GROUND WATER BALANCE OF JAMNAGAR DISTRICT

C.P. Kumar* Kamal i

ABSTRACT
With the ever increasing demand of water and 1inadequate
surface water in drought prone zsreas, more attention is given on
ground water reserve., The present study forms a part of the
devalopment of a model to forecast the availability of drinking
water in Jamnagar district. Drinking water availability has to be
assac=zad both from snrface water zources and from ground water

The ground water balanze sztudy has been carried o2ut  for

Jamnagar district for the pericd 1981-82 to 1985-36 and the
percentage of rainfall that gets recharged to the ground water

storage, has been =stimated from the water balance study

1.0 INTRODUCTION *

Ground  water balance is  carried ot for a quantitative
evaluation of ground water resources and their ~hange under the
influence of man s activities. The studv of water balance in a
ground water basin forms a basiz for the rational use, control and
redistribution of ground water resources in  time and space.
Knowledge of the water balance assists the prediction of the
conseauences  of artificial changes in the regime of ground water
hasins With water balance -data., it 1is rozsihle to  compare
individual =ources of water in & avatem over di fferent periods of
time, and to =3tablish the degree of their effect on variationsz
in the water regime. Further, the initial analysis ased to compute

individual water balance components, and the coordination of these

<

components in the balance eguation, make it poszible to identify

oL

defisiencies in the distribution of cbservational stations an
discover systematic errors of meazurement. Finally, water balance
study enables evaluation of one unknown component of water balance

from all other known components.
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2.0 DESCRIPTION OF THE STUDY AREA

The district of Jamnagar lies between 21747 and 22957 north
latitudes and 68957 and 70°37 east longitudes in the peninsular
region known as Saurashtra in the north-west of Gujarat. In the
north the district is bounded by the Gulf of Kutch and the Rann of
Kutch, on the east by Rajkot 'district, on the south by Junagadh
district and on the west by the Arabian BSea. The geographical
area of the distriet is 10143 sq.km. The location of Jamnagar
district in Gujarat state is presented in figure 1.

The district has an uneven topography broken at places by
hill ranges, the Rann in the north-east and ranges of sand dunes
along the coast on the north and west. In general, the district
can be divided into three physical regions namely (i) the hills,
(1ii) the coastal plains, including the islands offshore and (iii)
the plains.

The principal hill ranges are the Barda hills and the
isclated hill of Gop. The district has about 351 km. coast. of
which 93 km. from Meda creek to Okha tidal station are washed by
the Arabian Sea in the west, while the rest 258 km. form the front
of the Gulf of Kutch in the north. The district does not have any
large perennial stream. Most of the rivers are =mall and flow
lazily through the low lying lands into the marsh and sand ~f the
sea. The district is drained from south to north and from
south-east to north-west to the Gulf of Kutch. The principal
rivers are the Aji, Und, Vartu, Venu, Ghee, Rangmati, Nagmati,
Fulzar, Phuljar, Sasoi, Sihan, Ruparel, Demi and Jhijhora as shown
in figure 2.

ns

91}

The climate of the district iz characterized by four seas

n

>0 '
namely summer, monsoon, autumn and winter. The south-weat
monsoon  season  begins in  the month of June and goes upta
September. The temperature rises steadily in the distriect from
March to May. The average maximum daily temperature during May is
36.3°C. 1In the western coastal region,the maximum temperatures
recorded in the district is 44.4°C and the minimum temperature
17, 890, The relative humidity of the air is about 80 % during the
south-west monsoon and about 60 to 75 % in the rest of. the
vear. The evaporation and eﬁapmtranspiratinn losses in  the

district vary between 245.4 mm per month in summer and 94 4 mm per
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FIG- 1 — INDEX MAP SHOWING JAMNAGAR DISTRICT IN STATE OF GUJARAT
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month in the winter season.

