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SYNOPSIS 

The existing water resources though plentiful can not 

be exploited in-discriminately without an adverse effect on 

the total water supply. Hence it is necessary to find means 

of better utilisation of available surface and ground water 

resources for increasing living standard of people. For 

ground water exploitation one has to investigate and evaluate 

ground water potential of the basin and understand the mecha-

nism of the system. Ground water problems can be studied either 

by carrying out field studies or with the help of models. 

Field study is always time consuming and expensive, 

so model study is preferable. Models are useful tools for 

prediction of influence of management practices on water 

table or piezometric level within an aquifer. There are two 

types of models, physical models and mathematical models. 

The physical model, needs laboratory facility as well 

as more time for construction of model and is built for specific 

problem. The mathematical model which removes those difficulties 

is based upon mathematical expression or group of expressions 

that describe the aquifer functioning. Under this study a 

mathematical model was employed for case study of Varuna 

Ground Water Basin. 

The river Varuna, a tributary of river Ganga has its 

confluence at Varanasi. The basin which lies in four districts, 

Pratapgarh, Allahabad, Jaunpur and Varanasi of eastern part 

of Uttar Pradesh, covers total area of 2,7,87O  Hect. 
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In the present study both lumped and distributed models 

were used to evaluate the ground water potential and study the 

ground water response. Lumped model was employed to estimate 

the ground water potential of the basin as a whole using 

hydrological balance equation which incorporates all the compo-

nents of hydrological cycle related to ground water movement. 

Ground water potential so arrived, comes to 16,868 hectare 

meters. The annual water balance on the basis gave the recharge 

to the aquifer as 31-.3,0 of total rainfall over the basin. 
In the distributed model the basin was divided into 

ten small areas and the water balance equation was applied to 

these small areas, through a nodal points. This model used 

the hydrological parameter related to nodal area. In this _model 

the solution of the partial differential equation of unsteady 

flow through numerical technique was possible. This model was 

employed for prediction of water level at nodes located at the 

distributed points of the basin, on imposed conditions. The 

predicted water levels show reasonable agreement with observed 

water levels at those nodal points. 

This study has led to a better understanding of the 

method of analysis of ground water problem. 
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CHAPTM-I 

INTRODUCT ION 

Water is essential for existence of mankind. The 

demand of water is increasing more or more due to rapid 

industrialisation steady,rise in population and needs for 

increasing agriculture production. The existing water 

resources though plentiful can not be exploited indiscri-

minately without an adverse effect on the total water supply 

of the world. Hence it is necessary to find means of better 

utilisation of available water resources for increasing 

living standard of people. 

There is plentiful supply of water over the earth, 

but only 1% of water in the hydrosphere is in a form that can 

be readily and economically exploited by present day techno-

logy. This 1 % includes both surface and ground water. Thus 

water, the natural resource, which is most vital resource, 

is limited. In our country, total water which .can eventually 

be utilised is only 93.5 million h.m., out of which ground 

water contains 26.5 million h.m. These figures are still 

tentative and approx. and need further estimation with the 

aid of advanced technology. 

However, on the basis present figure it can be well 

realised that existing surface water resource can not cope 

alone with the increasing demand in future. Under such 

situation due importance is to be given for utilisation of 
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ground water resource. Ground water basin may be considered 

as reservoir, in which water enters, moves through it and 

leaves it. The natural course which the water itself follows 

can be altered by roan in the bulk of basin by artificial 

recharge, pumping from and into wells. This may cause 

undesirable effect, if proper treatment to the basin is not 

given. As for example, excessive extraction of ground water 

may cause lowering of water table beyond economic pumpage 

limit, and also ground subsidence in other hand excessive 

contribution to ground water by irrigation and other arti-

ficial recharge may create problem of water logging and 

consequent damage to crop. Hence it is necessary to have most 

efficient use of available water. With the objective of full 

utilisation of natural resource, nature of the resource and 

nature of use must be considered. For this, it is first 

essential to investigate and evaluate ground water potential 
-arc 	 SY3\t-M. of the basin and underst~►mechanism of the bar. After such 

assessment it is necessary to develop a plan for optimum 
utilisation of ground water resource. Planning includes 
besides evaluation of water resource, prediction of future 
use, and various ways to meet predicted demand. 

Ground water problems can be studied with the help 
of following :- 

1, By Field Studies 
2. Use of Models 

Field study is always time consuming and expensive 
and so generally models are preferred to study ground 
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water problem.  

Models are useful tools for prediction of influence 

of management practices on water table or Piezometer water 

levels within an aquifer. There are two types of model 

((i) Physical model (ii) Mathematical model. Physical 

models are experimental studies. Various types of physical 

models such as sand model, electrical models, viscous 

models elastic membrane are in use to study the aquifer. 

However physical model to represent water system 

requires equipment and considerable material, some require 

precise machine shop work, and many require more time for 

construction. In addition a physical model built for speci-

fic problem, which is suited to that problem, needs consi-

derable modification to study another aquifer. Hence these 

models can not be treated as convenient. 
t 

-Recently, due to availability of electronic computer, 

it has1  now become possible to use mathematical model based 

on theoretical analysis for ground water movement studies, 

These mathematical model is based on mathematical expression 

or group of expressions that describes the aquifer function-

ing. 

Mathematical models have been employed in studies 
l3 of several basins. H.N. Ty-son & X.M. Weber describe the 

developmentat&verification of a mathemetical model to study 

hydrologic characteristic of ground water basin of the 

coastal plane. In this problem, similar model has been 
J developed to  study the ground water problem of various basin. 



Mathematical models can be further classified as 

(a) Iump'rnodel (b) distributed model. In the lwnpamodel 

the entire basin is taken as composite unit, using para-

meters, representing hydrological characteristic of whole 

area. In the distributed model, the basin is divided into 

small areas using hydrological parameter related to 

small area. 

In this thesis work, both types of mathematical 

models have been developed to study the ground water pro-

blem of Varuna Basin lying in eastern part of U.F. 

F. 
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CI APT 'R-11 

MOE S FQR GRQUIM Wt TJ STUD= 

.Iritroductionj 

Hydrologic models(  ' are physical or symobolic repre sen- 

tation of known or assumed functions . expressing the relation-` 

ship of segments of hydrologic cycle, or expressing the 

influence of management practice within an aquifer. Ground 

water model can be represented by, any thing which copies or 

describes .the function _of aquifer. Models are valuable tools 

to study natural process. Models for .._ground water are used to 

simulate some real ground water system.  so that it can be 

predicted what would happen if . the .system properties are 

changed. Models are, used for convenience and to avoid costly 

experiment with the real system. 

2.1. Necesgity of Review: 

There are several types of _models,. but no model can 

really. reproduce all ,the _varieties, .in .a real ground water 

system. Hence it is necessary to review the available tech-

niques and select the appropriate one for solution ofproblem 
at hand. This section reviews , several _such methods with 
back ground informations for understanding the ,application, 

and . selection of a. suitable model for case study. 
2.2. ADDro.eh 	(2) 

Hydrologic.. process may be complex or simple. Depending 

on circumstances, models can be developed using either 

statistical or rational method based on deterministic 

approach. 
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2.2.1. Statistical Mproach: 

In case of most complex natural process such as next 

week's weather which involves so many input and variable 

datas that they can not be enumerated or measured. Under 

such situation the statistical methods can be employed to 

determine the .output, which may be based either on law of 

probability or on the basis of sequence of occurrence. ' Thus 

the methods using statistical approach,, develops stochastic 

or probabilistic models as discussed below: 

2.2.1.1. Stoc astic Model~3 • 

Use of stochastic_ model. become s_ necessary for large 

no of variables, having good range of variance in observa-

tion and data point. Stochastic model is true representative 

model of hydrology process as hydrologic process, ,a .time. 
dependent. priboes.s,_ ,involving,.,.sequence of occurrence, behaves 

as stochastic process, to great extent. In,these models, 

statistical regression by co-relating, all_,conceptually . . 

measured variables wit], , the variable of . ,interest is done, 

and model is further developed using _ random or non random 

number depending upon sequence of occurrence of variate. 

2.2.1.2. Probabilistic 4odel~ 3 ) 

This model Is used forsake  of simplicity, in which 

neither sequence of variates involved in the process, nor 

definite law of certainity is considered., However, the 

model isdeveloped using„ chance of ,occurrence of variables 

and concept _ of probabilistic nature. These statistical 

method needs large no. of input variables for statistical 

fitting of model, which in turn would need 	expensive 
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and tremendous work for data collection. Hence this tech.. 

nique is not useful for ground water studies. 

2.2. Determjistic Approach 

Rational Method:- Rational methods have .been used to develop 

model on deterministic approach. In this chance of occurrence 

of variables involved in process is ignored, and model is 

considered to follow physical law, the law .of certainty. 

The The model is specified both functionally and  numerically .  

without initial recourse to observational data by assign- 

ment of numerical values to coefficient and exponent of the. 

model based upon prior information or physical laws. The 

model may be applied to data as test, by computing value 

of dependent variable for selected value of ,independent 

variablie . Necessary_.,adjustment in _ co-efficient or exponents 
to have good agreement with observed and computed data are 

done. The rational methods. would be more useful when the 

number of unknown and number of observations are small. 
Models based.  on rational method can be.  physical or mathe- 

matical model, based on theoretical analysis. 

2.2.2.1.. 'hysical Model:. ,Physical model of ground water ,is 

actually material representation .of .the aquifer. The physical 

model . is_ used__ when the natural proces seses which are _complex 

can not be easily understood. Physjcal model maybe either 

true model or Analogous .of ground water flow. True, model ., 
of aquifer is only represented by sand model, other models 

are model analogous to aquifer. 



Physical models may further be grouped under two types 
of Model, Mechanical models and Electrical Models. 

MechanicalModels : _~~ 	~. ti 
Sand Mode! 

2.2.2.1.1 .A 	It is simplest model and most clearly pertinent 
to hydrologic problem in ground water studies. , sand model is 
a single type of model which employs the same material as of 
aquifer, and has its process similar its prototype.. The flow 
in both aquifer and model is governed by Darcys law. 

Sand models are constructed in water tight 
boxes, which may be of either rectangular, column or sector 
form. In„the model sand is used as test medium representing 
the aquifer. However use of fluid which may be. either water 
or but more viscous liquid, depends upon the extent of 
modification necessary to compensate for permeability of sand 
as being high compared to size of model. 	_-. 	_ 

Sand model thus resembles closely except magni- 
tude and parameter. 

Models can be made to represent either confined 
or unconfined aquifer by .allowing water„ table _ to act as upper 
boundary  and providing and ix pervious_ . cover to apply pressure 
respectively. In order to have test medium of uniform permea- 

bility, .coarse sand _is placed in ,small quantities and .compacted 
consistently to. remove air, where as for anistropic permeability 
different,, sands in layer ,are . placed. 

There are dynamic and kinematic similarities 
between model and protpt,ype as flows in model. as well as ,•

in aquifer occurs in p ►sous media. So ( Todd(6)) formulas 
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have been developed for interpretation of test data from 

sand mode].. 

Geometric similarity is defined by the model prototype length 

rated. 

En (1) 	Zr = IM 	where subscript r,m and p refer 

to ratio model, and prototype 

respectively. 

As flow in medium of model, as, well as in, aquifer 

is .governed by Darcy's law provided fluid movement in the 

model lies in laminar range, the velocity ratio for isotropic 

condition can be expressed as: 

	

Eqn.(2) V _ Km IM 	where K is co-efficient of 
P 	P 	 w 

permeability and i is hydraulic 
gradient. . 

Having same . slope, prototype velocity and flow rate can be 

evaluated using following equation. 

Eqn. (3) 	V = 	-- and  p 	Kr 	p 	Kr Ir 

Advantage 

In laboratory various ground water problem can be 
studied with the aid of said model, out .of_yhich .unsaturated, . 
and _multiple, fluid flow_,sudh as sea water intrusion can. be 
considered as useful. By adding dye_.. uch„as potasi~pdichromate 
at various _points in sand, flow lines can be made visible, 
for study of flow and dispersion. 
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However several problems affect the use of sand 

model. 

1. The reduction in size becomes a problem when the 
C 

model is too small. Further problems. a sealing, obtaining 

effective ratio between the viscosity of the . fluid-and 

characteristic of the sand add further difficulties. 

2. Though in case of confined aquifer, _capilary- .rise 

does not affect much but in .case of unconfined_aquire magni-

tude of capillary rise being high, compared to size of model 

and disproporsionate with actual rise in aquifer,causes 

much difficulty in use. 

3, .Extension of piezometer into the model as necessary 

for measurement , presence of air, and organic growth cause 

interference with flow. 

4, In case of _optimisation, various, trial, ,by_ applying 

experimental data is to be done, hence optimat ise of very 

simple case can be made with the aid of model. 

2.2.2.1.2. Elastic Sheet Model~~ j 

Zwarokin proves that when a thin elastic sheet 

located in the horizontal x, and y plane_. is..p1aced under 

uniform tension and .attached to a flat frame.,, the sheet 

adjusts itself to any,verticai deformation in frame by 

taking a shape $ is governed by following equation. 

a22 	. C b Z ? 	* ~~Z , t* Z \2~ - r2 Z 	C7 z 	Z 
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Where Z is vertical displacement. 

If the vertical displacements of sheet are kept constant so 

that sheet is nearly horizontal every where, then 

our a 	 0 

then in that case equation 5 can be simplified to  

This is nothing both laplace equation which corresponds to 

differential equation of gr. water flow (L h + 	!~ ) 

This analogy was developed by Hansen(4) _ for ground .water . 
studies. To study shape of free water surface around a well 
a membrane of .surgical rubber isstreched .over a wooden frame, 
and clamped under uniform and high tension (,not exceeding 

elastic limit ).. The frame is placed over glass_ plate, so that 
membrane ,can be .deflected vertically. to _ represent draw down, 
by aluminium strips. Tines of equal vertical displacement 
corresponding to equipotential line .can be mapped. by means._ 
of micrometer, duly mounted over the frame in proper manner 
in order to control its vertical position and have free 
horizontal movement. In order to study .path of flow steel 
ball bearing of 3/1611 dic is released at point .of high 
pot.ential, and ,path of the ball, followed during rolling down 
ward is _photographed with the help of moving camera mounted 
on the Model. 
2.2.2.1.3. Viscous Node l~ 8 ' g ) 

Hele Shaw, was first man to .develop model with certain 
assumption to demonstrate flow pattern based on analogy between 
movement of viscous fluid between two closely spaced parallel 
plates, and two dimensional ground water movement in an aquifer. 
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After presentation of mathematical analysis by Sri G.C.Stroke 

and proving the assumption of Hele Shaw by him. This model, 
commonly known as Hele Chaw model, has come in extensive. use., 

Formula of Hagen(6~-PoisemiUe for the flow of a viscous 
fluid through the narrow inter space between two parallel -plate 
corresponds to Darcy's law which may be seen from following 
comparison: 

Poisemille law Vm = b2  r m i2 ,u, 

Darcys law 	V p = K - 

Vm mean- velocity of flow 
in model 

VP = Velocity in prototype 

in which Q = Quantity of water, is = width of space between two 
parallel-plates, e,m, It in are the model fluid density and viscosity 
respeetively,_,g is accelerate4 c ' _gravity_ „dh/dx is the surface 

laW 
slope _where as in - darcys fiK ,is permeability of aquifer, and dh is 
the head difference between the two points of flow path at distance 
dx. 

From above analogy, between two laws, the velocity . ratio can be 

written as 	Yr. = ~2 e~ i _ - and for given length ratio 

Lr, of the model, time ratio can be found from Tr = Ir/Vr (10) 

By the use of two sheets other-.of glass or plastic_ _. 
keeping them parallely at a fixed spacing, models are. constructed. 
Reservoirs to control fluid flow are attached either at end or 

sides to the model. The versatility of the model as a tool for 

investigation.of both steady and .unsteady groundwater flow,, 
depends upon simulation of different, values of hydraulic conduc-
tivity of the soil through variation of spacing and of the fluid 

properties density and viscosity. As for law viscosity of fluid 
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such as light oil or water very narrow spacings, a fraction of 

millimeter or so, is used to keep the flow movement in laminar 

range, where as in case of glycerline or heavy oils, spacings 

of a few millimeter can be provided. Regional variation of K 

can be provided by the insertion of thin strips in the desired 

region between the plates. 

These models can be either vertical or horizontal 

model. Recharge, either due to rainfall or under flow or 

infiltration from surface water body. can be simulated in the 

model. Rainfall is initiated by .sprinkling _water_ over the.  length 

of channel in vertical model where as „ground water withdrawl 

or artificial replishment is reproduced by withdrawing or adding 

liquid at respective plates in the channel. The piezometric level 

or water table can be observed and flow lines can be seen as well 

as photographed if dye is used. The simple boundary condition of 

constant and- variable head may be materialised by adjusting 

and the vessel connecting_ it to inte,rspace of model. Two liquid 

problem -such as salt water, freshwater relation can also be 

represented with the aid of two fluids , of different density 

whereas fluids of different colour, having equal density and vis-

cocity may be used to study multiple aquifers. 

Though the model has proved it usefulness but 

difficulty arises in adoption of _ same in present type of problem 

on account of following drawbacks: 

1. 	Viscocity and density should be kept constant while 

using model, and this condition can be rarely satisfied until, 

and uplIss the model is set up in temperature controlled room. 
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2. The errors in slot width have very marked influence 
upon the co-efficient of permeability. As thickness of plate are 
order of milimetre, great care is required, to keep the distance 
constant for which insertion of specially prepared metallic or 
plastic rings between the plates at regular interval and tighten-
ing the model with the aid of, screws is required. 
3. Sufficient experience of study on .such model is must 
to resolve particular problem in better way. 

2.2.2.1.x+. Blottng Paper Model: 

Blotting Paper Model: This model has been used by 
R.J. Seven Huysen(10) for simulating ground water flow. Simu],a-
tion of infiltration, saturated flow and leaching with the aid 
of above model, has been described by, him. This material can be 
easily cut. into any shape, lines can be drawn on it _and.samples 
can be taken  out. The shed of blotting . paper ,forming the model, 
are .hung vertically, the. flow is introduced... by saturated sheets 
placed vertically or horizontally as required. A brief, descrip-
tion of method of use of .above model .is described here. 

In vertical shec' two furrows are ,cut away, ,and _a net 
work on rest area of paper is •;::~ '.. is drawn by dots using water 
soluble ink. This paper, is vertically hung and. water Is brought_ 
into the paper by means of strips of same material drawing water 
from the tank. After few minutes ( 10 minutes taken by Seven 
Huysten in his,experiments), stream lines and distance of ,displace-
ment is traced. For saturated flow a net work of ink dots is 
applied on the model after saturated flow has become well. 
established. Impermeable boundary can be represented by means of 



application of point on the profile with a laqueous solution. 
Where layer of low permeability is desired, lacquer on humid 

blotting paper resulting some of the pores remained open, is to 
be painted. With aid of this model salt concentration change 
can also be studied using a paper duly soaked into solution of 
copper sulphate and dried thereafter. 

This is very simple and easy, model to demonstrate 

ground .water phenomena, but quantitiva evaluatic is possible 

for very simple and isolated cases. Hence for most quantitive 

work, • this can not be used. 

2.2.2.1 .5.  Electrical Model: 

The electrical models have been developed to study 

ground water problem, on.  account of correspondence of Ohm Is law 

with Darcys law, which maybe apparent from following 

I 	1/R A V/L.( Ohm law) where I is. the amount of current 
1/R electrical conductivity ( reciprocal of,resistance ), A is 

cross-sectional areas through which currents flows, V is the 

electrical potential or voltage., and .,L is _ length_. It is thus 
clear that electric current is analogous to ,discharge, electric 

conductivity to permeability, voltage to head. 

On above .approach model is ,constructed using conductive 

material which can be (1) liquid conductor (ii) solid conductor 
(iii) . Gelation. 

2.2.2.1.5.1 •  Conductive e tguid Node  i(6,7,9)  

It is electrolytic tank of shallow .depth made of a 

water tight container of non-conductive material, filled with 

weak solution of an electrolyte such as copper sulphate. 
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The conductive liquid must be one which has neither reactance 

nor chemical reaction on electrode and possessess uniform conduc-

tivity in entire model with low evaporation rate so that there 

is no appreciable alteration in conductivity. 

