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GROUND WATER BALANCE 

,p 

1.0 GENERAL 

The models may be broadly classified as 
lumped or distributed. A spatially lumped model is 
considered with the entire area as a single unit 
and average values of the parameters of the area 
are taken or assumed for study. A geometrically 
distributed model, on the other hand, expresses 
spatial variability in terms of the location of the 
point. Hence the area under study is subdivided 
into nodal points according to geohydrological 
considerations.The subarea influenced by each nodal 
point is marked and the equations are applied for 
the subarea of each nodal point. In fact, the 
hydrological water balance equation is mainly based 
on a lumped model study. 

Water balance techniques are extensively used 
to make quantitative estimates of water resources 
and the impact of man's activities on the 
hydrologic cycle. The study of water balanae is 
defined as the systematic presentation of data on 
the supply and use of water within a geographic 
region for a specific period. With water balance 
approach, it isw possible to evaluate 
quantitatively individual contribution of sources 
of water in the system, over different time 
periods, and to establith the degree of variation 
in water regime due to changes in components of the 
system. For proper assessment of potential, present 
use and additional exploitability of water 
resources at optimal level, a water balance study 
is necessary. 

2.0 COMPONENTS OF STUDY 

The b: concept of water balance is: 

Inflow to the system - Outflow from the system 

Change 

The general methods 
balance include 
Ki) identification 
(U.) evaluating 
components, and 

n storage of the System 

of computations of water 

of significant components, 
and quantifying individual 

kill/ presentation in the form of water 'balance 
equation as Inflow - Outflow = Lnange_ln Storage. 

if  
Lecture delivered,by Mr.C.P. Kumar- Scientist 'C' 
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2.1 Ground Water Balance .Equation 

Considering various sources of recharge 
to and discharge from the ground water, the basic 
equation of ground water balance for a time period 
can be written as: 

R(I) + R(C) + R(R) + R(D) + S(I) + I(S) = 

E(T) + T(P) + S(E) + 0(6) +LS ..(1) 

where, - 

R(1) = Recharge from rainfall; 
R(C) = Recharge from canal seepage; 
R(R) = Recharge from field irrigation; 
R(D) = Recharge from depression storage; 
S(I) = Influent seepage from rivers; 
I(!e3) = inflow into, the basin from other basins; 
E(T) = Evapotranspiration; 
T(P) = Draft from ground water; 
S(E) = Effluent seepage to rivers; 
n(n) = Outflow from the basin to other basins; 
aS = Change in ground water storage. 

2.2 Study Area 

For ground water balance study a doab 
should preferably be considered where ground water 
constitutes a substantial water resource and the 
ground water basin can be characterised by 
prominent drainages. 

2.3 Study Period 

Precipitation is the main source of 
supplies. Although its distribution varies greatly 
from period to period, yet the variance from year 
to year is not so marked and precipitation over the 
area under study follows a net annual pattern. The 
period of study for hydrologic water balance is 
therefore generally taken as a year. 

The level of .the ground water table 
fluctuates according to the input to the ground 
water reservoir. The water input is received during 
the monsoon, while withdrawal from it takes place 
during the non-monsoon period. The water table is 
therefore at its maximum level of the year at the 
the end of or somewhat after the monsoon. 

In areas where most of the rainfall occurs 
in a part of year, it is desirable to conduct waLar 
balance study on part year basis, that is, for 
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monsoon period and non-monsoon period.Generally, 
the periods for study in such situations will be 
-from the time of maximum water table elevation to 
the time of minimum water table elevation as the 
non - monsoon period and from the time of minimum 
water table to the time of maximum water table 
elevation as monsoon period. For northern India, 
the monsoon and non-Monsoon periods can be taken as 
June to October and November to May next year 
respectively. 

It is desirable to use the data of a number 
of years preferably covering one cycle of a dry and 
a wet year. Thit will enable to determine the 
recharge for an average year, so that the ground 
water potential of the area is known.. Any 
development of the area beyond this average 
recharge would cause the water table to go down and 
it would not only be expehsive due to the cost of 

."pumping but also effect the surface supply of the 
bounding streams. It is, therefore, necesary to 
limit the exploitation of ground water reservoir to 
the safe yie:d of the aquifer. 