The district receives rainfall mainly from south-west monsoon

with an annual average rainfall of 459.60 mm. . It has been
estimated that around 93 % of the annual rainfall takes place
during monsoon Se€ason. The rainfall is erratic and not

dependable. The total water resources of the district comprise
both the surface water and the ground water resources. The
locations of raingauge stations and observation wells in Jamnagar

district are presented in figure 3 and 4 respectively

3.0 COMPONENTS OF GROUND WATER BALANCE EQUATION
The basic concept of water balance is:
Inflow to the system-Outflow from the system = Change in storage
of the system, over a period of time.
Considering the variousz inflow and outflow components, the

terms of the ground water balance egquation can be written as:

S + B S
Ri + RC+ Rr+ Rt + Ig+ 54 Tp+‘Et‘ 1g+ 5 4+ A

=
where,

Ri = recharge from rainfall:
RC = recharge from canal s=epage;
Rr = recharge from field irrigation

. Rrs ¢ Rrg
Rrs = recharge from surface water irrigation,
Rrg = recharge from ground water irrigation:
Rt = recharge from reservoirs and tanks;
Ig = sub-surface inflow to the study area;
8, = influent seepage from rivers;
Tp = draft from ground water;
Et = evapotranspiration losses,

5 Etf * Etw‘
Etf = evapotranspiration losses from forested area,
Etw = evapotranspiration losses from water-logged area;
Og = sub-surface outflow from the study area;
59 = affluent seepage to rivers; and
Aé = change in ground water storage (positive for

inorease and negative for depletion )
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The estimation of the various outflow and inflow components
and the methodology adopted for estimating each component Aare

discussed below.

3.1 Draft from Ground Water thp)

Jraft is ‘the amouﬁt of water lifted from the aguifer by means
°f various lifting devices.The withdrawal can be made by means of
{i) deep tubewells, (ii) shallow tubewells, (iii) pumping sets,
{iv) rahats and sther means. An inventory of wells and sample
survey data are pre-regquisites for computation of _ground water
draft.

The data pertaining to number and type of devices are
available for the period 1981-82 to 1984-85. For 1985-86, the
growth rate has heen azsumed as 2.5 %. The following values of

urit draft have been adopted (as given by GWRDC Ltd.):

Dug well = 0 0037 MOM/Year,
g well with puamp s=t {alluviuam) = 0.018 MOM#Year
Dug well with pump set (hard rock) = 0.012 MCM/Year :
Shallow tubewsll = 0 001 MCM/Year
Desp tubewesll = 0,05 MCM/Year.
Hence, the yvearly draft 15 computed by multiplying unit draft
with the mamber of devieces of each type. Seasonal. draft values for
monsaon and non-monsoon seasonz have been taken as 20 % and 80 %

raspactively «f the vearly draft values.

3.2 Evapotranspiration. Losses ( EL)

Evapotranzpiration is the amount of water loss by evaporation and
that transpired through plants far'a. certain area. When this
evapotranspiration iz from an area where the water table is close
W the ground surface, the evaporation from the so0il and
transpirvation  from the plants will be at the maximum possible
rate i.=. at potential rate. Thiz potential evapotranspiration
will take place in a water-logged tract due to the rise in the
water table or the forested or other tree vegetation area
which has the roots extending to the water table or upto

the ~apillarv zone.The evapotranspiration from asuch area can
be worked out by usual methads of computing evapotranspiration

using the Enown data.




Since the present study area does not have any significant

forested area, the evapotranspiration losses from forested
Areas (Etf} have been taken as zero. Also from the observed
water level data, it was found that Jdepth to water table below
ground level was more than 2.0 metre throughoutlthe study area.
Therefore,considering no water-logged area, the evapotranspiration

losses from water-logged areas (Etw) have also been taken as zero,

3.3 Effluent and Influent Seepage (Se and Si)

The aquifer and stream interaction depends on the transmiszivity
of the aguifer system and the gradiznt of the water tahle
in respect to the river stage. Depending upon the gradient,
either aquifer may be contributing to the river flow {effluent) or
river may be recharging the aquifer (influent).

coming in the study area have been divided into 2 aumber of  =zmall

mambar of  small

i)

coming in the study area have been divided into

, nunber of  small

i)

coming in the study area have been divided into

0

reaches and computations made for each segment. For every reach,
at least one observation station nearest to the middle of
reach has been selected. The hydranlic gradient is computed as
ratic of the difference between the river stage at the point where
the normal from the observation well meets river and the water
level in the observation wéll, to the distance between the points
under reference. Similarly observation wells are taken on the
other side of the river and +the hydraulic gradients computed.
Transwmissivity of the aquifer has been taken as 110 mzjday as
provided by GWRDC Ltd., Gandhinagar. The effluent or influent

seepage has heen estimated as:

Se(or Si) = ¥ TTAL
where, T is the transmissivity,I is the hydraulic gradient and AL
iz the 1length of the reach. By considering proper signs, the
influent and effluent seepages have been estimated for all rivers

coming in the study area.

