfrODl)~ to,S. 9.m.bgland
depth to water level in them range between 0.8 m and
6.6m,bgl. The yi~lds of open wells in alluvium vary
from·1t05 to 200 m fd and sustains 2.to6 hours of
pumping. Wells in Ka.lvakurthy taluk are reported to
sustain pumping for a. Longer- time.lFigure 116 depicts
the ge.neral depth to·water in the. district f or May11986.
6.9 Status of:S the Studies:

Oentral Ground Water Board has been carrying
out systematic hydrogeological and reappraisal surveys
in the dis~rict. Till the end of Ma.rch '1987 an area
of 9520 km has been C?overedunder the syst~matic hy-
·drogeological survey's and an area of 760 km under the
re~ppraisal surveys.
6.10 Ground Water Level Monitoring:

Ground water leve1 monitoring by CGWB has been
introduced in the ,district by the estaQlishment of 2 net-
work hydrograph st;ations in the year 11969. ~he number
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has been subsequently increased prograssivelynnd pre-
sently there' are 33 All India Network stations in the
district. The long term studies a:ndanalysis of the
data indicate that fluctuations occur in the ground .water
regime in response to recharge and draft. The range of
annual fluctuation varies from less than 0.5 In to 1,6.3 m
but in generRI it varies froD 1 to 4.3 In. Declining
trends in water levels have been observed in some parts
of the district notably in Shadnagar, Gadwal, Nagar-
kurnoo.l , Kal'Vrokurthy, Jadcherla, Atmakur and Kothakota
areas which may be due to below normal rainfall received
in the district for the last 2 years.

6 iO 1t Ground viater Explorati,on:

Ground water exploration was carried out2byCGWBduring the year 119711-75in an area of 1280 kIn co-
vering parts of Shadnagarand Kodangal taluks of the
district under the Indo-Canadian Collaboration Project.
Twenty exploratory wells vere drilled downto depths
ranging between 27 and 75 m bgl. The yields of these
wells ranged between 60 end 700 Lpm, Out of the total
ar~a of1~80 km2 covered under the explorAtion" an area
of 774km ,was proved ground water worthy'for further ,
ground water exploration.

6. ~2 Chemical Quality of"GroundWater:

'rheground water occurring in the district ,is
good' and fi tfor both irrigation ar;I.ddomestic purRoses
excapf locally where local pOjlmiJI:t:tm'Q;Il ba,s rendered- it
unfit. In the granitic terrain thepll varies from 7 to8.5, EO from 450 to 33to micromhos/cm at 25°C and the
Chloride content from 28 to 638 ppm·and·;total. hardness

:,.as CaCO..,from 1125 to 495 ppm. In the Arc!iaean gneisses,
,[high Conc~tltration of, fluoride,upto 5 ppm.is reported
';Jat,few places. The ,ground water from shaJ.~s,sand-
stQnes, conglomerates and limestones is :q.Sually tUm-
line with pHvalue varying between 7. 4t 0 7.8. ~he
b,icarbonate content,rranges between 248 and 446 ppm.
The chloride content is in the range.:>of 10 to 395 ppm.
The total hardness as CaC03varies from 200 to 470 ppm.

6.1i3 GroundWater Resources and Development Prospects:

As is evident from the ag~icult'ure 87.ld irri-
gation particulars discussed earlier, nearly" 5,) percent
of. the area is irriga'!ied by wells. The district is
endowedwith tw6~erennial rivers the Tungabhadraand
the Krishna bothLt'o~+.the southern boundary ofthe Lthey
districtLnre having sUIface irrigation facilities, '
through canals'. Thus·' nearly 5:) per cent,'of
the district has to depend upon grolIDdwater
sources. Of late ground water development has been
L only the southern part of the district
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gaining:smomentumdue to the availability ofinsti tu-
tionalfinandirig arid othe.r fadilities, thus there is
a marked' ihbr~ease in the number of structures erery
year·. In 1976-77 there were notubewells and f Iter
points • Ther'e were 49,665 dug 1'Tei1sout of which
17,944 wells are with oilengines and 13,440 wells
arewith'elaqtric motor pumpsets, irrigating an area
of 511,~4:0 hectares (gro ss) ~ vThe:..."easpres:ently( 1r984-85)
there'are 265 tubewells and filter point s, 78,265
dug wells, out of which. 30,1147wells are with oil
engines and 2'9,1'69 are with electric motors pumpsets,
an increase of 28,600 wells over a period of 8 years.'
With the stress on minor irrigation particularly
under wells, it was also felt that assessment of the
ground water potential became a necessity so that
development can take place on scientific lines. So the
first assessment of ground water putt::l1tj_RJ. ~8oarried out in
1i977. Subsequently the assessment was .
revised and the latest assessment for the year. 11985
was made as per GroundWateI' Est1nmtion Committee
recommendations. The taluk-wise estimations are given
in Table-6 • ABper the estimations the 'total uti-
lisable groundwater resource of the district has
been es-timatedas 12~4.4 MOMand and the net draft "
450.11MOM leaving g. balance of 844.'3 MoM. The stage
of ground water development is 35 per cent which means
there is scope for further develop.DlenteSpec:Lal~yin'
some of the backward taluks where the tempo of de-
velopmentis slow. The stage of grqund water
development' is more than 50 per cent in Nagar-Kurnool,
Mahabubnagarand Wanaparthy taluksLso that they may .•
not reach the stage o~ Over development. However, ...
it maybe Sleenfrom the talukwise draft for the last
3 to 4 years that the ground water draft shows aJ rise
in almost all. the taluks for 1984-85 and totaJ. net
draft f or the district has shown a ris e from 427.1MOMin L
450.1 MOMduring 1984-85. This rise in draft can beL1983-84 in
attributed to below normal rainfall during the last .
two years which probably has br-oughf downtheatea.
sown from 9,31,291 in 1i982-83to 761263hectares in,
1984-85. Howeverthis can be considered as a temporarY',
phase as the rainfall becomesnormal the conditions
may improve. Land further development has to be watched in

these ta.Luka . .,..
6.14Rurai and Urbanq~'aterSuppl:i.es for Drinking Water

and for IndUstries:

The 'district has a population of 24.47 lakhs
, of wrhich2t. 79 Lakhs live in the rural areas and
2.68 lakhSlj.ve in the urban areas . Presently there are
6988 borewe.lls and 289 _Jumpingand mini-pumping water
schemes exist in the districtwrhich meet the drinking
water and domestic needs of the population. In addition

.... ..
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there are number of private dugwells bein~_used to
supplement the demands. As per the normsL90lpdfor Lof
urban population nXld,70 lpd for rural Md livestock
consumption the total requirements worksout to 64.5 MOM.
A provision of 228.4 MOM has been made f,romthe gross
r echa r-ga of l'522.8 MOM while calculating the utilisa-
ble ground v-rater r-e char-ge of t 294.4 MOM for rneeting
the drinking water and Lndus ur-La.L requirements of
the district. This will take car-e of the future
:requiremsnts also. However"this may fall short of
the requirements during the years of drought when
the annual recharge will be loss than the normal
years and wn.te'rlevels go downand w-ells going dry.
This has to be met by sinking deeper borewells and
by deepening existing'dugwells to tide over the crisis.

6.1'5 Ground,v'aterDevelopment in relation to
water levels and Rainfall:

Groundwater development in the district
has been on the rise as is evident from the discus-
Sions in the previous pages and the increasing str~-
ctures seen year after year. Presently there are
78,265 ground water extraction structures in the
district irrigating an area of 44,498 hectares
Olccqunting for about 35 per cent (Net) of the utili-
sable :r:espurces., its can be seen ,from the annexure-II
bat"ringon,ly. 3 taluks " the development stage has not
exceeded 50 per cent in any of the other taluks'.
So it is clear that there is 'Scope for further deve-
lopment. However, when the trend of development or
the ground water draft is examined in relation to
reinfall and water levels i1/1s seen that though
there is a riSing trend in tae draft .the totaJ. cropped
area has comedowncompared to the ,previous ye'ars.
This reduction in the total cropped area can be attrit
bufred to the below nomal rainfall received in the'
last two years and in some taluks like Kalwakurti the
rainfall was below normal for the last 4 years. Hence,
the fallm cropped area. The water levels have also
ahown rleclines notably from th~ last five years (fig.17 a,
b; c & dl. The decline varies from 1111.70m at Musa-
pet to 0.4 mat Ivlahabubnagar.The other notable
declines are atNa~arkurnool (1:0.~ m), Kalwakurti
(111.50m), Maddur (9.40-m), Gadwal (5.0 m), Makhtal
(1'0.0 m), Kothakota (l'OQO), Jadcherla (6.87 m),
Shadnagar (9.60 m), W'elijorla (7.50,m), Atmakur(6.0 m),
Kodangal (9.66 m), Gundimal (8. 39m) an Koilkonda
(7.1) 3 m). This fall or decline in levels can be
p,artly attributed to the rise in ground water draft
Ejeenin .most of the ta.l uks for the last" 2 to 3 years .
and also partly due to •...elO1lnormalaeceived in the Lral.nfall
district during 1: 985 and 11986. It is possible , that
due to below normal ra1nfall,the rechr1.rgehas come
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cultivation. Rice is a crop which requires lot of
water rnd its consumptive ':se i~' very high. With
higher ground temperatures as is the case in the
district, the evapotr13Ilspiration is bound to be
high. Moreover rice is cultivated even in rn.bi season
as; a second crop over an area of 30,098 hectares.
If this pattern is changed, it can save lot of water.
The second crop can be DIlYoil seed or millet or
m~ize or someother irrigated dry crop which requires
le~s water. Barring the canal irrigated area where
water supply is assured, the well and tank irrigated
areas can switch over to some other dry crop. Ground-
nut is one crop which holds good promise. With the
edible oil prices gOing high, it is economically
paying for the farmers to go in for the groundnut
crop, which is also a short dur~tion crop. Vast areas
can be brought under groundnut cultivation. Withthe
black soil occupying large areas, it can also hold
the moisture requi'redfor the growrthof the crop.
Cotton is another crop which is not grown on a large
.acaLe, It sholll;<;in.1sobe popularised. The growth of
such irrigated, dn-crops will reduce the demandon the
water reqtiire~ent and stabilise ground water levels
over th(3~years to come.

: The district has nearly 116.4 percent of the
ar-ea asiorests and 6.4 percent as ban'en land •. Many
of the hills look bare with littlefor·est and soil
cover. It is better aeriall seeding of these hills 1s
taken up as discussed earJ..1.erand afforestation methods
taken up on a large scale, so that soil erosion is
reduced and prevent runoff to someextent. The DPAP
methods can be coupled with this, so that it will also
meet the fuel requirements of the local rural popuJ,a-
tion. There is noarly 1,116,451 hectares of land
not put to agricu]~tur e use and about 10,780 hectares
as a cultivable waste. These can be developed into
permanent grazing lands and also for growingfod(ier
for the cattle. They Canbe of use in times of need.
This will also reduce' the load for graz,ing on form
lands and watershed catchments.

The other water h~rvesting or water use
techniques like contour bundj.ng, conat ructa.on.iof
rechnrgewiers ,subsqrface dams, use of drip and'
sprinkler irr:i,.gationmethdds will not only induce
recharge but also reduce water consumption. Perco-
lationponds whe~ever viable (only sandy soils)
should be constructed to reduce runoff and also as a
t ~porary storn.ge as percolation to ground wager
will increase the recha:..ge. Conjunctive use of Surface
and GrlnmdWater in the Canal OommandAreas is al so

, ~,
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downin recent year-s which also affoct the trends~.
In this context if we eX8.nine,the hydrorneteor.olog~cal
analys:is carried out etlrlL:r, ',Ithere-isa possibility
of normal rainfallupto 1,989 and after that drought
condi tions may set in. ~:ha-G Deans theere is a possi-
bility of recovery of linter' levels'and normal r echarge
in the next 2 years ~bu.t condjtiLons maybecomebad
by the end of the decade which Dight eall for some
measu.resfor woter managementetc to meet the situation
that may arise later.

6.1'6 Grounq}tg.ter ManagementPractices and Drought
ManSlgeme'1t.stratagies: ..

Fromthe foregoingi t is elear, that there
is still scope for ground water development in most of
the taluks except three taluks.where the stageo'! de-
velopment is more than 50 per cent. It is possible
that during years of drought, there can rbe less recharge
to ground water! ove:r:.9-:raftqonditionsniay prevail Land
temporarily • ~rnis hn:s to be conSidered as a temporary
phase as these are indidations of normal rainfall
likely to be received in the next couple of years which
may arren the declining trend of.water levels. The
recharge will also go up ~dthe development can
continue especially in the othertaluks where it is
below 50 per cent. However, ca.ution has to be exer-
Cised in theothor three tal1lks Where there is a
possibility of overdevelopment in. the· coming years.
Another significc>nt factor which has emerged from the
hydrometeorologic al anaJ.ys~_s.is thaJGdry conditions
may be encounter sd again by the end of the decade.
That means eventhQugh there is a respite. from the
drought conditioED now seen in the district the
situation may becomebad Dgain possibly by 1990 or
earlier.. ThiS"caj.Ls fOl"'soIIlepernanent or long term
measures or drougittmam~gementstrategies to alle-
viate the sufferiDgs of the population on a permanent,
b aad.s, r , •

6. t 7 LongtermDrc~~.tJ1an~gement Strategies:

Nearly 85 y 661:li~:ct~res of the gross area
irrigated is under rice-c'Ultivation out 01 the total; .
gross irrigated ar'ea;'O'f1:',30,.952 hectares. Out of
this the gross ar-ea irrigated pywells. is 34,498
hectares. That IDe3n8 nGarly 65 per., cent of the area
irrig~ted is under rice cultivati~. :Noother . crop
is gr~wn on such a;la::ege ar-aa,; Similarly, nearly
3t ,792 hectares "ics under theayacut of _tanks cu'l,ti-
vata ng rice~ That means if we put togehher, nearly
90 per centoftt.e aret irrigated is under rice
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another important aspect which w:i.ll help better
utilisation of water resource$ in the lo~grun. These
are some of the long term, or permanent measures
suggested which will yield results in course of
time. Howeverthere has to be SOI:leshort term
measures to neet the iI!lDedi~te requilfenents and
tide over the crisis. These are dis cussed below
under the short term drought manugemerrtstrategies.

6.18 S'hort TermDrought,Managementstrategies:

While many of the measures suggested above
might take SODeperiod or years to'yield results
it ~ay be necessary to adopt cert.a.in erEsh programr:aes
or s!hort term measures to meet the scarei ty cond Ltd.ons
which will help tapkle the problem 6n'an epergency
basis. ' .

, Ground water development should be ,effected
fully for optimumutilisation and results. In deve-.
loping gr-oundwratertomeet the irrigation and water
reqUirements, prQper investigation techniques be
adopted to avoid wel:Lfailures.These wells wherever
f'easd.b.Le be drilled preferablY, to meet, the drinking
watE)rrequirements of the rural and urban population
and ·suppleoent the irrigation requirements. Subsurface
dams can be constructed after carrying out due site
invE,>.stigations to stabilise the irrigational water
reqtp.rements whe~equality is not a problem. The
quality of water is gene:r~lly reported to be good .
except in high fluoride areas of the Archaean gneisses •
Here proper defluoridation methods are to be adopted
before sup-plying water ,for drinking. Wherethe~a~~ of
l!atel' Z local1Y,desnlination of wratercan beL-~~
thought of tQ,make it potable or alternate surface
sources frOD the canals/reservoirs c an be made
available. Thiswi'll meet to someextent the require-
ments of the people temporarily and the permanent
solutions as suggested earlier will ensure that the
water requirements will be met on a pernanent basis.

7.0. NALGONDA DISTRICT
7.1 Location and Extent:

i '__'<~~
Nalgonda,district, one of the chronically

drought prone districts of Telengana is bounded on the
north by Nedak and Vlarange1 districts on the west by
Mahbubnagarand Rangareddy districts on the south by
Guntur district and Krishna river and. on the east by
Khatnmamand Krishna dis~ricts. Th~ to'tal geographical
arefl, of the district is 14,223 k:m and lies between
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N.Latitudes 16025' and 17050' andE.longitudes 78°40
and 80005'.

The district i,sd:ivided into seven talUks.
The total population " district 1981of the as per cen-

-';

sus is 2,279.,685. There are'\?e"l'lentowns namely, Nal-
gonda, Miryalguda, Kodad , Huzuznagar; , Bhongir, Surya-
pet, Choutuppal and DevarakOl\,tda,Qf .,;rhich,only"NalgonIlp,

"\ _,__.,- • -_ - \, __ ,'I

Bhongir, Kodad and Suryapet ars"bigger towns wltha,_ ,
population of more tha:n 20,000. Only Nalgonda tOml,. the'
district ,headquarters has a population of 'more than
50,000. Nalgopda town is wellconnec.ted by road and
the Hyd,erab,~~-Kazipet broadgaugekaUway,,,iine passes
through the'dl'sJrict. The ne~Y'~:la:ld,\~ibinagar and "
Nalgonda;;,·.m-etFe,ga~'eline also p~S!sesthrOugh the dis-
trict.' \., '.
7.2 Physiography and Draingage:

The district is traversed bJf'four,ranges of
hills., OIl:~zange of 'hills runs thrOUt$h"the 'taltlksof.
Nalgonda and Devare.konda. The secon.a,range of '1011 hills. '

runs in NE dir,ection inthe southwestern pa~t of the. '

district. The third;t'ange of hills known as Nallapahad
bifurcates the sepond range of hills after reaching the
Dindi ,and Peddavngu. A fourth range occurs in the
North-Western part of the district and runs west of
pasnur in a north-westerly direction as far as Sir:i.-
konda before taking a sudden turn towards east and
extending over a distance o~.Tho~eneral slope 6f the L19Kn
land is towards southeast and elevation varies from
480.0 m above ~sl to 80 m above". ~l towards south and
south-east. In general it.presents a rolling topography
typical of gneissic country. The hills comprising of
quartzites stand out in the south~

The distr~ct is drained by the rivers Kri-
shna, Musi, Alor~ Peddavagu, Dindi, Halal and Rongal.
However, the most important river is the Krishna which
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is pc.rerim.e L Qn'~~forms the eout.h.ezm boundar-y o f tho
distriqt. AluJst tho entire district is in Krishna
Basin. I,qusi river, a t:cibutary of Krishna, is the next
importRnt river draining the district. Aler is a
tributary (1 f I"lusi. Pedc:avagu ant. Dincli are the other
two important ri v.ir-s which dr::; in Dcv enkonda taLuk and
join the Krishna river. KongaL and Ha1111 rivers
flew southeast of Nalgondatc1lffi and join Krishna river.
The wnt'er spread area of the Nagaz-junas aga.r' proj oct
extending into the district is one of the most beauti-
ful 'and!picturesque spots.

