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PREFACE

The conjuhctive use studies in Krishna Delta were
started by Deltaic Regional Centre of NIH, with collaboration of
A.P State Ground Water Department, Hyderabad. The study is
mainly divided into three parts. The first part of the report is
"Conjunctive use studies in Krishna Delta System - Status of Data
Availability” which is prepared by Andhra Pradesh State Ground
Water Department. The second part of the study is the present
report titled " Seasonal Ground Water Balance Study 1in Bandar
Canal Command Area” which deals with the methodologies adopted to
estimate varijous coamponents and to find important theoretical and
practical hydrological problems 1in this area. However, the
studies related to ground water are very 1imited in this area.
Hence, the presant study is very important for understanding the
behavior of the Hydrological Sysitem and working out the
strategies for development and management of water resources of a
region or basin. Due to limited data the Seasonal Ground Wwater
Balance for monsoon and non-monsooh seasons for five years i.e
from 1985 to 1990 has been prepared and presented in this report.

This report has been prepared by Sh Y. Ramji Satyaji
Rao, Scientist ‘B’ and the technical assistance during course of
data analysis, and in preparation of the report provided by
Sh T. Thomas, SRA. The overall guidance for conducting the study

was provided by Dr P.V. Seethapathi, Scientist "F'.

N
1/§§:\;;ﬁ y”f?
DIRECTOR



ABSTRACT

Water balance approach is a viable method of establishing the
rainfall recharge coefficient and for evaluating the methods
adopted for the quantification of recharge and discharge from
different sources. The seasonal ground water balance study of
Bandar canal command area in Krishna Delta has been carried out for
a period of five years(1985-1990). The study brings out the
assessment of different water balance components of upper Bandar
cenal command area, having 190 Sq.Kms in area. The recharge from
rainfall during the monsoon season has been computed from the water
balance equation. The recharge coefficient varies between 0.16 to
0.19 and the unaccounted water in monsoon season has been found to
be less than 6 MCM. The estimated components of water balance
equation could be useful in Conjunctive use of surface water and

groundwater studies in Krishna Delta.
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1.0 INTRODUCTION

Water is one of the most important natural resources of
the <country. But today we are wasting more water than we are
actually using - whether it is in our irrigation, urban systems
or any- where else. Agriculture which is a major part of the
Indian economy and the backbone of our self-reliance is dependent
primarily on water. Water which was considered to be in plenty
has now come to be realised as a 1limited resource which is
further acentuated by the failure of monsoons and recurrence of
droughts. No water-resources management or development, whether
it be for the purpose of water supply for the population,
agriculture, industry or engery production, is possible without
an assessment of the quantity and quality of the water available,
Accurate information on the existing condition and trends of a
country'’'s water resources are required as a basis for economic’
and social development and for maintenance of environmental
quality through a proper petrception of the physical prpcesses
controlling the hydrological cycle in time and space.

To improve the management of water resources, greater
knowledge about their quantity and quality is required. There is
also a need for reguiar and systematic collection of
hydrometeorological, hydrological and hydrogeological data,
togethar with a system for processing the quantitative and
gqualitative infprmation for the various types of water bodies.

Moreover keeping an adequate inventory of water availability is

1



one of the desirable pre-requisites for the quantification of
water-user rights, for the formulation of water guality
standards, for the adjustment of economic incentive systems and
for the development of many other administrative measures. When
multiple sources of water with different characteristics are
avaitable, it may be possible to develop an operating strategy
that exploits the different sources. This exploitive strategy
has become to be known as the conjunctive management of different
sources of water or conjunctive use. Before preparing any
development plans for groundwater development and conjunctive
water use using mathematical models, it is necessary to carry.

out water balance study. The water balance study helps to
evaluate quantitatively, individual contribution of sources of
water in the system over different time periods, and to

establish the degree of variation .in water regime due to changes
in  components of the system. It is also useful in proper
assessment of available potential, present use and additional
exploitability of water resources at optimal level. The study of
water balance is defined as the systematic presentation of data
on  the supply and use of water within a geographic region for a
specific period.“ A basinwise approach yields the best results
where the ground water basin can be characterised. by prominent
drainages.

Andhra Pradesh being predominantly an agricultural



State, the State Groundwater Department reflected the conjunctive
use practice nhow in vogue in Krishna and Godavari Delta's. At
present there s an unplanned use of ground water through
construction of wells, private shallow wells and deep state tube
wells. Therefore this practice may not be useful in increasing
the command area and it may invite saltwater intrusion problems
in delta's, To improve the present practices, a realistic
assessment of the surface and groundwater resources and aiso a
proper planning for their use would be required. This c¢an be
done in a conventional mahner by water balance technigue and also
using the modern techniques of mathematical modelling with the
help of computers,

In these circumstances, it is intended to take up a
Seasonal Ground Water Ba'lance study in the Bandar Canal Command
area, using the available data for five years. This may
provide a base for understanding the influence of various
components and behaviour of the aguifer system under these
dynamic changes. This study is also helpful in developing new
conjunctive use practices in the canal command area.

This report brings out the assessment of different water
balance componentsgof Upper Bandar canal command area in Krishna
delta, which is around 190 sq.kms in area with the main objective
of estimating the seasonal ground water balance for monsoon (June

- October) and non-monsoon (Nov - May) seasons from 18985-86 Lo



1889-90. The description of the study area, methodoiogy adopted
for the assessment of various components and the analysis and

results etc., are discussed in subsequent chapters.



2.0 STATEMENT GF THE PROBLEM

Wwater resources can be defined as any aspect of water
tnat has vaiue or which is needed by some water user in order to
produce it's beneficial product. The different water resources
aspects of great interest are: the water quantity, the water
quality, 1it's potential energy, it's flow depth, it's surface
area, it's aesthetics value, it’'s waste assimilating capacity and
it's biological productivity. In order to understand and estimate
the extent to which the groundwater development should be
practiced in a particular area or a basin, a water balance study
is necessary. This study will also serve as a useful tool for
modelling the area for attempting simulation of alternative
policies for safe abstraction in the future. To increase the
Bandar Canal command area and to supply capal water to tailend
reaches, the upper portion of Bandar canal command area has been
selected (o estimate the guantity of available groundwater and
it's utility in this area.

Conjunctive wuse of groundwater with surface water
resources has been a subject receiving considerable attention in
Andhira Pradesh since 1972 and has attained utmost importance
during the recent - years. The recent groundwater assessment
carried out for the State, revealed that more than 50% of the
ground water available in the State exists in the command areas

of Surface Water Projects. (State Groundwater report 1993).
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The existing canal net-work system in this region is not
able to cope up with the water reqguirement of the entire command
area, especially 1in the tailend reaches. Paddy is 1limited to
kharrif season and some pockets in rabi season dQe te  noh-
availability of water. Perennial crops like sugarcane are limited
to smaller extents due to practical problems involved in ensuring
regular canal water supplies throughout the yesar.

The main objective of the study is to find solutions for
these problems and to augment canal supplies to the tailend
reaches and increase the duration of irrigation supplies. In
order to develop the criteria for utiiisation of surface and
groundwater resources, it is necessary to study the availability
of groundwater resources and particularly the interaction between
groundwater and surface water. Then the model can be wused for
studying and inferring suitable strategies in development of
surface water systems in the short run and cohjunctive
utilisation of surface water and groundwater in the long term.

The study area which is bounded by East Bank canal and
Ryves canal, has been restricted upto Vuyyuru because, beyond
that the quality of groundwater is quite different from the
quality of water"in the study area. The study area is around 190
sg.kms, which 1is free fom saltwater intrusioh problems. The
continuous use of canal water alone in study area may cause

problems 1ike waterlogging, salinity etc., However very Jimited



studies have been undertaken in the study area so far. NO
definite rainfali-recharge relationships are available.
Therefore the seasonal groundwater balance study of Bandar canal
command area in Krishna delta has been carried out to understand
the influence of various components of water balance eguation on
the ground water regime and establishing rainfall- recharge

relfationships.