3.0 DATA REQUIREMENT 

The data required for carrying out the water 
balance study can be enumerated as follows: 

3.1 Rainfall Data 

Monthly rainall data of sufficient number 
of stations lying within, or around the area should 
be available. The location of raingauges should be 
marked on a map. 

3.2 Land Use Data and Cropping Patterns 

Land use date. are reouired for estimating 
the evapotranspiration ihages from the water table 
through +crests and orchards. Crop data are 
necessary -for estimating the spetia] and temporal 
distrabutions of ihe ground water withdrawals and 
canal res.aas, required. Evapotranspiration 
data should also be available at few locations for 
estimation of consumptive use requirements. of 
different crops. 

3.3 River Data 
River data are required for estimating the 

inter-flows between the aquifer and hydraulically 
connected rivers. The data required for these 
computations are the river gauge data, monthly 
flows and the river cross-sections at a few 
locations. 
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3.4 Canal Data 

Monthwise releases into the canal and its 
distributories alongwith running days in each month 
will be required. To account for the seepage 
losses, the seepage loss test data will be required 
in different canal reaches and distributories. 

3.5 Tank Data 

Monthly tank gauges and releases should be 
avai]E- In addition to this, depth vs area and 
depth vs la acity curves should also be available. 
These I be required for computing the 
evapc:cilin and the seepage losses from tanks .Field 
teat will be required for computing final 
infi] tra flcapaciaty to be used to evaluate the 
recharge depression storage. 

Water Table Data 

Monthly water table data or atleast pre-
ronsoon and ppst-monsoon data of sufficient numoer 
of wells should be available.The well locaflons 
should be marked on map. The wells should be 
adagcate in number and well distributed within 'he 
area, so as to permit reasonably accurate 
interpolation for contour'plotting. The available 
data shokr.I comprise of reduced level (R.L.) of 
water depth to water table. 

3.7 Aquifer Parameters 

The specific yield and transmissivity data 
she, oca available at points sufficient in number 
to account for the variation of these parameters. 

tne area. 

3.8 Details of Draft from Wells 

ci complete inverttc a open 
ne area, the ndd ear., month 
na are required for estimating groundH: 

withcrawals If draft from wells is not 
this can he obtained by carrying mut FthLT“ 

sury For petting the draft of each month- 1- hc 
consumptive use of crops can ne adopted 

"rat inc the same. 

4.0 COMPONENTS OF WATER BALANCE EQUATION 

Considering the ground water be;a' 
ion, the variouaterms can be evaluated ate 
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4.1 Recharge from Rainfall - R(I) 

Part of the rain water, that falls on the 
ground, is infiltratied into the soil. This 
infiltrated water is utilisedpartly in filling the 
soil moisture deficiency and part of it is 
percolated down reaching the water table. This 
water reaching the water table is known as the 
recharge from rainfall to the aquifer. The amount 
of recharge depends on various hydrometeorclogical 
and topographic facators, soil characteristics and 
and depth to water table. 

The methods for estimation of rainfall 
recharage involve the empirical relationships 
established between recharge and rainfall developed 
for different regions. Some of them are as 
follows: 

Chaturvedi formula 

t formula was developed for the Ganga- 
amuna doab in 1936 and gives recharge as a 
uricti. on e4 annual precipitation. 

R = 2.0(P - 15) 

where, 

net recharge due to precipitation during the 
veer in inches, and 

annual precipitation in inches. 

This formula was later modified by .  further 
at the U.P. Irrigation Research Institute, 

fi the modified form of the formula is; 

1.35 (P - 15) ..(3) 

4.1.2 Amritsar formula 

This formula is given. by Irrigation and Pev4er 
.search Institute,Amr,  tsar, Punjab, 

R = 2.5(P - 14)) ...<4) 
where and P are both measured in inches. 

4.1.3 C.G.W.B. Studies 
The Central Ground Water Board has 

concluded on the basis of a number of studies that 
the rainfall recharge in western Uttar Pradesh can. 
be  estimated as 15% of annual rainfall, viz. 