7•3 !!y(~romGte..9rology:

The district is characterised by hot summer
and general drynoss except during southwe-st monsoon
season. The maximumtemperature is about '400C but some-
times may go upto as high as 450C, generally recorded
in ~Iaywhereas the minimum temperature during 'tiinter
is azound 1600. The lowest reGorded temperature during
winter!is 1000 generally recorded in January. The
normal iannual rainfall pattern over the district is
given in Fig. 2. The district normal is 770.'0 mm .As
La e'Vidient from tho fig.2 the rainfall decreases f'rom
north to south from 900 mm. to less than 700 mm. Fig 18

i ,< J

gives the trend c f rainfall for 1901-1985 for the
station at Nalgonda along with the moving averages
for 5 yoars and 10 years period. From.the study'oi,
the plots it,is clear that the curves e.re somewhat'
inusoidial in _nature with a slight rising trend. If the
rainfal,l data of last 85 yef;,rs is examineel:i t is seen ~
that tb;e highest rainfall ,,)f 1715 mm has been received
during the year 1978 and the Lowcs t .caf.nf'al.L af 422 mm

has boon received in the year 1926.

From tho Fig 18 we can pick up 'wet' and
I c1ry'periods fer the period 1901-1985. \-/hilo periods
1903 t:;, 1913, 1918 to 1933,' 1933 to 1945, 1949 to 1953
1964 to! 1975 and from 1980 onwards can be said as
below no rma.L yoars, periods from 1913to 1918, 1933
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to 1938, 1945 to 1949, 1953 to 1964 and from 1975 to
1980 can be said above normal or wet periods.

During the last decade, normal rainfall has
boen received in 4 years, excess rai.nfall in 2 years and
deficit :)1::- be Low nc rna.L rainfall in 4 years. The curve
eh ows a declining t:cenc1indicating drier period a head.
The percentage frequency cf Dccurrence cf normnl ex-
cess and doil!icit rainfall in 5 continue us years during
the period 1901-85 is calculated. below:
---------,---------------------------------~---------,-:-----
No. of years l'Tith normal rainfall 3 4 1 2 2 4 1 5 :; 3 2 1

-do- excess It 1 0 2 2 1 1 3 0 0 2 :; 4
-do- deficit II 1 1 2 1 2 0 1 0 2 0 0 0

------_._- .._---- ...._------ ...---------------------------------------
Percentage frequency of occurrence17 17 13 10 9 9 8 861 1 1

, :._i'-----..;.---_ .•..._-;...-------------------------------- .•..-----•.....•.---~----
The above statistical method indicated that there

is a high probability of occurrence of normal rainfall in
:;years and excess and deficit rainfall in 1 year each.
Comparati~ely there is more possibility of receiving defi-
cit rainfall to occur than excess rai.nfall.

During the period 1981-85, normal rainfall occu-
rred in 3 years, excess rainfall in 1 year and deficit
rainfall in 1 year.F.rnffithis analysis it can bG inferred
tha.t in the coming 5 years (1986-90) tho probable frequenc_Yr/"
of occurrence of nozmal., eXCGSS and deficit rainfall nay/'

,/

be one of the following: //
/----~~-------------------------------------~-------------.~,.

»>No. of years with· nortlal rainfall /3' 4 1
It excess II 1 0 2
It defici t It 1 1 2-----...----..----------~L_-_------------~---------.. _

Year AntiCipated rainfall
1986 E N DIE

·1987 N N E
1988 N N E

"
1989 D D D
1S90 N N N
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It can bo safoly aSSUBod from the above analysis that
thero is a high probability of occurrence of normal
rainfall in 3 years excess rainfall in cne year and de-.
ficit rainfall in 1 year probably in 19J9 indicating dry
period towards the end of the decade.
7.4 Soils:

,
•,.(~
/,

The important soil types occuJrinC in the
district are the red Loamy soils, grey Loamy soils,
black cotton soils and alluvial soils of which the
!lost common type of soil seen in the district is the
red loamy soils nostly derived from the granitic gneisses e.

- :::.:~ .•.The grey loamy soils occur in patches in the district.
These soils are auppos ed to have been derived from tha
calcareous shales. The black cotton soils are found as
patches alqng the MU6i river in Miryalaguda taluk, west
of Wasirabad. These blacksoils are·suitable for culti-
vation of cotton, groundnuts etc. The alluvial soils
occur to a very limited extont along the Krislma river.
7.5 Agriculture and Irrigation:

In respect of the area under cultivation
Nalgenda district is morc fortunate than many of the
other districts in the state especially in Telengana
or Rayalaseema region. Nearly 11.6% of the district is
under cannal irrigation. This has become possible because
of the Nagarjunasagar project. \'/hatwas once ..» a barren-
land has been transferred into a rice bowl. The'otherirri-
gation projects in the district are the much smaller'
Musi, Dindi, Asifnaoar, Pendlipakala and the Shaligo~-
ravaram projects. BeSides a good number af tanks and
wells add to the ~ea under irrigation. Out of the total
geographical area of 14,22324 hectares of the district
the net area sown is 629,682 hectares which is 44.3 per-
cent of the <area of the district. The total cropped area
is 7,41,070 hectares which is 52 percent of the total
area of the district. The net area under irrigation· is
1,66,310 hectares which is 22.4 pczc errt of the total

,
.I

{:,'
\1 ..

····98



: 90 .•
cropped 8.r02,and the gross area irrigated is 249734 he- .
ctaros. Out 'Jf this the gr~)ssarea under paddy is
229913 hectares. Of this, the total area irrigated by
canals is 97051 hectares. Thero nrc 5508 tanks irriga~
tinti an area:Ji 35262 heota.ros, Thero are 15 tubewells,
74,441 dugwe.l l.sirrigating an area of 74436 hectares
(04-85) • The naf,n crops gXiwn· are paddy, jawor, ragi,
groundnut, castor and pulses G.17ealso grcwn , Tobacco,
cotton arc also cultivated.

7 •• In2ustRi~s and~tlninSl
\The district being predominantly an a~ricul-

ture one, not :r.J.axly.indu.stries exf,s t. The important
crafts are the time honoured pbronze ware, jewellery,
apLnnLng and weavfng , Of late some industries are
being set up under tho district development plans. Four
mini-cement factories havG been t~etlup. They are Mis Rasi
Cement Limited, Depcan Cenents Lio:i:-ted,Nagarjuna Cements
Limited and Sagar Cements LIilL1ited.There arc several
small scale industries in tho districtnainly agro based
mostly located at Bhongix, Miryalguda, Nalgonc1a,Surya-
pet, Huz'uzriagar and Devaz-kondn, HandLoom weaving is an
important cottage industry_ The important centres are
Nalgoncfl.,Suryapet, Deva rakond a and Aler,

P
•. 1

~le district is poor in mineral wealth. There
are known occurrences of galena,· soapstone, corundum,
clay and linestone •.Clay is mined for use in corariics.
CorundUIJ. is nined locally for use in abrasive industry.
Soapstone is used :formaking stoneware and slate pel1~
cils. However, vast deposits Df cenent grade limestone
occur in the district. Thoy extend as a belt along the
northe:cn banks of the Krishna river occupying parts of
Dovanakonda , ·Miryalaguda and Huzu.rnagan taluks.·:tine-
st-:)neis mined for use in the cenentindustry. A part \

,\ :'fron.this the granites and linestonosare also used as
excellent building stones.
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The district is L10stly und e.r.Laf.n by the

Archaean gnedsses and Dhazwaz-Lan achfst s , Howevcr-,
oth,r fOID.2tions of thO' Gua.dapah and Kunnoo L age also
occur in the s)ut~.et'n.cc)1:'Ilerof the district. ThE:
broad geological successic~ as seon in the district is
given below;

Recent to subfucent Smil,illuviun
--------TTnccmforni ty --------

brian to
Lower
Palaeozoic

Ku£nool
Group

Jaomalamadugu limo-
stone' and shales

Upper
'Precam-

!

-_;.--Uncorifornity --------

f
i
I

brian

Srisailam Quart-
zites shales

Upper
PreCam-

-------Unconfar6ity

Super
Dharwn::r0

I Dharwars
Daleri te dykes
Pegmatite and Quartz
veins
Schists,Phyllites,
Jlnphibolitos

Graup

Archaean I
to.
Lawer Pre-
Caobrinn 0

o
7.8 H:BdrogeCJlagy:

Penisu~ Granitic gneisses
Gneissic graniteslar

gneisses

Nalgondn is ane of the chronically drought
affected districts af Telengana region of the state.
Major part C)fthe district is underlain by Archaean
gneisses and granites, The Dharwar schists occur as
minar patches in the granitic complex. The Ouddapah and
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Kurnool Iornati·c)nsrepresented by the sandstones, shr;.les
anc1P~lnad 1imcstcmos respoctively occur along tho bank
of Krishna rivor forL1i.ngthe southern bound ar-y of the
dil?trict. The recent aLl.uv.i.ur;occur only to a lini ted
extent along the maj or- xi ver courses liko Krishna, Dindi ..
and Munn8ru. Ground water occurs in n11 these foroations
in the weo.theI.'edand fr!lctured rock and in a.Ll.uvf.um
under unc onf'Lriod to confined and sGDi-c'Jnfined condi-
tions The ground water cond i tions as seen in deferent
formati:~ns·are described in brief' below:
7.9 Ground Water in Crystalline rocks:

Ground water occurs in the weathered and frac-
tured gneisses and Dharwarian schistose rocks both under
un-confined and semiconfined conditions and is developed
by dug wells, dug~cum-borewells and to some extent by
bore wells~· The depth of weathering in these rocks varies
froD less than a netre to 15 m.bgl. The depth af open
wells situa;ted in Dharwars range "between 3.6 ill and 9.6 m.
bgl and the:depth to wator varies from 1.9 m bgl to 8.4 m ,

bgl. The wells tapping the granites and gneisses range
in depth fron 4 0 to 16 rJbgl and the depth to water in
these wells range fron 0.3 to 4 0 bgl in the canal command

area and it variosfroD 5 to 13.7 In bgl outside the canal
command. The general range of depth to water is between
20 and 7m bgl.Op en wells. tappLng the grani tos and
gneisses sustain a puoping of 3 to 6 hours daily yield-
ing appro~ioately arolUld 50 to 160 n3/d. Borewells drilled
in these forrJ.2tiensto depths of 80 ill have given yields
ranging from 1.4 m3/h to 2.6 rJ3/h fer drawdowns rar-ging
from 2 0 to 30 n.
7.10 Ground \tIater,in Cuddapahand Kurnool Fo rmatd.ons t

Ground.vater developneht in Cuddapah foroations
is very ouch linited Since these rocks occupy hills and
hillocks in'the district. A few wells exist in the area
which are mostly used for neeting drinking water require-
Dents. The depth of these wells vary between 5.0 0 and
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19.40 n and c:epth to WRtO:r;" in thOLl v2.ry fron 1.95 D

to 16.0 IJ bgl. A Diner patch of Kurncol f!)ruati'Jns
(JaIJDalanadugu soriN~1 is seen whe.t:'8gr:und water clcve-
lppnent is 112t extensive. The tC)tal derth of the wells
t('1,pping the JaDiJ.2clamacluguliI1ost':me varies between
4.20 L1 and 22.0 ill and depth to -vmter between 4.0 D and
8.0 0. bg.l , Noarer to Krishna river, the depth to w·ater

, . ,
boc.omoa c~eeper. There are not many irrigation wells in
tho area. A fel"; irrigati:)nwells yield around 80 o.'/d
tor pumpd.ngperiod of 4 hcurs for drawdown around 2.5 D..,
7.11 Ground ''later in AlluviUD.:

:

Dug wells tapping allu.vium range in depth
from, ill foB n bgl and depth tJ water ranges froD 2.0
to '5 .8 D bgl. Most (lfthe wells in alluvium sustain
pumping for a longer 'peri:Jd yielding upto 400 03/«, Most
of the wellsaustaina punping period of10 to 12hours.
The general depth to water map of tho district for
l\Tay,1986 is presentcdin Fig-19.

7.12 Stu tus of the Stud i es :

.f

An area of 6695 I{rj2has been covered. under the
eysrt ematLc hy:~roge')lc)gicaJ. surveys in the eistrict upto
the, end of I,1arch,1987•.

7.1,3 Ground viater Levol Ivloniterin_g=

Under the .£111 India Ground water Monitoring
pro,gram:r:J.Gtwo hyc1r()graph network stations were' es.ta-
bLa.ahcd in 1969 which were later f'ound to be inadequate
for monitoring purposes for the entire district.Presently
there are 16 hydrographnetwork sta-tions ihtho·district.
These wells are being monitored 5 tines a year that is
in January ,April,June, August and Novenbe,:r.-L4'tiOGS aLnnd
tear' ... fron 1985 inJanuary,May, AMguS;tand NOV6Il-
ber). The observations have inc.icated that fluctuations
OCCMrin response to changes in the statu-rated ,zone. The
ave!rage annual fluct,uations rang·e from 1.1 ra to 5-.35m.
Of late, the water levels have been showing declining
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trends in some parts of the district ranging from 0.30 n
to 4.78 m. This has been attributod to the below nor-
mal rainfall received in the district durin,g the last
two years.
7.14 Grc,und vlater EY-;.Elor2,tion:

To Locc t c suitable groun~, water resourcess
and. meet the irrigation denands i1\l.this drought prcne
area, ground water explorntion was initiated by Central
Ground Vlater Board: in Na'l.go.nda district, inPedc1avagu
Sudipalli basins of Deverakonda taluks during 1982-84.
A total nurabe r of 10 exploratory wells were drilled
down to depths varying frim 58 mio 90 m. All those
wells are located in the gr5.nites gneisses and their
discnarge'vary fromL1.2 1:1 to 29.8 m, The transmissi-
vity values .obtained frop the long duration tests
carried out on these wolJ"s varied from 0.5 ri/d to
900 T:J.2/e..• The bore' well~ constructed unde:rt~edrought
relied' operations in Ramannapet and;Chintapalli blocks
during 1968-69 recorded yields ranging frori2 .33 m3/h
to 4.1 o.3/h for drawdowns froEl·O.62 I!lto5.15 n Lt.:
Ramannap e'tblocks and from 60 to 650 iph far clra.wc.o,wns!'
from 0.25 m to '18 0 in Chintapalli blcck. L1.4 p;/hr to

20.6 n'/hr for drawdown varying ,froD
7.15 Chemics.l Quality of Ground water:

The water from the granitic and gneissic, ''b'
area is generally alkaline with pH values ranging from
7.5 to 8.7Q. The specific conductance varies from 462
to 2580 roinb.os/cm at 25°C. The other radicl:l,lslike
chl0.ride vary from 6.4 to 194 ppn. HowevQr, the waters
from wells located in black clayey soils are highly

\

mineralised with specific conductance values ranging
between 1365 and 3600 oicro r.1b.oS/CIl at 25°C'and the
chloride content gqing u:p to 487 ppm. The suitabili;jy
of some of these waters even for irrigation is doubt-
f~ unlesssobe salt\resistant crops are grown. Th.e
waters from wells located in alluvium are lightly
alkaline with pH varying froIl 7 to 8.3 • The E.C. value
range fr()In402 to 1092 micromrlOs/cm at 25°C and the
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chLoz'Ld e content varies f'z-om 22 tc) 70 ppm .Another im~
,p()rt8.~t aspect which hgs COIDe to light as a result of
the surveys carried out by Central Ground ~vater Board
is thoprosenco cf fluCirido in trclL."1d Vlat8rsin CGr~
tain parts 'Ji' the distrj_ct where the concentration ex-
ccod s the permissible limit :)f 1.5 :;_Jpn f:jr hunan con-
sump+t on , The fluoride content is generally az-ound 2 to
,3 ppm and occassionally goes upto 8 ppm. The geoche""'\
'mi,cal studies carried out around Nalgonda town and its
neighbourhood showed that the fluoride concentration, :iil
\

surface waters varies from 2 to 4 ppm and the subsoil
is also rich in fluoride and perhaps gets leached in
, eours e of tim.e to en:-ich ground water.

'7.16 Ground \tIaterResources. and Development Prospects :

Ground water development was on low key till
1976-77 but picked up slowly after '77 with the stress
on minor irrigation and extension of loaning fa.cility
~n~ institutional finR.ncing. There wer.e 50,665 ground
w.a~erextraction structures in 1976-77 while the number
-has gone upto 74,441 in 1984-85. ~lith the increasing,

I

t!re:nd in grou...1'lc1water development the need for resourCe
evaiuation has became vpry iraportant. The first attempt
a~ resource evaluation was mad0 in 1977. This was re-
. vise-a ,subsequently ,with theavail'abili'ty of more data. The
p+e$en~ estImatod utilisable ground water potential is
1314.8 MCM.The talukwise potential is given in Tabl~ ..•,7.
The caLcu.La'tod net draft is 418.1 rWH leaving a baLanoe
of 896.7 l'4ClVI for dev e.lopmen't, From the trend of draft
for the last:; to 4 years it i~ seon that 1981-82 to
1982-83 there :was increase in net draft from 373 ~1MCN'to
383,0 MCrJI.A slight docline is observed subsequently fron
383~p I'4C~1 in 1982-83 1;0'378.2 I.JICM1983-84 and then an

Lncrieaae to 418.1 MOMd-uring1984-05,. However, the stage
of' ground water dt:velopment is only 32% indicating that
there is still scope forde'velc>prnentin some taluks .'1'110

stage of ground water development has exce?dod 50% in
8 taluks and .70%in.4·taluks viz. Nakrekal, Chendur,
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Mothukur and Yadgirigutta. Sone rostrictions in develop-
ment should be introduced in those taluks. In the other
4 taluks (Nalgonda, Ramanriapet, Thagguparthi, Nampalli)
tho developwent exceeds 50% and may reach critical stage.
Hence future development needs to bo monitored in these
taliks. As regards the increase in the draft and the
area under irrigation in tho last two years the increase
in draft can be explained as due to less area irrigated
by canals in the last two years, due to drought condi-
tions prevailing and below normal rainfall received in
the district for the last two years and aloeo due to a
reduction in the total czopped area and hence reduction
in the area irrigated by wells and partly by rainfall. -,
7.17 RUral and Urban water supplies for drinking water

and for Industries:

Ualgonda district has a population of 22.75 laktis
out'of which 20.161akhs live in the villages and the re-
maining 2.59 Lakhs live in towns'. The district has 7926
borewells which are in use with handpumps and 232,pump-
ing and r.Ul'li-pumpingwater schElmes to meet the water
reqUirements. A number of private dugwells aro~ ulso in
uso both in urban andrural 'areas which also aupplomont
the requireDents. As per the norms of 9,0 Ipdfor urban
population and 70 lpd for Rural and livestocks popUlation
the total reqUirements worksout to 60.00 MOM. while this
being the rural and urban requirement, for drinking and
domestic purposes, provision has been given for the
drinking water and industrial needs to the tume of 232.0MCM
while calculating the utilisable ground water potential
0~_1314.8 MCl\lfrom the gross recharge of 1546.8 MCM. This
will also meet the future demands that may arise due to
increase in population or industrialisation.Only .there
may be difficulty in meeting these quantities

1
during

drought years when the recharge will be less than the
estimated figures and there may be declining water levels
in some partso! the district. This even tunli ty has to
be met by sinking deeper borewellsoor by deepening of the

r
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existing shallow dug wells.

