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arid tract of Andhra Pradesh experiences this phenomena’

~for the last three consequitive years has brought. unpre~
' cedented misery and hardship on the population living inm

' ground water regervoir is also low indicating temporary
a%overdeveloped conditions in some parts., This calls for

- meets most of the water requirements of the urban and
 rural population. In this report, a brief review of th
general features and the ground water conditions of" each
 district have been discussed. Methods both short term

P R E F A C E

Drought has become a. recurrlnn phenomena. The~;émi

very frequently. In Andhra- Pradesh the four districts
of Rayalaseema Viz. Anantapur, Cuddapah, Kurnool :
Chittoor, Mahabubnagar and Nalgonda districts of Te anga~
and the Prakasam district of the coastal tiact hwve been
identified as drought prone. The failure of the monsoon

these districts. Crops have falled due to the failure =
or late arrival of the monsoons. “Water levels have - = =
declined and falllng water levels in many parts of these -

' districts have forced the people to deepen their- wells, -

while many shallow dug wells have gone dry. Due to the
lower input, the replenlshable annual recharge to the

a review of the situation and suitable measures for

conservation and proper management of the resources
especially the ground water resources of the area, as
during the drought years it is the ground water which .

and ‘long term drought management strategies have been

h discussed to tide over the orisis and also as a permanent,
‘meagure to solve the problems faced by the people of
- these districts. Ty e , o .

~district authorities and planners connected with the-
| drought management IRDP DEDA and other agen01es.,-r

It is hoped that thls report Wlll be useful to the
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GROUND WATER CONDITIONS IN DROUGHT PRONE DISTRICTS OF
TANDARA PRADESH AND DROUGHT _ MANKGEFENT STRATEGIED
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Drought is a phenomenon Wthh seems to occur
regularly in some parts of the country, especially in
- the semi-arid and arid parts of the country, Sometimes
the drought 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 temporarlly to the nelgh-
bourlng areas to tide over the crisis. '

v Drought is a general term which implies de-
~flclency of prec1p1tatlon of suff1c1ent magnitude so as
to adversely affect the agrlculture, economy and human
society. Drought, though may nmean lack of ralnfall or
absence of rainfall and prolonged dry spells often for
more than three months at a stretch, needs to be defined
from the meteorological as well as from the agro cli—
matological point of view. From the meteorological Point,
& '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 ‘con-
' secutive days where the daily rainfall
received is not more than 1 mm.

| The occurrence of the absolute and partial |
. droughts will indicate the dry months Whlch will not be

' useful for cultlvatlon by use of rainfall for crop pro- |
duction. However, if we examine the occurrence of

drought from the agrocllmatologlcal point of view, then
‘ ...2



the droughts are the dry perlods Wthh are characterlsed
by deflclts of ralnfall whlch w1ll hlnder the. crop cul-
tlvatlon anc the’occurrence of the so called 'effectlve
:galn Call! coiletutes the dedldvng factor.} fhe effective

iiralnfall is ieflred '@y the rainfall which is sufficient

$6 ocounte“ift “the. effects of evaporatlon and runoff and
“also malhtalq the soll moisture above the Wilting,gqinﬁg
is per’ I.M D. deflnltlon a daily rainfall of 2.5 mm or 1
‘:monthly ralnfqll of 76.0 mm forms the effective ralnfallh

- for plant grow+h and crop growth. The India Meteorologx—_i
ﬁ,\cal Department also defined a drought year as a year

where the annual;ra;nfall received during that year is
less than 75% of the normal. Similarly it also defined
as aimoderate ¢rought'! year as a year where the annual
rainfall recelvad is less than 26 to 50 percent of the
,normal and a 'severe drought' year =3 one in which the
rainfall received is less than 0% of the normal annual
rainfall. ' |

| - Similarly, the hydrological droughts are caused
due to protractéd ‘metéﬂ;cldgical droughts resulting in
reservoirs, streums, tanks, wells drying up causing un-
due hardship %o 1he veople and livestock in various
parts of the courtry. This hydrological drought also
rest'ts in curtailment of power generation and irri-
gation and there by effecting industry and agriculiure.

Areas which suffer,regularly‘due to the vaga-
ries of monsoons and, meteorological droughts ave called
as 'droqght prons! areas. The second irrigation commis-
ssion(1972) of Government of India defined drought as 2
situation arising in any area when the annual rainfal.i is
less than 75 percentkof‘the normal and in areas where
_drought as defined above, has occurred in 20 % of‘thé
“years examined are considered as 'Drought prone'! areas
and where it has occurred in more than 40 percent of

0;0-3
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years as 'Chronlcally Drought prone' areas. Accordingly
there are 557 comunity- development blocks in 75 dis-
t tricts of 13 states of the country which have been
identified as drought prone by GOVernment of India.

1«1 VARIABILITY OF RAINFALL IN- ANDHRA PRADESH AND ITS
EFFECT ON IRRIGATION

Variability of Rainfall over*Andhra Pradesh:

The rainfall over" Andhra Pradesh is hlghly '
variable with respect to spa¢e and as well as time, In
“general the annual ralnfallTlncreases from southwest s
(about 400 mm) to east and nOrtheast (over 1200 mm). The
. coastal Andhra recelves 972 mm in 52 days annually, the
Telangana 911 mm in 52 days and the Rayalaseema 671 mm
“in 41 days. '

The southwest monsoon contributes about 67 per- -
cent of the annual rainfall while the northeast‘monsoon
contributes about 23 percent. Due to cyclonlc storms
over the Bay of Bengal, the coastal belt an in partl-
cular the southern coastal belt receives 500700 mm dur—

. ing the northeast monsoon. The southwest monsocn is the

' main rainy season  for the state and all the districts,
except Nellore and parts of Prakasam and Chittoor dis-

* tricts, receive maximum rainfall during this season. Dur-
ing this scason, the Telangana region receives over 75

- percent of the ammual rainfall, while in the interior
Rayalaseema2, i.e. Anantapur and western parts of Kurnmool
and Cuddapah districts and in the central to northern coastal
| Andhra, the contribution of the southwest monsoon is

50 percent to 75 percent and south of Krishna river,
 Nellore and castern part of Chittoor district the contii-
~ bution of this season is 25 percent to 50 percent. The
rainfall normals of diffarsnt regions axe prOSented in

- Table - 1. : :

September is the month of heaviest raiafall in

~the interior of Rayalaseema and the southern part of
. R0t i
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Telangana, while July is the month of heaviest rainfall
in the northern part of Telangana and Godavari valley.
October and Nnvember are the nonths of heaviest walnfgll
in the southern coastal tracts of Nellore and Prakasam_
districts and over a narrow coastal belt of Andhre, Octo-
ber is the reciniest month due to frequent cyclonic storms.

The annual coefficient of variation of ralnfall
in the northern parts of the stﬂte is 20 to 25 percent
and in ‘the southern parts 25 to 30 percent. Durlng the
southwest monscon, the coefficient of variation is over
25 percent in Telangana and coastal belt whereas it 1s
about 40 perceni in Rayalaseena. Durlng “the northeast
monsoon, the coefficient of variation of ralnfall is 50
to 60 percent in coastal plalns and Rayalaseema and about
80 percent in TeWNngana Monthly rainfall is highly varia-
ble th the seasonal rainfall espe01ally in Rayalaseema
and adjoining are@s. '

1.2 DROUGHT CONDI “.LOl\TS IN ANDH.R_A PRADESH:

, Rainfall data for the period 1901~ 85 ig analy-
sed¢ to study the drought condltlons in Andhra Pradesh.
Moderate to severe drouwht comdltlons prevailed in Telan-
gana Region during the ycars 1911, 1918 1920, 1939, 1941,
1971, 1972 and 19"7), wihile in coastal Andhra during  the
years *935, 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 weak monsoon.

The erratic droughts over the state have a
profound influence on the ground water resources. A stuuy
of the well hydrographs reveals a close relationship vet-
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-
‘grame known as Drought Prone Area Programme(DPAP) which
aims at long tcrm déevelopment of areas frequently affec-
ted by drought through integrated development of local
resources in agriculture and allied. sector.

The drought prone arecas have been jdentified
on the basis of factors like high frequency of drought,
1ow and erratic distribution of rainfall, less assured
irrigation facilities etc. There are 557 community de=-
velopment blocks in 75 dlstrlcts (including contlnguous
districts ) of 13 states.

In Andhra Pradesh there are seven drought
" prone districts (Flg. I). A1l the four dlstrlcts of
‘Rayalaseema namely;, Anantapur, Ghlttoor, Cuddapah, and
fKurnool ‘Nalgonda and MahaBubnagar districts of Telan-
’"gana region and Prakasam dlstrlct of Coastal Andhra.
These districts eover an areca. of 1,08, 443 sq.km with
a populatlon of 16 679 806, and fall in the shield area
of the great Indlan Penlnsula con51st1ng of the oldest
rock types ranglng in age from 100 to 4000 million years.
;fThese rocks durlng this long span of geologlcal tlme
‘have undergone deformation and d131ntegratlon due to
the tectonic novements ‘and- unendlng weatherlng processes
‘due to wind and watcr. The above factérs -and the ‘absence
of primary pomosity in most of these rocks have rendered
. somewhat complex the occurrence, movement and distribﬁtion
of water in these formatlons. As a result, the assess-
ment of ground water potentlal and the location of Well
‘31te§}1nlthe hard chk terra;ns has become a complex
job. . T , v ‘_“ PR / ‘  v 
| - Coupled with the uncertainity of finding
ireliable water sources, the vagaries of monsoon and the
"below normal rainfall received from the last two years

“eew® 8



s 8
in these districts the situation has become grim. In
addition, the increasing demahd for water for domestic,
industrial, irrigation and drinking water uses in recent
years has also contributed to the already depleting re-
sources and declining water levels. Many dug wells have
gone dry forcing people to go in for deep wells to meet

the water requircments. 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 1evels as observed in’certain areas is a
temporary phenomenon due ta the receipt of'below;gormal
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 available resources without disturbing the ecolo~ -
gical or the 3001oeconomlc setup of the areas involved.

2.0e ‘DIST RICTWISE DESCRIPTION OF GROUND WATER
CONDITIONS AND‘DROUGHT MANAGEMENT STRATEGIES

The hiydroneteorological, hydrogeological and
hydrochemical setup of each drought prone districts of
Andhra Pradesh is discussed in brief, including the work
carrizd out tby Central Ground Water Board and suggestlng
a strategy focr drought management on permanent basis e

o

2.1 ANANTAPUR DISTRICT

2.2 Location and Extent:

Anantapur district occupies the southwes*tern
part of the state falling between 13014' and 15°14'N
latitudes and between 76°47' and 78°26' E.Longitudes.It
is bounded on the north by Bellary district of Karnataka

ces 9
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and Kurnool district of Andhra-Pradesh and on the east
by Cuddapah and Chittoor dlstrlcts and tc the south and
west by the Karnataks state.  The district is lelded into
17 taluks and has a geographical area of 19,130 sq.km hav-
ing a population of 2,548,012 (1981 census) There are
11 important towns and 958 v1llages in the dlstrlct The
1mportcnt towns are Anantapur, Hindupur, Kadlrl, Kalyan-
durg, Guntaka, Rayadurg, Dhermavaram, Tadpatrl, Gooty,
Uravakondsa and Penukonda, All the places are well coneec=-
ted by all weather roads. The’ Bangalore—Hyderabad Madras-
Bombay and Hyderabad- ~Tirupati rallway llnes pass through
the district. Anantapur is the only class I town in the
district with a population of 119,531. Dharnavaran, Gun~—
takal, Hindupur, Kadiri and Tadpatri are class II towns
w1+h a population of more than 50, OOO.N : '

2 3 ths10graphy and Dralnagg.i

' The district forms the nnrthern extension of"
the Mysore pluteau and slopes fron south to north. ‘Thus -
many of the major streams take their origin in the Mysore5
plateau and flow north. Its elevation towards south is”
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 quartzlte hills. A good part
of the district is occupied by black cotton so1ls. Red
loanmy coils occﬁr in sone parts. ’

The hill ranges in the district are rocky and..
bare w1th little or no vegetation. Sometlmes even soil
cover is absent. They run from north to sowth. enclosing
small valleys. The hill ranges run for 50 to 60 km at
a stretch with verylng widths reachlng a helght of 600 tcu_
900 m above msl. The highest point" is the Mallappakovf
(909 m ) near Bukkapatnam. The hill ranges have general
N-S and NW~SE trends. '

10
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The district is drﬂlned by the rivers Pennar,
Chltrﬁveti Hageri or Veda thi, Papaghni and their tri-
butaries, the Kushavati and Maddileru., Pennar river the
most importart of the drainage system of the district,
is ephemeral like 2ll other streams in the district and
carries only monsocon runoff. In some parts of the dis-
trict, the river carries the return flows from the
Tungabhadra Command area. The district‘experiences hot
weather, for most parts of the year with hot summers and
mild winters. e highest maximum temperature recorded
is 42.2°C and the mean daily maximum temperature during
hottest month iv 38.5°C where as the minimum tempera-
ture of 12.2°C has been recorded in January.

2.4 Hydrometeorologys

Anantapur is one of the districts of Andhra
Pradesh which experiences low rainfall so often that some-
times a fear is eypressed whether the district would be
reduced to a stats of an inland desers in course of time.
The normal rainfall map of the district is depicted in
Fig. 2. The rallfall decreases from east to west from
about 620 mnm to loss than 400 mn. The district normal
is 570 mm. The roinfall received at Anentapur which can
be -taken more or Zess as represehtative_of the district
has been studisd for the period 1910-1985. The lowest
rainféll of 233 mm-has been received during the year
1954*and the maxinmum rainfall of 978 mm during bhe year
1919, To study the trend of rainfall and periods of
below normal or adove normal years, the 5 year and 10
year — running means for the period are plotted. The
plots Fig 3 indicate that periods between 1910-20
55-40, 1953-58, 1271~75 were good rainfall years whereas
perlods between 1920-25, 1931- -35, 1941-53, 1958~71 arl
from 1975-83 are low rainfall periods. It also indicates

that there 1s a declining trend in the rainfall over the
i » 7 ; ..ol” {tﬁ&
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11 3
vears which is evident from the figures where the rainfall
- has not exceeded 750 mm at any time during the last 35
years. During the last decade normal rainfall was recorded
in 4 years, excess rainfall in 2 years and deficit in
4 ycars. The graph indicates & declining trend in the
forth coming years indicating the probability of receiv-
ing normal to below normal rainfall over the area.

The sercentage 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—15,41912—
16 etc 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 ard deficit 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 yearé with normel 3 4122 4153321
rainfall * R

No.of years with excess 1 022113002734
rainfall R ' ‘

No.of years with deficit 1 12120102000
rainfall .
Percentage frequency of 17 17 13 10~99“83 6111
different combinations

The ebove table indicates that there is a.high
probability of occurrence of normal rainfall in 3_Years’(17%)
V‘@nd;exeéss?and deficit rainfall in 1 year each 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 years, excess oOr above normal rainfall,in
one year and deficit rainfall in 2 years. In calculating
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the probability of normel, excess or deficif rainfall for
example for 1986, the rainfall received upto the previous
year that is upto 1985 from 1982-85(4 years) and its
patternf(éither normal, excess oOr deficit is considered
and the prediction for 1986 with maxinmunm probability(3
normal, { excess, 1 deficit)iis 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 calculétions for

~ the other probability is given and also for the period

" from 1986 to 1990. The above statistical approach indicates
that ddringfthe next 5 yeérs, the probable frequency of
occurrence of normal, exéeSé and deficit rainfall may be
one of the followingﬁ B

No.of years

No.of years‘with_ndrmal'rainfa11 _‘ 3 4
No.of years‘with excess rainfall, 1 0
No. of years with deficit rainfall 1 1
Year ' Anticipated Rainfall
1986 E/N N
1987 N/E N
1988 , N N
1989 N N
1990 D D

Fronm the above table it is possible to predict
that tl.e district 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 mm also below normel.

2.5 Soils: ,
The soils of the district are predominently
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iof tno bklck and thp rcd type. The d¢smL¢0t falls into
three n%tura“ lelSloas OCCOfdlng ~Q~tn. types of 30118r
fFertllv blgcT cotton soil predeminates in the northern
d1v1u¢on concisting of Gooty, Uravekonia and Tadpatri

)

taluks. The central division comprising the taluks of

o

Anantab”r ;Do rmava ran, Ralyandurg and Rayadurg is T

covered by rod scils with ollghu adniziture of black sgill:
in parts. The southern division comprising Madakasira,
Penukonda, Flrdupur and Kadiri talvis contaln chiefly

‘red soils.

2.6 Agrlcultuzc and Irrigetion:

e "he ulstrﬂct predominently depends on Fain-
fall for agrlcu, sure coupled with well irrigetion.Howe-
ver, the execution of the munvabhadra‘Hinh Léyel Canal.
and the Mid Pennoar Project has helged vowqg Soile area
under assured susface water ;rz;gablcn, Out of the total
geogranhical are~ of 19,13492. bectares cf the district,
the extent of the total cwoppeaﬂa ea is 8, 69027 hectares.

An area of{,96777 hecta ﬂ@S‘is‘OCCUﬁlcd by forests and

the net arsa sown is 8,571,249 hectarey which is 44.5 per-
cent of the total geographical axea. Qut of this an area
of" 43883 hecta e (gross) are irrigated by canals and
10,868 hectargs(gr0§§) are irrigaved by tanks. Nearly
71,581 hectares wre irrigeted by wells, and the total
area irrigated is 130 053, hectares.;The area irrigated

by wells in the dlstrlct;¢orms almost 55‘percent of

the total area ';rrigated; The cgnﬁl irrigation with the
waters of Tunfab‘%dra High level canal is confined |
mostly to Anantapur;-Gooty and Tadpatri taluks. The‘main
crops grown are »naddy, sugar cane, cotton, groundnuts,
ragi, vegetables and chillies. Mulbery cultivation is
galnlng popularity of late esp901ally in the areas irri-
gated by wells mainly because it is casy to grow, r.-
quires less water and returns are more. ’
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247 Industries and Mining:

There are several industrial estates located ot
Anantapur, Hindupur, Dharmavaram and Kadiri, Guntakal Spi-
nning mills are located at Anantapur, Guntakael and Hindupur.
Cotton pressihg factories are located at Tadpatri. Other
minor industries are located at Dharmavaram and Rayedurg.
Dharmavaram i3 becoming 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, dlamond
corundum, barytes. Granites, quartzite, dolerite, dolo-
mite and limestore are excellent bulldlng 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 1nvest1—
gations in the district to locate areas economlcally V1a-
ble for gold mining.

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

Recent , Alluvium

V —————— Uhconformity ————————
Upper Kurnools { Paniam quartz1te
Pre-Cambrian 8 Auk shales <
to Lower Narji limestone -
palaeozoic , | Banganapalle quart.ite &

{ conglomerates

e & ° @ 15
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Upper o Chitr9vati { Tadpatri shales W1th
Pro-Cambrisn Cuddapﬁh )] group 0 basic intrusives
23%35 ) 8 SR g Pulivendla quartzités -
. 1 Papaghnl Vempalle shales and
5 group ) dolonmites and lime-
o ) stone with basic
3 intrusives , ,
i Gulcheruvu quartz1tes
‘ and conglomerates
 ==-=Unconformity-----—--~=
Archacan to § I _ .
Lower ) Dharwar ~a : 8 Dolerite dykes, peg=-
Pre-Cambrian Super groupl mﬁ:izgs and.quartz :
‘ S () Dhare ' k
war Z.Schlsts, phyllites,
Amphibolites
: v Granitic gneisses
- Peninstlar . . Gneissic granites.
gneiSSes . '
SR » Khon- {Quartzites charno-
o H
;1ghgzern B dalltesg kltes ‘“j_, : ;M:ﬁ;ﬁm:;
“Group ’ .

2.9 ﬁzdrogeologx°

The dlstrlct is nostly underlaln by Dharwar

'schists and phyllltos, peninsular gneisses and granltes,-7*

‘Cuddapah and Kurnool group of rocks consisting of shales,
limestones and quartzites and river alluviunm confined to
‘the major stream courses. These rock types are traversed

by quartz and pegmatlte velns and also by dolerite dykes-,- 

2.10 Ground Water in Archaeans and Dharwars. ¥.'ﬁ‘

: | The depth'of weatherlng in the crystélline
complex varies generally from less than a metre near the
outecrops to more than 15.00 m in the valley bottoms and
‘topographic lows. These crystalllne rocks seen to be well
jfractured and jointed. Sometimes the fractures extend
upto depths of 50.0 m and beyond as evidenced by the vields
and lithologs of borewells drilled in the region. \ -

eee 16
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Ground water occurs under water table, semi confined to
confined conditions and is developed by open dug wells,
~dug;-cum~borewells and borewells for irrigation and
drinking water supply. The depth to water in wells loca-
ted ir the crystalline rocks, generally ranges from

1.30 m to more than 9 m bgl but sometimes the water table
is. found to be as deep as 20 m hnd moré. If the last
couple of years due to the fallure or the monsoons and .
~“coupled: with the: excess w1thdrawals, the water table has
been decllnlng con31derab1y in most parts of the dis-
trlct The dug wells 1n the area, generally range 1n depth
from 7 to 25 m bgl wnd yields vary from 20 to 220 m /d.

" The ylelds of borewells 35 m deep range from 9 to 45 ma/h.k
Lately, however, the yields have been coming down due to
the decreased saturated thickness of the -formation availa-
ble for. pumping. A number of dolerlte dykes intrude the
granltlc gnelsses and eeem to control the movement of
ground water by actlng a8 barr1ers to’ ground water flovwe
More or less slmllar condltlons prevail in the wells tapping

Dharwarian schists. However, due to the nature ot the forma-
tions here, the ylelds are generally poor.

2¢11 Ground water Oonditions in Cuddepah Formations:

The Cuddapah and Kurnool formations chlefly
comprising of quartzites, shales slates and llmestones
occur over a limited area conflned mostly to the- Tadpatrl
taluk of the district. The sedlmentary rocks like the

shales, sandstones and to some extent limestones have under-
gone compactlon, netamorphism and are involved in the post
Cuddapah tectonlc movements undergoing faulting, folding
and frﬁcturlng. Although the fracturing and . faulting
have ~reated ideal condltlon. in the rocks for holdlng
water, the occurrence and movement of ground water in
these rocks 1sllowever controlled by “the “degrec of ‘frac-
turlng, faultlng and the" occurrence of solution channels
and cavities especially in limestones. Shales which were

‘ ' ' vee 17
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once con81dered to be poor aguiflers also yield substan- -

tial quantities in this erea dus to the presence of frac-

~tures. The depths of wells in these rooks,generally range

from 4.50 to 30 nm bgl and the depfh}to water level varies
from 2 to 29 m bgl. The yields of dug wells vary from
40 to 200 mB/d. Borewells drilled down to a depth of

‘50 m bgl have given yields ranging from 0.5 to 2 ms/h.

2, 12 Ground Water Gonditions in Alluv1um

’ AlluV1um is found to occur locally and to a
llmlted extent along Pennar and other streanms like Chltra—

i vatl, Kushavetl, Tadakaleru and Maravanka. The thickness

‘of‘alluv1nmzverles from 1 %0 10 m but exceeds 15 n as

v‘obserVed neér Tadpatriytown. Filter points, shallow tube-
- wells and 1nf11tratlon wells have been constructed to tap

thls formatlon 1n addltlon to the dug ‘wells and there vary
'in depth from 3 5 m to more than 12 n bgl.and Yields

H‘varylng from 8 to. 135 m’ /h. are obtained from thepe wells.

Presently, the alIQV1al aqulfer has become practically
dry as a result many of the wells now tap the fractures
in the basement The general depth to water as seen in. the
dlstrlct bﬂsed on Water level data of netWOrks statlons

of Centr%l Ground Water Bo(rd for May,1986 is glven ‘in

Flg 4

2 13 Status of the Studies:

Central Ground Water Board has been’carrying

out systematlc hydrogeological and reappraisal surveys

, as pﬁrtkof the Boards' annual work programme in the dis-
‘trict. By the end of March, 1987 the entire area of

19,130 sq.km of the dlstrlct has been covered under

‘systematlc hydrogeologlcal surVer and f3,421 sq.km
- under reappraisal surveys.

2414 Ground Water Level Monitoring:

Monitoring of ground water‘levels through
the estqbllshment of 2 network of hydrogrQPh statlons
) [ 3 18
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commenced in the year 1969 with the cstablishment of

13 All Indi% Network Stations. Presently there are 17
Hydrograph étations in the district being monitored 5 times
a year (4 times a year since 1985). In addition, as part
of the Penner Basin studies in the district, 323 key
observation wells are being monitored two times a year
(pre-and post-monsoon) since 1981. The mcvitoring has
indicated that fluctuationg/ ground water levels ascur /in
in response to recharge and draft. Generally water levels
stert rising with the commencement of the monsoon and
reaches a peak in November-December period. Theve 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 southern partslnfgih@gﬂisﬁﬁié$%ﬁﬁichmmay,be due to -
the failure of monsoons during the-last 2-3 years and
increase in draft in these parts to meet the water re-
~ouirements. This aspect will be dlscussed in detall at

a later stage while dlscussxng the resource aspects and
the declining trends observed in some . parts of the dis-
trict. | |

22.15 GrUund Woleor Exploratlon.

Ground water exploration in the dlstrlct -was
1n1t1ated by Central Ground Water Board as part of the
exploration programme in Vedavati and Chitravati Rlver
basins. About 43 exploratory wells have been drilled
sofars in an area of 0391 sq.km in parts of Rayadurg,
Kalyandurg, Madakasir, Dharmevaram, Kadiri and Uravakonda
taluks. The depth of the wells drilled ranged between
38 and 88 m bgl in Vedavati River Basin and 50 to 300 m
bgl. 'in Chitravati River Basin}¥Tﬁé“yiélds of “borewells
vary from 28 to 900 lpn (generally ranging from 50 to
300 lpm) for drawdowns ranging from 1.7 to 14.8 m. The
ground water exploratlon programme in Chitravati and

Y9



9
and Pennar basins is being continusd during the year
1986-87 also-

2.5 (enlesl Juality of Ground VUotex:

P

The chemical qﬁality of ground water eccurring
in the district is being tested'from time to -time by
enalysing the samples collected from the open dug wells.
The samples are collected from more than 300 observation
wells in the Pennar basin and from the 17 All India
Network Staticns. The results of chemical analysis carried
out sofar indicate, that the quality of water is suitable
for domestic. ard irrigation and as well as for industrial
purposes. Ground water in general is alkaline with pH
‘bvalues ranging from 7 to 9.1. In majority of the cases
carbonzte is absent, while the bicarbonate ranges from
'49 to 1122 ppm.fotal Hardness as CaCOy ranges from 60
to 1520 ppm and the waters can be classified as moderately
hard to very hard.Chrlorides range between 12 to 1219 ppu.
The electrical conductivity varies from 390 -micromhos/cm
to 6065 micromhos/cm at 25°C but in maJorlty of the cases

it ranges from 750 o 2250 micromhos/cm at 25°C and thus
presents salinity hazard (U.S. salinity Lab.classifica-
tion). The fluoride concentration in ground waters of
the district seems to be high 1in excess of .per-
missible limi%s of 1.5 ppm and is reported fron 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 dlstrlct is bet-

ween 1 and 4.0 ppn.

. 2017 Cround Ticter Resources and DevelqpmentbPrOSpects:

The d: strict deVOId of any perennial surface
water sources except tanks, solely depends on ground
water for meeting 1rr1gatlona1,'1ndustr1al and drlnklng
water needs. Nearly 55 percent of the 1rr1gat10nal re-
gquirements and 90 per‘~ cent of the drlnklng water

needs are met from ground waters.

- : | es ve 20
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The sarliest 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 Bstimation
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 MCH.
As the district does not possess any notable surﬁaee water
resources, the need to develop the ground watbr potential
has been realised. As a result of this realisation, ground
water is now being deweloped mostly by dug wells and dug-
cum~borewells. Borewells and tubewells are not common for
irrigational uses, but there are a good number of bore~-
wells fitted with hand pumps used for drinking water pur-
poses.

With ths increase in institutional financing,
there has been a rapid increase in the development of ground
water resource. Tre number of wells -are on the increase.

There were 63829 dugwells in 1976- 77. But presently, there
are 60 910 dug wells in the district out of which 47,212
wells are fitted with pumpsets. 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 MCM in 1983-84 and it has gone up %o |
332.3 MCM in 1984-85. The incroase in the draft in
1983-84 and 1984-85 can be attributed to the drbught Si-
tuation which the district experienced 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, Madakasira and Kadiri, the rain-
fall has been below normel right from 1932 onwards/ Almost
continuous drought condltlons 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. .he 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

Jand as per the information available the radmfell for 1986

is also;below ncrmal. -
" ' “ R 00021
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water level has been observed to be continuously declining
right from 1971 onwards. The decline in the “r.¥ox level

is also notable in Anantapur (6 m) from 1982 onwards,
Hindupur (8 m) from 1983 onwards, Madakasira (8 n) fronm
1982 onwards =and Penukonda(5 m) from 1982 onwards. An
examination of data on draft from ground water for the

last 4 years, indicates that there hes been no appreciablc
increase in the withdrawals over the years and the drary

is more or less same over the years (1981-82 to 1984-85).
This indicates, that the decline in water levels has been
aolely due to the below normal rainfall received during the
last 4 years. At this stage it is imperative to examine

the hydrometeorologlcal analysis discussed in the eaxlier
chapters. The analysis has shown that there is a decreas— -
ing trend 1n rainfall observed over the years and drought
condltlons may prevall towards the end of the decade even
if normal ralnfall occurs in 1986 and perhaps in 1987, As
such it may be necessary that certain restrictions are
brought on water utilisation certain changes in cropplng
pattern are adoPth and better water management technlques
are adopted to reduce rzovad woater. Cunfts :

2.18 Rurﬁl ond Urban water supplies for drinking water and
Tndustries:

Drinking water for urban and rural population
is an important aspect. As per the statistics (1981)
There are 20.88 lakh rural and 5.30 lakh urban popula-
tion in the district. as per the information there 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 popuw.
letion in addition to number of public end private dug -
wells for the purpose. Taking the average nonsumption of
90 1pd for urban and 70 lpd for rural ineluding the
livestocks population. The total requirements works out
to 70.73 MCM per year whereas a provision of 163 MCM
has already been made for drinking water and industrial

cee 23
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needs while cwlouletlng the atlllsable ground wwter re-
sources (925 1CH )i from the gross recharge(1088 MCHM). Hence
there .is ample scope for meeting the reQuirements from ground
wotor It is only during the drought years, the problem
;arlses becquse of reduced rechtrge and declﬂnlng water levels
whlch can only be- tuchled by 81nk1ng deeper borewells or
by deepenlng tne existing dug wells.

4 2. 19 Ground Water'Development with R
L eferen t
IS Water Levels @ ce_1to Ralnfall and

As already discussed declining water levels has
’hcve been obscerved in most parts of the district in recent

years. But if we examine the ground water draft for the
last four years there is no appre01able increase in di ft.
Thls shows that this decline in Water levels is not due to
increase in- draft but is attributable to only below normal
raihfall received in the district especially during the pe-
riod 1984 to 1985. and,also during 1986. The post monsoon
recoverles druing 1986 varied from 0.2 m to 6.10 m. The water
levels are still lower than 1982 water levels. Hence thls
decllne in water levels can be attributed to only below
normal rainfall and not to over developed conditions. How-
ever the prolonged meteorologlcal drought and below nor-
mel, conditions seen in the district have created a 31tua-
tion where in there will be reduced recharge to ground
W%ﬁer storage as compared to a normal or an excess rainfall
year, so that 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 above normal conditlons oceur in the coning years. In
thls context, a look at the hydrometeorologlcal analysis ’
carrled out earlier shows thaﬁéohances are that by 1988 /the
or 1989 drought conditions may recur, Wthh means that
there is a possibility of 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-
covery of water levels and normal recharge conditions during

this period. There is also & declining trend of/ observed
/rainfall 24
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over the district. This clcarly shows that
Some management techniques have to be evolved and wdopted
in order to overcorie the harmful effects of drought and
find a suitable solutions to the problem.

2420 Ground Voter Management Prectices;aﬁafﬁiougﬂt,Management
Strategles.‘ ‘ S

As Plrc%dy mertloncd the dlstrlct of Anantapur
is one of the chronlcally 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
successivcly for the last 2 to 3 years, the dlstrlct has
'»been depleted of its water resources to such an extent
'that the agrlcultural operations were badly hit ienq ~ocome
of the rural population is grbately reduced. " Much
of the .rural population who depend upon agrlcultural pro-
duce for their living and income have been reduced to
destltution. Even the fodder for the cattle has become
scarce. The kharlf vyield which is the main crop depending
upon the rain has suffered drastically. To over<come the
sufferlngs of the people and mitigate theirhardships cer-
tain longterm and short term measures have to be adopted
which should ¥ield results. Short term measures or drought
ne . agement strategies can be considered as quick measuresl
which are spread over the years are supposed to yield
results which will improve the living condltlons of the
people in course of time and help them to meet their re-

qQuirements in a phased manner. Zto tide over the crises and long
term measures

2 21 Lo gﬁ drouzht mantgement strotcgissiIn-the dlstrict,
the total cropped area in 1982-83 was 5,50,885 ha which

came down to 2 s79,439 ha in 1984-85. Nearly 55 percent

of the area is under well irrigation and most of thé area
cultivates paddy and to some extent groundnuts and sugar
cane. Except for groundnuts the consumptlve use of paddy

and sugar cane is very hlgh. Even in areas irrigated from
‘ - L A ) 25
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canals and tanks, the Saﬂe trend is seen. Howeve » &round-
‘nut is'grown>on a large scale but mostly vainfed. When-
ever there ie a2 failure of monsoon there is a drastic
~reduction in the yield of groundnut crop, which indi-
‘rectly affecis the market rate of the oil products.
‘Hence, it is Qeeessary that this crop is stabilised pre-~
ferably in uua areas irrigated by wells as a kharif crop
‘and as & rabi crop under tank and canal irrigation. Since
the ai Slflct e\perlences & hot climate, with a very few
| rainy days and nlgh evapo~transpirational losses, it is
Ebe+ter to conSJier the 1dea of reducing the area.of -
TOAS ol ononn come o ThLE u-"GJ_Oﬂ?/. take up cultivation/dry /of
cropa on. a large scple. Rlce is Béing cultivated approxi-
nately ove“ an area of 68 233 ha(1984-85) mostly und..
tank and canal irrigation. If instead, ‘other crops which
lrequlx less wvater like wheat, oilseeds (ground ﬂuts,,sun
fflower)kpUlsesﬁ cotton, mulberry are grown there is a
vast saving of water for nearly 6 to 8 months., The water
fhus ved can be utilised for bringing 1ud1t10nal areas
under 1lr1gatlon, This can stabilise ground water levels
in many urees and ultlmately surface and ground water can
be put to conjunc ‘ive use in an affective manner. OF late
farmers themselves are ghif fting to mulberry cultiva tion
. areas under well irrigation. It is better thls trend

1s encouraged even in tank and canal command areas, So
thaﬁ this gives a boost to sericulture and as ‘well as
femmerv are assured of better income returns and purcha31ng
power. The main. food crop like rice can be 1mported into
the district from the rice surplus arees like the coastal
dlStflCuba In addition to the changing cropping pattern,

the other drougnt management practices like the social
forest”y and DPAP programmes can be coupled to meet the
fuel requirenents of the rural population. The district
has nearly185,990 ha ox 4.5 percent of the total'geographi-
cal area as culturable waste . This should be put to use
perhaps coupling with the DPAP and other dryland farming
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methods for growing fodder for the cattle.