R = 0.15 P 
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The recharge from rainfall can also be estimated ' 
by nuclear methods and from ground water balance. 

4.1.4 Neculear Methods 

Nuclear dhnigues have been extensively used 
for the determination of recharge by measuring the 
travel of moisture through the soil column. The 
technique is based upon the existence of a linear 
relation between neutron count rate and moisture 
content CA by volume)for the range of moisture 
contents Generally occuring in the unsaturated 
soil zone. The mixture of Berryllium (Be) and 
Radium (Ra) provide a convenient source of 
neutrons. Another method is the gamma mray 
transmission method based upon the attenuation of 
gamma ray transmission of gammerays in a medium 
through which it passes. The extent of attenuation 
or absorption is closely linked with moisture 
content of the soil medium. The method can be used 
Without causing health hazards. 

4.1.5 Water Balance Approach 

In this approach, a]l the components of 
water ha] ence equation other than the rainfall 
recharge, are estimated using the.  relevant 
hydrological and meteorological' information. The 
rainfall recharge is calculated by substituting 
these estimates in the water balance equation. A 
pre-requisite for successful application of this 
techn ique is very extensive and accurate 
hydrological and meteorological data. The water 
balance study for monsoon (rainy) and non-
monsoon(dry) periiods is carried out separately. 
The former yields an estimate of recharge 
'coefficient and the latter determines the degree of 
accuracy with which the components of water balance 
equation have been estimated. 

4.2 Recharge from Canal Seepage - R(C) 

jeemage refers to the rn-oc e of water 
movement from a canal to actu4er through the bed and 
wall material. Seepage losses from surface water 
bodies often constitute a signi-ficant part of the 
total recharge to ground water system. A number of 
investigations have been carried out to study the 
seepage losses from canals. In the alluvial tracts, 
seepage losses from canal are generally taken as 
1.7 to 2.3 cumec per million square metre of the 
wetted area. The followin6 formulae are in vogue 
for the estimation of seepage losses. 
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4.2.1 In Uttar Pradesh, the losses per million 
square metre of wetted area in unlined channels are 
usually taken as 2.5 cumecs for ordinary clay loam 
to about 5 cumecs for candy loam. Empirically the 
seepage losses can be computed using the following 
formula. 

Losses in cumecs/km = (C * (B + D)**(2/3))/200 

where, B and D are the bed width and depth of the 
channel in meters.0 iS a.constant, being 1.0 for 
intermittent running channels and 0.75 for constant 
running channels. 

In PunJab, the loss formula for estimation 
of seepage losses from lined channels is a function 
of channel discharge, 

S = 1.25 (0) ** 0.56 

where, S is the seepahi loss in cusecs per 'million 
square .feet of wetted perimeter and fl is. the 
discharge carried by the channel. In unlined 
channels, the loss rate on an average is four 
times of this 

U.S.S.R. has recommended the following 
for channels losses based on the channel bed 

material: 

Materia3 Losses in cumecs per mi]lion 
Square metre of wetted are 

Clay and clay loam 
Sandy loam 
Sandy and gravelly 
Concrete lining 

However, 
estimating losses 
dlyen above are 
seepage losses 
conducting actual 

1.5 
2.4 

soil 8.03 
1.2 

the various guidelines for 
in the distribution system as 

at best approximate.. Thus, the 
may best be estimated by 

tests in the field The methods 
most commonly adopted are!.. 

4.2.4 Inflow—Outflow Method 

The inflow—outflow method consists in 
measuring thewater that flows into and out of the 
section of irrigationcsnal being studied. The 
difference between the quantitiesof water flowing 
into and out of the canal reach is attributed 
toseenage. 

- 
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4.2.5 Ponding Method 

The ponding method consists. in Measuring the 
rate of drop in a pboi. formed in the canal reach 
being tested. A modification of the ponding method 
consists in adding water to the pond to maintain a 
constant water surface elevation. The accuractely 
measured volume of added water is considered equal 
to the total losses, and the elapsed time 
establishes the rate of loss. 

