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PREFACE

Groundwater has assumed a c¢ritical importance to meet the
everincreasing domestic, industrial and agricultural growth needs
of our country. As per the norms of G.W Estimation Committee
(March 1984), the total rep]enishﬁh]e groundwater resources of
the country have been estimated as 45.22 m ha m; of which 38.28 m
ha m is meant for irrigation purpose. The present draft is 10.65
m ha m, leaving a balance of 27.63 m ha m available for
exploitation.

HislLory shows that the usual practice in ground ‘water
development. and utilisation has been to treat the problems and
initiate the action programmes‘on an individual and piecemeal

™basis. This has resulted in the over exploitation of groundwater
in certain pockets leading to progressive decline in water table,
shortage in supply and sea water intrusion in coastal areas. On
the other hand, the excessive seebage from intensive 1irrigation
and poor subsurface drainage in certain canal command areas have
given rise to water logging and salinity problems. Development of
ground walter resources is , therefore, required to be backed up
by proper management strategies.
| The _water balance study serves as a means of solution to
important theoritical and practical hydrological problems, On the
basis of water balance approach, it is possible to evaluate
quantitatively individual éontribution 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. Hence, such studies are very important for wunderstanding

the behaviour of the hydrologic system and working out the




éﬁrategies for development and management of water resources of a

river basin.

The Central Godavari Delta in East Godavari District of
Andhra Pradesh experiences the sea water intrusion and the ground
water quality is continuously getting deteriorated. With a view
to analyse this problem, the ground water balance stqdy has been
carried out in the Central Godavari Delta. The study aims at
jdentification and quantification of various components of
groundwater balance and thus to understand the influence of
various componenté and behaviour of the aquifer system under

their dynamic changes.

‘The present ground water balance study has been divided into
two parts. the first part pertains to the collection and
processing of various relevant data required for carrying out fhe
ground water balance. The present report forming Part 11 of the
study deals with the methodologies adoptéd f0n4quantificatioﬂ of
various components and their gquantification. The seasonal gdround
water balance for monsoon and non-monscon seasons has been

prepared and presented in the report.

The report has been prepared by S5ri J V Tyagi, Scientist
tC?. The technical assistance during course of data analysis was
provided by Sri T Thomas, SRA and Sri T Vijay, RA. The overall
guidance for conducting the study was provided by Dr P V.
Seethapathi, Scientist ‘F’.
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ABSTRACT

Groundwater balance studies are effeéted in order to
ascertain the quantity of water available for development in a
région and this can be done only after identification of the
various physical features of the hydrologic system involved,
their hydraulic characteristics and their hydraulic
interrelalionships. Clearly, after the groundwater system |is
fully undérstood the results can be combined with data regar@ing
the amounts of water trénsitting the stream network in the
relevant region =as well as precipitation in it in order to

furnish the basis of water balance ana}ysis.

The water balance study has been undertaken in the Central
Godavari Delta in East Godavari District of Andrha Pradesh. Being
a coastal region, the deterioration in groundwater quality in the
study area has been observed over a period of time due to sea
water 1intrusion. This calls for the hydrologic analysis of the
groundwatgr system in Central Godavari Deltd. The present study
has, therefore, been carried out to identify and quantify the
various component processes of the ground water balance and thus
to undgrstand the influence of various components and behaviour

of the aquifer system under their dynamic changes.

Based on the available data, tLhe seasonal ground water
balance for monscon {June to QOctober) and non-monsoon {(November
to May) seasons have been worked out for a period of 9 years i.e
from 1981-82 to 1989-90. The various components of groundwaler

balance were iQentificd and evaluated adopting the methodologies

{iii)




as explained in the report. The recharge from rainfall for

different years of  study has been estimated during monsocon
seasons using water balance approach. The amounts of unaccounted

waler have also been calculated during non-monscon seasons.

The groundwater guality data have been analjsed and the area
under different ranges of TDS values worked out and presented in

the report.

(iv)




1.0 INTRODUCTION
1.1 General

Groundwater has assumed a critical importance to meet the
ever  incroaming domentle, industrial and oagricultural growlh
needs of our country. India is a vast country having diversified
hydrogeological settings; variations in the nature and
composition of +the rock types, the geological structures,
geomorphological features and hydrometerological conditions have
correspondingly given rise to widely varying ground water
situations in different parts of the country. Detailed surveys,
exploration and resource evaluation studies, and pgoper planning
of its development, management and conservation are essential for

a safe and optimal utilisation of this vital resource of the

country.
Based on the norms recommended by the ‘Groundwaler
Estimation Committee’ (March 1984), the total replenishable

ground water resources of the country have been estimaled ay
45.22 m ham, out of which 6.94 m ham have been kept for drinking,
industrial and other committed uses and the remaining 38.28 m ham
of wutilisable ground waler resources are meant for irrigation
purpose. The present draft is 10,65 m ham, leaving a balance of

27.683 m ham of groundwater resources available for exploitation.

Thus, when 8een for the country as a whole there is
considerable ground water still required to be developed.
However, when viewed from micro level angle, there are pockets
where intensive development has led to rather critical situalijons

and manifestation of problems like declining ground water levels,




shortage in ' supply, ingress of sea water in the coastal areas
etc. On the other hand, in many major canal command areas, the
water table is progressively rising because of excessive seepage

from surface irrigation and poor sub-surface drainage leading to

‘the creation of water logging and salinity problems. Therefore,

there 1is need for planned integrated development of surface and

groundwater resources and their scientific management,

While planning for the development and management of a
groundwater basin, it is to be ensured that a balance exgsts
between the recharge to and discharge from the basin .and the
ground water levels fluctuate withiﬁ arparticular range over the
monsoon and -non-monsoon seasons. This 1is best achieved by
conducting the ground water balance of the basin. The ground
water Dbalance "study serves as a means of solution to various
important theorelical and practical hydrological prnhlems. On the
basis of water balance approach, it is possible to make a

guantitative evaluation of water resources and the impact of

man's activilies on the hydrologic cycle,

The study+: of water balance is defined as the systematic
prescntatian of data on the supply and use of water within a
geographic region for a specific period. The water balance of
hydrologic balance of any ground water basin establishes that all
walters enlering the basin during any given period of time must
either go inte storage within its boundaries, be consumed or flow
out during that period. Clearly, the items of inflow and outflow
{or recharge and discharge) can include a number of components

depending on the geographic and hydrologic features of the basin.



These various components of inflow, outflow and change in storage
are evaluated using proper methodologies and the water balance

obtained for the ground water basin. 4

Knowledge of water balance assits prediction of the
consequences of artificial changes in the regime of ground water
basins. In coastal areas where sea water intrusion is a common
problem, the quantity of fresh water storage in the basin
aquifers can be assessed by accomplishing the ground water
balance. With water balance data, it is possible to compare
individual socurces of water in a system over d‘fferent periods of
time and to establish thé degree of their effect on variations in
the water regime. Further, the intial analysis used Lo compute

individual water Dbalance components and the co-ordination of

these components in the hydrologic balance ecquation make it
possgible Lo identify deficiencies in the distribhution of
observational stations and discover systematic ercors of

measurements., Finally, water balance study enables evaluation of

one unkmown component of water balance from all other known

components.

1.2 Statement of the Problem :

Thé sea water intrusion is a common problem in groundwater
baéin/ aquifers in coastal areas. The extent of Qea water
intrusion depends upon the exploitation of ground water in excess
of its recharge capability. The ground water guality is hadlf
affected due to salt water intrusion and the aquifer system once
get polluted becemes rather difficult to reclaim, In order that

the aqufier system is maintained and preserved without gettiing



' polluted, proper management strategies are to be adopted. ’For

evolving suitable management strategies, it i necessary to

understand the hydrological behaviour in the coastal areas.