7.1£3 Ground v/ater Dovelopnort in ,rolation to Rainfall
and viator Levels:'--'--~.-.-

Though the tODpO of ground 'VIator odovelopnent
is gal.nl.ng noraerrtun in the district, there has been no-
appreciable docline in the watsr levels for the last
tw._--,ye~~rs i.n alnost all the taluks except in Taggupar-
thi and 11lothuk:urtaluks where the development has just
crossed 50%. But wnen the net area irrigated and the
total cropped areaL they show a decline during 1984-85Lare exa-

minedover the previous years. Thore has beon below normal
rainfall in BoSt parts of the district for the last two
years. This is reflected in the~eoli1\les vary from 8.50 ill
at Narketpalli to 0.30 ill at Kodad and Suryapet(Fig 20 a&
b). The other notable declines are at Choutuppal 9.85 ill

Peddavoora(4.5), Deuazakonda (2.6 m), Tipparthi(5.60 m),
and Bongir (4.30) and NeJ.gonda (4.38 m}, These declines
have been observed between Novenber,1983 and Novenber,
1986. In case of Narketpalli and Chou'tuppa.Lthe decli:nes·
are continu()us frnm 1978 onwards. HtJwever except 'in tho
case of Choutuppal and Narketpalli, the declines seen
in the othere.reas can be attributed to the below normal
rainfall recoivedin the last two years.· If the si tua-
tion does +tot improve and bel:)w noroal rainfall is

. c

•

•
•

receive.diin the CODingcoup.l.e of years it becomesnece-
ssary to restrict the devel'b,Pment in most of the taluks,

. "\~

except in lfiryalguda,Huzur ~Nagar, liIidamanur, Kodad and
0. •

Dovazekonda taluks whcre tho developoent is less than
15%. In face enough impetus ahoul.d be given for rising
the teopo of development in these taluks. The two wells
mentioned above viz Narketpalli and Choutuppal are loca-
ted in Nakrekal taluk which has already reached 751; of
devel'Jpocnt • .dence the ,developtlGnt should be r.eRtricted.
Further the continuGus declining trends indicate that
there may be need fJ~ some we.ter oanagement to change
the cropping pathezn and to stabilise ground water

water levelslevels in the area. L declining trend in
in the district. The

seen
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N2-lgonda district, a chronically drought
stricken di.strt.c t Ln Te;.engan;;:"presents certain pecu-
liariti es w:Lth the introduction of canal irrigation in
the district through the Nagarj una Sagar, Dindi and
Musi projects. Part ()f the district has come under
assur13d irrigation. Howeve r- inspite of the inrttroduction
ofca:rml irrigation in the district as early as 1960,
the nprthern part of the district still experiences
drought conditions cz:3,usingundue hardships to the peo-
ple. To mitigate the hardships experienced by the popu ...
latio:n living in the ,area, certain Longt erm and short_
term measures are required to be implemented which will
help them oYercome the problem.
7.20 Long term -Drought Management Strategies:

Presently, nearly 741 ,070 hectares come
under the total cropped areaconstitut'es about 52.1%
of the district and the net area irrigated is 1,66,'10 hec-
tares which forms 22.4 percent of the total cropped area.
Out of this the net area under canals is 97,051 hectares,
under tanks 23,031 hectares and under wells 40,485 hec-
tares, which llie(3;l1Sthat nearly 25% of the net area irri-
gated. is und e.rKells. Similarly the gross area irrigated.
is 2,49,734 hectares. The gross area irrigated under
canals is 1,30,980 hectares, under tanks 35,262 hectares
and under wells 7-4,436 hectares i'liich'me~ that an area
of 83,424 hectares is irrigated twice in the rabi pe-
riod. Nearly 2,29,913 hectares (gross) is under paddy
and only 22,076 hectares is und6r.groundnut • SUgarcane
is not cultivatod on large scale. Most of the area
under paddy is irrigated in tho lUlarif period 3.nd to
some extent in the Rabi over an area of 72,532 hectares.
Tnat oaa 0:£ paddy,. if crourUlnuts" .cot+on

-or anytother oilseedsa.re grown a~ will save a lot of
water land perha1_)sthe area under Rabi can be doubled.

L second crop it
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Similarly other crops like Mulberry can be grown which
require loss water and is 2, short durut.Lon crop. This
crop will be ideal under well irrigation. ~ will en-
sure the purchasing pcwo r of tho farner l'J.ithoutaffec-
ting his income in ~J.ny1:1SY. It \rill also improve the
socioeconomic;:conditions of the farners living in these
areas. Henco'it is suggestod that the cultiv&ticn of
groundnuts sunf'Lcwer-,nulberry, cotton and other oil-
seeds wIder canal and tank irrigeticn as arabi ctop
and as both kharif and rabi crop under well. irrigation
be taken up. This will reduce the intensity of well
;irrigation and stablise ground water levels in the re-
gion. Presently the ground water development in Huzur-
nagar, Miryalgude. and Kodad taluks is very low, less
than 10% the reason being they fall in the command area
of the Nagarjuna Sagar Projoct.(Right Bank canal coomand)

.' I
Tho water table here is shallow within 1.Orn bgl. and

",./ /'
there is water ,logging conditions SG~ for alp-ost six
1'10nths'~n'ayeal'.'There are also brackish water pockets
seen due to which the EO values have gone up to 7000 mi-
cromhos/cm 2500. ,He,_'J:'othereis wide scope for deve lop-
ment andE:\:J,.sofor conjunctive use of surface and gz-oundI

water which can reduce water logging conditions. It
is suggested if possible also to reduce the in take
through the canals, encourage ground waters developoent
thrQpghsubSidi$s • State agenciesL construction and dove-
lopoent of borewells in tho area and encourage farners
to uae ground water. The bad quality water can be mixed
with the surfaQe waters of the canal and used for irri-
gating paddy crop which .can vdthstand a higher concen-
tration of total dissoVed solids than other crops. This
a b t" e "th" Lean also taken upc n o m,e 4 W1 success. '.,

•• 109

The hills in the district, especially in the- .•
northern parts. d'o.not have much of vegetative cover •
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Aerial seeding of these hills nay be carriGG
out during Gonsoon months so that the afforestation
methods yieldgocCL resUlts. This will also
meet the fuel roquiripents of the rural population.
Other afforestation Ethd social forestry methods
can be taken up in association with DPAP and ARDA
prograrilI:leSto yi(;;lc1betterresul +e , The district
has a culturable waste of 28,925 he,ctares which is
about 2% of the district. This can be developed

rinto grazing lands or for cultivating fodderfoT
the cattle so that in times of need the cattle-vtiil'
not suffer rfor want of fodder. GroundWater
sanctuaries' is a new concept and thought can be
given for creating such sanctuaries in Devara-
kanda, Ramannapet, Nalgonda and Ehongir taluks
to meet the water needs in times of drought oz-"
to augment the existing su,Pplies.

.'

High fluoride bearing waters is a pro- '
blein in largo parts of the district especially:i,.n
Suryapet, Nalgonda, Miryalguda and Dev~rak9nda
taluks where the tluoride in ground wat,ers-'often
exceeds 8.0 ppm. The only possibility is to'meet
the' rurnl water supply needsafterdefluoridation
of the high fluoride water or alternately go in
for surface wator through canals wherever it is,
feasibile. These are some of the longterm mea-
suressuggested to overcome the 'drought condit-
tions occurring frequently in different parts
of the ,district, on a permanent basis. This may
ensure a bother living condition for the people
livting in tt:larea. But, these measures are
bound to tak e a longtime fbr implementation and
it ~Tillbe difficult for the people t'owithstand
the-hardships for longer periods. Hence, some
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short term strategies have to'bo adoptod to solve
the problens teDpornrily.

7.21 Short ter:::}Dr'.Jught H8.nr'gOIJ.entSt!.'ategies::

To OVGrCOD~ the difficulty an~ to ceet the
crisis and the water shortage encountored by the human
and livestock popu.Lat Lori the Lmraed Lat e task will be
to find the source of water, nore so when 2.11 tho
surface so.urces have dried up and the shallow wells
are dry. In such areas, and also in areas where there
is still scope f,:_-'rdevelopment, the ground water may
be deve.Loped by drilling bore wells upto 90.0 m
dopthaftor adoptin.gproper well siting techniques
in hard rock areas using renote sensing, geophysical
and othe,:r:methode to avoLd or atleast mininisewell
failures. Priority ~ay be given for drilling such
wells for drinking water first and then., for supple ...
norrt i.ng :theirrigetional reql.l.irep~ents.

Tho other watorharvesting and water usc
techniques like construction of recharge weirs, check
dans and percolatlonponda to arrost flash floods
due tosUIJDer showers. 'cUltivation of fruits and
orchards instead of any water requiring crops will
help to auppLoraerrt tho Lncome of' tho' rural:r;;Jpula-
tion. Such cultivations can be takenup in the
problenntic ar-eas like Naltm-elpll,Choutuppal, Nalgond:a'
and Ramanapat areas. Where the qua.l.Lty turnsout to
be bad, then such areas can be servec1by canal
waters or atleast through temporary nobile units
till the situation iDproves. However if permanent
measures as suggested earlier can help to improve
the situation in course of tiDe.

\
\
\

\ -.
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0.1 Location & Extent:
Pr'akasam district has been carved out of Ountur-,

Kurnool and Nellore districts on 2.2.1970. The district
has a geographical area of17~626 kn2 lying between north
latitudes 14°55' and 160201 and East Longitudes 70045 'and
00020(. It is bounded by Guntur district on the n?rth
Kurnool district on the west Cu,ddapah district en the
Southwest, Nellore district on the south and Bay of Bengal
on the east. It is one of the ,drought affected and backward
districts of Andhra Pradesh.' Asper the 1901 census the
distrfct has a population of 24,56,543. There are 10 towns
and 1007' villages in the district out of which ,the towns
with population of more than 50,000 are only two. The
district headquarters is Ongole and has a population of
05,300. -'rhedistrict is well connected by road and rail.
The ~Tad.rasrCulcuttaand Filadras-HyderabadNational Hig~"WEtY.
passes through the district .. The Madras-Culcutta-New Delhi
broadguage railway line and Bombay-Madras broadgauge lines
passes through the district.

~. There are 17 taluks in the di~t~ict.
0.2 :Physiography & Drainage:

Three district physiographic regions can be
recog'..l.':oed in the district viz: the western cost hilly
terrain characterised by the Nailamalai Hill ranges, the
rolling plains lying between the hills on the west and the
easternghats in the east adjacent to the coast and the
coastal plains which extend from the eastern ghats and the
coast line. The hilly terrain constituting the Nallamalais form
the eastern part of the Cuddapah basin,rise more than 900m
above ,MSL. The hiL ,ranges trend in NE-s\v, NNE-SS1i direction
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"ldth t31evations ranging fron 330n to 917 ill above MSL. The
rolling plains to the east has a general elevation from 103n
to 110 Ll acovs NSL. The coastal plains frinJ?;ethe east coas t
vii th the general elevation ranging froe 1Un to 56[1above ]\13L.

The general slope of the l~nd in the district is from west
to east.

Gundlakamna is the only cajor river which drains the
no r'Lh er'npart of the distric t , whLLe the Nusi, Pn.Leru ,
Nanneru are the ninor rivers draining the central and south-
ern parts. The Gundlakaoma river rises in the Nallamalai
Hills in Kurnool district and enters the plains through the
CuobuQ gorge feeding the Cumbum tank. The Musi river rising
in Veligondas in Podili taluk traverses the central ,art of
the district. Similarly Paleru and f'Ianneruoriginate in

, \

Veligonda hills and flow across Karif'giriand Kandukuru taluks
and Jot.nBay of Bengal. All these rivers are seasonal.'
n 3u. Hydrometeorology

The climate of the district is characteried by Mild
winters and severe eunmor-s, Generally Hay records the highest
tenperatures and January the lowest temperatures. The mini-
nun temperature of 15°C is recorded in Janu'lry and maximumof 460C istempera tureLrecorded.~n May. The no rraa.L annual rainfall Over
the district is [:5C no. Both southwest and northeast monaoons
contribute eq_ual anount of rainfall. The annual normal iso-
heyetal nap of the district is giVen in fig. 2. The rainfall
decreases fran Dare than 1 ,"-,__i;:_ in the east along the coast
to less than 700 nm in the west. Fig.21 gives the plot of
5 year and 1(1 ys,').rrloving'aver~::tgesandalso the annual course
of rainfall f r-on 1901 to 19:15. Tho curve is somewhat Sinusoidal
in nature with a slight rising trend. A rough periodicity is
evident. We can recognise the periods of 'lows' and 'highs ,
or'dry' and 'wet' peri_ods. While periods from 1']03 to .1913,
1919 to 1937, 1949 to 1966 can be recognised as years-cd below
normal or dry periods, periods from 1913 to 1919, ,1937 to 1949
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and from 1966 to 1905 can be recognised as periods of above
normal rainfall or 'wet' periods. During the last deca~e
normal rq_infall was recorded in 3 years, excess rainfall in
6 years and deficit rainfall in 1 year. If the annualare examined it is seen thatrainfall figuresLthe highest rainfall of 1672 mm was received
in the year 1903 and the lowest rainfall of 3&5 mm was received
in the Year 1965.

The percentage frequency of occurrence of normal~ excess
and deficit rainfall in 5 continuous years for tne period
1901-85 is given below.
No. of years with normal 3 2 2 3 4 1 3 2 1 4 5Rainfall
No. of years with excess 1 1 2 2 1 2 0 3 3 0 0Rainfall
No. of years with deficit
Rainfall 2 r 0 0 2 2 0 1 1 0

Percentage frequency of
Occurence 20 12 1 1 10 10 9 9 6 5 4 4

From the above satistical analysis it is clear that
during period of 5 continuous years, there is a probability
of occurrence of normal rainfall in 2 or .3 years, excess
rainfall in 1 year and deficit rainfall in 1 or 2 years.

For the 1901-B5 period, excess rainfali-occurred
in 3 years and normal and deficit rainfall in one year
each. From this analysis we can,in fer that for the next
5 year period, the probable frequency of occurrence of normal
excess and deficit rainfall can be any one of the following.
No. of years with normal rainfall 3, 2
No. of years with excess rainfall 1 1
No. of years with deficit rainfall 1 2

\

Ye.ar Anticipated Rainfall-~
1906 N D

1907 N N
19"(') N Nuu

1989 D D
1990 E E
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The above projection shows that for the next 5 years
period {1906-90) there iaa high probability of occurrence
or normal rainfall in 2 years, excess rainfall in1 year and
defici t.rainfall in 2 years and hence the possibility of a
dry year by the end of the decade. This indicates that we
may have to ad?.pt some wa.ter conservation methods to face
the impending dry years at a later stage.
0.4 SOils

The predominent soils in the district are the red
Loazs , bl.ack cotton SOils and sandyloa'ID_3. lifearly60% of
the district is covered by the red loamy SOils and about
30% of the district by the black cotton soils while the
remaining area is covered by sandy loam. The black cotton
SOils predominantly occur in the blocks of Bestavaripet,
Maddipadu, Ongole and Korisapadu Santhanagalur and Parachur.
The red loamy soils Occur 9ainly in .the blocks of Kanigiri,
Venigondla, Markapur, Tarlapadu, Giddalur, Yerragondapalem
andPodili. The sandy loams are restricted .to the bLo.cka.of
Ve tapa Lem and Tallur. Saline soils occur as isolated.p~,tches
near the coast and in some topographic lows, valleys and
near the tan.k:$.
0.5 Agriculture and Irrigation:

Out of the total geographical area of 17,14062
hectares forests occuppy nearly 12.3% of the area of the
district. The net area sown is 6,22,484 hectares or 36.3%
of the total area. The total cropped area is 6,60,596
hectares or 39.0% of the area of.the district. The net
area irrigated is 1,73,837 hectares or 27.9% of the net
area sown and the gross area irrigated is 2,00,611 hectares
which is about 30.0% of the total cropped area. Canal
irrigation has been introduced through the Nagarjuna Sagar
project Lon Manneru river. The total area irrigated by canals
is .:37063(net),hectares. -l'anksforman important source of
irrigation in the district. There are 704 tanks in the
district irrigating an area of 2G,737·hectares (net).

L right bank canal and other projects like the mopadproject
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Cumbum tank is the biggest t~nk in these parts 'tiithan ayacut
of 2762 hectares. 1vellirrigation is also quf to popular.
There are 32023 dug wells in the district (1924-05) put of
which nearly 17,770 wells are energised. The area under
aug well irrigation and'tabo well' (223)·i9 43,g~4
hEctares (19'j4-fJ5)(net). Tne gross area irrigated is
62,t391 hectares. This is nearly 31% of the area irrigated
in the district. The main crops grown in the district are
Rice, Jowar, Bajra and Ragi. The other crops grown are
sugarcane, groundnut, cotton and tobacco. Rice is cultivated
over an area of 82,660 hectares (net) and Bajra; over an area
of 22,247 hectares. Ragi is cultivated over an area of
21 ,828 hectares and groundnut over an areao:f; 10,920 hectares.
However, if vie examine the different sources of irrigation
for rice and other crops grown, it will be seen that rice~,~,~
cultivated over an area of 60,941 hectares by canals, 20,154
hec;ta.resby tanks and only 1190 hectares by wells. But
bajra is cultivated over an area of 22,247bectares aQ.l ragi
,Dv,e,p" an area of 21 ,C28 hectares, groundnut over an area of
10,920 hectares and cotton over an area of 6505 hectares are,

cultivated by wells. This means that mostly.irrigated dry
crops are grown under well irrigation.
8.6 Indulstr,ies& Mining:

·Not m~y industries exist in the district eventhough
there are!good ·natural resources for industrial development.
Bulk of the factories relate to tobacco. industry, like the
toba.cco redrying units. The Indian leaf toba~codevelopment
company for tobacco redrying is situated. in the district.
There is a.Co-operative spL:lning mill a.tGhirala. The otber
important industries are t!le Goromandel.Agro produc~s,
Chirala and the Poorna Agro Products and Oils Ltd., at Renina-
gavaram. There are a few rice oil and saw mills.