'kThe hills and hillocks looks &’ nost barren and
rocky in most parts of the district and are devoid of
any vegetabive cover. The forests as such are non-exis-
tent and what we see are only shrubs and small plants.
There is need to build up a forest cover and take to
afforestation on a large scale. This will not only check
the soil erosion which is on the rise, but ensure better
lenv1ronmental conditions for living. The arsal seeding of
the hills may be carried out in the reserve forest areas
during morsoon seasons and all attempts should be made to
conserve and protcet the forests from cutting for some years.
A similar experiment was carrled out in Maharashtra a
year back which is reported to have yielded good re-
sults., '

Another aspect wihich needs attention is contro-
lling of grazlng of the forests. Special gra21ng or grass
lands may be developed for the cattle and sheep grazing
so that the plants and the sapling do not wither away.
All thesé, will stabilise indirectly ground water by add-
ing and retalnlng m01sture and reducing direct evaporation
in case of down pours. Other rain water harvesting techni-

s8 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 sprlnklerf
1rrigqt10n can be adopted for saving water.

2422 Short torm Monagoment Strategies:

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 drlnklng water needs which is the prime need of the
population durlnp drought years and more S0 in summer
[ 3N BN ) 27
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nonths. Some of the methods discussed cerlier will how-
ever take several ycars to yield results and they'are
long term strategieda To meet the immedirs.e requirenents
and to mitigate the h ‘nrdshlps of the people and the live-
stock population certain short term steps or straotegies
are to be adopted. One of the strategy is to drill bore-
holes tapping deeper aquifers and meeting the water re-
‘quirements. Though borewells are béing'drilled on & large
scale, meny are dry and few are vyielding very low dis-
charges so that they cannot be put to use continuously.
Meny of these wells are drilled without proper scienti-
fic 1nvest1gat10ns.It is suggested that proper 301ent1flc
investigative technlques be adopted to ‘minimisé the fai-
lures and as far as p0851ble utilise the same for rural
water supply and pumping water supply schemes., WhereVel
possible, 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 Water Board in the district have
given encouraging results and some of the wells have,um N
tapped fractured aquifers below 100 m glVlng substantial
yields. Thege wells are to be utilised for rural water
& Lplye. While there can be possibilities of over exploita-
tion temporarily. This cannot be avoided, keeplng the ;
situation in view end the need of the populatlon as a
whole. ‘

The quality of water has not been a problem

except that there is high fluorlde in ‘'some parts of the

- district. The fluoride content in ground water goes upto
5 ppm in parts of Kadiri and Anantapur taluks. In case

of Kadiri town where the fluorlde content is reporued to
be ‘around 3 ppm, there is a defluoridation plant in ope-
ration which brings down the fluoride content to the per-
nissible limits. Defluoridation’ plants of small scale or
even kits will be useful in tackling +this fluoride pro=-
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No major industry exists in the district
and as such the demand on ground water is nqt muéh to
neet 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 taluks which are experiéncing de-
clining trends in water levels, decreasing rainfall and
increasing drinking water shortgages. To meet the
situafion and solve the,problem,permanehtly‘the»possiév
bility of bringing surface water ‘through canals fromn
the heighbouring Karnataka state either from the Bhadra
,?eservoirvof the extension of the Tungabhadra High
Level canal through branch canals and distributaries may
have to be examined. This will not only stabilise grovid
water but also wili help the district permahently to
~solve itskdrought conditions and improve the sociocecono-
nic conditions of the beople living in the district. -

3+0. KURNOOL DISTRICT

3.1vbccutlon_und Extont:

, Kurnool district is situated between the N.”
Latitudes 14954' and 16°18' and E.longitudes 76°58' and
790341 with a geographlcal areq of 17,658 sq.km and popu-‘
letion of 2 ,407,299. It is bordered by Tungabhadra and .
Krishna rivers as well as Mahabubnagar district ot the
north, Prakasam district on the east, Bellary district
of Karnataka state on the west and Anantapur and Cuddapah: 
districts on the south. It forms one of the drought dis-
tricts of Rayalaseema Reglon and one among the seven
drought prone districts of Andhra Pradesh. The district
has 13 taluks with headquarters at Kurnool. There =re
11 towns in the dlstrlct and only Kurnool and Adoni have'

population fof more than,1001000. g
' - ' . oo 9
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3.2 ths1ogr“phv and Drﬁlnage.
The district is characterised by scattered hill

ranges with intermittent valleys and plains. The Veligondas,
the EBrranaclais and the Nallamalai'ranges‘formﬁthe main
hill ranges. The average width of the hill ranges from west
to east is nearly 40 km. They extend for about 113 km in

~ the district reachingq maxirum altitude of 909 m above msl.
The upper reaches of the hill ranges has =2 thick forest
cover of temperate type with rich fauna and flora. The

Erramalais are low and cliff-searped and plateau topped
hills rising to 2 height of 606 m The Veligondas form the
boundary and run parallel to Nallamalais. The ranges termi-
r~tes at about 16 km east of Markapur town. The highest-
point in the range is 815 m amsl.

The pr1n01pal rivers which drain the district
are the Krishna, the Tungabhadra and its tributaries, and
the rlveraﬁKunderu and the Gundlakamma. Tungabhadra and/ the
Krishna are the perennial rivers while other streams are
ephemeral in nature.

3.3 Hvdrometoorologv.

The cllmate 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-
west monsoon season. The mean daily maximum temperatuee during
December is 30. 39C and mlnlmdm is 16.19°C. Durlng the hottest
period which is generally the month of May, the mean daily
| max1mum temperature reaches 40.3°C. The nghest tempera-
‘ture recorded is 45.6°C and the lowest temperature recorded
is 6. 79°C. )

‘ The average annual rain«=fall of the district
1s 624 4 mm. (Flg.z_), 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.
ceee 30
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To study the trend of the rainfall over a period
of time and decipher any ‘cyclés"rainfall received 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 figure indicates
that a roﬁgh 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, 1944-80 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 e&aminevthe record of 85 years, the lowest rainfall
of 281 mm has been received in‘1920 whereas the heaviest
rainfall of 1076 mn has been received 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 th%f there is a possi-
bility of receiving normal rainfall in the comlng years
rather than deficit rainfall. o

'Thé percentage frequency of occurrence of nor-
mal, excess and deficit. rainfall in 5 contlnuous years dur-
ing the perlod 1901- 1985 is given below. ‘

No. of years w1th nornmal )
© rainfall . 4 33 5 2 2 3 2 4 2 1

No. sf years with excess o -
1 .nfall 0o 1 2 0 100 21 30

No. of years w1th defl-
cit rainfall T 1 0 0 2 3 2.1 0 04

FROm A an me B W A me e G eGP Al an B Ee e e A wm we e me. G e mm me ee W

Percentage frequency of , :
~occurrence 1514 12 12 10. 9 9 6 6 52

.+ The table above indicates that in a 5 year
continuous period, there is a high probability of occurrence
of normal rainfall in 3 or 4 yecars and deficit rainfsll
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~in 1 .year. There may or may not be a year with excess

rainfall. Durlng 1981-85, normal rainfall has been re-
ceived in 3 years, €xcess rainfall in 1 year and deflClt‘
rainfall in 1 year. From the above analysis it can be
assumed that durlng the next 5 years (1986-90) the fre-
quency of occurrence of normal, excess and deficit rain-
fall can be one of the follow1ng.

No.of years with normal rainfall 3 -4
No. of years with excess rainfall 1 0
 No. of years wiﬁh deficit rainfall 1 1
‘Year.  inticipated rainfall
1986 | | ~ . N N
1990 N N

This 1nd1cates that in Kurnool district the

situation. of ‘rainfall in the com1ng years is not omincus

and there is ¢ distinet possibility of gettlng normal

and excess rainfall during the next five years with one

of the yeare of low rﬂlnfall, probably dur1ng,1989.
3.4 Soils:

Kurnool district is mostly covered by regur and
red ferruglnous S0ils which constitute about 60 and 40 per-
cent respectively. They have been further classified as
clayey, loamy and sandy soils. The black cotton soils are
predominent in- the taluks of Pattikonde, ‘Nandyal, Alla-
gadda, Koilkuntla, Nandikotkur and Adoni. In the eastern
part of the district red soil of poor quality largely
Predominente Thoge soils .eventhough are. poor in quallty
generally produce good crops with mininum of reinfall.

The crops.mainly raised arc Rice, Jowar, Cotton and Pulses.
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‘Regur soil of good quality occurs iu the cent;al'pdft of
the district»in_Kurnool_and‘Pattikonda taluks. The occu=
- rrence of alluvial soilvis restricted and ‘confined to
smallarea near the confluence of Bhavanasi and the Kri-
shna rlvers. ' S

3.5 ngrlculture end Irrigation:

Nearly 51.0 percent of the district or

898336 hectares is thO'tctalibrOPPGd area sown out of the
total area of 17,60,034 hectares. The gross area irriga-
ted by different sources is 1 41,l426 hectares out. of
which the gross irrigated area under wells is 23273 he-
ctares, Whlch 1s about 16.4 percent of the gross irrigated
area. The area uhder canal commaud is 98487 hectares. The
Tungabhadra Canal Command irrigates an areas of 63,545 hec-
tares in parts of Adoni end Alur taluks while the K.C.
€anal Command ifrigates 74,727 hectares in NandikotXur,
Atmakur and Nandyal taluks. An area of 12,950 hectares
is under Sanjeevaiah Sagar Project Canal Command in Hin-
dri Basin. Nearly 13,307 hectares'are under tank irriga-
tion.Out ofte 2rea irrigated by different sources an .
area of nearly 1,03, 788 hectares is under food crops.. '
About 37930 hectarcs are under groundnut « The area under
rice cultivation is 65,926 hectares and an areu of 944 hec-
tares is under sugarcane cultivation. Most of the rlce, '
sugar cane and groundnut cultlvqted 1s in the canal
command area. Under well 1rr1gatlon mostly crops like -
groundauts,onions, chlllles and other vegetables are raised
while under the few wells s1tuuted in areas served by
canal or tank commands crops 11ke ‘sugar cane and rice -
are grova. It is proposed to brlng an area of about
65,170 hectares in Nandyal, Banganapalll, Koilkuntla
taluks under the Srisailam nght Bank canal and an area ' -
of 1.08 lakh hectares in parts of Nendyal, Allagedda,:
LAtmakur and Nendikotkur taluks under the Telugu Ganga pro-
Ject This brlngs 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 cropped area of the district.

3.6 Industries and Mlnlng,

Several industries exist in the district most
of which are concentrated at Kurnool, 'Nandyal, and Adoni
towns. Tungabhadra Industries located ot Kurnool is :
the largest Groundnut 0il smd Vanaspeti unit in the
south. A few more industries like Spinning and Cotton
Mills, Peper Mills are located at Kurnool and Ahdoni.

The Panyanm Cements and Mineral Industries is located at
Bugganipalle near Banganspalle. Several small scale
1ndustrles nostly agro based are located in the dlstrlct.
Handloom weaV1ng an 1mportﬂnt cottage industry is located
at Nandyal K01lkuntlu, Banganapalle, Allagadda, Alur,
Yemmiganur and Nandikotkur. Minining is an important .
activity in the district. With several known occurrences
of copper, dlamonds, iron ore and 11mestone. There are
several old workings of copper, dia: ond and iron ores.
Limestones mining is o major industry in the district
feeding the cement factory located at Bugganlpalle. With
nearly 19.6% of the arew of the district under forests,
forest based products 1like timber and bamboo also
forn important sources for severa 1 forest based indust-
tries located at Nendyal and Kurnool.

3.7 Geology:

Geologically the dlstrlct is underLaln by
the formations ranging fron Ardhaean gneisses to the
Récent alluvium. The broad geological succession as
seen ig given belows:

Recent to Sub=Rccent Soils,Alluvium and
- : Cavernous depos1ts

———-Unconfornity ====—==-—-=.
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Nandyal shales
Koilkuntla lime-~
stones

g Kurnool
Group
Panian quartzites
hAuk shales

Narji limestones
Bangenapalle
quartzites

-----Unconformity
Srisajlam
- Quartzites
R Unconformity ee- -=-
Cumbum Shales

Nallamalai
Group

- Bairankonda
Quartzite ‘

' Chitra-  fmadpatri shales .
vati - - /
Group
Pulivendla

- Quartzite
u.--;-Uncohformity ———

~ Papagni  yempalle dolo-

.. ~Group

mites & shales

>

. Quartzites &

shales

Linestones

" Quartzites

shales
Linestones
quartzites &
Conglomerates

Shales

Cumbum shales &

- phyllites,slates,

Pulampet shales
with intrusives

- Bairenkonda

quartzites and
shales.

Nagari quartzi-
tes, Ultra basic
intrusives and

‘alkaline intru-
sives
===Angular Unconformity'4—--5—---—,;

’Shales,quartzites

with basic intru-

 sives.g
Conglomerates &

quartzités

Stromatolitic

 dolomites,cherts,
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tPapagni_
‘Group Gulcheruvu.
| Quartzites
,_._~—-=~(;——---—Unconformity'4 -----
Dharwar Super Dharwars
Groupk
Archaean!‘
to Lower ;
Pre-Can-,
brian |
" Peninsular
gneisses

3.8 Hydrogeologys

breccia,shales with
basic intruives

Conglomerates, quart-
zites and shales

Dolerite dykes,pegma-
tites and quarts veins,

‘schists, phyllites
anphibolites

Granitic gneisses,
Gneissic granites

A major part of the district in the west is
occuapied by granitic gnéisses while the Cuddapah and Kur- ;

nool formations

vomprising of Gulchuruvu quartzites, Veme

palle limestones and shales, FPulivendla quartzites and

Tadpatri shaleg, Banganapalle quartzites Nerji limestones,
Auk shales, Koilkuntla limestones and Nandyal shales eccur
'in the eastern part of the district. The Recent froma-
tions represented by the river alluvium is confined to

the major stream

bhadra, Gundlakamne and Kunderu. The

tions as seen in different formations

belows:

2ndé river courses like Krishna, Tunge-

ground water condi-
are discussed

3.9 Ground watér'conditions in_crystalline rockss

The granites and gneisses occupy the western

half of the district. Ground water occurs in the wea-

thered and fractured rocks under.water table and semi-

confined condirions.

The depth of weathering varies

fpom less than a metre near outcrops to about 18.0 m in
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topographicalylows end 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 R to 13.50 m bgl.Water table is shallow
around 2.00 m in the area served by the Tungabhadra Low
Level Canal Commend area.s falling in parts of Yemiganur,
Adoni and Kurnool taluks. The yield of bore wells drllled
down to a depths of 25 to 35 m vary from 1.84 to 9.2 m /h
for drawdowns upto 20.0 m.

3,10 Ground water in Cuddapah‘formations:

The Cuddapsh formations are represented by Gul-
cheruvu quartzltes, Vempalli limestones and shales, Puli-
vendla quartzmtes and Tadpatrl shales. Wells tapping all
these formations vary in depth fron 2.00 m to 34.0 m.The
depth to water varies from less than a metre to 5 m in
Gulcheruvu quartzites, from 0.2 m %o 30 m in Vempalle
1imestones, from 2.8 to 20.5 m in Tadpatri shales and from
2 to 22 m in the traps sil .8 intrudlng the Vempallis.
Recent studies nave shown that Tadpatrm shales of Tammaraju-
palli area form potentlal uqulfers down to a depth of nearly

60 m . Wells drilled by APSIDC down to depths 33 to 61.6 m
have given discharges vorying from 7.8 m to 59 m /h for
drawdowns ranging from 2. 2 to 6.6 m. The transmigsivity of
the aquifer ranged from 30 to 213 n /d. The depth to water
in these wells varied from 2.4 to 8 S5 m ‘bgl. '

3,11 Grounq Weter in‘Kurnool Formation:

The Kurnool formations are represented by Banga-
napalle quartzites and conglomerates, Narji 11mestones,A
Auk sheles, platczu and pinnacle quartzites, Koilkuntla
1imestones and Nandyal shales. These formations occur in
the castern part of the district. These rocks have under-
gone compactlon and metamorphism to a considerable degree
obliterating the primery porosity. Hence, thes occurrence
‘and movement of ground water is conflned to weathered,
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fractured and join*ed rock, solutlon 1annels and cav1t1es.
Ground water is develoPed by WA pf dug wells, dug-cum—
borewells and borewells. Dug wells range in depth from “

2 to 4—1 Ile

Maximum depth to water in the wells tapping Bane
ganapalle quartzites and conglomerates is 20.0 m while it
1s 13.5 m in Narji llmestones, 18 m in Auk shales and 16 m
in Nandyal shales. The yield of open wells vary from 2 5

to 100 m°/a in Nandyal shales, around 36 m 3/4 in Auk shales
around 67 33/d in Narji limestones, 30 to 100 m3/d in Paniam
quartzites. The dug-cum~borewells in Koilkuntla limestones
have given yields ranging from 100 to 1500 m3/d with eiten;
sion bores 25 m deep from the bottom of the wells. The borewel .y
diillod in the above formations especially K01lkunula '
limestones down to depths of 30 to 74 m have given ylelds ‘
varying from 8 to 70 m /h. The limestone forms @ potentlal
aqulfer amongst the Kurnools formations.

The alluvium in ge eral is limite. in extent and
‘npt very important from the ground water point of view and
are important only locally. The thickness of this forma-
tion varies from less than a metre to 8 m. Depth to water
in wells tapplng alluvium ranges between 1.2 and 5.3 m bgl.
Flg. 7 depicts the general depth to water mep of the dlstrlct.

3412 Status of Studies:

The entire/16,128 Kn®of the district has been

CQvered by systematic hydrogeological surveys till March,
1987. / area of

3413 Ground Water Level Monltorlng.

Ground water levels are being monitored from
969 onwards with the cstablishment of 2 stations which
have been 1ncreased subsequently to 15. The monitoring
has indicated that the water level fluctuations occur in
response to recharge ard draft seasonally and also annually.

The annual fluctuatlon ranges from less than a metre to
- s v 38
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‘more than 4. 50 4 W1th the average flactuttlon around 1 to
2.5 ». In recent years there has abeen declining trends in’
watoer 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 incrcase
in wetsr demonds being met from ground water sources. 1

3.14 Ground Water Exploration:

Central Ground Weter Board carried out ground
water exploration under the Vedavati River Basin Project
studies frlling in parts of Alur taluk. Theee exploratory
wells have been drilled down to depths of 40 to 52 m bgl
covering cn area of 929 sq.km and the ylelds from these
wells veried from 75 to 900 1pm for drawdowns varying
from 1.7 to 8.0 me. Pumping tests carried out on these
wells have glven transmlss1V1ty values varylng from

585.55 m2/d to 1370 m / |

3.15 Chemical Quality of Ground Wator:

The q.allty of ground water from weslls tapping
the crystalllne fromations is generally good “nd suitable
both for irrigation and domestic purposes. The pH varies
from T.1 to 8.8. The Blectrical Conductivity vories from
515 to 4412 microrhos/cm at 25°C. The total hardness as
CaCOB‘in general varies from 120 to 1300 ppn and the
chloride content varies from 67 to 790 ppm. There are.
pockets of high E.0. whlch can be attributed to local
conditions. The quality of water in Cuddapah formatlons
is generally good both for domestic and irrigatioh pure
poses. However, there are some sallne pockets in Xurnocol
formations. The pH »f ground water in Kurnool formatlons
generally vques fram 7.0 to 846 Higher pH is ssen in
areas with poor drcinage and thick black cotton soils.
The B.C.varies fror 203 to 6780 micromhos/cn at 259C.

i high degree of mineralisation I8 seen in areas under-
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lain by Nendyal shales along the Kunieru river, while it
is 500 to 1000 micremhos/cm at 250C in areas underlain
by Tadpatri shales, Paniam quartzites and Koiluntla lime-
stones. The total hardness as CaCO3 varies from 90 to
1440 ppm. Ground water in Nandyal shales is characterised
by permanent hardness. The chloride content‘varies from
18 to 1144 ppm. The fluoride concentration in the ground
waters of Kurnool district is sllghtly high ranging in
concentration from 1.70 to 2.30 ppm which can be treated
easily and used for human consumptioﬁi

3.16 Ground Water Resources and'DeVelmeentEprOSpects:

Ground water forms an important resource in
addltlon t0 the surfece water. Ground water utilisation

;ka% 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 assumc 1mportance and in order
to keep up with the pace of development, estimation of
”ground water resources are being carried out from time
“to viwme. Tne rirst assessment was carrled out 1n the year
~1977. Subsequently the estimations have been rev1sed and
"the latest tentative assessment for the year 1985 has been
carr;ed_out as . per the Ground Water Estlmatlon Committee
'reEOmmendatione. The taluk—w1se estlmatlons are given
in Table 3. As per the estlmatnons, the total utlllsable
- 8round water resources of the district is 1356 ‘MCM and
the net draft is 118 MCM leaving a balance of 1236 MOM.
The stage of ground water development is 9% which means
there 1s a ve ry. good scope for Turther development.

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

Year Net draft  Stage of G.W. Annual rise
Development

1981-82 86.5 1cH 6.4 Aoty -

1982~83 96.3 " Te1

0
1983-84  101.3 7.5 0
1984-85  118.0 9 | 1
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- This shows that.there.is a steady increase in the draft.

Hewever, in apite of the increase in draft the stage of
~ ‘ground water development is only 9 percent and at the

" present rate of annual increase in the draft of less than

1 percent of the available resource, the stage of ground
water development after 5 years (1990) can be anticipated
to be less than 20 percent of the total available re~
source. ' S S - ‘

3. 17 Rural and Urban water supplles for drlnklng water

and for Industrles.

As per 198%f Census there'arév18‘15'lakh‘rura1
“and 5.89 lakh urban population living in the district.
To meet the drinking water requirements of this popula-

" tion, the Panchayat Raj and the Public Health Engineer-
':Department have drilled 7552 bore wells and executed

320 pumping &nd mini pumping water schemes in the dis-

trict. In addition to the above, there are;No,of'publlc
" and pr¢vate shallow dug weils to meet the drlnklng and
domestlc needs of ‘the peoples As per the norms and taking
the average consumptlon 90 1pd for urban and 70 lpd for Rural
‘and 11vestock ponulatlon “the total requlrements works
to 65 74 MCM per year. This is for less than the provi-
sion of 239.3 MCM given for drinking water, 1ndustrlal
Tifpurposes and for unaccounted ‘losses while calculatlng
“gne utilisable potentlal of 1356 MCM from the gross re-
charge of 1595.3 MCM. There is enough scope ‘for meeting
~the water requlrements for rural and urban population.
‘Part of the water. requlrement of some towns like Kurnool
rMantralayam are met from the surface sources that 1s |
from the Tungabhadra Rlver. However the problem is to
meet the water requlrements during drought years when
| the surface flows dw1ndle and the shallow wells go dry
as the water 1evels go deeper. In such a situation, to
- meet ‘the requirements, the existing wells have to be
deepened and deeper borewells have to be drlllad.
Y
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‘3 .18 Ground Water Development with “eferenchRalnfall and
Water levels:

Ground water development in the district has
been on the rise as evidenced from the increesing trend
:n the number of ground water extraction structures from
‘5 922 in 1976-77 to 19,301 in 1984—85 Presently there
are 17, 263 energlsed wells and 2048 dug wells with out
pumps in the dlstrlct. There has been increased ener-
gisation of wells in the district of late as is evident

. from the increase. in the_number of energlsed wells

compared to the prev1ous years. ‘The ground water draft
~is also ‘on the rise from year to year. However, if this
| rise in ‘the ground water extractlon is examined in re-
lation to the tcmpo of development, rainfall and water
“eveols, the rise 1n draft is recorded in all the taluks
except in Kurnool taluk vhére there is actually decrease
in draft from 14 MCM 1n 1983—84 to 11 .3 MCM in 1984-85.
If we cxamlne the trend of water levels it will be seen
that there 13 no fall in water levels at Kurnool which
is almost sieady from 1976 onwards (Fig 8 ).The stage
of ground water development.in Kurndol taluk is only
‘<6 per cont. Kurnool arca reccived below normel reinfall
fdurlng 1984 and 1985, whereas it was sbove normel dur-
ing 1983 Eence, the fall in draft can be atributed to
low ralnfall due to which therc has not been any cultl-
vatlon in arcas which are partly 1rr1gated and partly
cultlvated by rainfall.

, There has been almost a failure of monsoon in
“the last threc years i.e. 1984-85 and 1986 in most of
the taluks of the district. Consequentlydamcnd for the ground
Watérlhasfgone up. Hence, the increase in ground water
draft in most of the teluks, In some of the taluks like
Kodumuru, Banganapalle and Alur the draft for 1985
was .almost double comparcd to the previous year 1984.
There has been a fall-in ground water levels observed
e 43
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in almost all the network observation stations monitored
by Centrel Ground Water Board in all the taluks ¢xcept
in Alur, Yemmiganur and Srisasilam which show rise in
levels varying from 0.13m to 1.18 m. However, the draft
data inqicate that the stage of ground watcr develop-
ment}haé not exceeded more than 3C percent except only
in the case of Banganapalle taluk. The fall in water
levels vary from 6.30 m at Atmalkur to 1.55 m at Nandyal
between November 1983 and November 1986. This fall in
love1s can only be ‘attributed to the below normal rain-
fall received during the last 3 years. A8 per the rain-
fall prcvability analysis carried out and discussed
earlier, the rainfall during 1987 is llkely to be normal
which may help recover the water levels in these arcas.
The stage of ground water deVelopment as per estimations
is also low. ‘

3 19 Ground Water Management Practlces and Drought Manage-
ment Strategies: .

As is evident from the estimationo'carried out,
barring B:Jganupalle taluk, the stage of ground water
dev: lopment in most of the taluks is below 15 percent
‘of the utilisable ground water resources. But the meteo-
rologlcal drought created by the below normal rainfall
received in the dlstvlct has created problems with most
of the tanks having gone dry and the recharge from rein-
fall being much below than in the periods of normal
rainfall, “As such there can be tepporary lowering of the
wat r table during the periods of drought. Coupled with
this, due to the shortage of surface water sources,people
will be forced to depend on ground watér to meet their
water nnecds. Hence increased draft from gfdund water
sources cen be anticipated and tchis is what has been
observed aurlng 1984 and 1985 in Kurnool district. However,
ag generally happens the proble is one of water manage-
ment and efficient and optimal utl—llsatlon cf wateor
resources during the periods of water shortage which

: cese 44
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can help tide over the crisis.This calls zor certain
longterm and shor® term drought mane ement strategies
to nversnme the orisis. The langtérm sfrategies call
for advance planning %o solve the water needs on a per-
manent basis but essentially a slow cne. The short-term
strateglies is to tide over the crisis for the time belng
to mitigate the herdships of the rural and urban popula-
tion and calls for quicks decisions.

3.20 Lotg tern drought nanagcment stfétegies:

The longterm measures or stratbgles like
uﬁanges in cropping pattern and to raise crops which
require less water like grcund nuts, cotton vegetables,
fruits, oil seeds and mulberry,_:Resorting to these
Loasure will ensure thefpurchasing power of the far-
mers without reducing their income. Also practicing
cf the efficienct water use methods like drip and sprink-
~ler ir;igationftéchniques‘Can save almcst 30 percent of
water on applied irrigation. ' | |

. The problem-in ¢ 2as like the cue served by the

Tungabhadra Low Level Canal Commané and the K.C.Canal

is. slightlv different Here the problem is one of plenty.
. The water table is shallow generally w1th1n 2 to. 3 m bgl
for nearly 8 months a year. Ground water is generally .
‘mineralised with EC values going upto 10 to 15,000 micro-
siemens/ém at 25°C. The ground water becomes mineralised
due:to:watervlqgging conditions, low leachihg,‘low per-
meability of the so0il and intense agricultural practices
due to the availability of surface water at & lower cost
for most part of the year, with mininum invest@ent.
Ground water is rarcly used. The remedial measure is to
adopt better water management prdctices like conjunctive
use techniques, reduce the in take throﬁgh canals,
introéuCG waeter use cfficiency techniques, encourage uti-
lisation of ground wgter development by subsidies and
drill borewells by Ehc state agencies qfter adoptlng ‘
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proper well siting techniques and mix the poor quality

water with the canal weters. This will eﬁsure lowering

of water teble in water 1ogged areas and improve the
quallty of ground water in course of time due to creat-
1on of gradient and flushing which is otherwise
stagno”t This will also ‘help bTing additional area
under 1rr1gatlon ﬂnd ensure that water will reach the

tall ends. It may be worth mentioning here that an
additional area of 1,73,170 hectares are proposed to be
brought under irrigation under the Sriseilam Right Bank

Canal 2nd the Telugu Genga Project. Water management and

conjunctive methods can be adopted at the time of oxe-
cution itself, so that the quality problems, water logg-
ing problems etc can be avoided which may crop up at

a later date. -

In arcas, where the water has fluoride of
more than 1.5 ppm as in parts of Pattikonda, Alur and
Dhone taluks people may beadvised to use defluorlda—

_tlon kits or the wateér be supplled through plpes under

rural water cupply schemes, after defluorldatlon. In
areas, where no surface source is avwllablekand ground
water is brackish thére_is no other way except to use
desalination plants and also resort to growing salt
resistant crops. Perhaps use of golar energy which is

‘kqulte abundant in these parts can be used successfully
‘for desalination. '

- As far as the water reqairements for the4indus¥
tries are concerned, no major industry exists in .the -
district. Most/the industries are located at Kurnool and/of
their water requlremonts are met from the Tungabhadra
RlVer. ‘ '

As one of the permanent measures for drought
manaqcmcnt the DPAP Projects can be utlllsed for social
forestry of barren and waste lands which is about
5.6 percent (98200 hectares) of the district. This can

| .. 46
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retain the soil cover and alsoc meot the fuel requirc-~
mcntszand‘sveid further defcrestation. Similarly the
culturable WPSte which is about 4.9 percent of the
district (85,800 hectares) can be uscd for cultivating
fodder for the cattle in the areas. & much mofﬁ viable
pr3p081t1ﬂn would be tc harness the fiash flﬂ“is, and
adopt reinfwater havesting techniques by construction
of check dans/wiers construction of percclation ponds
and ofcourse utilise the possibilities of storing
this surface water ‘undergrmund' especially in the lim
stunc terrain. The ceeurrance. ufvtﬂle Cuddapah and Kur-
noml limestone f“r11tlons, tae numerwus caves :and in
particular the !'Belum Caves' offer a, great sceope for
such an experimont. This can serve clmyst like &
'Ground water Sanctuary and the watgr stored thus
"nderground can be developed by dug cum bores or bore~
wells in times of severe drought.,

3.21 Short tern Drought Mcnagement StrctogleS°

Scme of the methods élscuooe | uqub  takes
sone tlme to yleld results and they can be considered
as longtern measufus. But the pcaple and tho llvestfch
have 1o’ w1uhutand the hfraﬂhlp d?the drought gltuatlwn

created by tho failure’ ﬂf the monsonnb and thelr urgent

nceds arec to be net 1mmed1ﬂtoly and which cannot be

'\\\“ostponcd The nest important nced is o neet the drink-

g water requlrcmcnt of the pe ch for survival.The
urgCﬁQ\nced will be to drlll a’ numbcr oI boreholes to
tap the\bround water whercver fe“31blb and meet the needs
on war fcoting. The more efficient way is to look'under-
ground! to tap the potenticl aquifers in the favourable
zones like the fan wults fracturces, jeints and cther favoure-

le location of gruund water., KhInOQl.dlutr‘Ct nolds good
SCo po for developnent. The Cuddapah and Kurnool formeticns
like the Tadpatri sholes, Venpalle limestoncs end sheles,
Narji linestones and Koilkuntla limestonecs, Banganapalle,
quartzites and conglomerates all hole good pronise for
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kdeVelopment. They can be tapped extonsively by utili-

sipg the latest tevaniques ¢1Ku rcmote sensing and

‘ geoony810ﬂ¢ surveys fur~°ccuratc siting and pinpoin-
‘ulng to nlnlmlse the well fellurus. P”59¢b111t108 for -

- tapping dgegcr aquifers below 100 metres should be

examined also s they amayvyieid substantial quanti-

- ties to tide over the orisis. The experience gained

- by deep drilling in the neighbouring Anantapur dis-

trict will be hclpful. In areas,scrved by canal

- conmand where there is quality problen storage pon 3,

tanks can be constructed near the villages and canal

- watcrs can be stored durlng the periods,of canal ope-

ration and the water thus stored can be. utilised dur—

ing the periods when the canal is not in'operation.

