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Abstract : Measurements of water levels in open wells form the most important
part of groundwater investigations. Water level data is analysed for monitoring
changes in the storage of groundwater in response to rainfall, pumpage, surface
irrigation etc., The data is also essential for forecasting future trends of water
levels. Water table contour maps are useful in identifying recharge and discharge
areas and to find out the direction of movement of groundwater.

Records of water level fluctuations are being obtained in about 1650 observatian wells
in the Andhra Pradesh. Apart from these the State Ground Water Department has
established a network of about 1000 observation wells spread over 12.47 lakh ha.
of irrigated area under the four Major Irrigation Projects. Manual measurements
at regular intervals ranging from one per week to one per month are made with a
tape. Water samples are being collected Sfrom all these wells twice in a year and
analysed for chemical constituents.

The frequency of the measurement depends on the nature of fluctuations and on the
intended use of the data. The various Jactors that govern the selection of network
density are discussed. Statistical techniques for selecting the optimum number of
observalion wells are indicated. The criteria adopted for selecting observations
wells are outlined. The objectives of collecting the data are summarised in this
report,

total water resources, the State Ground
Water Department has established 469 observ-

1. Introduction

Total georaphical area of Andhra Pradesh
is 27,440 Sqg. km. out of which forest and non-
cultivable area amounts to 45,328 Sq. km.
(16.57; of total area). About 85% of the total
area is occupied by hard rocks of Archean age,
consisting of mostly granites and gneisses and
the remaining part by sedimentary formations.
Ground water potential in the State is
estimated to be 43,001 MCM and the present
utilisation is about 209 of the above potential.

With a view to estimate ground water
potential, draft and for proper management of
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ation wells in the year 1973, Subsequently in
the year 1983, the wells were increased to
1184 totalling 1653 covering the entire State.
These are categorised as general observation
wells (Table-1).

Apart from these, the department has
established a network of 1120 wells in the
year 1979, spread over 12.47 lakh hectare of
command area under the four Major Irrigation
Projects in the State. This data is analysed
for indentifying water logging conditions and
to suggest remedial measures including
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Table | : List of Observation Wells Monitoring by Groundwater Department, Andhra Pradesh

Sl. No. District No. of Observation welis Total at present
monitored since

1978 1983
1. Srikakulam 27 19 46
2% Vizianagaram 21 1) 40
3 Visakhapatnam 30 23 53
4. East Godavari 43 10 53
. West Godavari 28 19 47
6. Krishna 29 24 53
s Guntur 23 16 39
8. Prakasam 27 51 78
9. Nellore 20 59 79
Coastal Andhra Region : 248 240 488
10. Kurnool 24 54 78
11. Ananthapur 28 127 155
12 Cuddapah 28 54 B

13. Chittoor 15 124 k)

Rayalaseema Region : 95 359 454

14.  Rangareddy 9 65 74
15. Nizamabad 15 59 74
16. Mahabubnagar 19 40 59
17. Medak 11 96 107
18. Nalgonda 16 84 100
19. Warangal 14 78 92
20. Khammam 13 B3 66
21, Karimnagar 14 48 62
22. Adilabad 15 _ 62 77
Telangana Region : 126 585 711

Andhra Pradesh : 469 1184 1653
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planning of conjunctive wuse of surface
and ground water for optimum develop-
ment. Local observers are employed to record
weekly water levels in the general observation
wells and five times in a year from command
area wells. Departmental Staff collect pre
and post-monsoon water levels and water
samples from all these wells for chemical
analysis.

The density of general observation wells
network at present works out to one well per
140 Sqg. km. In case of command areas, the
density adopted is one well per 10 Sqg. km. in
wet crop areas and one well per 20 Sqg. km. in
irrngated dry areas. Based on the analysis of
data, attempts are being made to reduce the
number of wells in certain areas and to
increase the wells in over exploited areas.
The observation wells are selected keeping in
view the degree of ground water development
and covering various hydrogeological factors
as well as areas having different climatic,
topographic and hydrologic fearures. Mostly
dcmestic open wells are selected for observation
wells as the draft from these wells will be
minimum. Efforts are also being meade to
utilise some of the exploratory borewells drilled
departmentally as observation wells to study
the difference in pressure heads and to estimate
ground water potential in confined aquifers.
Some of the wells are selected along the
major river courses to deliniate effluent and
influent zones of the streams.