There are minor occ-q,rrenceof iron ore, c].ayand
manganese. Flaggy l:j..mestone.occuz-Lngin ,thedistrict is an
important ,source of mining. Nearly 80% of the country's slate
is,mined near IvIarkapurand the well known Cuddapah slate of
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lYIarkapuras a roofing and flooring slab is quite famous.
Clay is md.ned locally for kaolin based products. Salt is
an importa.nt marine product produced along the coast.
3.7 Geology

'rhegeneral geological succession as sec·'"in the
district is given below:
SubRecent to Recent Vind blown sands,

Alluvium, Laterite
- - - unconformity --~ - - - - - - - - -

Upper Pavalur sandstoneGondwanas Vemavaram shales
Budavada sandstones- - - - - - - -Unconformity - - - - - -Upper Precambrian to

Lower Palaeozoic SrisailamQuartzites

- - - - - ,- - - - -
Middle Triassic toLower Cretacious

Nallamalai
Series

- - - - Unconformity -
Cumbum shales, slat~s
Bairenkonda quartzites
with shales & slates.

unconformity - - - - - - - - ~ -
Archaeans to-
tower precambrian

Dh8.rwar
Super Group
Unclassi-
fied Cry-
stallines

Dolerite dykes, pegmatites
and quartz veins
Dharwarian schists.
Granites and gneisses,Khondali tee,' '. .
Gharnockites.

8.8 Hydrogeology:
The granites and gneisses represented by garncti-

ferous biotite' gneisses together with migmatites occupy th,e
central part of the,district. 'rhe char-nockt t-ssar-eseenas
isolated,.patches in parts of Darsi taluk and are found as

,~ .inclusives in granite-.gnelsses. Khondali tegroup of!,ocks
and associate(l.magnetite quartzites 9 garnetiferous biotit8-
cordierite gneisses occur in the northeastern part of the
district. The Dharwarian schists occur as elongated bands
in the Centra.l part of the district all along the eastern
margin of theCuddapah basin and in the ar-eabetween Kanigiri
and Kanduku.r taluks. The Cuddapah rocks represented by the
Nallamalai and Krishna series occupy the western part of the

l
. I
, ,
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district. The Upper Gondwana formations occur as i~olated
patches in the eastern part of the district. Laterites
OcCUr as capp inga over t.hoLowc r Gondwana formations and the
crystallines mostly in the east~ The wind blown sands occur
towards east forming a narrow zone of 3 to 5 km in width
fringing the coast line. Alluvium is present in the area
along Gundlakamma and ~fu.sirivers. However, the thickness
is limited to around 18 to 40m, as evidehced from boreholes.

Ground water occurs in all t'heseforma tions under
water table to semiconfined and confined conditions in the
weathered and fractured rock and .is being developed by dug
wells, filterpoints and to aome extent by bore weLLs and
tube wells. A brief description of the ground water condi-
tioris as observed in different formations are described
below:
G.9 ! Ground "vater Conditions in the Archaeans and Dharwars :

The depth of weathering ±~ found to vary from 3m to
14m as evidenced from the dug wells in the district. Ground
wat,er occur-s under water tab:_3 conditions Lr: the weathered

zone and under semi-confined to confined conditions in jOints,
fracture.s and other weak planes. The depth of open wells. in
the crystalline formations varies from 3 mto 27.0\m.b.g.l.
and the ~epth to water rahgesfron 1.5m to 14.5 m.b.g.l.
The yields vary from 10 to 110m%/d.Rorewells drilled by
State agencies down to depths of 50m have given yields
ranging from 3.2rr 3/hrto 27rr}'hr for drawdowns ranging from
3.2 m to 14.35 ffi.

8.10 Ground vhter Conditions in CuddapahFormations ~
Cuddapah formations represented by the Bairenkonda

quartzites, Cumbum shales and Srisailam quartzites occur in
the western part of the district in Markapur and Giddalur
taluks. Ground water occurs in these formations in the weath-
ered and fractured portions under, water table and confined
conditions and is being developed b:th by open wells and
bore wells. The depths of open wells vary from 2.75 to 17.5mbgl.
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and the depth to water levels in them range between 1.5 ill

and 12.5 mbgl. Ext(~sion bores have bo]n put at some places
from the bottom of the wells up to 33m. These wells yield
from 45 to 135m,3/d. Tube wells constructed by state agencies
tapping the fractures and other openings in these formations
vary in depth from 1 tD 14 m.b.gl. These have given yields
varying from 1.4m3/h to 51m3/h for drawdowns ranging from
2.1m to 12m. Depth to water in these boreholes vary frow
2~8m to 15.40 m.b.gl. The results of these borehole~ have
given indication that boreholes sited properly in these
formations'can give good supplies of water which can meet
the needs of the people in times of drought.
C.11 Ground "»laterIn Gondwana Formations :

The Upper Gondwana formations occur in the district
as isolated patches in Kandukur, Ongole, Addanki and Chirala
taluks in the eastern margin e, ' Ground water occurs under
water table ~nd confined conditions. The depth of open wells
in the formations vary from 2 m to 14 m.b.g.i. and the depth
to w:atergene 'ally varies fr0!"1,1.00mto 6.20 n.b.g.l. From
the data ~vilable from the boreholes drilled in the area, the
thickness of the gon.lwana formation appcarsLY~ry. Two bore
wells drilled by G.S.I. at Kandukuru gave poor yields and
poor quality water. One bore well yielded 540 Iph for a
drawdown ,of.36.4m. This has ipdicated that the Upper
Gondwanas are not very productive in this area for a large
scale development of ground water. At best they can meet only
local reqUirements.

; ,
..

0.12 Ground W~ter in Sub Recent & RE~ent Formations
Laterite occurs as discontinuous patches in Ongole

and Kandukur 'taluks of the district bordering the Archaeans.
Since laterite 'is highly permeable, it yields copious supplies
of water. However, its water retaining c2.pacity is poor and
the yield will be local qnd also seasonal. Further exploration
is needed to prove the yield characteristics of the laterites.
Ground water occurs under water table and confined conditions
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in the alluvium and is developed nostly by dug wells, shallow
tube wells and filter points. Open dug wells vary'in depth
from 2.5 to 13 mbgl and tho dept~ towator generally varies
from O.2m to 7. 6mbgl. I'he yields vary from 0.7 to 1.Cm3/h
fo r-draw downs varying from 1.27t.o 2.07m. l'hetube wells
are ireported to yield from 10.0m3/h'tQ 60.0m3/h, for draw
downs .varying from 1. 7'm to 4. Om. 'dind blown sands are very
productive and dugVJ"ells and filter point wells will be ideal
to t,ap the ground water.

Pig.22 depicts t]le.general depth to water map of the
district for Nay ,1986.
8.13 Stntus~f the"st~dies

System.9tichydrogeological surveys have been carried
out in the district and an area of 11~590 kc2 has boen
covered upto the end of March.';·19D7.

0.14 Ground water level non;i.tDring
Ground water level r:on!.t·::>r,ingis being done since 1969

with the establish~entof 2 net w6rk stations. Presently there
are 12 All India Net work Hydr..)graphstations in the district.
Viater lev.sl fluctu.ations have been observed in response to
rechn.rge and draft. The long t er-nstudies and analysis ?f the
data indicate that the range of annUal fluctuations vary froD
less than a meter to 4.bm. with general fluctuations around
2.5m. Cor.paz-ed to other drought prone distri.cts ofther state
Prakasae district is better placed. However, the western

, ."

talulcs of the district bor-de :ing Cuddrrpah , Kurnool and.
Annntapur districts do ex~'_'eriencedrought conditions frequently.
Declining trends in the w8,ter levels have been observed in wells
located at Muddanur, Giddalur and IJlarkapur. This can
P\)8l~iblybe atributed to below no r-c.a'l. raini8.11 in the last
3 years.
0.15' Ground Water-Exnloration

Two exploiatory bore wells have been drilled by the
ear$twhile Ground Water i,yingof Geological Survey of India
in 1969, d own to a depth of 130 1:1 at'Kandukuru. This did not
yield sufficient quantity of water whose quality was also poor.
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D~ta also indicated the non existence of any productive
granular zones. The yield of one of th.-::bor81.vellswas 540 lph
for a draw down of 36.4m. However in recent years, successful
wells have been drilled by the State agencies notably the
State Ground Water Department and the State Irrigation Develop~
ment Corporation by piercing the fractures and other openings
in the basement and the Cuddapah fornations ~nd to some extent
in the valley fills upto 60rJdepth. Those borewellshave given
yields varying from 2.8 r:t3/hto 60m3/h for draw downs ranging
from 1.7(1to 21.5m. This :has shown that if wells properly
sited, good quanties of water can be tapped fro~ these
a qu i.f'er-s ,

13.16 Chenical Quality of Ground Wat£f_ :

The chemical q_uality of g-round water tapping the
crystalline aquifers have yielded potg,ble water in the
district. However, occurrence of brackish water has also
been reported where the E.C. & chlorides are high. Ground
water is alkaline with the pHyalues,,:v.a:rying,f'rom 7.5-to 9.2.
The E.C. generally varies fror 260 to 12,600 nf.c.romhos z'Cn

at 25°C. The chloride varies from 50 to 4580 ppm with the _
general value around 200 ppm only. Fluoride content 'exceeds
tl!8perll~issibleli[1:j_t of 1.5 PPCI which nake s vth» ground water

it for drinking. Ground water in major parts of Kanigiri,
.L, Darsi and parts of Giddalur taluks has L~$-N-g~~¥tation

than 1.5 ppn and r.eaches a. naxLmum cf8. 5 ppm in Darsi
J','¥,1I1l1';,I.:::,U: ".;Ground water in the Gondwana fornation is potable to

. " /,

. l'Wl.ckish.The water is a.Lke.Lf.ne with pH value ranging from
, •.... /

'7'.O.'to8.5. The E.C. ranges from 3250 to 7850'micromhos/Cm
at 25°C. The high E.C. can be attributed to the nearness to
the coast and shallow water table conditions. The tot~l
hardpess as OaC03 varies from SO ~o 138~ ppm. The fluo~ide
concentration varies fron 1 to 2 ppE but often goes upto
5 •0 ppm,

~uality of water in laterites is generally good.
Water is alkaline with E.C. of 4770 rnicromhos/cm at 250C from
one of the samples. collected f~"'o!Dthe area. The constituents
liko bicarbonate 9 carbon~teand chlorides are 390ppm, 30 ppm and
1160 ppn respectively. i

The alluvial area, ground water is potable and br'ackt.sh.
Ground water is alkaline with pH values :~'lngingfrom 7.3 and 9.1.
Chloride concentration varies from 48 to 7845 ppm, however the
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g';lleralvalue is around 1000 ppm. The sulphates vary from

\80 to 875 ppm. The ground water nearer to the coast is
almost saline with E.C. exceeding 15000 micromhos/Crn at 250C,
8.17

IT'. k2,.D.:J,r~:listriciLigCDcp:U'3t'ivelya 'SoalL}T co-sst.o.I.
'r:li-oi:rict with good scope for deveLcpment of ground wa t@.F ••.---

Hotiever, there cere qual'ity pr'ohlens, as seen along the CG~st,
'~nd also there are fluori' rich ar~as which h~ndor d8velop~ .
rien t ',"=,i:: 2, L:;.cge sc'!.le;, j
(.

The earliest estimations cf grotind water potential were
carried out in 1977 which were later revised as in the case
of other districts'. The latest utilisable estimates of the
ground water potential is Given in Table-8. The estimated
potential is 1293.9 MCM and the estimated present net draft
is only 138.1 MCM (1984-85) leaving a balance of 1155.8 MCr.1
for ~evelo?ment. The stage of grou~d water development is
a.l.so only 11%. Except Cumbum , KunL'3;iri.%)dili and Darsi
taluks there is no significant dev~lopr:lentin any other taluk.
Here also the stage of dc,elopment is less than 15% except
for Cumbum wher-sit is 33% at the presentfftjlge of development.
However, if we 8x~mine the course of development in the taluks

, . '.

for.the l£Jt 4 years (198~-82 ~o 1984-85), t:are ~as noi been
any signi·ficant rise in the ground water draft except in the

. ,case of Darsi, Kanigiri and Kandukur taluks where some draft
has been recorded. This is ofcourse no likely to affect the
water levels. But when we·exar:.'linethe water levels there has
been some decline in the levels varying from 3m at Addanki to
.~ ill 9.t Kanigiri over R per'Lod 5 years. But this fall seems
to be due to the below' no rma.L rainf-=tllreceived in the district
during/the last 2 years wh:":::hhas seriouslyaffecteCl the rech-

.'
arge'and hence the fall in levels. This fall in levels can be
considered as solely due t")rainfall and tlight record a rise
should be nOnsoon conditio!').sin the cooing years improve.
Presently there are .32,023 dug w ~ls in the district out of
which nearly 7770 wells are energised fitted with electric
motors and diesel puopsuts. As it looks, there is wide scope
for development. Added to this,there is nearly 80,062 hectares,
under Nagar juna Sagar R:i..ght Bank CanaL Command. Hence, there
is no problem as such, t~ndin fact there [laybe problems of
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r. . .;
shallow WD.ter t~ble conditions encountered. in the' Dn:rei,

' ",' ",PodiJ..i·,'Kandukuru , Addo.r'ki_tal'liksdtieto which water
logging and quality problems may crop up necessitating.
conjunctive use of ground Qnd surf0..cew?ters. Tpe problem
i~ therefore one of water managenent.
~.1G Rurnl"fmd Urban iJater Supplies for drinkin~

Viater and Industries :'
Prakasam district has a population of 24.37 lakhs

out of *hich 21. 00 lakhs~_lj_vein the villages and 3.29
lakhs live in the towns. The district has 7017 bore wells

.s: I . which ane in use and 107 pumping and mini pumping water
schemes 'have been executed to date to meet the water
requirerl!ents of both urban and Rural Population. In addition
to the above public bore wells and pumping water schemes,
several dug wells both public and private exist in the
district, which also meet the water needs of the population.

I

As per tlileexisting norms for drinking water and domestic
needs including the live stocks population in the rural
areas, t4e total water- !t,eqUirements of th.edis trict bo.th
for drinking anddomesti.c pur~oses works ouito 64.7 MCM
with 'a p~rcapita coneump tLcn of 90 IPd for the"urbanaml
70 lj;:dfor the Rural population including the live stocks
consumption. ':rheprojected demand for the dri.rikingwater
and industrial needs of the district is 220. '3'MCM out of
the gross retcb.argeof 1522,2 r10M. Hence auf'f'Le Lerrt
provision is made for the add! tional requirements in the:~
future except
recharge v,:tll
maniiestedby

in the years
be less than
drying up of

of drought when the actual
the norrr).al.yearsand this is

\ ' ,

~ells or l.~wering of wate.r

/

tacls especially in the western part of the district
which is drought prone. Only in such conditiop,s,t.o
'meet the ei:ventua"llty and to mitigate the, hardships' of



: 12.4:

,

:th~pppulati:)n thes~ will be 3. nee.l to s1inds,.addi tiz::u.l1:uu..•..__ •.... .:. .' " •«,> . .
b ore' wells which are dee:;_::;:;rthan the existinr' o-:+,-:on.n,q
1'''':~~nin~:~",·f 'tho axis tin"~ due; wells. taken up on pr:io:ri ty
pnsis.,

G .19 Ground ~Iate r De..;..v..:;.e,;;;;l..:;.o.•.p.:;;;.tl;..:.o~n;..;t_...;.w:..:i;..;t;.:;.h;....;:;R:;.::e;..:;f;...;.c;..;;r;...e;.;n~c;...e;...._t..;..o~R;.Ma"",J._·n_f__al_l_
and tva tei"--r;evels :

-
Thvugh the district is having sufficient utilisable

resourc~B, the deir9lopoent has not been much, The number
of wells usedior irrigation in 1975-76 WclS 24,3:53 r
and there were 748 tanksus.d for irrigat1-on in 1975"'76~
Th8 number Of wells in 1902••03 was 25,3-q4 which in 1984-85
has gone up to 32,023. Hence, tho development of ground
w'lter resources has not picked up perhaps because ofc~naJ.
irrigation-introduced into the district under the Nagarjulla
Sagar Project, Out of tho gross area of 2,00,611 (19.84-B5)

. ::':

hecbar-as irrigated in the district nearly )3,723hectaresa:re
irrigatedb-y ca.nals and.another 29,725 hectares are irrigated

,', r.",

by tanks, theren:'linihg area of 62,891 hectares is irrigated
by wells which is roughly 31% of the total areairrfg'ated.
The area. irrigated by NagarjunaSaga:r Project is in Podili,
Markapur and Darsitaluks. If the wa,ter level data of ,the
stations in the district are examined the decLining trends
h3.ve been seen only at "Kc'1.nigiri (1.3m), Markapur (4.4m),;
Gidda.lu.r (3. Om) parnuru (2. bULl and .n.uJ•..•llki (30) • F1re; 23 J: . ;_"
Howover, if this trend is conpared with the rainfall received
in these. ar0"as I ther-e has been below 'normrLl rainfall in these ,''}

~. ..

areas ..fathe last two years which perf;1pas affected the water
levels due to reduced recharge to ground water reservoir.
Hence 9 the fall in water levels/not to '\tny over developnent.- ~ , .
In fa.ct, there is wide scope for develo~tlent in"~the district
and as per estioations, thest:l.ge of ground water development
is only 11~bat present, and thet-empo or devo'Lcpraerrt should be
geared up to meet the drought situation by increased ground
water development.

L can be atributed to below normal rainfall only arid

_l
i

.1

•

-~..- __ . ~'~ ...



I!

RAINFALL VI WATER. LEVEL OF NETWORK STATIONS.
PRAKASAM DISTRICT, A. P.