In the model, alternating current of low voltage is 

used for safety as well as to avoid heating of electrolyte. 

A recharge boundary is simulated by an electrode, 

through which current enters the model, whereas, discharge 

point line is simulated by another electrode.. In case of .constant 

head in prototype, electrode is kept at constant potential. An 

impervious boundary is simulated by an insulator. The distribution 

of voltage corresponds to head distribution. 

In this potential devider is,, used for accurate division 

of voltage _ into large_ no. of sub-division_ whereas use of oscillo -

graph helps in the identification of . the potential.  When the 

potential „at ,desired part is _ equal to potential adjusted in 

potentiometer, no current .  flows through, oscillograph, and on this 

approach lines of constant. voltage can be_. traced by a probe 

attached to voltameter circuit . as described below. A mark is left 

over the drawing paper placed on drawing board by depressing the 

pencil attached to panotograph,..whose .other limb lines over the 

model. This limb contains the _detecting probe of electrical circuit 

fixed diagnolly opposte to the pencil,. by ,which constant potential 

drop is traced. Hence due to interdependence, equipotential 

lines can be plotted on the principle described earlier. 



The potential is measured at points on surface of liquid 

in case of the dimensional flow, and if same is measured within 

the liquid, three dimensional flow can be studied. Currents in 

each electrodes are adjusted by suitable resistance to corres-

pond to well flow rate, and similarly study on effects of 

recharge wells on ground water, can also be studied. In case 

of aquifer of variable thickness, .the bottom of tank is filled 

with parafin .and the configuration carved in the .parafin. after 

solidifca.tion. The tank when fully filled with, electrolyte 

the aquifer thickness is modelled. Thus transmissivity distri-

bution can be studied. 

2.2.22.1.5.3. Solid Conductive Mode1~6 7 9 

In this ,shed of electrically conducting material of 

sufficiently uniform, isotropic and high resistance is fastered 

to broad or other flat surface. Most commonly Teledelitos paper 

which, , eontains ,dispersion carbon, a conductor, and coated with 

relatively non conducting layer of lacquer on one side and 

aluminium on the other is used. Recharge boundary. can be made of 
either copper , strips pressed on paper,_ or of siliver. _paint., or 

made of a copper wire soldered to paint.. A. copper strip can be 

used for straight boundary, but for arbitrary boundary use of 

paid is easy. This paper. of isotropic nature can be cut in•

slot to represent impermeable layer or other in homogenates. 

Potential distribution is measured along flow lines. and equi-

potential lines on the surface of the, paper with the help of 

galvanometer as per method described earlier. Flow lines and 

equipotential lines can be drawn directly on the model during 

the experiment. 
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2.2.2.1.5.3. Gelation Conductor: 

This model is constructed by pouring hot gelation 

with the addition of sodium chloride or copper sulphate into 

mould, having boundary similar to aquifer.The gelation repre-

sents aquifer when it solidifies. With the help of appropriate 

salt concentration, different permeability can be simulated 

in the model after insertion of gelation at desired location. 

The shape, size and variable thickness can be easily made 

in the model to resemble the aquifer condition. Besides other 

studies, free surface around a well in unconfined aquifer can 

be determined by cutting the gelation by a hot wire. 

2.2.2.1 .6. Resistence Capacity Ana~.og(11 ,12,1 3)  

This model can be constructed to study two dimensional 

or three dimensional movement of water in aquifer. This model 

employs resistence net work which consists of junction 

of resisters and capacitors, forming finite difference grids 

to represent finite difference form of partial equation of 

ground water flow. In the model current in various branches 

of net works are analogous to flow of water, where as voltage 

at nodes correspond to water level. Resistors, inverse of 

which corresponds to conductivity of aquifer, dissipates 

energy in same manner as porous medium of aquifer consumes 

ground water energy in the movement of water through its void. 

In order to simulate pumping rate and variation of 

drawdown in reservation well, excitation- response apparatus 

is used. The input and output devices used in conjunction with 
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R.C. net work are strip chart recorder. Cathode ray oscilli-

scope square wave or step function generators and timing 

circuit. There are two approaches, one consideration of 

long time duration ( 2 to 15 minutes) also known as one shot 

and other short time duration known as repetative , for solu-

tion of the ground water problem. In short time repetitive 

network, voltage, across each capacitor are brought back to 

initial condition using de-energising circuit which removes 

accumulated charge in last part of the cycle period. However, 

for variable parameters, involving trial and error method 

for adjustment of system, this type of equipment needs 

specialised and intricate electronic equipment. 

In case of long time computer, the steady state and 

transient excitation are applied at time t = 0, and resulting 

voltage transient can be recorded, based on following princi-

ple(9). In this wave form generate, which produces saw-tooth 

pulses, sends positive pulse to the oscilloscope to start 

horizontal sweep and also it sends a single negative pulse 

of saw tooth form to pulse generate. The trigger of pulse 

generator on receipt of initiating pulse, fires and large 

negative pulse of rectangular shape is applied over a 

resistor connected to the node representing the pumped well. 

This pulse is also brought to the grid of a tube having 

cathode resistor which is jointly used by another tube which 

in turn is connected to any node of system(observation well). 

Prior, to receipt of above pulse there was large voltage drop 

across the cathode resistor due to plate current of tube 
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connected to trigger, Hence voltage of grid of tube connec-

ted to node representing observation well was not transferred 

to ossclloscope. The application of negative pulse from 
triffer cut off the current and allows the other tube to 

conduct. On account of this high voltage difference between 

plate and cathode develops which ignates the tube and voltage 

of node is thereby transferred through the D.C. amplifier 

to the osscilloscope. Thusthe electron beam is swept across 

the cathode tube providing a time voltage graph which is ana-

loger to water level fluctuation due to pumpage of known quan-

tity and time. The screen of osseiloscope is accurately 

corrected to read voltage and time as vertical and horizontal, 

On due consideration of analogy between duration of the pulse 

from generator as pumping period and amplitude of pulse to 

pumping rate, the pumping rate can be computed using formula 

based on Ohm law. 

( Chow) Q = 	V a 	where 	V is voltage drop 
at 

across small resistor R, between pulse generator and the 

analog model, and a3  = factor depending upon relationship 
between Q and I. Based on super 	theore , the total 

water level change due to pumpage at several nodes, can be 

determined. 

-Electric-analog computer is versatile model to study 

the complex problem of ground water. However in case of 

ground water flow which involves two or more independent 

variable, the exclusive use of analog model IS  not suitable 

as in this model. Only one independent variable is used. 



Secondly this equipment can be handled by electrical man 

as largest errors are introduced by the input and output 

equipment. The accurate application of current and voltage 

excitation of arbitrary shape involves practical difficul-

ties. The cost of model construction can be treated as high 

as compared operational cost in use of digital computer. 

2.2.2.1.7. Analog Model (Electronic Differential Analyser) 

Tysen and Weber(1)+)  employed electronic differential 

analyser to study ground water proble, as an additional 

equipment in electrical network. Differential analyser is 

actually equation solver rather than physical analog system. 
The djfferential..analyser can solve directly finite difference 

equation at each node of field, governed by partial differen-

tial equation. Tysen used a pair of resistor between 

two junction node of net work for compatibility and connected 

voltage divider potentiometer between the two resistor, 

terming non-standard, voltage divider circuit. Another circuit 

using operational amplifier, parallel-'; y connected to inte-

grating capacitor, joined with another potentiometer for 

obtaining variable capacitance, was formed. 

The replenishment and extraction data inform of time 

dependent source .flow rate were inserted at the appropriate 

node of analog circuit. The resulting water level response 

(node voltage vrs. time) was recorded graphically using 

x,y ploter. 
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On due comparison of computed water level with observed water 

level by superposing on these plots, the portion of basin 

having sufficient variation was marked. The transmissibility 

or storage co-efficient or both are then changed to adjust 	• 

water level and new response was obtained. The cut and try 

process of adjusting physical constant was continued in this 

manner until satisfactory agreement was reached between 

computed and observed water level of the basin. 

This technique can be considered as useful deter-

mination of local transmissibility and storage co-efficient 

of aquifer. However use of this type . of model, may be 

limited for study of dynamic behaviour of the aquifer under 

certain specific conditions of replishment or extraction. 
In this model, response of entire network, due to application 

of unit flow rate, at a node ( all other source flow rate 

set to zero) could be plotted. Similar response would be 

obtained for successive application of unit flow rate at 

other nodes. Any desired solution could be constructed 

from these influence function. by superposition. This pro-

cedure would require large nos e  of computer run and cons-

truction of model is not economical and therefore not very 

much suitable for general study of aquifer. 
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2.2.2.2. Mathematical Model: 

Mathematical model is mathematical analogue of the 

hydrologic basins and so ground water mathematical model 

simulates the behaviour of aquifer. Mathematical model of dy.. 

namic process can be obtained by two different ways theoretical 

analysis and/or experimental analysis. In this chapter, dis-

cussion on the two methods are made in order to select the 

best way to develop mathematical model. 

Actually theoretical analysis of dynamic process is 

called theoretical model, which can be defined by(15). 

"Process modelling is the theoretical analysis of the 

time behaviour'of process. Physical laws are used to obtain 

mathematical model".. There are four different types of basic 

equation for general consideration:- 

1. Balance equation for stored mass energy or momentum 

2. Physical chemical state equation 
3. Phenomological process 
L.. Ent ropy balance 

In case of those ground water basin in which change of 

salt concentration is not processed( change in salt concen-

tration occurs incoastal area) only first a ott th:&rc equations 
are relevant:- 

(1) 	For the first equation, the common equation of ground 

water flow known as equation of continuity can be described. 

In case of given volume of ground water basin, with due 

consideration of negligible elasticity in water as well as in 
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aquifer the form of equation is 
Inflow- Outflow = Change in storage 

(2) 	For the phenomologic process, the equation involving 

state variable known as Darcy's law is used. Based on this 

equation, amount of flow from given area can be determined 

using the equation. 

Q = P.I.A.  where Q = amount of flow, 

P is permeability, 
I is hydraulic gradient 

A is the cross sectional area 

These equations are applied to the whole process or 
to a part of the hydrologic process. In this type of model 

structures and parameters are analytic function of physical 

process. However, though it appears very simple, but actually 

model is complicated, due to the fact that model involves 

partial differential equation of linear or non-linear form 

whose analytical solution is not very easy except in very 

simple boundary condition. Internal function of aquifer in 

the form of mathematical relationship is not known.rocess 

parameter are not completely known. 

Eau went al Analysis: 

In the experimental analysis model is determined by 

measured input and output data of process. With known structure 

or idea of linearisation, the model is "determined by the 

identification method. In this method, another knowledge of 

internal function is not required. The complexibility of 

process does not necessarily influence the identification 
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process. The model so developed may be more accurate than 

theoretical model. 

However the model may be valid for a special process 

and special operating point. Analytic relationship between 	P  

the model parameter and physical process parameter can not be 

obtained. 

It is desirable to develop suitable model, so that 

adequacy of model is proved by available historical data 

and also can be used for computation in situation other than 

those expressed by observational data. This can be achieved 

by appropriate combination of theoretical and experimental 

analysis. 

The mathematical model, which can be developed to meet 

above requirements, necessiate 	following steps to be 

done:- 

1. Development of theoretical model, by combing basic 

equations. 

2. Obtain numerical solution to these equation 

3. Investigate the applicability of the model by 

identification. 

Mathematical model can be further divided into 2 types 

(1) lumpe1nathematical model, and 

(2) distributed mathematical model. 

2.2.2.2.1.  Lu pj Model:- 

Imp model is developed for the entire basin, and 

this model is applicable for any point within the basin. 
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Under such conditions all the parameters are lumped together,. 

mathematically this model can be expressed by ordinary differen-

tial equation. This type of model may be based on theoretical 

analysis, experimental analysis or Co 	n r n of both as 

described earlier. 

2.2.2.2.1.1 Model posed on theoretical analysis: 

Lump model which can be developed purely on theoretical 

analysis is based upon concept of consideration of relation-

ship between hydrologic envrionment and ground water regime. 

Hydrologic envriorament is dependent upon topography,geology 

and climate where as ground water regime, comprises two sets 

of parameters physical and chemical state of ground water. 

The envrionment and regime are related quantitatively hence 

ground water regime may be defined(33)  as sum of six envrion-

mental parameters: 

R 

Where W(p) = is amount of water presented in theoretical zone 

f(grade 	) = Pattern of ground water flow 

qj 	= Volume discharge 

Cw 	= Chemical composition of water 

0 	= temperature of water 

The last parameter is indicative of type and intensity of 

time dependent changes of the regime properties at any point 

within the flow region characterizing the variability of 

ground water conditions. 
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2.2.2.2.1 .2. Model based on process-analysis: . 

In previous section it was advocated to combine 

theoretical analysis with experimental analysis. In such 

situation based on physical law model can be developed for 

particular basiri and its applicability may be txt 	to ok 

s,imigrbasir,. l In such, case, if particular basin is considered 

where chemical state of ground water does not undergo appre- 

ciable changes can be described by physical parameters only (31+) 
and for such general equation can be described as 

ate = f ( dn, L ) 

Where Ad '= change in water table elevatoenfor the time 

period, 

do = water table elevation at the end of time interval 

and L = a lumpebfactor combining all inflow and outflow 

to ground water basin, - 

The lumpakfactor can be obtained using water 

budget equation. On the basis of this model can be developed 

for other basin as well. 

2.2.2.2.1.3. This model gives overall picture of the basin. 

With the aid of this model, at a time unknown value of one 

component can be determined easily, using water budget 

equation. However, in lump4model, total inflow and outflows 

are balanced, but their locations are not considered. Also 

many local inflow and outflow relationship may not appear 

as transfer across the area boundries and thus never appear 

as budget equation. For such detailed information distributed 

model is used. 
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The size of the nodal area depends on the variation 

in replishment, extraction, transmission, storage and water 

level data. Where there are large spatial rates of change 

in water. level elevation smaller subdivision is necessary. 

The shape of nodal area may be rectangular, square or 

polygonal shape. Construction of nodal area of polygonal 

shape is preferable for irregular location of observation 

wells and boundary condition. Such condition exists in 

particular basin, which is under study, the polygonal shape 

is desired. 

2.2.2.2.2. Preparation of Nodal net work; 

The preparation of nodal net work depends on the 

choice of number and distribution of nodes, with due consi-

deration of size and boundary. On basis of selection of 

above the actual construction of nodal net work can be 

done. Hence discussion on this issue is made prior to actual 

const ruction. 
r 

2.2.2.2.2.3. Selection of size and boundary( 1  

Size of nodal area besides hydrologic conditions as 

discussed earlier depends upon boundary condition. The 

boundary conditions have very real and important consideration 

in deciding the size of nodal area. The boundary condition 

may be either geologic boundary or hydrologic boundary. 

The boundary condition can be further classified as internal 

boundary or external boundary. The external boundary 

needs special attention in selection of nodal area. 
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2.2.2.2.2. Distributed Model( 6)  

This model is employed for distributed answers, such 

as locations of discharging wells, their radius of influence, 

discharge and recharge from stream, major recharge and dis-

charge areas. This type of model divides a particular basin 

area into small sub-surface that may be rectangular square 

or some other polygonal shape. The Size of zone is dependent 

on the variation in replenishment, extraction, transmission, 

storage and water level data. A single well point, known as 

nodal point is selected to represent the smaller area. The 

dynamic response of nodal area is represented by water level 

elevation at this node. In this model, differential equation 

describing ground water movement is used, whose solution 

is not simple. For  distributed model, vast data is necessary 

which is a very difficult problem at present stage of develop-

ment in field of hydrology in our country. In spite of above 

this model, which is a versatile tool for ground water study 

is preferable, for carrying detailed study of ground water 

problem. 

2.2.2.2.2.1. Nodal Area 

The development of distributed mathematical model is 

based upon sub-division of basin in smaller area. These 

areas are called as nodal area, due to the fact that a single 

node point represents the water level of small area. The 

node representing the sub-area is connected hydrologically 

with its neighbour. It has been assumed that all the extraction 

and replishrnents into the nodal area occurs at the nodal 

point for simplification of model. 
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The size of the nodal area depends on the variation 

in replishment, extraction, transmission, storage and water 

level data. ,There there are large spatial rates of change 

in water. level elevation smaller subdivision is necessary. 

The shape of nodal area may be rectangular, square or 

polygonal shape. Construction of nodal area of polygonal 

shape is preferable for irregular location of observation 

wells and boundary condition. Such condition exists in 

particular basin, which is under study, the pplygonal shape 

is desired. 

2.2.2.2.2. Preparation of Nodal net work: 

The preparation of nodal net work depends on the 

choice of number and distribution of nodes, with due consi-

deration of size and boundary. On basis of selection of 

above the actual construction of nodal net work can be 

done. Hence discussion on this issue is made prior to actual 

construction. 

2.2.2.2.2.3. Selection of size and Boundary  1 
 r 

Size of nodal area besides hydrologic conditions as 

discussed earlier depends upon boundary condition. The 

boundary conditions have very real.  and important consideration 

in deciding the s1ze of nodal area. The boundary condition 

may be either geologic boundary or hydrologic boundary. 

The boundary condition can be further classified as internal 

boundary or external boundary. The external boundary 

needs special attention in selection of nodal area. 



1. Geologic boundary:- 

Impervious boundary is formed due to presence of 

clay layer ( which - generally occurs) or other relatively 

impervious rock under lying, over lying, or adjacent to 

an aquifer. External boundary of this type of geologic 

feature, can be considered as boundary having no flow for 

modelling purpose. 

2. River, Lake or Occen boundary:- 

If the large water body is in free or partial contact 

with the ground water body will not be influenced by the 

events of ground water basin. Hence for the purpose of ground 

water studies level can be assumed constant, or same level 

based on river level fluctuation with time. 

3. Arbitrary boundary: 

Across this type of boundary ground water flow takes 

place. It is better to assume impervious boundary where there 

is low flow. In case of sufficient flow, the sub-surface 

flow is known and accounted for assigned input to concerned 

node, and boundary treated as closed. In place of first 

assumption, another consideration is to treat boundary as 

impervious and apply image theory. Another possibility is 

similar as applied to river, lake or open boundary depending 

upon availability of water level data. 

For such case of arbitrary boundary condition, it 

is desirable to verify and modify with the help of model 

test. 
0 
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2.2.2.2.2.4. limber and distribution of Nodes: 

Identification of region:- In order to locate the area 

of large spatial rates of change of water level, for consi-

deration of smaller nodal area in the region following basic 

map informat ions are desired. 

1. Water level contour  

2. Surface topography, geology and limit of aquifer. 

3. Lines of equal transmissibility or permeability 

and storage co-efficient if known. 

4. locations of well with water table measurement. 

5. Location of major area of recharge or heavy 

pumping. 

Other considerations, the approximate no. of nodes 

depend upon complexities in data preparation as well as 

storage capacity of the available digital computer. With the 

aid of high speed digital computer IBM 7094, it is possible 
to solve the mathematical model, even of 7500 nodes but in 

case of digital model of very low capacity IBM 1620 which is 

at present available for study. The solution of mathematical 

model containing 20 nodes is not even assured. R.G. Thomes(' 2)  

has made following views for number of nodes. " It is recommen-

ded that first time this method is used, the number of nodes 

be only 10  to 15 for entire basin. Experience has shown that 

this number is easy to handle is good for learning at the 

same time shows that measure problems to be expected in more 

detailed net work ". 
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In view of limitation of storage capacity of the 

digital computer available for the studies and recommendation 

made by Thomas regarding the number for study initial attempt, 

ten nodes can be considered as suitable in present situation. 

On this decision, nodal net work can be constructed as d.is-

cussed below. 

2.2.2.2.5. Construction of Nodal Net work ; 

For construction of nodal net work, map showing 

location of observation well is to obtained and boundary drawn 

Node point is located at point of well observation having 

complete data of water level of the period in the area of pump-

ing with above mentioned guide lines. The nodes are connected by 

lines to form triangles. Selection of node should be done in 

such a manner no any interior angle of triangle is greater 

than 90o. If any triangle so formed is having any of its interior 

angle greater than 90, another well point is to be selected 

and procedure repeated till following coditions die satisfied. 

(1) No. of node so selected is only 10 and all the nodes 

have complete data of water level. 

(2) No any interior angle is greater than 900. 

(3) The triangles are more or less symetrical 

(4) No any area is too big nor too small. 