3.0 STUDY AREA

The general description of the study area is given in
the Part-1 of the study report. However, few details of the
study area are briefly discussed here in this chapter. The
Krishna river canal-network system forms the main source of
irrigation in this delta. Krishna being a great and sacred river
of South India 1ike Godavari and Cauvery fiows almost across the
peninsula from West to East and finally joins the sea by two
principal mouths. The development of irrigation in Krishnha delta
may be said to have started in 1855. The old Krishna anicut and
the canals were constructed during 1852 to 1885 to irrigate an
ayacut of 5.0 lakh acres. The crest level of the Anicut was
increased to provide the irrigation potential of 8.5 lakh acres
in 1895, by fixing automatic falling shutters of 1.8m in
height.In 1957 the present Krishna Barrage was completed. The
index map of study area is shown in Fig.1

Three major canals passing through this area are East
Bank Canal, Bandar Canal and Ryves Canal. Among these canals,
Bandar canal 1is having major and minor channel network 1in the
proposed study area. The East Bank canal essentially feeds the
lower reaches of the delta region. The Ryves canal contributes
mostly to the Eastern part of the Delta region, and it's command
area does not form a part of the proposed area of study. The

study area has been fixed by the State Ground Water Deptt, on the

8
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basis of salt water intrusion zone in Krishna delta.The study
area lies between East longitudes 80%40710"to 80%52'30" and
North Latitudes 16922'30" to 16%930°'30"and falls in the toposheets
no. 65 D/11, 65 D/156. The topographical map of study area is
shown 1in Fig.2. The present study area is falling under four
mandais nameiy Penamaiuru, Kankipadu, Vuyyuru and Thotiavalluru.
Among these four mandals, Penamaluru is completely covered and
the other three mandais are partially covered. The data reduired
for present study is computed on proportionate area basis from
the mandals falling under the study area. The total geographical

area of the study is computed as 190 sq.kms.

3.1 CLIMATE

The area is influenced by tropical climate. The minimum
and maximum temperatures in this area are 16° ¢ and 41.6° ¢
respectively. The rainfall of this area is contributed through
both South-West and North-East monsoons. The normal annual
rainfall recorded 1in the raingauge station at Vijayawada is

959,4mm, out of which 854.2mm comes from Scuth-West monsoon.

3.2 LANDUSE AND SOILS

The main érops that are grown in this area are paddy and
sugar cane. The other crops geherally cultivated are Jjowar,
turmeric and vegetables. Paddy is grown in Kharrif season and

other crops are grown in both kharrif and rabi seasons. The area

10
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is generaliy covered by black cotton soils with the percentage of
clay ranging from 65% to 70% and these so0ils are classified as

silt and clay type ( A.P. State Groundwater Deptt., April,1983 ).

3.3 HYDROGEOLOGY

The Krishna delta area is underlain by recent alluvium
of fluvial origin. The formation consists of sand, silt, gravel
and ciay. The ground water in this area occurs under watertable,
semiconfined and confined conditions. The average water table

fluctuations are limited and range from 1 to Z mts.



4.0 DATA

4.1 GENERAL

The data collection and it's preliminary processing,
analysis and a proper presentation is essential before being
subjected to further detailed analysis. To carry out the present
Groundwater Balance study, the related data of Bandar canal
command area were collected from various field organisations like
State Irrigation Deptt., State Ground Water Deptt., District
Chief Planning Office, etc. The details of the data are given 1in

the foilowing paragraphs.

4.2 RAINFALL DATA

Monthly rainfall data for five stations within and around
the study area have been collected from State Irrigation
Department for a period of 10 years i.e. 1980-90 and is presented
in Annexure-1. The map showing the locations of these raingauge
stations is presented 1in Fig.3. The available normal annual
rainfall of above stations are presented in Annexure-I1I. The
Thiessen polygons have been prepared for the study area using the
offective raingauge stations and shown in Fig.4. Due to the
study area being sha11, only three raingauges are having their
offect on the study area. The stations are Vijayawada, Kankipadu
and Veeranki. Each of the polygon thus formed by these raingauge
stations, is assumed to be controlled by the respective raingauge

station. The area of each polygon was measured and given in

13
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Table - 1. The weighted average monthly rainfall over study area

have been calculated using the following equation

. ZPi % Ai
P= ——————————————--
Z A
where,
Pi = Rainfall{mm)
Ai = Area of polygon{sg.kms)
P = Average Rainfall over study area{mm)

The average monthly rainfall over study area for a

period of five years from 1985 to 1590 is presented in Table - 2.

4.3 STREAM FLOW AND CANAL DISCHARGES DATA

River gauge data (i.e. total monthly discharges}, river
cross-sections and stages at few Jlocations are required to
estimate the exchange of flow between the river and the aquifer.
As the study area is bounded on both sides by two main canals,
the effect of the river on the aquifer might be less predominant
than the effect of canals. At present there is no gauging site
down stream of Krishna river excepi at Prakasam Barrage., 50 the
stage and discharge data of Krishna river on the down stream side
are not available. However the monthly inflow/outflow of Krishna
river at Prakasam Barrage have been collected and is
presented in Annexure-iIl.

The monthly discharges at barrage and other control points

on  the main canal, branch canals, distibutariss and it's length

and cross sections of ail canals, wetted perimeter and number of

15
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running dJdays are required to estimate the seepage losses from
canal system. The canal network in the study area is shown 1in
Fig.5. The total monthly discharges of main canals named as
Krishna €£ast Bank canal, Ryves canal, which are originating
directiy from the. Prakasam Barrage have been collected. The
monthly discharges of Bandar canal which starts from
Yanamalakuduru Lock have been collected {( Fig.5 ). The discharges
at other controlling points on Bandar canal i.e Kankipadu Lock
Veeranki Lock and Pulleru Chanel have been coltected =and is
presented in Annexure-I111. The ¢ross—-section of canals
including its branches, length of canals, full supply-depth,

wetted perimeter, seepage losses are given in the Table - 3.

4.4 GROUNDWATER DATA

A complete inventory of the groundwater structures, weil)
log data, aquifer material, specific yield, and transmissibility
data should be availabie to estimate the gquantity of groundwater
avatlable 1in the study area. However, the monthly watertable
levels for a large number of wells distributed within and outside
the study area with their locations are also required to study
the change in groundwater storage. The monthly groundwater levels
of 11 years from 1980 to 1990 with some gaps which were collected
from A.P.State Groundwater Department, Vijayawada, is presented
in Annexure-1V,. The map showing the Jlocation of observation

wells 1is given in Fig.6. Based on these levels,the average

18
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watertable contours during'pre*monsoon (June) and post monsoon
{Nov) periods are drawn for a period of five years i.e. (1585 to

1980).

4.5 WATER QUALITY DATA

The ground water quality data of observation wells for
pre- monscon (May) and post monsoon (Nov) for a period of eight
years(1982-188G) are given 1in Annexure- V. The ground water
quality shows that below the Vuyyuru mandal the ground water may
hot be suitable for drinking and irrigation purposes. As per
Indian Standards the TDS > 2100 ppm is not suitable for drinking
and irrigation purposes. The TDS contours of May 90 and Nov., 380
are shown in Fig.7 and Fig.8 respectively. The postmonsoon(Nov.)
TDS contours shows that near Vuyyuru mandal the TDS values are
more than the 1imit for drinking and irrigation purposes. It has
been observed that the TDS values near Vuyyuru are more in
post-monsoon period than 1in pre-monscoon. The Na-Mg-HCO3 -C1
facies of Vuyyuru observation well water indicate shallow water
table conditions and the ground water has slightliy higher
concentration of dissolved solids due to evaporation with less
c¢oncentration of Magnesium ions{(A.P State Ground Water Deptt.,

.