This will help to tide over the summer months which

are the periods ,during which canals are shutdown.

This can be considered as a purely temporary measure

or can also be used on & ermanent basis during every’

suﬁmbr months. Other neasures can be. utlllse the .

IRDP, DFDA and NREP pro"rammcs of ¢ urse to help the

- rural poprlaticn to give cuployucnt and these programmes

' car also be utilised for comstruction of percolatidn

- ponds, check damé etc. which will help to conserve

water even when there are oummer uhowers. These nethods

- will go a longway to help the rurﬁl and urban populq—
tion during the orisis. ' ‘

4.0. CUDDAPAH DISTRICT

4.1 Locaticn and Extents

Cuddapah is one the four districts of Rayala-
secma region of Andhra Pradesh with-a total gecgraphi- |
cal areq of 15,371 sq.kn and llOS between North Lati-
tude, 13°43' and 15014' and Bast Longitude 77°55' and
79°29! and bounded »n the north bykKurqogl dlstr1¢t,
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on the east by Nellore on the south by Chittoor and
on the west by Anantapur districts. The district'is
well connected by road and rail. The Madras-Bomhayf‘
broad gauge linc passes through the Aistrict. The
district headquarters Cuddapah town, is about 480 km
from the statc capital by road and 558 kn by train
There are 12 tealuks, 15-towns and 1007 villages‘in’
the district cf which ~nly . 7 arc towns with nore thon
20,000 population. There ars only twe towns viz. Preoddutur
and Cuddapah with more than 50,000 population(1981
Census).

4.2 Physiography and Drainagc:

The district is characterised by undulating
topograzhy with dcep fronted hill renges and interven-
ing valleys an? plains. The inportant hill renges are
Nallanalais'Volligendas, Palaokondas, Lakkanalais ond
errfamalais}‘The Nallamalais are covered by thick forest
and abound in wild animels. Generally these hill ranges
rise to a height of 735 m to 882 m. |

3

| Cuddepah digtrict is drained by river Permar
ard ite tributaries. Penner is the moin river which
enters the district near Tellaproddatur after pussing
through Anentapur districte. Pennar flows through Jenma-
lanadugu taluk and at the historie fort of Gendikota,
it cuts fhrough the Yerranalai hiil ranges. Te cther
inportant rivers éfﬁthe district are the Chitravati
Kunderu, Sagileru, dhéerru and Pépaghni all ¢f waickhk
arc the tributeries of Pennar. However all these are
epheneral and even Pennar is dry for nost part of ths
year ond carry only nonsoon discharge., |

4.3 Hydrcmeteorologys

The district enjoys hot surmers and nmild
winters. The periocd frem Decenber tn FPebruary is con-
paratively cdol and dry. The sarmer seagon starts fron

eeee 49
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March and lasts till May. May is the hottest nonth of
the yecar. This is followed by the southwest monsoon
fron June 1o September which brings down the tenpera-
ture. October-Novenber forms the retresting nonsocn
scason. fhe mean maxinuil temperature 1is 40.8°C in May
while the nean pininun temperature ijs 18.8°C recorded
in December. The highest maxinun temperature recorded
is 46.15Q in May 1986 while the lowest temperature
rocorded is 11.7°C in January 1912 and December, 1945
Cuddapah district ‘generally experiences dry climate

and the rainfall is erratic. Though it is under tr=2
/influence of both the monsoons, the intensity and
nctivity of the monsoons gets reduced by the tine they .
“pench the district. The avernge ennual reinfall over
thc/district is 730.00 mm. The rainfall generally in-
crehses from the north-west %o gouth-east. Chitvel near
the southeastern border receives 909.4 mm of rain while
pulivendla near the western border has an average ennual
roinfall of 563.9 mm. Fig-2 peesents the normel annual
rainfell of the district end fig 9 glves the 5 ond

10 year running neans for the reinfall station at ”
cuddapah for the perind 1901 to 1985. Fron the study

of the plot, it is clear that there is no decreasing

or increcasing trend in rainfall over the years. The
neaviest rainfall of 1226 mn has been received during
the year 1903 and tne lowest rainfall of 386 mn

nos-Boon roceived during the yool 1925 .

HoWever, a wmough @eriodicity or 'wet' and tdry! periods :
can be deciphered. The‘ﬁcriods from 1901 %o 1920, 1935
to 1949, and from 1971 10 1981 can be said as above
nornel or 'wet! per10ds while the periodS’from,1921f

to 1935, 1949 to 1971 (with a‘smallrabOVevnormal pe-
riod fron 1956 to 1957) can be said*as below ncrmal

or ‘dry! periods.
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If we -xamine the rainfal” reccived durlng the
. last decade nornal rc Vingy,

-

1 vals rocorded in 8 years,
“excess and deficit ‘rainfall in 1 year each. The curve
shows declining trend for the coming decade. ‘

The percentage frequency bf'occurrence of
--nbrma} cxcess and deficit rainfall in 5 continuous years
during the perlod 1901-85 is tuhula%cd bclow: ‘

—— e e o — - uu——-—-—.—-——h———— -—— e S S . S a m——

No.of ycars with n‘crmal rainfall 4 3 4 2 2 3 3 4
No. ™ " cxcess m 01 1 1 2 02 3
" " doflClt " 1 1 0 2 1 2 0 1

Percentage frequency of occu~ 20‘17 16 11 9 7 T4
rrence :

n— —— S

The table indicates that there is a high pro-
b?blll 5y ‘of oc currencm cf normal rainfall in 35 oX 4 years
during any contwnu%ﬁ% 5 years period and excess and de-
ficit rainfall iu {1 year cwch. The probability of occu=
rrence of deficit rainfall in an year is more than that
of excess rainfall.

If the rainfall particulars for 1981-8%, 8me
examined it willibe seeh‘that normal rainfall occurred
" in 4 years and excess rainfall in 1 year. From this
statistical ﬁ@prouch it can be safely assumed that the
probability of recefiving normal, excess and deficit
rainfell during the next 5 years can be any one of the
following:

- — o . S, vt e . — ity e -— -

No of years with normal ralnfall 4 3
" " excess M 0 1
" : " deficit " : 1 T

L I AR N 2
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‘ : 31
Year Antlclpated Rainfall
1986 D D
87 N N
88 N B
89 N N
90 N N

‘From the above 1t is apparent that the coming periods
may be belcw normal years.‘

This analysis indlcates that there is a high
probablllty of recelving normal rainfall in 4 years and
deficit rainfall in { year during the next five years,
But from the analysis of the plot of moving averages
 there is a possibility of below normal ralnfall in one
or two years within the next five years. From the
study of annual rainfall elso, 1t is clear that the
- rainfall was normal during the last 53 yeers, and as
per the data collected for 1986 it is below normal
-« 540 mm) .

o 4,4 Soilss:

E Soils of the distrlct have been classified

into (1) Red ferruginous soil and (2) Black soil. -
These two classes are agaln subdiV1ded into (a)clay
(v) loam (¢ ) ‘sand with flner dlstinctlons. The scil
“has also been fulther dlvided 1nto six sub-divisions
(: ) black clay (2) black loam (3) black ‘sand (4) red
- clay (5) red’ loam and (6) red sand. v

e

: ~Black clay or the black cottcn soil is the
most superior soil of the district and occupies 23.7%
of' the area of the distriet..Black loam is an alluvial ;
s0il and occurs throughout the district. It accounts for .
,‘18.2% of the area of the district. This soil is not deep

: ) g3 52
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and hence sub-Jccted tﬂ er051on. Black pand 1s not
‘very 1mportant and accounts for 3 9% of ‘the- area of
the district. Red. clay GECUrs over a small. area in.

. the distrlct.chd loan occurs approxlmately cver an

‘area of 25% of the district, It is found malnly in
Rajampet.®md Budvel taluks. This is of high agricul=-
fural value and all varieties of crops can be. £rown
on this soil. It is suitable for wet r11t1Vatlon. Red
sand is of the lowest productive type. It occuples

© 27.5% of the arca of the dlstrlct and is not suitable
 for agrlculture.,;wfu» e f S

45 aestortane o Testion:

| - The pattern of kand utillsatlon is of .
w.lrterest. Of its total geograohical area, forests con-
stitute 32.8% barren and uncultivable land 16. 4%. The
Fculturable waste is 2.8%. Out of the total geographical
area of. 15,37,138 hectares, the net area sown is
3. 52,388 hectares or 22.9 percent The\total cropped
area is 3,64,679 hectares or 23.7%. The net area iyzd
gated is 1 , 01,925 hectares which is 28.9 percent of the
net aree sown. The area under canals is 23, 380 hectares.
The area ‘under tanks is 15,818 hectares and the area
under wells is 57,655 hectares. That means the ‘apea’
‘under Well irrlgation is 56 percent.The gross area irri-
' gated is1,14,217 hectares (84—85) out of which the
area under capals is 24, 056 hectares, under tanks e
17 508 hectares and - andér wells-76 701~ hectares. The
ms*n crops grown in the distrzct area Rice, Bajra, Jowar,
‘ﬂagl, Turmerlc, Sugarcane, Groundnuts, Sesamum and Cotton.
Mee is cultlvated over an area of 50, 681 hectares,, o
Bajza over an area of 8992 hectares cotton over an
area. of 2228 hectares, sugar cane over an area of
2317 hectares, ‘Groundnut oveér an area of 14,824 hectares.
It is proposed to bring an.area of 66,000 hectares under
' 1rr1gatlon through canals under the Telugu Ganga Pro-;
ject and Srlsalram nght Bank canal in garts of Jamma1a~ :
T vess 53
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madugu, Proddutur, Badvel and Sidhout taluks.
4.6 Industries and Mining:
The dlstrlct does not have any heavy indus-—
tries or large scale industries except two cement facto-
ries run by Cement Corporaticn of India and M/s.Coro=-

nandal Fertilisers. It is also poor in small scale
industries. Most of the small scale industries are
agro based, like groundnut oil dec 0nication faatories,
0il and rice mills, ginning factories, saw mills and
and barytes pulverising mills. Cottage 1ndustrles like
handloom weaving exist in Kamalaiuram, Rayachotl and |
Rajampet taluks. Cuddapah dlstrlct is the rlchest dis-
- trict inof Andhra Pradesh in mlneral dep081ts apd is

- known for the large varlety and quantity of mlnerals.
The exploitetion of its mineral weslth from ancient
days has continued through the mediaeval to the modern
period. Occurrence of diamonds is known in addition to
other mineral ceposlts. Lead, silver and copper seen
to have been produced ain ancient times though there
are no known workable 6ep031ts. Iron ore ‘occurrences
are limited and w~rked on a 11m1ted scale. The high
grade asbestos of chrysotlle varlety is mlned in Puli—
vendla taluk at Brahmanapalle and Lingala. Barytes is

:‘»another 1mportant nineral in the /district- occurrlng in

Pulivendla, Rajanpet, Kamalapuram a Cuddapah taluks.
The nost important deposits are situated in the belt
between Velupula and Vempalle in the Pullvenala tal uke
The barytes deposits of Rajampet taluk are said to be

the best. in the world. White clay is mined in Cuddapah
taluk and used as Tiller in paper and textile industries.
Linmestone by / the most extensive deposit in the district
-is nined on a large scale and used for cement gnd also

as building material ‘granites, quartzites are also used
as building material. [far

4.7 Geology:

Cuddapch district is underlain by a variety54
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geological fhrﬁatiohs'bclon ging to the ! rchaeanu Cu&da—
pahs the Kurnrols anﬁ thJ}Bccent alluV1um. In fac
it is the type arca for the Cud ldapah and kurnool rocks
which eonotltutc’uhc ..... mein Cuﬂdan?h Basin. The broad
geologidal successicn as sben,ln.the district 1s,g17en
belows L | o
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——=-Disconf: rmlty e ——————————
Papaghnl Venpalle dolonmitc
" Group and linestcnes,

shales Bosic
intrusives Gul-
g cheruvu quartzite

g ————————é——NOP*C’nf”rﬂlty ————————— - ———
Archaeans Q Dolerite dykos, pe
tgrgower ' : B | natites
‘Cambzﬂan L Dherwar Dharwarlan Schlsts
A Supor Group .
_ﬂﬁc1assifisdi_j'Granites_ﬁnd Gneisses
Crystﬁlliné

The Archaean gneisses and granltes are pre-
domlnently exposed in the Rayachotl taluk with schistose
pockets. Dolerlte dykes, quartz and pegmatite veins
ogeur as 1ntrus1ons in these formations. Some of the
dykes run for long dlstunces. Dh%rwarian schists which
are mlcaccous w1th pthll'teS oocur Jnthe “north-eastern,
northwestern and southern parts of tho taluk; ‘

Cuddapah formations reprosented bnyulchoruvu
quartzites occur in the Palakonda ranges in the Rayam
choti, Pulivendla and Cuadupah taluks. This formation
‘consists of chglomerﬂtos, quartzites and sandstones with
intercalaticn of shales. The Venpalle formations consist-
ing of dJlODlteS, llmestones, cherts, brecoia and nud-
stones overlie the Gulcheruvu quartzite in those toluks/
in Kanelapur teluks This formation #ostly conoiats /and also
of flne grained, -massive, flaggy, nicaceous and delomitic
11mestone with thin intercalations of sandstones and
shales, They show 1ntru51ons of trap sills.

Pullvendle qusrt21tos occur in- Pu11Vend1a, Kona-
lapur, Cuddapah and Rajanpet taluks. Tadapatri formations
répresented by shales, dclomitic:limestones, cherts and .
with volcanic tuffs, occur in Pulivendla, Muddanur,

see 56
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Kanalapura Cuidapah and Rajampet taluks. The basic in-
trusives like the trap sills occur in the western part
of the district.

: Gandikcja quartzite occurs in Fudéanur and
Jammelanadugu taluks. The Nallanalai group represented
by Baircnkonda quartzites and Nagari quartzites occur in
the Nallamaelai rahges in parts qf Proddutur, Cuddapah
Budvel, Siddhcut and Rajampet talukss The Cumbun forma-
tions.(shales, slates phyllites) with intercalations
of quartzltes, dolonites and llnestnnes cccur all along

thé castern margin of the Luddapan basin and are’ exposed in
Proddutur, Bagwcl, Siddhout ond Rojampet taluks. Pullampet

shaoles orc cxpescd in Rojampet taluk Srisailam qhertzites
occur as patches in Pulivendla taluk.
- The Eurnool group of formations represented by

the Jammalamadugu series (Banganapalle quartzites,.Narji
limestones and Auk shales) and the Kundeir group(Koil-
kuntla limestones, Nandyal shales and llmcsténes) occur.
in the north and northwestern part of the district cover-
ing parts of Muddanur, Kamnlapur, Cuddapah, Jammala-
madugu and Proddatur taluks. o

AllQVium comprising of fine to ccarse grained
sands,'gravel,_clay and silt are seen as river deposits
along the major rivers .ike Chitravati, Pennar, Papaghni,
Cheyyar, Sagileru and.Kundimu. However its occurrence
is limited to the course of the niver. The thickness
varies from 3 to 20 n. However at some places they are
found to extend upto 70 m depth as confirmed fronm gec-
phy31cal suerys.”“”

4.8 HIdrOgeologz . . S e

Fron thelhydrogeological point of view rock-
types occurring in Cuddapah district can be broadly
grouped in to six groups viz 1) crystallines 2)trap
8ills 3) quartzites 4) shales 5) 1imestﬂnes and ‘
6) alluvium. Thée ground water conditions in these forma-
tions are discussed in brief below.

ves 5T
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4. 9 Ground Water in Crystalliness

Ground water in the Archaean crystnlllne gnei=-
sscs and Dharwarian schists occur under water table and
semiconfined conditions in the weathered, jointed and
fracturod portions of the rocks . and is‘ﬁéveloped by
dugwells, -dug cun bores %nd’borewClls. The depth of-wea-
thering extends doswn tq 15 m. Depth of Wells range fron
4 m to 14.5 n and depth to water ranges from 1.0 @ to
10.70 m gbgl, The yield of dug wells ranges from 20 m /d
to 220 m /d ;,%:drawdowns varying from 0.60 m to 3.80 m.
for pumpjﬂ* periods of 4 to 6 hours. ‘ '

4410 uround water in quart21tes,

Quart21tes are mostly conflneg to the hilly
regions and fcrests. They are hard, compact and nassive,
jointed and occesionally  fractured which make them

‘perneable. Dugwells tapping quartzites (Pulivendla

quartzltes, Nagarl quartzites, Banganapalle: quartz1tes)

- range in depth from 5 n to 19 n and depth to water range

fron 1.70 m to 12.70 n bgl. with yields ranging fron

45 m3/d to 60 m3/d. Borewells drilled ranglng in dbpth
~ fron 31 n to 41 n yield upto 4.5 m3/h. -

4411 Ground water in shalest

Major part of" 3he dlstrlct is- underlain by
shales (Nanuyal shales,'uukshales, Cumburi shales and
Tadapatrl shales). These shales are conpact and imper-
vicus except when jointed and fractured. Ground water
occurs under water table and semiconfined condltlons.

\’Depth of weatherlng éxtends down to 20.0 m. Dugwells

in shales range in depth fromn 5 nm to ‘21 n and depth %o

~ water varies from 1 n to 15 50 m bgl. The yield of

dugwells generally varles Fron 30 o /d to0 150 m3/d.
Bore Wells érilled for V1llage water supply down to
derths~Vary1ng from 2%.0 1 to 49.0 n have glven yields
from 2. 7 o /h to 18.1 ms/h. In case of dug cum bore
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wells, bores are drilled fron the bottem of the well
varying in depth from 30 n to 100 m. The yields fron
Nandyal and Tadpatri shales arc poor compared %o other
fornations. B ) SRR o

412 Groundfwater,in linesbones:

oy
leestmnvs (Vempalli 11mest4nes, kollkuntla y L ; ’
llmestones, Ferji linestones and Nendyal llnestones, _ﬁ;‘ ‘ g“%hi
Jarji llmestones, and Naondyal llmestones) occur appro- &-k |
x1mately over an area of 10% of the district. The . 1“.?}Q
'llmestone@ are fine grained, nassive, flaggy, dolomitic ‘ﬁ»fL?’
and caveﬁueous at many places. Ground water cccurs under . ]
water table and under -confined ccnditions. in the. caver- : §ﬁ§a‘
nous gones, fractures and beddlng planes. The dug wells ; o ’
vary in depth frem 4 m to 17 n while the depth to
water varies from 1.20 m to 14. 10 m bgl. ‘The depth of
~weathering is found to cxtenq down to 10. O m. Dugwells- o
have ylelds renging from 30 m /d to 189 m /d for drawa i
. downs varying from O. 80 n to 4. 80 m. Bore wells drilled
.down to 8 depth ranging from‘26 to 60 m have given yields
varying from 5 n’/h to 22.7 n /h. Linestones, especially
the Kailkuntla llnestones appear to be very potential;
aqulfers in the area because of the presence of caverns.

4.13 Ground wqter in Trﬁﬂ sills' o

Ground watel cceurs in the trap rvcks in the
weatheéred, jointed and fractured portione under water
table and semiconfined c nditions. Dug wells range in
depth'fron‘T to 21 m and thé;dcpth’to,watcr in,them ranges 2

frﬂm 4.7 1 to 12 8 n.: The ylelds oI wells vary fronm -
45 m3/d %o 60 I /d for drawdowns varying fron 2 to 3 n

' 4.14 Ground Water in Alluvium.:

Alluv1um ocecurs in 1im1ted patches along tho
maaor stream courses. Ground water ocecurs in this fcrma-
tionrunder water table conditlons, and is developed

y T seve 59
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malnly by dug wells qnd“i‘lltor noints. Dug wells range
in @ep h fron 3.0 i to 13 - while the depth to water

¥ - 1n/ﬁhcm varies from 1. O nt¢ 9.0 n” bgl.’ Thg yleld gene=
R rally varies from 50 m- /d to 300 2 fa. The filter point
WOllS which arc of 19 %o 15 cr dludbtur rangc in depth
from 6. % 1).50 n and yicld fron 20 m /d to 50 m3/d.
'ﬁWCllb in alluviun ouqt11n punping for a lﬁngel pericd.

-
LJ

i The trunsmzss1v1ty values of the formﬂtlons range fron
270 n /d tc 875 mz/d. The cxplﬁratlon carried out by
- ’ the State Ground Water Dewﬂrtment hap= glven promlslng.
i results for thc constiruction of shallow to medium duty
| ' tubewells in the Pennar alluv1um. The yleld of shallow
tubewellc range from 30 m /h $o 100 m3/h Fig 10 deplcts
' the general depth to water candltlons 1n the dlstrlct
durlng May 1986. ' '

4. 15 Status of the stuﬁles-

An area of 11 S5TT km2 has been covered aunder o7
‘_; ‘ systematlc hydrogeologlcal surveys and an area.of
' 50 km2 has been . covere@ under reabpraisal surveys upto ‘

the end of March 1987.v

4. 16 Ground Water Leﬁel Monltorlngu

. - Ground w@ter level monltorlng h%s ‘beer intro-
"~ ' duced in the district with the ‘sstablishrent of net- |
work statlons in 1969 Subsequcntly they have been
increased to 7 stations and are being nonitored 4
times g year. The long tcrm observatlons indicated
_that fluctuations occur in response to the changes in
the ground water reglme. The average annual fluctua-**‘
tion ranges fronm 0,50 & to 6.40 m, In rncent years
there has been docllne in water levels 4n parts of the
district. The decllnerln levels varies frem 5.0 n at
Cuddapah to 1.5 m 2t Proddutur. This decline in wator
| ~levels can be attributed to the below normal rainfall ™™
- g Z received durlng the last 2 to 3 years, and in case of
! i Cuddapah the ralnfall 1s*below normal fron the last 6

T esee 60
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to 7 ye%rs. This is Dound 6o have an adveree
on the water table. '

7

No ground water »7plqrqt10n has been carricd

N e

effect

out by - Central Ground Water Boarﬂ go far 1n this part

“of the. Stﬁtu-

It is prupﬁsed to carryﬁut expldr%tlen

in the Pennar basin in the neﬂr future. The noten—

tial of the llmestone aqulfers are also proposed to

be explored.

4.18'Chemica1 Quality of Ground Water:

_ The quality of ground water in cr*stalllne
rfcks is generally good with TDS values ranglng from
295 t0.1586 ppn pH values from 7.5 to 8.4 and chlo- .
‘ride values frnm 10 to [ The water is alkallne in 1272 ppm
fnature sulted for both irrigaticn and domestic pur--

poses. Th?,quallty7ofwground~waterfinwcﬁddapahvforma—

~tioms ds. good tomdoubtful.fGiOund-water_isﬁalkélineﬁ
with pH ranging from 7.3 t0.8.85 and E.C.varies from
115 microshos/cm at 250C to 5200 micro mhos/cn at

259C. Chloride valuc ranges from 40 to0 546 ppm. Ground

water in Kurnool formation is sgenerally good for
1rrigat13n. It is mildly to etorglj alkaline with pH
).6\;E C. values range fron 604

ranglng fron 7.0 to

to 2250 mlcrﬂmhos/cm at 25°C. But sometimes EC values
&80 beyond 2250 mlcromhos,cm at 25°C and then chloride
exceeds 500 ppm. Ground water in alluV1um is generally -
good both for 1rr1gutlcn and domestlc needs. Flouride
‘concentratlon is founéd to exceed 1.5 ppm at some places
unuerlaln by gnelsses ﬂnd qlluv1um.

4 19 Ground Water Resources and DeVelopment Drospects.

. : Cuddapah district devnld of surface water
! sources has been depend1ng upon the ground water re-

sources for agrlculture and irrigation. Nearly 50% of o

61
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the irrigation in the district is n&
- *aen upward swing in ground wWa

OGQ
ag nl'v . from_‘ the WellS .
ter ufilisation

sars duc to the stress laid on 1nst1tutlonul

14 slso on increasc in the agricultural pro=-

nsequent on the
at the ground water resources have to be
in a scienti-

incresse in developuent 1t

o plan the futurc develupnent
Hence preliminery estimations were carried

" which were revised later as more data be~ ‘
ble « The 1a§est~tnhtative assessment based?
y for 1985 are given in Table 4. This;esti—
done based on the Ground Water Estimation
scommendations. Presently the estimations have
2d out taluk-wise. As per the estimations,
atlllsable ground water resource of the dis-
82.4 MCM and net draft is 2PF.3 MCM leaving:
ﬂf 705.1 MCM for deVelopment. The stage of

er development is only 2g% which neans that )

cope for further development.

ited Net draft for the last four years are

WS

- Net &raft : vStége of G.W.ﬁevelopﬁent‘;
32  266.5 MCM 2Te1% i
83 272.4 " 27+6%
84 273.8 " 27.9%
85 2T1.3 -~ . 28,2%

s' that there is a steady r;se in the draft
ybars. However inspite of the rise the stage
 water ceVelOﬁLeut will be still less than 52%

13

wfter 5 yeﬂrs, which means there is wide scope

Lopment.

al and Urban water supplies for drinking water

Inductriess

"

The district has (1981 Jensus) @ population
lakhS aut of which 15.53 1ﬁkhs live in the

01611
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IV1llapes and 3. 75 lakhs live in the towns or urban
areas. Nearly 10,916 b-rewells have been drilled by
C the Panchuyuti Raj Department and 125 pumping und
- nini -~punping water schemnes exist in the dlstrlct. In
- add 1t1ﬂn, to these public bore wells and pumplng schnes,
‘thore arce number of private shallow dug wells exmstlng
Whichélso rertly meet the requirenments. As per the
norms existing for'drinking vater and d-mestic needs
‘including the livestock po pulatlon, the total water
requirements of the district for drindlng and donmestic
needs works out to 52.0 MCM per year with 2 per capita
consuﬂbtlon o>f 90 litres per day for urban and 70 1lpd
for rural populatlon. This figure is nuch below the
'proaecteé demand of 173. 4 MGM for drinklng water and
”1ndustrial purposes cut of: the gross recharge of 1155.8
MCM. However the problem may come cnly during droughtA
years when the recharge to ground water body gets re-
duced- and - the shallow wells/borewells go dry due to
dpglinindwater levels..Thls situation ealls for sink-
ing 3f additlonal deep borewells and also deepening
of existlng dugwells.

4 21 Gmound gater DeVelopment wlth reference t0 Rain—
iall and water IQVels. ' : :

" ~ « o
Ground water develﬁpment has shown a rlsing

 trend as is evident’ from the ipcrease in the number of
wells in recent yearso The number cf wells used for ..
irrigation were 44,406 in 1975~76 out of which 19 178
wells were energisegf This figure has gone up to 49,466
-wells in 1982-83 out/which 33,140 wells arc energised.

~ Presently (1984-85) there are 50,620 dug wells out of
which 36,298 wells are energised. In keeplng with this
increase, the ground water draft is also on the rise
from year to year. However if. thig rising ftrend is %
exﬂmined in relation to rainfall, and water levels, the
rise in draft is fecorded in all “he taluks except in

.o 64
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Muddanur which _ahows a marglnal reauotlon in draft.
Howevar this 1ncrease 1n draft ;s very marglnal and 1s

not S0 serious as to affect tle water levelss Tno de-

¢line in’ water levele geen: ln observatisn - wells located

ﬂat Cuddavah, Rayaohotz, Badvel, Muddanur, Vempalie, ‘Ra~

Jampetal Proddatur can be attrlbuued to bolow normal.

reinfall only.- The rall in leVels vary from 5.0 m at

Cuddapah to 1.5 mat }roddatdr. The Othcr notable de-
clines are at Badvel (4 00, ) Muddanu.r (3.62 m) (Flg—‘H)

‘This decllnlng trend in some parts is more or- less due
"o below normal ralnfall observed An the last 27 ‘to L
'3 years. Should ‘the condltlons 1mprove, then this de-

Cllning trend nay more or less get arregteds

4 22 Ground Water Management Practlces and Drought Manage—,‘

ment Strategle

‘ It is seen “rom the estlmatlons carrled out’
earller*that barrlng Ragampet Kamalapuram, RayaGhotl
and Lakklreddlpalll taluks thére is not much :develop= "
ment The stage of ground water development is: -below “
30 percent of the utilisable ground’ water resources.;g;;
But the below.normal rainfall condlt;ons-experlenced in

thet dlstrlct during the last 2. to. 3. y@ars~have created
problems resulting in most of the tanks remalnlng dry
and - the. recharge f“om ralnfall belng much below: than 1n
the periods of normal rainfaldl b ‘This accounts for: the
temporary’ lowerlng of the water: table in the last 2 to RN
3 years.. With the rostriction  oh the avallablllty of ©
surface: waters, tne requlrement Hos to ‘be met Trom:the
ground .water resourﬂe. Hence,,: 1ncreased draft from ground E
water resources can be-antlolpated though in the pre-
sent case the 1ncrease in draft is marglnel The stage
of ground water development in-the district is less than
30%, so there. ig st11l -Seope for' development As it -
looks the problem 1s one.of water management and efficientiﬁ
utlllsatlon of avallable ‘resources t6 tide over the cri-
sis, However these drought management strategies have
tg/both longterm and short term measures. The long term

e
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measurcs aim at solving the problem pormanently. But some

~ Lrequlred to tide over the immediate problems.
/short term measures are

RS 4.2% Long term Drought Management Strategies:

The usual suvgested longtern strategy is to
cheng o‘the cropping patfern and to reise the crops
~which requix e less water like Ba;ra, Ragi, Groundnuts
or som¢ other 0il sceds which can ensure the purchasing
power of the farmers without affecting their income
and which also adds to the agricultural production of
.the dlstrlct end the state.

| Presently rice is irrigated over an area of
50, 681”hectareo(grOSSJ out of which the;area'irrigated
by tanks and wells is about 28,841 hectares. If instead
of rlce,'other crops like groundnuts, Bajra or Ragi is
cultivated much water can be saved. Use of drip and
sprinkler irrigation will also help reduce use of
water applied for irrigation. This should be tried.
Farmers can be g ven advances on casy terms to purchase
the drip and sprinkler 1rr1gat10n equlpmonts. Thls will
be beneficial in the longrun.

. | Cuddapeh district holds good promise'for crea-
ﬂm?* \ " tion of{ground weter sanctuaries because of the existance
of hills and narrow valleys. Recharge weirs, check
dams will add to the water conservation methods which -
Q\\can be succeusfuily employed to increase recharge to
i e Mground water reservoir. The limestone aquifers and to
f \%”somevextent the Cuddapah formations hold promise for
~M\futuro ground water develorment Whlch can be explored
successfully and development effected for drought nana-
gement.‘

It is proposed to bring nearly 66,000 hectares
of land under the Telugu Ganga Project and Srisailanm

- Right Bank Canal Command covering parts of Jammalamadugu,

. Dadvel, Sidhout and Prodd. tur taluks. It is better ad-

| vance planning is done for conjunct.ve use of surface
.o GE
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and grund water din the area so that in times of meteo-
rological drought, water shortages are not felt in these
taluks. The shallow ground water problems and water
logging conditions which may come up at a later stage
can be avoided. N 3

- The guality of ground water by and large is
good and is bad only in areas where local pollution is -
there or where the shale aquifers cécur. In such areas .
where it 18 not possible to get potable water from sur-’
face sources desalination methods can be employed. 1In
areas, where high fluorides occur (Fluoride‘concentration
of more than 1.5 ppm) defluoridation techniques may be
adopted either through a centralised treatment and supply
¢r threcugh small treatment kis. ‘

As a permanent drought management measure, the -

DPAP projects and afforestation and social forestry pro-
grammes can be utilised for growing fuel for the rural
population in the barren and uncultivable land which -
is about 16.4% of the district. The district has nearly
2.9% of culturable waste (44,8!2 hectares) wheih can be -
used as a grazing land or for growing fodder which can
meit the fodder requirements o? the local cattle popu- |
lation. o ' , A

4.241Short erm Drought Management Strategiess

: The measures.diccussed above, however takes
time and mean while it may be necessary to adopt ..
¢ertain short term measures to. combat the drought si-
tuation so that people are not sut to hardship for

- /%ant_of water for their needs until the monsoon sets

/in.The most immediate measure is to drill deep bore-

Bocial forestry and other drought prone area pro-

/_/'l

wells to tap ground water on a large scale at favou-
rable sites after carrying the site investigations,-
adopting latest investigation techniques to mini-
mise failures. The.water thus tapped may be used
first to meet the drirking water and domestic needs
and after meeting the above two requirecments, can - v
be used to grow fodder for cattle, and also for -

grammes. The other neasures like construction of b
percolation ponds, check dams will be useful to - 0
keep the rural population engaged, in gainful eémploy- = .. V|
ment and also help in harvesting rain water for uti- .~
lity and relp to induce infiltration and deep percola- .
tion which'may help recharge ground water and thus ~ oy
arrest temporarily the declining water levels. . Ch
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5. CHITTOOR DISTRICT

Location and Extent:

~ Chittoor district has a total geographical area
of 15,131 sq.km. It is one of the chronically drought
affected areas of the state. It lies between N.Iatitudes
13°13' and 14°05' and E.Longitudes 78°05' and 85°08! and
bounded on the north by Anantapur district, on the west
by Kolar district of Karnataka, on the south by Chingleput
district of Tamil Nadu and on the east by Nellore districto

Chittoor Zhe district headquarters is well connected by

road and rail. The Madras-Bombay broad-gauge and Hyderabad—
~Tirupati metre-gauge railway line msses through the
district. Chittoor which is on Bangalore-Madras National
Highway is 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). / 15 taluks and_
13 towns in the district but there are

Physiography and Drainage:
: : ;

. The district is characterised by undelmting topo-
graphy formed by scattered hill ranges and narrow river
valleys and plains. The general elevation of the ground
varies from 150 m to 300 m above m.s.1l. The highest peak
reaches an elevation of 1313 m above m.s.l is in the
Horsley hill range near Madanapalle, The Tirumala hills
attain an altitude of 1093 m above m.s.l. Almogt all the
hills are thickly forested. Several ephemeral rivers and
streams drain the district. The important ones are
Swarnamukhi, Bahuda, Pincha,. Ponnai, Kalangi, Nagari,
Arani, Palar and their tributaries. The-river Swarnamukhi
originat:s in the valley between Pakala and Panapakam hill
ranges and has a northeasterly course up to Kalahasti.
Kalyani river is one of the important tributaries of Swarna-
mukhi river. DPalar is another important river which
originates in Kolar district of Karnataka and drains the
district before joining the Bay of Bengal in Tamil Nadu.
Almost all these rivers and streams are seasonal and flow
only in response to monsoon rainfall. As such they do not
have much of irrigational potential for development or
utilisation. ! ' o B

Hydrometeorology:

The climate of the district in general is healthy.
The mean maximum temperature is around 38°C and the minimum
around 12°C, Madgnapalle taluk is comparatively cooler

. than Kalahasti and Satyavedu taluks. The average annual

rainfall of the district is 830 mm. Though the district
enjoys rainfall from both the monsoons, the contribution
of precipitation varies from place to place., In general,

- the contribution of northeast monsoon is much less than

southwest monsoon in the taluks of Madanapalle and Vayal-
pad. Contribution from NE monsoon is maximum in Kalahasti,
Satyavedu, Puttur, Chandragiri and Chittoor taluks. The
contribution of both the monsoons are almost equal in the
taluks of Palamaner, Punganur and Kuppam.
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Pig.2 deplcts the normal annual rainfall
1sohyetal map of the district. A look at the map shows
that the rainfall decreases from east t6 west from over
1000 mm to less than 650 mm. The peripheral influence
of cyclonic storms that originate in the Bay of Bengal
~1s 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
- Chittoor station. From the 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% mm occurred
- during the year 1903 whereas the lowest rainfall of
259 mm was received during the year 1957. However,
tdry! and 'wet' 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 'wet'
or years of above normal rainfall, 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 may be- below
normal. The 5 year moving average shows that during
the next 5 years, the probability of receiving below
normal and normal rai.fall is more than receiving excess
rainfall, The 10 year moving average also indicates
that during the coming decade, normal and deficit
rainfall may occur more.frequently while excess. rain-
’fall ‘may occur in about 2 years.