The Central Godavari Delta in'East Godavari Dist. of Andhra
Pradesh is a very fertile and rice growing area. The entire area
is irrigated through a network of canals and field distribution
system. Though there is no heavy ground water draft in the area
and borewells are used mostly for drinking purpose, the quality
of ground water has deteriorated over a period of time. If this
trend continues, a situation may arise when the wells can not be
ﬁsed for drinking water purpose. This deteriorating water quality
in the Centrgl Godavari Delta is a matter of great conceérn and

calls for the analysis of the problem.

il

Keeping the above in view, the seasonal ground water balance
has been carried out for the Central Godavari Delta. The main aim
of the study is to identify and quantify the various component
processes of the ground wd#ter balance ana_thus to understand the
influence of various components and behaviour of the aquifer
system under their dynamic changes. The study has been carried
out for monscon and ﬁon monsoon seasons for a period of 9 years
i.e. 1981-82 to 1989-90. Based on the estimates of various
components, the rainfall-recharge coefficients during monsoon

seasons are also established.




1.3 Presentation of the Study:

The present study has been divided into two parts. The first
part pertains to the collectionlpnd processing.of.data and the
report titled ‘Ground Water Balance Study in Central Godavari
Delta of Andhra Pradesh - Processing and Analysis of-Datn, Part
I’ has already been brought out. The report deals with the
description of the study area, data required, colleétion and
prﬁcessing of data and identification of various components of
water balance in the Central Godavari Delta. The present report
forming Part II of the study deals with the methodologies adopted
for the quantification of variocus ggound water balance cohponean
and their quantification. All other components except rainfall
recharge have been estimated independentl& and the rainfall
recharge during monsoon season is estimated using water balance
approach. The ground water balance for monsoon and‘ non monsooen
seasons for 9 years (1981-82 to 1983-90) is presented in the

report. The reasons for deteriorating ground water quality are

also analysed in the present report.

1.4 Study Area

The detailed description of the study area is given in the
Part I of the study report. Hawever, for ready reference
purpose, the salient details of the study area are briefly given

in the following paragraphs.

The study area forms a pért of the Delta System of the river
Godavari in East Godavari District of Andhra Pradesh.
Geographically the study area of Central Godavari Delta is

located between 16°25°' to 16°55'N latitude and Bf 44’ to 82° 15°'F




longitude with its hydrological boundaries as river Gowthami
GGodavari in the East, river Vasistha Godqyari and its branch,
Vainaleyn in the West and Bay of Bengal in thé south.The location
of study area is shown in Fig 1.1. The total geographical area
umler  study measures to about B25 sq kms, covering partl} or

fully 11 Revenue mandals of East Godavari District.

The area receives more than half of its annual rainfall
during soulh west monsoon_(i.e. June to September), while a large
portion of rest occur in October and November. The normal annual
rainfall of the district is 1142 mm. The area is prone to
frequent. cyclones and floods. The climate of the study area in
comparatively equitabie. The mean maximum temperature varies

c ; . . N
between 35°C to 37°C during summer and mean minimum temperature

varics between 19°C to 21° ¢ during winter.

The: stqdy areca consistis of rich alluvial plains formed by
river Godavari. It has a very gentle land slope of about 1lm- per
hw. The rﬁastal line along the study area measures to about 40 km
and the sgeneral elevations vary from about 2m near the sea to
aboult 1Y m at upﬁnr reach. The topographical map of the study
area  is given in Fig 1.2 Texturally, a major part of the study
aren concsists of sandy loams and sandy clay loams., The entire
Area iz under the command of the Godavari Central Canal systém.

it canal nelwork is uniformly distributed -in the study area with

a4 main canal, three hranch canals, one distributary and several
field channels. The canal system remains operational for 11
months with a closure period of one month during April-May. Lift

irrigation 1is also adopled at higher reaches. The map showing

canal network in the study area is presented in Fig 1.3, The




ground water drafk from borewells is not much as these are used
for irrigating small areas under various minor crops and for
drinking.water purpose.,

P#ddy is the main crop in both the seasons in the study
area. Bésidea, banana and coconut are also the principal crops.
Other crops like cereals, millets, sugarcane and vegetables are
also grown in the study area. There are no forests as such.

Since the Bay of Bengal forms the southern boundary of the
study area, salt water intrusion problem is observed in the areca.
The TDS values of ground water in the wellé located near the Lwo
arms of river Godavari are quite high, while a reducing trend in
TDS values is observed in the wells located away from the rivers.
1.5 Collection and Processing of Data

A variety of data pertaining to various hydrologic aspect=s
of the study area were collected f;om different Govt. Depts
such as A P State Ground Water Dept, Irrigation Dept, Agricultur.
Dept, and the Statistics Dept. These data were processed nd
presented in Part I of'the study reports. A brief revin ol
available data is presented below.

. Topographical map of the study area (fig 1.2)

1

2. Map showing canal network in the area (fig 1.3)
3. Map showing location of rain gauges (fig 1.4)
4

Map showing location of observation wells ({(fig 1.5)
5. Monthly rainfall data of rainguage stations
6. Monthly ground water levels in observation wells. ’

7. Cnanal discharge dala

8. lLength, cross-sections and other design details of main canal,
branch canals and distributaries and Lheir command areas,

9, Yearwise number of wells/tubewells in Lhe study aren

10. Stage and discharge data of river

11. Land use pattern data

12. Cropping pattern data

13. Data on geology and aquifer characteristics

14. Datn on potential evapotranspiration, and other climatic dsta

15, Ground water quality dala for the study aroea. .

7
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2.0. METHODOLOGY FOR ESTIMATION OF GROUNDWATEﬁ BALANCE COMPONENTS
2.1. General

The waper‘balance study is carried out to evaluate the net
available water resources and to assess the existing water
utilisation pattern to plan opfimal and efficient management of
waler resources.  The water balance 1s a satatement of the
conservation of matter applied to a ground water basin. All
waters entering an area during any given period of time must
either go into storage within its boundaries, be consumed or fibw
out during tha£ period. This basic concept of water balance can

be expresses as below.

I = 0 +AS

inflow to the system
outflow, and
Change in ground water storage

where, 1
0

DS

The inputs'and'outputs of a ground water system may include

the following components.

1. inflow:

(A) Natural Recharge:

i) Recharage due to rainfall

ii) Recharge from rivers {influent seepage
iii) Inflow from other basins :
iv) Recharge from tanks & reservoirs

(B) Artificial Recharge:
i} Tnduced recharge from rivers
ii) HRecharge due to seepage from irrigation channelsy
iii) Recharge from deep percolation of irrigation water
from fields”
iv} Recharge by injection

‘2. Outflqw:
A} Natural outflow:
i} Evapotranspiration

ii) Regeneration in river or effluent seepage to rivers
iii} Outflow to other basins

13




B) Artificial Outflow:
i)} Pumpage through open wells, and tube wells

. Considering tLhe above components, the groundwater balance

equation can be rewritten as

Ri+ Rc+ Rr+ Rt + Ig + Si= Tp+ Et + Og + Se +AS

Where,
Ri = recharge from rainfall
Rec = recharge from canal seepage
R = recharge due to deep percoiation from field irrigation