All the lines connecting the nodes as discussed earlier 

is perpendicuarly bisected, and bisected line extended to meet 

other relative bisectors to join at one point to form a corner 

of polygoner. 
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product of hydraulic conductivity K and average saturated 

thickness of grid, as the water level varies with the time 

so do0 h and thus T. But in the present study variation 

is not much, and compared to thickness of the aquifer, the 

variation may be treated very less. Hence transmissibility 

T has been assumed constant. It has also been assumed that the 

properties of the unconfined aquifer do not very in vertical 

direction. 

Based with these conditions, equation can be now 

expressed. 
(17) 

2.2.2.2.3.1. Mathematical. Expres ion: 

1. Equation of continuity : - 

`V = S 	+ Q' (1) in which h= m+Z 
m= + 

2. Equation of motion based on Darcy's law 

V 	-Pg K/. .v h 

The symbols used in these two equations are defined as 

followp:- 

h = 	head I 

Z = 	reference elevation Z 

m _ 	local thickness of satura- 
ted portion of aquifer L 

V = 	velocity 

s = 	Storage co-efficient 

_ 	Volumetric flow rate per hT-1  
unit area 

P = 	density MZ 3 
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The polygon thus formed around each node are boundaries of the 
effective area, controlled by representive node, and is popularly 
known as Theissen Polygon. 

In fact this very model, the distributed model was 
employed for case study. Hence a nodal net work for the basin 
was geometrically constructed based on above considerations 
described under the preceding para. The procedure for construc-
tion of nodal net work, which has been actually earr.Ked out can 

easily be followed from map showing net work for the basin under 
study, vide Fig.2. In this context, it is to submit that for 
easiness in further discussion as well as requirement for 
computational work employing digital computer.  
CQ-AgeV1~ -- lumbers from 1 to 10 were assigned to each node. Conse-
qutive numbers 11 to 27 were also given to lines joining the 
nodes. By same number perpendical bisector, now acting as a 
boundary of polygonal can also be easily denoted. 

Length of line joining the two nodes denoted by DL(I) 
I refersto number assigned to theline) and its perpendicular 
bisector DJ (t) as well as area A(I) .( I refers to number 
assigned to node) were measured.. The measured values of area 
and length of those lines have been produced in table-5, and 
table 5.4 respectively. Development of distributed model has 
to be made for this network of ground water basin. 

2.2.2.2.3. Development of Theoretical Model: 
The model can be constructed by combining the two equa-

tion, equation of continuity and equation of flow based on 
following assumptions. Transmissibility of aquifer T involved 
in flow equations needs discussion. Transmissibility is the 
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product of hydraulic conductivity K and average saturated 

thickness of grid, as the water level varies with the time 

so doeD h and thus T. But in the present study variation 

is not much, and compared to thickness of the aquifer, the 

variation may be treated very less. Hence transmissibility 

T has been assumed constant. It has also been assumed that the 

properties of the unconfined aquifer do not very in vertical 

direction. 

Based with these conditions, equation can be now 

expressed. 
(17 

2.2.2.2.3.1. Mathematical Expression: 

'1. Equation of continuity : - 

7̀  V = S 	+ 	(1) in which h= m+Z 
m-m+mo  

2. Equation of motion based on Darcy's law 

V- - P g K/i.. .v h 

The symbols used in these two equations are defined as 

followf:- 

h 	= 	head 	 L 

Z 	= 	reference elevation 	L 

m 	= 	local thickness of satura- 
ted portion of aquifer 	L 

V 	= 	velocity 

s 	= 	Storage co-efficient 

_ 	Volumetric flow rate per 	LT-1  
unit area 

P 	= 	density 	 M173 



g 	= 	acceleration due to gravity 

K 	_ 	Permeability 

u 	= 	absolute viscocity 

t 	= 	time 
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2.2.2.2.3.2. Simplification of Eguations(17) 

The thickness of aquifer may be assumed very 

small compared to its. lateral dimension, and so flow. Can 

be considered two dimensional. On this approach above two 

equations can be combined and linearised to yield a single 

equation that, subject to boundary condition, describes the 

dynamic of flow in the aquifer. This equation is 

vTvh - S4t 	- Q =0 

in which T = m ~ R k 

The quantities T and S are respectively local trans-

missibility and storage co-efficient of the aquifer. _T is 

product of field permeability (K) and aquifer thickness m. 

The source flow rate is time dependent. The flow rate 

is algebric sum of several components of extraction and replish-

ment. The replishment flow consists of percipitation, stream 

percolation, artificial recharge due to canal and tube well 

irrigation, subsurface inflow across boundary. The extraction 

flow consist. Water pumps from the aquifer for consumptive 

use, subsurface outflow across the boundary, effluent flow, 

.loss due to evapotranspiration Liforest and water logged 

area. 
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Now the evaluation of equation is needed for which 

necessary discussion is made hereafter. 

2.2.2.2.3.3. Solution of 1 uat io„ n: 

There are several methods of solving boundary value 

problems. These methods can be divided into two broad field 

(1) Analytical solution involving the classical approach of 

formal mathematics (2) Numerical solution using finite difference 

approach. 

1 2.2.2.2.3.3.1. Analytical_ Solution: (  8  

Analytical solution of equation is based upon Founer 

Serbs theory and also employs the technique of separation 

of variable. This method has been generally used in case of 

relatively uniform aquifer. With simple geometry and have 

been used primarily for problems of small portion of aquifer 

or aquifer of small area. 

The analytical method is applied to two dimensional 

flow in the plane, parallel to direction of slope of water. 

(2) As analytical solution of Richard's equation is not known 

hence in this method, laplace equation can be only used. 

This restriction means, consideration of homogeneous case 

of permeability of the aquifer which is not possible in actual 

system. However aquifer may be considered, as geological 

formation in two or more layers of different permeability. 

Each geologic unit must be homogenous and isotropic with 

respect to permeability. 
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(3) 	The available methods of solving laplace equation 
are limited to region of regular shape. Hence the conditions 
of aquifer is to be suitably idealised. There are many ways 
to do so, without sacrifying the accuracy of analysis. 

This solution of simple and ideal case of aquifer is 

possible. In case of definite and simple boundary conditions 
solutions have been made available. Verisp , Dewest, Todd Bear 
are among many to describe the solution. , 

2.2.2.3.3.2. Numerical Solution: 

In this method, the three restriction of analytical 
methods are removed. The true shape of the field may be repre-
sented to a very close approximation. By this method general 
non homogeneous anistropic case can be solved. It is also 
possible to construct three dimensional models representing 
ground water basin. This method was adopted which has two compo-
nents, same are discussed below. 

2.2» 2.2.3.3.3 	ra.phofrvationFinite Difference: : 

In numerical solution derivative at any point making 
up the field and its boundaries are replaced by the ratio of 
changes in appropriate variables over a small but finite time 
interval. The objective implied in process of discretization 
known as finite difference method, is to solve differential 
equation concerned with sub-surface hydrology. It would appear 
that finite difference make use of approximation. 

te.._.. dx -  
x -~0 
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How small x must be for above derivative, to an acceptable 

approximation depends on the particular problem. This type 

of approxtnation is made at finite number of points and 

reduces a continuous boundary value problem to set of algebric 

equations. Finite difference method can be conveniently 

applied subject to limitation -k that it should satisfy follow-

ing condition. 

(1) They should be convergent and unconditionally stable 

i.e.  the error due to such approximation, and also the errors 

are not amplified as computation work marches on. 

(2) Solution should be easy to compute. 

2.2.2.2.3.x+ Derivation of Equation: 

Considering the said limitations and compromise with 

boundary condition the differential equation described earlier 

is replaced by algebric equation using finite difference method. 

For this, said equation at first is rewritten in difference 

equation form. 

(Y1- hN) YI  = AI  SI  dhI 	+ AI  QI 
dt. 

in which YI, = DJIIN 	x T RT  
DIN 

Where 
AI  = Area associated with node I 	- L2  

YIN  = Conductence ofpath between node 
I &N  _M-1L-1T-1 

SI  = Storage co-efficient of polygon zone 
associated with node I. 
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_ Volumetric flow rate per unit area 
at node I. M-3L-2T-1  

TRI  = Transmissibility at mid point between 

I & N 

DLit/ = Distance. between nodes I and N 	L 

DJIN  = length of perpendicular bisector associated 
with node I and N 	 L 

The above equation on application of finite difference 

method comes to 

( hiK -h 	YI,N= 	A1  ST ( h1K -hI ) + AIIK  
t 

YIN ' DJ  IN x TRI  and K J +4 t 
OLIN 

Where ubscript J denotes point at time co-ordinate at initial 

and K is time co-ordinate after interal At. 

In this method time step does not depend on stability 

criterion. Thus the system of equations need appropriate 

method of solution. 

2.2.2.2.3.5. Me hod f So lu n : 

Solution of above system of equations which are now 

in form of algebric equations can be achieved by two general 

categories of methods. (1) Direct Method (2) Iteration Method. 

2.2.2.2.3.5.1. ,D„ rect Me h d(19 720 

In the direct method, method of Illumination is 

employed. This method is exemplified by the well known method 

of Gaussian e`lementation. In this method, co-efficient matrix 

related to set of equation is decomposed into a lower and 
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triangular matrix. There after, it is easy to obtain solution 

dealing both lower triangular and upper triangular matrix 

separately. The lower triangular matrix is solved by forward 

substitution. This is accomplished by solving the first 

equation for unknown vedter and value of this is used in 

second equation to solve next vector where as in the upper 

triangular matrix it is solved by starting with last equa-

tion. This is known as backward substitution. 

Except for round off error, they yield exact solution 

of a system of difference equation using a finite numbers 

of operations. In practice, the number of equation is usually 

very large in case of ground water problem. Also matrices for 

those equation are sparce, i.e. it contain more no. of zero 

element, solution of which be obtained easily using iterative 

method. `'Therefore, normally second method, as described below 

is adopted. 

2.2.2.2.3.5.2. Iteration method  (19,20)  

This method is ideal forsolution of sparce matrices. 

This method .involves sequence of approximation computed by 

an iterative method with the sequence hopefully converging 

to the solution of system of equations. This converging matrices 

requires that largest .value of the iteration matrix be less 

than unity in absolute value. The smaller the dominant 

value, the more rapid the convergence. The  iteration methods 

may be applied directly to any linear algebric equations and 

can be extended to more than two spaces. There are several 

iteration method. Out of these method, the simplest and useful 
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method is successive, Over relaxation method. This method is 

considered to be first good iterative method. Relaxation method 

has been applied in the present study, and so discussion on 

same method is limited here. 

2.2.2.2.3.5.2.1. Relaxation Mothod: 

It is essentially a reiteration or trial and adjust-

ment method. Significant advantage of the method lies on the 

fact that this method is simple and the relaxation procedure 

can easily determine answers to above difference equations. 

It will be better to explain the procedure by way of des-

cription of process involved in the specific problem of 

Varune Basin which is under this study. Prior to this some 

characteristic of model related to numerical solution is 

discussed first. The model under this study has been divided 

into assymetric net works and it is a case of transient 

flow. In this model, each node is junction for one or more 

branches and the grid is of polygonal shape. Hence general 

procedure .as adopted in case of steady flow, with rectangular 

grid represent the basin(18' 19)  can not be directly applied. 

2.2.2.2.+•. QMeratJQp(173  

For this model, first of all to start with water level 

at initial value is taken and arbitrary value, of water level 

at time increment A t is assigned to all nodes of the basin. 

On the basis of known value of IN  and given data of source 

flow rate with assigned value of water level at initial time 

solution can be obtained by executing the following computation 

in serial order. 
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1, 	Subsurface flow to each node from all connected nodes 

are to be determined. ,using the first term of difference 

equation, as described herewith. 

- 	(hN- h1)YIN -fit  

2. Change in storage due to difference in head during time 

step a t is calculated using first term of right hand of the 

equation. 
K I 

SI= AI x (l1 - HI) 

3. Total source flow is determined, using last term of 
said equation. 

DIBI  = AI  x  

In case of balanced stage QI  + DIBI  - 'SIB, but it will not 

happen till these is difference in assumed level and required 

level. Naturally, this would give error,called, as residue. 

To minimise this error, water level at the node is to be 

adjusted by the magnitude of residual value. As stated earlier, 

the grid is not rectangular, hence proper distribution co-

efficient is to be used to determine change in water level 

at respective node due to the residue. This co-efficient 

has been called as Relaxation Co-efficient. In order to cal-

culate change of water level, on account of ,residual which is 
a flow, the co-efficient is to be multiplied to residual. Hence 

the co-efficient must be an equivalent impedance of branches 
joining the node to its neighbours. This may be represented 

by equation. Relaxation Co-efficient= 	
IN + AI  SI 

4t 
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4. Hence water level is adjusted by the magnitude of 
residual, duly multiplied by above rela~tation co-efficient 
By this process, water level of all nodes are adjusted in 
first operation and the same repeated till sum of residual 
on all nodes ase within presented tolerance limit. 

2.2.2.2.5. Computation Device : 

In case of entire area of the basin, it is difficult to 
do iteration work by hand. Hence use of some other device is 
must. In solving such problems following three types of 
computation device are in use. 

1. Analog computer 
2. Hybrid computer 
3. Digital computer 

2.2.2.2.5.1. Analog comput er : 

Analog ccmiputir consists of an analog model with an 
excitation response apparatus. Walton has used this type of 
computer in his extensive work. Tyson and Weber has also 

employed to -determine aquifer character of ground water basin. 
Regarding this model, discussion has been done in previous 

chapter. In all the analog computer, the space variables 

are descretized by replacing the space derivatives by suitable 
finite difference expression and leaving the time as continuous. 

The analog computer technique yields very quickly any reasonable 
solution. However maor difficulty arises when it is necessary 
to simulate non-linear and time varying ground water problem. 
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Hence the application of analog computer technique is not 
very practical in case of transient field problems. 

2.2.2.2.5.2. Hybrid Comnute1t2i ,22) 

Hybrid computer system which combines both a digital 
and analog computer, linked by a matching interface and 
incorporating the best feature of both, have been developed. 

This computer combines the, accuracy , memory and capacity of the 
digital computer with the speed of analog. In the solution of 

complex inverse problem, ninety percent of digital computer 
running time is utilised in matrix inversion, ,and considerable 
amount of storage is occupied for this. Hence under such condi-
tion, expensive high speed digital computer with large memories 
is required for numerical solution. With the development of 
Hybrid computer this work has become now easier. Discrete 
space dr discrete time hybrid computer represents hybridization 
of analog digital method. 

Hybrid computer uses a passive resistance net work 

composed of fixed carbon film resistors as a simultaneous 
equation solver and acts as a matrix inversion, subroutine 
in digital computer. The time taken in the operation of matrix 
inversion is very small due to the fact that net work of 

passive resistor relaxes almost instantaneously to its 

steady state. 

In this flow chart is first programmed for conventional 
digital computer. The flow chart is then examined for any 
loops of resistence network convolving matrix inverscs~n subroutine . 
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Data from the digital computer can be converted through a 
digital to analog computer and applied to input nodes of 
analog resistence net work through a distributer. Thus when 
boundary and input voltage are applied to net work, the out 
put voltage yield the solution. The output voltage are sampled 
at the node of analog resistence net work by multiplied 
and converted and transmitted eo the digital computer. Subse-
quently digital computer reads out these data or modified 
form and test the convergence and store the solution namely 
potential at time ( to +'7t) at each node in order that these 
data may be employed as initial condition at the subsequent 
time. This process repeated till test of convergence is 
satisfied. 

Hence development of hybrid computer has become helpful 
for quick solution of problem and is more economical and accurate 
than analog method. 

However such type of facility is not available for use 
in present stage of study. On the other hand, digital computer 

as described below is readily available so same has been 
employed forsolution ofproblem at hand. 

2.2.2.2.5.3. Digital compuuter( ~3s 24 

It is needless to say the importance and utility of 
digital computer. Rapid advances in numerical methods,increased 
ability in the programming and faster computing speeds have 

made the Digital Computer a very useful computational aid 
in the analysis of various aspects of ground water basin. 
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The digital computer is versatile and requires no major 

equipment changes to analyse 'drastically, different situation 

Fortunately this machine is also available for use, for problem 

hand hence the same was used in solution of equation. 

Initially the digital computers were mechanical computers. 

With advancement of technology electronic computers are now 

available which is composed of three major elements, the processer 

central processing unit (CPU) , the memory and ' the input/output 

(I/O) device. 

(i) The processor performs the controlecomputational function 

is generally characterized by its size, computation time,aspecial 

capability. The precessor operates in step wise single instruc-

tion mode, on vectors containing both data and instruction. 

(ii) Memory:- It is second major element of digital computer. 

Memory is the storage facility for all data instruction and 

characterized by speed capacity and method of address of the 

three most common type of memory core, disc and magnitudes 

tape. Core store proves the fastest cycle time which is for-

tunately in terms of words which are made up of bits. This has 

been used here. 

(iii) Input/Output:- This element is composed mainly of card 

readers and line printers. Graphic display technique is also 

developing which would bring new life in field of hydrology. 

For execution of solution, Batas and instructions are 

to be given to computer in the computer language, which is 

known as FORTRAN (Formula t rans lat is) for which programme is 

to be written in coding system using FORTRAN SYSTEM. 
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Data for •Computer : 

Prior to discussion, it is necessary to reproduce the 

difference equation to find out the form and requirement of 

data for computer operation or its solution. 
K K 	K I 	K 

( HI_H  J.) YIN "  AI ST 	( H - HI) + AI QI 
t 

YIN = DJI/DLI xTRIandK=J  +ct 

Hence on reviewing the equation, necessity of following data 

was observed which are discussed. 

1 	H. :Dater level for initial stage for computation of water 

level for subsequent stage, and also for other stages for 

identification. 

These Batas are observed water level from Jan. 1973 to 
Dec. 1973 for all the ten nodes, which have been presented 
in table 5.1. 

2. Area A, distance from node to connecting node DJ, and 

its perpendicular bisector DL. 

These are measured and prepared data after construction 

of net work. The same is also presented in table 5.6. 
3. Storage co-efficient +S' and Transmissibility IT' of 

the aquifer. 

This has been determined, on the basis of pump test data, 

actually carried in field. The value so obtained are also 

presented. At present value, of S and T considered as same to 

all node ( Chapter IV). 

. 	QI  Source flow rate to concerned node. 

This is algebric sum of all the flow rates. Against . 

this, values of all the hydrological components of hydrological 

cycle were computedcnet flow determined. Result is produced 

in table 5.3. 
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On basis of all these consideration, mathematical 

model was preferred for present study of problem associated 

with a particular case of Varuna Basin. For this study 

both types of model, LumpeMathematical Model as well as 

distributed mathemetical models were employed, which are 

discussed in succeeding chapter. 
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CHAPTER - 3 

CHARACTERISTIC OF THE BASIN UNDER STUDY 

THE BASIN 

The Varuna river, a tributary to the River Gangcx: 

flows from west to east in direction and meets the River 

Ganges near Varanasi. The basin covering an area of 2,57,870 

Hectare lies in four districts, Pratapgarh, Allahabad, Jaun-

pur and Varanasi of eastern part of Uttar Pradesh. 

The river Gangaf: is nearly flowing parallel to 

Varuna basin keeping close distance to it in entire length 

exceed near the point of confluence. There is another stream 

also running at parallel distances, on the northern side of 

the basin area. The boundary of basin as demaracted is an 

arbitary boundary, due to the fact that a tributary to Varuna 

basin has its upper reach out side the area, and possibility 

of impervious boundary in vast gaustic plane is remote. Second-

ly there is no any natural boundary as per discussion made earli,  

a 
There is a branch canal Manhun Branch which just 

follows along the arbitary boundary an north side upto middle 

of length of northern boundary and goes straight leaving away 

this very boundary of the basin. There are systems of canals, 

taking off from right bank of said branch canal to irrigate 

narrow belt of northern part of the basin. There are six 

rainfall stations names and location of which are available 

in Fig.1. 
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3.1 AVAILABLE DATA 

Related to above informations following data 

were available in project report of Varuna GR Water basin25. 

1. Monthly rainfall data of all the six stations 

complete/incomplete for 10 years upto 1973. 

2. Data for average evapotranspiration rate as 

pan evaporati~o»,(month-wise) . 

3. Water Level Data for 67 observation wells for 

•i 	one particular yearof 1973 is only available 

for entire period. 