4.2.6 Seepage Meter Method 

Seepage meters are suitable for measuring 
local seepage rates in canals or ponds and used 
only in unlined or earth-lined canals. Various 
types of seepage meters have been developed. The 
two most important are 

I. (a) seepage meter with submerged flexible 
water bag, and 

(b) Tailing head seepage meter. 

The total losses from the canal and field 
channels generally consist of the evaporation 
losses (E(C)) and the seepaoe losses :R(C)). The 
evaporation losses are generally 10 to 15 percent 

2.he total losses. Thus the R value is 85 to 90 
of the losses from renal and water 

4.3 Recharge from Field Irrigation - R(R) 

Water requirements of crops is met in parts 
by rainfall, contribution of moisture from the 
soil profile, and applied irrigation water. A 
part of the water applied to irrigated fields fbr 
growing crops is lost in c=sceechlye use and the 
balance infiltrates to recThrhe the ground water. 

on from applied irridrh atraF, derived 
both --oc surface water ,j water, 
ccnEtitut one el: the MEC!MY ground 
water recharge in areas unr il • r, ;ler a 
correct adeessment of the quern c- recrarge by 
applied irrigation, studies a! e .e.e.lred to oe 
carried dut on Experimental Hrter different. 
crops, in different seasdnaC tilinau The.  
efficiency of irrigation with tha system of 
application Of water is usually or ........t 0,o0 for 
canal irrication and c:,E10 for tubewell irrigation. 

4.4 Recharge from Depression Storage - R(D) 

The surface water may be stored 
depressions which may he fed by. rainfell 

in the 
hr from 
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where, 

= 

0(0) = 

n(o) = 

BUSS) = 

canals. The change in depression storage at the 
beginning and at the end of the study period can be 
Estimated from the field survey and attributed to 
ground water recharge from depression storage. 

4.5 Influent and Effluent Seepage - S(I) and S(E) 

The aquifer and stream inteCaction depends on 
the transmiseivity of the aquifer system and the 
gradient of the water table 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). In order to estimate the contribution 
of water from the ground water reservoir '(aquifer) 
to the stream as regenerated flow, the following 
equation can be used: 

0(D) = G(U) + MS/ + E - 0(0) + ..9.(F(B) 

—(8) 

Cischarge at the downstreei sect. 

discharge at the upstream section, 

ground water Contribution (to be 
evaluated) from both.  banks of the river, 

rate evaporation from river water 
surface and flood plain, 

discharge diverted from river, and 

change in the storage Of the river bank 
area. 

This equation will give the ground water 
ccibutipm to rivers over a certain inter of 
timE: +rpm both sides of the river. The 
crintibu from each side can be separated by any 

hha loving methods: 

The contribution from both sides can be 
assumed to be proportionate to the areas. 
commanded on either side. 

The tramomissivitee,  and gradients on 
side are.  determined. The contribution 

Either side is then determined in proportion 
to the- product of transmissivities and gradients. 
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Contribution from left = 

(I(L) * T(L))/(I(L) * T(L) + I(R) * T(R)) * MG) 

—(9) 
Contribution from richt = 

(I(R) * T(R))/ (I(L) * T(L) + I(R) * T(R)) * 0(9) 

Where I(L) and T(L) are gradient 
transmissivity respectively on the left, and Tf-n 

and T(R) are thoSe'on,  the right side. 

4.6 Inflow and Outflow from the Basin-HE) and 0(6) 

If a doab is considered for analysis, it 
will be bounded on two sides by two streams and on 
the other two sides by other aquifers or extension 
of the same aquifer. In such analysis, it is 
desirable to take these boundaries as one along a 

!water table contour. The flow into the ronion or 
out of the region will governed mainly by the 
hydraulic gradient and the transmisslvity nf 
aquifer. The gradient can be dFfyi...--*-,7t. 
the slope of the water table ht n 
contour, The length of the 
ground water intlowioutflow occurs, 1,3 dcy,TH.!- 
from contour maps, the length being F. E. 

parallel to the contoun.Ther the inflow or 
can be determined by the following relations he 

= T I L —(11) 

where, T is the transmissivity, lis the hydraulic 
gradient averaged over a length L and L is the 
total length of the contour line, 

4.7 Evapotranspiration - E(T) 

mf water ices. by 
:--- - IT. 

infH 
transpinan• 

pertn-t.L[J.:. 