= Rrs + Rrg
Rrs = recharge from surface watere irrigation

Rrg = recharge from groundwater irrigation

u

It recharge from resecrvoirs & tanks

lg = subsurface inflow from other basin
Si = influent seepage from ;ivcrs

Tp = withdrawal from ground water

Et evapotranspiration losses

Etf + Etw '
Etf = evapotranspiration losses from forested areas

Etw = evapotranspiration losses from water~logged areas

0g = subsurface outflow from the basin
Se = effluent seepage torrivers
Asg = change in ground water storage (positive for increase

and negative for decrease)

The various components of inputs and outputs us~d in ground
water balance equatien have been discussed in part 1 of the study
report.. The ahove expression considers only one agquifer  aystem
and Lhus does not account for the interflows between the aguifers
in a multi-aﬁuifer system. However, if sufficient data related to

water table and piezometric head fluctuations and conduclivily of

14




intervening layers are avgilable, the additional terms for these
fnterflows can be included in the equatioﬁ. Each item of the
equation represents a discharge or volume of watef per unit of
.time. For the purpose of study, any‘éonsistant units of volume
and time can be adopted. The water year extending from 1 st June
to 31st May is preferable” to the calender year. Theoritically,
the hydrologic equation must balance .but it rarely happens..in
practice as there may be some inaccuracies in the estimation of
various parnmeters..ﬂ&%ever, the amount of unbalance should not
exceed the limits of accuracy of the basic data. If the amount of
unbalance (n) is given as a residual term of the water bnalance
equation and includes the errors in the determination of the

components and the values of components which are not taken into

account, the equation may be written in the following form.

Ri + Re + Rr +#+ Rt + Ig +# Si - Et - Tp - Og - Se - S5 - n = 0
In order to avoid huge errors, all the componcnts'of water
balance egquation must be estimated independéntly and adjustments,

if requirced, should be made in items subject to large errors,

2.2 Methodology

" The above form of groundwater balance equation includes
occurrence of all tfpes of water but there may be situations in
which it is possible to eliminate certain itemslfrom fhe egquatirn
because either ~they are negligible or they do not affect the
solution. So, as a first step in a groundwater balance stuwly, all
significant components-for the basin nced to be tdentified. The
Central (odavari Delta is bounded by river Gowthami ¢‘odavari in

the east, river Vasistha Godavari and its branch Vainateyam in

1o




the west and Ba; of Bengal in the south. The interaction between
these water bodies and the basin aquifers forms an important
component for the purpose of evaluating groundwater balance.
Besides, a good network of canals in the study area is an
important - source of recharge. The recharge from rainfall with
its time and space variability also forms one of Lhe: major
conlributions to the ground water. The Central Godavari Delta is
ﬁredominantly a paddy growing area in both the seasons and a
certain depth of irrgation water is maintained in the fields. And
as such, the return flow from these irrignted areas also forms
quite a reasonéble amount of recharge, While considering the
discharge components, ; good number ﬁf tubewells exist in the
study arca. However, the area irrigated through these Lubewells
is comparatively small and hence the direct extraction of
groundwater through pumping is also low. The indirect extraction
of groundwater which is a major component of discharge is mainly
Lhrough evapotranspiration through deep rooted tLrees and also
through the shallow water table areas. These physical and
hydrologital characteristics of the study area provide the
necessary background information for identification and
estimation of different components of gro;nd water balance. The
stud& aims at evalualing the various water balance components on
- seasonal basis 1i.c. for monsoon season and non monsoon season
from 1981-82 to ]?89~90. The methodology adopled for estimating

cach of the components is discussed below.

2.2.1 Draft from Ground Water (Tp) :
Draft is the amount of water lifted from the aquifer by

mcans of various groundwaler structures and devices, ",

16




tubewells, dug wells, rahat or any other means. The draft from
these individual sourées may vary widely depending upon the
yield, type of source, depth of water t&ble, type of water use
etc. Thus, a suitable methodology is required to estimate the
ground water draft.

The draft is generally estimated by multiplying the number
of working hours with the average draft per hour and the number
of wells in the particular category. The sum of groundwater draft
calculated for each category of sources will gi#e the total
draft. The average unit draft for above calculation is determined
by conducting pumping tests on wells. Where wells are cnergised,
Lthe average unil draft per unit of electricity or fuel consumed
can be determined for different ranges in depth to water levels.
By noting the deplh to water levels at each distribution point,
and multiplying the average draft value with the number of units
of electricity or diesel consumed, Lhe drafl at each point can be
computed for every month. Where wells are used for irrigation,
agriculture slLalislics can be used for computalion of qround#htor
draft for irrigation.

The tubewells in the study area are privately owned and the
average unit draft of tubewells is not available. The groundwatler
draft in the present study has, thérefore, been calculated using
the agriculture statistics. For this purpose, the seasonwisc and
cropwise area ifrigated by tubewells were collected. The avora@e
irrigation requ;rements for these crops were also e¢stimated,
Thus, the draft from éroundwater for irrigation purpose was
arrived at by multiplying the irrigation requirement with the
irrigated area. Similarly, the groundwater draft for dfinkiﬁé
purpose was also estimated by multiplying the total population in

the study area with the average per capita water consumption,

17




2.2.2 Effluent and Influent Seepage (Se and Si):

‘The interaction bétéeén a river and the aquifer may be of
two ‘types. Depending upon the gradient, eithér aquifer may 5e
contributing to the ' river flow (effluent) or river may be
recharging the aquifer (influent). since the river stages and the
groundwater levels keep on changing with time and space,‘ the
river may behave as'influent or effluent. The direction of flow
is govérned by the position of water table in respect to the
- river sgage and éhe amount of ;low depends upon the both
hydraulic gradien£ as well as the transmissivity of the aquifer

system.

The effluent and influent seepage for the rivers Go;thami
and Vasishta have Béen eétimated.reachwise. The enti:e length of
rivers were di;ided in different reachea depending wpon the
‘ nearby observat ' on Qell possibly leocated in the middle of the
reach. The hydraulic gradient has been computed as the ratio of
difference between the river stage at the point where the normal
from the observation well meets river and the water level in the
observation well, to normal distance Betwoon the points under
reference.” The value of coefficient of transmissivity for the
basin aquifers was provided by the A P State Groundwater Dept.

With thésg parameters, the effluent or influent seepage has been

estimated as below

Q@ = T* I*x |,

rate of flow, m**3/day
Transmissivity, m*%2/day
hydraulic gradient
length of the reach

where,

=30
nouon o
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By consi&ering proper signs for effluent and influent
reaches of the rivers, influent and e?fluent,seepages have been
estimated over the entire length of all the rivers., Since the Bay
of Bengal forms the southern boundary of the study area and it is
‘observed from the water table contour maps that the flow takes
place from the aquifers towards the sea, the effluent seepage for
the sea has =also been estimated using the same approach as

discussed above for rivers.

2.2.3 Evapotranspiration from Groundwatek ﬁeservoir (Et)

The amount of water that is directly extracted from the
groundwater reservoir and lost to the atmosphere through
evaporation and transpiration from plants needs fo be compuled
for preparing the gfoundwater balance. When ‘the water table is
close to the ground surface, the evaporation from the soil and
Lranspiration from plants will be at the maiimum pﬁssib!n
rate,i.e. -at potential rate. Similarly, the potentihl
evapotranspiration will take place in the forested or other (tree
vegetation area which has the roots extendingﬂto the water table
or upto the capillary zone. From lakes and marshes fed by
groundwater, evaporation takes place at the potential rate which
cén be estimated by multiplying the pan evaporation value by the
pan coefficient., Since the study area does not have any surface
water structures fed by ground water, the evapotranspiration
losses from groundwater are estimated for shallow water table
arcas and deep rooted trees only.

a) Shallow Water Table Areas (Etw) :

The areas where the water table is within 2m from the ground

surface hdve been considered as areas of discharge. In view of
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the proximity of the water table to the ground surface, the
evapolranspiration from these areas have been conaidered at
potential rate. For estimation of these evapotranspiration
losses, Lhe depth to waler level contours were drawn and arenas
having water table within 2m were identified. The total amount of
water extracted through evapotranspiration was estimated by

multiplying the area with the average rate of potential

evapotranspiration.