4. Pump test data for only two observation wells 

(Well No.81 and Well No.25). 

5. The canal system in the basin comprises of 18 

channels (distributaries, minors and a branch) 

excluding the Branch Canal as described earlier 

but data for canal water supply and running days 

during month are available for 7 channels includ-

ing branch canal for the period 1968-1971. Average 
figures of monthly discharge has been shown in 

Table 3.1. However design particulars design 

discharge, bed width and depth of each channels 

are available in the report. 

6. Year-wise data from 1968-1971 regarding State 
`"Tube-wells showing no.of wells average discharge 

and total running hour during Kharif season and Raba 

season are available. 

3Tit (IBBARY UHIVEASITY OF noonKEF 
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TABLE - 3.3 

AVAILABLE DATA OF PUMP TEST OF WEE NO!81 AND 25 LYING IN BASIN 

Well No.81 Spring-,Level 29 FT 5.5 inch Well No.25 Spring Level 12.22 

Distance of consery .ion well = 150 Ft. 	Distance of Observation well 
= 147 ft. 

Discharge of well in Gallons per day = 45,000 	45,000 

Water level in Time in Water level in Time in Water level in 
Time in Feet - inches Iminutes Feet - Inches inutes Metres 
Minutest 	 I 	 I 	I 

1. 5.0 40 31 6.50 1.0 12.230 
2. 30 1.0 50 31 7.00 2.5 12.240 

3. 30 4.0 60 31 8.00 8.0 12.245 

4. 30 5.5 70 31 8.50 21.0 12.255 
5. 30 6.75 80 31 9.00 32.0 12.270 
6. 30 8.00 100 31 9.50 40.0 12.285 
7. 30 9.00 120 31 10.5 50.0 12.295 
8. 30 9.75 140 31 10.5 60.0 12.310 
9. 30 10.25 180 31 11.75 80.0 12.345 

10. 30 11.00 220 32 00 100.0 12.385 
12. 31 0.00 260 32 0.25 120.0 12.425 
14 31 1.25 320 32 0.25 150.0 12.475 
16 31 2.00 420 32 0.25 180.0 12.530 
18 21 2.50 - - 210.0 12.580 
20 31 3.25 - - 245.0 12.610 

25 31 4.25 - - 300.0 12.675 
30 31 5.25 - - 320.0 12.690 
35 31 6.50 346.0 12.710 

*Time in minute since pumping started. 
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7. Regarding private tube wells, pumping sets and 

dug wells only no,of wells under use in different 

year 1968-1971 are available. 

8. Following information are available in the map 

which can also be seen in Fig.1. 

oth e. 
(i) In the ,map locaiioru of 34, private tube 

wells and 8 pumping sets have been shown, 

with their discharge. 

(ii) Streams joining the Varuna River haup also 

been shown, 

(iii) Location of Rain-gauge stations has been 

shown. 

3.2 	The success of development model depends on the 

accuracy of value of components of aquifer characteristic. 

It can be seen from the information described earlier that 

water level data, details of drawl through different types 

of well, pump test data are in sufficient, however an attempt 

has been made to prepare required data for the model on this 

stage. The water level data is the key point for the develop-

ment of model. Unfortunately data of all observation wells 

are available for the year 1973. Hence there was no alter-

native left but to select same year for present study. Accord-

ingly data of other components required for the model were 

prepared, as per following discussions. 
0 
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3.3  AQUIFER CHARACTERISTIC 

In this Chapter determination of aquifer charac-

teristics which play most vital role in hydrologic cycle of 
e" 

ground water movement has been dealt in-dependly where as 

in next Chapters all other parameters have been described, 

alongwith application of models. Reliability of model re- 

presented by finite differences equation depends largely 

on the accuracy of numerical values of ce#ene-valae-~ef 
the formation factors of ground water basin. There are 

several methods to determine value of formation factors, 

which can be classified under three methods. Laboratory 

methods (Direct and Indirect), Field methods (velocity and 

Potential method, Discharging well (Pumping test) method. 

Out of these methods, pumping test method may be considered 

as most useful method. For this very purpose, data of only 
two pumping tests are available. With the available data of 

pump test, aquifer characteristics were to be determined. It 

would appear from the equation of mathematical model that 

only two formation factors of aquifer, transmissibility and 
storage co-efficient are involved in the equation. Prior 

to discussion of methods employed for determination of value of 

these two factors, these factors are fins;'defined. 

3.3.1. 	Storage Co-Efficient: The storage co-efficient 

may be defined as volume of water released or stored per 

unit surface area of the aquifer per unit change in the com-

ponent of head, normal to that surface. This formation factor 
is generally designated by S and are dimensionless. The volume 
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of water stored in pore spaces of soil, if expressed as a 

percentage of total volume of soil, is equivalent to poro-

sity of rock. Not all the water stored in pore spaces can 

be released by gravity due to pumping but a part of it is 

retained by inter-molecular and surface tension force. In 

case of unconfined aquifer this term is named as specific 

yield which is actually effective porosity. In books both 

name are used for unconfined aquifer. 

3.3.2. Transmissibility% 

Transmissibility indicates capacity of an aquifer 

to transmit water through its entire thickness and is product 

of the average bydraulic conductivity (or permeability) and 

thickness of aquifer. Transmissibility is defined as rate of 

flow under a hydraulic gradient equal to unity through a cross 

section of unit width over the whole thickness of aquifer. It. 

is generally designated by symbol T. It has dimension of 

Length3/ L x T or simply Length2/Time which may be expressed 

as m2  IT. Transmissibility has defined by 1hevo as number of 

gallons of water which will move in one day through vertical 

strip of aquifer one feet wide and having the height of 

aquifer when the hydraulic gradient is unity. Based on this 

definition T is also expressed as gal/day/ft. As in pumping 

test unit of length has been taken in feet as well as metre 

and pumping rate in gallon per hour. Hence both the dimen-

sions have been freely used where-ever necessary.,  
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3,4  METHODS OF ES IMATIO 

The field values of these two formation factors, 

can be determined based on Non-equilibrium theory developed 

by these or other investigators. However in this Chapter 

discussion is limited to methods described by Theiss, Jacob, 

Chow and Boultan, which are applicable to unconfined aquifer. 

Analog method based on water table data may be treated best 

method, but need sufficient time and money and so could not 

be adopted in present study. The discussion is here limited 

to pump test method only. 

3.4.1.  Theis Method26  

Theis actually developed the method for determi-

nation of formation factors of confined aquifer. However 

Mienzer23m abd IaciV26  have recommended the application for 

determination of these constants of unconfined aquifer. Prior 

to Theis theory, the mathematical theory of gr.water hydrau-

lics was based upon a postulate that equilibrium has been 

attained and therefore the water levels are no longer falling 

such condition rarely arises. As the previous theories 

were not strictly applicable, in unequilibrium state of water 

level. Theis made an investigation and developed equation as 

discussed below. 

3.4.1.1. Development of Formation: 

Theis developed an equation for non-equilibrium 

condition of ground water flow on basis of equation of conduc-

tion of heat in solid for the temperature at any point in an 

infinite plane with initial temperature zero at any time,after 



observing analogy between these two flows. The equation 

of conductive can be described as 

4 kt 
e 

4n t k 

Where v = change in temperature at the point x,y at time t, 

V - the strength of source or sink, $ is amount of 

heat per unit volume; 

K w Kelvin constant of diffisuvity which is equal to 

co-efficient of conductivity devided by the speci-

fic heat per unit volume, and t the tine. The 

effect of continuous source a sink of constant 

strength is derived from equation (1). 

F 	(V) dt' 

.! 	~(t `} 	'(x2+y2) then 	vx,y.t 	o ------ e 4K(t-t')  
4nk(t-t' ) 

dtt 

Let (t f) = ~` a constant 
t 	-(x2+y2)  

	

A 	4K t-t' 
C } 4 	fo 	e 	_ 	dtt t 	t) 

Let u 	M2 + 2 
 _t ) 

e-4̀   x?t 	du 
vt = 4 n K f x2+ 2 	t-t' 	_4 K 	u2 

Kt 

00 

4i  z z 
4-T 
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•o 

= simply L 
47k 

u 

The definite integral which is uniform of expo-

nential integral can be expanded in following equation: 

~00 _Lk  
CÙ ) ' 	 0.5 8 2 6— A o cJ Ul k '¼&  -a  

Where e is base of natural logarithm. 

This equation can be applied to ground water 

hydraulics due to analogy between following components of 

gr.water and heat problems. 

Diffisuivity K is analogous to transmissivity of aquifer 

divided by specific yield. Where as P continuous strength 

of sink is analogous to pumping rate divided by the specific 

yield, and change in temperature is analogous to drawdowns in 

ft. at any point in the vicinity of the well pumped at uniform 

rate. Taking these substitution, equation for gr.water flow 

can be written, using the term Q; for pumping rates in gall/min. 

! 	e~ d► u 

'fps 
A 'T 

in which argument u can be expressed as u = 

In the system of conventional unit as discussed earlier, 

these two equations can be written as : 

\~ y. 6 	/ ~,~,~ 	
114. 	Q  
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Where r is distance of observation of well from the pumped 

well in ft. s = co-efficient of storage as a ratio of 

fraction, and t = time since pumping began in days. W(u) is, 

well function of u, whose value can be determined by evalua-

tion of expansion given in equation (2). 

3.4.1.2.  Basis of Determination of Formation Constant;  

The co-efficient of transmissibility and storage 

can not be determined directly because,T occurs both in the 

argament of function and as a divider of the integral. How-

ever Theis developed graphical method that makes possible 

to obtain a solution, on following approaches. Taking log 

on both side for equation (3) and (4) we get 

Logs = Log \114.6•Q + Log w(u) and rearranging 

2  n 
to equation (4) Log 2  = Log \11$ s 	+ Log u The value 

of members under bracket is constant which shows that Logs 

differs with Log w(u) only by constant, in the same manner 

as Log r2/l with Log u have only difference in the value of 

constant members. Hence the similarity between equations 

gave scope to determine the value of unknown by way of gra-

phical methods of superposition, Details of further work 

such as plotting of curves, and determination of value of 

co-efficient can be well described by actual procedure 

adopted for determination of above factors in case of ground 

water basin under study. 
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3.4.1.3. Procedure Followed: 

Mienzer27  has simply recommended, the use of 

Theis - method for unconfined aquifer, but Jacob28  has 

suggested to use the method after replacing the term of 

drawdown a do by st = s-s2/2 D where D is thickness of 

aquifer. Weznel gave tabulation of exponential integral 

written symbolically w(u) for values of u from 10!15  to 

9.9, by evaluating the series of expansion and as described 

in eqn.(2). A condensed version of his table is available 

in standard books of Ground Water Hydrology. These values 

are useful in plotting the desired curves. 

For the present study, pump test data for only 

2 wells Well No.81 and Well No.25 of basin area was made 

available to determine aquifer characteristic, which is not 

sufficient for entire basin. However, due to lack of data 

the formation factors were assumed as uniform through out 

the basin, and values determined by carrying out following 

works in steps. 

3.4.1.3.1. Graphical Work: 

First of all, values of w(u) vrs u on logarithmic 

paper having w(u) on y and u on x - axis were plotted, with 

the help of values of well function w(u) for u given in table it 

4.1 of book by Todd. The Logarithm was used for convenience 

in plotting of variables having wide range of values. Next 

value of draw down with certain modification (s-s2/2D where d 

depth of well) on y axis against the value of r2/t on the x 

axis of similar logarthim paper of equal size,was plotted. 
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The observed data curve was superimposed on the 

type curve (plot for w(u) vrs u), with the co-ordinate axis . 

of both graphs held parallel, the field data was moved either 

parallel to vertical axis or horizontal axis. Until a position 

was found where most of the plotted points of well observa-

tion overlie on a segment of type curve as shown in Figure 3. 

An arbitory match point was selected in the region where two 

points overlapped. The pair of co-ordinate values for this 

point was recorded from each of two plots. These vslues were 

substituted on equations and values of transthissibility and 

storage co-efficient was computed as described below. 

3.4.1.3,2. Computation Work 

For 'Well No.81: Discharge per minute Q. = 750 gall/minute 

Distance of observation well from well r-150 f - 

Co-ordinates of matching point = r2/t - 4.63 x 10 +6  ft2/day 

on observed data curve 	s = 1.274 ft. 

Coordinate of matching point on.type curve = u = 5x10_2  and 

w(u) = 2.47 

For the transmissibility equation (5) was used 

114,6  Q  . w(u) or T = 114.6 Q w(u). 

On substitution of the values in Eqn. 

114.6x750x247  Transmissibility T 	1.274 	167000 gall/day/ 

For storage co-efficient equation (6) was used 
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U _ 1.87 r~ S or S = T xt xu ~. ...._T t 	1.8 r2 

Putting the values S = Ix 10 x 16 000 _ 9.68 x 10 
1.87x4.63 x 106  

For Well. No. 
Discharge rate of pump Q 	= 750 gall/minute 

Distance of observation well from well r = 147 

Coordinates of matching point r2/t = 2.16 x 105 ft2/day 

On observation data curve s 	= 0.83 ft. 

On type curve 	 u =4x 10 1̀ and w(u) = 0.70 

Hence Transmissibility T = 114.6 x 750 x -20 = 72500 
o.85 

Storage co-efficient = 7.20 x 10.2 

3.x-.2. J~,cob Method29 

The Theis method of superposition offers a very 

ingeneous solution to the mathematical difficulties describ-

ed previously. However when the field data curve is flat rich 
generally occurs, fitting of curve with type curve by trial 

would be not exact and this will cause errors due to personal 

judgement. Jacob, in order to obviate the curve fitting work, 
developed an approximate method, straight line method. Jacob 

has stated that this method, where as interpretation. The 
method is applicable in particular condition, hence this 
method can be treated as supplimentary method to Theis method. 

3.4.2.1. Theory 

Jacob has given following basis for adopting the 

method of approximation, in order to avoid curve fitting work. 
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'For small values of r2/t compared to the value 

of (4T/s) , u will be so small that the series following two 

terms may be neglected'. On this approach Theis equation 

can be simplified as follows. 

Theis equation s = 
 
T W(u) = a-~ - -.5772-loge u+ 

reduces to 

We get 

	

u - u2 + u3 	U4. _ 2772 .3 

s = 4 	loge u - •5772 on putting u - 42Tk r s 

S 	 loge _ - 	 "'• 5772 . T t 4-.~-T ge 4 	--~-- 
r 

l og 2.25 T t e 	
r2 s 

Jacob's tolerance for the application is based 

on limiting value of u, which should be less than 0.02. 

The above equation after conversion on normal logarthim can 

be written in three different forms: 

- 2.303 Q 

 

=  [ Log10 r - 1/2 log10 (2.25 	_ ..... (7)  it T 

+ 2.303_, 	 2 

	

S = 	4 n T 	[ Log10 t - log10 	r.25 	.....(8) 

s = - .?303 	L Log10 (r2/t) - Log10 ( 2.25 T) ] 	.... • (9) 
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The only variable in these equations are drawdown 

s, the distance r, and time t. In case of constant time t, 

plot of S vrs log10 r will be straight line as per egn.(7). 

When distance of observation well is kept constant, on the 

basis of Equation 8, plot of S vs log10  t will represent 

straight line. If r and t is combined with single, variable, 

Equation 9 will be equat ion of straigxit line, with the plot 

of s against log10  r/t . 

3.1x-.2.2. Approach for solu ' on 

As all the three equations are in form of linear 

equation, with last term as constant , the slope of the corres-

ponding line is represented by the quantity on out side of 

bracket, and the intercept of the straight line on the zero 

drawdown line is represented, by the second. term within the 

bracket. Hence with the help of value of slope of plot, the 

value of T can be determined and subsequently value of 

storage co-efficient (rather specific yield) can be known 

as per procedure described below. 

3.x+•2.3. imp lific ation of 	at ion 

THE Equation is re-written for further simplification 

needed for computation work, prior to computation work. 

S  ^ 2.  T log10  a11 
	+ 2 L  T log t (8A.). In light 

r s . 

of this equation value of t can be selected one logarthmic 
cycle, so that 1og10  t2/t1  = 1. For this value of s, differ 
in drawdown between time t2  and t1 , can be noted under his 

condition the equation could be written as ; 



2.30  1 t2 	2'3~  - or T - 2.3- 0 -  {10 
s 	4 j T 	o g 	~ 4 t T 	4' n P 	., ... 	} 

Storage co-efficient (s) can be determined from intercept 

(Equation - 8A) to of straight line on the log t axis. 

Drawdown s is zero only when 

2.25 T to 
1 

r2 s 
2.25Tt ors= 	0 
r~~ 

.....11(a),11(1 

.After converting above two equations in conventional unit 

the equation can be described as T  2~ and 

s - 0.3 T t0/r2 	...12(a),12(b) 

3.4.2.4. Method of Solution: 

The determination of formation factors based on 

above two equations 12(a), 12(b) needs following steps to be 

carried on. 

2.4.2.4.1. Graphical Work 

Using data of observed drawdown, with respect to 

variation of time, Field data curve was plotted on semi log 

paper utilising Y axis, on arithmatic scale, for drawdown 

and x axis on logarthmic scale for time t in days. It is 

to mention here that plot of data of observation well no.81 

is not following straight line, where as in case of well 

no.25 the condition is just reversed. Such type of situation 

may occur due to gradual changing in formation constant due 

to pumping, as per view of Chow. 



3.4.2.4.2. Computational Work 

For Well No.81 

From Graph:- s difference in drawdown per cycle = 1.12 and 

-4 t = 3.5 x 10 	day. 0 

Hence 	 2.6 x 750 enc e T  1.12 = 176800 gall/day/ft. 

S 	0.3 x T x to _ 0.3x176800x3.5x10-4 _8,35x104 

~ftr2 	- 	2.2500 

For Well No.25 

From graph: s difference in drawdown per cycle = 1.90 and 

to = 3.9 x 10-2 

Hence T = 2.64 99x 750 = 99000 gall/day/ft. 

S _ 0.3 x 99,000 x 3.9 x 10-2= 5.42 x 10-2 
216000 

3.4.3. Chow Method3l 

Chow has basically modified the method of Jacob 

and extended the limit of application of striaght line €e 

method for datermination of value of storage co-efficient 

and Transmissibility Use of Jacob method, the method of 

approximation, gives an error of hardly one percent in the 

value of Transmissibility T, and four percent error in the 

value of storage co-efficient, in case of 4 less than 0.01. 

Procedure described by Chow, based on tolerable error of five 

percent, for which condition laid down by him that u should 

be less than 0.05. Chow has also viewed that matching of 

observed curve to any portion of type curve is not possible 
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due to following facts. The view of Chow in this context is 

noted. 

'Experience has shown that formation constants are 

gradually changing during the time of pumping. This pheno-

menon becomes evident particularly in case of severe pumping 

or at the early stage of t1ge pumping test, under which condi-

tion the sudden release in pore water pressure would cause 

compression in formation that affects the realizable value of 

constant . 

3.4.3.1. Theory 

Chow has described in his paper two approac)ges for 

determination of format ion fact ors . Development of an 

independent equation using the variable of said equation 

on basis of which these values can be known on the basis 

of plot of data using the variable of said equation (ii). 

Determination of error involved in use of, method of approxi-

mation for any problem, in order to modify the value accord-

ingly. These two approaches avoid curve fitting work, and 

remove the restriction imposed by Jacob for r and t . Chow has 

developed the equation as discussed below, to find out apparent 

value of formation constant at any instant as pumping goes on. 