« The percentage frequen¢& of occurrence of
- normal, excess and deficit rainfall in 5 continuous
years during the period 1901-85 is given below- '

No.of years with - S
o normal ralnfall 3 2 2 3 3 44 5 2 2 1 1 1

No.of years with

excess rainfall 1 1 20 20 1 00 3 203

No.of years with
deficit rainfall 1 212010 0 3 0 2 4 1

fercentage,frequency 18'13'13 9‘978 6 5 4 4 '4 4 3

The above analys1s indicates that there is a’
hlgh probablllty of occurrence of normal rainfall in
2 or 3 years, excess rainfall in 1 year and deficit
rainfall in 1 or 2 year pn a period of S contlnuous
years. ‘ .

If the rainfall recelved durlng the 1981 85

period is examined it is seen that normal rainfall
occurred in 3 years and defieit rainfall in 2 years.
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From this analysis it can be inferped that during the
next 5 year period (1986-9u) +the probable frequency of
occurrence of normal, excess and deficit rainfall may
be any -one of the following:

No.of years with normal rainfall 3 2 2

No.of years with excess rainfall 1 2 1

No.of years vith deficit rainftall 1 1 2
Iears Anticipated Rainfall
1986 £/D E/D .B/D
1987 D/E  D/E D/E
1988 ) N D/E E/D
1989 N N N

1990 S N N

- From the above it is clear that there is a
high probability of occurrence of normal rainfall in’
2 years, excess or deficit rainfall in 1 year each and
normal. or excess in 1 year, In a2ll probability normal
rainfall may be received during 1989 and 1990.

5.4 ' Soils:

The major types of soils that are seen in the
district are the red loamy sands, red sandy loams, red
clayey loams and black soils.. The red soils occupy -
about 95 percent of the cultivable land of the district
and are found in almost all the taluks of the district.
Red soils are seen mostly in the areas underlain by
granites and gneisses. These soils are good for growing
the rainfed crops like groundnuts and millets and for
cultivation of irrigated crops if irrigational facili-
ties are available, The black soils, also known as the
black cotton soils are mostly clays and clayey loams.
These soils are of verv limited occurrence in the
district. They occur in Kuppam, Chandragiri, Punganur
cand ‘Madanapalle taluks. These soils are suitable for
-cotton and millets and wherever seen in valleys and
~tank ayacuts are good for paddy cultivation.

, v There are saline and alkaline patches seen
at places in areas underlain by red soils especially
in topographic lows and plain country near tanks and
streams perhaps.'due to high evaporation and saline
encrustations. However, such saline soils are very
limited in extent. -
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5¢5 Agriculture and Irrigation:

Out of the total geographical area of 1513,100
hectares of the district ncarly 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 ares
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 ones which
can be mentioned are the Swarnamukhi project, the
Mallimadugu project, Kalangi project, Bugga. Anicut,
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-
ting an area of 54,491 hectares. There are 1,10,418
dug wells in the district used for irrigation and out
of this nearly 83,195 wells are energised, fitted with
electric or diesel pump sets. The gross-area irrigated
by wells is 1,114,876 hectares (1984~85). Thus out of
the area of 1,90,240 hectares, 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 under rice and 21,528
hectares under sugarcane and 36,466 hectares under
groundnuts. Rest of the area is under bajra, ragi,
cotton and millets. ’ ‘ L

5.6 Industries and Miningé

Not many industries ‘exist in the district.

There are cotton spinning and weaving industries at
Tirupati and Madanapalle., A cooperative sugar mill
exist at Savatapalle in Chittoor taluk, Mppeds India
. Limited has a factory near Tirupati for the manufacture
. .of mopeds known as ‘'Suvega'. Several small scale
~industries exist but most of them are agrobased. They
are mainly located at Chittoor, Kalahasti, Madanapalle,
Voyalpad, Putturu, and Kuppium. 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.
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Mining is not an important activity in the
district eventhough several known occurrences of gold,
iron ore and steatite are there. Gold is known to
occur at Bisanattam and Mallappa Konda areas which are
considered to be extensions of the Kolar Gold Fields of
Karnataka, Recently exploratory mining has been taken
up by the :Bharat Gold Mines Limited in the Chigaragunta
area of Kuppam taluk. If it proves successful, then
it will become another major source of employment.
Steatite is mined locally near Chittoor and Iron 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. ERTI R

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: : , o :

Recent to Sub Recent o ~ Soils, Alluvium,,
' b talus, Iaterite
= m e = UNC ONF O T f Y o e o m
Upper Gondwanas Fota Stage . Satyavedu sandstone -
: Lo -~ and shales, Conglo-
- merates o

= e e —Unc onformit y—e———-e-- —
Upper Precambrian to§0uﬂdépah § Nalla—gNagari Quartzites

Lower Palaeozoic Super malai
Group Group

~Unconformity—mmmm————e———

Archaean to Lower Dharwvar Super] Dolerite dykes,

Pre-Cambrian - Group , pegmatites and
R quartz veins g

Schists, Amphibolites

Gneisses and Granites .

‘Peninsular
gneisses

5 3 szrmge()logly :

_Chittoor district is mostly underlain by
peninsular gneisses and granites 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 hydrogenlogical conditions seen in each formation
is discussed in brief in the following paragraphss.

N
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5.9 Ground water‘in Crystaliine Rocks:

More than 75 percent of the district is under-
lain by granites and gneisses with pockets  of Dharwarian
schists., Ground water occurs in the formation under
water table and semi-confined conditions in the weathe-
red, fractured and jointed rocks and is developed by
dug wells and borewells. The thickness of weathered zone
varies from less than a metre to 15 m., The joints and
fractures as evidenced from borewells drilled in the B
area are found to extend down to a depth of 50 m bgl.

The depth of open wells generally vary between 3 and
28.5 m bgl and the depth to water in them varies from
1.60 t3-27vm bgl. 3The yields of open wells vary from
24.5 m”/d to 360 m’/d, The yields of borewells vary§ng
in depth from 13 to 71.5 m range between 1.3 to 50 m”/h
for drawdowns varying from 2.82 to 12 m.

5.10 Ground Water iﬁ GuddapahfFormations:‘

The Nagari quartzites of Cuddapah age with
intercalations of shales occur in the northern parts
of the district. These quartzites are hard and compact
and not very important from the ground water point 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 m bgl and depth
to water level varies from 3.00 40 8.60 m bgl., The
yields of the wells are fairly good whenever they tap
joings and bedding planes and are reported to be around
40 mn”/d L ' e e

511 Ground Watér in Upper Gondwanas:,f -

The Satyavedu conglomerates and sandstones of
Upper Gondwana formations are found in the east-north-
eastern portion of the district in Satyavedu taluk,
The depth of wells in these formations range between -
3 and 10.9 'm bgl and depth to water level in them normally
varies from 2.9 to 9.8 m bgl. The yieldsBOf wells in
these formations range between 9 and 90 m’/d. Laterites
are found capping the Satyavedu conglomerates and are
generally limited in exvent., The depth of the wells
in laterite generally range between 5 and 10 m bgl and .
- the depth to water in them varies from 3.25 to 5.50 m bgl.

The g?elds of wells in these formations vary from 9 to

52 m , , . ' 7

*

5.12 Ground Water in Alluvium: -

Alluvium occurs to 2 limited extent along ,
the major stream courses.  However, this formation is
important locally and yields sufficient quantities
whenever it is extensive and thick., The thickness of
the alluvium ranges from 2 to 14 m. Ground water occurs
in this formation under unconfined and seni-confined =
conditions.' The wells tapping alluvium range in depth

eee T3
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from 5.5 to 14.1 n bgl with depth to water in then [
generally varying from 4,6 to 8.1 m bgl. ghe,yieldsrﬁ"'
from these wells range from 34.2 to 62,1 m’/h. with °
drawdowns ranging from 1.0 t0%3 m and are able to
irrigate 2 to 8 hectares. Borewells drillgd in the
alluvium are reported to yield:upto 1600 n?/d, Tge
average yield of the filter point is around 500 m’/d.
Figure 13 depicts the general depth to water in the
district for May, 1986, L - ~

5.13 Status of the Studies:

006 sq,.km has bheen covered by

: 1 surveys and 5500 sq.km by
reappraisal hydrogeolégital strveys 'in the-district.
Thus almost 80 percos therdistrict. has 'been covered
by the hydrogeolog ST i o

iAlri5'8»rea of'12
systematic hydrogeolog°

al surveys.

5.14 Ground Water Level Monitpr;gg{

Monitoring of water levels in the district
was introduced in 1969 through a hetwork of two hydro-
~ graph network stations. As this was felt to inadequate

in course of time the number was increased subsequently
to have Ue#%ertcontrol'BVer space and time. Presently
there are 29 hydrograph network stations in the district .
which are monitored«5 times a year (4 times a year from
1985). The monitoring has indicated that ground water
level fluctuations occur in response to changes in the
saturated zone which in effect is. dué'to recharge from
rainfall, irrigation+and,draft,frOmﬁwells, base flows, - |
etc. Usually water levels gtart riging with the onset ...~

of monsoon and reach peak in December-January. and 2
thereafter start declining till M¥ay/June.. The ‘average
annual fluctuations vary from 0.5 %o 7.8 m but the = 0.0
general range is between: 1.2 and 3.5 m. -From the last
2 to 3 years & continuous decline in the water levels
is scen in the southern part of the district. The = .
~decline varies from 7.18 m at Damalacheruvu to O.1 m -
at Pileruf This decline in water levels iz attributable
more to the failure of monsoon, than to increase in :
draft. . [whereas some parts show rise in water
R -leve_s varying from 1,14 m at Nagari to
5¢15 Ground Water Exploration:  0.10 n at Puttur.This rise
S i ~~ and: fall have been.scen -=-
Ground water exploration was carried-out in: -
the Poini River Basin, a tributary of Palar, during. D
1973-76 covering an area:of 2500 sq.km falling in parts =~
of Chittoor taluk. Exploratory drilling was carried
out at 20 sites ranging in depth from 42,8 t0 71.5 m
bgl. 'The;areaveXplbred;isﬁundfrlain;by‘granites,,; o
gneisses and traversed- by dolerite dykes. = The explo- .
- ration revealed,thevéxisxehqelbfvproduqtiVe{fracturesjhﬁ'
down to a depth of 60 m. The yields :of these boreholes
ranged between“188féndg857“;pmfforquawéownsfvarying.;
from 9.41:to0 25,75 m.; The transmissivity values of
the hard rock aquifers varied’ from 1.39 to 820,2 p</d.
and the storage coefficient varied from 1.5 x 10™' to '

between Nov.83 and Nov,86."

~
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4.8 x ﬁ0-3. The exploration hig revealed that produc-
tion wells ¢an be -drilled after adopting proper well
siting methods and the sapme can be used to bring addi-
tional areas under irrigation or to meet thefirinking
water requirements under rural water supply. [

5.16 Ghemical Quality ostround“Water:

. Ground water in crystalline rocks is generally
good except in local pockets where the guality of water
has deteriorated because of local population, The pH =
varies from 7.9 to 8.6; Chlorides vary from 26 to 143 ppn
with B.C. values varying from 210 to 7530 micromhos/cm
at 25°C. Though the fluoride cohcentration is within
the permissible limits of 1.5 ppm in most parts of the
district, there are pockets in Kuppam taluk where the
fluoride concentration in ground watér exceeds 1.5 ppm
and reaches maximum of 3.7 ppm. The quality of ground
water in Satyavedu conglomerates is generally good with
PH varying from 5.70 to 7.5 and slightly acidic to
alkaline., The total hardness ranges from 10 to 343 ppn.
The E.C, values vary from 70 to 1400 micromhos/om at
25°C.. " Ground water in laterites is reported to-be of
good .quality.. The quality of water in alluvium dis' =
generally good,  pH varies from 5,7 to 7,5 and/the .
chloride“varies fron 20 to 200 ppm, total hardhess as,
CaC0y waries from 140 to 360 ppm and specific. conductance
varigs«frbm[543%td 1940 micromhos/em at.-25°C, . i 7

5.17 @rownd Water Rescurces-and Development Pro

w0 Ground:water is .an’important source of irri-
gation and drinking water requirement of the district
since no ma jor perennial river or stream drains the ‘
district., All the streams are ephemeral and seasonal. -
Hence there is no scopeé for large scale irrigation faci-
lities from surface water. However, under the Telugu =~ .. .
Ganga Project, an area of 18,400 hectares/expected Jis®
to be irrigated in Chittoor distriet. 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. S e

= - As the agricultural operations and the deve-
lopment of the district depend upon the availability
~of the ground water resource is necessary to have @
reliable estimation of the ground water resource for
proper planning and development. The earliest estima-~
tion of the ground water resource was attempted in 1977.
Since this was a preliminary estimation based k on
scanti data, it was felt to revige the estimations
based on more reliable scientiﬁic data. The latest -
Zslightly“aéidic to alkaline. +4he total hardness ranges from
10.0 to 34.30 ppm. The E.C. values varies from 70 to 1400 m
mhos/cm at 20°C. Ground water in laterite is reported to
be of good quality. The quality of water in alkaline in
generally good.pH varies from 6.7 to 8.6 and
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revigsed estinmations of the ground water potentlal
based on current data are given in Table=5. The total
utilisable potential of the district is 1533:8 MCM
and the present assessed ground water draft, is
614.1 MCM. This utilisable resource is developed
mainly by dug wells, dug cun borewells and to sone
extent borewells qnd filter points.

As a consequence of greater steps on the
ground water utilisationh 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 was gone upto 110418 in 1984~85, Of
these Chittoor, Bangarupalem, Palmner, Punganur,
Chandragiri, and Puttur have nore number of wells :
compared to the other taluks. The ground water drafts
are also high in these taluks. However as per
estimations Chittoor: taluk has the maxinmum draft while
the minimum is in Srikalahasti taluk. The ground
water draft in the district has also recorded a rise
in recent years. But it is almost steady from the
last 3 to 4 years. If we examkne the rainfall data
also, there has been below nornal rainfall for the
last two years which is also responsible for the
declining trends-seen in water levels in some of the
taluks. If the development and the stage of ground
water development aspects are examined, then as per
estimmtions, the entire distriet has a 40% stage of
developnent. If talukwise development aspects are
exanined, then Bangarupalem md Chittoor taluks have
reached the 80% stage of ground water development.
The developnent in Palmaner and Nagari taluks has
crossed 60% of the utilisable resources. In the
other taluks; the development is less than 50%. From
this it is imperatiVe;”that the development has

.reached critical stage in Bangarupaslem and Chittoor

taluks and as a result of below normal recharge during
the last two years, they will reach the over deve- .
lopedntstage which woubd nean that the development
has to be severely curtailed in future in these two
taluks. In case of Palmmer and Nagari taluks, 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 coming years. In
case of other taluks, there is scope for development.
However, if the rains fail successively, then the
development has to be sumpended temporarily and all
advances suspended till the situation improves.
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5.18 Rural and Urban Water Supplies for drinking
- Water and for Industries: ,

| The district has a fouft population of
27.47 lakhs, out of which 22.85 lakhs live in villages
and the remaining 4.62 lakhs live in the urban areas
(1981 Census). The Panchayat Raj Department and the
Public Health Engineering Departments of Government
of Andhra Pradesh have drilled 11103 borewells and
executed 251 pumping and mini pumping water supply
gchenes to neet the requirements of the population,
Over and above these public water supply facilities
private dug wells also exist in most of the villages
and towns which also neet the requirements partly.
As per the norms in existence the average per capita
requirements of water has been estimated as 90 litres .
per day for urban and 70 1lpd for rural population
including the livestock demand, the total water re- |
quirement is 73.60 MCM per year, where as the projected
demand for drinking water and industrial needs ' is \
270.7 MCM out-of the estimated gross recharge of .
1804.5 MCM. Hence there is available enough ground
water to meet the demand. This picture may ‘slightly
change during the drought years when the recharge
to ground water will be on the lowerside, much below
the projection, as a result of which the shallow wells
go dry. In such an evert there is no other alternative
except to go in for drilling additional wells which
are deeper than' the existing ones and deepen the
shallow dugwells.. S o .

e

5.19 Ground Water Developmentiwith reference to rainfall
and_water levels: . - - I

: - The district has recorded good progress in
developing the ground water resources., This is evident
from the number of wells exigting in the district. )
However in recent years declining trends have been
seen in the water levels in some parts of the district
notably in Chittoor, Bangarupalem, Pungsnur, Molakala-
cheruva , Tkrupathi and Chendragiri taluks. The
decline in levels vary from 7.18at Domalacheruvu to
Ou1 m at Pileru (Fig.14). The other notable declines
are at Tirupathif.89), Chittoor (2.0 m), Bangarupalen
(1.3 m), Putalapattu (3.2 n), Nendragunta ( 3m),
Penumuru (2.6 m), Paradasami (5.5 m), This decline -
has been observed between Nov. 83 and Nov. 86. There
has been some rises noted during this period also the
notables being at Nagari (9.1 m?,,Palamnar‘(O;60_m)'
and Madanapalle (0.33 n) Pig.14 o-and B, If the water
level decline with reference to ground water draft
and rainfall is examined there does not seem to be.
any appreciable increase-in ground. water draft in all
these taluks, over the years., If we examine the rain-
fall received during the last 2 to 3 years, there
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has ‘been below normal reinfall for the last three

years (1984-85) and 1986 which is responsible for

the decline in water levels seen over most parts of

the district. This has been responsible for reduced

~recharge during the last couple of years resulting

~in sogrce - . conditions which perhaps for the. o

incrcase . in-draft by way of more withdrawals and. = . -

lesser areas : irrigated. This is évident from the

reduction in the gross irrigated area from 202248 -

hectares in 81-82 to 190240 hectares in 1984-85. . = = °

However, the position may improve, if normal rain- '

fall occurs, but as per the hydrometeorological :

analysis carried out earlier, there is a possibility

of below normal rainfall occurring towards the end

of the decade, which means that the existing condi-

tions will continue, more or less: necessitating some

drought management practices, and also. changes in
cropping pattern. . - S T o

5.20‘Groundbwater Manégement Practiéés'andbbrouggg o
. ﬂﬁnagemenimﬁtrategies: = SE

L Chittoor district is a drought prone area
though the problem is not that acute as compared to
Anantapur or Kurnool district. It has a well developed
ground water extraction system through wells and also
surface water storage tanks which are more thgn
7500 in number with different ayacut areas. The surface
water irrigation projects are almost nil and as such.
the irrigational potential of the district is solely
dud to minor irrigation only. The present gross are=z
irrigated is 1,90,240 hectares, out of which 1,14,876
hectares are irrigated through wells. Thus, nearby
60% of irrigated area in the district is under wells.
The failure of the monsoon especially from the last
three years has seriously affected-the mgricultural S
practices. This is evident from the fall in the total
gross irrigated area from 2,02248 hectates (81-82) -
t0°1,90,240 hectares in 1984-85. This c¢alls for certain
drought management measures both long term and short
tern. S o . C L -

5.211Lon’£ermzbfo‘ Nt Mana ement,Strgtegies:;f;:wh

-~ Generally some of the long term measures will be
to change the existing cropping patterns, conjunctive use
of surface and ground water resources wherever feasible
even in tank ayacut areas and go in for afforestation
and adopt certain water harvesting techniques, Out of
the total gross area irrigated the area under rice cul-
tivation is quite high both under khariff and rabi :
Seasons, and-both under well and tank irrigation. The
total irrigated area'is 1,90,240 hectares(1984-85)
out of which the area under rice cultivation is

TR
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1,00,456 hectares. The aaea under sugar cane is
21,528 hectares. The other crops like ragi, bajra,
millets etc are cultivated in small areas. Groundnut
is cultivated over'an area of 36,466 hectares. Thus
a majqrvarea,fiqrig@tedﬁis under rice and sugarcane.
These crops are'wnter consuming and their consunptive -
use is high., As such their water requirement is also
high, A major saving can be effected if this trend
1ls changed. Even if the ‘farmers are sllowed to grow
rice during khariff season, as they would like to
grow paddy for their consumption, it is better they
are advised to grow other crop like groundnut or
some other oil seed during rabi season. Nearly 68,024
hectares is under paddy during Rabi season. This will
itself gsave substantial quantity of water if paddy .
cultivation is given up at least for the second Crop. -
Bven additiongl areas can be brought ‘under irrigation,
With the receipt of below normal rainfall in the last
2 to 3 'years, there has been lesser recharge and.
declining trend in water levels seen in some arecas.
Except 'in Bangarupalen and Chittoor taluks, the grownd

water development has not reached critical stage - in

any other taluk;"geclmnmmg water levels seen can be.
considered as solely due to below normal rainfall

received in the district and not due to increasing .
ground water draft except in Bangarupalem and Chittoor
where the existing draft has almost reacheé 90% stage ..

"Lof development, As such, there has to be restrictiQQ;;;

in these two taluks-on ground water developnment.

In other taluks, there is scope: for development, but
this has to be watched in future so that the develop=-
nent may not reach a overdeveloped stage. LT

o In a situation arising out of below normal
rainfall, successively for more than two years, it is
necessary that a cropping pattern as suggested above'
may be taken up so that substantial saving in water
use can be effected. Efficient and effective utili-
sation of water for irrigation like™® drip ana
sprinkler methods can be brought in to use to save
water, 0 that failure of dug-wells (especially drin-
king water wells) can be reduced indirectly arresting
declining trends, Other water harvesting techniques
like, percolation tanks, recharge wiers etec may be
constructed wherever feasible after spot investigations
in areas where there i~ scope for development as per
estimations and where potential is still available
for utilisation, ground water developnent techniques
and methods may be adopted for successful well siting,
and in such areas, priority may be given for drink-
ing water wohtegsas in a drought situation the fore-
nost problem will be to find a suitable drinking
water source. As a supplementary measure, afforesta-
tion coupled with DPAP programmes may be taken up to
develop forests and also meet the fuel requirements

0; 080
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of the rural population, as the district does not
support any-.pajor . 1ndustry, meeting the water rgquire-
nments far the indudtries does not-pose a problem. The:
district has a cultivable waste of 52, 978 hectares’ or
3.5 per cent of the total geographloal area. This can
be developed as a pernanent grazing land. or for growing'
fodder for the catﬁb _which can be utilised 1ntime :
af need. T

5.22 Short tegm drogghx management strateg_es-

However measures discussed above w1ll take
sone time, perhaps years to yleld results. Meanwhile
it may be necessary to adopt certain immediate mea-
sures to meet the drought situation on warfooting.
These measures can be termed as short term measures
and include drllling of borewells wherever feasible
based on proper site selection using sophisticated
investigation technlques. Such borewells wherever
feasible may be used not only for drinking purposes
but also for growing fodder for the cattle. Recharge
wiers, dams and percolation ponds can be constructed
on a large scale so that, they can be used for
collecting rain water o in case of summer showers..
The water thus collected will not only be usedul -
to meet the immediate needs, but also/as recharge Jact
ponds. BEven:ecaonstruction of contour ds” . in )
an undulating terrain will help getwin moisture for
a long time and help grow fodder in wabbe lands
whenever sharp showers occur. This in turn will help
meeting the immediate fodder requirements for cattle.
Thesa ‘are some of the measures whlch can be thought
of to meet the crlsis o
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6. HMAHABUBNAGAR DISTRICT

6.1 Location and Extent:

Mahabubnagar district is the fourth largest .2
district of Andhra Pradesh with a total area of 18,472 km
and accounts for 6.75% of the total area of the State. The
‘district has 15.9 villages and 11 towns and licsbetween
north latitudes 15°55' and 17°21' and east longitudes .
77°15' and 79°15! and is bounded on the north by Ranga
Reddy and Nalgonda district, on the east by Nalgonda
and |Guntur district-s and to the south byKrishna and
Tungabhadra rivers and to the west by Raichur and Gulbarga
districts of Karngtaka state. The district is well served
by roads and railways. The national highway No.T and the
Secunderabad-Guntakal metregauges section of the S,C.
Railways passes through the district. Mahaboobnagar, the
district headquarters is about 106 km from the state
capital., The district is divided into 12 taluks for
administrative purposes and as per the 1981 Census ;
has a population of 1,590,686. Of the 11 towns and
1470/villages in the district, only Mahaboobnagar /enhabi ted
has a population of more than 50,000. Its populatTon =
as per 1981 Census is 87,400. - ) .

"~

6.2?ghysiography;ahd'ﬁraiﬁage:

- Mahabubnagar digtrict is physiographically conti-
guous to the Mysore plateau and is characterised by ero-
sional topography. The general slope is from north to
south and the elevation varies from 610 m above MSL near
Shadnagar to above 350 m above MSL towards Achampet,
Gadwal and Wanaparthy. There are hill ranges extending
from north to southfin Achampet taluk consisting of flat
topped hills. The northern part of Makhtal taluk is
rugged and is occupied by prominent hills, There are
several mountain peaks in the district with altitudes

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 Lower Krishna, Of these only .
Krishna and Tungabhadra rivers are important which are :
perennial and which flsw through the district.The Krishna,
one of the biggest interstate rivers of the country,
_enters the district in Mukhtal taluk traverses through
the taluks of Gadwal, Atmakur, Wanaparthy, Alampur and
Achampet. The Tungabliadra river flows through the taluks
of Gadwal and Alampur. River Dindi a tributary of Krishna,
rises in Jadcherla taluk and joins Krishna about 29 km
‘east of Chandragiri. '

.0 .82
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6.3 Hydrometeorology:

; ‘Mahabubnagar district, though drained by one of
the major rivers of the south viz the Krishna, experiences
frequently drought conditions due to vagaries of the mon-
soons. The district also experiences hot summers and cold
winters. The maximum temperature recorded is 45°C in summer
and the lowest temperature recorded is 11.7°C in Fébruary.
- The normal annual rainfall of the district is 720 mm with
44 rainy days. The main rainfall season is the southwest
monsoon season, July and August are the months with maximum
rainfall. The isohyetal map of annual normals of the
distriet is presented in Fig.2, It is evident from this
figures that the rainfall decreases from north to south
from 775 mm Yo 600 mm., To study the trend of rainfall
over the district the rainfall received at Mahabubnagar
- -station from 1901 to 1985 has been plotted along with the
5 year and 10 year running means and given in fig.15.

It is clear from the figure that there is a rising trend
in the trend of the rainfall over the years. During the
last decade normal rainfall was recoréed in 6 years,
excess rainfall in 3 years and deficit rainfall in 1 year.
From the fig.10 the 'wet! and ‘dry! periods can be distin-
guished and when the rainfall was above normal or below
normal. While periods from 1914 to 17, 1932 to 38, 1945 -
to 1965 and from 1975 %o 83 can be said as wet periods

or years of above normal rainfall the periods from 1904
to 1914, 1917 to 1932, 1938 to 1948 and from 1965 to 75
can be termed as below normal or dry periods. From the -
examination of the rainfall data of the last 75 years,

it is -seen that the highest rainfall of 1397 mm has been
received during the year 1916 whereas the lowest rainfall
of 400 mm has been received in the year 1918, =7

Although, the long term trend of rainfall shows
a rising trend, when the data is analysed for phe period
1901-85, there is a decline in the trend over the last
decade (1975-85) and shows declining trend in the coming
years. L . o

The:percentage frequency of occurrence of
normal, excess and deficit rainfall in 5 continuous
years during the peridd 1901-85 has been worked/and /out
is given below: _ . S B :

No.of years with ‘ ‘
normal rainfall 4 3 3 5 4 3% 22 {1 2 2 12 1

No.of yearS‘With o o o
excess rainfall -0 1 2 0 1 0 23 0 1 32 13
No.of years with } ‘

deficit rainfall 1 1 0 O 2 10 4 1. 0 2 2 1

Percentage frequen-
cy of occurrence 15 14 12 1212 9 76 4 3 3 1 1 1

S R S e S (D S A D T Gy S S S — 0t GhE . S S G — T — - — -t w— - — v S w  m  ——
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Prom the above it is clear that there is a high pro-
bability of occurrence of normal rainfall in 3 years
and excess and deficit rainfall in, 1 year each. During
1981-85 normal rainfall occurred in 3 years and excess
and deficit rainfall in 1 year each. By. extendlng the
same 'analysis for the coming 5 years (1986-90) the pro-
bable frequency of occurrence: of normal, excess and
deficit rainfall are as follows:

No. of years with normal ralnfall 4 3
No, of years with excess rainfall 0 . }
No. of years with deficit rainfall 1 L
------------ Ahéicipated
Teaxr .1 'Rainfall
1988 s N E l
1989 .. N N
: D D

From the above 1t can be 1nfe‘red that in the next

5 years-there is a high probability of occurrence of
normal rainfall in 3 years and excess and deficit
rainfall in 1 year each. Chances amd that deficit or
below rormal rainfall conditions may occur by the end
of the decade and it may prolong well to the next de-
cade as ‘is evident from the moving average plots.

This may call for advance planning for the utlllsa-tlon
of water resources in the coming decade.

6.4 8011

The dlstrict has four types of soils. The
major group is red earth, comprising of loamy sands,
sandy loams and sandy clay loams. Black soils, mostly
clayey loams and deep clays occur as narrow strips
alongside 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
loams: occur 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 Kodzigalm Makhtalm, Kolhapur and o
Atmakur taluks. They are dark grey, brown to dark grey
in color and are less permeable and poorly drained.

_A-o--84 .
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6.5 Agriculture and Irr1gat10n°’

*  Out of the total area of 18,47,241 hectares
nearly 761263 hectares or 41,2 per cont of the digtrict
is the net area sown. The total cropped area is
8,23,293 hectares or 44.6 per cent of the total geo-
graphlcal area of the district, Nearly 80,92% hectares
or nearly 11 per cent of the net area sown is irrigated,
and if we take the gross area irrigated it is
1,30,952 hectares or 15.9 per cent of the totalfropped
area. Out of this nearly 26.3 per cent or. 34,498 he-
ctares (gross 84-85) is irrigated from wells and
21,730 hectares is irrigated from canals and the rest
of the area irrigated from tanks (32,740 hectares)
and other sources. It is evident that tanks and- wells
form the main source of irrigation in the district.

As per the statistics, there are 6235 tanks, 263 tube
wells and 78,265 dug wells in the district. The main
crops grown are Rice, Millets and Groundnuts. Other
crops are Wheat, Ragi and Seasmum. Rice is cultivated
over major part of the district. It is cultivated over.
an area of 85,661 hectares, followed by growmdnutsbver
an area of 35,482 hectares. Out of this the area cul-~
tivated by wells growing rice is 43,887 hectares. Thus
a ma jor area is under rice cultiVatlon. The area
irrigated by canals comes under Rajolibanda Diversion
Scheme, the Koilsagar Project and the Sholasagar
Proaect. o

6.6 Industries and Mlnlng_

‘Mahabubnagar is industrially backward
Generally cottage and village industries exist in the
‘district. There are'no large scale industries also.
Only one cotton mill exists near Mahabubnagar town.

A few small scale industries and agro-based industries
exist at Makthal, Wanaparthy, Mahabubnagar, Nagar- :
Kurnool and Shadnagar. Gadwal is famous for handlooms
weaving industry. The other notable weaving centres
are Narayanpet, Nagarkurnool, Kalvakurthy, Atmakur

and Kolhapur. Other 1ndustrles like dyeing and prin-
ting, leather industry, pottery exist locally.

Several known occurrences of minerals on a
small scale like asbestos, copper, clay, diamonds,
iron ore, limestones, quartz and steatite are reported
- from several parts of the district. Only the Koil- ¥
kuntla and Narji limestones are mined, where they ard
flagegy and are used as a building and flooring material.
The clay deposits are utilised for bricks and pottery.
Quartz-is mined for glass industry. ‘Soapstones which -
occur in the Kolhapur bléck is mined loczlly for use
in the talcum powder. The Cuddapah slabs are mined -
at Alampur, Pebbair and Venkatapur.