({b) Deep rooted Tree Areas (Etf)

For deep rooted trees which have direct access to the
groundwater, the evapotranspiration has been considered at
-potential rate. The evapotranspiration for such areas, therefore,
have also been estimated by multiplying the area under these

trees with the average values of potential evapotranspiration.

2.2.4 Recharge From Field Irrigation (Rr)

The irrigation water applied to the fields is partly lost bf
crops for meeting their consumpﬁive use requiremengs and the
balance infiltrates to recharge thé groundwater storage. For
irrigétion of dry crops, the water applied is much less as the
soil 1is required to be saturated for short periods, with the
result thal the greater part of the water applied is abstracted
from the soil and lost to the atmoéphere through
evapotranspiration leaving only a small fraction, if any, to
recharge " the ground water. However, in the study area, paddy
being the major crop .in both the seasons, the amount of

infiltration , becomes sigrificant in view of continuous

submergenbe of soil for long durations. The amount of recharge
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from applied irrigation water, derived both from ground water and
surface water sources, therefore, needs to be estimated for

evaluating the groundwater balance.

For correct assessment of this quantity, studies are
required to be taken up in the study area on experimental plots
under different crops. However, the resulia of _slmilar studies
conducted elsewhere indicate that the return flow from irrigation
by surface water sources varies from 25 fo 50% of the water
delivered at the outlet and that from irrigation by groundwater
sources varies from 20 to 40%. Groundwater Estimatibn Committee
has also recommended the values of return seepage from irrigation
fields in the same range. In the present study, the G W
Estimation Committee norms are followed and the return flow from
fields have been assumed as 40% and 30% of water delivered at the
outlet for -cnnal irrigation and grouﬁd#atér irrigation
respeclively. T'he above figures of return flow include loésés in

field channels also and hence these need not be accounted for

seperately.

2.2.5hRecharge from Canal Seepage (Rc):

The seepage water from canals after percol&tiﬁﬁ de%p joi;s
the groundwater table and form‘a significant componeﬁt? in the

. S

groundwater balance studies. The recharge through Séﬁp;ée from
canal depends on tbe infiltration capacity of the,éanélxbed and
sides, subsuface lithology, extent of wetted'afea,'physical and
chemical properties of water and relative posiﬁion ofA bed with

respecl. to the water table. There are several methods to estimate

the seepage losées from canals. The indirect method include the




assessment of the factors affecting the canal ;eepage. In direct
methods, the inflow~-outflow method and the Ponding method are
most commonly used. The inflow-outflow method copaists of
measuring Lhe ﬁater that flows into and out of the section of
irrigation canal being studied. The difference between the
quantities of water flowing into and out of the canal reach is
attributed to seepage. The evaporation and precipitation being
comparatively small can be neglected. In Ponding method, the rate
of drop in a pool formed in the canal reach is measured. To
maintain the constant water level in the pond, water is added
Lo the canal. The accurately measured volume of added water is
considered equal to the total losses and the elaﬁsed t ime
establishes the rate of loss. Besides the above methods, a number
of invesligation have been carried out elsewhere Lo study Lhe

seopnge lossrs from canals. The Groundwater Eslimation Committee

has recommended the following norms

(i) for wunlined canals in normal type of soil with some clay
content alongwith sand-15 to 20 ham/day/10%%6 Sqm of wetted area
of canal or 6 to B cusec/10%%6 sq.fl. of welted arca of canal or

1.8 to 2.5 cumec/10#%%6 sqm. of wetted area.

(ii) for unlined canals in sandy soils~ 25 to 30 ham/day/10**6
sqm ol wetted area, or 10 to 12 cusec/10%#6 sq.ft of wetted area

or 3 to 3.5 cumec/10%*6 sgq.m of wetted areas.

(iii) for lined canals, the seepage losses may be taken as 20% of

the above values.

The canal system in Central Godavari Delta is very old and

the measuring structures at many locations are not 1in proper
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working condition and as such the data on outflow are rough
estimates. Besides, there are a good number of 1lift irrigation
schemes operating on the canals, the data o¢f which are not
available., With these data gaps, the application of inflow~
out.flow method may not yield the correct estimates of seepage
losses in canals. These losses in the present atudy have,

therefore, been estimated using the G.W Estimation Commilleec

norms.

2,2.6 Change in Groundwater Storage ( A §)

The groundwater storage responds to two factors, namely
recharge and discharge. Where recharge exceeds discharge,
groundwater storage increases and on the other hand, groundwater
storage' experlences decregse in its volume when the discharge
exceeds recharge. The change in groundwater storage is exhibited
by the changes in water table levels in the aquifers. The water
table levels are observed through a network of observation wells
spread over the area. Since a major portion of recharge takes
place from the percolation of rain water, the groundwater levels
are highest immediately after monsoon in the month of Octéber and
lowest before the onset of monsoon or in other words at the end
of non-monsoon seasoh. For preparing seasconal ground water

balance, the net change in storage volume during monsoon (June

Lo October) and non-monsoon seasons (November to May) are worked

out, The increase in groundwater storage which is common
.phenomena in monsoon scason is represcnted by a + ve sign  and
the decrease during non-monscon scason by -~ve sign, For

estimating the change in storage, the pre monsoon (June) and post,

monsoon (October) groundwater level contours were drawn by using
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the monthly water table cobservations for the study area. Then,
with the help.of planimeter the areas between two succeasive
contours were measured and the average position of water table
during pre monsoon and postmonsoon seasons calculated bj using

the following equation

AI(P1+P2) + A2(P24P3) + A3(P3+P4) +.......+An(Pn-1 + Pn)
2(A1+A2+A34...v ¢4+ .+AN)

where,

P is average position of water table,

P1,P2,P3 are the values of successive contours and

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

The difference between average water table positions during
premonsoon and postmonsoon seaszon gives the average change in
water table position during monsoon season while the difference
between water tables of post monsoon and pre monscon of next year
gives the average change during non monsoon season. Once the
above oxcercise was done for all the years, the change in
groundwater storage { S)during monsoon and non monscon Seasons

were calculated as below:

Change 1in groundwater storage = Average change in water table *
Total study area * Specific yield (Sy )

The specific vyield as used in above relationship may be
computed from pumping tests. In absence of pumping test results,
the following values of specific yield for different types of

geological formations in Lhe zone of water level fluctuations may

be adopted. -

1. Sandy alluvial area = = = ====- 12 to 18%
2. Valleyw #ills = =w==v- 10 to 14%
3. Silty¥sylayey alluvial area ----- 5 to 12%
4. Granites - emee- 2-4%

5., Basalts = ====a i to 3%
6. Laterite s eee- 2-4%

7. Sandstone = ==—=- 1 to 8 %
8., Limestone = ceae- %

(Source: Groundwater Estimation Methodology , 1984)
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Since the study area consists of alluvial plains formed by
river Godavari, an average value of specific yield hap' been

assumed as 15% for analysis purpose.