The hydrograph of each individual well is
up dated with the inflow of data. Typical
hydrographs are enclosed (Fig. 1to5). In
case of unconfined aquifers, normally variations
in water levels occur in top weathered zone,
the thickness of which extends on average
about 15 m. bgl. Precipitation is the main
source for ground water and for a comprehen-
sive appraisal of ground water regime, records
of water levels are required for a period of one
complete cycle. The data is analysed for
estimation of ground water potential, rainfall

(

infiltration factor specific yield of aquifers,
water logging conditions in Project command
areas and to predict future trends in water
levels.

2. Network Density

For analysis purpose, these wells are
considered basin wise and formation-wise.
With the help of water table contours, the
groundwater basin is demarcated. Various
factors govern the selection of network density
such as size and slope of the basin, land use,
climatic factors, and mainly the purpose for
which the data is analysed. For estimation of
groundwater potential in bhasins with homo-
geneous lithology, temperate climate and with
plain relief, the approximate number of obser-
vation wells recommended depending on the
size of the basin are indicated helow (Ref.
UNESCO publications on basins).

Size of the basin No. of Observation

wells
Small 50 km? 5-10
Medium 200-500 km? 10-15
Large 800-1000 km? 15-20

This indicates that the density of obser-
vation wells for a large basin should be of the
order of one well per 50 Sg. km. The Ground-
water Estimation Committee (NABARD, 1984)
have recommended a density of one well per
100 Sg. km. A dense network of ohservation
stations are required when high degree of
accuracy is essential or in over exploited areas.
National Bank for Agriculture and Rural
Development recommended one well per 20
Sg. km. in order to estimate groundwater
potential in over exploited areas. Thus the
density of network stations depends on the
accuracy of results required and the method of
analysis of data. The groundwater potential
in the State is estimated by two methods
namely by adopting norms prescribed by
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NABARD and by water level fluctuation/
specific yield approach. As such the present
density of one well per 140 sqg. km. in the State

in non-command areas is considered reasonable.

However, it may have to be raised to normal
standards in a phased manner.

Statistical techniques are employed for
processing and comparing water level data of
different wells, for selecting the optimum
number of observation wells. By correlating
the water level fluctuation of several wells
located within the same hydrological regime,
it is possible to reduce the number of observa-
tion wells by monitoring a single well, if its
water level fluctuations are well correlated with
others around it. In Irrigation Project Command
areas the recharge to aquifers is mainly from
applied water which is more or less constant
every year. The groundwater extraction in
these areas is significant. Under these condi-
tions, the fluctuation in groundwater levels
are constant. This fact was observed in some
of the observation wells in Sreeramsagar
Project Command Area (Table-2) and further
monitoring was discontinued in these wells,
except in few representative wells. Attempts
are also being made to prepare mathematical
models for some of the basins where integrated
water development is planned. In such cases
the observation wells can be further reduced
if satisfactory results are obtained from the
models.

3. Frequency of Measurements

Frequency and periodicity of observations
are governed by the purpose for which the
water level data is required. If the purpose is
to study the tidal effects, bank storage effects
etc., continuous recording of data with
automatic water level recorders is required.
For regional or basin studies the frequency of
observation depends on the type of formations
and rainfall pattern. Normally monthly read-
ings are sufficient to study the multiple effects

in the basins. NABARD have recommended a
frequency of six times in a year for the purpose
of estimation of groundwater potential ina
basin.

Irrigation scheduling in the projects is
made for monthly intervals, as such ground-
water potential that can be tapped in a month
In some cases there will be time
lag between rainfall and corresponding
rise in water levels. In irrigation projects the
effects of canal flows and applied irrigation
are to be studied. To achieve these objectives,
groundwater levels are being measured five

is required.

. times in a year in the observation wells in the

Command Areas of lrrigation Projects. Since
local observers are employed to record data,
weekly levels are insisted in general observa-
tion wells to minimise missing data and errors
in the readings.

4. Criteria for Selecting a Well as an
Observation Well

The following conditions should be satisfied
before fixing a well as “*Observation well”.

(i) Itshould be in good condition and not
silted up or collapsed.

(i) It should preferably be of small diameter.

(iii)y It should have a proper parapet or other
fixed point for measurument of water

levels.