(1981-86)

0917- 8S)

ni
" U£! f

I
1 -~.. -r-

PAMUR'





125 :

18.20 Ground \il/aterManagement Practices ~nd Drought
Management S~Fategies :

,La discussed above, the tempo of ground water
development is low in the district and there is wide scope
for development, But the vagaries of monsoon has cre~ted
soares conditions in certain parts of the district where
as the parts covered by Canal Command has problems of
pleni;;y. This needs certain management practices and change
of strategies both long term and short tern to over come
the drought conditions as well as ensure equi t'lble distri-
bution of the'lv~.ilriblew~.ter resouces.
8.21 Long term Drought Mp.n:'1gementStrategies

Nearly 93,723 hectares are under the cantil
irrigation in the district and Rice is cultivated over an
area of D2,660 hGct~res which includes both Kharif and
Rabi periods. Rice is a crop which requires lot of water
and the~e is wide scope for savng if the crop is not culti-
vated as a second crop. If rain water is harvested during
the first crop period which >verlaps the 6o'-~-th-westmonsoon
period-, then also there is scope for saving water. Also
in the COlYl1TIandarea there is rTidescope 'for ground water
development and also for/e'onjunctive use of surface and
ground water by Sinking or drilling additional bore wells
inthe'canal corJr:J.and.There ar-epockets of bad quality
ground wateriwhere E.C. values go up to 12,000 micromhos/Cm
at 25°C. In such areas, there is scope for mixing ground
and surface waters and use it for irrigation for salt resi-
st!J.ntcrops like paddy, sugarcane etc. In areas, where the
fluoride concentration is a problem from the drinking water
point of View, defluoridation may be taken up to meet the
drinking water neec:3. In nreas, where there is no Scope
for surface ,w8.tersources and ground water is saline, only
the possibility is to go in for desalination to meet the
water requirements especially for drinking.

vlhile developing the untapped resources where the
development is low the scientific investigRtion techniques
and well Siting methods may be adopted, so that well failures

L in the command ar-ea
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are minimised. The latest reLJte sensing tecimiques/will be
of help in mapping the promising r.reas for development.
The Cuddapah linestones f:.rovery prClnising froG the ground
water po m+ of view and it is bettor that they f:l.re·"explored
systemati~lly and developed properly to boost the agricul-
tur::J.lprocuction as well as meet the drinking water require-
tierrt s in t~mes of need. The district has 1,02,512 hectares
or 6.0% of the total geographical area as culturable waste
which can be utilised for growing fodder for the cattle
and can also be used as ? grazing land. The other w8.ter
harvesting 'technfquee like sprinkler and drip irrigation
can be adoptet wherever feasible for optimal utilisation of
the resources. ,Other district developmental programmes like-
afforestation schenes, SOCial forestry and DPAP and DRDA
programmes can \e coupled to yield bette.r z-e su.l, ts in the
long run. L including in geophysical surveys
8.22' Short term ]kough t Management strategies :

The long ~erm meqsures c~scussed above with however
take long peribds ~ yield rQsult~. Sobe short term or
immediate measures have to be taken up to solve the problem
and the hardship facsd by thepo(,le'and the l~vestock popul-
ation, so thqt their water re.quir;Jnentsare' met. ~vhere the
shallow wells have gone dry, borewells are to bo drilled at
favourable sites pinpointed flfter adDpting the latest well siting
techniques, to meet ~he drinking and; domestic water requireraents.
Extension bores can c.lso be drilled from the bottom of the shallow
dug wells, in addition to the bore~ells to meet or to supplement
the irrigation requirements. 1rfuerethe resultant ground water
turnsout to be bad, qus.lity wise,either defluoridation (:if
fluoride concentration is higher than (1. 5ppm) or des8.1ination
can be donebefor.e euppl.ya.ng the water for use. Al ternateJ-y
canal or tanks w8.ter whe r-ove r it is feasible 'can be used to
meet the drinking "rater needs. Other water harvesting techniques
like9 construction of recharge wiers, percolation pondsc~n be
taken up on a 1.'l;rgesc,'3.10,wherever vi.abLe (sandy soil areas or
[lore suited than blA.ck soils) to arres the flRsh floords/thundc;r-
starn water, so that the water thus stored can recharge ground

/ or ' .wetter _can be used to meet the emo:rfoencyrequirements.
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. LNNEXU11E - IV--.-._."...----.~-.-~..,.

WATER LEVEL DATA OF h'YDROJRflPH NET IDRK STATIONS nI DROffirIT PRONE DISTRICTS,

~IPHRA FR.ADESH

( From 1969 to 1986 ) .
- - -. - .-~-" -.- .-.~ •._. -. - e ...;,.~--.:... -. -. -. -.-. ;.. •••• -. - •••.•-.-. -.- .~- •••••-.~. - •.•.•.•-. - .-.-. -...-.--. -. -,-w.

.. Depth to water (m.brrm)
Sl.No. Well No. Nameof the Station Year Jan. Apr./June Aug Nov.

May-.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-,-.-.-.-.-.-~-.-~-.-.-.-~-.-.-.-.-.-.-,-,-.-.-.-.-.-.-.-.-.-
(1) (2) (3) (4) (5) (6) .(7) (8) (9)-.-.-.-.-.-.-,-.-.-.~.-.-.-.-,-,-,-.-.-.-,-.-,-,-,-.-,-.-.-.-.-,-.-.-.-.-.-.-.-.-.-.-.-.-.-

ANlj.NTAPlJRDISTRICT:

1. 75 Gooty

, ..,

1977 8.31 11.:?3 9.75 7.94 5.47
1978 6.08 8.45 10.-32 11.12 9.10
1979 10.00 12.70 12.11> 11.72 9.74
1980 8.64 10.64 11.85 12.61 10.56
1981 11.08 12.40 Dry 6.61
1982 5.85 6.11 7.95 7.42 2.19
1983 3.44 4.14 4.73 4.~ ).85 ..1984 4,61 5.91 7.39 5.30 5.28
1985 6.22 9.27. 7.03 5.141986 5.30 7.47 8.72 6.60
1969 - 6.65 4.771970 7.75 6.75 7.15- 6.50 7.65
1971 3.20 5.85 6.65- 7.36 6.95
1972 7.45 7.30 7.55 -
1973 7.20 6.90 7.90 -1975 - 7.54 - ~.491976 7.12 7.91 ~66

1977 Dry Dry - - •..
1978
1979

(Abondoned )0

1977 - 8.80 -_ 7.64 6.65
1978 6.33 7.20 a~2f> 8.79 8.55 ;...

1979 7.85 8.86 8.38 8.90 -. 7.80
19$0 3.50 6.74 7.69 7.97 $.50
1981 Dry Dry - Dry . 6.35
1982 5.16 5.44 6.4IJ -7.10 7.301983 '.58 6.41 7.25 .Dry 10.87
1984 10.32 10.88 :Dry Dry Dry1985 Dry-, Dry Dry - Dry1986 . (Abondoned)
1986 '.801977 8.51 9.51 9.55 10.09 8.81
1978 9.30 11.01 11.81 11-.91 19.911979 10.58 11.87 11.72 11.98 .50,
1980 9.35 11.40 11.90 12~41 14.82
1981 12.72 Dry 13.10· 13~22 ' t::,1'7.-,0
1982 5.85 6.11 7.95· 7.42 2.19
1983 8.90 10.62 11.01 10.64 9.25 ,
1984 9.74 9.70 11.00 9.441985 9.93 11.41 l1.47 10•.901986 11.76 13.70 11.03 8.•90..

,,·Contd••.••••• 2/-.

2. '76 (A) Anantapur(Old)

3. .Ana:otapur(New):

4. 477
'r9

New Well
Kadiri
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• ! ~.

: 2 :
,.;..-. -, -,.-.-.-~•..•..•.•- ,,-~'-•.-.~.-•..••.,~.-.- •.,..-. "..•-. -. r.- .-•.....-.':".--:..•.•.•.~.•.-.•- •.•..,.,.'."'~'":".'-.-'r.,.e.. -. -.-

(1), (2) (3) '. .', (4) . _ (5) . (6) (7) . (8") '.'. '~:(9)i

5. ' 80 ' Penukonda 1978 . - 15-.-20.,16.36 16.82 16,221979~ 15.95 17.88 18.80 19.18 18~5tl1980 10•.15 19.72 Dry Dry
1981 9.50 Dry Dry Dry 3.901982 15.24 15.84 16.05 15.74· 14.55
1983 13.30 14.54 15.27 15.62 13.401984 13.4013.95 15.15 15.19 14.05
1985 14.70 16,89 17.62 17.001986 18.06 19.05 Dry 15.92

~~f.~·~,0: 0"" r' ~, ,.
.~. ,

...".• .
"
..

~.

'.

'..
.'. /

..

:.

1971 9.96 10.85 10.30 9.~1972 7.82 7.51 Dry Dryj973 12.05 11.10 Dry .9.91'1974 Dry - -1,.976 - (Abondoned)

1970 11.05 10.83 10.871971 11.77 13.35 13.30 9.49...• .1972 9.50 12.20 13.12 13.01.1973 15.10 14.87 14.52 ..11.42.1974, 13.00 ...• 13.37.'1975 - 14.88 14.55
1977 ... 20.95
1978 18,25 18.95 19.76 20.311979 19.20 20.05 20.44- 20.78 18.011980 16.58 16.90 13.71 18.78 18.671981 18.90 19.32 .- 20.20 .19.091982 10.35 19.66 20.03 20.095. 20.101983 19.87 20.30 21.22 Dry 'Dry
1984 20.40 Dry Dry Dry Dry
1985 Dry Dry Dry Dry

..• 1986 Dry Dry Dry Dry;

1978 - 8.30 7.6719f'9 7.61 7.97 8.30 ~.
1980 7.47 7.88 8.37 8.08 8.061981 8.05 8.36 8.97 8.41 7;'e'1982 7.75 7.r!f:> 7.91 8.11 7.561983 - 7.91 7.98 7.82 ~.~!1984 7.63 1.89 8.23 7.951985 7.985 8.65 9.~4 ' 8.)$1986 8.~5 8.73 8.97 8.4:2

\\
"

COntd•••••••• 3/-.':":'•..

.110 Rayadurg(New)

..

", :4.1
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. :3 :.
.•.-.-.~.-. -.---.' .•.•....•.-.- ...•-.-. -. -.-.-.-.;.;,;;...- .....-. -.•...-.-..~-.-.-...•-.-.- ..•~.-.-.~.-. -...-..-.-. -.-

(1) (2) (3) (4) (5) (6) (7) , (3) (9)-.-.-.-.-.-.~.-.-.-.~.-.-.~.-.-.-"-.-.~.-.-.-.-.-.-.~.~.-.-.-.-.-.~.~.~.-.~.-.-.-.-.-.~.-.-
:'9':.•, 123 Kalayandurg . 1973 - 9.36 9.39 .J>

..•..;., ..,. 1979 3.63 10.10 10.56 '10.63 3.33
1930' '3.91 .5.01 5.13 6.50 6.77
1931 7.30 8.69 3.09 3.70
1982 5.35 .5.13 17.'15 7.11
1983 7.13 8.94 '8.17 3.'3 8.15
1984 8.47 Dry Dry Dry Dry.
1985 Dry Dry Dry Dry
1986 Dry 17.58;: Dry t~.05.

1O~
'\

236 ' Uravakonda 1980 10.12 - 10.35 10.41 10'.11
,,' . 1981 10.30 9.'6 10.38 7.21)

1982 7.42. 7.66 8.24 12.91 10.10
1983 - 12.55 11.02 9.03 B.OB
1984 8.84 10.36 12.30 11.36 3.69'
1985, 9.58 13.54 12.~ 13.40
1986 Dry 13.58 Dry 1:;.52

11 • 237 Thagguparthl. 1981 10.91 13JJ 10••13
1982 11.~ 10.00 12.91 10.10
1983 10. 10.84 11.tW 10.07
·1984 10.17 10.45 10.83 10~'~' 10.97

fi, .,' ,..1985 11.13 11.58 11.31 11.80
1986 12.06 12.41 12.46 12.22

..... ' ,

" 1-?238 Mudigubba· . 1981 ~ - 14.02 10.79 ,.30
,", 1982 '.145 10.66 14.19 14.49 11.16,

1,933 10.32 13.74 11.37 8.52 5.52
.': 1984 7.32 8.65 9.80 11.17 9.94

1985 11.00 14.58 ;i'
4.98

,1986 7.13 10.94 9.20 5.00
.... , ....•.•_". 2.67. f 13. 239 Iharnavaram' 1981 8.35

, . 1982 3.09 4.06 4.4S 4.99 3.015
"y' 1983 3.64 4.38 5.'0 5.30 2.105

It 0" .1984 2.77 3.62 4.58 5.10 4.67
I') . 1985 5.16 7.40 7.52 7.41.' 1986 8.06 10.60 10.00 7.14 '

r4. 2JIJ Hindupur' 1981 20.00 Dry 12.40
1982 12.75 14.64 15.91 16.9~
1983 17.47 19.78 Dry Dry 20.14
1984 Dry Dry Dry Dry Dry. 1985 Dry Dry Dry Dry

':.;; ..~ 1986 Abondoned
,0 ,'5.- 241 Madakasira ' 1981 - -'\ 10.27 4.19
? 1982 10.66 4011 4.91+ 5.07-

r· 1983 3.65 6.25 '.52 7.885 6.61
1984 7.41 3.08 8.78 9.32 9.53
1985 14.35 10.70 11.30 11.70 ,.
1986 12.06 13.90 13.65 12.•73

·r

Corrt.d •••••.• 4/~'.



• 4 •. .
-.-.-. -r-.-. -,_.""._._,_._._._._._._._._._....._._.•._._.__ ._...._._._...._._._._...,.._._._._._

(1) (2) (3) , ' (4) (5) (6) (7) (8) . (9), -'-'-'-'-0-:-'-.-.-.-,--,-,-,,-,-,-,-,-,-.-,-.-,-,-,-,-,-,_._._._._._._._._._._._._._._.":,, ..,......,,"
KURNOOL DISTRICT :

1. .71 Allagadda 1977 3.76 5.78 5.31 2.20 2.35.;)

1978 3.09 4.80 3.95 1.31 1.49,1979 2.71 4.47 3.98 4.93 2.541980 4.91 3~90 3.38 . 3.40 6.23.1981 4.02 5.67 2.68 2•.69.1982 3.50 5.375 5.84 5.13 N. C1983 3.99 5.80 6.05 6.70 2.32,1984 3.48 5.47 - 5.59 5.54 .~.'. 1985 5.59 Dry 3.55 3.85'. 1986 4.80 Dry Dry 409rt
2. 72- Nandyal 1969 - 5.45 4.971970 .4.94 5.64 5.74 2.74 5.001971 4.81 5.16 5.36 5.23 5.45, , 1972 . 5.65 6.05 6.10 4.421973 6.46 5~291974 - 6.42'"1 ~

1975 5.68 ..
3~G~5

=i -4

-19~ 5.08 - 5.161977, 5.55 6.27 6.03 4.40 4.511978 5.33 5.69 5.72 4.13 3 QQ-../ •.•.~.1979 4.81 5.38 5.54 5.32 5.16. 1980 5.48 5.86 6.', 5.33 5.711981 6.16 6.62 7.40 5.00 5•.03'. 1982, 5.40' 6.725 7.40 6.76 Nil1983 " 5.4D 7.05 7.70 4.29 4.961984- 5.40 6.23 5.59 4.901985 - 7.67 5.30 5.40199b 6.25 7.76 7.34 6.51
·3. 73 . Kurnool 1977 4.21 5.29 2.78 2.90 3.561978 4.06 6.10 6.30 1.94 3.211979 4.01 5.40 5.47 3.68 4.02

1980 4.91 3.90 3.38 3.40 6.231981 4.02 5.67 2.68 2.691982 2.57 4.01 3.'7 4.15 2.371983 4.42 3.74 4.40 1.48 2.68. . 1984 2.80 3.30 3.57 3.251985 - 3.61 '- 3.45 :3.061~86 3.96 3.28 3.12 '4.72
4. 74 Dhone 1969 6.20 6.~91970 4.40 5·40 4.80 4.00 ~051971 6.57 6.69 9.49 4.95 l~701972 4.95 6.19 5.951973 5.50 5.48 5.751974 - I 5.951975 5.05 5.081976 4.41 4.70 5.481977 5.38 5.75 4.38 4.32 4.311978 4.65 6.05 5.87 4.74 4.52~ 1979 4.63 5.90 6.23 7.05 4 041980 4.39 6.03 6.63 5.45 61081981 6.69 7.48 7.36 Dry 5.\386.73 I1982 5.94 7.24 7.M- 5.:001983 4.,66 6.45 6.34 5.2S 3.'571984 4.50 4.71 4.51 3.761985 5.07 7.2iJ 5.05 4.901986 7.68 7.47 6.56

Cont •••••• 5/-.
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. ' - ' ...
.-.....- ..•..-.- ...-......-..-.' ....---.-.-.-.- ... -.-.~.-....,......-. --.-- .-.- .•.-.- ......--.-. -.~.-.-.-.- .•.-.~..--.-

.(1) (2) '. . (3) '(4) (5).·. (6). ~7)'" "(8) . (9)-~~.-.-~~.-,-p-.-.-.-~-.-.-;-~-.-.-.~.-.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-~-.-.-.-.-.-.-.-.-
.5. 126 " SriBailar:l 1978 - 8.671979 11.54 13.00 10.00 8.56 13.70 _l.>.

1980 11.90 12.83. 1981 12.83 11.24 13.24 8.581982 13.29 9.08 7.60 .6.50 5.001983 10.00 13.56 11.58 4.19 8.24
'~ ,': 1984 9.80 13.45 8.87 10.671985 10•.03 12.70 9.80 10.921986 12.06 13.45 8.90 8.76

6. 242 Kodumuru 1980 3.43 5.08 4.96 3.70 3.921981 4.36 5.35 5.37 4.16 3.051982' 3.63 4.335 4.72 4.06 2.851983 .. 3.52 4.32 4.70 3.64 2.511984 3.21 3.98 3.12 3.28
fe.'· .1985 4.67 3.87 3.60. 1986 5.36 5.51 6.45-" ,-

: ..7. 2L.3 Pattikonda' 19~ 9.75 10.74 11.42 9.54 8.91. 198J 9.50 11.02 11.30 11.81 8.171982 - 10.69 10.25 9.~. 5.35. '
:! • '1983 6.92 8.08 9.01 9.27 5.9019B4 7.10 8.52 9.04 9.29'1985 9.87 11.24 10.20 9.34,::, "1986 10.00 11.70 11.85 10.35

8. .;w.. Adam. 1980 2~25 2.75 2.68 2.02 2.381981 3.43 3.81 7.23 6.76 5.22
,- ... ··1"982 5.64 6.82 7.40 5.92 5.711983 5.42 6.56 6.99 6.89 2.751984 3.73 4.86 4.2b 5.97.1985 6.28 7.62 7.22 6.301986 2.54 6.63 .••. 8.40 8.52

9. 245 Mant,ralayal1 . 19?O . , 7.55 6.76 5.22-1981 6.89 7.10 6.92 6.44 5.72. ,1982 5.S) 6.38 5.95 5.79 5.82·1983 5~96 6.34 6.50 5.12 4.391984 5.'17' 5.84 5.64 5.691985 - 6.70 5.10(New Well) 1986 5.80 Dry 13.47 13.68
o. 246", B..1.llag anapalle 1981, - 8.06 7.85 5.121982 '4.9 6.07 - 5.92 N.G198], '4.59 5.03 4.61 4.~ 4,,16..• 1984, 3.~ 4.71 4. 35 4.90• "I- 1985 5. 6.11 6.60 5.821986 " 6.22 6.92 7.84 8~14.,
1. 247, Atoakur '198·1 8.06 3.72 3.,37. 1982 4.19 8.22 7.76 5.68 N~C,1983 5.80 Dry 6.07 1.40 2(;6

<. /1984- 4.12 7.74 4.96 3,,;201985 - Dry 3.60 4.•C':... 1986 5.60 Dry Dry 9.26
2. 248 Nandikotkur 1981 - 11.90 4.94 5.171982 5.41 8.638 6.90 8.23 N. C1983 5.40 8~06 10.38 ·2.94 3.m1984- 3.85 5.24 4.31 5.041935 10.33 7.35 8.531986 10.35 12.55 9.99 8.80

~ 6/_.- .....~.•
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(1) (2) (3) . (4) (5) (6) (7) (sy' (9)'-.-.-.-.-.- ....•~.-.-.-.-.-.-.-.- .-.-.-.-.- ..-.-.-.-.-.-.-.-.-.-.- .-.-.-.- .-.-.~."-"'''":''.-::'.'-:-.'-.':-.'
KDRNOOLDISTRICT .•

1. 71 Allagadda 1977 3.'76 5.78 5.31 2•.20 .-..-.··2.35..~ ..:'..·1978 ,3.09 4.•'80 .3.95 1.31 1.4919'79 2.71 4.47 3.98 .4.93 . 2.5·41980 4.91 3.90' 3.38 3.40 6.231981 4.02 5.67 2.68 ~691982 3.50 5.375 5.84 5.13 N. C1983 3.99 5.80 6.05 6.70 2.321984 3.48 5.47 5.59 5.541985 5.59 Dry 3.55 3.8519~ 4.80 Dry Dry 4.9f1
2. 72 Nandyal 1969 ._ 5.45 4.971970 4.94 5.64 5.74 2.74 5.001971 4.81 5.16 5.36 5.23 5.451972 5.65 6.05 6.10 4.421973 6.46 5~291974 - 6.4219.75 5.68 -- 3.85-...