-F 

which has the 
upto the catri 
from eluit afea 
of 
data, 

troll; • 
. LE' at t-LH' 
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4.8 Draft from Ground Water - T(P) 

Draft is the amount of water lifted from the 
aquifer by means of various lifting devices. The 
withdrawal may be obtained by means of 

State tubewells 
Private tubewells 
Open wells 

In case of state tube wells, information 
about the number of running hours and discharge is 
obtained to calculate the volume pumped in each 
month. Similar information is also needed for 
private tubewells and open wells (including those 
with mechanical devices). In order to find the 
draft from private tubewells and open wells, sample 
surveys have to be. conducted regarding their 

y number, discharge and withdrawals over.  the year. 

Where wells are energised, power 
consumption data give adequate information to 
compute the draft from the wells. By conducting 
tests on wells, the average draft per unit of 
electricity consumed can be determined for 
different ranges in depth to water levels. By 
noting the depth. to water level at each 
distribution point and multiplying . the average 
draft value with the number of units of electricity 
consumed, the draft at each point can be computed 
for every month. 

4.9 Change in Ground Water Storage (AS) 

The change in: ground water storage is an 
indicator of the long term availabilities of ground 
water. The change in ground water storage between 
the beginning and end of the non-monsoon season 
indicates the total quantity of water withdrawn 
from ground water storage, while the change between 
the beginning and end of monsoon season indicates 
the volume of water gone into the reservnir. 
During the monsoon season. , the recharge is more 
than the extraction and hence the ground water 
water :storage increases, which can be utilised in 
the subsequent non-monsoon season. 

To assess the change in round water storage, 
the water levels are observed through a network of 
observation wells spread over the area. The water 
levels are highest immediately after monsoon in the 
month of October or November and lowest just before 
rainfall in the month of May or June. The, change 

/- 
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in ti:EreLE :Ph be computed from the followino 
I 17fl 

Change in storage, q= Xh.A.S(y) ...(12) 

_ r EE,il.E 1E—El„ 
ancsc cha ant 

-alue of the specific yield can be 
detsrEcEc c- pumptest or if that is not available, 
ths values v4orked out by U.S.E.S. 
Hydrologic Laboratory ran be usedn 

EocarnH'ic  

Llay 
, SiltV 

Gamey 7Iay 
flia- 

27 

Jz75 

5.0 RECOMMENDATIONS OF THE GROUND WATER 
ESTIMATION COMMITTEE(1984) 

committee ThErsund :.55!ater Estimation 
in j7,555:32 to irnrirDve the 

MCJn Clh'etiCfl tne 
n ortomtai, 

7—Er 

ii recommended the,t tne brot:nn water 
7noube estimats-o banied on 
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eqiJ arly, or where adequate ;bout ground 

v.;ate level fluctuation iE not adhoc 

norms 0# rainfal3 irefiltration may be adopted. As a 
cuideline. following norms may be adopted, 

5.1 Recharge from Rainfall: 

ii) Alluvial areas 

In sandy areas 25 percent of normal 
rainfall 

in areas with ri 

10 to 20 percont of 

(ii) Semi—consolidated sand stones — Friable and 
highly porous 

11111 Hard rock areas 

brar- te Terre 

red atid 

to i.5 percent rail 01: 

3:J no 

Tar 

tore •sand otor 

Per 



it does not automatically imply that upper limit 
can invariably be applied Based upon the status 
of knowledge available, a value in between should 
be chosen. 

5.2 Recharge due to Seepage from Unlined Canals: 

The following norms recommended by Ground 
er Over Explcitation Committee may he adopted: 

For unmlined canals in normal type of soil 
with some clay content alonowith sand 

15 to 20 ha m/dsy/ of wetted area of can 1 or 

6 to B cusec/ m.sq.ft. of wetted area of canal or 

I.S to 2.5 cu ec/M.sq.M. of wetted area. 