April, 1883)

4.8 LANDUSE AND CROPPING PATTERN
Landuse data is required for estimating the

evapotranspiration losses from the water tablie through forested
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and deep rooted tree areas. Cropping pattern is aiso required 1in
the estimation of the spatial and temporal distributions of the
groundwater withdrawals and c¢anal releases. The Janduse and
cropping pattern of study area as available for a few ysars from
1985-1990 were collected from Krishna District Statistical Hand
Book, at Chief Planning Office, Machilipatnam. The details of
landuse and cropping pattern for 190 sg.Kms under study area were
worked on proportionate area basis and is presented in Table - 4
and Table - 5. Paddy and sugarcane are main crops in study area.
The monthly potential evapotranspiration and pan evaporation
rates for the study area are not available. The yearwise and
source wise utilization of water in the study area have been

calculated from district statistical year books . The details are

shown in Table - 6,

4.7 AQUIFER DATA

The well log data, aquifer material, depth of aquifer,
specific yield and transmissibility data at different places
over the study area are reguired to study the change in
groundwater storage. At present no pumping test has been
conducted in the study area. But the well log data and pumping
test details for some nearby place have been collected. However
the detailed description of the data is given in the Part -1 of
the report titled "Conjunctive use studies 1{in Krishna Delta

System - status of data availability".
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LAND USE PATTERN OF STUDY AREA TABLE-4

-------------------------------------------------------------------------------------------

1. TOTAL GEOGRAPHICAL AREA 46957 46957 46937 4695] 46957
2. FORESIS - -~ -- - --
3.  BARREM & UNCULTIVAGLE 3464 Jded J4od Jabd 3464
LAND
4, L P NON-AGRICULTURAL 5102 5300 03 3403 6539
USES
5. CULTIVRBLE WASIE 90 b1/ %0 90 0
6. GRAZING LAND 448 448 459 453 459
7. MNISCELLANEQUS TREES & 308 308 308 308 3og
aROGVES
8.  CURRENT FALLOW 671 118 857 1710 113
9. -OTHER FALLOW 1589 1209 929 1804 2345
10.  MET AREA SOWN 35283 35360 35447 39 33519
li. TOTAL CROPPED AREA 53830 43000 4156 34262 54568
12,  AREA SOWN MORE THAN ONCE 18365 18640 18709 20543 20989

...........................................................................................

SOURCE : CHIEF PLANNING OFFICE, WACHLIPATHAM, KRISKNA DISTT.
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TRBLE-6

AREA IRRIGATED BY DIFFERENT SOURCES { AREA IN ACRES }

5 H0. SOURCE OF IRRIGATION 1985 - Bé 1986 - 87 19871 - &8 1988 - B9 1989 - 90

K R K R K R K R K R

1. CANALS IRRIGATION 23962 i 24221 57 24013 128 23922 &2 24987 83

2. TANKS - -- - -- . -- — - .- -

3. LIFT IRRIGATICH 152 80 443 160 282 .- 837 -- M1 -

4. IRRIGATION FROM PETTY 302 52 309 4 16 -- . e - -
SOURCES

5. IRRIGATION FROM FUBLIC 9062 T7éi iz 2 9836 1689 8023 B3 1252 499
« PRIVATE TUBE WELLS

6. DUGWELLS WiTH PUHP M4z 12 -- - - -- - - e
7. T0TAL AREA IRRIGATED 30720 1026 34093 1069 34467 1209 32842 918 32780 582

¥: KHARRIF  R: RABI
SOURCE: CHIEF PLAMNING OFFICE, MACKLIPATRAM, KRISHHA DISTT.
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5.0 METHODOLOGY
5.1 GENERAL
The. water balance study is carried out to evaluate the
net available water resources and to assess the existing water
utitization pattern to plan optimal and efficient management of

water rescurces. The basic concept of water balance is

I -0 = AS
where,
I = input to the system
0 = output from the System
AS = change in storage of the system

The detailed input and output components of the ground water
system can be written as:

INPUT:
A) Natural Recharge

(i) Rainfall Recharge
(i1) Recharge from river
(iii) Inflow from other basins
B) Artificial Recharge
{i) Induced recharge from rivers
{(ii) Irrigation channels and fields

(iii) Recharge by injection or spreading

OUTPUT:
A} NATURAL

(i) Evapotranspiration
(i7) Regeneration in rivers
(ii1) Outfiow to other basins.
B) ARTIFICIAL

Pumpage through open wells, pumping sets, shallow tube

wells and deep tubewells.



Considering the above components, the groundwater talance
equation canh be rewritten as
Ig+ Rc + Ri +Rr + 81 = EL + Og + Se + Tp + AS

wWhere,
Et evapotranspiration
Ig = inflow from other basin
0g = Qutfiow to other basins
Rc = Recharge from Canal Seepage
Ri = Recharge from precipitation
Rr = Recharge from deep percolation
Se = Effluent seepage to rivers
8i = Influent seepage from rivers
AS = Change in ground water storage
and Tp = with drawal from Groundwater

This equation considers only one aquifer system and thus
does not account for the interflows between the aquifers in a
muiti-agquifer system. However if sufficient data related to
watertable and piezometric head fluctuations and conductivity of
intervening layers are available, then the additional terms for
these interfiows can be included in the governing eguation.

In practice, the computations of water balance components
always 1involve errors, due to iack of data ang shortcomings in
the data used. The discrepancy of water balance (¥Y,) is given as
a residual term of the water balance equation., A low value of(W)
may indicate that 1it's component parts tend to baiance out.
However, the general ground water balance eguation may be
represented by the following egquation :-

Ig+Rc + Ri +Rr + 8i - Et ~0g - Se~-Tp-A8 - =0

It is to be noted that when the inflow part of the water

balance equation exceeds the outflow part, the total water
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storage increases and an inflow less than the outflow results 1in

decreased storage.

5.2 METHODOLOGY

The above geheral groundwater balance equation includes
occurance of all sources of water but there may be situations in
which it is possible to eliminate certain items from the equation
because either they are negligible or they do not affect the
solution.

50, initially in ground water balance study, ali
signhificant components for the study area need to be identified.
In this regard the hydraualic¢ boundaries of study area are to be
studied thoroughly. The Bandar canal command area is bounded by
two main canals namely East bank.Cana1 and Ryves Canal. The East
Bank Canal is aligned paraliel to the Krishna River. The Bandar.
Main Canal is starting from Yenamalakuduru lock and it's command
area is being considered for present study. A good network of
canals 1in the study area is an important source of recharge and
the study area is predominantly a paddy and sugarcane growing
area in both the seasons and a certain depth of water s
maintained in thg fields. Sé, it may help in the recharge to the
groundwater through irrigation fields. However, tLhe major
contribution to groundwater: recharge is from rainfall with it's.
time and space variability. Due to dense canal network in this

area, very few number of tube wells are available here. Since,
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the area irrigated by these wells is comparatively less, so the
direct extraction of groundwater through pumping is alsc low.
The indirect extraction of groundwater is mainly through shallow
water table areas i.e through evaporation from soil and
evapotranspiration. Both the river and the canal influence the
shallow aquifer. A study of the behaviour of water table in terms
of recharge and discharge was attempted and it was found that the
'Poranki village represents the area of recharge which is 1located
outside the present study area{ A.P State Ground Water Deptt.,
Aprilt 1983). The river Krishna continuousliy contributes tc the
~recharge of the permeable substrata. The river has 1influent
character. This is reflected by the water table contours which
are bent towards the downstream side. The lower reaches of the
Krishna delta i.e the faf south of the study area forms the
discharge area.

These physical and hydrological characteristics of the study
area provide the necessary background information for
identification and estimation of different components of
groundwater balance. The study consists of identifying the
various groundwater balance components and it's computation on
seasonal basis i.e. monsoon [June - Oct] and non-monsoon [Nov-
May]l.Keeping in view the avaijability of data, the study has
been restricted to five years i.e. 1985-86 to 1889-90. The
following groundwater balance equation is adopted for the present

groundwater balance study in Bandar canal command area
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Ri + Rc + Rr = Tp + Et + AS + 0Ot

where
Ri = Recharge from rainfall
Rc = Recharge from canal seepagse
Rr = Recharge from deep percolation
= Rrs + Rrg
Rrs = Recharge from surface water irrigation
Rrg = Recharge from groundwater irrigation
Tp = Withdrawal from ground water.
Et = Evapotranspiration losses
= Etf + Etw
Etf = Evapotranspiration Tosses from forested areas
Etw = Evapotranspiration losses from water logged
areas.
Ot = Net outflow to other areas
= 0g - Ig
0g = Outflow to other basins
Ig = Inflow froem other basins
AS = change in groundwater storage.
There are so many methods to estimate the components cf
abave egquation, but in this raport keeping in view the

availability of data the following methodologies have been

ES

adopted to estimate the above parameters,

5.3.1 DRAFT FROM GROUND WATER (Tp)
Draft is the amount of water lifted from the aguifer by

means of various groundwater structures and divies. The
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withdrawal can be made by means of public tubewells, private tube
wells, pumping sets etc., The draft from these individual
sources may vary widely depending upon the yield, type of well,
well design, depth of water level, method of 1ift, crops growh
land-holding of farmer, s0il and water management practices
adopted. Due to lack of well inventory and pumping test details
of the study area, the groundwater draft in the present study
has, therefore been calculated using the agricultural statistics,

In this regard, the seasonwise and cropwise area
irrigated by tube wells were collected. The average irrigation
requirement for these crops were also estimated. Thus, the draft
from groundwater for irrigation purpose was arrived at by
multiplying the irrigation reguirement with the irrigated area,
Similarly, the groundwater draft for drinking purpose was also
estimated by multiplying the total population in the study area

with the average per capita water consumption.