..0|£
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6.7 Geology:
Mohabubnagar district forms p2rt of the Indian
Peninsudor 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
e Unconformity——=—eev—va———- A
Upper Mesozoic to Cretaceous Deccan Trapsf
Lower Tertiary to Bocene '
————————————— Unconformlty-—-——-————-
Upper Precambrlan g Kundair Nandyal shales § Bhima
to Lower Palacozoic Series Koilkuntla lime-| SerLes
f K | Panaim . stones and -~ | |
U Series . quartzltes ’ ﬁ
% Jammala- { Auk shales;
0 i madugu  } Narji llmestones
o [ Series g Banganapalle sandotones,
L | Bangana-~ quaﬁtzite and conglome—
S | palle  } rates. e
| { Series e
—————————— Unconformlty ——————— m—————— .
Srlsallam quartzites I Qudrtzites
| mm——————— Unconformlty--Q;Q———+¥¥L--; y
- Upper g C g Vempalle leestones and
Precanm- CUDDAPAH U i Series: . ) Chertw with. trap-
brian SUPER D ! ‘ sills . v
" GROUP p | Gulcheruvu - J N
T Quart21tes!1§ Quartzites and
P ; Conglomerates
A
H
S
L mmmemm————— Unconformlty--—--ff--e -----
Archaeans to - ~ : 3 ©  Basic dykes, pegma-
Lower Pre- - Dharwar Super Group tites Aplltes,Quartz
cambrians . ' o - veins:
v .-Schists & Metavol-
- canics
Unclassified Crys- Granites and
talllnes :*QM,WWLY._LGnelsses L]
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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, ’ s :

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 e metre near outcrops to as much
as 23.0 m in valley bottoms and low lying areas. Ground
water occurs in the weathered and fractured rock under
water table and semiconfined conditions, The depth to
water varies from 0.5 m to 19.80 m bgl in open wellg ‘
and the yields of these wells vary from 18 to 375 m'/d.
Depth to water in borewells range between 0.45 m and
6.6 m bgl and the yield from the borewells vary from
100 and 4500 1ph for drawdowns varying from 1 m and
12 m. The open wells situated in Cuddapah and Kurnool
formations range in depth from 2 %o 30 m bgl and the
depth to water level in them varies from 0.4 m to 29 m,
bgl. These wells yi$§g limited;supplies of water vary-
ing from 15 to 100 w4, Alluvium occurs along the
courses of Dindi river and its tributaries. The wells
in alluvium range in depth from 2 to 8.9 m bgl and
depth to water level in them range between 0.8 m and
6.6 m bgl. The yiglds of open wells in alluvium vary
from 105 to 200 m”/d and sustains 2 to 6 hours of
pumping. Wells in Kalvakurthy taluk are reported to
sustain pumping for a longer time. Figure 6 depicts
%heGgqneral depth to water in the district for May

986. _ o -

6.9 Status of 'S the Studies:

Oentral Ground Water Board has been carrying
out systematic hydrogeological and reappraisal surveys
in the disjkrict. Till the end of March 1987 an area
of 9520 km“ has been covered umder the systfmatic hy-
drogeological surveys and an area of 760 km~ under the
reappraisal surveys. o

6.10 Ground Water Level Monitoring:

Ground water level monitoring by CGWB has been
introduced in the district by the establishment of 2 net-
work hydrograph stations in the year 1969. The number
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has been subsequently increased progressively and pre-
sently there are 33 All India Network Stations in the
district. The long term studies and aonalysis 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 m to 16,3 m
but in general it varies from 1 to 4.3 m. Declining
trends in water levels have been observed in some parts
of the district notably in Shadnagar, Gadwal, Nagar-
kurnool, Kalwakurthy, Jadcherla, Atmakur and Kothakota
areas which may be due to below normal rainfall received
in the district for the last 2 years. , B

6.11 Ground Water Exbloration:

; Ground water exploration was carried outzby
CGWB during the year 1971-75 in an area of 1280 km~ co-
vering parts of Shadnagar and Kodangal taluks of the
district under the Indo-Canadian Collaboration Pro ject.
Twenty exploratory wells were drilled down to depths
ranging between 27 and 75 m bgl. The yields of these
wells ranged between 60 =nd TOO lpm. Out of the total
area of 1280 km? covered under the exploration, an area
of T74 kmc was proved ground water worthy for further

~ground water exploration.

6.12 Chemical Quality of Ground Water:

-~ The ground water occurring in the district is
good and fit for both irrigation and domestic purposes

“except locally where local pobdlittdtnon has rendered it

urifit. In the granitic terrain the pH varies from 7 to

845, EC from 450 to 3310 micromhos/cm at 25°C and the
~ Chloride content from 28 to 638 ppm and total hardness
- sr.as 0aC0; from 125 to 495 ppm. . In the Archaean gneisses,
i <high cogc '
“7at, few places. The ground water from shales, sand-

entration of fluoride upto 5 ppm is reported

stones, conglomerates and limestones is usually alka-
line with pH value varying between 7.4 to 7.8. The
bicarbonate content ranges between 248 and 446 ppm.
The chloride content is in the range,of 10 to 395 ppm.
The total hardness as CaGOB varies from 200 to 470 ppm.

6.%5 Ground Water_Resouroes and Devéloﬁment Prosgects:

| As is evident from the agriculture and irri-
gation particulars discussed earlier, nearly 50 percent
of the area is irrigated by wells. The district is
endowed with two perennial rivers the Tungabhadra and
the Erishna both/form the southern boundary ofthe /they
district/are having sur face irrigation facilities ™.
through canals, Thus =~ nearly 29 per cent of
the district has to depend upon - ground water
sources. Of late ground water development has been
/ only the southern part of the district
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gaining :momentum due to the availability of institu-
tional financing and other fadilities, thus there is
a marked increase in the number of structures e ery
Year. In 1976-77 there were no tubewells and filter
points. There were 49,665 dug wells out of which
17,944 wells are with oilengines and 13,440 wells

are with electric motor unpsets, irrigating an area .
of 51,840 heCtares(grossyg whereas presently(1984-85)
there are 263 tubewells and filter points, 78,265

dug wells, out of which 30,147 wells are with oil :
engines and 29,169 are with electric motors pump sets,
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 potential was garried out in
1977, Subsequently the assessment was » - - ~
revised and the latest assessment for the year 1985

was made as per Ground Water Bstimmtion Committee
recommendations, The taluk-wise estimations are given .

in Table~6.  As per the estimations the total uti- L

lisable ground water resource of the district has . =

been estimated-as 1294.4 MCM and and the net draft

450.1 MCM leaving a balance of 844.3 MGM, The stage

of ground water development is 35 per cent which means

there is scope for further development especially . in-

some of the backward taluks where the tempo of de-

velopment is slow. The stage of ground water ;

development is more than 50 per cent in Nagar-Kurnool,

Mahabubnagar and Wanaparthy taluks/so that they may .~

not reach the stage of over development. However, '

it may be seen from the talukwise draft for the last

3 to 4 years that the ground water draft shows = rise

in almost all the taluks for 1984-85 and total net

draft for the district has shown a rise from 427.1MM in /

450.1 MOM during 1984-85. This rise in draft can be/1983-84 in

attributed to below normal rainfall during the last o ,

two years which probably has brought down the area

sown from 9,311,291 in 1982-83 to 761263 hectares in kS

1984-85. However this can be considered as a temporary.

bPhase as the rainfall becomes normal the conditions .

may improve. /and further development has to be watched in
. these taluks : o ~ .

6.14 Rural and Urban Water Supplies for Drinking Water
and_for Industries: ' ' .

. The ‘district has a population of 24.47 lakhs
y of which 21,79 lakhs live in the rural areas and
2,68 lakhs live in the urban areas. Presently there are
6988 borewells and 289 sumping and mini-pumping water
gchemes exist in the district which 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 norms 0 1lpd for [of
urban population and 70 1lpd for rural and livestock o
consumption the total requirements worksout to 64.5 MCM.
A provision of 228.4 MCM has been made from the gross
recharge of 1522.8 MCM while calculating the utilisa~
ble ground water recharge of 1294.4 MCM for meeting

the drinking water and industrial r equirements of

the district. This will take care of the future
requirenents also. However, this may fall short of

the requirements during the years of drought when

the annual recharge will be less than the normal

years and water levels go down and wells going dry.
- This has to be met by sinking deeper borewells and .
by deepening existing dugwells to tide over the crisiss,

6.15 Ground Water Development in relation %o
water levels and Rainfall:

: -Ground water development in the district
has been on the rise as is evident from the discus-
sions in the previous pages and the increasing stru-
ctures seen year after year, Presently there are
78,265 ground water extraction structures in the
district irrigating an area of 44,498 hectares
accounting for about 35 per cent (Net) of the utili-
sable resources.,. As can be seen, from the annexure-1I
barring only 3 taluks, the development stage has not
exceeded 50 per cent in any of the other taluks, §
So it is clear that there is 8cope for further deve-
lopment. However, when the trend of development or
the ground water draft is exomined in relation to
reinfall and water levels i{is seen that though .
there is a rising trend in the draft the total cropped:
area has come down compared to the previous years. ,
This reduction in the total cropped area can be attrim
buted to the below normal rainfall received in the T
last two years and in some taluks like Kalwakurti the
rainfall was below normal for the last 4 years. Hence,
the fall in cropped area, The water levels have also
shown declines notably from the last five years (fig.17 a,
by, ¢ & d). The decline varies from 11.70 m at Musa- .
pet to 0.4 m at Mahabubnagar. The other notable
declines are at Nagarkurnool (10.5 m), Kalwakurti
§1ﬁ.50 m), Maddur %9.40'mg, Gadwal (5.0 m), Makhtal

10.0 m), Kothakota (1000), Jadcherla (6.87 m), ,
Shadnagar (9.60 m), Welijorla (7.50 m), Atwakur(6.0 m),
Kodangal (9.66 m), Gundimal (8.39 m) ad Koilkonda
(7.13 m). This fall oT decline in levels can be
partly attributed to the rise in ground water draft
geen in most of the taluks for the last. 2 to 3 years i nfal
and also partly due to .elow normal /received in the Zrainfall
district during 1985 and 1986, It is possible, that
due to below normal rainfall, the recharge has come
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Fig H’xb}

RAINFALL Vs WATER LEVEL oF NETWORK sunons
~ MAHABUBNAGAR DiSTRICT,A.P
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Figi?(d)

RAINFALL Vs WATER LEVEL OF NETWORK STATIONS
MAHABUBNAGAR DISTRICT A.P.
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cultivation. Rice is a crop which requires lot of
water cnd its consumptive se i® very high. With
higher ground temperatures as is the case in the
district, the evapotranspiration is bound to be

high, Moreover rice is cultivated even in rabi 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 any oil seed or millet or
naize or someother irrigated dry crop which requires
less water. 3Barring 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
~cerop, which is also a short duration crop. Vast areas
can be brought under groundnut cultivation. With the
black soil occupying large areas, it can also hold

- the moisture required for the growth of the Crop.

~ Cotton is another crop which is not grown on a large
~8cale. It should also be popularised. The growth of
such irrigated drycrops will reduce the demand on the
water requirement and stabilise ground water levels

over the years to conme.

| - The district has nearly 16.4 percent of the
area as forests and 6.4 percent as barrén land., Many
of the hills look bare with little forest and soil
cover, It is better aerial seeding of these hills is
~taken up as discussed earlier and afforestation methods
taken up on a large scale, so that soil erosion is
reduced and prevent runoff to some extent. The DPAP.
methods can be coupled with this, so that it will also
meet the fuel requirements of the local rural popula-
tion. There is necarly 1,16,451 hectares of land
not put to agricuiture use and about 10,780 hectares
as a cultivable waste. These can be developed into
permanent grazing lands and also for growing fodder
for the cattle. They can be of use in times of need.
This will also reduce the load for grazing on form
lands and watershed catchments. ‘ .

- The other water harvesting or water use
techniques like contour bunding, construction.of
recharge wiers, subsurface dams, use of drip and "~
sprinkler irrigation methods will not only induce ,
recharge but also reduce water  consumption. Perco-
lation ponds wherever viable (only sandy soils)
should be constructed to reduce runoff and also as a
temporary storage as percolation to ground. wager
will ‘increase the recha.ge., Conjunctive use of Surface
and Graund Water in the Canal Command Areas is also

...(n
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down in recent years which also affect the trends;

In this context if we exanine the hydrometeorological
analysi.s carried out ecarlie r,’there is a possibility -
of normgl rainfall upto 1989 and after that drought
conditions may set in. [hat means theere is a possi-
bility of recovery of water levels and normal recharge
in the next 2 years, but conditions may become bad

by the end of the decade which might eall for some

measures for water management etc to meet the 31tuation ‘

that may arlee later.

6. 16 Ground Water Managenen Practlces and Droqgk
Managemeqt Stratagies:

Prom the foreg01ng 1t is clear, that there
is still scope for ground water development in most of
the taluks except three taluks where the stage of de-
velopment is more than 50 per cent. It is possible
that during years of drought, there can be less recharge
to ground water/over draft conditions may prevail Land
temporarily. This has to be considered as a temporsry
phase as these are indidations of normal rainfall
likely to be received in the next couple of years which
nay arremst the declining trend of water levels. The
recharge will also g0 up and the development can
continue especially in the other taluks where it is
below 50 per cen’. However, caution has to be exer-
cigsed in the other three taluks where there is a
pos51b111ty of overdevelopment in the coming years.
Another significcnt factor which has emerged from the
hydrometeorological analySﬂs ig that dry conditions
may be encounterel again by the end of the decade.
That means eventhough there is a respite from the
drought conditior:s: now seen in the. district the
situation may become had sgain possibly by 1990 or
earlier, This calls for some permanent or long term
neasures or droug 't mamagement strategies to alle-
viate the sufferlﬂgs ox the populatlon on a permanent
basis,

6.17 Longterm Drcught hanagemenu Strateg;es-

Nearly 85, 661 hectares of the gross area
irrigated is under rice cultivation out of the total
gross irrigated area-of 1,30, 952 hectares. Out of R
this the gross area 1rr1gated by wells is 34,498
hectares. That means ngarly 65 pe®. cent of the area
irrigated is under rice cultlvatimn. ‘No other crop
is grown on such a large area., Similarly, nearly <
31,792 hectares is under the ayacut of tanks culti-
vating rice. Thet megns if we put togehher, nearly
90 per cent of the arec irrigated is under rice

cee93
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another inportant aspect which w111 help better :
utilisation of water resources in the long run. These
are sone of the long term, or permanent neasures
suggested which will yield results in course of

time. However there has to be some short term
neasures to neet the imnediate requirements and .
tide over the crisis. These are discussed below -
under the short term drought nonagenent strategies., -

6.18 Short Tern Drought Manqgement Strategiess:

Whlle nany of the meaSures suggested above
mlght take sone perlod or years to yield results
it may be necessary to adopt certain crash programnmes
or short term measures to meet the scarcity conditions
gthh will help tackle the problem on an emergency
e qs:.s. ; e

Ground water development should be effected\
fully for optimum utilisation and results. In deve-.
loping ground water to meet the irrigation and water
requirements, proper investigation techniques be
adopted to avoid well failures. These wells wherdver
feasible be drilled preferably to meet the drinking
water requirenents of the rural and urban population
and supplement the irrigation requlrements. Subsurface
dams can be constructed after carrying out due site
investigations to stabilise the irrigational water
requirenents where.quality is not a problem. The
guality of water is generally reported to be good S
except in high fluoride areas of the Archaean gneisses,
Here proper defluoridation methods are t0 be adopted
before suyplylng water for drinking. Where theqpa%}
water locally, desalination of water can bect®
thought of to make it potable or alternaté surface.
sources from the canals/reservoirs can be made
available, - This will meet to some extent 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 permanent basis.

e 0. NALGONDA DISTRICT

Tet: Locatlon and Extent.,

- Nalgonda dlstrlct, one of the chronlcally
drought prone districts of Telengana is bounded onh the
north by Medak and Warangal districts on the west by
Mahbubnagar and Rangareddy districts on the south by
Guntur district and Krishna rlver and. on the east by
Khammam and Krishna disiricts. S total geographical
area of the district is 14 223 km* and lies between

‘.94
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N.Latltudes 16025 and 17050' and-B. longltudes 78°40
and 80°05'.

; The dlstr¢ct is lelded 1nto seven’taluks.
The total populatlon of . the dlstrlct as per 1981 cen-
sus is 2, 279 685. There are seven townp namely, Nal-
gonda, erydlguda, Kodad, Huzurnagar, ‘Bhongir, Surya—
pet, Choutuppal and Devarakonda, of which only .'L\Ta:l.gonc“j
Bhongir, Kodad and Suryapet are: blgger towns with’ a ,
population of more than 20, 000. Only Nalgonda town, the .
district headquarters has a population of ‘More than
50,000. Nalgonda town is well connected by road and- .
the Hyderabaq-Kaalpet broadgauge railway line passes :;f'
| through the distrlct. The neﬁLy 1add. Blblnagar and -
Nalgonda:: metre gauge llne also’ passes through the dls- |

trict. .g'ﬁ . o - - o

Te2 Phys1ography and Dralngage.

The district is traversed by four ranges of
hills. One range of hlllS runs through the taluks of
Nalgonda and Devarnkonda. The second range of low: hills
runs in NE dlrectlon 1nthe ‘south western part of the
dlstrlct. The thlrd ran ze of hills known as Nallapahad |
bifurcetes the second range of hills after reaching the
Dindi and Ped@avagu. A fourth renge occurs in the
North—Western part of the district and runs west of
Pasnur in a north—westerly dlroctlon as far as Siri-
konda before taklng a sudden turn towards east and
cxtending over a distance OJZ.The general slope of the /19 Ko
land is towerds southeast and elevatlon varics from
480.0 m above msl to 80 m above ‘"l towards south and
south-cast. In general it.preséhts a rolling topography
typical of gneissic country. The hills comprising of
quartzites stand out in the south. |

R The dlstr¢ct is drained by the rivers Kri-
. shna Musi, Aler, Peddavagu, Dindi, Halal and Kongal .
However, the most important river is the Krlshna whlch
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times mey go upto as high as 45°C, generally recorded

, : 95
is pcrennizl ond forms the southern boundary of the
district. Almsst the entire district is in Krishna
basin. Musi rivef, ’5~tributary of Krishna, is the next
important river draining the district. Aler is a
tribuuqry ~f Musi. Peddavagu and Dindi arc the other
two impnrtqnt rivers which drzin Deverkonda taluk and
join the Krishna river. Kongal and Halal rivers
flow southeast of Nalgonda townm and join Krishna river.

| - 'S . .
- The water spread area of the Nagarjunasagar project

'extending into the district is one ¢£ the most beauti-
ful and picturesque spots. '

"T«3 Hydrometeorologys

| The district is characterised by hot summer
and general dryncss except during southwest monsoon

'Ufseason; The maximum temperature is about 40°C but some-

a—

in May whercas the minimum temperature’during winter
is around 16°C. The lowcst recorded temperature during
winter iis 10°C generally recorded in January. The -
normal annual rainfall pattern over the district is
given in Fig. 2. The district normnl is 770.0 mm «As
is evident from the fig.2 the rainfall decreases from
nocrth to south from 900 mm to less than 700 mn. Flg 18

- gives the trend cf reinfall for 1901~ 1985 for the

‘statlon at Nalgonda along with the noving averages

for 5 vé?ro and 10 years period. From- the studywdf
the plots it .is clear that the curves are somewhatb
inusoidal in nature with a sligat rising trend. If the

- rainfall data of last 85 yesrs 1is examined it is scen

that the,highest’rainfall of 1715 nm has been rececived
during the ycar 1978 and the lowest rainfall of 422 mmk
hFS been received 1n the year 19°6. T

- PFrom the Fig 18 we can pick up ‘wet' and
'dry' periods for the period 1901-1985. While periocds
1903 t= 1913, 1918 to 1933, 1933 to 1945, 1949 to 1953
1964 to 1975 and from 1980 onwards can be said as
below normal years, periods frem 1913to 1918, 1933
' ' e 96
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to 1938, 1945 to 1949, 1953 to 1964 and from 1975 to
1980 can be said above normel or wet periods. N he

- During the. last decade, ncrmal rainfall has
been reccived in 4 years, excess rainfall in 2 years and
deficit or below ncrmel rainfall in 4 years. The curve ' o
shows a declining trend indicating drier period a head.

The percentage frequency ¢f cccurrence of normel ex-
- cess ana deficit rainfall in 5 continucus years during
the period 1901-85 is calculated below: -

No. of years with normal rainfall 3 4 1 2 2 4153321
-do- excess n 1 0 2 2 1+ 1300234
-d o= deficit " 1 1 2 1 2 01020¢C0O

Percentage frequency of occurrencel17 17 13 109 9 886 1 1 1 | .

The above statistical method indicated that there
is & high probability of occurrencec of normal rainfall in
3 years and exceés and deficit rainfall in {1 year each.

Comparatively there is more poss1b111ty of rece1V1ng defi- Q
cit rainfall to occur than excess rainfall. ) &V
1

During the period 1981-85, normal rainfall occu-
rred in 3 years, cxcess rainfall in 1 year and deficit
rainfall in 1 year.From this analysis it can be inferred - e
that in the coming 5 years (1986=90) the probable frequenqy,/“”
of occurrence of normel, excess and deficit ralnfall may
be one of the following: ! g//

T

i - [
— o — - o - - e —— o - — - ——— . v o S - e e S

Nos of years with normal rainfall =3 4 1
woo exXCcess " ST 0 2
1

" deficit " 1 2

- N ' —
Year  Anticipated rainfall
1986 -~ B N DB ba
1987 | N o

1988 N
1989 D
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It can be safely assumed from the above analysis that
there is a high probability of occurrence of normal
rainfall in 3 years excess rainfall in cne year and de-,
ficit reinfall in 1 year probably in 1959 indicating dry -
period towards the end of the deccade.

Te4 Soils:

The important soil types occuwing in the
district are the red loany soils, grey loany soils,
black cotton scils and alluvial 80ils of which the
nost common type of soil seen in the district is the
red loamy soils nostly derlved from the granitic gnelqsosn
The grey loamy soils occur 1n patches in the district. :
These soils are supposed to have been derived fron the
calcareous shales. The black cotton soils are found as
patches along the Mudi river in Miryalaguda taluk, west
of Wasirabad. These blacksoils are-suitable for culti-
vation of cotton, grdundnuts etc. The alluvial soils
ocecur to a very 1imit¢d extent along the Krishna river.

7«5 Agriculture and Irrigation:

. In respect ¢ the area under>cultivation
Nalgonda district is more fortunate +than nmeny of the
other districts in the state especially in Telengana
or Rayalaseema region. Nearly 11. 6% of the district is
under ' camnal irrigation. This has become possible because

of the Nabarjunasagar project. What was once.a barren-

land has been transferred into a rice bowl. The other irri-
gation projects in the district are the much smaller
Musi, Dindi, Asifnaar, Pendlipakala and the Shaligow-:
ravaram projects. Besides a good number of tanks and
wells add to the area under irrigation. Out of the total
geographical area of 14,22324 hectarcs of the district
the net area 50wn/is 629,682 hectares which is 44.3 per-
cent of the area of the district. The total cropped area
is 7541,070 hectarecs 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 percent of the total

"‘f98
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cropped arce and the gross area 1rr1gatod is 249734 he—f
ctares. OQut of this the gross area under pa gy is
229913 hectarcs. O0f this, the total areca 1rr1gatcd by
canals is 97051 hectares. There arc 5508 tanks irriga- , ; ]
ting an area of 35262 hectarss. There are 15 tubewells,
74,441 dugwells irrigating an area of 74436 hectarcs
(84-85) . The nain crops grown are paddy, jower, ragi,
groundnut, castor and pulses are alsc grcwn. Tobacco,
cotton are also cultivated. Lo

T+$ Inlustrics and Mining:
, 2
The district being predominantly an agricul- -
ture one, not mamy - industries exist. The important » ~

crafts are the time honoured pbronze ware, jewellery, ... '
spinning and weaving. Of late some industries are

being set up under the district development plans. Four
nini-cenecnt faotories'have becn tset up. They are M/s Rasi
Cement Limited, Deccan Cenents LIinited, Nagarjuna Cements
‘Limited and Sagar Cements Lanited. There‘arc several
small scale industries in the district meinly agro based
ncstly located at Bhongir, Miryalguda, Nalgonda, Surya-
pet, Hugurnagar and Devarkonda. Handloom'weaving‘is an
important cottage industry. The important centres are

Nalgonds Suryapet, Devarakonda and Aler,

The district is poor in mineral wealth. There
are known occurrences cf galena,'soapstne, corundum;
clay and limestone. Clay is minédffor use in ceram’ics‘.~ f L 'f
Corundum is nined locally for usé in abrasive industry.
Soapstone is-used for making stoneware and slate pen~
cils. However; vast deposits of cenent'grade linestone
occur in the dlstrlct. Thoy cxtend as a belt along the L
northern banks of the Krishna river occupylng parts of R
Devarakonda,. eryalaguda and Huzurnagqr taluks. lec—_
st>ne is mined for use in tho cement 1ndustry. A part o
from this the granites and llmestﬂnos are also usod as L“i _ o+
excellent building stoncs.
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7.7 Geology: ' S

The district is nostly undérlain by the
archacon gneisses and Dharwarian schists. However,
oth r formetions of the Cuddapah and Kurnool age: also
occur in the southern corner of the district. The
brcad gealogical'successiﬁrkas seen in the district is
given belows |

Recent to subRecent - - Shil,Alluviun
. : ~‘-'-"-'-'—_""'——”l’,’l(,’: :\nfo raity I — ‘ . ‘
Upper  § Kufnool # . | Jamﬁélamadugu,lime-
PrecamT. Group i S - stone and shales
brian to o . '
Lower -
Palaeozoicl
R ~=—m=ee-Unconformity ——
Upper . o R Srisailam Quart-
'PreCamf} : S o zites shales
brian ‘ ' |
- mm = UDCONFOTLL by —mmmmmmmm |
" Dharwar | - ) Dolerite dykes |
Super‘f Dharwars § Pegmatite and Quqrtz
WUNRRET § ‘ ’ veins a
Group { )} Schists,Phyllites,

‘ 0 Amphibelites
Ar@haean  Penisu= - e ,
to : lar Gran;tlc gneisses
: Sl ' Gneissic granites =@ .=
Lower Pre- gneisses :

T

7.8 Hidrogeologys .

Nelgonda is one of the chronicallyfdrOught
affected districts of Telengana region of the state.

. Major part of the district is underlain by Archaean

gneisses and granites, The Dharwar schists occur as
ninor patches in the granitic complex. The Cuddapah and

I'.10o
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Kurno@l formations represented by the sandstoncs, sheles
and Palnad limestones respectively ocecur along the bank
of Krishna river fornming the scuthern boundary of the
digtrictj;The‘recent alluviun occur only to a limited
extent along the major river courses like Krishna,Dindi -
and Munnsru. Ground water occurs in all these fornmations
in the weathered and fractured rock and in alluvium
under tunconfined to confined and Semi-confiﬂed condi-
tions The~grﬂunﬂ water conditions as seen in deferent
formatl ns are described in brigf belows

7.9 Ground.Water in Crystelline rockss

Al

Ground water occurs in the weathered and frac-
tured gneisSes and Dharwarian schistose rocks both under -
un-confined and semiconfine& conditions and is developed
by dug wells, dug-cum-borewells and to some cxtent by

bore wells. Thendepth of weathering in these rocks varies
from less than a metre to 15 m.bgl. The depth of open
wells situated in Dharwars range between 3.6 n and 9.6 n.
bgl and the depth to watcr varies irom 1.9 m bgl to 8.4 m.
bgl. The wells tapping the orunltes and gneisses range

in depth from 4 m to 16 n bgl and the depth to water in
these wells range from 0.3 to 4 n bgl in the canal command
area and it varics from 5 to 13.7 m bgl outside the cenmal
comand. The general range of depth to water is between
2n and ‘7 m bgl. Open wells. tQﬁplng the granltes and
gneisses sustain a punping of 3 to 6 hours daily yield-
ing approxinately around 50 to 160 m3/d. Borewells drilled
in these fnrmPtlnns to deptho of 80 m have given yields
reanging from 1.4 n /h to 2.6 mj/h fﬂr drawdowns rurglng
from 2 n to 30 o.

T.10 Ground Water. in Cuddapah and Kurncol Formations:

Ground w#ator development in Cuddapah formations
is very ruch 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-
- nents. The depth of these wells vary between 5.0 n and

. - , | ** 101
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19440 n and depth to water in then very from 1.95 n
tc 1640 1 bgl. A nincr patch of Kurncol fornations
(Jammalanadugu series: is secen where ground water dove-
lopnient is not extensive. The total depth of the wells
tapping the Jarmalamedugu linestone varies  between
4.20 n and 22.0 nn and depth to water between 4.0 n. and
8.0 n bgl. Necarer to Krishna river, the depth to water
becomes deeper. There are not many 1rr1g vtion wells in -
the arca. A few irrigation wells yield around 80 n /d

for pumping period of 4 hours for drawdown around 2.5 n.

T+11 Ground Water in Alluvium:

Dug wells tapping alluvium range in depth
from 3 m $0 8 o bel and depth to water ranges from 2.0
to p 8 n bgl. Most of the wells in alluviun sust11n
punping for a longer pericd yielding upte 400 m /d. Most
of the wells austain ‘a punmping period of 10 to 12hours.

The general depth to water map of the district for

Mey,1986 is presented in Fig-19.
T.12 Status of the Studies:

An ar a of 6695 Km2 ha s been cnvered ‘under the
system?tlc hyad vﬁgeolmvlcdl surveyo in the c1strlct upto
the ond of March, 1987, o i

T 13 Ground Water Level Monltbrlng.,

, Under the All India Ground Water Monltorlng \'
prograaLa two hyérogrpph network statlmnn were esta-
bllsheﬂ in 1969 which were later found . to be 1naaequate -
for monltﬁrlng purposes for the entire’ dlstrlct Presently

’,there are 16 hydrograph network stations ih the dlStrlCt."‘

These wells are being monitored 5 tines a year that is
1n‘J%nuary,Apr11, June,~August_and,NoVemberZ@,times a Jand
year - - . from 1985 in January, May, August and Novem-
berj. The observaticns have indicated that fluctuations
occur in response to changes in the staturated zone. The
average annual fluctuations range from 1.1 n to 5435 m.
0f late, the water levels have been showing declining .
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trends in some parts of the district ranging freom 0.30 n

to 4.78 m. This has been attributed to the bélmw nor-
nal rainfall received in the district during the last
two yeqrs. -
Teld Ground Water Exploration:

To locate suitable ground water rescurcess
and me2t the irrigaticn demands in this droughf procne
area, ground water exploration was initiated by Central
Ground Water Board in Nalgenda district, in Peddavagu
Sudipalli basins of Deverakonda taluks during 1982-84.
A total number of 10 exploratory wells were drilled
down to depths varying frim 58 m to 90 m. All these
wells are located in the granltbs gneisses and their
discharge’ vwrj from/t.2 n  to 29.8 nm. The transmissi-
vity values obtained from the long duration tests
carried out on thesc wells varied from 0.5 m2/d to,
900 mz/d. The bore: wells constructed under the drought
relied operﬂtlons in Ramannapet and - Chlntapalll blocks
during 1968-69 recorded yields ranging from 2. 33 m3/h
to 4.1 m3/h for drawtowns from-0.62 m to 5415 o it

Ramannapet bloc&s and from 60 %o 650 1ph for' drawdownss‘

from O. 2; nto 18 o in Chlntapalll blccke. [1 4 n /hr to
20.6 n?/mr for drawdown varying fron
7.15 Chemical Quality of Ground Water:

The water from the granltic and gnelss;c
area is generally ﬂlkﬁllne with pH values ranglng from
7.5 to 8.7m. The sp601f10 conductance varies from 462
to 2580 mi mhos/cm at 25°C. The other radicals like

oxlde vary from 6.4 1o 194 pPpD. However, the waters
from wells located in black clayey soils are hlghly
nineralised with specific conductance values ranging
between 1365 and 3600 nicro mhos/cm at 25°C and the
chlorlde r‘ontent going up to 487 ppm. The suitabiligy’
‘of some of these waters even for irrigation is doubt—
ful unleS° ‘sofie salt resistant crops are grown. The
waters from wells located in alluvium are lightly
alkaline with pH varying from 7 to 8.3 . The E.C. value
range from 482 to 1092 micromhos/cm at 25°C and the
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chloride centent varies from 22 to 78 pgm nnother im-
portant aspect which has come %o light as a resnlt of

? e surveys carried ocut by Central Ground Water Board
is the presence of fluoride in greund waters in cere
‘taln parts of the district where the o neentratlen ex-é;
ceeds the permissible limit of 1. 5 »pn for hupan con-

- sumption. The fluoride content is generally around 2 to
'3 ppm and occassionally goes uUuC 3 ppm. The geoche-f

‘ mlcal studles carrled out around Nalgonda town and its
surfaCe waters varies from 2 to 4 ppm and the subs01l
L is also rich in fluoride and perhaps gets leached in
Ecourse of tlne to enrlch ground water. ' |

'¢7 16 Ground Water Resources and Development Pr03pe0t3°

Ground water development was-on low key till
1976 77 but picked up slowly after '77 w1th the stress
on minor irrigation and extension of loaning f&c1llty
and institutional financing. There were 50,665 ground
water extractlon structures in 1976-77 while the number
}has gone upto 74 441 in 1984-85. With the increasing }
trend in ground water development the need for resouree
eValuatlon has became very important. The flrst attempt
at resource evaluation was made in 1977. This was re-

’i[”vised subsequently with the avallablllty of more data.The

present estimated utilisable ground water potentlal is.
1314.8 MCM. The talukwise potential is given in Table-7h
The calculated net draft is 418.1 MCM leaving a balance
of 896 7 MCHM for development. From the trend of draft .
for the last 3 to 4 years it is scen that 1981-82 to
1982-83 thcre was increasc in net draft from 373.1 MCH, to
: 383«0 MCM. A slight decline is observed subsequently from
- 383.0 MCM 1n 1982-83 0" 378.2 MCM 1983 84 2nd then an
increase to 418.1 MCM durlng 1984-85 Howev er, the stage
of ground watcr development is only 32% 1ndlcat1ng that
there is stlll scope for: development in some taluks. The
stgge of ground water development has exceedeo 50% in’

8 taluke and . 70% 1n 4 taluks viz. Nakrekal, Chendur,
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Mothukur and Yadgirigutta. oo"c restrictions in dchlop-
nent should be introduced in these taluks. In the other
4 taluks (Nalgonda, Ramanmepet, Thagguparthi, Nampalli)
the development exceeds 50% and may reach critical stage.
Hence future development needs to be monitored in these
taliks. As regards the increase in the draft and the
area under irrigation in the 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 ﬁrevailing and below normal rainfall received in
the district for the last two years and also due to a
reduction in the total cropped area and hence reduction
in the area irrigated by wells and partly by rainfall.