3.1f.3.2. Ileyela2ment of put 

From equation (6) , taking log on either side 
2 

Loge  u = loge  1.87
T 

 -- 2 - loge  t 

Differenting u, log u, W(U) and s of equation of (6) , (10) 
(5) with respect to loge  t, the resulting equations are ; - 



US 

1.87 r2 s __ 	-1.87 r2s 
y 

u 
	

3te 	t 	 (3t) x og et IT ?--  ~3 log t 	T 	t 

1 = -u ..(1' 
d loge t 

loge u 

loge t 

__W(u) _ _log u  u  u  u2 

 

l  loge I,o t 	 + to t ( 1 - 21 + 31 ) on putting th e 
ge  oge t  

value from (10) & (11) 

2 
W 1 - u( 1 - 21 + 3 

2 
=1 -u+21 _ u3 
	re-4 	.....(12) 

31 

s,_„_ 	_ 114.6 	WuL 	_ 114.6 Q 	-4 

to  t  T  loge t -  x e  .....(13) 
ge 

Converting the natural logarthim to common logarthim the 

equation (13) becomes 

log10t 
261+Q_    e-4 

T ....(14) 

dividing (5) by (14) 

W(u) e4 
s/( s/log10 t) ` 2.3 

Let 
F(u) =s/ ( s/ log t ) 

Then 	F(u) = W (u) e4 /2.3 

Therefore, for a given value of u, the value of W(u) 
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Therefore, for a given value of u, the value of 

w(u) and w(u) can be computed by equation (2) and (17) 

respectively. Hence on this approach, the relation between 

F(u), w(u) and u was plotted by Chow as shown in Fig. (1) and 

(2). of his paper. Thus when F(u) is Imown from equation (17) 

the value of w(u) and u can be found from those figures, which 

are also available in Todd book. Procedure as described by 

show will be better explained by actual work done for the same, 

which is described after discussion on the approach for deter-

mination of error involved in approximation method. 

3.4.3.3. Simplification of Equation 

Determination of error on approximate method is 

based upon following : 

Theory: 
When u is very small, that is less than 0.01 

eu approaches to unity then equation (17) becomes 

P(u) = 2.3 	 .....(18) 

and thus T = 264 Q F(u) = 	264 	 (,~9) 
3s/8 log10t 

In case of consideration of one log cycle as/a loglpt, the 

equation turn to Jacob equation (17) and further replacing 

w(u) by equation (17) in equation (2) ignoring all terms 

beyond second we may get 

u = e0'5772 - 2.3 F(u) 

Putting the value of u in this equation (6) 

s = T t e-.5772 - 2.3 F(u)/1.87 r2 	.....(20) 
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When drawdown is zero, w(u) = 0, and so F(u) = 0, and 

intercept with zero drawdown axis, the equation turns to 

Jacob equation for s, it can be further proved that the 

relation between t and to  

to = e-2.3 F(u) 

and thus the relation between approx. T and T, as well as 

relation between approx. s by approximation method, and s 

by Chow method can be found out. 

u 
Ta rox 	 264 Q F(u)/s 	264 	W(u) e ' 	u -  

114.6 Q W(u)/s 114.6x2.3 x  W(u) 	
e 

Similarly 

2approx. 	Tapprox  X x  e  -.5772-2.3 F(u) /1.87 r2  
S 	T t u 

u /1.87 r2  

e4  . e-•5772 - 2.3 F(u) 

4 

On the basis of above two equations error can be known as 

described below. The over estimated error in T = e*  - 1 

The under estimated error in 3 = I - 0.561 e 4-2.3 F(u) 

3.4.3.4 Method of Solution 

For convenience Chow has given a graph, from which 

it is easier to determine percentage of error, when values 

F(u) is tinown. The same graph was used in this study for 

computation of error in order to rectify the value of tran.s- 

missibility and storage co-efficient, as determined earlier by 

Jacob method. Similar to other two methods, this ' work also 
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needs graphical and computation work to obtaine desired value. 

3.4.3.4.1. Graphical Work 

For doing graphical work, same procedure was des-

cribed by Chow. Hence in the present study same graph was 

used. Only an arbitary point was selected, and coordinate 

values of t and s noted. 

3.4.3.4.2. Computation Work 

(Well No.81) The coordinates of point from graph as noted 

are t = 1 x 10-2  days and s = 1.62 ft 

as/a loget per cycle = 	s = 1.12 ft. 

Hence F(u) = 1.62/1.12 = 1.445 

From graph value of W(u) = 3.25 and u - .023 

14.6 	. Then T= 1 114.6  2 x 750 x 325 = 172500 gall/day/ft. 

0.023 x 172500 x 1 x 10-2  
= 9.22x10'4  

1.87 x 22500 

Method (B): 	The value of approx. T and s will be same as 

computed in Jacob method, which may be used. here. 

Tapprox.= 176800 gall/day/ft, and storage co-efficient 

s = 8.35 x 10-4  

From graph (4) of Paper Chow 

Over estimated error in T = 2.5 percent 

Under estimated in error in s = 8 percent 
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Hence corrected value of T = 176800 = 172500 1.025  

and corrected value of s = 8.35 x 1.08 x 10x4 = 9.05 x 10-4 

For Well No.25 

The co-ordinates of point from observed data 

graph noted t = 1.7 x 10_1 days, s = 1.26 ft 

as/eloget per cycle = 	s = 1.99 and 

Hence F(u) = s/ s = 1.264 = 0.636 

From graph value of V1(u) = 1.15 and u = 0.218 

Then T = 114.6 x 750 x 1.15 = 780000 g. 
1.264 

	

78000 x 0.218 x 1.7 x 10_1 	 ~2 B = — 	 1 
1.87 x 147 x 147 

(Method B) 	From prepage Tapprox. = 99000 gall per day 

and s = 5.42 x 10-2 

From graph of Chow: 

Over estimate error in T = 24.0 percent 

Under estimated error in s = 23.5 percent 

Hence corrected value of T = 99000 x 1124 = 79800 

=7.25x 0 

Corrected 	S 	= 5.42 x 1.235 x 10-2 = 6.7x102 
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3.4.4. Boulton3  Method 	 0 

The drawdown vrs time plot curve for well no.25 

is not exactly in conformity with the type curve of 'in-

confine aquifer as described by Krusenan. The field curve 

of said well observation point has three segments in which 

middle segment is showing decrease in slope which can be seen 

in Fig.3. Hence there was doubt about the possibility of 

delayed yield and so same was investigated on the following 

basis. 

3.4.4.1. Theory  

Boulton has stated in his paper that Theis formula 

may not give good approximation for the drawdown of water 

table unless following dimensionless quantities satisfy 

;-; en condition Z> 5, P>0.2 in which z = Ku t/( 5 he) and 

P = r/he. 

Where 	Ku  = co-efficient of permeability in vertical 

direction_, t = time from start- of pumping 

effective short term co-efficient of storage, 

he  height of the undisturbed water table above 

impermeable stratums. He has further advocated 

the analysis of distance drawdown for determi-

nation of storage ao-efficient for which data 

;ova not available. However he has also described 

an analysis for time drawdown curve and developed 

an equation described below: 
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In equation '3 = Z/he, Z being depth of the observation well 

below the initial water level, r = ku/(a p he), n = effective 

long term co-efficient ( S + S') divided by short term co-

efficient (5). The equation described by him as stated 

above cannot be computed aC the present stage. However 

on the basis of another method also described by Boulton 

having use of type curve was employed. The approval of same 

is described in brief here. 

30 
3.4.4.2. Graphical Solution 

Boulton has developed a family of type curves 

occuring in different situation of unconfined aquifer. All 

these curves form three segments, out of which central part 

of curves are flatter than other to segments. The break in 

slope in type curves are probably due to replenishment by 

gravity drainage from inter-slices above the depression 

cone. During this time there is marked discrepancy between 

observed data curve and Theis type curve. 



The development of type curves are fussed upon the 

function W = F(U., r/B) for earlier time condition 

= F(Uy, r/B) for latter time condition. 

in which r is horizontal distance from well axis to any point 

and B = 1T T/ at S') in which T is transmissibility, a repeeeelO 

reciprocal of delay under and S' storage co-efficient 

of latter time condition. 

These two Functions W and U.., (Uy) are also related 

to field parameters as described below: 

2 S , 2 	r 
W= 	S 	; 	r3 U~= 	andUy s - S1 

4/(4%T) 
• 

Tt 	 Tt 

Where S = d.rawdown of water table at distance , Q constant 

rate of discharge from pumped well. 

3.4.4.3. Graph Plot 

On basis of values of well function W, related U and 
30 

UB available in book by Kruseman, two families of curves for 

different values of r/B we drawn on logarithmic paper. A 

family of curve for earlier time condition was drawn starting 

from the left end where as for latter time condition, it was 

done from opposite end of paper, which subsequently fotned the 

relatives curves of other family. Field curve was then drawn on 

the basis of observed data, on logarthim paper, utilising Y axis 

for drawdown S and X axis for time t. 

78 
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3.4.4.4. Superposition of Curves 

The field curve was superimposed first on the curves 

of earlier time, for matching. It actually matched with the 

type curve for r/B= 1 	but when transallted on right side 

the field curve did not agree with these curves, but corres- 

ponded to 	crso curves. Hence it was realised that the 

problem is not exactly same as discussed in this section, 

and so the Boulton's theory was considered as in applicable. 

3.4,5. 	In recent, a few other investigators have developed 

the method, which are a little or more based on Theis Theory. 

For information sake it is to describe that Hurr32 has 

developed a method with use of type curve for U W(u) 	and 

u W(u 	/ Sc and plot of field curve of specific capacity 

vrs time, to determine the transmissibility only. Where as 

Kriz''' has transformed differential equation in non-dimen-

sional form to develop type curves. However these methods 

could not be emplo,]ed in this study due.to certain difficulties. 

3.5 VALUE OF FORMATION FACTORS 

3.5.1. 	The value of storage co-efficient and trans- 

missibility, as obtained by application of different methods 

are reproduced here. 

Well No. Theis Method Jacob Method Chow Chow Meti 
Method -od -`1' 

A 

81 Transmissibility 1,67,000 gpa/ 176,800 1,72500 172,500 
Storage Co- ft. gpd/ft gpd/ft gpd/ft 
efficient 

9,65x10-4 8.35x10-4 9.22x10-4 9,05x10' 

25 Transmissibility 72,500 gpd/ft 99,000 gpd/ 78.00 gpd 79,800 
Storage Co- ft ft gpd/ft. 

.20x 0-~ 
cient  

5.12x10-2 7.25x10-2 6.7x10 



	

3.5.2. 	This this context it is to mention that Jacob's 

method is very approximate. In this light, when other three 

methods are compared, the values so obtained are close to 

each other. It is also bo add that values of storage co-

efficient obtained through observed data of well No.81 is 

too low, This shows that it is eLELer data of confined 

aquifer or presence of clay lense has caused so low result. 

	

3.5.3. 	As Tiesent model study is related to isotropic 

unconfined aquifer, hence the values of formation factors 

obtained for well no.81 was ignored, and values of other 

well no.25 was adooted, after converting the same in metric 

unit. Theis final values of formation factors used in the 

model are as given below, 

Transmissibility of aquifer 'T' = 1.227 m2  per day 

Storage co-efficient = 0,072 
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CHAPTER- IV 

LUMP MODEL 

. 	Through lump model, the whole basin is represented 

as a unit. In the lump model all the hydrological parameters 

are lumped parameters representing the process of entire basin. 

The general( 31+)  function representing the lump model which has 

been described earlier, is reproduced for further discussion. 

General form of model is 6  d = f ( dn, L) 

Where as equation of continuity is ° S 	= I - 0 
At 

4.1.  Spljfication of Model: 

In case, if the whole area is taken as single unit 

and all the quantities are determined over some fixed time 

space in terms of an, equivalent depth(35)  over the area, the 

left hand terms of above two equations can be equalised. Hence 

other two terms will correspond to each other. It is to add 

further that water level ( dn) of basin has also direct 

relation with water level of streams lying in the basin and 

also water level of adjacent basin. ( in case of pervious 

boundary) as inflow or outflow to/from the basin which is 

governed by Darcy's law is dependent upon water level difference 

of these water bodies. For sake of simplification, if it is 

assumed for some time, that inflow or outflow of above two 

cases are either known or to be known by other means, then 

lump model which employs ordinary differential equation as 

described above can be represented by simple algebrical 

expression which is based upon equation of continuity. 
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~+.2. Water Balance Equation: 

This equation which incorporates all the components 

of hydrological cycle is popularly known as water balance equa-

tion. The water balance equation(39) is thus simplest form of 

lump model, which can be expressed as follows :_ 

Rr+Rc+RIO+RIT+PL+I+SI = ETW ETP + 0 + SE+ Tp ±....S 

Where 

Rr = recharge due to rainfall 	. 

Rc = recharge due to canal seepage 

B:IC = recharge due to irrigation through canal system. 

Rit = recharge due to minor irrigation (wells) 

PZ 	= recharge due to percolation from lakes and ponds. 

I 	= inflow from other basins 

SI 	= influent seepage from streams 

ETW = evapotranspiration from water logged area 

ETP = Evapotranspiration from forest area. 

0 	= outflowto other basin 

Sal 	= Effluent seepage to stream 

Tp 	= F. traction of water through wells and pumps 

AS 	= change in storage 

This mathematical equation is the simplest form 

of expression aaW lump model in which differential equation 

though actually involved is not apparent. 

-.3. Use of Model : 
The lurap~model which describes above mathematical 

oaQu,,can be employed for development of ground water resources, 
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determination of specific yield and also same can beutilised 

for computation of unknown value of any one component,provided 

all other components of hydrological cycles are known. This 

model is thus useful tool in planning of ground water project. 

However this needs determination or estimation of hydrological 

components which requires further computation. Under present 

study the model was employed to study over all water balance 

of Varuna Ground Water Basin as well as supplement data to 

distributed model, for which further work was carried on. 

For over all groundwater balance, estimation of hydrological 

components of model was made, as needed for the same. The pro-

cedures adopted for above work is described below with very 

brief theory. However prior to determination of value of com-

ponents of lump model, it appears necessary to give theoretical 

discussion o rainfall, specially regarding its movement 

towards ground water storage, actual contribution and computa-

tion of weighted rainfall, as these basis were needed for dis-

cussion as well as computation of several components. 

1-.)+.  1nfa - 

4.4.1.  Movement to Ground Water Basin: 

The rainfall that falls over the catchment area 

gives rise to certain number of different phenomena,evapora-

tion, infiltration, transpiration, surface run-off depending 

upon such factors as the initial status of basin( dry or wet ) 

rain intensity, geology, vegetation.Thus only a part of rain-

fall infiltrates through t1' surface of ground. There is 

further loss even after infiltration in the intermediate 
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zone, as part of water, is retained in this zone to meet 

the soil moisture deficiency. The loss may be further aggre-

vated, if deep roots penetrate through the zone of aeration to 

ors: capillary fringe. In this particular condition water will 

be lost from the saturated zone, to make good the deficiency. 

Thus the unsaturated zone above the water table affects both 

the quantity and tinting of direct recharge from precipitation. 

Important parameters are the rates, and duration of rainfall 

the subsequent condition of the land surface the steady or 

unsteady rainfall, back ground of wet condition recharge or 

discharge rate, the antecedent soil moisture condition, the 

water level depth, the allowable depth of surface water 

ponding and the soil type. The interaction of these para-

meters result in a lag and attenuation of the recharge as a 

function of depth. 

4.4.2. Contribution to Ground Storage : 

The ultimate source of all the ground water of 

good quality is precipitation. Contribution of rainfall as 

recharge to ground water body is very high compared to any 

other source of recharge such as recharge through influent 

seepage from stream, artifical recharge through surface 

irrigation etc. Hence estimate of recharge due to rainfall 

is very important in the field of hydrology, but there is 

no any direct method for estimation of same. However, there 

are a few indirect methods such as method based on measure-

ment of chlorine( 36  ) content, Isotop{ 37  ) technique etc. 

Isotop technique which is of recent development is very 



pre cis ed but at the same time experiment is costly. 

Karmanskhif(38)  has described method of estimation of re-

charge, which is based upon water level fluctuation. He 

actually employed the basis for field experiment, for small 

area. However using same principle, recharge can -be estimated 

based on water fluctuation data using the mathematical model 

The estimation of recharge can be treated as in verse pro-

blem of ground water balance, as this value of recharge can 

only be computed until all other components of hydrological 

cycle, involved in the model is known. Hence actual estima-

tion of recharge has been dealt at the end, under overall 

balance study. 

.1f..3. We ' htedR ' nfal : 

Since the depth of  rainfall occurring over the 

basin is not uniform over the whole area, the average depth 

of rainfall either, for entire basin or for significant area 

is needed for solving hydrological problems. For this model, 

average rainfall for entirebasin as well as its sub area 

was necessary. The observed rainfall data recorded at 

different stations can be used for computation of average 

rainfall for area in question. The computation of average 

depth of precipitation can be done by following methods :- 
c 

1. Aritbmatic hMethod 

2. Thiessen Method 

3. . The Isohyetal Method 
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Thiessen method was preferred for computation of weighted 

rain-fall for the basin under study. The procedure as 

followed is described here  in very brief. 

There are six rain gauge stations in the command 

area of the basin, location of which have been shown in 

Fig.1. An area in form of Thiessen polygon was described 

around each rainfall station, the procedure for the same ' has 

already been described in nodal construction work. The areas 

of all the six polygons were measured with the help of plani-

meter, and converted as fraction of the total area in question. 

The. rainfall of respective 5 i x Qswas multiplied by the 

partial areas. Finally all the products were added together 

for obtaining the average rainfall for the whole basin. 

(Table 5.5.) Similar procedure was followed for computation 

of districtwise weighted rainfall, as needed in course of 

study. 

4.5.  Estj. ation of Data: 

For overall balance of ground water basin, it was 

necessary to evaluate the hydrological components of lump 

model. In this respect it is to inform that for preparation 

of required data, as needed for the model, input data was 

not to available in complete scenee. However fbm available 

information estimation of following components were dine, 

based on certain, assumptions. The procedures followed is 
hereby described with its background. 

Ii.. 5.1 .  Be charge due to Canal Seepage  : 

Computation of recharge due to canal seepage is based 
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upon following considerations. It is to note that only a part 

of basin is under canal irrigation, which will be apparent if 

table 1+,1.(c) is looked Into. 

4.5.1.1. Canal Losses{1+C)  

While carrying water through channels, a good amount of 

water is lost. These losses are due to evaporation and perco-

lation. These losses, when combined is termed as conveyance 

loss. Evaporation depends on several factors such as surface 

area, relative humidity, wind velocities and temperature. 

Maximum evaporation takes place during hot and dry season, 

particularly in month of May and June. However evaporation 

loss is very less compared to seepage loss. 

4.5.1.1.1. Seepage: 

Seepage loss, which is a source of recharge to 

ground water body depends upon nature and porosity of the 

soil; the depth, turbidity, and temperature of water; age and 

shape as well section of canal, and the position of ground 

water table. All the water which seeps through embankment 

do not reach ground water body, but a part of it is lost 

due absorption of water by the soil in intermediate zone 

lying between soil saturated by the canal water at the top 

and capillary fringe of water table. 

4x.1 .1 .1.1. AYSorpt .on Lois 

Absorption -loss actually controls the percolation 

loss. This loss is dependent on the deficiency of moisture 

content of the intermediate zone. The water which seeps 
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through canal is initially utilised in filling up the pores 

of the soil around it and after that it frickles down. 

Hence at initial supply of water in canal, good amount of 

water is lost in absorption. Only after the intermediate 

zone becomes saturated, water percolates downward. Still,even 

the intermediate zone becomes saturated, all the water do not 

reach ground water storage as some of water zs lost by 

evaporation and transpiration of seepage water re-emerging 

at the surface by capillary fringe. 

4.5 .1 .1 .1 .2. Percolation : 

Hence, after meeting all the losses as discussed 

above, water percolates to ground water table. The percolation 

may be considered as high compared to other losses. Deter-

mination of percolation is important for ground water balance 

study. The application of physical laws for same is not an 

easy approach. Hence some emperical formulas or common practice 

are in use. In Uttar Pradesh, where the present study is being 

carried out following approaches are in practice. 

4.5.1 .2. A r ach of Esmatj..on of Seepage loss : 

For design of project works, conveyance loss which 

include percolation loss as well as evaporation loss, is 

calculated based on following percentage of discharge of 

canal system. 

i)  Loss in main canal or branch canal - 18 percent 
ii)  loss in distributary and minors - 	7 percent 
iii)  Loss in field channels - 20 percent 



2. 	It is also in common practice to consider loss in 

terms of discharge in cusecs per million sq.ft. of wetted 

perimeter or cumecs per million sq.ft. The usual figures 

as used in U.P. are from about 2.5 cumecs ( 8 cusecs) for 

ordinary day loam to about 5 cumecs ( 16 cusecs) for sandy 

loam with average of nearly 3 cumecs ( 10 cusecs). 

3+ 	Empe rival formula also gives comparable results. It 

expresses the losses in cusecs per mile length of the channel. 