For unlined canals in sandy soils 

25 fn 70 ha, m/day/ m.sd.m. of wettec area or 

cusec/m.sc.ft. of wetted ares or 

-• to 3.5 cumec/m.sq.m. of wetted area 

(iii) For lined canals, the seepage losses may 
be taken as 20 percent of the above values. 

5.3 Return Seepage from Irrigation Fields 

(i) Irrigation by surface wafer 

(a) 75 peroent water deliered at 
outlet -for application in the field. 

percent of water delivered u.i*Jete, 
paddy irrigaticr only. 

WGtFr 

:Fe]i'-a e;dct 'D"tlet, 

EDF as seepage 
may be taken. 

In all ;die above cases return seevage figures 
inclube losses in fie 'd channel and dese Should 
net be ai-rfl.uotet1 4-cr separately. 
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5.4 Seepage from Tanks: 

Studies have indicated that seepage from 
tanks varies from 9 'to 20 percent of their live 
storage capaciaty. However, as data on live 
storage 'capacity of large number of tanks may not 
be avai]ahle, the seepage from the tanks may he 
taken se. 44 to 60 cm, per year over the tptal water 
spi eaUn The seepage from percolation tanks is 
hi;HEr :9.7• be taken as 50 percent of its gross 
StOra;E. 

1r 7aSE seEMa;E from ponds and lakes, the 
norms as applied tC:. 2.T.F)7].. may bE. taken. Them 
recharge ipmgcmiimi mk pert:plat:0n tanks no 
computed Hinithuted fpr utilisation 
pugoosen tanimii command only. 

Contribution from Influent Seepage: 

1-r-,:m the ' ;.vev.s with a 
definite I nt n nature may be computed py using 
Darcy' Lai,  

= TIL 

= rate 

s;:l . :ty of the aquifer, 

I gEtdieint, 

hich imw is taking 

PInnual Recharge: 

Total annual recharge = 

Recharge during monsoon 
non-monsoon rainfall recharge 
seepage from canals 
return flow from irrigation 
inflow from influent rivers etc. 
recharge from submerged lands, 
lakes etc. 
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Losses of ground water from aquifers mainly arise 
out of the following factors. 

5.7 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 aquifers. For losing 
reaches the effect on ground water regime i 
additive. In gaining reaches contribution from 
ground water to the river is. confined to a 
relatively small strip adjoining the stream. 

5.8 Transpiration by Trecs: 
Transpiration by deep rooted trees results 

in depletion of 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 unrecoverable. 

.1,  5.9 Evaporation from Shallow Water Table: 
This is controllable situation. These losses 

reduce to negligible proportion once the water 
table falls about 3 meters below the ground level. 
As such fhec;s,  losses need not be accounted for in 
ground water estimates. It is recommended that in 
water logged and shallow Nster.  level reaches 5 
metres below ground level. The resources estimated 
based on the pre-monsoon water level to 5 metres 
depth. are potential and would be available for 
development in addition to the annual recharge in 
these areas. 

5.10 Draft from Ground Water: 
The norms of development for various types 

of structures vary from state to state depending 
upon the existing agricultural practices, local 
hydrogeological conditions, availability of power 

EAnd as Such it is recommended that regional 
-Eros ri, H  be developed baset nn sh,mple surveys, 

ublic Tubewells, Seta -fir discharoe 
Jur-9 is already available and that 

4or computation c draft, 

e total ground water resource cr.:mr) 
ayc, able -Cot_ Lrri..c1 atiry  

The base 4iow 9 
-d water resource and is sometimess 

irrigation schemes, and other
on works. It is, therefore, 

at 15 percent of total ground water 
apt for drinking and industrial 
mmitted baseflow and to account for 
- losses: The remaining 85 ner o.  

stipulation specified .oan Os 

igaticn oursosei  

resoo: 
purposes 

au.b3ect 
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6.0 REMARKS 

Water balance of saturated aquifer is 
essentially a lumped model study and is a 
convenient way of.  establishing the rainfall 
recharge coefficient as well as to cross check the 
accuracy of the various prevalent methods for the 
quantification of recharge and discharge from other 
sources. 
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