T+17 Rural and Urban water supplies for drinking water
and for Industries:

: - Nalgonda district has a population of 22.75 lakhs
~out’of which 20.16 lakhs live in the villages and the re-
‘maining 2.59 lakhs live in towns. The district has 7926
borewelis which are in use with handpunps ‘and 232 punmp-
ing andfmini-pumping water schemes to meef the water
requirements. A number of private dquells arc. also in
‘uso both in urban andrural areas which also supplement
the requirements. As per the norms of 90 1pd for urban
 population and 70 1pd for Rural and livestocks population
- the total requirements worksout to 60.00 MCM.while this
belng the rural and urban requirement, for drinking and
domestic purposes, prov181on has been given for the
drinking water and 1ndustr1al needs to the tume of 232.0MCM
while calculatlng the utilisable ground water potential
ﬂ,1314 8 MCM from the gross recharge of 1546 8 MCM. This
&;w111 also meet the future demands that may arise due ‘to
increase in population or industrialisation.Only there

% nay be diiflculty in meetlng thesé quantltles during

drought years when the recharge will be less than the
estimated figures and there may be declining water levels
in SOmejpartsﬂof the district. This even tuality has tc
‘be'met by sinking deeper borewellsoor by deepening of the
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existing shallow dug wells.

7418 Ground Water Developmert in relaticn to Rainfall
“and Water Lovels: v

Though the tempo of ground watcr cdevelopment
is gaining ronentun in the district, therc has been no-
appreciable decline in the water levels for the last
two yeers in alwost all the taluks except in Taggupar- -
thi and Totnukur taluks where the developnent has just
crossed 50%. But when the net area irrigated and the

total cropped areqﬁthey show a decline during 1984—85£are exa-

ned
over the previous years. Thore has been below normal m

rainfall in nost parts of the district for the last two
years. This is reflected in thqégeollnes vary from 8.50 m
at Narketpalll to 0.30 m at Kodad and Suryapet(Fig 20 a &
b). The other notable declines are at Choutuppal 9.85 n
Peddavoora(4.5), Dewarakonda (2.6 n), Tipparthi(5460 m),.
and Bongir (4.3 n) and Nalgonda (4. 38 m). These declines
have been observed “between Novenmber,1983 and November,
1986. In case of Narketpalli and Choutuppal the declines‘,
are continuous frcm 1978 onwards. However except in the :
case of Choutuppal and Narketpalli, the declines seen

in the other arecas can be attributed to the below nornal
rainfall reccived in the last two years, If the situa-
tion does not imprOVe and below normal rainfall is
received‘ih the couming couple of years it becomes nece-
ssary to restrict the develppuent in most of the taluks,
except in Miryalguda,  Hugur, Nagar, Nldamanur, Kodad anq
Devarakonda taluks where the development is less than
15%. In face enough impetus should be given for rising
the tempo of development in these taluks. The two wells
mentioned above viz Narketpalli and Choutuppal are loca-
ted in Nakrekal taluk which has already reached 75% of
develnpnent. Hence the :development shoulé be restricted.
Further the continucus declining trends indicate that
there may be necd for sone water management to change

the cropping pathern and to stabiliso ground water

levels in the area./ decllnlng trend in water levels seen

in the dlstrlct. The :
000107
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7«19 Ground vater Management practices and Drought
Mana remnent Stru.cgles. -

Nalgonda dietrict, a chronically drought
stricken district ia el -engana, presents certain pecu-
liarities with the introduction of canal irrigation in
the district through the Negarjuna Sagar, Dindi and
Musi projects. Part of the district has come under
assured irrigation. However inspite of the introduction
ofueanal irrigation in the district as early as 1960,
the northern part of the district still éxperiences
drought conditions causing undue hardshiﬁs to the peo-
ple. To nmitigate the ‘hardships experleneed by the popu=~
lation living in the area, certain longterm and short
term measures are required to be implemented whlch Wlll
help them overcome the problem.

7+20 Long term Drought Management Strategies:

Presently, nearly 741, O7O ‘hectares come
under the total cropped areaconstitutes about 52.1%
of “the district and the net arca irrigated is 1,66, 310 hec-
tares ‘which forms 22.4 percent of the total cropped area.
Out of this the net area under canals is 97,05% hectares,
under tanks 23,031 hectares and under wells 40,485 hec—‘
tares, which mezns that nearly 25% of the net area 1rr1-\
gated 1s under wells. Similarly tqe &ross area 1rr1gated
is 2,49, 734 hectares. The gress area irrigated under

Jcanals is 1,30, QBO ‘hectares, unﬂe. tanks 35 262 hectares

and under wells 74, 436 hectares waich megn that an area
of 83,424 hectares is irrigated twice if the rabi pe-
riod. Nearly 2,29,913 hectares (gross) is under paddy .
and only 22 »076 hectares is under groundnut . Sugarcane
1s not cultivated on large scale. Most of the area
under p addy is irrigated in the Knarlf perlod and to
some extent in +the Rabi over an are of 72,532 hectares.
Instead of paddy, If greunenuts, . cotton

‘or any other Oilseceds are grown aqﬁw1ll save a lot of

water 'and perhues the area under Rabi can be doubled.
| o / second crop it i
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Similarly othexr crops llku ﬁulberry can be grown which
require less water and is a short duration crop. This
crop will be ideal under well irrigation. B will en-
sure +the purchasing power of the farmer without affec-
ting his income in any way. It will alsObimprove the
socioecononi¢ conditicns of the farners living in these
areas. Hence it is suggestod that the cultivaticn of
groundnuts sunflower, nulberry, cotton and other ocil-
seeds under canal and tank irrigaetion as a rabi chop
and as both kharif and rabi crop under Well,iirigation
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 Project.(Right Bank canal ‘comnmand )
The water table here is shallow within 3 0 m bgl. and
there is Water 1ogg1ng condltlon scth ior almost six
nonths in‘'a year. There are also brackish water pockets
seen Que to which the EC values have gone up to 7000 mi-
cromhos/cn 25°C. Here there is wide scope for deve lop-
nent and also ¢qr cpnagnctlve use of surface and ground’
water which can reducc water logging conditions. It
is suggested if possible also to reduce the in take
 througb the canals; encourage ground waters development
' through subsidies. State a#en01e§1c0nstructlon and deve-
lopment of borewclls in thc area and encourage farmers
to use ground water. The bad quality water can be mixed
with the surfaqe waters of the canal and used for irri-
éqtlnb paddy crop. whlch cen withstand a hlgher concen- -
itratlon of total dlsSOVed solids than other crops. Thls
can be tried with success. [can also taken P

The hllls in the 61str1ct especially in the
northern parts. do not have nuch of vegetatlve ‘cover.

-
~
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Aerial seeding of these hills may be carricd

out during monscon months so that the afforestation
methods yield gocd behltSc This will also |
neet the fuel requllempnts of the rural ncpulatlon.
Qther fooresta ion enu social forestry methods

can be taken. up in’ ‘agsociation with DPAP and ARDA
prograumes to yield better results. The district
has & culturable waste of 28, 925 hecteres ‘which is
about 2% OI the district. This can be daveloped
1nto grazlng 1ands or for cultlvatlng fodder for
the cattle so that in times of need the cattle will’
not: suffer for want of fodder. Ground Water
sanctuurles‘ is a new concent and thought can be
glven for creatlng such sanctuaries in Devara-
konda, Ramennapet, 'Nalgonda'and Bhongir taluks

to meet the water needs in tinmes of drought or

to augment the ex1st1ng supplles.

High fluoride bearing waters is a pro--
blem in large parts of the district especially in -
Suryapet, Nalgonda Miryalguda and Devarakonda
taluks where the fluoride in grouna waters- ‘often

‘exceeds 8.0 ppm. The only pOSS1b111ty is to meet

the rural water supply needs after defluoridation
of the high fluorlde water or alternately g0 in
for surface wator through canals wherever it is.
feaslblle. These are some of the longtern mea-
sures suggested to overcome the drought condit-

' tiohs,occurring‘frequently in different,parts

of the district, on a peérmanent basis. This may
ehsnre a bother living condition for the people
living in tr> area. But, these meaéures are l
bound to take a longtime for 1mplementwtlon and

it Wlll be difficult for the people Yo withstand

the,hardshlps fur longer periods. Hence, some

¢
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short term strategics have to be adcpted to solve
the problems tewporarily.

721 Short tern Drought Ma‘ngemeht Strategiess

; To overcome the difficulty and to meet the
crisis and the water shortage eﬁcountered by the human
and livestock populaticn the immediate task will be
to find the scurce of water, nore so when 2ll the
surface sources have dried up and the shallow wells -
are dry. In such areas, and also in areas where there
is still scope for deve¢ﬂpment the ground water aay
be developed by drilling bore wells upte 90.0 n
depth after adopting proper well siting techniques
in hard'rock,areas using renote sensing, géOPhysical
and other methcds to avoid or atleast minimise well
failures. Priority may be given for drilling such
wells for drinking water flrst and then for supple= =
nenting the- 1rrigct1ﬂnal requlremgnts.;f_ C

The other water harvesting and water use
techniques like construction of recharge weirs, check
dans and percolation ponds +to arrecst flash floods
due to summer showers.'fﬁultivafion of fruits and
orchards instcad of any water requiring crops‘will o
help to supplement the income bflfhe'rural ropula-
tion. Such cultivations can be takenup in the
problemetlc arcas like Nekeekal, Choutuppal, Nalgonda
and Ramanapet areas. Where the quality turnsout to
be bad, then such arcas can be served by canal
~waters or atleast through terporary nobile units
£311 the situation improves. However 1f permanent
neasures as suggested earlier can help to 1mprove
the situation in course of tlme.~ ‘
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-0 PRAKASAM DISTRICT

3.1 Location & Extent :

Prakasan dletrlct has been carved out of Guntur,

7Kurnool and Nellore districts on 2.2.1970. The~d1strlct

has a geographical area of 175 626 kn? lying between north
latitudes 14°55' and 16920t and East Longitudes 7695 'ana
80028i It is bounded by Guntur dlstrlct on the north
Kurnool dlstrlct on the west Cuddapah district (zlthe

South west, Nellore dlstrlct on the south and Bay of Bengal
on the east. It is one of the drought affected and backward
districts of Andhra Pradesh.  As per the 1931 census the
dlstrlct has a population of 24,56, 543 There are 10 towns
and 1007 villages in the dlstrlct out of whlch the towns \
with population of more than 50,000 are only two. The

‘, district headquarters is Ongole and has a pcpulatlon of

35,300. . The district is well connected by road and rail.

‘The MadraS*Culcutta and Madras-Hyderabad National Highway

basses through the district, The Madras-Culcutta-New Delhi
broadguaﬂe rallway line and Bombay-Madras broadgauge lines
passes through the district. ' '

There are 17 taluKs in the dlstrlct

8a2 Phys1ography Drainage

Three district physiographic regions can be
recog:leed in the district viz: the western nost hllly
terraln characterised by the Nallamalal Hill ranges, the
rolllng plains lying between the hllls on the West and the
easternghats in the east adjacent to the coast and the .
coastél plains which extend from the eastern ghats and the
coast line. The hilly terrain constltutlng the Nallamalals form
the eastern part of the Cuddapah basin ,rise more than 900m

above,MSL. The hil. ranges trend in NE-SW, NNE-SSW direction
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with elevations ranging from 330m to 917 n above MSL. The
rolling plains to the east has a general elevation from TOBm
to 118 n gkove MSL. The coastal plains fringe the east coast
with the general elevation ranging fror 18m to 56n above MSL.
The general slope of the land in the district is from west

3,

to east,

Gundlakamna is the only rajor river which drains the
northern part of the district, while the fusi, Paleru,
Manneru are the ninor rivers draining the central and south~
ern parts. The Gundlakanma river rises in the Nallamalai
Hills in Kurnool district and enters the plains through the
Cunbun gorge feeding the Cumbum tank. The Musi river rising
in Veligondas in Podilji taluk traverses the central part of
the district. Similarly Paleru and Menneru originate in
Véligonda hills and flow acroés‘Kan%giri and Kandukuru taluks
and join Bay of Bengal. £ll these rivers are seasonal.

8.3 Hydrometeorology

The clinate of the\district‘is characteried by mild
winters and severe sunmmers. Generally May records the highest
tenperatures and January the lowest temperatures. The nmini-
nun temperature of 15

of 46°C. 1igs ; - :
tenperature/recorded in May. The norrmal annual rainfall over

°C is recorded in January and maximun

the district is ©5C mnm. Both southwest and northeast monsoons
contribute equal anmount of rainfall, The annual nornal iso~-
heyetal map of the district is given in figdL2.'“Thé'rainféll
decreases from nore than 1 __:: in the east alOng the coast

to less than 700 mn in the west.. Fig.21 gives the plot of

5 year and 10 year moﬁing3average8'and also the annual course
of rainfall from 1901 to0 1955, The 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' periods. While periods from 1903 to 1913,
1919 to 1937, 1949 to 1966 can be recognised as years of below
normal or dry periods, periods from 1913 to 1919, 1937 to 194¢
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and from 1966 to 1935 can be recognised as periods of above
normal rainfall or 'wet' periods. During the last decade
normal rainfall was recorded in 3 years, excess rainfall in
6 years and deficit rainfall in 1 year. If the annual

i ) are examined it is_seen that
rainfall flgureséthe highest rainfall of 1672 mm was received
in the year 1903 and the lowest rainfall of %85 mm was received
in the year 1965.

The percentage frequency of occurrence of normal, excess
and deficit rainfall in 5 continuous years for the period
1901~-35 is given below.

No. of years with normal -
Rainfall 3 2 2 3 4 1 3 2 1 4 5
No. of years with excess : -
Rainfall Pt 221203300
No. of years with deficit

Aainfall 1 21 0 0 2 2 0 1 1 O

Percentage frequency of

Occurence 2012 1110 109 9 6 5 4 4

From the above satistical anaiysis it is clear that
during period of 5 continuous years,\there is a probability
0f occurrence of normal rainfall in 2 or 3 years, excess
rainfall in 1 year and deficit rainfall in 1t or 2 years.

For the 1931-35 period, excess rainfalik6¢curréd
in 3 yéars and normal and deficit rainfall in ohe 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 f01lowing.

No. of years with normal rainfall 3.2
No. of years with excess rainfall 1 1
No. of\years with deficit rainfall 1 2
_fear Anticipated Rainfall
1996 N D

1987 N N

1958 N N

1939 D D

1990 E B
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The above projection shows that for tn next 5 years
period (1986=90) there is a hlgh probablllty of occurrence
of normal rainfall in 2 years, excess rainfall in 1 year and
deficit. ralnfall in 2 years and hence the poss1b111ty of a
dry year by the end of the decade. This indicates that we
may have to adopt sone water conservntlon methods to face
the impending dry years at a later stage.

3.4 SQllS

The predominent soils in the dlstrlct are the red
loars, black cotton Soils and sandy loams. Nearly 60% 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
§01ils predominantly occur in the blocks of Bestavarlpet
Maddlpadu, Ongole and Korisapadu Santhanagelur and Parachur.
The red loamy soils occur painly in the blocks of Kanigiri,
Venlgondla, Markapur, Tarlapadu, Glddalur Yerragondapalem
and Podili. The Sandy loams are restricted to the blocks of
Vetapalem and Tallur. Saline soils occur as 1solated patches
near the coast and in some topographlc lows, valleys and-
near the tanks. .

3.5 égriculture 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 6,63,596

hectares or 39.0% of the area of the district. The net

area irrigated is 1,73,9837 hectares or 27.9% of the net

area sown and the gross ares 1rr1gated is 2,00, 611 hectares
which is about 30,0% of the total cropped area, Canal .
irrigation has been introduced through the Nagarjuna Sagar -
projethbn Manneru river. The total area 1rr1gated by canals
is 87063 (net) hectares. “Tanks form. an important source of
irrigation in the district. There are 704 tanks in the
district irrigating an area of 20,737 hectares (net)

[ right bank canal and other projeots like the mopad
project



Cumbum tank is the biggest tank in these parts with an ayacut
of 2762 hectares. Well irrigation is also quite popular.

There are 32023 dug wells in the district (1924-75) out of
which nearly 17,770 wells are energised. The 2rea under

dug well irrization and'iwmbe well® (223)-is 43’J‘4
heetares (1974-p 5 ) (net) The gross area 1rr1gﬂted is
62,391 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 Bajri over an area
of 22 247 hectares. “Ragi is cultivated over an area of
21,322 hectares and groundnut over an area of 10,920 hectares.
However, if we examine the different sources of 1rrlgat10n
for rice and other crops grown, it will be seen that rice. is
cultivated over an area of 68,941 hectares by canals, 28,154
hectares by tanks ang only 1190 hectares by wells. But
bajra is cult tivated over an ares of 22 247 hectares aal ragi
eover-an area of 21 »32C8 heectares, groundnut over an area of
10,920 hectares and cotton over an area of 6505 hectares. are
B cultivated by wells. This ‘means that mostly 1rr1g 2ted dry
crops: are grown under well 1rr1gat10n. ’

8.6 Industries & Mining :

‘Not mamy industries exist in the district.eventhough
there are§good hatural resources for industrial development.
Bulk of the factories relate to tobacco 1ndustry, llke the
tobacco redrylng units. The Indian leaf tobacco develoPment
company for tobacco redrylng is 31tuated in. the dlstrlct
There is a Co-operative spinning mlll at Chlrala. The other
1mportant industries are the Coromandel Agro products, ‘
Chirala and the Poorna Agro Products and Olls Ltd.; at Renlnae
gavaram.‘ There are a few rice 011 and saw mllls. '

‘ There are minor occurrence of iron ore, clay and

- manganese. Flaggy limestone .occuring in the district is an
yeimportantisource of mining. Nearly 80% of the cquntry's slate

ie,minedynear Markapur and the well known Cuddapah slate of
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Markapur as a roofing and flooriﬁg slab is quite famogs;f,
Clay is mined locally for kaolin based products. Salt is
an important marine product produced along the coast.

3.7 Geoiogx H

‘The general geological succession as secn in the
dlstrlct is given belows:

SubRecent to Recent ilind blown sands,
Alluvium, Laterite

- - - é R unconformlty ——— . = - - - B
Middle TrlaSS1c to Upper Pavalur sandstone ‘
Lower Cretaceous -~  Gondwanas Venavaram shales
: , . , , Budavada. sandstones -

———————————————— ‘Unconform1ty - = =~ ==
Upper Precambrlan to o -
Lower Palaeozoic . Srlsallam Quartzites -
- == - f' ----- -~ = = = - - - - Unconformity - - -

Nallamalai  oupbum sheles, slates

Series Bairenkonda quartzites
- ; , N with shales & slates.
- - = -T;f;“; ~ - - - -~ unconformity - - - - - -
Ar°h399n35t9 - : L : Dolerite dykes, pegmatltes
Lower precambrlan ’ ’ and quclr'tz Velns :
o e -~ Dharwar . o
Super Group Dhmrwurlan,schlsts,.,
Unclassi-  Granites and gnelsses,»
fied Cry- Khondalites,"

- stallines  Charnockites..

8. 8’ Hydrqgeology

1 The granltes and gnelsses represented by gqrnut1~,r
ferous blotlte gnelsses together with mlgmatltes occupy the
‘central part of the.district. The chqrnockitssqre seen a8
1solated patches in parts of Darsi taluk and are found as
1nclus1ves in granlte—gnelsses." Khondallte greup of rocks
and associated msgnetlte qu%rt21tes, gurnetlferous blotlta—
cordierite gnelsses, occur 1n the northeastern part of the
district. The Dharwarian schists occur as elongated bands
in the central part of the district all along the eastern
margin of the Cuddapah basin and in the area between Kanigiri
and Kandukur taluks. The Cuddapah rocks represented by the
Nallamalai and Krishna series occupy the western part of the
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district. The Upper Gondwansa formations occur as isolated
patches in the eastern part of the district. Laterites
occur as cappings over tho lowef Gondwana formations and the
crystallines mostly in the eqst The wind blown sands occur
towards east forming a narrow zone of 3 to 5 km in width
fringing the coast llae.' Alluvium is present in the area
along Gundlakamma and Musi rivers. However, the thickness
is limited to around 13 to 40m, as evidenced from boreholes.

Ground water occurs in all these formations under
water table to semiconfined and confined conditions in the
weathered and fractured rock and ‘is being'developed by dug
wells, filterpoints and to some extent by bore wells and
tube wells. A brief description of the ground water condi-
tions as observed in different formatlons are descrlbed
below. ‘

8.9 lGround Water Conditions in the Archaeans and Dharwars :

The depth of weathering is found to vary from 3m to -

14m as evidenced from the dug wells in the dlstrlct Ground

water occurs under water tab : conditions i~ the weathered
zone and under semi-confined to confined conditions in joints,
fractures and other weak planes.k The depth of open wells in
the crystalline formations varies from 3 n to 27. o m.b.g.1.
and. the depth to water ranges fron 1 5m to 14.5 n. b.g.1.
The yields vary from 10 to 11Cm%/d. "Borewells drllled by
State agencies down to depths of 50m have glven ylelds
ranglng from 3.203/hrto 27r ¥hr for drawdowns ranging from
3.2 m to 14.3%5 m.

2.10 Ground Water Conditions in Cuddapah Formations

Cuddapah formations represented by the Bairenkonda
quartzites, Cumbum shales and orlsallam quart21tes eccur 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 depthslof open wells Vary from 2.75 to 17.5mbgl.
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and the depth to water levels in then range between 1.5 m

and 12.5 mbgl. Ext(nsion boras have bcin put at some places

from the botﬁom of the wells up to 3%m. These wells yield v
from 45 to 135m3/d. Tube wells constructed by State agencies
tapping‘thé fractures and other openings in these formations

very in depth from 1 5 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 boreholes have

g€iven 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

.11 Ground Water In Gondwana Formations :

The Upper Gondwana formations occur in the district
as isolated patches in Kandukur, Ongole, Addanki and Chirala
taluks in the eastern margin. .Ground water occurs under
water table and confined conditions. The depth of open vells
in the'fOrmations vary from 2 m to 14 m.b.g.l. and the depth
to water gene-ally varies from 1.00m to 6.20 n.b.g.l. From
the datsa aVilable from the boreholes drilled in the area, the
thlckness of the gonliwana formation appvarszgary. Two bore
wells drilled by G.S.I. at Kandukuru gave poor yields and
poor quality water. One bore well yielded 540 lphvfor a
drawdown .of 36.4m. = This hag indicated that the Upper
Gondwanas are not very productive in this area for a large
scale development of ground watér.‘ At bestbthéy can meet only
local requireriénts. -

2.12 Ground Water in Sub Recent &‘Rehent Formations :

Laterlte 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. Howevbr, its wnter retalnlng capacity is poor and
the yield will be local and also seasonal. Further exploration
is needed to prove the_yield characteristics of the laterites.
Ground water occurs under water table and confined conditions



in the alluvium and is developed nostly by dug Welle, shalloyw
tube wells and filter points. - Open dug wells vary in depth
from 2.5 to 13 nbgl and the depth to water generally varies
from 0.2m to 7.6mbgl. The yields vary from 0.7 to 1,cm3/n
for draw downs varying from 1.27 to 2. O7m. The tube wells
are reported to yield from. 10. Cm3/h*to 60.0m3/h, for draw
downs varying from 1.7 m to 4.8m. Wind blown sands are very
productlve and dug wells and filter point wells will be ideal
to tap the ground water. o N |

Pig. 22 depicts. the general depth to water rmap of the
dletrlct for May,1986 ‘

u.13‘ Status of the*studies':

Systematic hydrogeologlcal surveys have been carried
out 1n "the dlstrlct and an area of 11,598 kn2 has been
‘covered upto the end of March 1987

o.14_ Ground water level nonltorlng

Ground water level ronitorlng is being done since 1969
w1th thu establlshrent of 2 nct work stations. Presently therc
~are 12 All India Net work Hydrograph statlons in the dlstrlct
Water levasl fluctuetlons bave been observed 1n response to
recherge and draft., The long tern etudleu‘and 3na1y81s of the .
data indicate that the range of annuel fluctuqtions Vdry fron
less than a meter to 4.8m. with gcnerql fluctuatlons around
2. 5r._ Coripared to other drought prone nlStTlCtS of the state
Prakasaz district is better placed. However, the wesfern' B
taluks of the district borde ing Cuddapah, Kurnool and.
Anantapur dlstrlcts do exn> erionce drought conditions frequently.
Declining trcnds in the water levels have been observed in wells

located at Vuddanur, ¢iddalur and Markapur. Thls can
p*”“loly be atrlbuted to below nor-xal rainfa ll 1n the last

3 years

.15 ‘Ground,Water’Exoloration s

Two explo&atory bore welis have been drilled by the
rstwhlle Ground Water Wing of Geologlcal Survey of India
in 1969, down to a depth of 130 n at Kandukuru. This did not
yield sufflclent quantity of water whose quality was also poor.
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Data also indicated the non existence of any productive
granular zones. The yield of one of th: borewells was 54C lph
for a draw down of 36.4n. However in recent years, successful
wells have been drilled by the State agencies notably the

State Ground Water Department and the State Irrigation Developm
ment Corporation by piercing the fractures and other openings
in the basement and the Cuddapah formations and to some extent
in the valley fills upto 60m depth. Those boréwells ‘have given
'ylelds varying frorm 2.8 m3/h to 60m3/h for draw downs ranging
from 1.7n to 21, 5m. This has shown that if wells properly
sited, good quantles of water can be tapped from these
aquifers.

8.16 Chemical Quality of Ground Water

The chemical gmality of ground water tapping the
crystalline aquifers have yielded potable water in the
district. However, occurrence of brackish water has also
been reportel where the E.C. & chlorides are‘high. Ground -
water is alkaline with the PH values varying from 7.5 to 9.2.
The E.C. generally varies fror. 260 to 12,600 nicromhos/Cn
2t 25°C. The chloride varies from 50 to 4580 ppr with the _
general value around 200 ppm only. Fluoride content exceeds
the permissible linit of 1. 5 ppr: which nakes ‘the ground water
;L@flt for drinking. Ground water in najor parts of Kanigiri,
 11, Darsi and parts of Giddalur taluks has [ g%ncengratlon
z»(_e than 1.5 ppm and reaches a naximum of 8.5 ppm in Darsi
‘ ‘@Ground water in the Gondwana formation is potable to
“'nncklsh The water is alkaline with PH value ranging from
e k0 B, 5. The E.C. ranges from 3250 to 7950 micromhos/Cm

at 25°C. The high E.C. can be attributed to the nearness to
the coast and shallow water table conditions. The total
hardness as CaC03 varies from S0 vo 1320 ppm. The fluoride
concentration varles from 1 to 2 ppm but often goes upto
5.0 ppm. ‘

PN ~.
SN

uality of water in laterites is generally good.
Water is alkaline with. E.C. of 4770 micromhos/cn at 25°C from
one of the samples collected fror the area. The constituents
- like blcarbonate, carbonate and chlorides are 390ppm, 30 ppm and
1160 prn respectively.

The alluvial area, ground water 1s potable and brackish.

Ground water is alkaline with PH values ranging from 7.3 and 9.1.
Chloride concentration varies from 48 to 7845 ppm, however the
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&-neral value is around 1000 ppm. The sulphates vary from
180 to 875 ppm. The ground water nearer to the coast is
almost saline with E.C. exceeding 15000 micromhos/Cm at 25°C.

:8~17 Ground Woter Regources and Developrment Prospects :

- i kagarn district.is conparativdly a smallor coastnl
ndistrict with good scope for developrient of ground water..
However, there are quality problens, as sccn along the.csast,
'and also there are fluori- rich arsas which’hindor develop- '

rent <r: & large scnles © °

T

The ecarliest estimatiohs.cf ground 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 a2 balance of 1155.8 MCM
for developmént. The stage of grouﬂdiwater devélopment is
also only #1%. Bxcept Cumbum, Xaniziri »dili and Darsi
taluks there is no significant development in aﬂy other taluk.
Here also the stage of development is less than TS% excépt
for Cumbum where it is 33% at the present §tﬂge of developnent.
However, if we cxamine the course of develoﬁmentiin the taluks
. for.the lest 4 years (1981-82 o 1984-85), t! 2re has not been
-any significant rite in the ground water draft except in the
case of Darsi, Kanigiri and Kandukur taldks where some draft
has been recorded. This is ofcourse no likely to affect the
water levels. But when we -examine the water levels there has
beenjsdme decline in the levels varying from 3m at Addanki to
4 moat Kaﬁigiri over a yeriod 5 years. But this fall seens
to be due to the below neormal rainfall received in the district
during.the last 2 ygars whizh has seriously affected the rech-
arge and hence the fall in levels. This fall in levels can be
considered as solely due to rainfall and might record a rise
- should be nonsoon conditions in the coning years improve.
- Presently there are 32,02% dug w ‘1ls in the district out of
which nearly 7770 wells arc energised fitted with electric )
motors and diesel pumpsbts; 'As it looks, therec is wide scope '
for deVelopment. "Added to this,there is nearly 80,062 hectares,
under Nagarjuna Sagar Right Bank Canal Command. Hence, there
“is no problem aé such, ~nd in fact there may be problems of



e b 8tssiL o iUsgy 6+c62L
2l Y 99 o0'8 9%l woTRdBPUOTEIISE P | -
1 S 9°2! REVAS T | THURPLY ¢
2 B8 8°66. N R T A1 - anyoged 2|
L TR 0°v9 &'y GteL . . TsIEQ 4
! o A a*Le 1£°0 g'lz - ®BTRIATYD "0}
¢ L L tsol AY} 8 "Gl | . andeyTiEl g
ol _ 6 o'¢iz g0z ¢ e - dmynpusy  *g
2 o bl Ly ATG - pros ‘BpUOyBUOTQ ),
L°0 - L0 - LTS9 v°0 1°99 Lyganyeutyp ‘g
Gl o AN 9°89L. 9°L2 2° 9614 . TATSTUBY  * G
A gL 6°LOL gegGi Soegrger . anTeEpRTD Y
9 G sy 9 L LYy | . eToSup ¢
Lt | GL 2L otgl - 2'v8 - TTTROd t2
9% - £ S've - ter o 9t9¢ . unqun) vy
- ﬂ' - e | -_ - v|. Nzh'uzlu .' : - - M’E% : .|| -~ ...,l .... ,l,.‘; - - || - - :| - || l‘.:ul | - - = -
(%) g golmen(aam) (W) Cow s
e 4 - I  =doToA® - 33eaq  TeTjuejod o :
G aeefq® | 1uddI2g . J07 81qE I59EN - m+H oTQ e
quandoTsAS( - =TTI®BAR ; puUnoOLn - ~BSTITIN - : *ON
J93epM punoxyh Jc ommpm douBTRd  pogBUTYISH tmpdﬂﬂpmm X S)¥nTe] JOo ewey I8

(G8-7361) 30Ia3STIp weseyedg
20 (3eN) 3JBIQ J83®BM pPUNOJIL puB TeTaU830d 93BN pUNOAH PBIEUTLFS..

2=9Tq%®L



x)

is therefore one of water management.

- 8.18 Rurml ‘and Urban Water Sugplles for drinking

shallow: ther table condltlons encountered in the D%PSI,"

. B
~Podili, Kandukuru Adﬂq#kltaluks due to Wthh ﬁater

logging and quality problems may crop up nece881tat1ﬁ5‘-‘
conjunctive use of ground and surface waters. The problem

Water and Industrles

Prakasam dlstrlct has a population of 24.37 lakhs
out of which 21.08 lakhs, live in the villages and 3.29%

lakhs live in the towns. The district has 7817 bore wells
- which are in use and 107 pumplng and mini pumping water
~schemes have been executed to date to meet the water

requlrements of both urban and Rural Populatlon. In addition
to the quVe public bore wells and pumping water schemes,
‘several dug wells both public and private exist in the
dlstrlct which also meet the water needs of the population.
As per the existing norms for drinking water and domestic
needs inéluding the live stocks populutibn in the rural |
'areas, the total water: réquirements of the dlstrlct both

, for drlnklng and" domestic purposes works out to 64.7 MCM

with a perczplta consumption of 90 lpd for the urban ang
70 1pd for the Rural p0pulation including the llve stocks
consumptlon. The projected demand for the drlnklng water
and 1ndustria1 needs of the dlstrlct is 228.3 ‘MCM out of
the gross Techarge of 1522,2 MCM. Hence sufflclent
prov1s1on is made for the addltlonal requlrements in the
future eXCept in the years of drought when the actual
;recrarge Wlll be less than the normal years and this is
manifested by drying up of wells or 1ower1ng of water
tacle espec1ally in the Western part of the district
which is drought prone. Only in such condltlons, to
meet the eventuality'and to . mltlgate the. hardshlps of
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th@ POPulotlwn tqese will be n nec‘ to. sands addlti nal f‘“

bore Wells which are deeb,r than th“_QKlatln* ons and
?ﬁ'“>n1n ~f the existine dus Wellu takcn up on “rlor;ty

_b351s.'