3.4, Sub=~surface Inflow and Outflow (Ig and Og)
Sub-surface inflow and outflow is governed mainly by the hydraunlic
gradient and the transmissivity of the aguifer The boundary

of the study area is divided into =mall segments and the . gradient

of water table is determined by using the ground water levels
Tl
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near the boundary for each segment. Net flows are estimated for
each segment by using the relationship

Ig(or ﬁg) = TiAL
where, Ig is the discharge passing through a particular segment,
T is the transmissivity, i is the hydraulic gradient averaged
over a length AL and AL is the length of the segment
concerned. To get the +total discharge passing across* the study
area boundary, the discharge values for sach segment are zummed

nup

3.5 Recharge Irom Canal Seepage (EC)
Seepage refars to the process of water movement frowm a canal into
and through the bed and wall material. Seepage lozsezs from surface
water bodies often constitute a significan® part of the total
raecharge to  ground water system. Hence, it iz important to
properly @stimate these lossez foir recharge asszezcoment to ground
water system

The data related to running davs iv mens-on  and  non-
monsoon  seascons for canals in the study area are available for
the study period However, wetted areas for different irrigation
schemes are available for the vear 1984 cnly Therefore, the same
values of wetted areas have been adopted for other years also.
Assuming seepage factor to be 2.5 cumeca/million square metres
of wetted ares, the recharge from cansl zeepage in mwonsoon and
non-monscon seasons for different irrigation schemes have Thesn
estimated as:
Recharge from canal seepage = Seepage factor X Wetted ares

¥ Running dayvs.

3.6 Recharge from Field Irrigatioh {Rr)

Water requirementsz of crops is met, in parts, by rainfall,

contribution  of meisture from the soil profile, and applied
irrigation water. A part of the water applied to irrigated
fields for growing crops iz lost in  consumptive use  and  the
balance infiltrates +to.  recharge the ground water,
Infiltration frow applied irrigation water, derived bhoth from
ground water and surface watey sources, constitutes one  of the
major components of grounds water recharge For a ol abaf = niy
azsessment.  of  the quantum =f rechargs by applied irrigatbtion,
by il <

U=




studies are required to be carried out on experimental plots

under different crops, in different seasonal conditions.

€a) Recharge from surface water irrigation CRr )

Recharge from surface water irrigation has been taken as 3§

percent of water delivered for application in the field. Data on

irrigated areas in monscon and non-monsoon seasons are

available for the study period. Average water depths are available

for the year 1984 and the same are assumed for other vears also.

Recharge from surface water irrigation is, then computed as:

Recharge from surface water irrigation = Seepage factor x

Area irrigated x

Average water depth.

Cb) Recharge from ground water irrigation CR_ D

Recharge from ground water irrigation has been taken as 41
rercent of the water delivered (i.e 40 percent of the ground

water draft)

Eecharge from Reservoirs and Tanks CRt)'
Stadies have indicated that seepage from tanks varies from 9 to
! percent of their live storage capacity However,as data on live
storage capacity of large number of tanks may not be available,
the  seepage from the tanks may be taken as 44 to B0 om per vear
over the total water spread. For the present study, seepage factor
has been taken as 36.87 mm/month {corresponding to 44 om/fyear).

Monthly  water level  data for tanks are available for the

study period, The corresponding water spread areaz have bes
il

estimated from he  area-elevation curves available. Then the
monthly recharge values are computed by multlplfln the seepage

actor with the water spread areas.