The formula is 

Loss 	qif  = C ( B +D)2/3  Where C is constant 

Value of c is 1 for intermittent canal, and 0.75 for canal 
running constantly. B and D are respectively bed width of 

depth of water in canal. In metric unit, above equation can 

be written as 

loss 	C 	( B + D)2/3  
200 

In present work last equation was employed for 

determination of seepage loss. Value of C was taken as 1, 

as supply through canal is intermittent. This equation is, 

in common use. 

4.5,1.3.  Est,;j ation of Seepage loss : 

It may appear that use of any one approach as 

discussed above needs value of discharge of channels. It 

has already been described that required value of flow is 

wanting. Hence for computation of 'seepage, at first, water 

supply through various channels were estimated as described 

below. 
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-.51.3.1. Estimation of flow in canal: 

In project report 1  of Varuna Basin, discharge data 

of seven channels of command area were available, against 

19 nos. of channels lying in the basin. The monthly discharge 

figures are for available period 1968-71 and so not related 

to study year. However estimation was done as per following 

procedures. 

On basis of above data, of 4 years average discharge 

and thereafter ratio between this average discharge and design 

discharge was determined. Similarly average running days for 

all those seven channels were computed. Result is shown in 

table 3.2. Discharge ratio of Machlisahar distributory was 

computed by taking average of discharge ratios ( as computed) 

of other two distributaries and parent channel, Maria:: hun 

Br. canal. Similarly running days of above distributary was 

also computed by taking average of running days of above three 

canals. 

In case of minors similar method was adopted, consi-

dering discharge ratio of its parent channel ( distributary or 

branch canal) and sister channels only. However, some adjust-

ment was made, for keeping the sum of discharge through different 

channels equal to total discharge of parent channel at its head. 

For running days approach remained the same, but in some cases 

release of water in the distributary was treated in a part 

of its length only when a few minors at the end is drawing 

water from its parent channel, and days of run is lesser 

than running days of the distributary. 
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L.,.1.3.2.Estiinptjon of recharge de to can l seepage: 

As computation of seepage using the emperical 

equation as described below for 12 months through 19 channels 

was a difficult . task, hence following procedure was adopted 

for computation of sameequation 

_ 
qi - 200 

L+ , 5.1 .3.2.1. S~.rnpli icat .p. of Method of E, timati r .. 

It is needless to say that discharge and seepage 

losses, both are junction of bed width and depth of water. 

Hence establishment of interrelationship in dimensionless 

form was made, on following procedures,. For design discharge 

bed width and depth of all the channels are available in 

said report. Hence for various depth of water running discharge 

was computed. Discharge ratio was obtained for those selected 

depth by simply dividing running discharge by design discharge. 

For those various depth, used in above computation, seepage 

losses!or of respective channels were computed, together with 

seepage loss ' for design depth. By simple division of former 

value to latter, seepage loss ratio was also known. 

Thus seepage loss ratio for respective discharge ratio, 

as obtained was tabulated. For any intermediate value of 

discharge ratio seepage loss ratio was obtained by interpo-

lat ion. 
0 

1I.. 5.1 .3, 2.2. C9Mputation of 	epagJ..oss : 

Running discharge of all the channels, as described 

earlier was arrived in terms of discharge ratio ( running 

discharge/design discharge). Hence seepage loss was computed 



by taking the product of length of channel lying under the 
nodal area in question, days of run, seepage loss for 

design depth multiplied by seepage loss factor for running 
discharge. Thus for all the channels lying under different 
nodes, seepage loss monthwise for effected nodal areas were 
computed. A statement showing computation for representative 

month is available vide table 4-1.(a). 

~+.5.1.3.2.3. Computation of Recharge_ due to seepage 1g$s:- 

losses from seepage due to evaportranspiration and 
absorptions during transit was taken as 20 percent of above 

loss. Based on this factor, recharge due to seepage was taken 
as 80 percent of sctual seepage. On this approach recharge 
under effected nodes forall the 12 months were computed. The 
value obtained for barious nodes were added to obtain desired 
value of recharge, for entire basin to use the same in lump 
model. The result is in available in table +.1.(d), 

~+, 5.2. Recharge due to Canal Irrigation: 

This includes recharge due to seepage through water 
course field losses. 

4.x.2.1. 

 

Seepage hrou b_ Water_ course: 

Seepage through water courses of canal system was 
included under irrigation over the field, as computation work 
was not possible earlier due to following reason: 

i) 	Design particulars of water courses was not available, 
hence this was to be determined on other alternative method, 

which was as applicable was the basis percentage of water 

available at head of water course. 
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ii) Availability in water course could be determined only 

when seepage loss through minors, distributaries are pre-

determined. 

+.5.2.1.1. Estimation  of Flow in .ter Course: 

For this total flow in quantity (H.M.) through minors, 

distributaries were determined for entire month by taking 

product of design discharge, discharge ratio and no. of running 

days. Net volume available in minors for supply to water course 

directly taking branch canals or taking from distributary was 

known by simply substracting seepage loss from total flow 

during month. However in case of distributary feeding the 

water course net quantity was obtained first by deducting 

seepage loss through it, and then balanced net quantity after 

feeding minors were found out, which gave the value available 

to its water courses. 

-+-.5.2.1.2. Recharge through Water Course : 

As computation of recharge due to seepage loss is in 

term of percentage, with consideration of deduction in per-

centage dueto evaporation and evaportranspiration, computation 

work of this recharge was combined together with field loss. 

Usually 15 to 20% of discharge available at head of water 

courses is considered as loss due to evaportranspiration 

and other losses. 

1+.5.2.2. Field loss : 

The amount of water which is applied over the field 

is not fully utilised by the crop, but good amount of water 

is lost in evaporation, deep percolation and surface runoff. 
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There are various factors influencing extent of loss. Hence 

to meet the needs for consumptive use, greater amount of water 

is supplied and amounts so needed depends upon field applica-

tion efficiency. 

4.5.2.2.2.1. Field ADDli cation Efficiencv(42)  

Field application efficiency also depends upon several 

factors, as described below :- 

i) Skill and attention paid by the irrigators. If the water 

is not properly distributed over the field and left uncared 

for this can cause either over irrigation or surface runoff 

resulting considerable loss. Some times wastage occurs due to 

lack of skill, as irrigator does not know how to divert water 

to another field, after meeting the requirement. 

ii) Intake characteristic of soil :- In case of soils having 

very high infiltration rates, deep percolation will take 

place which is generally expected in coarse textured soil, 

where as in case of fine textured soil whose infiltration 

rate is low, loss through surface runoff will be more. On 

account of growing different crops by rotation, over a field 

variation in filtration rates takes place, which causes 

further reduction in efficiency. 
0 

iii) Topography :- In case of plane land irrigation efficiency 

is more compared to sloping land where major quantity is lost 

in surface run-off causing lower efficiency, 

iv) Irrigation method:- Water intake varies with the method 

of irrigation. In case of sprinklers method infiltration rate 

is inflienced by those factors as in case of rain fall. In 
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case of partially flooding in which water is applied by 

running small streams in furrows, water moves vertically 

and laterally depending upon capacity of soil as well as 

wetted perimeter of furrows. In case of complete flooding 

water moves in sheds. 

v) Depth of Irrigation:- There is also some influence in 

irrigation efficiency due to dgth of irrigation, in case of a 

few irrigation methods. Lighter application of irrigation 
causes lower efficiency where as heavier application subject 

to water holding capacity of soil increases the efficiency. 

Hence field irrigation efficiency is to be decided 

based on all above factors. At present stage of development 

of irrigation system for existing methods in the Uttar Pradesh. 

60% irrigation efficiency is considered. 

4.5.2.3. Esfimate of Recharge  due to canal ' rri ati 	:- 

Recharge due to above two losses, based on percentage 

discussed in relative section, was computed by taking overall 

percentage of water available at the head of water course, 

based on following derivation. 

x-.5.2.3.1.  Der .vatjon of percentage of recharge :- 

Net recharge as percentage of flow available at the head 

is based on followin" calculation:_ 

Seepage plus evaporation loss in water course = 20 percent 

Field loss 1.00 - 60 ( Field efficiency ) of discharge 

reaching to field = 32 percent 

Deduct 20% loss due to evaporation and evaportranspiration 
- 10.4 percent 

Hence net recharge to ground water body 	"""41. percent 
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W. 

~'` •"Name 

2 	4; 

FIM HM tIM 

Qty. O LLD FEN ODE 
to 
Water 
Course 	1 	2 
vide(e) 

HM HM HM UN 

1.PHUL 
a.  Sahpu 485 7.05 7.05 
b.  Nara 1.11+ 6.23 6.23 
C . Pali 1.58 2.84 2.8~+ 
~.. Nai ko 1.32 1.32 
e.  Water 

5.86 
Q. Kuwar 4.33 3.74 vile 2(i) 

a.  Jhanjh!0.51 0.71 6.01 2.50 3.51 
b.  Talwar 0.632 1-.59 1.59 
c.  Paora 1.00 31.25 3.25 
d.  Water 

1.28 0.68 0.60 
3. Machu 8.68 Vide 3(c) 
a. Mirzap 0:98 2.38 2.38 
b'. Tulapu Y67 1 .61 1 .60 
C. Water 

12.72 
+.a.Ti kar 0.54 1.53 1.53 

Ranip 1.20 2.83 2.83 
Pawap 3.29 )+•57 4.57 
Thali 0.77 1.01 1+.02 1.75 2•27 

RamgaX 1-.77 3,93 3.93 
Ramp 1 .55 2.x+8 24 

5. .M axe ab61.68 45.50 

. 77.70.63.66 -1.. ?7_ 7.18 31 *3 5 29`:03 	3.93 
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4+.5.2.3.2.  CDutat.on of recharge  : 

Using above percentage of recharge monthly recharge 

under different nodes were computed by taking 41.6 percentage 

of total volume available at the head of water course lying 

in the nodal areas. Finally these values were added to obtain 

desired value of monthly recharge for entire basin to use 

the same in lump model. 

-.5.3•  Ground Water Drawl Through Wells 

Major area of the basin is under minor irrigation system 

for which ground water extraction through wells and pumps is 

being done. It may be stated here that on basis of available 

informations regarding no. of wells during different years 

from 1968-72, it appears that there is rapid development of 
ground water exploitation in the basin. Hence it was necessary 

to estimate the ground water drawl based on appropriate 

information for use in the model. Unfclrtunately the infor-

mations which could be obtained were quite in complete. However 

an effort was made to estimate drawl on basis of available 

informations, as described below :- 

There are following types of well under use :- 

1) 	Dug wells 

ii) Pumping sets 

iii) Private tube wells 

iv) state tube wells. 

Hence it was necessary to have following informations 

for computation of monthly drawl through the area in question. 



1(}1 
(1) Discharge of wells (ii) No. of wells (iii) Running hour 

during different months. It will appear from coming discussion 

that informations for all above factors are lacking. Hence 

it was necessary first to estimate above factors for computation 

of drawl, for which following approaches were folloed :- 

145.3.1. Estimation of discharge of weils(61  

)+.5.3.1  .1. Dig wells ; 

Since ancient times, dug wells have been used for domestic 

purposes. They still exist in villages for utilisation of damesti 

needs. However Where there is no any permanent water distri-

bution system, and water table lies at reasonable depth these 

wells are also used for irrigation purposes, and so, such is 

the case of Varuna Basin. 

The depth of such wells vary from about 10 to 40 ft. 

depending upon the position of water table. 

The wells are generally extended a few feet preferably 

15 ft, to 25 ft. below the water table. It is also in common 

practice to sink the wells below the lowest spring level only 

to the extent necessary for filling the vessel and to sink a 

pipe 30 to +-0 ' deeper in the centre of well, the bottom of 

well being sealed by concrete plug. The diameter of such wells 

may be of various sizes but generally does not exceed 5 metres. 

The wells may be resting on mota layer and drawing water 

through a hole bored in that layer. Such wells are termed as 

deep wells. When the wells rest on pervious strata and draw 

water from surrounding materials known as shallow wells. 

The wells are constructed with masonry linings or dry brick 
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lining or left without any artificial lining. Drawl of water 

for irrigation may be either persian wheel, pulley, mot 

or dhekuli. 

$ence keeping into consideration of such variations 

in depth of sinking, diameter, construction and means of 

drawl of water it is very difficult to assess correct figure 

of discharge. However, Todd(6)  has stated that properly cons-

tructed wells penetrating a permeable aquifer can yield 30,000 

to 9000 gallon/hr. although most domestic dug wells yield 

less than 6000 gallon/hr. Bharat SinghO has ascertained 

that with a lift of 7.5 fnetre and using the churus as lifting 

device a well can irrigate 1.5 hectare of area in a year 

Based on this figure, and consideration of required depth of 

water for rice as 90 cm. and for what 37.5 cm. total quantity 

of drawl 'during Kharif and rabi comes to 1.35  hectare metre, 

and 0.53 hector respectively. In light of above informations 

discharge of dug wells was assumed as 2500 galls/hr. during 

Kharif when water table is high and eighty percent of above 

discharge was taken during rabi, when water level in well goes 

down. 

1+.5.3.1 .2. Furpjrxg Sets :., 

The pumping set desrcribed in project report is 

as understood as pumps of low discharge employed for extraction 

of water through shallow wells. Hence based on this conception 

discussion follows. 
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Tvnes of Well 

Shallow wells may be open wells which is usually dug 

wells as described earlier or tube wells of smaller depth in 

an unconsolidated aquifer. Such shallow tube wells are either 

bored wells or driven wells or jetted wells. A brief idea 

of all these wells are given in order to assess average dis-

charge for all types of wells under use, for pumping sets. 

L..5.3.1.2.1 .  Bored  Wells : 

These wells are constructed with hand operated auger 

or power driven earth auger. Hand bored wells are generally 

preferred for 611 to 8" dia. having depth not more than 50 ft. 
where as power driven wells can be of larger bore holes even 

upto 36 inch diameter and depth more than 100 ft. in case of 

favourable condition. This type of wells can supply small 

quantitities of water, but at minimum cost ( Todd ) 

4.5.3.1 .2.2.  Drive, well 

These wells have smaller diameter following the range 

of 1i to IF" and depth generally less than 50 ft., but in certain 

condition may exceed 100. ft. These wells are constructed bythe 

impact of column ofpipes having driven point at its lowest end. 

Water is extracted through this driven point. The pump is 

generally used by individuals for irrigation where water table 

is nearer, 10 to 15 ft. from the ground water. Yield is small. 

4.5.3.1.2.3. Jetted  well : 

These wells more or less have generally same range of 

size and length as driven well, but it can be extended to 1211 
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dia. and depth more than 50 ft. For construction of this 

type of well water is pumped inside the casing pipe through 

a smaller diameter of pipe kept within the casing pipe. Water 

coming with high velocity causes cutting action, at the 

same time washes the earth away and returns back through the 

sting between the casing pipe and nozzle pipe. The wells have 

smaller discharge and are best adopted forunconsolidated 

formation. 

Generally water is drawn through the pumps of centri-

fugal type and disel engine or electromotor. However there may 

be other type of pumps depending upon size of intake and discharg 

pipes. Discharge may vary from a few to 6000 gph (Todd). Hence 

such large variation of discharge needs further support for 

arriving at reasonable value of discharge. In the map available 

in project report locations of few pumping sets with their 

discharge is given. The discharge of these pumping sets are withi 

the range as described above. Hence average figure of discharge 

for each districts were computed an above figures for further 

work as needed for the computation of ground water drawl. 

. .3.'1.3. Private to ewelis ; 

Fortunately in available map locations of 94 nos. of 

private tube wells with their discharge though unevently dis-

tributtd in three districts have been shown.On basis of this, 

average discharge for both the seasons were computed on following 

basis. 

1 . 	It was assumed that discharge as shown on map of wells 

is maximum discharge which can hold good during Kharif season, 

when water table is high. 



2. 	During dry season, discharge was reduced to eighty per- 

cent of maximum discharge when water table goes down. 

3 	Average discharge for each districts are good enough, 

if average discharge of all the wells located in the disctrict 

area as shown in map is computed. 

Thus c above assumptions for all the three districts 

where well irrigation system exists, district wise pumpage rate 

of private tube wells was arrived at :- 

ti tubewell :- 

These  are deep tube wells through which extraction 

of water from more than one strata is possible. Discharge of 

these type of wells have_large . range. For this type of well, 

districtwise figures of pumpage rate during Kharif as well as 

rabi season of previous years, prior to study years are availablE 

From the figures available in said respect it appears that there 

is large variation of discharge from year to year, probably based 

on variation in water requirement of crop. On further investi-

gation it was found that the year which had higher rainfall, draw] 

was low, and vice verse. Under such situation an effort was 

made to select the year in which the rain fall in season is 

alike corresponding season of 1973, with a condition that com-

plete data for the period Q?M available, and value of discharge 

which was obtained was considered probable discharge of pump 

during the year in question. 

4. 5.3.2. Estimation of Ninber of Wells: 

District wise figures of number of wells of all these 

)+ types of well for previous years ( 1968-1972) are available 
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in the report. As laid down that every year the,  strength of 

wells showed increment, hence it was necessary to estimate 

probable no. of wells during the period of Kharif and rabi of 

the year 1973. This was achieved on following method. 

Increment of wells in successive years was obtained 

Gradient of increment of successive years, and then average 

gradient of increment was found. Thus based on incremental 

method, no. of wells on Ist Jan. 1973, and June 1973 was 

separately estimated for all types of wells. 

4.5.3.3. Est  oration of Runnjng Hour of Wells :_ 

Running hour of state tube well for previous years 

was available, but rest types of wells was wanting. Similar to 

other giures, this also necessary for computation of drawl. 

So this was estimated on following consideration. 

L1...5.3.3.1. State tube wells : 

As discussed earlier, season wise figures of running 

hour of state tube well forprevious years are available. 

Running hour of the selected year as discussed was adopted for 

further computational work. 

1i-,5.3.3.2. Other types of wells 

Saxena(43)  in his work has computed depth of water as 

applied over the known area of Ram Ganga Doab through private 

irrigation system employing dug wells, Pumping sets andprivate 

tube wells. Figures of number of wells of all types of well 

and their discharge, as well as figures of state tube wells 

with respect to its total number average discharge, and running 
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hour are available in his work. Based on these informations 

volume applied by private irrigation was obtained by taking 

product of area irrigated by said irrigation system and depth 

of water. Total volume of extraction of water through those 
PPr~ otu~ 

wells A was computed by taking sum of products of total no. of 

wells of different types in question and their respective average 

discharge. Average running #our of private wells was obtained 

by simple division to total volume of irrigation by total drawl 

per hour. The relation between running hour ofprivate wells and 

state tube well was established in term of ratio. It was assumed 

that this ratio will hold good for private tube wells of the 

Varuna basin during Kharif when water table of the basin is 

high. For rabi season, above ratio was reduced to 80 percent 

of said ratio. For rabi season 80% running hour of private 

tube well was considered in case of pumping sets and dug well 

where as in rabi this percentage was further reduced due to 

much lowering of water table in latter types of well ( dug 

well and pumping set ) compared to their shallow depth. 

With these estimated values, total drawl during Kharif 

as well as rabi computed as discussed below :- 

L.5.3• )+. Seas nwise T tal drawl• 

Based on the values of required component, as described 

in succeeding section, total district wise drawl of water 

through different types of well for both the seasons were 

separately computed by taking product of no. of respective 

types of well lying in the district, their running hour during 
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the season, together with their discharge. Total drawl per unit 

area was further computed by dividing above value by the 

area of respective district. 

However, the interest was in monthly rate of drawl through 

various types of wells for which further work was carried out 

as discussed below. Result and calculation for total drawl per 

unit area is available in table )+.2.(a). 

1i-.5.3.5.  Monthly Distribution of Drawl: 
For computation of above it was assumed that probable 

monthly distribution of drawl will be corresponding to their 

` 

	

	theoretical requirement of water in different months by the crop 

which in turn is based up on consumptive use. On this approach 

monthwise theoretical requirement of water for the crop under 

the three districts were determined separately as follows :- 

x+.5.3.5.1.  Theoretical water reauirement for the ergo : 

The estimation of water requirement is based upon a 

following components :- 

)-• 5.3.5•l • 1. Consumptive User: 
Irrigation water which is applied over the soil, a part 

of it is removed from the soil by a plant, moved through the 

plant to the leaves and lost to the atmosphere from its surface. 