§.3.2 EVAPOTRANSPIRATION FROM GROUNDWATER RESERVOIR (Et)
Evapotranspiration is the amount of water lost by
evaporation and transpiration through plants. when this
evapotranspiration is from an area where the water table is cliose
to the ground sur;ace, the evapotranspiration from the soil and
transpiration from the plant will be at the maximum rate i.e. at

potential rate. Since the study area does not have any surfacse

water suructures fed by groundwater and forest area, so the
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evapotranspiration 1losses from groundwater have been estimaizd

from shallow water table areas only.

5.3.3 SHALLOW WATER TABLE AREAS (Etw)

From the observed water level data, depth to water level
contours were drawn and areas with depth to water table below
ground level Tess than 2 meters identified. These surface areas
have been considered as areas of discharge and the
evapotranspiration from these areas have been considered at
notential rate. The total amount of water extracted through
evapotranspiration was estimated by multipiying the area with the
average rate of potential evapotranspiration for the respective

months.,

5.3.4 RECHARGE FROM CANAL SEEPAGE {(Rc)

Seepage refers to the process of water movement from a
canal, through the bed and wall material. The process of seepage
from a canal occurs as soon as walter is conveyed through it.

In the beginning, the seepage rate undergoes rapid
changes due to dispersion and swelling of s0il particles after
wetting and elimination of entrapped air by solution 1in the
water. It may be noted that seepage rate from canal is not equal
tc the recharge rate to the watertable at all times. Therefore
the recharge from canal seepage depends on the ijnfiltration
capacity of the canal ped and sides, sub-surface 1lithology,

extent of wetted area, physical and chemical properties of water
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and relative position of bed with respect to the water table.
There are so0 many methods to estimate the seepage Tosses from
canals like inflow-outfiow method, ponding method, seepage-meter
methods etc.

The available cross sections, wetted perimeters and
discharges of canals have been collected in Bandar canal command
area. But the available data may not be suitable to adopt any of
these above methods. The discharge measuring systems in command
area are very old and existing canal cross sections are different
from its origing] cross sections., In order to estimate the canal
seepage the Groundwater Water Estimation Committee ( GEC ) has
recommended the following norms. The seepage losses in  the
present study have been estimated using the GEC norms. (i) for
uniined canals 1n normal type of soil with some clay content
along with sand 15 to 20 ha.m/dayj106 sq.meters of wetted area of
canal or 6 to 8 cusee/’w6 sq.ft of wetted area of canal or 1.8 or
2.5 cumec/w6 sg.m of wetted area.

{ii) for unlined canals in sandy soils 25 to 30 ha.m/day/106 sqQ.m
of wetted area or 10 to 12 cusec/106 sg.ft of wetted area or 3 to
3.5 cumec/106 sq.mt of wetted area.

{iii) for tlined canéTs, the seepage losses may be taken as 20% of

the above values.

5.3.5 RECHARGE FROM FIELD IRRTIGATION (Rr)

The idrrigation water applied to the fields 1is partly
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_1ost by crops for meeting their consumptive use requireﬁents and
the balance infiltrates as recharge to the groundwater storage.
The drrigation source may be canal water or ground water,
hence the recharge is to be calculated separately for surface
water and ground water. The recharge from field irrigation
depends on various factors like c¢ropping pattern, type of soil,
type of irrigation practices etc., However, in the study area,
paddy and sugarcane are the major crops in both the seasons & so
there 1is a continuous submergence of jand for long durations.
The amount of recharge from applied irrigation water is derived
both from groundwater and surface water sources. In the present
study, as per the GEC norms the return fiow from irrigation
fields have been assumed as 40% and 30% of water delivered at
the outlet for canal irrigation and groundwater irrigation.

respectively.

5.3.6 NET OUTFLOW TO OTHER BASINS ( Ot )}

For the estimation of sub-surface flows, the inflow from
other basins ( Ig ) and outflow to other basin { Og ) are to be
calculated separaﬁeTy and from thése values the net outfiow
{( Ot ) can bDbe eétimated. For this the contour maps of the
phreatic surface shouid be drawn using water level data of wells
located both within and outside the section limiting the basin
outlet. The flow into the region or out of the region will be

governed mainly by the hydraulic gradient and the
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transmissibility of the aquifer. Since the study area comprises
of single aquifer, the length of the section across whicn
groundwater inflow/outflow occurs is determined from contour
maps, the length being measured parallel to the contour. Then the

inflow/outfiow can be determined by the following relationship

Q=T=x1x L
where,
T = Coefficient of transmissibility
I = Hydraulic gradient averaged over &
fength L
and L = Total length of the contour line

5.3.7 CHANGE IN GROUNDWATER STORAGE (A4S)

The c¢hange in storage refers Lo the effect of recharge
and discharge on the ground water regime. These effec¢ts are
measured by changes in water levels in the observation wells.
The c¢hange in groundwater storage between the begining and end
of the non-monsoon season 1s the total quantity of water
withdrawn from groundwater storage and is represented by -ve
sign, while the change between the beginning and end of monscon
season indicates the volume of water gone in to the reservoir and
is represented by the +ve sign. For estimating the change in
storage, a few ob;ervation wells in and éround study area have
been selected. Using the monthly water table observations
ground water ltevel contours have been prepared for pre-monsoocn

(June) and post-monsoon (Nov.) seasons. Then with the helip of

planimeter the areas between two successive contours were

39



measured for the pre-monsoon and post-monsoon periods. The
average position of water table in each period is calculated by

the following equation.

Z(AT+A2+A3+--- An )
where,
W = Average position of water table.

Wi, W2, W3 are the values of successive water
table contours

Al, «A2, A3 are the areas enclosed by two
successive contours.

Once, the above equation is applied for all the years,
the change in groundwater storage { AS ) during monsoon and non-
monsoon seasons were calculated as below.

Change in Groundwater Storage = Average Change in water table
* Specific yield * Total study
area.
The specific yield ( Sy )} is taken as 0.12 from near by
area i.e. Vijayawada mandal in Krishna District. Since the study

area is in delta, the average specific yield has been assumed as

12% for analysis purpose,

5.3.8 RECHARGE FROM RAINFALL (Ri)

Recharge from rainfall is the most important parameter,
in a water balance equation. Direct groundwater recharge from
rainfall depends on the intensity, duration of rainfall , the
evaporative demand, soil moisture defficiency, the sorptivity,

depth of unsaturated zone etc. Given all these parameters it is
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possible td predict the groundwater recharge at a site due to
rainfall. The rainfall recharge would result in rise of water
table and it is irregularly distributed in time and place.
various types of empirical relationships were established over
the years between recharge and rainfall for different regions
which can be used to estimate the recharge.

The Groundwater Estimation Committee has also
recommended a range of recharge values for different types of
geoclogic formations. However, in present study the groundwater
balance approach has been adopted to calculate rainfall recharge
of study area. This method may give fairly better results,
provided a very extensive and accurate hydrological and
meteorological data and all other components of water balance
equation are estimated independently with suitable methodologies
( Seethapathi, P V et al 1887 - 88 ). In this approach all
compohents of water balance equation other than the rainfall
recharge are estimated using the relevant hydrological and
meteorological information. Since aimost alil the rainfall
recharge takes place during monsoon season with little or no
recharge 1in non-monsoon, the recharge has been calculated for
monsooh season byksubstituting the estimates of other components

in water balance equation. The mean values of precipitation over

study area have been computed by using Thiessen Polygon method.