8.19 Ground YWater Developrent 'W1th Reforbnce 0 Ralnfall
and Water Levols B . NS

Though the district is haV1ng sufflclent utlllsable
resources, the developrent has not been much. - The number -~
of wells used for irrigation in 1975-76 was 24,3331 ~ .
and there were 74u anks used for 1rr1gat10n in 1975~76
The number of wells in 1902-83% was 25,384 ‘which in 1984 -85
has gone up to 32,023. Hence, the devalopﬁent of ground -

water resources has not picked up perhaps because of canal
1rr1gation 1ntroduced 1nto the district under the Nagarjuna
Sagar Proaect Out of the gross area of 2,00, 611 - (1984-25)
hectares irrigated in the dlStrlct nearly J3,723 hectares qre
1rr1gated by canals and another 29 725 hectares are irrigated
by tanks, the remnlnlhg area of 62 »891 hectares is irrigated.
by wells which is roughly 31% of the total area Airrigated.
The area 1rr1gated by Nagarjuna Sagar Proaect is in Podili,
Markapur and Darsi taluks. If the water level data of the
stations in the distrlct are examlned the declining trends
have been seen only at Kaniglri (1.3m), Markapur (4. 4m),
Giddalur (B.Cm) paruru (2,60u and addunki (3m). Pig 23)
However, if this trend is corpared With the rainfall recelved

in these ars as, ‘there has been bblOW norr@l rainfall in these_;fﬁf

arcas . for the last two years which perhpas affected the water

levels due to reduced recharge to ground water reserv01r.

Hence, the fall in water levels/not to ﬁny over deve lopment

In fact, there is wide scope for dovelopment in-the dlstrlct

and as per estimations, the staze of ground water development

is only 11% at present, and the tempo of development should be

- 8eared up to meet the drought 81tuqtlon by 1ncreased ground
water development. A ‘

[ can be atributed to below pormal rainfall only and
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8.20 Ground Water Management Practices and Drought
- lanagement SFrategies o

L8 discussed above, the tempo of ground water
development is low in the district and there is wide scope
for development. But the vagaries of rionsoon has created
scares conditions in certain parts of the district where
as the parts covered by Canal Command has problems of
plehty. This needs certain management practices and change
of strategies both long tern and short term to over cone
the drought conditions as well as ensure equitable disﬁri—
bution of the available water resouces. ' “

,8.21_ Long term Drought Management Strategies :

Nearly 93,723 hectares are under the canal
irrigation in the district and Rice is cultivated over an
area of 852,660 hect~res which includes both Kharif and
Rabi periods, Rice is a crop which requires lot of water
and there is wide scope for sav ng if the crop is not culti-~
vated as a second crop. If rain water is harvested during
the first cropkperiod which .verlaps the so:th-west nonsoon
period, then also there is scope for saving water. Also
in the command area there is widescope for ground water
development and also for ‘conjunctive use of surface and
ground water by Sinking or drilling additional bore wells
in the ‘canal cormand. There are pockets of bad quality
ground Waterz{where E.C. values go up to 12,000 micromhos/Cm
at 259C. In sueh areas, there is sco?e for mixing ground
and surface waters and use it for irrigation for salt resi-
stant crops like raddy, sugaréane etc. In areas, where the
fluoride concentration is a problem from the drinking water
point of'view, defluoridation nay be taken up to meet thé
drinking water needs, In arens, whére there is no scopé
‘fbrvéﬁrface.water sources and ground water is saline, only
the possibility is to go in for desalination tokmeet the
:‘water requirements éspecially for drinking. |

While developing the untepped resources where the
developrent is low the scientific investigation techniques
and well siting methods nay be adopted, so that well Tailures

[ ir the command srea
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are minlmised.; The latest rer..te sensing tecdniques/will be
of help in mapping the promising areas for developme nt.

The Cuddapﬂh linestones nre very nrorising from the ground
water point of view and it is better that they are explored
systematically and developed properly to boost the agricul-
tural procuctlon as well as neet the drlnkln» water requlre—
nents in times of need. The district has ,02,512 hectares
or 6. 0% of the total geographical area 28 culturqble waste
which can be utilised for growing fodder for the cattle

and can also be used as = gra21ng land. The other water
harvestlng‘hxhnlques llke sprlnkler and drip irrigation
can be adoptel wherever feasible for optimal utlllsatlon of
the resources. Other dlstrlct developmental programmes like -
afforestation schemes, social forestry qnd_DPAP and DRDA
prdgrammeslgan te coupled to yield better results in the

long run. / including in geophysical surveys

8.22 Short tern Drought  Managenent Stratégies S

- The long ‘erm neasures ¢ scussed above with however |
take long periods to yield results. Some short term or
immediate measures have to be taken up to solve the problen
and the hardship faccd by the pegple and theylivGStock popul~
ation, SO that their water requircnments are met. Where the
shallow wells have gone dry, borewells are to be drllled at
favourable sites pinpointed after adopting the latest well siting
techniques, to meet the drinking and ‘domestic water requlrements.
Extension bores can 2also be drilled fron the bottom of the shallow
dug wells, in addition to the borewells to meet or to supplenent
the irrigation requirements. VWhere the resultant ground water
turnsout to be bad, quality wise, either defluoridation (if
fluoride concentration is higher than (1.5ppm) or desalination
can be done before supplying the water for use. Alternately
canal or tanks water wharever it is femsible can be used to
neet the drinking water ﬁeeds. Other water harvesting techniquee
like, construction of recharge wiers, percolation ponds can be
taken up on a largescale, wherever viable (sandy soil areas or
nore suited than black soils) to arres the flash floords/thunder-
ﬁstorm water, so that the water thus stored can recharge ground

Or . . - -
water Lcan be used to meet the eme;gency requircments.
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WATER LEVEL DATA OF HYDROGRAPH NET WORK STATIONS TN DROJG*-IT PRONE DISTRICTS

NDHRA FRADESH
(“ror11969to1986).
. . ’ . . L] . . * =g e a0 - —————— Te™ s e Fe"as"0¢ Depth to w ter bfn.o)
Sl.No. Well No. Name of the Station Year Jan. Apr./ June  Aug Nov,
ham : Moy ;
<1> e T (3) W T e IGH <s> RON

R Tl KPR R R P I el el el Rl el Rl R e e T PR e —.—.-—.—.—.‘—.—.—.—.— [l Rl R R R S Rl

ANNTAPUR DISTRICT | |
1. 75 . Gooty 1977 831 133 975 Tk 5.4

1978 6,08 8.45 10.32  11.12 9.10
1979 10.00 12,70 12.46 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  7.95 742 2,19
1983 3.4k hoth b7 ba 6 3,85
‘ AR ~ 1985 6,22 9,27 -~ 7,03 5,14
4 1986 5,30 747 - 8.72 6.60
2. 76 (4) Anantépur(01d> 1969 - - - - 6,65 LaT7
1970 7.75  6.75  7.15 6.50 7.65
1971 3.20 5.85 6,65 7.3 6.95
19'72 70 4—5 7. 30 7- 55 ’ - o
1973 70 ' 6090 7-90 - -
975 - - T4 - 49
1976 - 7.12  7.91 - , 66
1977 Dry Dry .- - - -
1978 - - - - -
1979 - - - - -
(Abondoned) "
3. 76 Anantapur (New) - . . 1977~ - 8.80 = .64 6,65
‘ : 1978  6.33 7.20 a8.26 = 2.79 8.55 *
1979 7.85 8.8 8,38, 8,90 " 7.80
01980 3,50 6.74  7.69 . 7.97 8,50
1981 Dry  Dry - " Dry © 6,35
1982 5,16 5,44 6,40 - 7,70 7.30
1983 €.58 6,41 7.25  Dry  10.87
- 1984, 10.32 10.88 Dry  Dry Dry
1985 Dry -+ Dry - Dry - Dry
N o i g 1986 (Abondoned) : ‘ : ;
477 New Well - 1986 - - - - 6.50
by L 4°) Kadiri : 1977  8.51 9,51  9.55 10.09 &, °1
. : : 1978 9,30 11.01 11.81 11,91 18
1979 10.58 11,87 11.72 - 11.98
1980  9.35 11.40 11,90 12,41 12.%9
1982  5.85 6,11  7.95° Tob 2,./
1983 8,90 10.62 11,01 10.64 9.25
1984— 90 74 9070 - ’ 1 1.00 9.4;4 :
1986 11.7% 13.70 - 11,03 8,90
Contde.voen. 2/~

o
S



e el hat 2l el

(1) (2) o 3) %y (5) (6) (7) (8) """\@\
C5e 80. ~ Penukonda 1978 . ~- . 15420 16,36 16 82 ~16.~22'
T g ~ 19797 15,95 17.88 18,80 19.18 18450
e, 1980 10.15 19.72 - Dry . Dry
1981 9.50 Dry Dry Dry 3.90
1982 15,24 15.84 16,05  15.74- 1455
1983 13,30 14.54 15,27 15,62 13,40
, 1984 13,40 13.95 15,15 - 15,19 . 14,05
b 1985 _14n70 16!89 - 17.62 17.80
a . 1986 18,06 19,05 - Dry = 15,92
e . . .
6 110(4) Rayadurg(014) 1971 9.96 10.85 10.30 - 9,9%
- S 1972 7.82 7.51 Dry - Dry

1973 - 12,05 11.10 Dry . . 9.91
. 1974 - Dry - - -
e 1976 - - - (Abondoned)

T 110 Rayadurg(New) - 1970 - - 11.05 10,83 10.87
. : - 1971 11,77 13.35 13,30 - 9.49
: 1972 9.50 12.20 13,12 - 13,01

;;1973 - 15. 10 :14187 14(52; .42
1975 -~ 14,88 - - 14455
1977 - 20,95 @~ - -
) 1978 - 18,25 18.95 19.7% 20.31
1979 19,20 20,05 20,44 20.78 18,01
. 1980 16.58 16,90 13.71 18,78 18,67
- 1981 18,90 19,32 - < 20,20 . 19.09
' -, 1982 10.35 19.66 20,03 20,095 . 30.10
© 1983 19.87 20.30 21.22 Dry Dry
1984 20,40 Dry Dry Dry Dry
1985 Dry Dry - Dry Dry
NS - » 1986 Dry Dry - Dry Dry
$e 127 Tadpathri 1978 - - - 830 . 7.67
: 1919 7.61 7,97 8,30 AL
1980 7.47 7.88 8,37 8.08 8,06
1981 1 8.05 8,36 8,97 841 e
1982 7.75 7.8 7,91 8.1 7.5
1983 - 7.9% 7,98 7.82 l;\.59
e 1984 7,63 7.89 8,23 7.95 284
; 1985 7.985 8,65 - 9.64 . 8,26
1986 8.45 8.7 - 8.97 8ok
N
Contdennnnnns 3/~ "
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Contdeeese.s

t 3
e T T e T e W g g g e T e~y —. gy — g, —yeigeme e "‘c'c" —.';'ch— - g .-':"--"’t"". [N
(1) (2) (3) ' (4) (5) ©) (7) @ (9)
{9s. 128 = Kalayendurg - 1978 - - - 9.3  9.39 »
= IR 1979 8.68 10,10  10.56 - 10.63 - 3.83
1980 3,91 .5.01 5,18 64,50 - 6,77
1981 7,30 869 - . 809 = 3.7
1982 5,35 . 5.13 - ne1s 7
1983 7.13 8,94 8,17  8.63 8,15
1984 8,47 Dry Dry - Dry Dry
1985 Dry Dry = - Dry Dry
, 1986  Dry 17.58 ;/ = Dry 13,05
10e 236 - Uravakonda 1980 10,12 - 10,35 10,41 10.11
L : 1981 10.30 9.66 - 10.38 7.20
1982 7.42 7,66 8.2, 12,91 10,10
1983 - 12,55  11.02 9.03 8.08
1984 8.84 10,36 12,30 11,36 8,69
1985 9,58 13.54 - 12,7 13,40
1986 Dry 13,58 - Dry 13,52 -
114 237 Thagewparthi 1981 - = 10.91 1313 10,13
1983 - 10.7%  10.84  11.87 10,07
o 1984 10417 10445 10,83 10,86  10.97
v e 1985 11,13 11,58 11.81  11.80
o R 1986 12,06 12.41 - 12,46 12.22
i, 124238 Mudigubba - - - . 1981 = - 1402 10,79  5.30
S R . : 1982 6,145 1066 14.19 1449 11.16
01983 10,32 1B.74 1137 8,52 5.52
1984 7.32 8,65  9.80 11,17 9,94
1985 11,00 14.58 - . 498
1986  7.18 10.94 - 9.20 5,00
113 239 Tharmavaram: - 1981 - - - 8.35 2,67
: e . ce 1982 3,09 406 4u48 499 3.015
F . S e Lo 1984 2,77 3.62 4 58 5.10 L7
g L e 1985 5,16 T7.40 - 7.52 Tadd
L - 198 8,06 10.60 - 10.80 Te14
144 240 Hindupur . - 198% - - 20,00 Dry  12.40
e h . 1982 - 12,75 1464  15.91  16.93
1983 17.47 19.78  Dry Lry 20. 14
o R 1984 Dry  Dry Dry Dry Dry -
ey, : c : 1985 Dry Dry - Dry Dry
o o L - 1986  Abondoned
154 241 Madakasira- . . ' 1981 - - - 10,27 le0
T , LS. 1982 - 10,66 o 11 4eO4 5.07
o 1983 3,65 6,25 .52 7.885  6.61
S 1984 T.41 8.08 8.78  9.32 9,53
ST S0 1985 14435 10.70 - 11,30  11.70 ;
1986 12,06 18.90 - 13.65 12.73

if-.
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KURNOOL DISTRICT s

T .71 Mlagadda 1977 3.7 5,78 5,31 2.20 235
' g 1978 3,09 4.8 3,95 1.31 1.49
1980 491 3,90 3.38°  3.i0 6.23
1981 4,02 5,67 - 2,68 2,69 -
1983  3.99 5.8 6,05 6,70 2,32
- 1984 3148 5047 .- 5.59 5.54' ¢
<. 1985 5,59 Dry . - 3.55 3,85
"2 72 Nandyal 1969 o - - 5.45 4497
. | PR - 1970 - 494 5,64 5,7 2.7 5400
. | : . 3 1971 4.81 5,16 5,36 _5.23 5,45
1972 5,65 6,05 6,10  hed2
i 7 1973 - - 6046 5029 ) -
T 1974 - - 6.42 - -
- ’ . 1975 - 5,68 - - 385
a Co19% o 5,08 - - 5016
1977 5.55 6,27 6,03 Le 4O 451
1978 5,33 5.69 5.72 4o 13 3.62
- 1979 .81 5,38 5,54 5,32 5.1
- 1981 6,16 6,62 7,0 5,00 5,03
.7 1982 5,400 6,725 7,40 6.7 Nil
1983 - 5,40 7,05 7.70 be29  4e6
1984 5.40 6. 28 - 5. 59 4090 .
1985 - 7067 - 5.30 5040
1986 6,26 7.9 . - 734 6,51
3. 73 Kurnool T - 1977 421 5,29 2,78 2,90 3.56
1979 401 5,40 5,47 3.68 4e02
1981 4,02 5,67 2.68 2.69 -
L , 1982 2,57 .01 3.67 415 2,37
S S 1983 L2 3 L0 1.48 2.68
e o - T 1984 2,80 3.30 - 3.57 3425
: ‘ : 1985 - 3.61 -~ 3.45 3,06
, 1986 3,96 3.28 - 3.12 e T2
lie /A Dhone. 1969 - - - 6,20 6, 59
‘ . 1970 440 5.40 4.80 400 4.05
1971 6,57 6.69 9,49 4.95 4eTO
1972 . 495 6,19 5,95 N
1973 - 5.50 548 5 75 =
1974 -1 5.95 -
1975 - - 5,05 = = 5.08
197 - 4ol 4uO T - 5.48
1977  5.38  5.75 4,38 432 431
1978  4.65- 6,05 5,87 474, 4o 52
1979  4.63 5,90 6,23 7.05 4‘304
1980 4439 6,03 6,63 5.5 6.08
1981 6,69 7.48 7.3 Dry 5438
1982 5,94 6,73 7,24 T b 5.000
1983 4,66 6,45 6,3, 5,2 3.57
1984 450 471 - 451 3,76
1986 - 7- 68 - 7- 47 60 56



.25
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(1) (2) : 3 (4) 5). (6) (7) (8) , (9)
5. 126 - Srisgilan 1978 - - - - 867
o IR : S+ 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 5.00
1983 10,00 13.56 11,58 4a 19 8424
1985 10.03 12,70 - 9.80 10,92
, , 1986 12,06 13,45 - 8.90 8,76
6. 242  Kodwmru . . © 1980 3,43 5,08 4.9 3.70 3.92
S 1981 436 535 537 46 305
_To 1982 ¢ 3,63 4,335 L.72 4,06 2.85
S1983 0 3,52 4,32 4,70 3.64 - 2,51
e 1.1985 o 67 - 3.87 3,60
© 1986 - 5,36 - 5.51 6.45
7o+ 243  Pattikonda - T 1980 9,75 10,74 1142 9.54 8.91
S "1981 9,50 11,02 11,30 11,81 8,17
0, 1982 - 1069 10.25 9,26 - 5,3% .
1983 6,92 8,08 9,01 9.27 5,90
. 198 7,10 8,52 - 9.04 9429
.1985 ) 9087 11-24' - 10.20 9-3‘4'
_ 1986 10,00 11.70 - 11.85 10435
8 244  Adoni . | 1980 - 2.25 2,75 2,68  2.02 2,38
g : o 1981 3,43 3,81 7.23 6,76 5,22
e 1982 5,64 6,82 7,46 5.92 5.71
. 1983 542 6,56 6,99 6.89 2.75
1984 3,73  L.86 - Ly 26 - 5,97
1985 6,28 7,62 o 7.22 6430
: , 1986 2.5, 6,63 . 8,40 8,52
9« 245 Mantralayam = 1980 L - 7.55 6.7 5.22
o o B 1981 6,89 7,10 6.92 6. 44 5,72
1982 5,83 6,38 5,95 5,79 5,82
© 1983 5,96 6,34 6,50 5,12 439
8 1984 5017 5.84 - 5.6/ 5,60
' - Coo1985 = 6,700 - - 5,10
(New We11) . . © 1986 5,80 Dry - 13,47 13.68
0. 246 Banaganapalle : ©1981 - - 8,06 7.85 5.12
, _ : 1982 4.9 6,07 -~ 5,02 N.C
I 1983 4a59 5,03 L6 bra lo 16
. L : ST 1984 »B.Zér ba 71 - 4,635  4.o0
S L1985 5,26 6,11 - 6,60 5,82
8 ) 1986, 6.22 6092 - 7084— Sa 14
1 Q4T - Atnakur v, S 71981 - - 8.06 3,72 3,37
- S 11982 419 8,22 7.7 5068 .G
11983 5,80  Dry 6,07 1.6 . 2.%6
1984 4e12  T.TL 0 - e 96 3,50
1985 - Dry - 3.60 ez
1986 5,60 Dry - Dry 9,26
2. 248  Nandikotlwr . : 1981 - - 11.90 ba 94 5,17
: - 1982 5,41 8,638 6,90 8.23 N.C
1983 5,40 8,06 10.38 - 2,94 3.20
1984 3.85 5,24, - e 31 5.04
1985 10,33 - 7.35 8453
1986 10.35 12.55 - 9.99 8.80
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KURNOOL DISTRICT :

- 1981

M
’ 1 'Y 71 Allaga dda
2. 72 Nandyal
, 3.’ 73 - Kunoal.
e 74 V‘Dhone
\\\

t 4 2
(4)
1977

..~ 1978
1979

1980

1981
1982
1983
1984
1985
1986

1969
1970
1971
1972
1973
1974
1975
1976
1977

1978
1979

1980
1982

. 1983
- 1984
- 1985

- 1977
- 1978
1979°
1980 -
i " 4l 02
1982
- 1983 -
.k’ 1984 >
- 1985

1981

1986
1969
1970
1971

1972
1973

1975
197

1977

1978

1979

1980
1981
1982
1983
1984,
1985
1986

3,7

3,09

2.71
491
4e02
3‘50
3.99
3.48
5.59
480

1%
481
5,65

5.55
5.33

4e81
’ 5-48
6,16
5040
’ 5.40

5,40
625

421

406
4,01
491

2.57

b b2
2,80

3.6

4e 40

6,57
495

9%,

k5.38
4a65
463
439

6,69
5.94

- 4,66

4e 50

- 5.07

5,68
5,08

(6)

6,27
5.69
5.38

6,62

6,725
7.05
6,23
7.67
7.7

5,29

6. 10
5.40
3.90

5,67

401
37
3.30
3,61
3.28

5.40
6,69

, 6.19

5450

be il

- 575

5490

6,03

748

6445
471
7420
7.68

PO GW AT I AW g P g g g Lhed Aad Eadl Sol™) Fiad

5)

[l 2t Tk T '—.—.-—.-—.-.—.—.-.—.-;.-.—.—

(7)

5,31
- 3.95

3.98
3.38

2,68

5.84
6,05

5,74

6,03
5.72
5.54

6,01
740

7440
7.70

2,78

6,30
5047
3.38
2.68
3.67
la b0

480

9.49

5.95
5.48
5:95

5,05

e 38
5.87

6,23

6.63
7.36

Te 24
6434

03)

c"-o"o"--.

1.31

2,20 .-

493 .-

3.40
2.69
5,13
6,70
5459
3.55

ey

5045
2474
5.23

5.29°

4o 40
4 13
5,32
5 33_

4o29
5.59
5430
7434

2,90
1.94

3,68

3440
2,69
be 15
1e48

3.57

;0 Tea Ty

69)

e ™ e~

3,21

6,237

3.45
"H4,72

6.20
400
4e 95

5,75

4a32
be Th
7.05
5645
Dry
Tebdy

50% ’

4e 51
5405

™

=
3

7047 ’ :

L) L ] a .

2.37
2,68
3.25

3.06.
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(1) (z) RN ¢)) N (4) G). 6 (8) (9>

5. ° 126 . Srisailanm. : 1978 - - - - 8,67

. ‘ e 1979 11,54: 13,00 10,00 8,56 13,70
el , 7T . 1980 11,90 12,83 .- - -
T e ) 1981 12.83 . 11,24 13.24 8,58 -

.. 1982 13,29 9,08 - 7.60 6,50 . 5.00

1983 10,00 13,56 11,58 = 4,19 8424

1984  9.80 13.45 - = 8.87 10,67

1985 10,03 12,70 - 9.80 10,92

‘ , 1986 12,06 13.45 - 8,90 8,76

6. 242 Kodwmru . . 1980 3,43 5.08  4.9% 3.7 3.92

‘ - R 1981 436 5,35 5,37 e 16 3.05

- 01983 3,52 432 Le70 3.64 2.51

.,- 1984 3:21 3.98 - . 3.12 ) 3-28

. 'I: 1986 - 50 - 5.51 6-45

o " L . 1981 9,50 11,02 11,30 11,81 8,17

1982 - 10.69 10.25 9.2 5.3

1983 6.92 8,08 9,01 9.27 5.90

1984 7,10 8,52 - 9.04 9429

1986 10,00 11.70 - 11.85 10435

8. 244, Moni . . - . 1980  2.25 2,75 2,68 2,02 2,38

ST e 1982 5,64 6,82 17,46 5,92 5,71

T 1983 5042 6,56 6,99 6,89 2,75

LT s 1984 3073 Lug6 - 4o 26 5,97

e T.A - .1985 6,28 7,62 - 7.22 6.30

: , 1986 2,54 6,63 . 8440 - 8.52

% 245 - Mantralayam. " - . 1980 - - 7.55 6,7 5,22

N LR -..1981 6,89 7.10 6,92 644 5.72

1982 5,83 6,38 5,95 5.79 5.82

1983 5,96 6,34 6,50 5012 439

- 1984 5.17 5.8, - 5,64 5,69

F ) . ) 1985 Bl 6»70 - had 5. 10

(New Well) - - 1986 5,80 Dry . - 13,47 13,68

10. . 246 Bahaganapalle - .. oo 1981 - - 8406 7.85 - 5,12
- S S 1982 49 6,07 - 5492 N.C

i, o 1983 4a59 5,03 4l61 dio La 16

1984 30%— 4‘71 - ll—o 35 E 4’090

1985 5, 6,11 - 6,60 5,82

1986 6,22 6,92 .- 7,84 8,14

11a . 247 Atoakur - - 1981 - - 8,06 3.72 o 3,37
. o S 1982 4,19 8,22 7.76 5,68 N,C

1983 5,80 @ Dry 6,07 1,46 2,96

‘ " _ - ' 1984 he12  T.Th 0 - b 96 3.20

- ' S . 1985 . Iry - 3.60 e 09

- : ' 1986  5.60 Dry - Dry 9,26

12, © 248 ' Nandikotkur - T 1981 - - 11,90 be 94 5,17

- ' o o L 1982 5,41 8,638 6,90 8,23 N.C

1983 5 40 8,06 10,38 2,94 3,20

1985 10.33 - 7.35 8.53

1986 10.35 12,55 -~ 9.99 8480

L4
« Oy
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3 249 Bu. 01981 - o g2 8,21 10
. .. . i_ v - . 1982 - 6077 8075 9009 032
T w1983 -« 8,75 9000 8.45 7.58
' 1985 7044 9037 bl 70 77 60 92
L o | | 1986 7.46 9.43 - 8,25 6.40
WS 250 Yemmdgamr T . 1981 - - 2.9 2044 2,07
o - - . 1982 2,24 2,805 2,53 2446 2,0
1983 2,50 3.06 3,48 1.58 2.33
1984, 2,73 3,02 - 2,36 2,72
1985: - 345 - 1,81 2,30
 GUDDAPAH DISTRICT o
'«f1+ 5 .l ' Badvel - . o 1977 - 4a27 4,78 5.55 3.95

"' 1978 - e - - -

- 1980 2,80  4.45 5.8 5,36 b4 ’71
1981 6,35 7.78  9.22 9.32 443’7
1982 4,15 5,98 7.20 8,2

h 1983 N 3.72 5049 031 - 5«42" 2-132 I
1984 2,915 4.99 Th o T 24 5.17

1985 6,2 8,60 - 9,58 7,03
1986 6,71 Dry - Dry 6. -71
2. 77 Cuddapah - - 1977 ,.»6’ 80 7.% 6,90 5.07 5 95
,» ' . " 1978 5.69 6,89  7.04 6.44
1979 5.25 6,25 6,48 7.32
S 1980 -  7.01 8,08 797
L - ' 1981 7.78 8050 9052 9'20
’ 1983 8,81 9.62 10,09 5024
1985  7.72 9,19 - 9.65
198 9,10 Dry - = Dry
3. 78 | Verpalle L1969 - o : ~10.00
F ' . BN 1970 8007 8087 8077 8.57
1972" 9.05 10.25 "~ 9. 38 -
19'B it 90 - 8'75
19% - 7027 8:90 N -
1977 - e - 8.65
1978 8,60 "9.94 10. 21 9.35

L1981 9,78 10,95 10,02 10.09
1982 9.24 10.60 10,20 10,80

1983 9,93 11,13 9,92 10.20
1985 12735 11,29 - 11,52
1986 11,12 12,35 - Dry




-i.o

(1)

ke 82 Rayachoti A9y - 6.03 9, 65» - 7.83 742
hay " 1978 16,66 10,29 11,63 19,9
: 1979 7.1 10.88  10.60 13,17
1981 11,00 13.28 11,59 11,18
1982 10,77 12,22 12,89 14,90
1983 10.51. 13.28 17,8 13,80
~4984 - 6,37 8,18 7,73 10.13
1985 11,15 9.92 = 10,12
; 1986 10,44 13,88 1« 12,00
1979,‘. 4.31 5045 5. 7. 16
1980 - L8 6,65 7,01
1981 432 487 7.2 8,60
- 1982 5,61 7,97 9,37 945
1983 7.2 9.11  9.385 8,23
1984 3,39 3.8 4.98 5.51
1985 " 1,88 455 - 5,32
6., 23, Maddanur(0ld) ~ —1981 T - - 13.78 13.72
v 19827 12,87 13.88 14,00 14,15
1983 "~ Abandoned. - ; B
7e 235 Prodatwr | 1981.. - - 7,99 8,12 .77 -
1983 7,19 T7.26 735 7.35 é,géB
‘1984 6,53 6,60 6,78 6,80 6,8
o195 7.87 - 7.88
1986 7.85 8,11 » 8. 6,08
8 301 Muddanur@ew) .- . - . 1983 1416 1473 1431 .51 11,38
\. AT 1984, 11,36 11,96 12,40 12.14 12,22
1985 12,763 13,99 - 13.58 13,41
oL 1986 14,18 DIry - Dry o Dy
Ta 81 Molakalacherwru . ° . 1978 5.50  7.40 - 7.50 7.0
‘, . . 1979 5.9  6.9h 7.9 8,19 7.05
1980 7.44  8.48 8,28 9,13 8.,
: = : 1981 .8,37 Q.56 Dry  Dry 5,50
Yy o © L 1982 4‘83 6,63 6,15 7,38 7,00
. . L. 1983 - 848 8.8 Dry 5,93
B 1984 5042 . 6033 T - 6.30 1;-«’5",‘
1985 5,38 - - 8,86 .t
1986 8,92 16,50 - Dry £.50

$ 7 s
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@ - 3 (4)
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(1) (2) (3} 4 A5y - (8) (7) (8) . ( r
é.l '('95) Karvetinégar | ',1973 ,'; - - 12 72 L1230
- o3y - « e 1978 - - - -
. . - . . 1979 11,66 14,15 Dry 14.36 Dry
o S 1980 12,57 13.90 13,70+  Dry Dry
e S - 1981 13,0 Dry - Dry 10,42
1982 - 11.27 1455 13.61 Dry
. 1983 Dry 10.56 10.7 11.03 9.13
1985 6,24 10.26 - 9.16 10, 20
| L1986 6,71 9.82 - 10.80 9.83
7. i 96 ) Palli ,‘btu ) '. 1977 - 9-87 6.64 7024'5 : 5027

. 1979 5,28 7,60 8,84 9.48 9.05
1980 5,06 8,1 9,01 9.33 9426

. 1981 8,73 9,70 9,68 9.60 2,16

1982 5.28 5.&) 7.30 8060 7.27

1983 7,40 8,81 9,56 9,61 7.56

- 1984 7.11 8.05 - 7.37 6.65

g e . : .- 1985 L85 6,75 - 6,7 6,50
8, 97 Nagari 1977 - 6,00 495

W 289 443 6oz 63z G
- 1979 3,93 L.78  5.80 6.48 5.92

1980 3034 5009 5075 bnd . -
. 1981 - 030 7083 7-32 7033 ‘ .
" 1982 be'Th - 8490 7.23
1983 ‘7.15; 7.C5 8,68 Dry
1985 5.7 5.79 6,29 -
| 1986 3.7 5.65 - 712
9 . 98 (hittoor . . - 1977 a4 3,24 4451 480
‘ ; . ‘ 1978 2,05 3.26 4,93 5.72
1979 2,15 3.13 . 5,21 5.62
L : 1980 2.21 3,83 5,61 6.39
< ‘ . . - 1981 6,91 8,80 9.20 971
1984 4bT 2,42 - 5.6
1985 4,16 6,63 - 7.30
1986 5,10 9.10° = 777
10." 99 Pertenmu - A 8,08 - 10.43 e
: . - 1978 5.33 8.47 11,61 6,61 6,82
1979 8,06° 11,33 12,23 = 11.13
- 1o98b 9.24' 12,22 14.78 1430 13,90
1981 13,17 15.60 15.80 15.15 8.52
1982 8,31 10.88 13,05 13.40 8,60 °
1983 .38 16,38 7,14 6.59 12, 14
| 1984 11,97 9.95° ~ - 11,65 7.97
~ , : 1985 6,60 11.50 - 10.70 9.74
» 1986 10,45 12,86 - 16.50 1480

,,/"
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2. 91 Kalshasthi 1977  3.58 5.00 6,31 4,95  Ad95
: : 1978 f.26 8,21 BeDh . 9.82 347

1981 453  5.02 6,97 745 e 57

1982 4.04 5.98 7.35 7495 5.87

1983 8.52 6,68 8.28 7.93 4a 70

1984 3,74 3.9 - 5.69 473
1985 3,45  3.43 - 6430 5.64
1986 421 5.50 - 6.60 e 88
3. 92 Tirwathi - 1977 4e52 8,55  T.S54 6,20 3.9

1978  Le26 8,21 8494 9.82 3.47
1980 4.91 8.20 10.35 9.86  10.96
1982 7.2(6) 9,63 10.88  10.73 5.36

1984 5,28 7.21 - 9.58 7.50
1985 4.25 10,10 - 10.50  9.75. «
g 1986 5,56 10.38 - 11, 14 A
bee 93  Chandragiri(014) 97 - - - 7.87 5430
: . 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 Drv
1981 9,12 Dry Dry Dry Dy

"1982 9,17 10,88  Dry Dry Dry
= . 1983 Dry (Abondoned)
5. 9 Putbwr | 1969 - - - 8.42 277

1971 5,09 6,80 6,97  5.62 5.?0
1972 5,82 6,34  7.20 - -
1973 - - - 6030 50
1974 . = - - 7.3
197% - 4.81 6,18 - 2,
1977 290 4e51 5,72 5.77 he 7
1978 3,32 458 5,53 5.19 4B
1979 7 3.'70 5.31 6.58 : 7001 6. = 48
1980 405 5.76 6.72 6.86 7. %5
1982 3,52 5. 2 6.70 6,50 Lo 1 N