It is to note that plant hardly retains water more than 2% 

This process of loss is known as transpiration. Rest part of 

water is mostly lost through the soil by evaporation. Hence 

these combined operations, known as evaportranspiration consumes 

most of water during building of plant tissues. Thus consumptive 
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use, which is actually a requirement of water needed for 

plant growth, is practically evaportranspiration loss. 

Eyport ra spiration :- 	
evaporation and 

It is combination of bothLeatranspiration, hence it is 

dependent on the factors associated with those two terms. Rate 

of transpiration is dependent upon moisture availability in 
the soil, kind and density of plant growth, amount of sunshine, 
temperature as well as wind movement, where as evaporation from 

the soil is dependentupon wind movement temperature and humidity. 

Hence on the approach of interrelationship between transpiration 
and evaporation from the soil, a co-relation between consumptive 

use and class A pan evaporation was determined which showed 

high degree of co-relation. On this theory, Hargreaves(42) pro-

posed a function. 
Ell 	K. P 

Where K is the consumptive use Co-efficient, Et is evapo-

transpiration and p is the evaporation. Value of K proposed for 
8 groups of crops at different stages of growth is available 

in table 8 of Book(44) " A Guide for Estimating Irrigation 

Water Requirement". With help of this table, crop wise require-
ment was computed using the equation described earlier. Compu-
tation of gross water requirement for each of representative 

crop of both season, Rice and wheat ( Kharif/Rabi respectively) 

is shown in table 4.2.(b). 

4.5. 3.5•~ • 2~ Net Wate 	c~uirement(42,4~+-) 

Rainfall which falls over the land meets the necessity 

of water requirement for the crop. However utilisation by 
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crop and storage within the root zone of crop is dependent 

upon the consumptive use. Higher the rate of consumptive use, 

the greater will be rainfall effectiveness due to the fact for 

higher value of consumptive use available moisture gets depleted 

rapidly, and so provides storage capacity at relatively rapid 

rate for subsequent rainfall. Hence contribution of rainfall 

is to be evaluated based anfollowing factor. 

x-• 5.3.5.1 

 

.2.1. Effective Rainfall_: 

This is basically a fraction of rainfall, which 

is governed by consumptive use as well as net depth of applica-

tion of water. Based on these factors, table of effective rain-

fall for different consumptive uses for 8 groups of crops 
against various depth of rainfall is available in the book 

referred above. As the values in the table is based upon 75 mm. 
of net depth of application so far other depth of application 

values given in table are to be modified by the factor relating 

to other depth of application. 

Hence based on above approach, effective rainfall for 

different crops of the basin, which are under irrigation 

system was computed. An example of same can be seen in table 

4.5.3.5.1.2.2. Lsti mat jon : 

Net irrigation requirement for each crop was obtained by 

substracting effective rainfall from consumptive use. Based on 

these values, monthly distribution work was carried out as 

follows : 



T tal District-wise rponthlv water re 	rement : 

The district wise figures of total area covered by 

different crops both in Kharif and rabi season are available 

in the report. Based on these values, district wise monthly 

requirements of all the crops of aboth seasons were obtained by 

taking sum of products of crop areas and net water requirement 

for respective crop, during the month. When these monthly 

values were divided by the sum of the monthly values of res-

pective season monthly distribution ratio was obtained. 

4.5.3.5.3.  Date of Monthl  y drawl: 

District wise monthly rate of drawl for hec .re was 

obtained by multiplying monthly distribution ratio to total 

drawl of water per unit area of respective district for related 

season. However these values so obtained are based upon no. of 

wells on 1st Jan. Hence proportionate increase in rate of drawl 

beyond June was made corresponding to increase in no. of wells 

in June compared to January figure. 

)-• 5.3 • 5.1-,  tZpnthly Drawl_ of Water : 

Total monthly drawl through partial area of node lying 

in particular district was obtained by taking sum of products 

of area under different type of well irrigation and their rate 

of drawl. By taking sum of drawl through partial areas lying 

in different districts, required values of drawl through 

complete areas of different nodes were obtained. 

These node we We monthly values so obtained were further 

added to obtain desired value for the lump model. 
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.'ISTRICTS  LYING IN TI BA IN ( RICE CROP) 

AD DISTRICT 	JAUNPUR DISTRICT 	VARANASI DISTRICT 
..??c- Net ]Rain-Effective Net eater- Rain- Effective Net water 
ive 	h waterl fall f rainfall require- #fall O rainfall Irequiremer 
ainfalli regt .g mm 0 mm 	Qment mm * mm- j mm- 	* 	mm 

20.1 151.9 28.6 28.6 11+3,,)+ 15 6 15.6 156.1+ 
20.1 168.8 28.6 28.6 161.3 15.6 15.6 173.1 
181 .0 93.0 318.6 181.0 93.0 312.2 181.0 93,.0 
157.1 93.0 299.1 157.1 93.0 243.3 150.2 9300 
89.8 133.2 20909  131.2 91.8 27..6 133.0 90.0 
- 41,.1 - - 1+1.1 - - 41.0 

WHi AT DROP 

3.69 	- 	- 3.69 	- - 	3.69 
- 	19.53 	- 	- 19.53 	_ - 	19.53 

1.11 	39.5 	12.3 	7.8 34.1 	4.6 3.5 	38.1+ 
0.14- 	82.3 	8.8 	6.3 76.4 	4.8 3.45 	79.25 
- 	76.1+ 	- 	- 76.1+ 	- - 	76.4 
- 	55.8 	- 55.8 55.8 

half of month (16-31st) 405 area under plantation and 5% nursery. 
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Rec .arge due to well Irrigation: 

Actually theoretical basis of computation of recharge 

due to irrigation through wells could not be known. However 

there is a common practice to adopt certain percentage of 

water drawl through well for estimation of recharge. Recharge 

is actually return flow of water to the reservoir from where 

it was extracted. However it is to submit that all the water 

which infiltrates through the soil does not reach water 

table. These are several factors, which influence the recharge 

A few of which is discussed here? as needed for consideration 

of pecharge as percentage of drawl. 

1  . 5.+ .1. Seepage Loss: 
Water is applied over the field, through water courses, 

for the irrigation. There is naturally seepage loss through 

these channels alike the water courses under canal irrigation, 

system. Hence same percentage of loss in case of water course 

for well irrigation was also considered. 

4.5.4.2.  Field loss: 
It has already been described that field loss depend 

upon so many factors. The field .loss under well irrigation 

system is not same as canal irrigation due to following 

reasons. 

1. 	All the wells except state tube wells are mostly 

owned by cultivators. So they use economically as they are 

aware of the labour and cost of watering. 
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2. location of well in central place, minimises the 

length of water course. 
3. Use of water at proper time, and only when actually 

needed minimises further loss during irrigation. 

On these considerations, it is expected that efficiency 

in irrigation may be higher than irrigation under canal system. 

So, 5% higher efficiency compared to canal irrigation efficiency 
was assumed, on the other hand, due to above conditions, 

evaporation loss will be on lower side, and for which 15 of 

evaporation loss was considered against 20% loss under canal 

system. 

1.5.4-.3. Computation of Recharge : 

On basis of above considerations percentage recharge 

has been computed as described below: 

1. Conveyence loss ( seepage loss + evaporation loss) 

2. Field loss ( 1-0.65 ) where 0.65 is field irrigation 

efficiency ) of discharge reaching to the field 
(100- conveyance loss) 	 = 80%) 28~ 

3. Deduct 151 losses due to evaporation and evapotrans- 

pirat ion = -- 	 -/.G 

40. E 
The gain to ground water storage due to recharge through 

well irrigation under different nodal areas were computed by 

taking 1+0.8 percent of total ground water drawl in respective 
nodal areas. All the values of recharge under different 'nodes 
were added for obtaining required value of above component 
for the use in lumped model. Result of same is available 
in table L-.3. 
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x .5.5• Percolation from_ lakes and Bonds: 

-.5.5.1.  Area & Depth: 

It was assumed that area covered by 'lakes and ponds 

are 20 of total area, and average depth of water in lake 

on Ist November is 20 metre. Further it was assumed that 

this is evenly distributed in entire area, and to lake areas 

under different nodes were computed using above percentage. 

Ii-..5.2.  Permeabil,.ty of Media : 

For consideration of permeability, the following views 

as extracted from book is reproduced. " Alluvial plain further 

from high land may yield lesser water than the case of allu-

vial fans. However these planes have developable ground water 

reservoir unless the plain were formed by slowly moving streams 

depot .ting a high percentage of clay and sand". On the said 

process it is concluded that in the lake or tank which is still 

water body, silt and clay have been laid down. 

By examination of specific yield of aquifer obtained 

by pump test (0.072) and comparing the same with the figure 

given in table under reference 	it can be said that upper 

layer of aquifer contains either silt or sand, These two 

variations gave rise for consideration of media between lake 

surface and water table, as composite of three layers. Based 

ran above consideration following assumptions were made. 
layer Depth below lake bottom Type of Permeability 

soil 
Ist layer upto 1 metre silly clay 1+.0x10-6  
2nd layer 1-2 clay silt 1.0 x10-5  
3rd layer 2 to water table clay-sand 5 x 10-3  

or 
silt 
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On basis of permeabilities of above three layers, 

mean permeability was computed in the process of computation 

using following equation 	 . 

T 
Mean permeability K = T1 + 2  + T3  

K1  K2  K3  

Where T is the total mean depth of media, between water 

surface and water table at any stage, T1, T2, T3  are respecti-

vely thickness of 1st, 2nd,3rd layers, as defined earlier and 

K1 ,K2,K3  are permeabilities of relative layers. 

4.5.5.3.  Computation of Percolation 

As evaporation takes place simultaneously from 

water surface direct computation of percolation was not possible 

Hence under such situation iterative method was adopted as 

described below. 

x-• 5.5.3.1. Theory. 

i) It was assumed that as the lake area is large, so width 

of lake compared to depth, the flow lines are vertical for 

practical consideration. Hence percolation rate can be computed 

using following equation, based on Darcy's law. 

Q= A x , =AxKxi =A xKxZ/T 

Where K is the mean permeability, i is the hydraulic gradient, 

Z is the head above water table i.e. distance between lake 

surface and water table, T is the total mean depth of media. 

ii) Evaporation rate from water surface, taken as 0.7 

times pan  evaporation rate, as given in the project respect. 
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Evaporation loss during month = A x - x 0.7 where A is the 
average lake area during the month, and F is the pan evapora-
tion rate . 

5.5• 5.3.2. Procedur • 

Based on these two equations, loss during month was 

obtained by cut and by method ty in computing reduced volume, 
depth of 'water at the end for reduced volume, lake area, per-
colation loss, evaporation loss, total loss, and volume of 
lake water at the end. Error of 1 hest. metre was considered 
to end iteration and proceed further. 

Thus percolation loss under all the ten nodes during 

November to May was calculated. 

Recharge due to Percolation:- 

All the water percolating towards water table do not 
actually reach ground water storage, but a part of it is lost 
during transit. Hence based on present practice recharge due 
to percolation under different nodes were obtained by taking 
eighty per cent of percolation loss. Values of monthly recharge 
so obtained for different nodes were further added to achieve 
desired value of recharge for entire basin to use the same 
in lump model. Result as discussed above has been produced 
in table 

4.5.6. Evapgtransp~on from Water Logged Area : 

In certain areas either due to excessive irrigation or 
canal seepage or excessive rainfall on one hand or lower 
porosity and/or poor permeability on the otherhand, water 

table rises in root zone, even upto top of surface. Under such 
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situation when water table is near the surface, the area is 

said to be water logged. In such areas, plants known as phreato-

phytes commonly extract water through the root system. It has 

been observed by the hydrologists that evaportranspiration 

quantity is affected by the depth to ground water, vegetations 

types and quantities, in addition to other factors already 
discussed in previous chapter. -David C. lewis(35) has stated 
that total transpiration decreases as the depth to water table 

increases in the range of 2 to 8 ft. 

4.5.6.1. Effective derth of water table : 

Based on above discussion, it was considered that evapo-

transpiration in water logged area is more prominent in root 
zone, and so depth of water table upto 2 metre will be reas onabl~ 

depth for the said process. Beyond above, the loss can be ignore 

4.5.6.2. Estimation pf. EvanotransDirationLoss : 

On above criterion of effective depth, water logged areas 

were located on the basis of observed water level data, during 
different months. 

It will appear from that table .5 that major areas of 

water logged lies in nodes 2 and +, where extensive canal 

irrigation system exists. It is also to note that water logging 

condition exists during September to December only. The water 
logged areas so demarcated were planimitered. 

Based on evapotranspiration rate as per actual obser-

vation, available in project report, evapotranspiration loss 

was computed by taking the product of water logged area under 

effected node, and evaportranspiration rate of relative month. 
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Finally these monthwise losses under different nodal areas 

were added together to obtain total loss during respective 

month for use the same in lump model. 

~+. 5.7. Evapotranspiration loss from forest area: 

In the forest, greater density of trees and shurbs 

exists. In case of occurrence of these forest near the banks 
of streams and valleys or other areas where the water table 
is high, the roots of vegetation penetrate into capillary fringe. 
Thus these trees and shurbs draw water from ground water body, 
and water is lost through transpiration. 'Evaporation loss from 

soil also becomes effective in such zones. Thus evaportranspira-

tion loss, depending upon factor as discussed earlier takes 

place. Hence for estimation of same, following works were 

carried on. 

x-.5.7.1. Forest area : 
For want of actual figures of forest areas within the 

basin, it was assumed that 3% area of the basin is covered by 

the forest, and distribution of same is uniform throughout 

the basin. Based on this assumption forest area under each 

node was considered as three percent of its nodal area. 

-i-.5.7.2. LStimation of Evapotranspiration loss :- 

Based on evapotranspiration rate of different months, 

nodewise monthly evaportranspiration loss was computed in 

the beginning by taking product of forest area and loss rate. 

The monthwise loss under different nodes was added together 

to obtain required monthly loss for the entire basin to 

employ the same in the lump model. 
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1..5.8.  Inflow and Outflow to/from the basin: 

The lump model, represents the entire basin as a unit. 

Hence sub-surface flow across any boundary within basin area 

is not accounted. The sub-surface flow which is important for 

consideration is flow across outer boundary of the basin, due 

to hydrological connection with adjacent basin. 

For such consideration, detailed information regarding 

hydrological and geological condition of other basin was 

necessary, but the same was not available for present study. 

Hence following procedure was adopted. 

i+. .8.1 . Flow Lines drawl: 

From available water level data, contour maps of water 

table for different months were prepared, for the entire basin. 

For the study contour lines along the boundary of the basin 

were selected. Flow lines were drawn orthogonally at selected 

pointas on the contour lines and inflow or outflow to basin 

was decided on basis of gradient of the contours. Length of 

contour along the basin boundary which indicated flow were 

measured nodewise. Average gradient, on the basis of distance 

between a pair of contours at several places and their difference 

in head, within the nodal areas were computed. 4hen these 

were known discharge difference across the boundary lines 

were computed as described below: 

)+.5.8.2.  "station of Net inflow or outflow: 

For computation of inflow and outflow across the 

basin boundary following equation was employed. 
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a =AxV=Ixdxv = lx ( dxk)xi =LxTxi 

Final equation comes to = 1 x T x 4 h/ 4  S 	. Where Q is 
flow where 1 is length of contour within respective nodal area. 

T is transmissibility i.e. product of permeability K 

and depth d 

4 h / a, s = i = gradient 

Using above equation monthwise Inflows or outflows to/from the 

basin were computed for effected nodal areas. Monthwise values 

for different nodes were then summed up to obtain desired monthly 

values of net inflow as well as out flow for lump model. 

4.5.9.  Influent Seepage: 

There are numbers of stream associated with the Varuna 

River,,  However neither their discharge nor their sections were 

given in project report. Hence following steps were followed 

to estimate seepage loss. 

1. Drawl of catchment area on the map. 

2. Estimation of average runoff in stream 

3. Determination of wetted perimeter 

L1-. Computation of seepage loss. 

4.5.9.1.  Catchment Area ; 

On the consideration of point of confluence of tri-

butaries the Varuna River was divided into three reaches, and 

catchment of tributaries were first marked, keeping in view 

of boundary lines. The area left after such demarcation on 

either side of parent river was considered as a portion of 

catchment directly contributing runoff to the main stream. 



1.3') 

Then catchment areas of branches, and reaches of main 

so demarcated were planimetered. 

timation of Runoff: 

For Indian condition strange()  has established relation-

ship of total volume of runoff over relatively long period, with 

rainfall by certain percentage. For this purpose he has also 

divided the catchment into "good"," average" or "bad" depending 

upon runoff yielding capacity. On the basis of values given by 

him vide table i+.6 of Booch by Bharat Singh(  ), runoff was 

computed as discussed below. 

Considering catchment of basin as good, for annual 

rainfall of 855 mm over the basin, runoff factor as interpolated 

from above mentioned table, comes to 0.30. On basis of above 

two components, rainfall contribution was computed by taking 

products of catchment area, rainfall and runoff factor.Punoff 

in the main stream was computed by incorporating the runoff of 

its branches in successive order. The average discharge for 

entire length/reach of ,CLV dual  streams were determined as 

per table .8.(a) 

4.5.9.3•  ComDutation of I meter: 

All time of high flood a river is temporarily in regime. 

For such case larcy has described relationship between regime. 

I-lean velocity 0 and hydraulic mean depth a V = CRS where C is 

constant when the silt factor is constant, Lindly 	then 

pointed out about possibility of existence of relationship between 

regime velocity and width as well. iarey(  ) on this approach 
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carried out finite study and developed an equation as described 

below. With this equation wetted perimeter of channel can be 

determined by considering discharge alone. 

P 	)+7.5Q• 

where P is wetted perimeter, Q is discharge in cumecs. Using 

this equation for wetted perimeter of all the streams main 

and branch as were calculated and for small value of wetted 

perimeter was assumed and then converted in f.p.s. unit. 

+•5.9•+• CoznDutation of Seepage loss : - 

Ztevery and Harding(40~ suggested values for seepage 
loss for different characters of materials. From the table avail-

able in book by Bharat Singh at P.57 value of conveyance loss. 

at the rate of 4 cusecs for million sq.ft. of wetted perimeter 

was arrived at by consideration of river having clay loam. It 
was assumed that influent seepage is effective during rainy 

season only and for rest period effluent seepage takes place. 

The length of channel were determined by measurement of stream 

length as shown in map lying in different nodal areas 10% 
additional length also considered as the stream are flowing in 

Zig Zag way. 

Hence based on these consideration seepage loss 
per mile per ft. width of per mile was calculated first as des-

cribed below. Conveyance loss per million square ft. of wetted 

perimeter 	 = 4.0 cusecs. 

Deduct 20% for evaporation &evapotranspiration loss=0.8 
Net recharge due to seepage from stream 	= 3.2 
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Recharge due to seepage per mile len.th for unit 

width of perimeter 	=5280X3.2 = 1.46 x10^2  cusecs 
106 

Recharge for seepage loss from stream during a month 
per mile length with 1 ft. wetted perimeter 

= 1.46x1 o-2x30x3600x24xo . 2892x10"1+  

= 01265 HM 

Add 10% extra for Zig Zag length of stream=  0.0126 

Total Recharge rate 	= 0.139 HM 

Subsequently recharge due to seepage was computed by 

takin;; product of length in mile and wetted perimeter in ft. for 

the portion of stream lying in the nodal area in question. These 

values of recharge from all the streams lying in the node was 

added to obtain total recharge under the node. Finally values 

so obtained for different nodes were combined to obtain desired 

value of recharge for the lump model. 

l+. 5.10. Chaflge in Grp n d Water storage(35)  

Though the change in moisture content in the zone of 

aeration takes place, but determination of water content is 

not possible. Secondly the amount of water in unsaturated zone 

at the beginning and end of period is same, In irrigated area 

period of limits are beginning and end of irrigation season. 

Hence based on above considered for practical purposes change 

in storage is limited for saturated zone only. 
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Change in storage as used here means net addition 

of water or net withdrawl of water from an aquifer. Water table 

fluctuations are result of change intotal ground water storage. 

The fluctuation of water table may be gradual in case of natural 

recharge or discharge such as rainfall recharge or discharge 

by spring. 'Where as in case of sudden rise in surface water 

level of river or canal, the increase in storage will be abrupt 

similar is the case for discharge through pumps. On this very 

approach computation of change in storage was made as described 

below. 