2.2.7 Recharge from Rainfall (Ri}:

Recharge from rainfall is the most important parameter among
a variety of inputs used in the groundwater balance eguation. A
part of rainwater infiltrates into the soil and after filling the
scil moisture deficiency percolates down reaching the water
table. This water reaching the water table is known as the
recharge from rainfall to the aquifer. This recharge which is a
fraction of total rainfall depends upon sgveral factors such as
soil characteristics, topography, vegetal cover, land use, =8ao0il
moisture conditions, depth to water table, intenstiy, duration
and seasonal distribution of rainfall.and other meteorological
factors. Recharge from ranfall, therefore, varies in space and
timeﬂ There are different approaches for estimation of rainfall
recharge. Various types of emperical relationships established
over the years between recharge and rainfall for different
regions c¢an be used to‘éstimate the recharge. The Gréundwnter
Estimation Committee has also recommended a range of recharge
values for different types of geological formations. However, the
water balance approach for estimation of rainfall recharge gives
fairly better rgsults provided a very extensive and accurate
hydrological and meterological data ara avilable and all other
components of waler balance egquation are estimated independently

with suitable methodologies.

In the present study, the rainfall recharge is calcu}atéd

using the water balance approach. In this approach, all the

25




components of water balance equation other than the rainfall
recharge, are estimated using the relevent hydrological and
meteorclogical information. Since alﬁost all the rainfall
recharge takes place during mbnsoon season with 1little or no
recharge in non- ﬁonsoon, the recharge has been calculated for
monsoon season by substituting the estimates of other components
in water balance equation. The mean areal rainfall over the basin
for monsoon season was computed using Thiessen Polygon method and
thus the recharge cocefficient i.e. recharge per unit rainfall

have also been calculated.




3.0 ANALYSIS
3.1 General
The preparation of groundwater balance consliats of .
identification of water balance components and analysis of
relevant .data with suitable methodology for quantification of
each of these components. The basic data required to carry out
the water balance study for Central Godavari Delta were collected
from various Government Departments and agencies such as A P
State GroundWater Dept, Irrigation Dept, Agriculture Dept,
Statistics Dept etc. and after preliminary processing were
presented in Part I of the study reports. Hhiie'the ground water
balance components relevant to the study area have been
identified and discussed in first report i.e. Part I, the
methodologies adopted for their estimation have been presented in
Chapter 2 of this report. Using this available information, the
scasonal ground water balance has been worked out for 9 years
i.e. for the period 1981-82 to 1989-90 for monsoon (June to
October) and non-monsoon (November to May) seasons. Except
rainfall recharge, all other components of grou#dwater balance
equation like draft from groundwater, evapotranspiration from
groundwater, influent and effluent seepage, recharge due to canal
seepage, recharge from field irrigation, change - in groundwater
storage have been estimated by analysing the basic data. Finally,

the rainfall recharge during monsonn season was estimanted using

.
[,

waler balance approach to arrive at the overall groundwater
balance of the study area. While this yields an estimate of
rainfall recharge co-efficient, the water balance during non.
monsoon season determines” the degree of accuracy with which Lhn

coinpenents of water balance equation have been estimated.




3.2 Draft from Ground Water (Tp):

In the present study, the drafts from groundwater during
monsoon and non-monsoon seasons have been computed using the
seasonwise irrigated area by the groundwater structures. The data
on seasonwise and sourcewise irrigation, were collected.from the
District Planning Office, East Godavari Dist, and presented in
Part I of the study report. From the irrigation statistics, it is
observed that the area is predominantly a canal irrigated area
and only 6-6% of the total irrigated area is covered by Lhe
wells/tubewells. The crops irrigated by these sources include a
part of the area under perennial crops i.e. sugarcane, (ruits and
vegetables, tobacce in Kharif and rarely gram and other minor
crops in Rabi.

For Lhe purpose of eslimation of groundwater draft, the
Aaveripje water requirements of crops which are supposed to be met
from jgroundwaler have been assumed ns 0.15m & 0.6m in kharif
(monsoon) and rabi (non monsoon) respectively. The seasonwise
draft was then calculated by multiplying tLhe irrigated area with
the average water requiremepts during that, snason. Similarly, tLhe
drafl for drinking purpose has also bern estimalted at the rale of
40 lit/capita/day for a total population of 6,557,000 in Lhe study
area, The seasonwisc total estimated draft during different years

are presented in Table 3.1.

A D D R AL L A e e e e A M A e S qa - e - - o

5.No. Year Draft (MCHM)
Moensoon Non-monsoon

1 1981-82 14,60 20.50
2 1982-83 14.90 18,50
3 1983-84 15.30 16.60
4 1984-85 15,60 14.60
5 1985-86 1656.60 16,30
6 1986-87 15.65 18.00
T 1987-88 15.70 19.80
8 1988-~-R89 17.50 13,90
9 1989-90 18.00 14.50
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3.3 Evapotranspiration from Ground water resefvoir (Et):

As mentioned earlier, the direct extraction of groundwater
is calculated for {a) shallow water table areas and (B) deep
rooted tree areas.

a) Shallow Water table Areasr(Etw):

By the end of the monsoon period, the water table reaches
its highest levels and gradually recedes ta its loweat levels by
the beginning of the next monsocon period. It is assumed that when
‘the water table is at a depth less than 2m from the ground
surface, the crop and other vegetation may be able to draw water
directly from the groundwater reservoir. For estimation of
esvapotranspiration losses from such areas, depth to water table
contours were drawn and areas with depth to water table below
ground level less than 2m identified. The average potenlial
evapotranspiration rates as apﬁlicahle to the study area were
also collected and are preseﬁted in Table 3.2. The seasonal
evapotranspiration losses from shallow water table arens were
then calculated by multiplying the area with the average
potential evapotranspiration rates. Table 3.3 shows thr cslimntes
of these losses for the study area during different years.

Table 3.2 : Average Potential Fvapotranspiration
rates fTor tLhe Study area

R —————— e M et e el

S.No Month Average PET (mm/day)
1 January 3.18
2 February ‘ 4,18
3 March = 5.056
4 April 5.97
5 May 6.51
3] June 5.39
7 July 5.13
8 August 4,86
9 September 3.85
10 October J.38
11 November 2.88
12 December 2.78




Table 3.3: Evapotranspiration Losses from Shallow Water
Table areas

S.No Year Evapotranspiration losses (MCM)
Monsoon Non Monsoon

1 1981-82 208.90 360.70

2 1982-83 231.15 - 384.060

K] 1983-84 . 166.50 413.30

4 1984-85 252.80 410.50

5 1985-86 252.80 345.70

6 1986-87 203.156 395.00

7 1987-H8 241.60 419.70

8 1588-89 124.80 365.90 -

9 1989-90 . 164.90 327.30
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b) Deep Rooted Tree areas (Etf):

The study area has a large number of coconut trees which are
expected to draw watef directly from the ground water - réservoir.
The area under these trees in different years of study are given
in Part I of the study report. The seasonwise groundwater losses
through such areas have been calculated by multiplying the
potential evapotranspiration rate with the area under trees. The
evapot.ranspiration 105569 Lhrough deep rooted trees are presented
in Table 3.4.

Table J.4: Evapotranspiration losses from Deep
Rooted Tree Areas.
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S.No Year Evapotranspiration losses (MCM)}
Monsoon Non-Monsoon
1 1981-82 78.40 105.90
2 1982-83 B1.15 109.60
3 1983-841 83,50 ‘ 113.40
4 1984-~85 86.70 117.10
5 1985-86 . 86.80 117.30
6 1986-87 87.00 117.50
7 1987-88 B7.10 117.70
8 1988-89 95.00 116.60
9 1689-90 97.00 117.00



3.4 Effluent and Influent Seepage (Se & Si):

The effluent and influent seepage in th? study area have
been computed for (a) River Vashista and Gowthami and (b) 8ea
(Bay of Bengal).