(iv) The aquifer tapped in the well should
be identifiable.

(v) It should not be in constant use and
static levels should be available for
monitoring.

(vi) It should have an adequate water column
to ensure that it does not dry up in
summer or in drought years.

(vii) It should be approachable at all times.

(93 )



=T = = = = = = G = o = e Aljede|jo9 Ll
= = == == = = = == o = = 8le 1eyiey 9l
= — — -~ — = = - = = = CHT 1ebjeyd ‘S
£€€'0 860 8TO0 600 620 7] e ) G ¢E'0 = = = €91 Aljedwoy| L
= o = Q&€ 005 G0'e OS¢ = ¢l 00'¢ = = == 991 flopuey) il
QL 0cc¢ = 090 Q07L = g | LO'G 0€'9 gL's 08¢ 5 = == orlL epaj|ey clL
BEE00iE Oeie Ogic  09E] 0S¢ O6IC * 1 O/E 060 &6'¢ 80Cc g¢¢ L8 EPUOIS Ll
€60 95 0SS0 06¢ GLO 08't 0910 G615 LL0O  G9% 86¢ G6'F €8 BlHO3 0l
0L°0 s 0¢0 0L'€ = 0g’€ == 0L°€ 090 99¢ 020 ovE 9L Ajjedwepung ‘6
OOEL SONEES 05T 08¢ o€l Gl'E 0L'L ole Ere b BEe L'l 0ET 99 ladeneybey 8
99'L 0¥ 060 OSEE S QiR ov'v 000 ort OL'L 80" 8¥'L &gt 79 jadweynnpy /4
= GEE 07 Q/SGE (CH] SE'Y (s[5 - s 0Z2°'L 69¢ SC L E6ic 9 ledwap =
LEY GL'G 000 gL'y 000 a8'v 000 S0'8 GE'0 e SO/L: O 2] IppuBWE[MOYD G
00w @i QP OStc e ODE] 00°c QA0 B GesE 8L0 99'% 8iléc. “/6'C 9¢ epuoieysiep v
008 06'L 08F e - 0 069 099 0S'L 0G'¢ ¢&c¢8 ¢6's 998 Gl welindeyeg €
S0V ShL 091 iz @l 06'8 (0] A S0'8 008 =026 ¢c’'L S€6 €l 18AES %
e (10076 B()E4E 089 0§'L 0L'L 09'1L oL'8 G1°'L gGvL oLy GG'9 L Blopusip L
6 9 14 € [ L
‘ON [|am

{96 dyE e aR) udy, 390 dyy 100 idy ‘190 1dy ‘190 1dy uoljea "ON
LLBL 9/61 GLBL vL61L €L61 clel -18sGQ IOVIITIA IS

21y puBlWwog 198foid JeBeswelsalg ul s||9A\\ UOIIBAIBSGQ Ul PAPI0DSY SN ul [aAe7 ialep o1 yidaq : g 9|qel

49

(



1ol LIy 1= oLy 68°€E GLV S0 S9F S6°E 1A o GL'E 68'S g9°¢ LL'9 GE'E =
LO'E Sy v6'¢ ov'E 8Ll 08¢ ot'L €9€ Le L 28°¢C 80'C 98¢ gv'e 0s€ 69°L 5
86'¢C L6'C gL'e G8'¢C 9v'e 98¢ Ev'c €BC 0Z'¢c Z8'¢ LGC (L8¢C oL'e L6C ¥9°¢ =
80'€ 090 §9°0 940 oL'L SL0 0 SLO 0S50 8L0 LGS0 €60 G660 £8°0 g90 €L0
80'€ LLE 9€'t (AR Gz Olt GgL'c Olv oLe 0g'y oLE vav (01503 LL'a 09c Ovo