1983 502 &.58 792 833 4280
1984 3,43 415 = 5.97 4533
1985 3.07 5.57 @ - L.86  5.04
1984 3,31 5.68 - 6,92 b 1}
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M. 100 Puthalapattu 1977 e 9415 - 9,52 T 42
o : o C 1978 6,05 9.48 11,21 10450 5,02
197 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 11,92 452
1983 9,13  13.32 1454 13,36 644
1984 6,23 6,23 - 1469 8.19
1985 7.62 13.52 - 11,7 10.61
_ 1986  7.95 12,90 - 12,87 9.63
©12, 101 Nerdragunta 977 - 5,03 - 5.87 5.7
- , T S 1978 - - - - -
1979  4.95 6,18  7.32 8,05 6.77
1980 6,21  7.66 9,86 9,29 12,35
1981 - 9.97 10,05 9.80  9.60 3.71
1982 3,88 6,12 7.90 8,79 6.7
1983 - 7.22 8,82 10.72 8.48 L7
1984  4.29 4e 30 - 7.15 5431
1985 4,36 6,80 - - 6422 6,36
L1986 5,15 6,90 - 7.53 7,66
13. 102 Danalcheruwvu | 97T - 3,86 - 542 2.5
1979 2,35 3.21 4.88 727 5044
1982 3,22 4,15 9.55 10,735 = 5,82
M 1984' ‘ 2085 2.40 - 4008 20'73
1985 2,70 6,38 @ - 5.1 445
1986 3.18 5,26 - 10,78 9,98
14 103 Kalluru 1977 - 15,64 - 16.40 - 11,31
o o ) 1978 9.85 15,38 17,60 16.75 8.25
. R “ 1979 11,98 16.38 - 19,08 21,25 - 18,22
o a ‘ 1980 12.86 9,13 19.38 16.27 = 18,20
Lt 1983 15,07 17,08 18.34 12,50 7e42
© 1984 T.45 8,93 - 12,44 10,98
- 1985 10,88  15.00 - 10.64 9428
_ C L1986 7,30 12,96 - 13.60 8.7
15, 104 Bhakrapet - SR ) o S 8,86 - 9.17 -
‘ | © 1978 5.8, 8,05  8.82 9.30 - 6,86
1979 5,58 7.7 9,22 10,47 10444
1980 7.71 10,48 10.53 10.00 9, 7
1981 9,13 11.58 13.03 13.49 9454
1982 11,59 15.12  14.75 14,90 14.37
1983 13.67 15.82 Dry 15,00 6.72
1984 6,33 7,45 - 11.09 10.34
1985 8,27 11.% - 11.14 11,46

1986 8e 56 . Abondone

;
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-‘I'-'-"'o-. e T e e T e =™y et A St Iall il Sk dne ¥ ol e o“o"b"""f‘!"o" Lt o ann St Ll e
(1) (2) (3), (4) (5) (6) (7) (8) (9>
‘16;"' 1057~ P:J.eru e ‘!9'77 S .‘.'..:A,,,_,-4~87 = 4~35 o .4"0

, o 7 1978 4e31  Le94 6,08 .OO{' T 36
T L N N S o
1981 6,15 - 8.23 10,10 6,89 , 4.14
C 1982 4.32 - 5,70 12,35 9.7 5,38
11983 464 - 6,15 6,84 5,27 4a 21
C 984 4u35 450 = 10442 460
1985 4e53 5,53 - 486 4,30
17. * 106  Somala 19T - 4a'73 - 5.21
~ T 1978 3,54 9.63  b.44 6,83 246
1979 8.79 - 5,55 6,25 6,04 3.63
- 1980 2,15 5,12 6,21 7,15 6.90
. 31981 7,07 - 8.84 5,30 7.26 . 2,80
- 1982 3,92 6,60 6,15 8,75 La 94
- .1983 ¢ 6,04 8.04 6,56 8,17 be84
1984 0 4d4S5 0 3,52 - 6,35 2.90
11985 3,38 0 6,18 - 4.90 be'P6
18. © 107 Palamner I9TT he51 5.85 6,48 6,88 5484
1980 © 2.64 437 5.50  5.90 6.26
L1981 6,40 - 4T 6,59 7,07 2,83
S .1982 7 3,51 0 4,70 5,30 6.60° - 3,96
1984 3,92 440 - 5.7 470
S .1985 7 5,00 7.09 - 5,50 3,90
19. -+ 108 Punganoor 1977 . 9.26 - 8,92 7.87
- L . 1978 6 54 9,09 10,18 9,38 6.21
219 haTh 5,52 6,28 6,83 4ub
" 1980  4e19 b 47 4e98 6,55 945
. ©1981 8,69 - 10,23 10,82 9,99 6,47
- 1983 7,27 8,08 9,63 10.% 7.33
e L1984 6,95 8,20 - 10,97 7,60
, } 1986 .5.47 10.73 -  12.10 10.04
20, -+ 109 Madanapalle c19%69 - - - 1440 - 14e25
- - 1970 11055 11,55 12,25 12,35 14435
<1971 13,30 12,15 13,85 12.69 12,65
1972 11,10 12,45 12,60 -
L1973 - 8,30 9,00 10,05 9.15
197~ 9,05 - - 6.91
BRSO, 10.25 - 9,68
1977 10,24 10093 11,48 11,25 10,86
- 1978 10,99 . 1041 10.70 11.54 11,06
1979 10,11 19,69 10,66 10,01 1040
. 1980 8,34 7,54 9,65 10.%0 11,36
1981 11,69 12,16 13.90 13,31 12,80
1982 711,85 13,08 13.80 13.79 14422
1983 15.10 15,04 Dry Dry 15.33
1984 1470 13.55 - 15426 15.75
1985 11,90 12,11 - 12,43 12.20
1986 11,61 11,77 - 13. 70 15.00
cOnt. -.-.12/"0

s 11 3



s 12 ¢
N —;---v-.—;—f-r-.—.—.-.—-—--.-.—.—.v.- -."."o o-'I'-’--' "'o"""‘n"'o—."‘l‘- -c-c-o‘;"'l“'g;""i*l"-"r
() (z) G) W e m e <9>»
21, 129 Bangampalem 1977 - 13.09 - ‘13.99 -
: ’ 1978 7.97 . 8.2 10,90 12,87 11,01
1970 6,26 8,03  9.78 11,50 12,09
1980 badT 9u4d 10,40 - 12,56 12.58
1981 12,77 14.10 14.52 Dry 8,64
1982 7.64 9.82 10,90 13,01 6,22
1983 6,64 10.08  Dry 12,28 8.09
1984 5,50 4.85 - 9448 7.66
1985 © 476 10.47 - 12,56 12,45
1986 11,15 13.20 - 14, 10 9440
22, 130 Anantapuran 1977 - 6.61 - 7.33 Y
~ (Jangalapalle) 1978 3.86 494 8,43 1. © 2,39
o 1979 3.21 6,19 9,53 10, 21 - 2,03
X ot o 1981 4.05 5,01 5,11 4T3 -
‘ | - 1982 7,17 10.80 Dry  Dbry 8.20
1983 Dry Dry Dry Dry 4 35
1984 3.89 . 4.60 - 7.87 Le 06
1985 L.11 10,18 - Dry , Dry
, _ 1986 - 10620 = Dry .32
1979 7.84  7.85 7.7 7.7 7.87
- 1980 12.82 7086 - -
1981 7.86 7.84 7.85 7.92 7.78
1982 -~  7.82 7.9 7 84 -
1983 « 7,68  7.80 .90 778 8,00
1984 © 7.81 .77 - 7.80 e
' ’ © 1985 7,55 8.0 7.93 - 7.82
1986 7.96 7,83 - 8413 775
24, 132 Panatoor 19T - 8.66 - 8.05 5.57
- e 1978 L1 7.90 8,70 8,38 bR
1979 475 8.38  9.52 9.1 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
1983 13 29 1458 15,40 1%.73 8,39
1985 7063 10.59 - 9043 . ‘ 9n 10
o 1986 9,17 11.80 - 13.60 *8.10
.25, 133 Paradarami- 1977 =¥ 9,23 - 8,57 5,73
. , ‘ : . N 1978 - - - » - —
- 1979 2,61 - 7.60 8,55 4o 92
1980 2,63 6,04  8.65 9.52 10,55
- 1981 10,15 11,50 12,00 12,00 5,60
1982 4.97 7.60  7.75 10. 54 5e65
© 1984 '4.44 AV, B 8.75 8,52
1985 7,90 10.43 - 9,96 9.6%

1986 7.95 11,40 - 12,80 11 0

%ntdo-l’loo
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T Tl et Lot Tl L ST 4 ewo—s —-—-l—.-.-.-—l—.--—.-:—---— R e S 2t ok el Rk Rl bl
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(1) @) ,"(3')'; (4) 6y €& (1) (8) (9)
2%, 153 DNegalapuwam 1977~ 3.10  3.03 3.32 2,10 |
: SR ¢ \ 1978 2,83 2,91 3.01 3. 14 1.7 "
1979 2,16 2,98 3,36 3,22 2.60
1980 3,07 3.25 - - -
1981 3.83 3.04 3.49 2.55 1,88
1983 3,00 3,60 433 . 418 2,60
1984, 2,17 2,98 - 3025 -
1985 2,24 4udO - b 35 3.52
1986 2,75 3.20 - 3.55 2.67
27, 251  Gangadharanellore 1580 - - - 3.54 ¢ 3455
; B . : 1981 .05 5,01 5011 4T3 -
1982 1,05 2,56  9.710 Lo 37 N.0
1983 2,265 4.08 4335 2.70 1.51
1984 1,11 1.43 - 1,00 1.09
1985  0.945 - - 3.96 3.22 |
| | 1986 7,05 - - - ~ .
28, 252  Peramalgudipalle 1980 - - - 3.45 4e50
* o | | 1981  4e56 5.64 6,05 6.4/ 3,10
f 1982 - 1,69 178 3,95 442 A
1983 1.855 1.57 3.2, 2.8 - 166
1984 - 1,12 0,92 - 1.7 1,60
- .1985 1,515 2,50 - 2.54 2.345
1986 - - - - -
29, 267 Tirwala =~ . 1981 - = - 6.05 1.31
‘ , . - L1982 1.77 3.22 5¢93 4 00 2445
1983+ 6,05 4.16 3,60 1.38 1,27
1984  1.515 1.05 - 2,30 0,96
1985 1.6 5,23 - 2,24 e 50
- 1986 - 2,02 3,28 - 2.55 147
30, 302  Chandragiri(New) - . 1984 = 5.55 4e45 - 7.05 LS55  ,
, ", 1986 403 8400 - 8443 - 9,03
MAHATQOSNAGAR DISTRICT : . -
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 10444 13.05 11,11 11,93 8.13
199 8,70 11.95 11,70 10,66 9.08
1980 9.38 11,33 12,45 12,30 10,68
L1981 11,61 14.09  14.88 14e 54 10.67
. 1982 12,11 14e42  14.68 14.95 N.C
. 1983 - Dry Dry Dry 15.00 Q45
1985 - 11.67 Dry - Dry Dry

1986 Abondoned
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(1) (2) 3) (4) (5) (6> (7) (8) (9)
2, 37 Makhthal o 1969 oL - 1130 - 48.'73
' ' 1970 9.1 10,07 10,28 9.06 6,33
1971 8,62  €,96 9.33 9429 - 9.2
1972 10.11  10.50 9,00 - -
1973 ~ 7 12,96  11.65 10.80 - 10,12
9% < 7 11,80 - - 9.65
1975 0 = 10,65 - - 4a 50
197 - 7.86 9,30 - - .8.22
1977 9.42 10,41 10.57 10.60 10.50
1978 10,95 11,62 12,11 11,62 8.98
1979. 9.65 10,70 10.37 10,38 10.62
1980 12,46 10,10 12,76 12,12 11, 11
1981 11.74 12,65  13.06 12,51 10,29
1982 11,48 11.86 12,63 5.05 11,30
1983 11.87 12.76 - 11,14 7.6
1984 84,45 10,20 11,18 1146 12,13
1985 12,60 13,70 - 14 90 12,60
1986 12,90 1410 - 14e 54 14456
3. 38  Kottakota 197 « 7 8.54 8.7 7.32 5.67
‘ 1977 6.89 © 7,50  8.53 6.70 6,02
1978 . 7.19 10,00 10.31 8.95 - - 6,32
, 1979 . 7430 K 7023 6087 6.05
. 1980.. 6,68 7,65 8,02 7,02 6,94
1981 . 7.5, 8,80 9,93 7.98 6.77
1982 8.1 9,17  10.00 9.37 N,C
- 1983 -10.08 12,00 Dry 10. 19 6,64,
1984 7,37 T 9,100 .87 10,02 9,36
. 1985 12,20  Dry - wy Dry
, - 1986 . 16,33 - Dry - Dry
4e 39 Kelvakurthi' C1969 - o - 19.00 16,38
- : 1970 16,92 18,36 18,83 16.52 13.57
1971 16,18 17,08 17.43 16, 26 14,63
1973 hand 720. 30 20: 85 ‘ mc 40 . 15.80 .
9% . - 100 - - 17.85
1975 . - 17.50 - - 13.20
197 - 1463 16,20 - 12,04
977 13.23 0 15,36 10,47 16,27 12.98
1978 1432 16,23 16,46 13.28 - 8,81
979 11,23 13,65 13,02 14e 19 S 11,17
S 1980 13,09 15,60 16,45 = 16,11 15496
©1981 17,15 18,66 19,16 18,61 16,02
L1982 13,77 19.72 20,05 20,40 18,35
1983 19.40 0 - Dry Dry 14, 25
1984 19,14 Dry - 19.90 19,00
- 1985 19,9 Dry - ~ Dry 20,05
_ 1986 - 20,28 - - Dry Dry
5 125 “attivelipalli 1978 - - L 9.7%
\ ' : 1979 14.22 9.00 8,53 13.38 10,70 -
1980 14.05 28,58 11,83 A 15,57
1981 28,70 29.86 27.25 98 9,50
1982 15,08  14.02 8,55 10490 5,9"
1983 12,78 12,90 12,08 483 T hf
1984 13,52 - 2r,85 9,36 - 12.5C
1985 13.33 27.60 - 11,54 27,96
1986 27.96  31.40 - 9.11 15

Conwdn o -\\:\15/". :
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(1) (2) (3) (4) (5) (6) n (8) (9)
6. 144 Maddur 1979 - - - - " 8,23
: | o C 1980 9.7 13,52 12,73 12550 12,33
1981 12,87 13.48 - 9.84 YA

1982 9,14 7.9 155 10,90 N.C

1983 11.87 13.06 9,71 3.85 471

1984 8,25 10,70 11,80  9.64 T.13

1985 ~ 13,15 - 11.70 11,16

1986 11,61 13.80 - 12,48 4.1

7. 145 Gadwal 199 - - - 7.09 -
1981 8,02 (.93 9,16 8,57 6,68

1982  7.27 T7.96 8,32 7.90 8,05

1983 8,55 .87 9.46 7. 16 460

1984 ) 5'50 6030 - 6059 . 703C

1985 7. '77 8.74 - 8. 53 71 75

1986 8.02  9.05 - 9.40 9.65

8. 146  Nagarkurnool - 1979 - - - - Loa 27
R 1980 . 4.80 6.10 7.23 5,96 6,27

L1981 .6,99  8.42 8,84 7.73 Lo £

1982 15.48 T.18 8.10 7.75 6,0

1983 . 7.64 8,95  9.88  9.08 4.2

1985  8.47 11.00 - 11.40 12,07

2986 12,28 Dry - . Dry 14

N , A

. Q. 147 Achampet 19 - - - - . 5,27
. ‘ L. 198c 6,20 7.37 3,12 7.7 7492
1981 8,32 9.25 9.88 e 77 YA

1982  7.31  9.48 9.65 8.33 7,20

1983 8,13  9.51 10,20 7,64, Lo 8

o 1984 - 5,68 .60 8¢ 45 6.65 7.1C

1985 - 8,10 10,33 - 9.19 9410

V 1986 9,84 Dry - 10,00 10470

’ 100 14—8 Shédnagar N 1979 .- - - 15.86 15.06
. 1980 15.88 17,55 19,10 19,27 18, 70
1981 19.37 =~ 21,08 9,67 13,9

1982 15,08 17.56 12,68 19.85 ~ N.C

1983 . 9,52 20,61 21.57 20, 14 1440
1984 15,30 18420 19,33 19,10 18,94

o 1986 23.43 Dry - Dry Dry

11, 174 - Devarkhadra - 21980 7.64  8.10 - 8,22 6.20 6,51
= R 1981 6,79 T.68 - 7,96 6.47 6,19

1982 6,62 T.48 7,60 5.68 L5

1943 6,81 6,68 8.22 5,45 5,42

C 1984 6,28 8,21 8,04 6,90 5,70

1985 6,74 8,96 - 7.7 7,96

1986 8,20 9.23 - 8,86 9,60

12, 175 Narayempet . © 1980 4l 34 Lo 78 5,53 5.10 beo 22
' ' 1981 4e57  5.16 5,74 5,17 2,80

1982 3,41 3.29 4,80 Leh5 Leb2

1983  3.94 5.65 6,15 5,05 2.29

o198 2,65 3,78 416 3.98 3.6¢

1985 4e28 5,31 - - 5,66 6,10

1986 5,02 9,45 - 9,62 9,20

%ntd'.iuon 16/"'6
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(1> (2) - (3 ~ (4) (5) (6) (7) CB) Ca)
o 13, 1Y Weljorla . : 1981 9.7 . - 11.67 10.72 5.50
i ‘ . 1982 7.35 10,12 10,625 11.07 10,32
/ o - : 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
1. 177 Krishna 1980 - - 7.62 74 20 7649
S : : 1981 7.3% 7.61 7,56 760 6.7
1982 7,08 7.28 T.42 0 7.25 6,98
1983 -~ 7.20 7e54 - - - 6,23
1984 6,72 7.55 7.50 7.20 7.37
1985  7.69 8.3 - 6.90 7.61
1986  7.62 8,00 - 7,90 470
1981 5,26 6,29 6,22 6. 14 3.95
1054 420 - 6,29 5,70 6,49
1986 8,00 8.95 = 8.95 9.26
16, 179 Kodangal S 1981 - - - - 5.24
. . 1982 13,06 11,50 12,30 10.05 11, 20
1983 12,41 e 15 15,45 6445 3,37
198" 5,64 9.69 11,12 - 5,00 . 5,00
1985 7.33 10,47 - 12 17 12,96
1986 13,46 125 - 11.32 13.03
17, 180 Kosci » ~1’981 - - 7.02 * e T2 2480
b .- L9822 424 2.72 3.7 3.50 3.98
T1983 4,76 7,72 6.77 2.95 2,67
1984 2,65 2.80 4451 3,03 3,60
. 1985 4,69 7.67 - 6,25 - 7.78
® : g | : 986 7,02 8,65 = 7,93 . 8.50
15, 181  Koilkond: ! 1981 < - 8,84 5,56 4e89
e : - 1982 3.64 475 6,90 3.95 3.60
1983 6,26 7.58 8,45 4o 10 4ie 70
1984 3.45 5.40 7.10  3.60 3,17
1985 9.85 Tb7T = 7.%6 8,30
1986 6,41 11441 - 9455 10.30
19. 192 Suraran. . 1981 - - = - hel2
41983 7.00 8044' 8.67 - 3.34
1984  4.21 7.50 8,18 4e90 T 43
] ’ 1986 13-40 - et 9080 -
20. 183  ‘ghaboobnagar 1981 ~ - 9,61 9,29 6,62
- ~ - 1982 6,95 8.09 8,92 = 8.58 10,27
1983 Dry Dry Dry 7.85 0 O
1985 9.25 Dry - Dry Dry
1986 7.27 8,00 = 642, 6.2/

Cot’ltdQQOOQO 17/"‘
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(1) (@) 3 . (A) (5) RN C) R ¢ ) B (8) - 9)
21, 184 Xoduru 1981 - @ - - v " b2

» o 1982 L85 5,67  5.45 3.93 0
1983 e T2 5.96 5.85 2,40 3.23
1984 £e30 5434 5493 e 25 3.80
A | 1986 5,7 6,80 - 6457 7410
22. 185 Ku.runur’bh;( 1981 - - - - 12-29
= e T 1982 1406 14.10 - 13,87 #eC
1983 15,23 15.74. 5042 13.75 8.95
1984, - 13,07 13.58 1475 14,82
1985 6,70 Dry - - Dry Dry
1986 Abondoned
23. 186  Kistapur 1981 - - - - 2,69 .
1983 2,79 3.65 Le80 . 3.26 2.%
1984 255 4e23  lel12: 2.93 2.50
1985 4ol = - 476 -
; 1986 7.50 5,15 - ba'T5 -
. 24s 187 Kotakonda S 1981 - - - - - 6,87
. T 1982 8.29 9050 - 3 8094 E‘LC
1983 9,11 9,53, 11,10 7,10 6,00
1985 12,20 11,28 -  7.86 10,98
1986 6,41 11,40 - 10,70 12,76
25, 188 Damargidda - 1981 - - - - 420
: ' ' 1982 460 5.00 5498 4e 10 - N.C
1983  5.03 6.69 6.05 432 3.04"
1984, 4e38 6,10 5.85 5.32 5450
1985 6,09 6,54 ~ 649 5,00
, _ 1986 5.48 6,60 - 7.6 742
2%, 189 Gundinal 1981 - - - - 6.21
IR ' , 1982 13,09 16.45 16,93 5.67 N.C
1983 12,22 17,02 - 5.10 ' 4?5
1984 6,28 16,37 14,06 6,28 © 5,31
1985 6,25 16,86 - 15,23 15.47
1986 16,92 16,40 - 14e 20 12,64
1983  9.34 14499 1490 2,70 3.%
N 1984 v 4440 7038 9023 3-05 . 3°q~
. 1985 - LedR 9O - - 7.63 7.5
. 1986 - 1460 - 7430 g.90
28, 191  Anarabad 1981, - - - - 435
| - 1982 " 5 07 5467 495 5.25 3.20
1983 : 4030 5000 5.55 4041 2-:':}C
1984 3445 4o43 591 - Le10 - hel2
1985 4 T1 5497 - 5464 5.82
1986  5.77 6.60 - 6,04 6,3C

Contdeseaess 18/ s
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(1) _ (2) , - (3) - £+) (5) (6) (7) (”) 09)
29« 192 Lingal - 1981 - - - 3.90
B : 1982 6,33 5.89 5,95 480 - 3,95
1983 454 5,92 5.84 3.35 2.62
) 1984 2,95 5,00 5,50 .02 465
| . 1986 6,60 g.00 - 7.52 - 8.10
00 493 Nendimme(014)  qogy - _ - ~ 6,67
’ © 1983 7,45 8, 86 9.72  Abondoned
31.. 306 Nandimne(aw)  ** 1983 ~ - - 5.63 6434
e o .v o 1984 7-92 ' 8.90 - 6 42 7077
1985 8,96 . - 650 ©7.60
= 1986 793 Dry - 10.01 914
32, 194 Rampuram-' B /5% D 6.73 5.83 4be52
. - ~ 19827 5,18 6,06 - 4e 50 465
1983.0 5,37 6,53 7,25 4e25 e 11 .
o 19840 490 6,15 6,86 6.05 8.35
o 1986 - 7.2 g.20 - Dry Dry
3. 195 Musapet SORIE °': R 9.38 8.03 5,23
- SN 1982 _-‘ 7-00 8079 9'80 ~— N.C
1983 L8700 9,93 q2,00 8,33 4e 96
1984 5,97 6,96 - 8.48 8,35
. 1985 .9.40 11,52 - 16.70 © 12,15
_ 1986 12, 16 13,10 - 12,(3 " Iry
3he 278 Mlampur ' 1982 5,31 5,2 5.34 5.25 N.e
B L 1983 5-11 5020 - - 5-21
1984 5,90 5,21 - 5.28 3,56
1985 5,11 5.2 - 5.17 - 3.64
1986 - 5,16 - e 70 SR
NALGONDA DISTRICT
1. 33 %Outl@paj. . 1977 - - - - 5.68 '
1978 6,16 7. 18 7.03 3.12 3.36
1979  3.98 e 77 6.30 6,65 6,52
1980 6,92 7,88  g.g3 9.59 10.35
1981 10.81 11,78 10.68 10. 00 9.77
1982 9,80 11,30 9.50 1120 10.65
1983 11,17 Dry Dry 11.49 9456
1984 10,40 11, 64- Dry Dry Dry
1985 - Dry - - Dry
1986 12,20 12,70 - 1190 12,04
2. 34 Narketpalle : 1976 - - - - 1s 7S
1 ' 1977 1452 2,20 4.90 5,25 5.1
1978 6,26 7,63 .29 2,18 1,67
1979 3.54 bel7 5,88 7457 7.22
1980 <¢,20 10,82 10,54 9449 9e 54,
1981 10,22 MMedd 11,34 11.28 9,72
1982 9,82 -  10.50 11, 50 11.30
1983 11.35  Dry Dry Dry 8,06
1984 950 10,97 11,20 9434 8.43
1985 9,31 11,06 - Dry Dry
1986 - Dry ~- Dry Dry



: 19

P e =T e e T T T T T T e T e T e

e i e St anf e Aol L PP iR Rl Rl dad Sl St S0 ind B

M (2) 03 A (5) (6> (7) ®) )
3. 40 Peddavoora 197 - 6.53 - - 6.54
. C 1977 6,92 T.A8 0 8,52 6,25 7,80
1978 7.47  8.28 8.62 7,36 6,45

1979 6,94  7.83 840 8,73 -
1980 749 837 6,80 7.33 7.71
1981 8.35  9.45 9.65 8,92 7.18
1982 Te34 8.30 9, 10 8,90 7425
19¢3 2.02 8.80 9.06 6,54 519
1984 6.80 3,10 8.50 7o 40 7.58
1985 8,06 9.02 - 7,82 5,63

) , . 1986 v : 9‘3‘ - 8093 V‘
des 41 Miryalaguda 1978 8430 3,14 3,64 2.1 3.49

1979 3.67 3,09 3.63 3.87 2.9
1980 3.20 3,85 3.80 2,97 3.14
1981 4403 400 hedh 3,10 3,65

1982 3,37  4e50 4T0 496 3.74
1983 3,22 . 4,50 493 3,82 3,58

1986 3,90 4,20 - 3eb1 4.00
5, . 42(4) FKodad(01d) . 1977 3,26 4,00 Dry 3,12 2.85
. T 1978 2,98 3,15 N4  N.A 0 NJA
6, . 42 Kodad (New) . 1976 - - - - 2.47
: ' 1977 - - - 3.48 3.21
1973 3.2 3.35 3.00 2442 2.83
1979 3.30 3.63 Lo 27 3,15 3.25
1980 3.32 3.32 3.30 - 3.27
1981 3.53 bedb 5.87 247 3.07
1963 2,93  ALe22 5,86 3.51 2.92
1984 3.25 4.15 5.4 4,20  3.27
1985 342 431 - 2.82 3,10
. . 1986 3.30 5420 - 3.15 -
/ . . . .
7e 111 Saryapet L 1969 - - - 3.70  3.20
. , - 1970 3,02 3,40 Lo13 2,38 2,93
1971 342 4e23 LTS 4TS 3,84
1972 4.05 Le05 5,71 2.10 5,40
1973 - 745  5.94  9.09
1974 - . 10.85 - - 8450
1975 - - hobb - - 2.31
1976 - 3.1 415 = bed2

1977 L.70 6,04 4. 10 3.52  3.84
1978 - 3,74 6.7 6,18 1.75 2.38
1979 -+ 3.74 3,45 450 6,02 3,23
19¢€Q 4e 05 Le84 553 Lo bty 5487
1981 6.57 - 6,42  4e37 470
1982 3.9 8440 8420 6,10 - 5,22 -
1983 3,00 440 571 3,49 3.18
1985 4o 25 4o 56 - 3,3 4e02
1986, e 86 5.20 - 6,53 3.52
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(1) (2) (3) (4) (5) (6) (7) (8) (9)
8, 138 Devarakonda . 1979 - - - - La 94
A : o 1980 5,60 6,86 6,65 5,16 6,26
1981 . 6,87  7.36 7.64 6,92 be'T7
1982  5.18 6,60 5,55 6,22 4. 80
- 1984 LS4 5.5 6,36 6,00 e 90
S 1985 5,84 .44 - 6.93 7.00
) g _; 1986 7.30  9.09 - 6.7 6,10
7 9. 139 Tipparthi 1979 - - - - 9.70
e 1980 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 11,80 10.52 9.65 °
© 19857 10,2 . 11.56 - 11,25 -
| - 1986 Abondoned
10. © 171 Tirumalgiri 1980 12,00 13,20 13.64 12,48 1145
e 1981 13,18 13,94  Dry  B.13 1120
1982 9,15 12,80 13.43 1242 11.94
1983 12,00 13,20 Dry  12.26 e84
1984 8,58 10,90 11,70 11,04  11.45
1985 12,08 Iry. - Iry  Abondoned
_ 1986 - - ~ - -
11. 172 Damarcherla 1980 375 3.97 - 452 337 3.55
| - 1010 457 490 :Dry 3.9 3.27
1982 . 4,02+ 6,60 6,10 - 4a'70
1983 .~ 3,647 5.40  Dry 494 2,60
1985 3,91 4T = 2.42 3,28 .
1986 - .00 = 2,62 Abondoned ‘
12, 173 Thongiri 1980 11,26 13,72 1470 17.06 15,68
1981 15,93  15.81 16,12 13,31 11,55
1982 10,71 11.97 11,50 11,07 9.05
19683 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 - 11415 11,56
1986 13,05 . - - 11.55 -
13, 254 - Dindi 01982 12,46 13,70  Dry 13,75 13,85
1983 . 12455 - Dry Dry 12,02
-1984 0 11,09 12,10 13, 11.45 10,70
1985  10.82 13,26 ; - -
1986 Dry Dry - - 10,07
14e 284" Kurumedugate 1962 - - ' - 11.30
: , 1983 11,51 12.25 12,16  10.91 9432
1984 9,78 9,90 10,50 1C.Q0 8432
1985 9.11 10.04 - 10426 10.27
1986° 10,08 11,52 - 11,66 13.10
1 5. 338 Na.lgonda 1984 - - - - 1 10 17
1985 . 1443 16,60 - 11.25 12,16
1976 13,60 15.50 - 14 13 15,55
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(1) <2) (3) 04) (5) : (6) 7 (o) . (9)
PRAKASHAM DIS
1. 61 Darsi - 1977 e 8.6 9.33 3,62 8458
1979 7,63 2,02 8,18 8.49 8,28
1980 7,88 8,28 9.09 9.26 9,17
" 1981 - 9.37 10,05 10,01 -
"1982 3,26 8.62 28,90 9,22 N.C
1983 N.C 7,60 7.91 7. 16 5,82
1984 5,67 5.80 - 6446 6.05
. 1985 6,02 = 6,40 - 824 5,
2 62 Markspur . 1977 6,36 7.7 6,93  7.20 6,88
S 1979 50420 5,550 3,960 5.59 e bPo
© 1980 3,80 Le45 5,92 5,56 6,11
1981~ 6.57 8,60  7.52 -

1982 4a52 4u81  5.33  5.34 N.C
1983 5,27 6,50 - 6,94 7,38 6. 48
L1984 TT0 5,53 - 6,26 5.37
© 1985 | 5.54  7.20 - 947 . 81571
1986 . 8,58 Dry - 997 9,80

3. © 63 Podili - 1969 - - - [a00  4a30
i ‘ 1970 . . 3,38 3.80 3.9 4«50 3,28
1971 402 Le09 401 4ab6 2.18

L4972 - 5,65 - 5,05 6,10 - Lo d2

. 19'73 Lo - [Sas 6.42 - -

1975 - . 5468 - - 3,85
7% - - 3014 498 = 3,8

1977 3421 3.80 Le88 5,30 3.40
1979.  3.30 410 3.62 459 3.2/
1980.  3.18 . 3448 424 fu52 Y
1991 . S0 430 4e82  3.41 -

1982 2,10 4.19  4.36 5,01 N, G

1963 . N.C.- 3.90 4e03 3.10 3,05 - -
1984 = 3,25 3.7 =~ be16 . 3,26
1985 3.33 - L84 - 5,17 3.80
1986 3.08 547 - 3.47 3.10

be 64 Kanigiri 1B - 65 - 8,22 -
1976 - C = .95 -  5.48

1976 6uzs T34 TeTh bugy -

1979 5.08 6,95  3.77  5.61  Lodd
1980 S g. T4 7.23 6.29 6,71~
1981 ' 6, 7.62 6,91 -
- 1982 4. 10 . 7.07 7.89 N, G
e 1983 NG . 742 5.75 3.20

71
6.29
6.90
1985 7.10 8,60 ' 8
1986 6,15 7,97 - 8.35 4 50

Con‘bd.....-.. 22/"'0
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“ 5 65 Ongole 1977 2,94 3,23 463 LT3 3,15
' | \ 1972 3.59 453 5,15 3,38 1,93

1979 3.04  3.90 3.82 .67 2,47
1980 2,88 4ud5 5,08 Lel7 3.1

1981 377 497 3.8 -
1982 3,20 4,37  5.27 5,30

N.C
o 1986 2,73 - 478 - 498 2,27
NCR 66 Kandukuru 1977 - - 5,06 6,63 7,2, 5.69
1979 3009 0 4aTh 406 5,41 4e 20
1980 2,81 462 5,72 5,30 4,64
. 1982 3,12 - 5,64 6,52 N.C
1983 N.C 5,45 6,42 5,1 1,72
b . 1984 2080 3.56 - 5042 3.44
7e 67  Pamuru 1977 696 V45 8,63 9,34 8441
: | » 1976 754 8,25 9,320 10,01 7,70
1980 6,33 7,12 8.63. 2,73 889
1902 6,31 7,75 2.72 . 9.55 N.C
1983 N.C ° T.40 8,22 - 7,69 5046
1984 5,93 6,45 - 840 8,20
19¢5  7.25 © 9,00 - 10,07 9.60
oo 1986 756 9,00 - 9.68 €405
. 8 274 AMdanki 1981 - - 6,41 6,04 -
S 1983 N.C © 5.83 715 - 3.34 2,66
1985 9432 Dry = -’ 8,18 Lo 54,
1986 L7 M85 - 7,56 7450
9 230 Chirala(0ld) 1921 - -~ 5,27 510 -
| 1982 4,00 434  4.10  Abondoned
10.  *282° Giddalur 1902 - -~ - 9,22 N,C
- : 1983 7.29 2,85 8,66 6,27 6,63
S , L 1906 930 10.65 - 0,55 9.65
~ 11, 203  Chirala(New) 1982 - - - Le 20 N, C
< . , ., - 1983 NG 3,70 3,7 3.4 A
SRR - 198, 2,72 3,12 -~ 3.9 3,625
3.95 3.50

1956 b05 = LT3
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