3.8 Change in Ground Water Storage (AS )

The change in ground water storage iz an indicator of the

Term availabilities of ground water. The ~hunge in ground  watar

o~

storage

between the beginning and end of the non-monsoon

GeHE0T
cates  the total guantity of water withdrawn from
water storage, while the change between the beginning and

monsoon season  indicates the volume of water gone into +F



ground water reservoir. During the monscon season, the recharge 1is
more than the extraction and hence the ground water storage
increases, which can be utilized in the subsequent non-monsoon
season,

To assess the change in ground water storasge, the water
levels are observed through a network of observation wells spread
over the area, as shown in figure 4. The water levels are
highest immediately after monsoon in the month of October or
November and lowest just before monsoon in the month of May or
June. The change in ground water storage can be computed from

the following eguation

Age =T AhASy
where,
AS = change in ground water storage,
Ah = change in water level,
A = area influenced by the well under consideration,and
S = specific yield.

For tie present study, pre-monsoon and post-monsoon water
level data are available for the study peried. Thiessen polygons
have been drawn for the observation wells and the change in
ground water storage in monsoon and non-monsoon seasons have been
estimated by using the above relation. The values of specific
vield were used as provided by GWRDC Ltd., Gandhinagar.

3.9 Recharge from Rainfall CRi)

Part of the rain water, that falls on the ground, is infiltrated
into the seil. This infiltrated water is utilized partly in
£illing the =0il moisture deficiency and part of it is percolated
down reaching the water table. This water reaching the water
table 13 known as the recharge from rainfall to the aguifer. The
methods for estimation of rainfall recharge involve the empirical
relationships established between recharge and rainfall developad
for different regions, nuclear methods and the water Dbalance
approach.

The monthly rainfall data 1is availabkle for 24 raingauge

stations in the study area. Thiessen polygonz have beesn drawn
and mean seasonal rainfall values are computed for  the study
period. The recharge +to ground water from raiafall iz esztimatad




by water balance approzch. In thiz approach, all the components of
water balance equaticn other than the rainfall recharge, are
estimated wusing the relevant hydrological and meteorological
information.The rainfall recharge for monsoon season is calculated
by substituting these estimates in the water balance eguation.

Recharge coefficient i.e. recharge per unit rainfall 1is thus

asstimated. BSince most of the rainfall occurs in  the monaoon
season only, it is assumed that in non-monsoon season,all the

551

rain water is used by the crops and absorbed in the soll molsture
zone with no recharge to ground water reserveir. Hence the
recharge from rainfall has been taken as zevoe in the non-monsoon

32as5070.

4.0 GROUND WATER BALANCE

Water balance study for momscoon (June to Ontober) arid
non-monsoon (November tio May) periods isg carri=d out

separately. The former yields an estimate of recharge cosfficisnt

and the latter determines the degree of ACCUrACY with
which the components of wster balance eguation have been

estimated.
Substituting all other components in the ground water
balance equation, the rechargs from rainfall hasz been caleulated
4

for monsoon seasons of  the study period and shown in table 1.

Recharge coefficients (based upon the rainfall in monsoon ssaszon)

are also calculated for the monsoon seasonz of the study pariod
and given as recharge/rainfall ratio. Thesze are found to VAry
from 0.02 to 0.04 for the study area For non-monsoon SEREONS,
unaccountad water has been computed az (Inflow-outflow-change in

ground water storage), the discrepancy being leszs than 40 MCM  in
111 cases. Keeping in view the large ztudy arez (around 10,000 =g

kw.) and: the total guantity of water invelved, this amount of
nnacoounted water seems to he avite  reasonable  and within
limits. Therefore, overall water balance can be nonsidered to be in

srder, although individoal cowmponsntz may have some arrors.
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5.0 CONCLUSIONS

water balance approach, essentially a lumped model study, is
a viable method of establishing the rainfall recharge coefficient
and for evaluating the methods adopted for the quantification of
recharge and discharge from other sources. The present study nas
been conducted +to obtain the seasonal ground water balance
{(monsoon and non-monsoon) for the period 1981-82 to 1985-868 for
the Jamnagar aistrict. The recharge from rainfall during the
monsoon seasons have been computed from the water balance
equation. The unaccounted water in the non-mensoon seasong  has

been found to be within reasonable limitzs, thereby indicating

A

reasonable degree of accuracy in quantification of the various

components,
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