41



6.0 ANALYSIS

The analysis of hydrological and meteorological data of
study area provides the necessary background information for
identification and estimation of different components of water
balance. After ahaltysing the basic data the following
groundwater balance components have been identified to carryout
seasonal groundwater balance study of Bandar Canal Command area.
The components are draft from groundwater, evapotranspiration
from groundwater reservoir, seepage losses, recharge from field
irrigation and change in groundwater storage. The methodology
for estimation of these components, have been expliained in
Chapter five of this report. Finally the major component i.e.
rainfall recharge was estimated using water balance approach to
arrive the overall groundwater balance of the study area. The
seasonal groundwater balance has been done for the period 1985-86
to 1989-90 for monsoon (June to Oct) and Non-monscon (Nov-May)

seasons.

6.1 DRAFT FROM GROUNDWATER (Tp)

In the present study the draft requirement is mainly for
irrigated area through groundwater structures and for domestic
drinking water purposes. The data on seasonwise and sourcewise
irrigation were collected from Chief Plannhing Of fice,
Machilipatham and presented in Table - 6. From these details

the irrigated area is mainly from canals and lesser area is from
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groundwater structures. The main crops irrigated from these
scurces are paddy and sugarcane, For the estimation of
groundwater draft the average water requirement of crops which
are supposed to be met from groundwater have been assumed as
0.45m and 0.6 m in Kharif and rabi respectively. The seasonwise
draft was calculated by multiplying the individual crop irrigated
area with the average water requirement during that season,.
Similarly, the draft for drinking purpose has also been estimated
at the rate of 40lit/capita/day for total population of study
area. After adding these two sources of drafts, the seasonwise
total estimated draft is given in the following table for

different years.

S$.NO. YEAR DRAFT (MCM)
MONSOON NONMONSOON
1. tess-ss  17.57 .20
2.  1986-87 17.23 22.59
3. 1987-88 18.58 29.55
4. 1988-89 15.24 32.08
5. 1989-80 13.84 32.62

6.2 EVAPOTRANSPIRATION FROM GROUNDWATER RESERVOIR (Etw}
According to available statistics there are nho forests

area 1ih the study area. So the evapotranspiration is c¢onsidered

only from shallow water table areas. Generally at the end of

monsoon period, the water table reaches it's highest levelis and
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gradually recedes to it's lowest Tevels by the beginning of the
next monsoon. From the observed water level data, depth to
waterlevel conhtours were drawn and areas with depth tTo water
table below the ground level Jess than 2 mts are identified.

The average potential evapotranspiration rates for the
study area have been adopted for calculating the
aevapotranspiration losses from shallow water table areas. Due to
non-availability of average potential evaporation rateg for the
study area, the values of evapotranspiration for Central Godavari
delta have been adopted {Tyagi, 1993-84). The table shows the

average Potential Evapotranspiration rates for the study area.

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

AVER- 3.18 4,18 5.05 5.97 6.51 5,39 5.15 4,86 3.85 3.38 2.88 2.78
AGE P.E.T
(mm/day)

Finally, the evapotranspiration losses from shallow water table

areas ig given in following table.

—— e — ——————— - ———— — | ——— T — o . e ——

§.NO.  YEAR —————————mmmmmmmm oo

4. 1ses-ss  es.ee  15.47
2. 1986-87 64.79 15.47
3. 1987-88 46.94 97 .91
4, 1988-89 82.65 B1.67
5. 1989-90 65.51 10G.82



6.3 RECHARGE FROM CANAL SEEPAGE (Rc)

In the study area the seepage from the Bandar main
canal 1s complietely contributing to the recharge in study area,
whereas the KEB and Ryves main canals are partially contributing
its seepage as fecharge to the groundwater storage, because these
two canals act as boundaries of the study area. The canal cross
sections, wetted perimeters, and monthly discharges of major and
minor canals have been collected and shown in Annexure-
I11 and Table - 3 respectively., Due to 1limited data the
Groundwater Estimation Committee recommendations have been
followed and the recharge due to seepage from unlined canais 1in
clayey scil of the study area was taken as 15 ha.m/day/m6 sg.m.of
wetted area of canals., The estimated seasonal recharge due to

canal seepage is presented in the ., following table.

CANAL SEEPAGE LOSS (MCM)

$.NO YEAR  =mmmmmm e e
MONSCON NONMONSOON
1. 1985-86 45.82 50.00
2. 1986-87 45.82 50.00
3. 1987-88 45.82 50.00
4. 1988-89 45.82 50.00
5. 1989-90 45,82 50.00



6.4 RECHARGE FROM FIELD IRRIGATION (Rr)

The recharge from field idrrigation is estimated
separately for canal water and groundwater. In the study area
paddy and sugarcane are the major crops irrigated by canal water
and groundwater. According Groundwater Estimation Committee
norms, the recharge due to return flow from canal irrigation wa§
thus taken as 40% of the water applied in the fields and the
recharge due to groundwater irrigation was taken as 30% of the
groundwater draft used for irrigation purpose. The seasonal
estimation of recharge due to canal irrigation and groundwater

irrigation are given the following table,

CANAL IRRIGATION GROUNDWATER IRRIGATION

S.NO. YEAR = mmmmmmm oo

MONSOON  NONMONSQON MONSOON  NONMONSOON
1. 1985-86 43.46 13,45 12,42 15.13
2. 1986-87 44.14 7.16 12.09 8.06
3. 1987-88 48.80 12.86 13.05 14.46
4. 1988-89 44.03 8.04 10.66 3.01
5. 1989-90 46.60 15.42 9.97 17.34

6.5 NET OUTFLOW. TO OTHER BASIN ( Ot )

Inflows to the study area ( Ig ) and ocutflow from the
area ( Og ) are computed by dividing the whole boundary into
small segments and the gradient of the water table calculated by
using the ground water levels on both sides of the boundary of
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each segment. The net flows were calcuiated for each segment by

using the relationship

Q T % I %xAL
where,
@ = discharge passing through a
particuiar segment.

I = hydraulic gradient

AL length of segment concerned

Thus to get the total discharge passing across the study
boundaries, the discharge values for each segment were summed up.
The study area has been divided into four segments bassed on the
observation well at Vuyyuru. The segments are Chaillapaiii,
Vijayawada, Gannavaram, Gudivada respectively. The Segmentwise
gradient and discharges for monsoon and nonmonsoon are given in
the Table® .
Thus,

Q= Tx1IxAL
The following table presents the net out flow from the

study area to other areas i.e { 0g - Ig ) and these are found to

vary between 4.14 MCM to 14.36 MCM for the study period,

5.NO YEAR NET OUTFLOW TO OTHER AREAS ( MCM )
MONSOON NON-MONSOON

1. 1885-86 h 8,88 13.54

2. 1986-87 9.23 11.11

3. 1987-88 8.21 14.36

4. 1988-89 4.67 10.45

5. 1989-90 4,14 5.89
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6.6 CHANGE IN GROUNDWATER STORAGE { AS )

The change in groundwater storage is obtained by drawing
water tabie contours for the study area for June (Premonsoon) and
November (Postmonsoon) for each year with 1m ¢ontour interval.
The watertable contour maps for pre and post monsoon period in
the vyears of 1986 and 1988 are given in Fig.9 to Fig.12. The
methodoiogy of estimating the changes in groundwater storage is
explained 1in Chapter 5 of this report. The seasonal change in
groundwater storage during different years of study are given in

following table:

———————— o — S T T TE W o St T e T ——— T ———

S.No YEAR ~  mmmmmmmmmeeme o
MONSOON NON~MONSOON
1. tees-es 2958 “s7.39
2. 1986-87 31.92 -38.76
3. 1987-88 49.93 ~47.16
4. 1988-89 33.06 -51.07
5. 1989-90 52.21 -38.52

6.7 RECHARGE FROM RA{NFALL (Ri)
The monthly rainfall data for raingauge stations within
and around the study area have been collected. Among these

stations the effect of only three raingauge stations are falling
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onh study area. Using Thiessen Poliygon method, the average
monthly precipitation over study area during 1985-86 to 1388-90
were calculated and 1is given in Table - 4 and Table - 5. The
methodology for estimating recharge from rainfall is discussed in
Chapter 5. However the total rainfall over the study area during
monsooh and hoh-monsoon seasons were calculated and is  presented

in the following table.