19~ 5.08 - 5.i161977 5.55 6.27 6.03 4./1) 4.511978 5.33 5.69 5.72 4.13 3.981979 4.81: 5.38 5.54 5.32 5.161980 '5.48 5.86 .6••1 5.33 5.711981 6.16 6.62 7.40 5.00 5.031982 5.4P 6.725 7./IJ 6.76 Nil1983 5~40 7.05 7.70 4.29 4.96'1984 5.40 6.28 5.59 '4.90'-~.. 19&5'. 7.67 5.30 5•.40
, - ,~-1986: 6.26 7.76 7.34 ..6.51

3. 73 Kurnool 1977' 4.21 5.29 2.78 2.90 3.561978 4.06 6.10 6.30 1.94 3,211979' 4.01 5.40 5.47 3.68 .t021980 ~ 4.91 3.90 3.38 3.40 ..'~23'1981' 4.02 5.67 2.68 2.691982 2.57 4.01 3.'7 4.15 2.371983 4.42 3.74 4.40 1.48 2.681984 . 2.80 3.30 3.57 3.25."1985 , 3.61 3.45 3.06" ' -
1~e6 3.96 3.28 3.12 .:~?2

4. 74 -Dhone 1969 6.20 6.59 "1970 4.40 5.40 4.80 4.00 4~c51971 .6.57 6.69 9.49 4.95 4'70• I .1972 4.95 6.19 5.951973 5.50 5.48 5.751974 5.951975 5.05 5'.081976 4.41 4.70 5 .,4,~:~1977 ,5.38 5.75 4.38 4.32 4.311978 '4.6, 6.0'5 5.87 4.7A 4.52...•. '\. .1979 4.63 5.90 6.23 7.05 _4"C!;-1980 4.39 6.03 6.63 5.'45 /:~_6~~c8-,.
1981 6.69 7.48 7.36 Dry " t:;1_3r:l-

. .-/., :d1'982 5.94 6.73 7.24 7.L,4 .5 ~:001983 4.66 6.45 6.34 5.a) 3.571984 4.50 4.71 4.51 3.761985 5.0'7 7.20 5.0'5 4.90'1986 -. 7.68 7.47 6.56
Cont ..•.•• 5/-.

l\~
'.
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(1) (2) '(3).' (4) (5)" .(6) '(7). (8) (9)-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.---.-.~.-.-.-.-.-.~.-.-.~.-.-.-~-.-
5. '126 ',SrisailarJ . 1978 - 8.67

1979 11.54: 13.00 10.00 8.56 13.70
" . - 1980 11.90 12.83 ,.'_1981 12.83 . 11.24- 13.24 8.58,,1982 13.29 9.08 7.60 6.50 5.001983 10.00 13.56- 11.58 '4.19 8.241984- 9.80 13.45 ~ 8.87 '10.671985 10.03 12.70 9.80 10.921986 12.06 13.45' 8.90 8.76

6. '242 Ko dumuru '1980 3.43 5.08 4.96 3.70 3.92'1981 4.36 5.35 5.37 4.16 ~•.O5.1982 3.63 4.335 4.72 4.06 2.85. 1983 '3.52 4.32 4.70 3.64 2.511984 3.21 3.98 3.12 3.28
1985 4.~ 3.87 3.601986 5. 5.51 6.45

"-4...

7•. 2L.3 Pattikonda 1980 9.75 10.74 11.42 9.54 8.911981 9.50 11.02 11.30 11.81 8.171982 - 10.69 10.25 9.26 5.351,983 6.92 8.08 9.01 9.27 5.90
1.9,84 7.10 8.52 9.04 9.291985 9.87 11.24- 10.20 9.341986 10.00 11.70 11.85 10.35

8. 244 Adeni 1980 2.25 2.75 2.68 2.02 2.38.)'981 3.43 3.81 7.23 6.76 5.221982 5.64 6.82 7.LP 5.92 5.71
If 1983 5.42 6.56 6.99 6.89 2.75.' 1984 3.73 4.86 4.26 5.97. -:;. ,,1985 6.28 7.62 7.22 6.301986 2.54 6.63 ••• B.4£) 8.52

9. 245 Mantralayam 1980 - 7.55 6.76 5.22,1981 6.89 7.10 6.92 6.44 5.72.1982 5.83 6,38 5.95 5.79 5.821983 5.96 6.34 6.50 5.12 4.39.. 1984 5.17 5.84 5.64 5.69.. 1985 6.70 5.10(New Well) . 1986 5.80 Dry 13.47 13.68
10. .21/> BanaganaPa.?-le 1981 - 8.06 7.85 5.121982 4.9 6.07 - 5.92 N.G1983 4.59 5.03 4.61 t~5 4.161984 3.~ 4.71 4.901985 5. 6.11 6.60 5.82

'l/ 1986 6.22 '6.92 7.84 8.14' ~.

11. 247 Atoakur 1981 8.06 3.72 • 3.371982 4.19 8.22 7.76 5.68 N.Gr- 1983 5.80 Dry 6.07 1.46 2.961984- 4.12 7.74 4.96 3.201985 - Dry 3.6cl 4.091986 5.60 Dry Dry 9.26
12•. 248 . Nanddko'bkur- 1981 - 11.90 4.94 5.171982 5.41 8.638 6.90 8.23 N.G1983 5.4D 8.06 10.38 2.94 3.201984- 3.85 5.24- 4.31 5.041985 10.33 7.35 8.531986 10.35 12.55 9.99 8.80

!" ._-~,_'..
. ,........ •. t, 1_ •



COnt••••••• 7/-.
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(1) (2) (J) (4) ,(,) (6) (7) ,(8) (9)
. ..-" .. ;, _' - "•..•-. --.-. -.- ••..•- •..•.•- •.- •..••.•.••--.- .•- •..•..•.•.•- ..-~.~~.--. _". _;-•....•..••",-~,:•.•.•.,. -. -. -.~-. --1-" -.-. - .,-'.-.- '_',".

_, "_ ,_ " ' I , '::,~:;: _;:'

-,_,""",1'

~'f:7.24
\,7.55
:;'9.10
;16.30

9.50
~.52
~.()8
'~41

, 10_20.
10.35

1977 ".oj ,9~b5;' '1.81
1978 :~·6.~ 10.29 . 11.'3

, 1979· '7.14 10.88 10.60
1980 '6.20 10.56 13.43
1981 11~OO 13.28 11.S,
1982 10.77 12.22 12.89
1983 10.51 13'.28 17.e6

"1~84 6.31 '8.'18" 1.T}·
1985, 11.15 9.92 ~

, ·198(,· 10.44' '13.88' ~

'. ..,.- .. '.'
. ", "-~."":..: ..

-

4.22
5.03
6.37
8.02
'.696.60.3.01
~78

5.42
- 1981 13.7S 13.12 11.78
.. 1982 12.87 13.88 14.,00 14. 15 12.33
1983 Ab~doned. ' , '

235

, '

8. 301 Muckl~zru.r(New)

-7.~
'!~'ii>
6~60
7.S!
B.11 8••

1983 14- j6 14.73 14.31 4.51 11.38
1984 11.36 11.96 12.40 12..14 12.22
19S5 12.7'3 13.99 13.5S 13.[,1
,~19S6, 14.18 Dry Dry l)r.y
~

, '

CHlTTOOR 'DIS'i'RI({1' ':- ' I

, \

7~:-:'5
8.,,/;:;
t:; C"i
...- .-,./~""

7..0C

4. c_'
r" ( ..t
G",

r

Cent••..• 8/-.
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(1) " (2) . (J}'" '" (4) "(5}·(6), (7)":, (8,-, ", (9:'" . ,
.. _.-.-. -.- ...-. -.~.,....-.-.-....-.~.-.-.. -.'-.-.-. -.-.-.--,.-. -~-.-.-.-.-.-.-.-- ..-.-.-.-. -. -. -'.-. -.-.-

6. 95 Karvetinagar 1971 - 12.72 ' 12.38
.(303) 1978 . - -1979 11.66 14.15 Dry 14.36 Dry

1980 12.57 13.90 13.70 . Dry Dry
1981 13.'/tl Dry lJry 10.42

" 1982 11.27 14.55 13.61 Dry
1983 Dry 10.56 10.76 11.03 9.13

'" 1984 7.81 8.05 10.03 8.28
1985 6•.24 10.26 9.16 io.so1986 6.71 9.82 10.80 9.83

7. 96 l'allipattu 1971 - 9.87 6.64 7.24 5.Z11978 3.93 4.00 7.00' 7.76 6.12
1979 5.28 7.69 8.84 9.~ 9.051900 .5.06 8.16 9.01 9.33 9.26. 1981 8.73 9.70 9.68 9.60 ~16
1982 '5.28 5.2£) 7.30 8.60 7.Z71983 7.4J) 8.81 9.56 9.61 7.561984 7.11 8.05 7.37 6.65
1985 1,..85 6.75 6.76 6.501986 4.48 6.36 7.80 7.18

8. 97 Nagari "1977 - - 6.00 4.95
1978 2.89 4.43 . 6~62 6.32 6.711979 '3.93 4.78 5.80 6.42 5.92
1980 3.34 5.09 5.751981 6.30 7.83 7.32 7.33 '4' ?Q
1982 4.74 8.90 7.23 \;. r-: ,

1983 7.15 7.e; 8.68 Dry 8~461984 7.86 6.42 ' - 7~461985 5.75 5.79 6.29 61;1986 '3.76 5.65 7.12 7:. 2.
9. 98 OJ.ittoor 1977 2.14 3.24- 4.51 .4.80 2.' 31978 2.05 3.26 4.93 5.72 3.991979 2.15 3.13 ' 5.21 5.•62 0.53,198() 2.21 3.83 5.61 6.:39 6.871981 6.91 8.80 9.20 9.71 3.171982 3.98 5.44 6.20 6.72 4.621983 6.09 8.17 9.00 4.391984 4.47 2.42 5.26 4.48

s - 1985 4.16 6.63 7.30 6.881986 5.10 9.10 ' ., 7.77 6.50
10.4

' 99 Perumuru , .. 1971 8.08 - 10.43 -~~.•.
> 1978 5.33 8.47 11.61 6.61 6.821979 8.06' 11.33 12.23 11.1319~ 9.24 12.22 14.78 14.30 13.901981 13.17 15.60 15.80 15.15 8.521982 8.31 10.88 13.05 13.40 8.60 \

1983 4.38 16.38 7.14 6.59 12.141984 11.97 9.95 11.65 7.971985 6.60 11.50 - 10.70 9.74-1986 10.45 12.86 16.50 14.80

COntd.... •••• 10/-.
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(1) (2) (3) (4) (5) ,(6) (7) (8) " (0,1
-.-.,-.-.- ..- .•....•--.-.- .-.-. -.-.- .-.-. -. -.-. _;,;. -.-.-. -.-.-. -.-.-. -.--.- .--.-.-.'-.-.-.-.- .--- .-- .'-.'_

2. 91 Kalahasthi 1971 3.58 5.00 6.31 4.95 4.95
1978 4e2h 8.21 8.94- 9.82 3.47
1979 3.61 4.88 5.51 6.77 5.86
1980 4.27 5.54 7.07 7.42 8.56 • oJ-

1981 4.53 5.02 6.g] 7.45 4.57
1982 4.04 5.98 7.;35 7.95 5.87
1983 1.52 6.68 8.28 7.93 4.70
1984 3.74 3.99 5.69 4.73
1985 3.45 3.43 . 6.30 5.64
1986 4.21 5.50 6.60 4.88

3. 92 Tirupathi 1977 4.52 8.55 7.54 6.20 3.96 .
1978 4.'21> 8.21 8.94 9.82 3.47
1979 7.72 9.20 9.65 8.50
1980 4.91 8.20 10.35 9.86 10.96
1981 7.61 9.32 10.82 10.27 7.00
1982 7.~ 9.63 10.88 10.73 5.36
1983 9. 11.35 11.86 11.20 6.5']
1984 5.2$ 7.21 9.58 7.5()
1985 4.25 10.10 10.50 9.75. .L

1986 5.56 10.38 11.14 7 ;:-'•,+",

4- 93 Chandragiri (01d) 1977 -, 7.87 5.30
1978 2.82 5.06 7.37 9.43 10.51
1979 8.57 8.96 10.65 Dry Dry
1980 7.81 8.48 Dry Dry Dr::
1981 9.12 Dry Dry Dry Dry

:1982 9.17 10.88 Dry Dry Dry
f

1983 Dry (Abandoned )

5. 94 Puttur 1969 8.42 2·77·
1970 2.07 2.52 3.82 7.53 4.~O
1971 5.09 6.80 6.97 5.62 5:fO1972 5.82 6.34 7.20 -.
1973 6.30
1974 . - -1976 4.81 6.18 J--
1977 2.90 4.51 5.72 5.77
1978 3.32 4.58 5.53 5.19
1979 3.70 5.31 6.58 7.01
1980 4.05 5.76 6.72 6.86
1981 4-38 5.73 6.50 6.27

,1982 3.52 5.24 6.70 6.50 .
'"

1981 5.02 ~.58 7.92 8.33
1984 3.43 4-.15 5.97
1985 3.07 5.57 4-'CJ>
19~ 3.31 5.68 6.92

.1
;_'

'\

\
-c

....
'y

COntd •.•••.••• 9/-.
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" n, 100 PuthaJ.apattu 1977 . 9.15 9.52 7.42-.- ..•
,1972 . 6.05 9.48 11~21 10.50 5.02
1979 . 5.92 8.13 9.63 11.49 10.16
1980- 6.12 9.96 10.75 10.10 12.10
1981, 10.50 ' 12.30 9.91 11.92 4.52
1982, 6.89 9.54 12.15 12.51 8.42
198J 9.'13 13.32 14.54 13.36 6.44-
1984 6.23 6.23 14.69 8.19
1985 7.62 13.52 11.74 10.61
1986 7.95 12.90 .•. 12.87 9.63

. 12. 101 Neridragunta ,1977 5.03 5.87 . 5'.'l1
1978 - -19'79 4.95 6.18 7.32 8.05 6.77
1980 6.21 7.~ 9.86 9.29 12.35
1981 ' 9.97 10.0; 9.80 9.60 3.71.... 1982 3.88 6.12 7.90 8.79 6.79
1983 7.22 8.82 10.72 8.48 4.7
1984- 4.29 4.30 7.15 5.31
·1985 4.36 6.80 - 6.22 6.36
,1986 5.15 6.90 7.53 7.f:iJ

13. 102 Danal.cberuvu 1977 3.86 5.42 2.54,,1978 2.22 3.61 5.33 7.21> 3.58
1979 2.35 3.21 4.88 7.27 5.44-
'1980 2.52 3.40 6.98 7.07 10.20
'1981 7.77 11.00 .12.03 11••3 4.25
1982 3.22 '.15 9.55 10.735 5.82

, '1983 3.15 7.21:> 9.88 7•.80 2.80
.1984- 2.85 2.40 4.08 2.73
1985 2.70 6•.38 - 5.16 4.451986 3.18 5.26 10.78 9.98

~ 14- 10.3'Kalluru ,1977 15.64 - 16.40 11.31
',1978 9.85 15•.38 17.60 16.75 8.25.. ,1979 '11.98 16.38 19.08 21.25 . 18.22

1980 '"12.S6 9.1:3 19.38 16.27 18.20
1981 18.65 18.70 18.10 18.34 12.38
1982 13.31 15.55 17.05 18.14 12.38

,198.3 15.07 17.08 18.34 12.50 7.42
.1984 7.45 8.93 12•.44- 10.98
1985 10.88 15.00 10.64 9.28

.1986 7.30 12.c;6 13.60 8.74
15. 104 Bhakrapet 1971 8.86 9.17 -1978 5.84 8.05 8.82 9.30 6.86

1979 5.58 7.79 9.22 10.47 10.44
1980 7.71 10.48 10.53 10.00 9.76
1981 9.13 11.58 13.03 13.49 9.54
1982 11.59 15.12 ,14.75 14.90 14.37

'-" 1983 13.67 15.82 Dry 15.00 6.72
.19S4 6.33 7.45 11.09 10•.34
1985 8.27 11.~ 11.14 11.46
1986 8.56 Abandoned

I

,

cont•••• 11/-.
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-. - ......-....- ......•........-.-.-.- .-. -.-.- .•.-.- .•....- ......•...-.- ....•.....-.-.-......'-.-.-~-~.~~_-~-~.-_to-,_,-_'"-.(1) (2) - (3) (4) (5)' (6) (7) . (8) (9)
-.- .-. -. -.-.- •....•...~.-.~.-.-.-.'....-.~-.-.~.-.-..-~,~:.-..-.~-.-~-.-~~-.'~.~~-.--.--.•...~--.~.:-,•.,.- .-_. -.- -.
16; 105'PUeru" . .- ._ .. .·.1977· . r .,',·,.4.,?7, - 4..35 '~:rr

1978 4.31 -'4.94 '6'.08. 6~OO ')~60" . ..
. ' ·-.wn· 4.•39.. 4.1+7 5.42 4.20 4.401980 4.36 5.02 .5'.'74. 5~36 .''6.2b·.,1981 6_.15 8.2'3 10.10 6~89 . 4.14.1982 4.32 5.70 12.35 9.74 5.38.1983 .4.64 6.15 6.8.4- 5.'Z7 4.21.'