g e 06°1 060 LEOQ 081 790 S6'L 090 Ggc'e 0§t 98'L oe'L g£€C 080 LEY
0Ss'v oc'y 09'¢ 08'€ 680 GC€ oc'L ELE 060 oc'e 0S5'F 06'¢C Gyl 0cPy 6¥’'c 0Ll
09'L oLt (01740) S¥'0 890 8¢l 000 99'1L LEOQ 0oL 090 SGS'L 000 (48" gg'L 00§
veEL oc'e §6°0 00'¢ 'L 00¢C 080 6S¢ 080 oL'L GL0 S0¢ £80 =y = o 0PA9
or'lL oLt Sl vLL 8G'L G8'L 05'L 06'L 861 GG'L (01 AR VA 991 T $G'L 08¢
800 09°L G6°0 Go'L v6'0 LOE 0L'0 OFS 0oL £€8°C 00'L OO0t S6°0 09°€E cLO S6t
A" 06°L og'L oLl 9L B0 690 Gl¢ 0L0 GE'L 090 G€'i 280 0> LLQ 0Tv
Ge'lL oL'E 060 00'€ vv'0 067 080 Sct 0g'L oLy 0c'L GCv 09°L ge'q 68°'L 0LS
29°'l S0°¢C G6'L 00¢ oL'L o0¢¢ oL’'L 0cC¢ gL oL'e cL’L 00¢C S0'¢ 0c'e ¥8'L SL'L
ov v S0'9 S9'f Gg'9 LV'E 089 GGy 0L OL'E 0L 89 069 1¢'s g8'9 g0t 00§
09°L s0'c 8L'1L S6'L 96'L OL'E oL ol¢L G9'L oL'v 0L'L  &l9 oL'L ov'L 1G'L 09'L
09°1 6T 9L L 86'¢C 8¥'L" 0OF'S or'L SO0'S 05’1 6’y 09'L GS'P 08'L G0's o¥'L 0£%¢

LL 9L Gl vl £l cl Ll oL
190 1dy ‘190 ady ‘190 ady 120 dy 190 udy 190 ldy 120 udyy 190 dy
G861l 861 €86l 861 186t 0861l 6L61 861l

)

(50



5. Analysis of Data

Water table fluctuation is governed by the
specific yield of the formation. All factors
remaining the same, water table fluctuation.
is inversely proportional to specific yield. The
magnitude of the water table fluctuation also
depends on climatic factars, drainage, topo-
graphy and geological conditions, The fluctua-
tions will be higher in elevated areas in a
basin indicating recharge areas and will be
minimum in low laying areas or discharge
zones. Water levels reflect the cumulative
effect of natural recharge discharge conditions
and withdrawal by pumpage.

Prolonged over-development of ground
water in heavily pumped areas resulted in a
downward trend of the water table due to the
draft exceeding the recharge. The hydrographs
also show the periods of recharge and discharge
of ground water. If the storage coefficient
is known, the rate at which the change in
storage occures can be worked out from the

water level data. The main intention of
monitoring ground water levels is to estimate
average annual recharge in a basin, but due
to lack of values of specific yield for different
formations, the ground water potential calcul-
ated on the basis of water table fluctuation is
at present compared with those values obtained
by using adhoc norms. Some of the results
obtained from analysis of water levels data
are described in the following paragraphs.

From the analysis of well hydrographs it
is possible to estimate the rainfall infiitration
factor. For this purpose, well hydrographs
which were not affected by canal irrigation,
streams etc., were considered. By applying
Degalliers equation, the hydrologic parameters
obtained are indicated below. In this method
it is assumed that recession coefficient
represent specific yield. Based on limited
analysis done by Ground Water Department,
the following infiltration factors for different
formations are arrived at, though it is not
reasonable to generalise this based on limited
data.

Formation Recession coefficient Average infiltration factor
1. Granites & 0.029 31%
Gneisses
2. Khondalites 0.025 209%,
3. Alluvium 0.029 299,
4. Sandstones 0.03 22%
5. Laterites 0.018 22%

Apart from the infiltration rates the
fluctutations in the water levels are also
controlied by the porosity and specific yield
of the formation. The rise in water levels is
low when the specific yield is high and vice-
versa. The decline of water levels in the
absence of recharge depends on Transmisi-
bility, storage confficient and the hydraulic
gradient. Natural recession curves showing
logarithem of height of water table versus time,
which are straight lines are useful in predicting
future ground water levels since every aquifer
has a characteristic recession curve.

(

The base flow in a stream represents
effluent discharge of ground water. A ground
water recession curve shows the variation of
base flow with time during period of little or
no rainfall. By relating the stage of stream
flow during rain less period with corresponding
stage of ground water level, it is possible to
estimate base flow for various levels of ground
water reservoir in a basin when evapotranspir-
ation losses are  minimum from the zone of

saturation. From the analysis of continuous

hydrographs obtained with automatic water

)



level recorders, it is possible to estimate

evapotranspiration rates.