S.No YEAR ~  mmmmmmm e e oo mmmmmeee
MONSOON NON-MONSOON
v teesss | 108 208
2. 1986-87 577 197
3. 1987-88 527 475
4. 1988-89 1126 87.5
5. 1989-90 1082 491
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7.0 GROUND WATER BALANCE

The ground water balance study of Bandar Canal Command
area has been carried out seasonwise for monsoon (June to Oct)
and non-monsoon (Nov to May ) from 1885 to 1990. The methodology
for estimating various components of groundwater balance equation
is explained in Chapter 5. The seasonwise components of ground
water balance study is presented in Table - 8. Since the
study area 1is having dense canal network system. The major
recharge to groundwater storage from canal seepage and return
flows. The major portion of rainfall recharge takes place during
monsoon season., So, the rainfall recharge has been calculated
using water balance approach. Based on the monsoon season
rainfall,the recharge co-efficients were calculated and presented
in Table - 7. The recharge co-efficients for the study
area during 1985-86 to 1989-80 are found to vary from 0.18 to
0.19. A graph drawn between seasonal rainfall(monsoon) and the
recharge due to rainfalil is presented in Fig. 13. From the graph,
it is observed that as the rainfall increases, the guantity of
recharge also increases but the increase 1i1s not linearly
proportional. For non-monsoon seasons, unaccounted water has been
computed as (Inflow-outflow-change in groundwater storage), the
discrepancy being less thanh 6 MCM in all cases. This amount of
unaccounted water seems to be quite reasonable and within the

limits. Therefore, overall water balance can be considered to be

correzt although individual components may have some errors.
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8.0 CONCLUSIONS

Water balance approach 1is a viable method of
establishing the rainfall recharge coefficient and for evaluating
the methods adopted for the quantification of recharge and

discharge from cther sources.

The present study “Seasonal groundwater balance of
Bandar Canal command area” has been carrfed out to understand the
existing water utility in the system and this information c¢an
further be used 1in conjunctive use study of surface and
groundwater for this area. In this study the water balance
components are identified and each component is estimated
independently except the rainfall recharge. The recharge from
rainfall during the monsoon season has been computed from the
water balance equation. The recharge co-efficients varies between
0.16 to 0.19 and the unaccounted water in non-monsoon season has
peen found to be less than 6 MCM, Keeping in view study area
(i.e. 190 sq.km), these amounts or figures can be considered Lo
be within reasonable 1limits and this further indicates a
reasonable degree of accuracy in quantification of the various

.

components.,

The estimates of groundwater balance components 1in a
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seasonwise manner proQides a general guideline for mode
calibration. The results of the water balance will be useful for
mathematical modelling of the command area and to predict the
response of groundwater system due to combined usage of

groundwater and surface water in the study area.
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BONTHLY RAIMFALL DATA DYER THE STUDY AREA [ ma )

STATION:YIJAYANADA

ANNEXURE - 1

....................................................................................

YEAR  JAR
1980 0.0
i1 8.3
1982 0.0
1983 0.0
1384 0.0
1985 50.6
1986 17.3
1587 0.0
1968 0.0
1989 0.0
1990 28.0

0.0
0.¢
15.2
0.0
0.0

STATION : GANNAVARAN

147.8
118.5
154.6
210.4

93.8
195.4
363.3

61.0
310.1
258.7
156.9

1.0
2419
204.5
2711.1
id1.2

48.8
100.6

19.2
2351.%
319.1
137.7

129.2
233.1
22,0
154.8
25.2
44.8
104.8

6.4 5.6
.2 0.0
2.6 81.0
0.6 5.6
170.6 13.5
0.0 40.4
e 00
.1 0.0

YEAR AN
1980 0.9
1981 4.6
1982 0.0
1983 0.0
98¢ 0.9
1985 56,2
1986 22.4
1981 0.0
1988 0.0
1969 0.0
19% 5.0

4.1
0.0
1.1
0.0
9.6
0.0
22.4

STATION: GUDIVADA

0.0 0.0 2.0
0.0 9.3 0.0
9.0 48 .2
1.7 71.2 16.0
8l.5 4.2 10.4
121.8 50.6 328.8

145.8
5.5
1¢8.6
20.3
3.2
N.A

0.0 93.5
22.5 13.1
i%3.8 5.2
0.0 34.2
12,4 0.0
N.h KR

....................................................................................

YEAR AN FEB
1980 0.0 O
91 1.5 0.0
igz 0.0 0.0
1983 9.0 8.9
1584 0.0 6.6
1985 47,5 0.0
1986 3z2.8 3.2
1987 5.2 0.0
1588 0.0 0.0
1989 0.0 0.0
1990 0.0 4.6

0.0 8.2 4.2
6.0 0.0 4.2
0.0 600 90.2
0.8 17.8 0.0
0.0 16.6 d6.4
1.2 0.0 76,0
M8 6.6 399.6

27%.8
236.4
H.A

106.8
.4
3234
20.8
61.5
N.A

9.1 .G
4.6 107.8
1%.7 6.0
330.2 6.9

0.0 43.8
0.6 0.0

N.A K.A



STATION:VEERARK] LOCE

8.1 1.8 0.0
0.0 0.0 6.0
.0 00 0.0
0.0 0.0 28.5
0.0 3.0 78.8

SIATION:KANKIPADY LOCK

17.8
0.0
N.A

0.0
14.8
10.8

4.0

0.0

N.&

108.6
I70.6
148.5
146.2
1ii.¢
in.2
1.1

35.0
294.3
248.7
207.7

40.1
i76.6
185.4
332.6

3.6

89.3

15.3

30.¢é

45,0
i93.5
i91.6

1985
1986
1987
1988
1989
1990

3.0 0.9 0.0
2.0 146 0.0
0.0 0.0 1339
0.0 0.0 0.0
0.0 0.0 Z2.4
0.0 Z1.4 1.4

K.&

20.6
N.A

63

12.0
3.8

4.8
19.2
9.3
(IR

144.2

0.8
17.6
45.0

104.0
1.6
52.5
46.4
0.0
0.4



NORMAL

ANNEXURE-1I

ANNUAL RAINFALL FOR RAINGUAGE STATIONS
IN & AROUND THE STUDY AREA ( mm )

Name of Rainguage Station Normal Rainfall ( mm )
Tiruvuru 1067.3
Vijayawada 959.4
Gannavaram 935.8
Nuzvid 1005.9
Jaggaiahpeta 796.8
Bandar Townh 1067.3
Gudivada 870.6
Kaikaluru 943.1
Nandigama 826.4

SOURCE: CHIEF PLANNING OFFICE, MACHLIPATNAM, KRISHNA DISTT.
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REDUCED GROUND WATER LEVELS [ MEs. ) OF OBSERVATLON WELLS

IN

YUYYURV { A.L OF GROUWD 11.815 M )

YERR
1980
1981
1982
1983
1984
1985
1986
1987
1988
198%
19%0

JAN
11.050

N.A
10,935
11.215
11.375
11.08%
11,285
11.295
11.185
11.045
11.]8%

GANNAYARAN

YEAR
982
1983
1984
1985
1986
1987
1988
1989
1990

JAK
N.A
1i.403
18.306
12.105
11,105
1,405
1.32%
15,405
15.705

FEB

.4
3.935
10,683
11.235
L3
10,9535
11.255
11,325
11.215
11,115
11,183

HAR
N.A
9.975
10,635
il.143
11.285
K.A
11.19%
11.235
11,225
11.025
11,175

APR

N.A
10,305
10,903
11.095
11.095

N.A
11,015
11,155
11.13%
11.045
11,025

& ARDUND THE STUDY AREA

BAY
N.R
10.225
11.125
11,005
10,765
N.A
10.775
10.833%
N.A
§.625
10,845

JUR
3.755
8.975

11.273
10,995
10,315
10,865
10,4835
5.4645
9.763%
8.9715
K.A

{REDUCED LEYEL OF GROUND 21.705 MiS)

FEB
N.A
i0.705
17.50%
N.A
1.40%
12.405
1,305
13.205
14.405

HAR
K.A
1.005
14.30%
10,405
9.405
6.405
1.10%
N.A
N.A

APR
N.A
6.305
12.205
8.305
B.405
6.905
6.40%
9.405
13.405

HAY
N.A
3.055
5.005
1,105
1.80%
5.405
1.105
3.405
17.405

VIJAYAMADA ( R.L OF GROUND 20.825 WIS )