For computation purpose, the rivers and the sea coast were
divided into a number of small reaches so that each reach has at
least one observation well. The effluent seepage to rivers (-ve
sign) and ‘influent seepage from rivers {+ve 'aigp) were then
determined for each reach by using the gradient of water table

with respect to river stage and tranamisaivity of the aquifer

" gystem as explained in Section 2.2.2. The average value of

coefficient of transmissivity for the aquifers of study arca was
supplied by the A P State Ground Water Dept. as 3580 Sqg.m/day.
The estimates of net seasonal effluent/influent seepage for

rivers and sea are presented in Table 3.5 and 3.6 respectively.

Table 3.5 : Net Secasonal Effluent/influent Seepage for Rivers
Gowthami and Vasishta {Effluent seepage = -ve,
Influcnt seepage = +ve)

S.No Years Net Seepage {MCM)

Monsoon Non-Monsoon

1 1981-82 101.00 37.20

2 1982-83 - 87.40 104.80

3 1983-84 96.30 103.30

4 1984-85 162.90 105.50

5 1985-86 141.50 83.60

6 1986-87 126,20 77.90

7 1987-88 147.50 103.30

8 1988~-89 164.90 126.50-

9 1989-30 97.50 ' 84.50
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Table 3.6 : Net Seasonal Effluent/Influent Seepage for Sea
(Effluent seepage = -ve, Influent seepage = +ve)

AR e g g A g S g g A S A W i G S . S D S M - -

S.No Years Net Seepage {(MCM)
Monsoon Non Monsoon

1 1981-82 ~-B8.50 ~11.50
2 1982-83 ~-B8.20 ~12.80
3 1983-84 -6.50 +5.30
4 198B4-85 -9.10 -8.70
5 1985-86 +0.30 -12.70
6 1986~-87 -4.50 -11.10
7 198788 ~6.,80 -12.10
8 1988-89 -6.30 -12.30
9 1989-90 -20.40 -22.50

3.5 Recharge from Canal Seepage (Rc):

The study area is served by a very old irrigationsystem. The
canall system remains operational for 11 months with a c¢losure
period of one month during April-May. As explained in Section
2.2.5, the seepage losses for the canal system in the study area
have been estimated using the G W Estimation Committee norms. The
cross-sections and lengths of the main canal and four branch
canals 1i.e. Amalapuram, Gannavaram, Bank and Benda canals were
collected from the Irrigation Dept and their total wetted area
worked oul. Based on recommendations of the G W Estimation
Committee, t1he recharge due to seepage from unlined canals in
sandy loam soils of the study area was taken as 15 ham/day/10%%6
sq.m of wetted area of canals. The estimates of seasonal recharge
due to canal seecpage are presented in Table 3.7.

3.6 Recharge from+Field Irrigation {(Rr)

The recharge from field irrigation or the return flow has
been calculated using the G W Estimation Committee norms. In the
study area, paddy is the main c¢rop during both the seasons and is

entirely irrigated by canals. The data on monthly discharges



diverted into the canal system of the study area and on escapes
are available, With these data, the guantity of water available
for application in the fields was calculated by subtracting the
escapes and seepage losses from the‘total quantity of water
delivered into the canal system. The recharge due to return " flow
from canal irrigation was thus taken as 40X of the water applied
in Lhe lields. The recharge due to ground water irrigation wan
taken as 30% of the groundwater draft used for irrigation
purpose. The scasonal estimates of recharge due to field
irrigation are presented in Table 3.8.

Table 3.7 : Seepage Losses in Canal System
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S.No Year Canal Seepage Loss (MCM)
Monsoon Non Monsoon

1 1981-82 73 88
2 19R2-83 T3 88
3 1983-84 73 88
4 1984~85 73 BB
5 1985-86 73 88
6 1986-87 73 88
7 1987-88 73 88
8 1988-89 73 88
9 1689-90 73 88
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Table 3.8 : Recharge from Field Irrigation
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S.No. Year Recharge (MCM)
Canal Irrigation Groundwater Irrigation
Monsoan Non monscon Monsoon Non monsoon

1 1981-82 192 198 | 3.20 4,50

2 1982-83 192 226 3.20 2.50

3 1983-84 1417 160 3.20 4.50

4 1984-85 190 210 3.50 2.70

5 1985-86 176 209 3.50 2.70

6 1986-87 181 194 3.50 2.70

7 1987-88 210 160 3.50 4,20

8 1988-89 139 184 5.20 2.50

9 1989-90 129 161 5.20 2.50

T o WA W N M S S S e %R W W o MR M M S S e mm o ko S LGSR D MM Em e e e e e e
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3.7 Change in Groundwater Storage (AS):

The methodology as explained in section 2.2.6 was followed
for estimating the changes in groundwater storage. The water
table contours with 0.5m contour interval were plotted for the
study‘ area for June (Pre monsoon) and October (Post Monsoon) of
each year. The water table contour maps for pre and post monsoon
periods in the years of 1981 and 1988 are given in Figs 3.1 to
3.4. With the help of these maps, the average change in water
table levels during ménsoon and non monsoon seasons of eanch year
were worked out, Finally, the change in. groundwater storage
during monscon and non monscon Seasons were calculated by
multiplying the average change in water table levels with the
area and the specific yield. The seasonal change in ground water

storage during different years of study are given in Table 3.9.

Table 3.9 : Change in Ground Water Storage
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S.No Year Change in Groundwater Storage {MCM)
Monsoon Non monsoon

1 1981-82 193.80 -146.00

2 1982-83 116.20 -123.10

3 1983-84 199,30 -212.30

4 1984-85 152.20 -184,70

5 1985-86 176.10 -128.40

6 1986-87 192.40 -186.40

7 1987-88 190.80 -257.50

8 1988-89 207.50 -138.10

9 1989~-50 154,490 -15.10

T ———— R A R A R e e e et t]

3.8 Recharge from Rainfall (Ri)

The rainfall data frqm various raingauge stations in the
study area were collected and analysed for monthly _mean areal
rainfall over the area. These were presented in Part I of the
gstudy report. With Lhe help of these dnta, the total volume of
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rainfall over the study area during monscon and non monsoun

seasons were also calculatéd and arc presented in Table 3.10.

Table 3.10 : Mean Seasonal Rainfall Over the SLud&*Area

S.No Year Rainfall (MCM)
Monsoon Non mantoon

1 1981-82 .792.80 36.40

2 1982-R3 592.70 133.40

3 1983-84 1037.10 H9,20

4 1984-85 563.80 _ 130.10

5 1985~-86 801.20 138,30

6 1986-87 690.20 174.40

7 1987-88 636.70 207 .80 _
8 1988-89 513.30 AB.BO : ;
9 1989-90 1019.40 B2%.00

The recharge from rainfall in the study area has been
estimated using the water balance approach as  discussed  in
section 2.2.7. Further discussion on rainfall rechavge  and

recharge confficienl, is presenbed in Chapter 4,

3.9 S[ea Water Intrusion:

Intrusion of salt watcer into aguifer system in coastal areas
depend: on Lhe exploibntbion --I?h ot water '['h\--' Pt ol dngg Canlt
water makes large zones of Lhe 5quj[urs nnaui table for all huﬁun'
needs. The increase of TLS values of Fresh groundwaler quu-d. by
its mixing with saline waters makes Lhée waler unusable,  With a .
view Lo study Lhe effects of sea water intrusion an the quatbity
of droundwater in the study aren, thﬁ_ chremicnal —’\IH:!I}'S:i&T datan of -

~
waler s;;uupll_n.s far a periend of 8 years (18H2-8Y) were eallecbod,
'l;lm data woere collected for pre monsoon artel post monsoon periods

from 26 cbaservation weells, 11 of which bl i the sty RATIN

- Chemical analysis ol water samples includes THS {(Total Bioseen | veed
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Solids), SAR ( Sodium Adsorption Ratiao), Specific Conductance,
Carbonate, Bicarbonate, ‘Chlorine. Sodium. Potassium, Calcium,
Magnesium,  Total Hardneas.and RSC. These data are presented in
Part I of the study repoét.