4.50 10.42 4.60.1984 4.35.1985 -4.53 5.53 4.86 4.30.:,1986 3..28 10.80 6.00 4.:31
17. ~06 So!ll8la ,,1977 .- 4.73 - 5.21 -;1978 3.54 5.63 6.44 6.83 2~46.1979 '4~79 5.55 6.25 6.04 3.631980 2.15 5.12 6.21 7.15 6.90';1981 7.07 " 8.84 5.30 7.2b 2.80·1982 3.92 6.60 6.15 8.75 4.94·.1983 6.04 8.04 6.56 8.17 4.84 .",.1984 4.45 3.52 ... 6.35 2.90;1985 3.3'8 6.18 4.90 4.76~.;1986 '/i.aJ 7.56 7.50 5.94. " .18. 107 Pa.l.amner ·.1971 4.51 5.85 6.48 6.88 5.84.1978 3.64 5.20 5.95 6.34 3.87.1979 )~38· 4.83 5.27 3.751980 .2.64 4.37 5.50 5.90 6.2h',1981 6.46 , 7.47 6.59 ·r· 7.07 2..83.1982 " .3.51 4.70 5.30 6.60 . 3.96·.1983-· 4. 36 5.85 6.27 5.98 4.13;1984 .'3.92 4.111 5.76 4.70.'1985 ; 5.00 7.09 5.50 3.90'- -'-~ ··.~986 .3.72 5.32 6.40 3.55"

- .. .19~ . 108 Punganoor .1977 .. 9.2b 8.92 7.8:7-, .1978 ,6.54· 9.09 10.18 9.38 6.21, 1979 ,4.74 5.52 6.28 6.83 4.61· 1980 4.19 4.47 4.98 6.55 9.45: 1981 8.69 10.23 10.82 9.99 6.471982 .7.11 9.75 11.35 12~00 9.~05," , 1983 ,7.27 8.08 9.63 10.15 7.33.. (/ 1984 .6.95 '8.20 ..• 10.97 7.60. 1985 .5.45 10.53 10.40 8.49.'1986 .5.47 10.73 12.10 10.04
20•. 109 Madanapalle 1969 "'.- .14.40 14.25._'" 1970 11.55 11.55 12.25 12.35 14.351971 13.30 12.15 13.85 12.69 12.651972 11.10 ,12.45 12.60"

· 1973 8.30 9.00 1Q.05 . 9.15·',1974 9.05 6;911975 - 10.25 9.68.. '1976 "8.82 10.12 10.60 ~.1971 10.24 10.93 11.48 11.25 10.861978 10~99 " 10.41 10.70 11.54 11.061979 10.11 '9.69 10.66 10\01 10.401980 .8.34 7.54 9.65 10.50 11.361981 11.69 12.16 13.90 13.31 12.801982 .11.85 13.08 13.80 1.3.79 14.221983 15.10 15.04 Dry Dry 15.331984- 14.70 13.55 15.25 15.751985 11.90 12.11 12.43 12.201986 11.61 11.77 13.70 15.00
Cont•••••12/-.
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(1) (2) (3) (4) (5) (6) (7) (8) ,(9)
..._.- ....~ ,~.~.-.....-.- .-.-.-. -~-.-.-~-.-.-~'~--•....~-.-•....-.-.-.-.-.-~-.-.-.-.-.-.'-.- .--.--.-.- ,-.
21. 129 DangarupaJ.erp. 1971 13.09 13.99..~ 1978 7.97 8.)} 10.90 12.f1l 11.01

1979 6e26 8.03 9.78 11.50 12.09
1980 4.47 9.44 10.40 12.56 12.58
1981 12.71 14.10 14.52 Dry 8.64
198'2 7.64 9·8,2 10.90 13.01 6.22
1983 6.64 10.08 Dry 12.28 8.09
198'4 5.50 4.85 9.1;3 7.66
1985 . 4.76 10.47 12.,56 12.45
1986 11.15 13.20 14.10 9.40

22. 130 Ana.ntapuran vrn - 6.61 7.33 '2.4i3
(Jangalapalle ) 1978 3.86 '4.94 8.43 7.75 .2.39

( 1979 3.21 6.19 9.53 10.21 2.03
1980 3.54 3.55

(. : 1981 4.05 5.01 5.11 4.73
1982 7.17 10.80 Dry Dry 8.20

~ 1983 . Dry Dry Dry Dry 4.35
19S4 3.89 ;-4060 7.87 4.06
1985 4011 10.18 Dry Dry
1986 10.20 Dry 6.32

~. 131 Sa£yavedu vrrr 8.07 8.07 8.04 7.79
1978 7.84 7.97 7.86 8.03 7.78
1m 7.84 7.85 7.76 7.76 7.8'7
1980 12.82 7.86
1981 7.86 ' 7.84 7.85 7.92 7.78
1982 - 7.82 7·99 784
1983 ' 7.68 7.80 '/~90 '7.78 8.00
1984 ' '7.81 7.77 7.80 •..
1985 7.55 8.~D 7.93 7.82
1986 7.96 7.83 8.13 7.75

J:<,-, "

24. 132 Panatoor 1977 8.66 8.05 5.57
1978 4.41 7.90 8.70 8.38 ,','42-

".:-. _-.:)

1979 .'4.75 8~38 9.52 9.16 3.36
1980 5.28 8.99 9.28 8.58 9.51
1981 9.70 10.80 11.80 12.'70 7.01
1982 9.30 10.80 11.80 12.80 12.46
198.3 13.29 14.58 15.40 140'(3 8039
1984 6.9' 5.73 9.05 ". ,6.81 /

1985 7.63 '10.59 9.1;3 9,,10
1986 9.17 11.80 13.60 . 8.10

25. 133 Para darami ' 1977 -1# 9.2.3 8.57 5073
1978 - -1979 2.61 - 7.60 8.55 ~99
1900 2.6,3 6.04 8.65 9.52 10,,55
1981 10.15 11.5'0 12.00 12.00 5.60
1982 4.97 7.60 7.75 10.54 5,,6:;
1983 7.22 9.85 10.16 10.20 5,,58
1984 4.44 4.47 8.75 r4 !' rj.

-0(, o~Oc

1985 7.90 10.43 9.96 9.6~)
1986 7.95 11.40 12.80 11 r1n

~ • l. •

Cbntd •••••••
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'(1) '(2) (3}' ,(4), (5) (6) (7) (8) (9)-.-.-.-.-.-~-...-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.~.-.~.~.~.-.-.-~-.-.-.-,-.-.
2h. 153 Nagalapuram 1971 3.10 3.03 3.32 2.10

1978 2.83 2 o 3.01 3.14 1.78 •••
.;; L

1979 2.16 ~.98 3.36 3.22 2.60
1980 3.07 ~.25 - '.

1981 3.83 3.04 3.49 2.55 1.88
1982 2.90 3.37 3.iIJ -
1983 3.00 3.60 4.33 4.18 2.60
1984 2.17 2.98 3.25
1985 2.24- 4.iIJ 4.35 3.'2
1986 2.75 3.20 3.55 2.617

27. 251 Gangadharanellore 1980 3.54 3.55
1981 4.05 5.01 5.11 4.13
1982 1.05 2.56 9.10 '4.37 N."
1983 2.265 4.08 4.335 2.70 1.51
1984 1.11 1.43 1.00 1.00
1985 0.945 - 3.96 3.22
1986 7.05

28. 252 PeranaLgud:i;palle 1900 - - - 3.45 4.50
1981 4.56 5.64 6.05 6.44 3.10
1982 1.69 1.78 3.95 4.42 N.G
.1983 1.855 1.57 3.24- 2.89 1.66
.1984 1.12 0.92 1.71 1.60
;1985 1.515 2.50 2.54 . 2.345
1986

29. 2b7 TirUDa.la. .•.. ,1981 6.05 1.31
.1982 1.77 3.22 5.93 400 2.45
1983' 6.05 4.16 3.60 1.38 1.27
1984 1.515 1.05 2.30 0.96
1985 1.86 5~23 2.24- 4.50
1986 ' 2.02 3.28 2.55 1.47

30. 302 Chandragiri (New) , 11184 5.55 4.45 7.05 4.55
.1985 3.42 7.03 I 9.03 8.30

, . 1986 4.03 8.00 8.43 ' 9.03

r.1NIAroOSNAGARDlSTRICI
r,

1. 36 Jadcherla Crossing 1976 10.51 12.05 9.35 8.00
1977 9.17 12.28 13.67 13.18 10.04
1978 10.44 13.05 11.11 11.93 8.13
19'T9 8.70 11.95 11.70 10.Eb 9.08
1980 9.38 11.:33 12.45 12.30 10.68

.1981 11.61 14.09 14.88 14.54 10.67
'. 1982 12.11 14.42 14.68 14.95 N.G
, 1983 Dry Dry Dry 15.00 9.45
.. 1984 9.50 13.70 14.26 13.05 11.39
1985 11.67 Dry Dry Dry
1986 Abondoned

r

Corrt ••••••••.•• 14/-.
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-.';'.--.-.-.--;-.-.-.-.-.-.-.-.-.-"';'.-.--.-.-.-.~.-.-.-T-.-.-.--.-.-.-.-.-or-.-.-.-._,(1) (2) (3) .(4) (5) (6) --(7-) - (8) (9)..

-.-.-.- ......-.-.-. -.- .-.-.-.-.- .-.-.-.-.-, "".'-.-. -.-.- '-.-.-.-.-.-.-.-.- '-.-.'-.-.- .-.-.-.
2. 37 Makhthal 1969 11.30 8.731970 9,1 10~07 10~28 9.06 6.331971 8.62 8.96 9.33 9.29 9.2£1972 10.11 10.50 9.001973 12.96 11.65 10.00 10.121974 11000 9.651975 10.65 4.501976 7.86 9.30 8.221977 9.42 10.41 10.57 10.60 10.501978 10.95 11.62 12.11 11.62 8.9819'19. 9.65 10.70 10.37 10.38 10.621900, 12.46 10.10 12.76 12.12 11.111981 11.74 12.65 13.06 12.51 10.291982 11.48 11.86 12.63 5.05 ,'11.301983 11.87 12.76 11.14 7.61984 8.45 10.20 11.18 11.46 12.131985 12.60 13.70 14.90 12.601986 12.90 14010 14.54 14.56

~ '3. 38 Kottakota 1976 8.54 8.77 7.32 5.671977 6.89 " 7.50 8.53 6.70 6.021978 . 7.19 10.00 10.31 8.95 6.321979, 7.30 - 7.23 6.87 6.051980 ' 6.68 7.65 8.02 7.02 6.941981 7.54 8..00 9.93 7.98 6.771982 8.18 9.17 10.00 9.37 N.G1983 "-10.08 12.00 Dry 10.19 6.641984 7.37 9.10 7.87 10.02 9.361985 12.20 Dry lJ.•.y Dry1986 i6.33 Dry Dry
4. 39. Kclv.akurthi 1969 - 19.00 16.38. 1970 16.92 18.36 18.83 16.52 13.571971 16.18 17~08 17.43 16.2£ 14.631972 14.94 17.35 18.601973 20•.30 20.85 20.40 15.801974 17.70 -17.851975 17.50 - 13.20..19/b 14.63 16.20 - 12.04,1977 13.23 15.36 10.47 16.27 12.98,1978 140.32 16.23 16.86 13..28 .8.81

01979 11.23 13.65 13.02 14.19 11.17<, 1980 13.09 15.60 16.45 16.11 1'5.961981 17.15 18.66 19.16 18.61 16.02! ,1982 13.71 19.72 20.05 20.40 18.3),198.3 19.40 Dry Dry 1421:;
" -.1984 19..14 Dry 19.90 19~Oc:1985 19.9 Dry Dry 20.•051986 20.28 Dry Dr"..._tJ.5. '. 125 ·"·attivelipalli :1978 a r:r .;I" {r~19'79 14.22 9.00 8.53 13.38 10. '(31900 14.05 28.58 11.8.3 l·45 15,37.....:

1981 28.70 29.86 27.25 .98 9,/);-1982 15.08 14.02 8.55 10~90 5.1983 12.78 12.90 12.08 ~83 7.421984- 13.58 2C".85 9.36 12.9C1985 1.3-.33 zi.60 11.5i4 27.901986 27..96 .31..40 9.1' 14.45
<,

Con~d•••• .15/-.
\

f
;\
i
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(1) (2) . t~) (4) (5 ) (6) (7) (8) (9)-.-.-.-.-.-4-.-.-.~.-.-.-.~.-.-.~.-.-.-.-.-.-.-.-.-.-._._._._._.-._._.~._.~.-.-.-.-.-n-.-~
6. 144 Maddur 1979 8.23

1980 9.74 13.52 12.73 12.55- 12.33
1981 12.87.. 13.48 9.84 7.90 •••1982 9.14- 7.96 11.55 10.90 N.G
1983 11.87 13.06 9.71 3.85 4.71
1984 8.25 10.70 11.80 9.64 7.13
1985 - 13.15 11.70 11.16
1986 11.61 13.80 12.48 ·14.11

7. 145 Gadwal 1979 7.09
1980 7.51 8.23 8.82 8.04 7.58
1981 8.02 C.9S 9.16 8.57 6.68
1982 7.27 7.96 8.32 7.90 8.05
1983 8.55 9.87 9.46 7.16 4.60
1984 . 5.50 6.:30 6.59 7.30
1985 7.71 8.74 8.53 7.75
1986 8.02 9.05 9.fI) 9.65

8. 146 Nagarkurnool 1971 4"r.- - ,,> !
1980 4.80 6.10 7.23 5.96 6"~;
1981 .6.99 8.42 8.84 7.'73 4, -:
1982 15.48 7.18 8.10 7.75 6~
1983 .7.64 8.95 9.88 9.08 4
1984- . 4.90 6.75 7.2$ 70
1985 8.47 11.00 11.40 12.C<·

1986 12.28 Dry Dry 14 .:
i,

9•. 147 ~hampet 1979· - - 5.27
198C 6.20 7.37 8.12 7.76 7.92
1981 8.32 9.25 9.88 8.71 7.44
1982 7.31 9.48 9.65 8.33 7.•20
1983 8.13 9.51 10.20 7.64 4.4B
1984 5.68 '1.60 8.45 6.65 7.10
1985 8.10 10.33 9.19 9.10
1986 .9.84 Dry 10.00 10.70

.10. 148 Shddnagar .1979 15.86 15.06 ,_
1980 15.88 17.55 19.10 19.27 18.'70
1981 19.37 - 21.08 9.67 13.94
1982 15.08 17.56 18.68 19.85 N.C
1983 .9.52 2:).61 21.57 20.14 14.40
1984- 15.30 18.20 19.33 19.10 18.94
1985 19.60 21.60 Dry .20.78
1986 23.43 Dry Dry Dry

11. 174 Devarkhadra 1980 7.64 8.10 ·8.22 6.3) 6.51
.1981· 6.79 1.6a 7.96 6.47 6.19
1982 6.62 7.1;5 7.60 5.68 4.45
1983 6.81 6.68 8.22 5.45 5.42

··1984- 6.28 8.21 8.04 6.90 5.72
1985 6.74 8.96 7.79 7..96
1986 8.20 9.23 8.86 9.6C

.
12. 175 Nar ayanpe'b 1980 4.34 4.78 5.53 5.10 4,,2.'2 .,.

I

1981 4.57 5.16 5.74 5.17 2.D;:
1982 3.41 3.29 4.80 4.45 4.52
1983 3.94 5.65 6.15 5.05 2.2)'
1981· 2.65 3.78 4.16 3.98 3.68
1985 4.28 5.31 5.66 6.10
1986 5.02 9.45 9.62 9,,2C

Corrbd ••••••. 16/-.,
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13. '1~ Weljorla 1981 9.76 ... 11.67 10.72 5.50
• 1982 7.35 10.12 10.625 11.07 10.32

1983 11.49 13.08 13.40 10.61 5.81
:1984 6.90 8.73 10.81 11.00 10.01
1985 11.75 13.40 12.65 11.89
1986 14.15 14.11 14.33

14. 177 Krishna 1980 7.62 7.20 7.49
1981 7~34 7.61 7.56 7.60 6.70
1982 7.08 7.2$ 7.42 '7.25 '6.98
1983 7.20 7.54 6.23
1984 6.72 7.55 7.50 7.20 7.37
1985 7.69 8.36 6.90 7.61
,.1986 7.62 8.00 7.90 ~70

15. 178 At':m.kur 1980 - 5.96 4.96 5.06, 8.30
1981 5.26 6.29 6.22 6.14 3.95

~. ,1982 5.04 5.40 5.04 5.02 N.G
.1983 5.<)7 6.86 7.23 2.50 3.23
19,4 ,4.20 6.29 5.70 6.49
1985 6.86 7.93 7.4D 7.96

", ,1986 8.00 8.95 8.95 9.26
16. 179 Kodangal .1981 - 5.24

··'198213.06 11.50 12.30 10.05 11.20
.1983 12.41 14.15 15.45 6.45 3.37
;198' 5.64 9.69 11.12 5.00 ,5.00
1985 7.33 10.47 12 17 12.96
1986 13.46 14.25 11.32 13.03

17. 180 Kosgi, ·1981 ,_ 7.02 -.4.72 2.80
,1982 ~24 2.72 3.75 3.50 3.98,1983 4.76 7.72 6.77 2.95 2.67,1984- 2.65 2.80 4~51 3.03 3.60
,1985 4.69 7.67 6.25 7~78

,~ ;·1986 7.02 8.65 ... 7.93 ,8.50
18. 181 Koilkcmdu 1931 - 8.84 5.56 4.89

1982 3.64 4.75 6.90 3.95 3.60
.1983 6.26 7.58 8.45 4.10 4.70
;1984 3.45 5.40 7.10 3.60 3.17
1985 9.85 7.47 7.86 8.30
1986 6.41 11.41 9.55 10.30

19. 1$2 Suraran. 1981 ,4.12
"198~ 4.91 7.03 - 7.57 iJ" C
.1983 7.00 8.44 8.67 3.34
.1984- 4.21 7.50 8.18 4.90 7.43
.1985 5.52 12.90 9.10 13.75
1986 13.40 9.80

20. 183 :,:a,hahoobnagar 1981 - 9.61 9.29 6..63, .1982 6.95 8.09 8.92 8.58 ,,10••2\,

,1983 Dry Dry Dry 7.85 5,,[;,-'
1984- 6.20 9.77 7.84 8.65
1985 9.25 Dry Dry Dry
1986 7.27 8.00 - 6.24- 6.24

Conto •••••• 17/-.
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·\¥,,:,1.