YEM
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
19%0

JAN
11.725
11.47%
11.725
10.875
11.825
12,125
11.745
11.685
11,505
11.825
12,045

fEB
11.515
i1.375
11.755
11.625
12,125
12,925
11,345
11.795
11,535
k1,925
12.045

AR
13.425
11.325
11,725
N.A
11.775
12.229
11.325
12.475
11,545
11.845
12,045

APR
12,423
1i.325
11.82%
i1.72%
12,125
12.22%
11.625
11,745
12.30%
12.305
12.0%5

naY
12.025
11,375
11.823%
11,775
11.925
12,125
12.045
151.375
12.073
12.20%
12.175

JUN
N.A
4.055
1.205
6.405
6.505
8.905
T.405
5.305
16,105

JUl
11,775
11.473
1.72%
15.725
11.87%

N.A
12.045
11,145
12.21%
11.985
11.895

WL
11.085
11.205
11.39%
11.995
10,935
15,185
11.275
11.0%5
11.015
10,633
11.445

Ju
6.103
3.05%
N.A
3.305
8.10%
B.405
§.405
12,305
15,465

au
11,825
11,875
11.625
11275
11525
N.A
1,925
11185
11505
11.685
12,275

71

AYe
11.035
11,195
10.825
i1.335
11135
11.335
11.315
11,095
[1.49%
11,375
11.53%

AYG
5.505
9.303
11.485
12.005
1.395
8.109
14,505
i9.405
16.405

Ate
15.475
15.225
11.725
12.375
12.023

L
11.82%
11,765
13,5355
12.965
12,235

SEP

&
11.32%
11.495
11.435

KA
11,375
11.435
1135
11.775
11.455
11,445

SEP
6.485
12,345
§.205
19.80%
6,905
7.965
18.905
19.403
17,405

SEP
15.22%
14.425
16.725
12.77%
12,175
i2.52%
12.12%
11,665
16.925
13.293
13.833

o1
N.A
11.375
11.603
11,453
11,95
11.385%
11,395
11.085
11.405
11.33%
il.49%

ol
9.105
12.00%
11.805
N.A
6.103
7,105
19.005
19.305
16,105

acY
12.02%
15.325
11,575
11,175
11.925
12.225
12.475
11,395
16,273
17,125
15.685

MIREXURE-TY

NOY
K.A

11.505.

11,563
11.335
11.103
11,585
11,345
11,833
i1.215
11,265
11.495

HOY
11.935
20.10%
13,305
11,105

3.305
12.10%
18.405
17.305
15.405

NO¥
12,023
12.72%
11.42%
13.175
12,025
12.425
12.025
12,215
12,245
12.305
12.975

DEC

d.4
11.175
11.273
i1.435
11133
11.28%

N.R
11,135
10,655
11.265
11,435

OEC
12.045
18.905

9.405
10.30%
1.303
7.0
15.403
17.465
17.405

pec
11.823
i2.015
10.873
12.175
12,125
11.72%

N.R
11.745
12,045
12.343
12.30%

Contd..



GUDIVADA { R.L OF GROUMD &.765 WIS |

YEAR
1980
1361
1962
1483
1304
1985
1304
1981
1386
1489
1930

N
§.015
§.135
5.618
5.695
5,845
£.358
§.325
5,885
5,388
5,738
5,835

FEB
§.605
N.A
5.525
§.408
5,565
5.855
5.878
5,355
5.245
§.505
N.A

KAR
KA
KA
5.005
5,288
5,305
5,305
5,505
4.905
5.008
KA
KA

APR

K.A

H.A
4.63h
5,045
5,085
5.085
5.i1h
4,785
§.87%
§.215
§.82%

KAY
N.A
H.A
H.A
4775
4.78%
4.785
§.005
4.68
4.365
N.A
6,205

CHALLAPALLT { R.L OF GROUND 4.535 NTS )

YEAR
1980
1381
1882
1963
1844
1985
1986
1997
1988
1934
1950

JAN
3.03%
3.085
3,28
2.585
3,135
L
3.458
2,835
3,93
3.438
3.58%

FEB
2.2
2,588
2,635
1,838
2.88%
WA
3.33%
2,718
3,435
3,235
3.78%

HAR
1,435
2.185
2.135
1.§35
2.838
N.A
3135
3.19%
N.A
3,23
3.735

AR
2.038
2.038
1,785
1,738
.23

N.A
2,79
3138
3.26%
3.498%
4,085

GUDLAVALERU ( R.L OF GROUND 5.2 )

YEAR
1980
1981
1382
1983
1584
1385
1988
1467
1488
1989
1489

I

N.A
4510
K.A
4.960
5,150
§.280
5,540
WA
K.A
XA
R.A

FEB
WA
4,360

NA
§.980
5,080
5.060
5,170
410
NA
N.A
N

NAR
H.A
4310

N.A
4,710
4.980
5.010
520
4,460
K.A
N4
H.A

APR
N.A
3.930

¥A
4.460
4.760
4,810
4.800
4.360
4,780
N.A
K.A

HAY
1,135
1,765
1,664
2,235
2.0
H.A
2,148
2.58%
H.A
3518
3.785

AAY
N.A
L1
N.A
$.970
4,360
4.350
3.970
3.960
4,360
N.A
N.A

JUN
N.A
h.A
4,455
4.54%
4,408
4.40%
§.645
4,208
4.305
4.865
N.A

JuN
1,73
1,585
1,485
2,138
A
N4
2.71%
1,965
.53
3.3%%
3.985

JUK
3,460
2.540
N.A
3,900
4.310
2.280
5.310
1.410
3.960
N.A
N.A

JuL
R.A
N.A
5.808
5.325
4.43%
4575
5.04%
4.265
§.308
N.A
N.A

JiL
Z.438
2,215
1.845
2,33
A
2.58%
2,755
3,508
2,535
3.983
3.968

L
L.
5,160
KA
4,710
4,310
4.260
§.210
3,160
4.880
N.A
N.A

AUS
N.A
H.A
§.085
6.805
6,005
5.455
5,905
4,955
§.585
N.A
§.628

Aug
3.53
3.3
1.73%
.23
KA
3,338
kWKL
3.955
3.985
4,035
3.68%

Mg
5,320
5,480
5.260
5,510
3.500
5,380
§.380
4,760
5.560
K.A
A

SEP
N.A
NA
B.135
1.00%
H.A
§.705
§.21%
5,505
§.735
6.465
6.69%

§tp
3.638
3,835
3.53%
3.838
L
3.8
3,438
3.888
3,568
3.785
3.73%

SEP
4580
5,210
N.A
5,580
5.060
§.560
5,260
NA
5,880
A
5,380

oct
6,18
K.A
§.545
1.108
6.465
§.405
§.008
5,845
b.768
N.A
A

0¢T

3,33
3433
3,138
3,638
H.A

§.23%
3,238
3.63%
4.11h
4,085
333

0cT
4.810
5.060
WA
§.560
5.460
5.560
5.030
R.A
5.4b0
KA
kA

NOY
§.125
K.A
§.205
€.615
6.545
5.63%
L
§.38%
b.0e8
6.545
N.A

KoV
3.53%
3,639
3.238
3.58%
2.28%
4.00%
H.A
3755
3.73h
3,788
.78%

OV
4.490
5.380
A
5.0
5.460
§.070
5.460
WA
5,360
N.A
6.360

DEC
L
§.125

H.A
6.08%
6.18%
§.05%
H.A
H.A
h.A
5,345
§.615

DEC
3.335
1,635
2.53%
3.535
L
143
3125
3,38
3,488
3.Ns
3.78%

DEC
.910
4.980
5,150
5,116
5.130
5.150
N.A
4,880
N.A
K.A
b.480



LEGERD: -

o OB e O AP e LW R e

1. VUYYURU

YEAR

my-82

NOV-82

mr-ad

NOYV-83

NAY-B4

NGV-B4

MAY-85

NGY-85

RAY-B6

NOY-85

MAY-87

nOv-87

BAY-88

NoY-88

BAY-89

NOY-8%

1.86

1.80

6.70

3.20

i.%8

1.82

£.3%

CHEMICAL WATER QUALITY OF OPEM MELLS 1N AND AROUND THE STUDY AREA

= hguifer Daﬂlh Tapped ()