Groundwater contour maps are useful in
location of basin divide, the direction and
intensity of flow of groundwater recharge
and discharge areas can also be demarcated

from water table contour maps. In Irrigation

Projects, with the help of water table contour
maps water logged areas are identified. The
areas having depth to water table between 0 to
3 m. bgl are called water logged areas.
Projectwise extent of water logged areas

identified from water level data are shown

below in Andhra Pradesh.

No. of Observation

Avyacut affected by

Project
wells established waterlogging (Ha.)
1. Sriramsagar Project 345 30,000
2. Nagarjunasagar Left Canal 27,000
3. Nagarjunasagar Right Canal 30,000
4, Tungabhadra Project Command Area 215 40,000
Total 994 1,27,00

In the above areas large scale ground
water extraction with restrictions on Canal
supplies is recommended.

In non-command areas, the average depth
to water level during pre-moosoon period
ranges between 4.30 m.to 10.6 m. hgl in the
State. Shallow water level is observed in
coastal districts and in most of other districts,
the average water level lies around 7.0 mts.
bgl in pre-monsoon period.

6. Conclusions :

In order to study the effects of drought on
ground water resources, analysis of water level
data for June, 1987 (Pre-monsoon period) is
made. Rainfall amounting to less than normal,
occured in the State during the last three
years. Because of this and increased demand for
groundwater, the water levels have gone down
beyond 10. m. bgl. in 15 districts. The water
level data for June, 1987 is compared with
average pre-monsoon level of past 13 years.
Progressive decline of water table is found in
these 15 districts (Tables 3, 4 & 5). Most
of the open wells have gone dry in these areas

(

indicating need for artificial recharge measures
in these areas and to impose certain restrictions
on the use of groundwater for irrigation
purpose. Inspite of drought situation, rise in
water table is noticed in few coastal districts
and Irrigation Project Command Areas. Con-
junctive use of groundwater with surface
water is recommended in these areas.

The water level data is thus useful in
groundwater investigations in many ways.
Groundwater is a dynamic resource. |t varies
with complex climatalogical factors like precip-
itation and also with other man made changes.
As such continuous records of data for
representative wells is essential to plan for
proper use of total water resources.

The Ground Water Department of Andhra
Pradesh is striving to modernise the data
collection system by employing latest instru-
ments and also use computers for storage and
retrieval of data. This will enhance the
importance of network of observation wells
and help planners in arriving at a realistic
assesment of Ground Water Resources of the
State.

2 )



Table 3 :

Statement Showing the Water

Level Fluctuation in Andhra Pradesh

Sl District Average depth to Depth to water Rise in water Fall in water
No. water level in level in mts. level with level with
mts. below below ground reference to reference
ground level level in a Col. 3. to Col. 3.
during pre- drought year
monsoon
1 2 3 4 5 6
T Adilabad 7585 7223 0.12 —
2. Nizamabad 6.84 6.60 0.24 —
3. Karimnagar 8.27 12.85 — 4.58
4. Medak 9.46 10.46 — 1.00
5: Warangal 7.30 8.48 — 1.18
S5t Ranga Reddy 10.58 10.10 0.48 —_
7. Nalgonda 6.79 7.05 — 0.26
8. Khammam 9.68 19563 - 1.85
9. Mahabubnagar 6.62 7.88 — 1.26
10. Guntur 6,82 10.69 — 3.87
11. Krishna 5.26 7 — 1.85
12. West Godavari 4.31 6.13 — 1.82
13. East Godavari 6.03 8.40 = 2.37
14. Visakhapatnam 7.16 6.58 0.58 —
15. Vizianagaram 5.80 7.05 — 1.26
1 Srikakutam: 8.42 9.11 — 0.69
17/ Prakasam 8.00 9.00 = 1.00
18. Kurnool 719 7.00 0.19 e
20. Nellore 473 5.30 — 0.57
20. Cuddapah 8.70 10.95 — 2.25
21. Ananthapur 8.91 9.70 - 0.79
22! Chittoor 6.43 2 — 0.80
(. 38.)