"21. 184 Kodtn'u 1981 - ..•.. 4.22
1982 4.85 5.67 5.45 3.9~ :~;.c

"
, " 19B3 4.72 5·96 5.B5 2.40 3.23 "". , 1984 4.30 5.:34 5.93 4.25 3.80

1985 4.68 6.27 5.36 5.52
1986 5.76 6.80 6.57 7.10

22. 185 Kurunurthy 1981 - - 12.29
1982 14.06 14.10 13.87 .i~.c
1983 15.23 15.74 5.42 13.75 8.95
1984 - ' 13.07 13.58 14.75 14.82
1985 6.70 Dry - Dry Dry
1986 Abondoned

23. 186 Kistapur 1981 2.&:) ,

,,) :, ~ 1982 2.95 3.80 2.95 N.G
1983 2.79 3.65 4-80 3.26 2.26
1984 2.55 4.23 4.12' 2.93 2.50
1985 4.~ - 4.76

.,~1986 7.50 5.15 4.75
.24. 187 Kotakonda 1981 6.87

,1982 8.29 9.50 8.94 !~.c
1983 9.11 9.53. 11.10 7.10 6.00'
1984 7.23 10.46 8.48 7.49
1985 12.20 11.28 7.86 10.98,1986 6.41 11.40 10.70 12.76

25. 188 Damargidda 1981 - 4.20
,1982 4.60 5.GO 5.98 ~10 N.G
1983 5.03 6.69 6.05 4.32 3.04'
'1984 4.38 6,10 5~85 5.32 5.50
1985 6.09 6.54 6.49 5.00
1986 5.48 6.60 ' 7.16 7.42

26. ,189 Gundinal 1981 - - - - 6.21
1982 13.09 16.45 16.93 5.67 N.G ,.,
1983 12.22 17.02 - 5.10 4.25
1984 6.28 16.37 14.06 .6.28 5.31
1985 6.25 16.86 15.23 15047
1986 16.92 16.40 14.20 12.64

27. 190 Ravalpalle 19$1 10.63 14.74 5.15 5.93
1982 5.90 8.31 9.47 8.45 7.'69
1983 9~34 14099 14.90 2.70 3.19
1984 4.40 7.38 9.23 3.05 3 1e,._, ,"

1985 4.42 9.79 7.63 7,.95
.1986 14.W 7.30 r. rvr-

0(,/,

,28. 191 Amarabad 1981,., " .•.. - 4-035
'1982•. 5.07 5.67 4.95 5.25 3.20
1983 4..30 5.00 5.55 4.41 2.90
1984 :l.45 4.43 4.91 4.10 4"L;.2
1985 4.71 5.97 5.64 5,82
1986 5.71 6.60 6.04 6.3C

Corrtd ••••••• 18/-.

"
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.,.. ~. ,-.-.- .•...-.-.- .•..-.-.-.-.-.-.-.-.- .......-.-.- .•.-.-.- ..•.-.-.-...-.-.- ...-.-.-.-.-.•..-.-.-.-.-,
(1) (2) .. ....(3)' (4) (5) (6) (7). (r~). ..... (9)'. ..' '. .- .. .-....•-.•.-.- .......•-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-. -.-.-.-.-.-.- .-'-.-.-.-.-. -.-. -.-,.29. 192 Lingal 1981 - 3.901982 6.33 5.89 5.95 4.80 3.951983- 4.54 5.92 5.84 3.35 2.621984 2.95 5.00 5.50 4.02 t·6519$5 . 5.4D 6.4D 7.80 .8319~6 6.60 . 8.00 7.52 8.10..

30. _.~.193 Ns.ndinne(Old) 198,1. - 6.67
.""-

.1982' 7.71 8.90 9.24- 6.'70 N.C.198.3. 7.45 8.86 9.72 Abandoned
-,.31. -'306 Nandinne (?e':l~ 198)" - ,. 5.63 6.341984 7.92 8.90 6.42 7.771985 8.96 .' .~:.i:; 6.00' 7.601986 7.93 Dry 10.01 9.1432. 194 Ranpura-rn '1981. 6.73 5.83 4.521982," 5.18 6.06 4.50 4.651983- 5.37 -_·6.53 7.25 4.25 4.11Ik

'1984---'4.90 6.15 6.86 6.05 8.351985 _..7.4D 8.60 7.101986-- 7.26 8.20 Dry Dry33. JS!5 Musapet ~,: 1981 .- - 9.38 8~03 5.23-; f 1982 .'7.00 8.79 9.80 N.C1983 . ,C. 70 9.93 12.°2 8.33 4.961984 5.97 6.96 8.48 [3.35, 1985 ·9.4D 11.52 16.70 12.151986 12.16 13.10 12.(.3 Ilry34. 278 AJ.a._"1pur 1982 ~5.31 5.21 5.34 5.25 N.C1983 'S.11 5.20 5.211984 -5.90 5.21 5.28 3.561985 5.11 5.26 5.17 3.641986 5.16 4.70
NALGONDADISTRICT :

1. 33 ChoutUPpDl 1977 - 5.681978 6.16 7.18 7.03 3.12 3.361979 3.98 4.77 6.30 6.65 6.521980 6.92 7.88 8.83 9.59 10.351981 10.81 11.78 10.68 10.00 9.771982 9.80 11.30 9.50 11.20 10.651983 11'.17 Dry Dry 11.49 9.561984 10~40 11.64 Dry Dry Dry1985 Dry Dry1986 12.20 12.'70 11.90 12.04-2. 34 Narketpalle 1916 ,

1.19-1977 1;52 2.20 4..90 5.25 5.11978 6~'26 7.63 7.22 2.18 1.671979 3~54 4.47 5.88 7.57 7.221980 9.'20 10.82 10.54 9.49 9.541981 10.22 11.44 11.34 11.28 9.721982 9.82 10.50 11.50 . 11.301983 11.35 Dry Dry Dry 8.061984 9.50 10.97 11.20 9.34 8.431985 9.31 11.06 Dry Dry1986 Dry Dry Dry
G:mtd .••.• , • 19/-..



. 1, :.•

_._. _..-..-._._ ....._._._. _._._._._.--.- ._.-..-. _.-.-,... .-.-.-T-.- .-.~.-. -.-T-.~ ..-.- _.-.-
(1) (2), (3) _. (4) (5} (6) (7) . (8) _ (9)--.-.~.-.-.~.~.-.~.-.~.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.~.-.-.-.-.-
,3.-- 40' Peddavoora ." \ 19'16 6.53 6.54-- -1977 6.92 7.48 8.52 6.25 7.80

1978 7.47 8.28 8.62 7.36 6.45
1979 6.94 7.83 8.fIJ 8.73
1980 7.47 8.37 6.80 7.33 7.71
1981 8.35 9.45 9.65 8.92 7.18
1982 7.34 8.30 9.10 8.90 7.25
1983 8.02 8.80 9.06 ' 6.54 5.19
1984 6.80 8.10 8.50 7.fIJ 7.58
1985 8.06 9.02 7.82 5.63
19,86 •• 9.3' 0'.9) .,

4- 41 MiryaJ.agud~ 1978 8.30 3.'14 3.64 2.14 3.49
, 1979 3.67 3.09 3.63 3.87 2.96
,1980 3.20 3.85 3.80 2.97 3.14
,1981- 4.03 4.00 4.44 3.10 3.65
1982 3.37 4.50 4.70 4.96 3.74

__1983 3.22 4.50 4.93 3.82 3.58
,1984 '3.80 3.90 4.30 3.85 3.75
1985 3.87 4.44 3.45 3.60
',1986 3.90 4.20 -. 3••.41 4.00

"

5. 42(11.)Kodad (OJod) : 1977 c3.26 4.00 Dry 3.12 2.85
1978 2.98 3.15 N.li N.A N.A

6. Kodad(New) J976 2.47
1977 3.48 3.21
197J 3.24 3.35 3.00 2.42 ~.83
1,979 3.30 3.63 4.~7 3~15 3.25
1980 3.32 3.38 3.30 '.271981 3.53 4.45 5.87 2.47 3.07
1982 3.40 4.50 6.15 3.90 3.37
1983 2.93 4.22 5.86 3.51 2.9219.84 3.25 4.15 5.1.P 4.20 3.27
1985 3.42 4.31 2.82 3.10
-1986 3.30 5.20 3.15

I

7. 111, ~p'et 1969 3.70 3.20
1970 3.02 3.fIJ 4.13 --2.38 2.93
1971 3.42 4.23 4.75 4.75 3.84
1972 4.05 4.05 5.71 2.10 5.40
1973 7.45 5.94 9.09
1974 10.85 8.50
1915 4.4£ 2,.31
19,76 3.18 4.15 4.42
1977 4.70 6.04 4.10 3.52 3.84
197? ' 3.74 6.78 6.18 1.75 2.38
1979 ' 3.74 3.45 4.50 6.02 3.23
198Q 4.05 4.84 5.53 4.44 5.87
1981 6.57 6.42 4.37 4.70
1982 3.94 8.fIJ 8.20 6.10 - 5.22,
1983 3.00 4.40 5.71 3.49 3.18,1984 3.78 4./1) 5.07 4.00 3.94
1985 4.25 4.56 3.35 4.02
1986', 4.86 5.20 6.53 3.52

COntd .••••••• 20/-.
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.' _,>-," (1) .(2)' (3)· (4) (5) (6) (7) (8) (9)

..- " -'--~:"'-.~'-.-. -:.--.-.- .-...--.-. -.-"! -.- .-_.- •...;...-. -. -. -.-. -.-. - .....,-.-. -.- .-. -.- .-. - .-. -.--.-.-

.. 8. 138 Devarakonda 1979 - - - - 4.94
•• 1980 , 5.60 6.86 6.65 5.16 6.>26

1981 6.87 7.?/J 7.64 6.92 4.77
" 1982 5.18 6.60 5.55 6.22 4.80

1983 5.43 6.16 3.86 3.51
19134 4.54 5.75 6.% 6.00 4.90
1985 5.84 7.44 6.93 7.00
1986 7.30 9.09 6.74 6.10

9. 139 Tip~hi 1979 9.70
1.980 9.75 11.05 10.63 9.78 11.35
1981 12.25 12.95 Dry 11.65 8.88
1982 8.77 10.70 11.10 12.25 11.10
1983 11.54 Dry Dry Dry 5.99
1984 8.03 10.70 11.00 10.52 9.65
1985' 10.2. , 11.56 -;.11..25

'\
1986 . Abaridoned

~, 10. 171 rri,rumaJ.giri - r 1980 12.00 13.20 13.64 12.48 11.45
1981 13.18 '1:3.94 Dry 13.13 11.20
1982 9.15 12.00 13.43 12.42 11.94
-1983 12.00 13.20 Dry 12.26 7.84

',' 1984 8.$8 10.90 11.70 11.04 11.45. 1985 12.08 r'Ty . / Dry Abandoned
1986

·11. 172 Damarcherla 1980, 3.75' '3.97 4.52 3.37 3.5519[;1.c 4.57 . 4.90 Dry 3.79 3.27
1982 , 4.02' , 6.60 \~6.10 4-70
1983 3.64' • 5.4D Dry 4.94 2.150
19154 ·3.50 ,',4.12 5.30 4.86 3.60
1985 3.91 ' '4.76 "_ ," 2.42 3.28 .- . '.~'

1986 7.00 2.62 Abondoried
12. 173 ?hongiri 19130 11.26 13~72 14.70 17.06 15.68

1981 15.93 15.81 16.12 13.31 11.55
1982 10.71 11.97 11.50c 11~O7 9.05
1983 10.60 11.20 12.21 8.67 7.25
1984 9.28 10.10 10.52 10.10 9.80
1985 10.65 12.91 11.15 11.56
1986 13.05 11.55

1.3. 254 Dindi 1982'-'12.46' 13.70 Dry 13.75 13.85
. 1983, ·12.55 Dry Dry 12.02
-1984 11.09 12.10 13.20 11.45 10.70
'19155 lb.88 13.2h .•..
1986 Dry Dry 10.07

14. 284' Kurumedugate 1982 - 11.30
1983 11.51 12.25 12.16 10.91 9.32
1984 9.18 9.90 10.50 1C.00 8.32
1985 9.11 10.04 10.26 10.27

-< 1986 . 10.08 11.52 11.66 . ,13.10
15. 338 Nalgonda 1984 - ,- 11.17

1985 14.43 16.60 11.25 12••16
19r"'6 13.60 15.50 14.13 15.55



'0 21 0
0 0

-. -. - .--r-.-. - ......-. -.-. -'.-.- ..- .-._..........--.~-.-_.-...........-.-.-..........- .._....•..._..-.--Y-'. -. -. -.-.-
(1) (2) (3) , (4)' (5) . (6) (7). (8)" (9)-.-o~.-.-.-.-.-.~.-._._.~._.~._._._._._._._._._._._._._._._._._._._._._._._._._._._

PRA1\ASHAM P'ISTRICl' .•
1. 61 Darsi 1971 8.76 8.i;h 9.33 3.611 8.58

1978 7.90 8.54 9.13 3.18 ~8.01
1979 7.63 8.02 8.18 8.49 8.28
1980 7.88 8.28 9.09 9.26 9.171981 - 9.37 10.05 10.01
1982 3.26 8.62 8.90 9.22 N.G
1983 N.G 7.60 7.91 7.18 5.82
1984 5,.67 5.150 6.46 6.05'1985 6~02 6./.1) 8.24- 5.1986 '5.40 5.77 .... 5.67 4.90

.,
2. 62 Markapur' .1m 6.36 7.74 6.93 7.20 6.88

1978 6.46 7.15 7.17 .. 7.05 3.93
. ' 1979 5.42 5.55 ,)'-3.96 5.59 4.46

1980 3.80. 4.45 5.92 5.56 6.11
1981' . 6.57 8.60 7.52

'," . 1982,' 4.52 4.81 5.33 5.34 N.G
1983 5.27 " 6.50 6.94 7.38 6.48

,:... 1984 7.70 5.53 6.26 5.37.
.1985 , 5.54 7.80 9.47 ,.8.15,1986 8.58 Dry

, "
9.97 9.80

3. 63 Podili 1969 4.00 4.30
1970 ' ,3.38 3.80 3.90 4.50 3.28,'1971 .4.02 4.09 4.01 4.66 2.18,··1972 .5.65 5.05 6.10 4.42

'.' :~ ·1973 ,- - 6.42,', , ~975 '5~68 3.G5.-1'976 - 3.14 4.98 - 3.851977 3.21 3.80 4.815 5.30 3.401978 3.34 4.24- 5.02 4.10 2.89. 1979. 3.30 4.10 3.62 4-59 3.24-1930 .. 3.18 3.4c.CS 4.24 4.52 4.4219G-1 - . 4.30' 4.82 3.411982 8.10 4.19 4.36 5.01 N.G198:1 N.C,· 3.90 4.,03 3.10 J.05
19c34' 3.25' 3.77 4.16 ' 3~26198'5. 3.33 . 4.,84 5.17 3.801986 3.08 5.47 3.47 3.10

-, ".
64 Kanigiri 197.3 6.75 8.22

1975 8.75 5.501976 - - 7.95 5.48.1977 .4.26 6.16 7.45 7.73 6.00
19!18 6.25 7.34 7.74 6.87
1979 5.08 6.95 3•.77 5.61 4.44
1900 ·l'·74 7.23 6.29 6.71.,.
1981 - .~71 '7.62 6.911982 4~10 6~29 7.07 7./39 N.C

!'-;i... 1983 N.G 6.90 7.42 5.75 3.20 ~
.. 19134 4.84 6•.06 7.83 7.45., '.. 1985 7.10 8.60 9./IJ 8.20.

1986 6.{~ 7.97 8.35 4.50

Gontd •••••••• 22/-.

/
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-. -.-. -'-.-:JI - ••.-.-.-. -.--.---.- .... .....-.- .- .•....•-.-.-~. -. - •.--r-.-.-._"_.-.- ._~._ ._. _._._
, , - . " (1) (2) (3) (4) ,(5)" (6) ~(7) (8) (9)'"

._or

.~ -. -.-.- .-.-.- .-.- .-.-. -.-.-. -.-. -.-.- .-.-,. -.- ..-. -.- .-.-.- .-.-. -.-.-. -.-.~.-.- .--.-.-
" 5. 65 Ongole 1977 2.94 3.83 4.63 4.73 3.15

197C 3.59 4.53 5.15 3.38 1.931979 J.04 3.90 3.82 4.67 2.471980 2.(5(} 4.45 5.08 4.17 3.1419£51 3.77- 4.97 3.881982 3.20 ' 4.37 5.27 5.30 N.C1983 N.G 5.00 5.88 3.57 2.301984 3..36 4.32 !"" 5.59 5.4n19£55 4.70 6.18 ':"" 5.42 3.251986 2~73 ' 4.78 of- 4.98 2.27
.6. 66 Kandukuru 1977 5.06 6•.63 7.24 5.691978 4.97 6.09 7.02 7.16 3.431979 3.89 .. 4.74 4.06 5.41 4.20

1980 2.$1 4.62 5.72 5.30 4.64
1981 _- 4.59 6.00 6.05 -._, 1982 3.18 5.64 6~52 N.G1983 N.G "5.45 6.42- 5.14 1.72.. 1984 2.00 '3.56 5.42 3.4419115 3.32 5.35 . 5.78 3.16-19E~6 1.83 4.27 5.45 1.60

7. 67 Pamuru 1977 6.96 7.45 C.6J. 9.34 8.411978 7.54 8.25 9.32 10.01 7.701979 7.27 7.75 7.59 8.32 7.851980 6.33 7.12 8.63· 8.73 8.891981 - 6.72 11.43 9.24-19[2 6.31 . 7~75 8.72 ' 9.55 N.G19:33 N.G 7~4D 8;22 7.69 5.461984 5.93 6~45 8.40 8.20192:5 7.25 9.00 10.07 9.60
19p6 7.56 9.00 9.68 8.05

, 8. 274 Addanki 1981 - 6.41 -6.04* 1982 3.87 5.42 6.25 'b.38 N.G,1983 N.G 5.83 7.15 3.84 2.66-1984 3.82 5.37 7.30 6.561985 9.<32 Dry - ~.18 4.541986 4.76 ' 7.8$ 7.56 7.50
9. 230 Chirala(Old) 1981 5.27 5-.101982 4.00 -4.34, 4.10 Abandoned

" 10. '282 GiddaJ.ur 1982 - 9.22 N.G1913:3 7.2f) 2.85 8.66 6•.Z! 6.68
1984' 7.06 7.2/:;. 7.00 -1985 G.43 9.4D 9.20 8.68..•. 19G6 9.30 10.65 9.55 9.65

11. 28.3 Chirala (New) 198? - - 4.20 N.G
-.i,

• I~' 1<)83 N.G 3:70 3.76 3.44 '2.44.... 1984 2.72 3.'12 3.40 3.6251985 .3.95 4.00 4.20 3.6019[,0 .3.95 4·9' 4.13 3.50
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