P

Hat 28°C

: Sp.c ab 25 ¢ microseisans/cas
: 105 {ppn)
= C0,{ppm)
: HG0; {ppn)

= €1
= f

f

{ppu)
ppa}

= o, {ppn)

1.69

6.20

g.32

1137 753

1240 794

121 72

38

1843 1180 118

1208 173

2000 1280

1208 173

30

2300 1472 110

$350 3424

2605 1667

1146 1370

1383 866

3960 2534

3360 2130

3260 2099

4350 2784

338

99

25%

304

335

550

27

459

602

445

3l

L3¢

433

6718

il
i20
110
165
2
250
247
350
1284
415
4
312
410
660
148

959

Bt -

0.2 --

.1 -

g1 -

0.2 -~

9.1 --

10 = Na (ppa)
1=« (opn)
12 : Ca (ppn}
13 : Mg (ppw}
14 : folal Hardness (CaC03}
15 = Geology
16 - S8R
11 %ot a
18 := RSC
10 11 12 13 14 1%
135 35 32 49 ZBO ALLUYIUM
44 50 48 29 40 --00--
i46 40 24 29 180 --DO--
238 45 56 49 W0 --DO--
145 14 32 41 2%0 --D@--
250 88 72 5B 420 --DO--
158 22 16 53 260 --0Q--
221 78 104 66 530 ~-DO--
663 178 160 145 1080 --p0--
22111 64 78 480 --DO--
246 350 16 58 280 --00--
200 38 32 53 W0 --00--
640 102 73 8B 340 --D0--
436 73 112 068 649  --0GO--
410 21 56 112 400 --DG--
667 77 126 92 0 --0D--

73

ANKEXURE - ¥

11.9%

1.48

1.28

10,97

18

L2

2.36

0.95

-3.53

.89

0.72

6.3l

Contd. .



MAY-90

HOV-90

GARKAYARAN

MAY-B2 17.58

Wov-82 11.34

MAY-83 18.95

nOY-83 L.70

WAY-84 15.02

HOV-84 10,73

MAY-85 16.75

NOV-B85 12.64

mAY-B6 17.35

NOv-86 22.20

MAY-B1 9.44

80V-B1 13.76

BAY-BS 17.40

WOv-88 4,58

maY-89 16.23

noY-89 2.84

Mr-9% 5.69

n0Y-90. 3.5%

Y1JAYAWADA

mMY-82 10,20

NQy-82 9.68

wY-83 10.30

nov-83 9.7

L1y

B.16

1.4%

§.00

1.8

1.89

1.66

7.82

7.62

B.14

B.3¢

1.11

8.4

0.6% 8.13 2000 1280

611 1031

1650 1056

1785 1142

{680 1722

1657 1060

2000 1286

2180 1395

2350 1504

2140 1370

1930 1235

1488 932

1786 1143

1382 1912

2909 1856

1980 1267

4750 3040

2520 1613

2800 1792

1136 7128

135 470

1208 773

950 808

1.00 8.01 3500 2240 --

252 34 0.l --

621 490 0.1 --

150

109

192

167

200

238

175

339

148

114

263

i43

282

HE 2

13

21

188

143

365

Fal)

268

239

241

563

392

432

494

L1

381

354

350

364

300

120

10135

433

554

i

117

114

0.9 --

1o -

0.4 --

0.4 -~

30

381

158

M 72

65 64

196 10 o4

238

a9

8 104

214 10 124

200

1l

267

180

368

176

625

134

62

B 144

3 320

§ 120

§ 126

(]

120 12 3%

101

I 5%

19

58

o8

é3

)

53

83

y2

66

83

1y

68

&3

68

68

63

o8

LK

34

4

u

260

400

400

420

420

LI

506

60

6B0

S84

320

420

500

360

620

640

1680

380

380

280

220

320

240

--DG--

_.DD-.

RAJAHKY-

NORY SAND-

SiONE

--Dﬂ_-

--DU--

_.DE-_

--DD--

-_DB_-

-.DD..

..Ua.q

_-00--

_-DU_-

--DD-_

--DU-_

-_DD._

..Du..

--DO-‘

_-Dﬂ—q

--DU..

..Da..

ALLUYIUN

-_Du_-

--90--

__90..

8.12

12.6%

4.09

3.84

3.86

3,8}

3.63

4.03

4,13

6.43

3.03

8.27

5.5%

6.39

-6.12

4.57

-4.99

-16.13

-6.13

-10.07



NAY-88

ND¥-B8

NAY-8%

nov-89

MAY- 90

HG¥-50

310

Z.58

TELAPROLU

RAY-82

NOy-82

MAY-83

NOv-83

nAY-B4

NOY-84

NAY-85

NOV-85

MAY-86

#OV-86

WRY-B7

NO¥-87

MAY-88

#0v-58

NAY-BY

NOv-89

ar-90

NGY-90

NUNKA

nAY-82

2.9%

£.85

3.3

G.7%

0.48

4.0

1.45

.41

8.30

71.80

.60

5080 3251

6160 3947

3340 2138

2600 1792

289G 1850

J600 2304

913

1470

4320

1981

3200

1826

4500

6590

5080

115¢

4850

9970

6380

6450

6600

812G

6280

2780

584

4309

3149

3108

3328

5005

o198

4218

3251

4576

3104

6381

4083

4083

4128

Trel

917

4019

un

o=

60

339 560

1 1280

248 480

464 150

34 30

285 450

173 B8

220 1430

262 301

34 933

150 1150

150 1927

111 133%

386 1700

257 1340

23 1910

132 1460

480 3015

326 1440

90 1460

430 1336

619 1554

33 1484

380 11536

430 369

0.5-- 929 30 i28 92 00 --DO--

0.1 -- 837

—

0.0 - 600 160 o4 44 340 --DO--

—
ra

0.5 -- 4Bé

0.5-- 538 10 3% 53 380 --DO--

8.9 -~ &9 16 40 58 340 --0d--

3216 172 1040 --DO--

72 49 380 --00--

1,395

15.28 -~

1413 --

i6.gz --

12.36 --

16,45 --

- == W1 % 16 34 180 ALLUVIUN 4.2%

-t 600 240 6 e 820

-------------------- HIGALY SALINE

s-o-m 821 2T 48 115 BAG

== -- 100G S14 64 233 1120

== -- 388 289 o4 165 1BO

--oo- TAT 356 160 224 1330

== == 5% 289 %6 110 340

== == B4b 425 104 229 1200

.5 - 700 23l 72 46 180

0.1 ~- 1231 625 25 2B 1809

0.2 - 825 371 104 204 1100

0.1 -~ 857 371 144 126 B8O

0.1 -- 724 30G 192 204 1320

0.1 -- 919 315 96 165 920

0.1 -- B4z 300 112 117 760

G.1-- 883 15 104 117 T

= o= 1 500 6 T3 O30
75

-3.1%

== -id.el

-0.34

__gu._

_.DU--

.-Dﬂ.-

--DU--

--00--

--Dﬁ--

__DU_-

_-DU_-

-.Da__

--ﬂﬂ--

__Du--

--DD--

-=pO--

--Uo.-

10.81

10.8%

i2.62

i0.87

12.57

13.19

13.27

14,10

KHONDAL- 4.i%

- -12.99

-- -1%.36

- 0T

-- -18.70

== -lL M

== -19.43

== -9

-- -26.39

== -15.46

== =576

-~ -18.78

- L

- 492

= =500

== 3.00
Conid..



KAY-B4 5,95

NOV-84 9.58

MAY-85 10,10

NOY-85 10.30

MAY-86 10.10

NOV-86 i1.92

BAY-87 10.%3

NCY-87 10.32

RAY-BB 10.06

NOY-88 9.%6

WAY-BY 11.15

NOV-BY 9.05

MAY-90 .35

K0Y-90- .20

sUDIvADR

MAY-82 §.30

NDY-B2 1.75

MAY-8Y 3.37

NOY-83 1.85

MAY-84 3.6

KOV-84  J.2¢
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