Table 4 : Statement Showing Extent of Area Having Rise/Decline of Water Table in June, 1987
as Compared to Normal Level in Andhra Pradesh

Si. Name of District Decline in water No. change of Rise of water Total area in
No. table level in water table table level in Sqg. km. in
('000) Sq. km. level in ('000) Saq. ('000)
('000) Sq. km. km.
1 2 3 4 5 6
ik Srikakulam 0.50 0.50 4.8 5.8
24 Vizianagaram 0.40 5.40 0.7 6.5
3. Visakhapatnam 0.80 8.00 2.4 11.2
4, East Godavari 0.30 9.9 0.6 10.8
555 West Godavari 1.40 54 1.0 7.8
6. Krishna 1.00 5.6 21 8.7
7 Guntur 5.6 4.6 122 11.4
8. Prakasam 4.0 10.1 35 17.6
9. Nellore 0.3 6.8 6.0 13.1
10. Kurnool 7.3 10.4 — 17.7
11. Ananthapur 2.6 16.5 — 191
12. Cuddapah 11.5 3.6 0.3 15.4
13. Chittoor 0.2 13.2 1.8 15.2
14. Rangareddy 5.15 2.1 Q.45 75
15. Hyderabad} = — — 0.2
16. Nizamabad 2.7 Bl 0.2 8.0
17. Medak 4.7 5.0 — 9.7
18. Mahabubnagar 17.3 3 —_ 18.4
19. Nalgonda 1.9 2.3 — 14.2
20. Warangal 7.9 3.3 7157/ 129
21. Khammam 3.3 10.5 2.2 16.0
22, Karimnagar 1.6 10.0 0.25 11.8
23. Adilabad 1.0 8.8 6.3 161
——91 .45 148.2 35.5 2751
33.29%, ARGy 12.99,
({342)



TABLE—5

Table 5 : Statement Showing Area Falling Under Various D.T.W. Ranges in June, 1987 in
ANDHRA PRADESH (Area in Sg. km.)

SI.  Name of Range of D.T.W. in Mts.
No. District 02 2-4 46 68 810 1012 1214 14-16 16-20 Total
T g1t 1 g R IBIRET g g it -5 ey e
Coastal Andhra :
1. Srikakulam — 078 R60R 2T 6015 0.2 0.2 — - 58
25 Vizianagaram 0.3 (03fe) 1 i 2.2 — — = o Fer 6.5
3. Visakhapatnam — 0.8 4.0 B3 — 0.9 0.7 1:2 — 11.2
4, East Godavari — QI5EGIS 4.3 — — — —- — 10.8
5.  West Godavari — 2:31 g o gl — ==ih — — = 7.8
6. Krishna 0.6 E6REO0I5 2{08 016 3.4 — — — 8.7
7/ Guntur 0.2 32 500 12350 274 0.7 2.6 — — 1.4
8. Prakasam 0.1 30 6.4 2045 302 245 — — - 17.6
9. Nellore — 500 50 1.9 1.0 - — — — 131
Rayalaseema :
10. Kurnool — - 4.6 5.8 3.0 4.3 — - — 17.7
11. Ananthapur -— — — 5.6 4.4 5.2 229 — — 191
12. Cuddapah — — 0.3 2.8 6.0 3.8 2.1 0.4 — 15.4
13.  Chittoor - _ 6.9 23 4.1 1.9 — — — 10.2
Telengana :
14, Rangareddy b
15.  Hyderabad } O:45 2100 1125 24 1.6 0:30. 5 01>
16. Nizamabad — — ZI00Fi1IsT A0t 0.15 e — 8.0
7 Medak — — 0.1 0.5 1.85 2.70 142, 2.8 0.4 9.7
18. Mahabubnagar - — 0.8 1.9 08 9 3.6 3.0 0.2 18.4
19. Nalgonda — — — 3.5 2.0 47 24 0.4 1.5 14.2
20. Warangal — — —_ 4.7 4.6 2.0 (308 RS — 129
24 Khammam —_— — — 6.0 1.8 2.7 4.3 8.5 — 16.0
22. Karimnagar - — — 2.4 6.0 2.0 0.6 0.8 — 11.8
23.  Adilabad — 06 4.0 5.6 5.0 0.6 - — — 16.1
Total : 1.2 216 453 6595 63.15 40.75 20.85 13.0 2.4
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