Since TDSV play a majbr role in the identification of
salinity inrwater, the TDS values have been analysed for their
spatiél distribution over fhe.study area. The average of pre and
post monsoon TDS values bver 8 years were calculated for -each
observation well. The contours with these average TDS values were
then drawn as shown in Fig. 3.5. The area under different ranges
of TDS values was measured with tLhe ﬁlanimeter and is given in

Table 3.11.

Table 3.11 : Area under different Ranges of TDS values

B S S M M M M e M e v AN v e i A M M e S e e e R N M R S e S W TR e e W

S.No. TDS range Area (S5q.Km) Percentage of Total
area

————— !——_———--—---—--.——-.-—-.—--—--—--——-—-——-—.—.-—--.-—--.--——--.--——-_-—-.------——-—.

1 Upto 500 10 1.20

2 500-1000 421 51.80

3 1000-1500 : 300 36.30

4 1500-2000 " 88 i0.70

5 above 2000 Nil Nil

- - - A S S . WA Y e M e e e W

From the Table 3.11, it is observed that a very small area
i.e about 1.2 percent has groundwater TDS values upto 500 which
is considered safe for drinking purpese. The groundwater with TDS
values between 500 to 1500{ usable for drinking purpose after
proper t?eatment acqpupts for about 88 ¥ of the area. The
remaining 11 % of area having groundwater TDS values éetwecn 1500
to 2009 isﬁnot fit for drinking water purpose bul can comfortably

be used for irrigation water purpose.
{




CONTOUR MAP OF AVERAGE T.D.g
VALUES ('|932-_90) |

DOKILESHWA RAM
BARRAGE -
/

FIGNo 3.5
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Though no large scale groundwater expleitation is practised
for irrigation purpose in the study area and bore wells are used
mainly for drinking water purposes, the high TDS values in the
fange of 1500 and above are of great concern. From the water
qualily data of observation wells, it is observed that the wells
near the ‘rivers are having significantly higher TDS values as

compared to the wells near the sea.

In Lhe study area, it is noticed tLhat pumpager from Lhe
wells located véry near to the sea are very meagre and the Qater
from these wells are mainly usea for dfinking purposes since
irrigation in that area |is negligibly small. Further, the
gradient of water table.indicates that fresh water froﬁ the
aquifers is flowing into the sea. This indicates that there is no
sear water intrusion directly from the sea into the aquifers due
f.a reveran I of gradients and henee the TDS values in l.il;‘ wells
near Lhe sea are comparal.ively lessa.

However, 1in case of rivers, the groundwater table contours

indicate that the flow takes place from the rivers into the
aguifers. During high tides in premonsoon as well as post monsoon
period, sea water rushes through the mouth of the river, upstream
for distances upto 40 to 50 kms. It takes few days for this sen
bore to recede back to the sea. During this period. salt water
infiltrates  into the groundwater aguifers from Lhe river banks
gnd‘.bed. A Talling trend in TDS values is observed in the wells
located farther away from rivers and in the middle of the study

area.
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The foregoing discussion clearly indicates that the
iy

water. intrusion . is taking place due to sea bore

through

rivers bed and banks. This may probabaly be attributed to

reduction of flows in the two arms of river Godavari due

conatruclion of barrage at Dowelesawaram. So, there is need

maintain certain minimum flow in the river arms to

sea bore from traveiling into the rivers.
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4.0 GROUND WATER“BALANCE

The ground water balance for the sﬁudy area of Central

Godavari Delta has been carried out seasonwise for monsoon ({June-

to Octobeg) and non monscon (November to Méy) seasoné from 198i-
82 'to 1989-90. The groundwaler balance during monsoon season
vyields an estimate of rainfall recharge and that during non
monsoon season determines the degree of accuracy with which the
components of water balance equation have been estimated. The
estimates of various componénts of .groundwater balance equAtion
except rainfall recharge were wbrked out and presented in chapler
3.0, The seasonwise groundwater balance for the study area is

presented in Table 4.1.

éince a major portion of rainfall recharge takes place
during monsoon season, the rainfall recharge has been calculaled
during monsoon season using water balance approach. The estimales
of all other components were substituted in the water balance
cequation and recharge from rainfall calculated during monsoon
season for each year. The estimates of rainfall recharge are
presented in Table 4.1. Based on the monsoon season rainfall, the
recharge—coeffients (recharge/rainfall) were also calculated and
presented in Table 4.1. The recharge coefficientslfor the study
arca during 1981-82 to 1989-90 are found to vary from 0.134 to
0.172. A graph 1is draﬁn between seasonai rainfall (monscon) and
Lhe recharge due to rainfall in monsoon season and is presented
in Fig 4.1. From the graph, it is observed that as the rainfall
increases, the quantity of recharge also increases in a parnbnlic

manner upto a certain amount of rainfall., Beyond this certain
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value of'.réinfall i.e, 950 HCM. there seemg no significant
increase in- the raihfall recharge. This means the maximum
possible fecharge takes place with rainfall of about 8950 MCM and
water table by this time.reaches the ground surface. With further
_rainfall, ‘there  13 little or no ?echarge t§ ground water and
almoét all the rainfall goes as runoff.

The extended portion of the recharge-rainfall graph indicate
that thg réinfgl] below 450 MCM is used|by crops and jncrease the
soil moisLurel with no recharge to ground water, The valuea of
rainfall during nonfmpnsoon_seasohs are generlly very low and do
not contribute to the ground water reservoir.'waever, in the
vear of 1989-90, the non-monsoon season rainfall is ohserved to
be about 630 MCM and is expected to reéharge phe water table
gignificantly. In the water balance calculations, Lhe recharge
from this non-monsoon rainfall has bren estimated using the
recharge coeflficienl as established theough the recharge-rainfall
plot during monsoon season.

In non-monsoon season, Lhe unaccounted water was calculated
wiLh the estimated values of all the components. The amount of
unaccecounbled water in all the years works oul, te lesys than 31 MCM.
keeping in view the <characteristlics of the delta and the
complications involved in hydrologic interactions between the
surrounding water bodies, i.e. rivers, sca and the aquifers, the
discrepancy of 31 MCM  seems to be reasonable. Though tLhe

cstbimates  of  individual components may have some errors, the

overall ground water balance can be considered Lo be in order.
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5.0 CONCLUSIONS

Water balance approach, essentially a lumped model study, is
a viable method of establishing the rainf&il recharge coefficient
and for eynlﬁating the methods adopted for @He quanﬁification of
rechafgé and diséharge from other sources.

In the present study, the seasonal groundwatér'balance, i.e.
fer monsocon and non-monsoon seésous for the pericd 1981-82 to
1989-90 has been conducted in the Central Godavari Delta of
E.G.Dist of Andhra Pradesh. With the available information " on
physica]. and hydrological characteristics of the study area,
various walerr balance components ﬁere identified. The independent
estimates of these water balance components exceplL rainfall
recharge wére also worked out by analysing the relevant data. The
recharge from rainfall was calculated during the monsoon season
using Lhe water hatance approach, Tim recharge
coefficionts(recharge/rainfn}l ralio} calceulated on tLhe bﬁsis of -
seasonal rainfall (monsocon rainfall) vary between 0.134 to 0.172.
It is observed thal a maximum possible recharge takes place for
a rainfall ;1n|(J11||{, of aboul 450 MUOM. The fuarther rainfalbld heyond
950 MCM goes as runoff with little or no recharge to ground water
reservoir.

For non-monsoon seasons, the unaccounted water has bheen
found to be less than 31 MCM in all the vears of study. In view
of Lhe complicaled hydrologic =system  and thercfore L.he
interact.ions bet;een various water bodiecs and the aquifer syvstem
of  the study area of anLrnl Godavari Delta, the discrepency of
31 MCM can be considered within reasonable limits and further
indicates a reasonable degree of aconracy in quantification  of
the various commonenls.
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-The chemical arnalysis data of ground water samples collected
from observation wells spread over the studi area indicate that
the high TDS values to the order of 2000 are also foun& in about
B8 Sq.Kms. i.e. about 11 % of the total study area. Such a high
TDS values have been observed especially in the wells located
‘near the Lwo arms of river Godavari i.c. Gowblhami and Vasista,
The data analysis indicates that there is no sea water intrusion
directl; from'the sea into fhe ground water aquifers. Howevér.
sea water during high tides rushes into the river arms upto =a
considerable distance and leads to the in%iltration ol salts

through river bed and banks into the fresh water aquifers.
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APPENDIX

RECOMMENDATIONS OF THE GROUNDWATER ESTIMATION COMMITTEE (1983)

The ground water estimation committee, after making a review
of the various aspects and after considering the data collected
by the Cent.ral Ground Water Board, Staté Ground Water
Organisalions, Research Organisations, Universities and the
report of the Ground Water Over Exploitation Committee, have made
the following recommendations.

It is recommended that the ground water recharge should ba
estimated bnsed on ground water level fluctuation mathod.
However, in areas, where ground water level monitering 1i1s not
being done regularly, or where adequate data about ground water
level (luctuation ias  not available, ndhoe normm of rvainfall
infiltration may be adopted. As a guideline;lfollowing norms may

be adopted.

1. Recharge from Rainfall:

{i) Alluvial areas

In sandy arcas 20 to 206% of normal! rainfall
In areas with higher
clay content 10 to 20% of normal rainfall

{ii) Seim-consolidated sand-
stones-{riable and highly
porous 10 to 15% of normal rainfall

(iii)Hard rock areas

Granite terrain-weathered and
fractured 10 to 15 % of normal rainfall

Unweathecred | 5 Lo 10% of normal rainfall

Basaltic terrain vesicular
and jointed bagnlt 10 to 15% of normal rainfall

02



Weathered Basalat 4 to 10X of normal rainfall

Phyllites, limestones,

sandstones, quartzites, A

shales, etc 3 to 10% of normal rainfall

The normal rainfall figures may be taken as gdiven by India
Meteorological Department. The ranges indicated above are gilven
as a guideline and it does not automatically imply that upper

l1imit can invariably be applied. Based upon the satatus of

knowledde available, a values in between should be chosen.

2. Recharge due to seepage from unl ined .canals:
The following norms recommended by Ground Water Ovear

Exploitation Committee may be adopted.

(i) For unlined canals in normal type of socil with some clay
content along with sand,
15 to 20 ha m/day/10%*6 sq.m of wettrd area of cannl or 6 1o
8 cusec/10*%*5 gq,.ft of wetted area of canal or 1.8 to 2.6
cumec/10**6 sq.m. of wetted area.

{ii) For unlined canals in sandy éoi]ﬂ,
20 to 30 ha m/day/10%*6 sq.m. of wetted area or 10 to 12
cusec/l0%X*%6 sq.ft of wetted area or 3 to 3.5 cumec/10*%4

sq.m. of wetted area.

{iii) For lined canals, the seepnge loases may be taken ns 20%
of the above values,

3. Return Scepage from irrigation fields:
(1) Irrigation by surface water sources
a) 35 % of water delivered at the ontlet for application in

the field.

b) 40 % of water delivered at the outlet at outlets for
prddy irrignlion only.

{ii) Irrigation by ground water sources
30% of the wnler delivered at outliet. For paddy irrigntion

35% as relurn secpage of the water delivered may be taken.

In all the above cases return secepage figures include losses

in field channel and tese should not be accounted for seperately.
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4. Seepage from tanks:

Studies have indicated that seepage from tanks varies from $
to 20% of their live storage capacity. However, as data on live
storage capacity of large number of tanks may not be available,
see seepage from the tanks may be taken as 44 to 60 cm. per year
over  the total water spread. The seepage from percolation tanks
is higher and may be taken as 50% of its Grosg Storage.

In case of seepage from ponds and lﬁkes. the nerms as
applied to tanks, may be taken. The recharge component from
percolation tanks, so computed, should be distributed for
utilisation purposes under its (percolation tanks) command only.
5. Contribution from Influent seepade

Influent secepage from the rivers with a definite influent

nature may be computed by using Darcy’s law,

T * I * L

Q=
where,
Q@ = rate of flow, :
T = transmigsivity of the aguifer
I = Hydraulic gradient, and

L length of sectioen through which flow is taking place.
Annual recharge:

The annual recharge includes the following components ----
Total annual recharge = recharge during monsoon + nonmonsoon
rainfall, rechardge + seepage from canals + return flow from
irrigation + inflow from influent rivers etc + recharge from
submerged landa, lakes etc.

. )
LLosses of groundwater from aquifers mainly arise out of the

following fators.
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1. Outflow to Rivers:

A river may have a losing reach or a gaining reach depending
upon the relative water levels in the river and the adjoining
aquifera. For losing reaches the effect on ground water regime is
additive. 1n gaining reaches contribution from ground water to

the river is confinéd to a relatively'small strip adjolining the

stream.

2. Transpiration by Trees:

Transpiration by deep rootéd trees results in depletion of
o .

ground water equivalent to supplementary water requirement of

tree for its growth. This is a loss to ground water and has to be

regarded as unrecoverabls,

3. Evapotranspiration from shallow water table :

This is controllable situation. These losses reduce to
negligible proportion once the water Lable falls about 2mts below
the ground level. As such these losses need not be accoqnted for
in ground waler cstimates, It is recommrnded that in water logged
and shallow water tLable zones, ground water may be develaped il
the water level reaches 5 mis below ground level, The resources
estimatecd based on the premonsoon water level to 5 mta depth are

potential and would be available for development in nddition to

the annual recharge in these areas,

The total grognd water résource computed would be  availabla
for irrigntion, domestic and induslrial vaen, The hase  flow  in
rivers is a regenerated gfound waler reacurce and is soma  timera
committed for Lift irrigation shomea, and other surfnece

irrigation works. [t is, therefore, recommended that 15% of total
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ground water resources be kept for .drinking and industrial
purposes for committed baseflow and to accohnt for the
unrecoverable losses. The remaining 85X subject to the

stipulation specified can be utilized for irrigation purpoeses,.

The norms of devclopmcnt‘for varicus typea of structures
vary from stale to state depending upon the existing agricultural
practices, local hydrogeological conditions, availability of
power etc., and as such it is recommended thnt regional norma wmay
be developed based on sample survevs., In case of-+ Public
tubewells, data for discharge ani running hours i3 already:

+

available and that should be ured for computation of draft.
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