)+.5.10.1. Construction_ of Contour Maps of Water T ble Fluctuation: 

Difference of water level at each observation wells, 

between successive months were computed. This showed water table 

fluctuation at the point of observation well, during the month. 

Contour maps for water table fluctuation for all the 12 months 

were prepared for the entire basin. 

+.5.10.2. Computation of Change in Storage : 

For different months areas lying between two contours 

as shown on maps were planimitered and mean depth of water table 

fluctuation ( rise/fall) were noted by taking average of both 

the contours. Change in storage was obtained by taking product 

of areas between contours and mean height of change. Subsequently 

these were added algebrically to obtain net value of change 

in storage for entire basin. 

As water is actually stored in the pore spaces of soil 

only, hence this quantity was multipliyed by storage co-efficient, 

to obtain net volume of change in water content in ground water 

storage. 



~. 6 

Thus for all the 12 months change in storage was deter-

mined, result of which has been shown in table 4.9. 

~+.6. Overall Ground Water Balance : 
It is to note here that values of two components are still 

undermined. These are following components: 

1. Recharge due to rainfall 

2. Effluent seepage to stream 

Hence prior to balance study these two components were to be 

determined for which following studies were carried out. 

4.6.1. Q, mputjon of Mont ly_ Net flow : 

Monthly values of all the components as described earlier 

were tabulated ( vide table Lj-.10) and net flow was determined. 

It was further compared with change in quantity of ground water 
storage, and difference obtained for the respective month. These 
difference in quantity in various months was supposed to be 

due to non-inclusion of these two components otherwise it would 

have been equalised. In order to evaluate these components, 

seperation of base flow was considered as desirable. This was 

achieved on following concept. 
4.6.2. Estimation of Effluent Seepage to Stream: 

4.6.2.1. Basic Theory :_ Regarding ground water recession 
following views are reproduced (RICHARD)( 35) 

" Following a seasonal high ground water elevation 

related to r,,charge, a natural ground water recession may be 

seen in the well hydrograph. The rate of decline in the water level 
is a function of the local values of hydraulic conductivity, 

storage co-efficient, aquifer thickness and hydraulic gradient. 



January 	0.07 2 

February 

March  

April  
May  

June  

July  

August ' 	6 130 9608 

September " 	66,579 

October " 	1,859232 

November 

December " 

36 , 694.9 2498.8 

42,891.? 3088.2 

1,53,211,5 11031.2 

73,259.1 52?4„4 

75,638.9 5446.0 

1,519035.5 10874.6 

1,465.6 105,6 

84,952.8 6110.6 

32,613.0 2348.1 

45,403.3 

4,793.? 

130336.? 

TABLE — 4.9 

TABLE SHOWING CHANGE IN GROUND WATER STORAGE DURING DIFFER T 

MON TI 

Month 	3torage ' INCREASE IN STORAGE DECREASE IN STORAGE 
effected Volumetric Change in Volumetric Change in  

'Change  Water 'change 	' Water con-' 
+Hect.Mets content +Hect.Mets  tent 

} t  Hect.Mets +  Hect.Mets. 
1 4 	 1 1 	 + 

Total 
	 63,533.7 	 46!666.2 

Net change in ground water storage = Increase in Qty. = 16,868 
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BASIN QMONTHWISE) 	FIGURES IN HECT04-U FS 

Mont Drawl Total 
of 	outflow 
water 
by 
wells 
and 
pumps 

Inflow 
minus 
out flow 

Ebsidual 
flow 	Net flow 

4642.1 8467.0 -1041.1 -1457.8 -2498.9 
Jamul 

5996.0 7080.6 -1778.1 -1310.0 -3088.2 
Febru  

14527.8 16043.8 --9338.2 -X693.0 -11031.2 
M arc 

3501.7 5303.5 -3669.9 -1604.2 -5274.1 
Apri 

3138.3 5510.6 -3933.8 -151242 -5446,0 
May 

15700.3 17528.7 -9811.2 -1063.4 -10874.6 
June 

2904.0 4233.4 -535.0 +429.4 -105.6 
July 

2900.0 4150.2 -507.6 +455910.9 X45403.3 
Augu 

298 5. 3 48 20.2 -1479.7 +6273.4 .44793.? 
Sep t 

2359.0 4837.4 -3444.1 +16880.8 +1336.? 
Oct. 

3410.7 7490.2 --4076.0 -2035#8 -6116.6 
Nov. 

2977.9 3966.4 --410.0 -1938.1 -2348.1 
Dec. 

Tota 86432.0 -40o24.7 +16862 
Year 

ate d in Table 5.17 
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Rate of decline is measure of excess of subsurface out- 

flow at a given point and decreases expotentially with time 

to the decrease in saturated thickness and hydraulic gradient. 

In the absence of new recharge the natural ground water recess-

ion can be plotted on semilogarithmic graph paper to obtain 

a straight line. 

Regarding this, study, following views are also relevant 

( C OTT ON) (48  

" It is hard to reconsile the concept of interflow, 

the ground water discharge occurs in the recession of storm, 

with release of the, water of identifiable zone. Normally 

there is considerable time lag between infiltration from 

precipitation and rise in water level in a deep well. The 

seasonal rise in water table due to percolation usually there-

fore begins upto 2 months after the last months and can be 

early as September or as late as January ". 

On the other hand, computation of effluent is not easy 

as hydrograph is largely is  indeterminate, any so computation 

is based on arbitrary rules. Two extremes of shapes have been 

defined by Linslay. It may be assumed that with the beginning 

of surface runoff ground water flow becomes zero, and remains 

so until the net head begins to decrease as a result of with-

drawl from ground water storage". At the other extreme it might 

be assumed that ground water hydrograph begins to rise at 

or shortly after the beginning of rain reaches a peak and 

decles with a hydrograph shape resembling that of the other 

components of flow. True conditions lies some where between 

these two extremes". 
4.6.2.2. Approach- 	Hence considering above views following 

approaches for computation were established. 
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(1) At the beginning of surface runoff, in the month of June, 

base flow is minimum, and hydrograph begins to rise shortly after 

the beginning of rain and reaches the peak in month of September 
and then recession takes place. 
(2) It follows expontential law for both rising as well as 
recession condition. 
(3) Rainfall during non-monsoon period though influences 
the hyd.rograph, but do not change the pattern. 

As rain fall during non-monsoon period is very low, hence 

rainfall contribution during subsequent months can be ignored 
without causing appreciable error. 

Based on these assumptions, base flow during different 
months were estimated, as per following procedures. 
~-i-.6.2.3. Plot of HydroEranh: 

From the table x-,11, it will appear that there i s no 
rainfall during non monsoon period except January and Feb. Hence 

the balance quantity as difference between net flow and change 
in storage during rest months are only related to effluent 
seepage from streams. The values of flow for November and December 

were, plotted at the end with, a purpose that this can be extended 
in back for earlier periods, October and September. The values 

of March, April and May were accordingly plotted on semilogarthim 

paper and obtained straightline plot on either case. Increase of 
plot figures of March, April and May the line was extended upto 

June, when the flow is minimum and also extended in back upto 
beginning of January. A third line, was drawn by the joining 

the lower end of second line, representing flow during June to 

upper end of former line, showing peak flow. 



x-.6.2.4. Estiivation of i'low: 
	 141 

With the help of above plots, values flows of intermediate 

months were obtained. Value so obtained for the rest months have 

been produced in table 4.11. 

-.6.3. Estimation of Rec.arge due to rainfall: 

In this context it is to state that total quantity of base 

flow was met by depletion of storage only, when the rainfall during 
that month is nil. "here as on occurrence of rainfall during the 

month in question, base flow is either contributed fully or supple-

mented by rainfall to follow natural phenomenon, governed by expo-

nential law. On this basis difference between base flow and net flow 
contribution of ground water basin to the stream causing depletion 

was accounted as rainfall contribution. 

By combining the values rainfall contribution to base flow, 
and rainfall contribution to ground water storage total rainfall 

recharge was obtained for entire basin during different months. 

Li-.6.~+. Estimation of Overall round Water balance : 

With an object to have prospective view of ground water 
basin, over all balance for annual period was necessary. The 

period under this study was taken from January 1973 to December 197 

Hence annual values of all the hydrological components of lump 

model was incorporated in the balance sheet as shown in table 4.12. 

It would appear that during the year of study there is 

net increase of storage of Ground water basin is order of 16,36.8HM 
Based on one year balance definite conclusion can not be arrived. 

However it appears that there is further scope for development and 

utilisation of ground water resource. 
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InfFA L L 	RECH AR GE 
Month Out onyx Cumulative 	Percent 	of Rech g 

l as 	figure 	I As per monthly On Basis of cumulative 
Ifori 	rainfall 	I 	Figure 
Itab 	* . 

1 	2 	12 	 13 	
_ 11. 

Hect. 

January -1 t1 - 20.1$ 20`.4 

February -1 898 18.6,% 19.4 
March -93 898 - 19.4 
April -3 898 - 19.4 
May -3! 898 - 190+ 
June -986 1274.6 2.62 6.75 
July - .4 31+04 0 2.68 3.45 
August -500.9 51314.9 6 5.4 29.8 
Sept • -1 *4 69778.3 15.2% 26`.4 

Oct. -3 0.8 78769.1 No Rain 34.3 

NOV . -4 78769.1 - 31+.3 

Dec . -~+ 78769.1 - 3I.•3 

Total 
during 
the year -1+9-1 78769.1 - 34.6% 

*V 
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CHAPTER-V 

DISTRIBUTED MODEL 

General: 

For use of this model, the basin was divided into 10 

2lodal areas. Each nodal areas have individual balancing equa-

tion. The boundary conditions of distributed model, is different 

compared to lumped model. On the consideration of the boundary 

condition associated with the distributed model, two additional 

terms are involved in the model. 

The general equation which is applicable for each of the 

nodel areas representing the distributed model can be written 

as: 

5.1. Balancing; EgWuation: 

n 	I 	 n 	- 
I+S6+ Rc + RIC+ RI, +PL+SI+Rr = ET, W+ZTF+ TP 	0 + SR±QS;S. 

L1 
i=K 

Where 

I is inflow from other connected nodes to the node. 

0 is outflow to other connected nodes from the node 

Re - recharge due to canal seepage in nodal area. 

RIC = recharge due to canal irrigation in nodal area. 

RII = recharge due to well irrigation in nodal area 

P, = recharge due to Lake Percolation in the area 

SI = Influent seepage from streams in the area 

= recharge due to rainfall over the nodal area 

S~ 	` 	~iarry Q\ I I3mA m Vn the n ccL ouveo1 
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T 	= . xtraction of water through wells & pumps 

SI  = inflow from other basin 

	

S 	= outflow to other basin 
0 

4057 

 

= change in storage in nodal area 

5.2. Mathematical  Model: 

The mathematical distributed model which has been 

described earlier is reproduced here for further discussion 

n 	K K 
	

K J 
( H I- HId) Y I I,j = Ai Si  ( HI  -Hi) + A1  Q1  

L=K 

in which K = J +At and YIN = DI IN;/ DLIN  x TR  

where K and U' are periods at end and beginning respectively. 

Other notations have been already defined. The model employs 

only three terms as discussed below. 

	

5.2.1. 	Sub-surface flow :_ left hand term describes sum of 

inflow and out flow from/to other connected nodes. This is 

dependent upon hydraulic gradient between two connected nodes I 

and N; and conductence of path between above nodes. The change 

in hydraulic gradient is primarily dependent on water level 

fluctuating of either of two nodes. Water table fluctuation 

is also dependent upon all the hydrological components 

involved in 	model. The term can be compared with term 

of sum of inflow and outflow from/to other nodes in hydrologic 

balance equation, and so this can be expressed as follows 

K K 
(HI  - HN) 	IN= I - 0 
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5.2.2. Chan ;e in Storage : 

it has been pointed out earlier that in the distributed 

model response of aquifer in the nodal area is represented by 

single water level elevation at the node. Hence the first term 

on the right hand side represents change in storage during 

time interval t. This term is similar to s which represents 

the same. Hence these two terms can be equated as follows : 

K 	J 
A1  S1  ( HI  - HI) 	_ + 	.S 

5.2.3.  Source Flow : 

.Last term is net source flow during the period. This is 

algebric sum of all other inflow and ou flow to or from 

node. Under such state, sum of all the terms can be equated, 

to the rest of terms involved in the hydrological balance 

equation, as follows. 

Ai. Q I =Rr  +Rc  +tRIC+PZ+SIB 'W J-  p S  
5.3.  Ob -jective for the Model: 

The model was employed for prediction of water -level 

at nodal points on the imposed condition. For which based 

on the considerations o.f only three terms, data was accordingly 

needed for solution of the mathemetical model. The datas 

were obtained in the same forms as described below}  Considering 

the period as one month. 
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5.4-.  Preparation of data : 

For use of distributed model following data were needed: 

5.24..1. 	.eater level data : For prediction of water level at 

nodal points, data of water levels of the wells representing 

the nodes for initial month was only necessary, but for identi-

fication of model data for subsequent months were required. 

Hence monthly water level of nodes ( represented by wells) for 

all the twelve months were computed on the basis of available 

data of depth of water table from ground surface as per 

project report. The value of same is available vide table 5.1. 

5.4.2. Rainfall data :- 

For the use of model, weighted rainfall for all the nodal 

areas were separately required. The data of rainfall at all 

the six rain gauge stations were used for computation of weighted 

rainfall for respective nodes. It is to submit that thesian 

polygon as constructed earlier representing the controlling 

areas of different rainfall stations were utilised for this 

work. The nodal areas are 	. -rmo.sliy covered by partial 

areas of different rainfall stations. Hence on this basis, 

the areas of rainfall station lying in each nodal areas were 

demarcated by method of superposition. Areas were planimetered 

and ratios of partial areas controlled by respective rainfall 

stations to total nodal areas were computed for each node_ 

separately. The result of same is available in table 5.6. 
Then products of values of depth of rainfall controlling the 

respective partial areas of the node in question, and partial 

areas in fraction as discussed above were calculated. 
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These products were further added to obtain average rainfall 

for the node in question. On above consideration weighted 

rainfall of all the 10 nodes were calculated, and value so 

obtained produced in table 5.7. 
5.4.3. Source flow rate: 

This is algebric sum of all the hydrological components 

involved in right hand of the equation described under section 

5.23. So it was necessary to evaluate the same. These were 
obtained an basis of available informations and certain 

assumptions which have been described in earlier chapter. 

Only a brief information for all these components are given 

here. 

5.4.3.1. Recharge from canal seepage :- 
Recharge from stream lying in the respective nodal 

areas were computed, and values obtained. Result of same is 

available in table .1. 

5.4.3.2. Becharge due to canal irrigation :- 
Node wise values of recharge for the effected nodes 

which were also computed as described in Chapter IV. The 

value of same is available vide table +1. 

5.4.3.3. Extraction of water through wells: 
Similar steps were made for computation of extraction 

of water through tube wells, as discussed in chapter IV and 

values of which have been produced in table 4.2. 
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5.4.3. )+. Recharge through well irrigation:- 

This is based on consideration of x+0.8% of quantity 
extraction through wells. On this basis recharge for each 
node was calculated, and value so obtained has been produced 

in table 4.3. 

5.4.3.5• Recharge due to percolation from lakes and ponds:- 

This is based upon assumption of lake area, depth per-

meability and thickness of first two layers and consideration 
of water table depth. The procedure. has been discussed 
in Chapter IV. The values of above for respective nodes are 

available in table lf.4. 

5.4.3.6. Evapotranspiration from water logged area :- 

This is based upon assumption of effective depth of 
water table for above process, and construction of water logged 
area on map. On this approach values were obtained as per 
earlier discussion and produced the same in table +.5. 

5. 

 

+.3.7. Evapotranspiration from forest area :- 

This  is based upon assumption of forest area in terms 
of percentage of basin area. Evapotranspiration rate calculated 

for each node by taking product of respective area and evapo-

transpiration rate. Values so obtained have been produced in 
table ~ .6. 

5.4.3.8. Inflow and outflow from/to other boundaries:- 
Nodewise inflow and outflow from/to other boundaries 

were computed based on water table gradient and Darcy's law 

for incorporating the same in source f low rate. On the other 
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hand, the boundary of the basin was assumed as impermeable 

boundary with no flow, for computational purpose, reason 

of such assumption has been described in chapter-2. 

5.4.3.9 • ffluent Seepage : 
. The lumped model, involving water budget equation 

was employed for determination of monthly effluent seepage to 

streams for entire basin. This monthly flows of effluent 

seepage to streams were distributed under each nodal areas, 

proportionate to total length of stream lying in nodal area 

in question. Values so obtained were considered for use in 

the distributed model, and same have been produced in table.... 

Hence finally considering monthly values of all the 

components, net flow for all the 10 nodes were separately 

obtained by taking algebric sum of all those. Components 

related to respective nodes. Table 5.2. shows computation of 
above for representative month January. dhereas table 5.3.(b) 

gives value of net flow from January-December. 

.4, 4. Other Data: 

5.).1+1. Nodal Area :- 

After  geometrical construction of nodal area ( as d .slcussed 

in Chapter 2) area of each node w s measured using planimeter. 

Figures of same are available in table. 

5.4. i-.2. Distance between nodes and sides of Polygons:- 

The distance between connected nodes (DL) and perpendi-

cular bisector (DS) representing the sides of polygon was 

measured on scale and values so obtained have been produced 

in table 5.4. 



-91,8 
-228.9 
-250.7 
-119.6 
-227.4 
-172.8 
-11906 
-139.9 
-6?.0 
-•40.8 

-?5.6 
-157.3 
-4.40.3 
-225.2 
-480*0 
243.3 

-286.0 
-301.9 
-68.2 

2498.8 
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TH OF J 

Ned 

 FIGURE IN HBCT.METHS 

IL'aWl from 
round 
later 
Yroug 
lls 

Total 	Difference H®sidue flow Net Flo`, 
Outflow 

1.  
2.  
3*  
4.  
5.  
6.  
?. 
8.  
9.  
10, 

305.2 344.2 +16.2 
87.6 544.2 +71.6 
800.8 871,6 -189.6 
239,9 346„6 -105.6 
658.5 726.8 -252.6 
526.3 574.9 70.5 
490.8 533.7 -102.8 
489.6 588.3 -146,1 
337.3 592.1 -234.9 
306.0 334,5 27,4 

TOTAL DURING MONTH 1040.3 

N 0 T connected nodes and also contribution by Rainfall„ 
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TABLE SHOWING COMPUTATION OF WEIGHTED RAINFALL OVER THE BSN 
y~~~i ar.~w • i iii 	 rtl 	 y 

Rainfall' 
Station 

l 

Rainfall station .Area 
in 	et are 	I 	Yetor 

JANUARY 	FEBRJARY 
al 	Are a x 	'R&1xr- Area Fac1or x  

Rainfall fall 	 Rainfall 
0 	MM 	y in Fac- '' MM 
# 	'tor 	{ 	t 

Phulpur 45,669 0.1771 4.6 0.80 - - 

Mirzapur 14,673 0.0569 5.0 0.28 25.8 1.4? 

Handia 29,268 0.1135 9.0 1.02 - - 

Gang apur 51,807 0.2009 1.0 0.20 1.0 0.20 
Marianhun 58,896 0.2284 7.0 1.56 1.0 0.23 
Machu Saint 57,557 0.2232 18.2 4.05 36.4 8.12 

Total 2, 57,870 1.000 - 7.99 - 10.02 

WEIGHTED RAIN FALL 7.91 mm 10.02 mm 

DURING KHAPIF SEASON 

	

fall  - -} 	TUNE 	JULY 	0 	AUGUST s 	SEPTEMBER 
St at ionf Rain- , 	a "Rain- Area # 	a •Rainfall' Area in • fall in 	fall Factor fall Factor 	0+ 

• in mm ~ factor Oin MM #xRain- in MM Ox Rain 4 MM 	infall 
• ~x 

Rain ' 	•f all + 	#-fall t 
fa 

 

Phalpur 31.3 55.4 222.7 39.44 347.7 615.8 116.7 20.6? 

Handia 59.4 6.74 401,4 45.56 360.8 409.5 128.? 14.61 

Mirzapur 24.40 13,88 318.5 18.12 213.8 12.16 143,1 8.14 

Gang spur - - 291.1 58.48 197.4 39.66 378.0 75.94 

M ari ahun 99.2 22.66 278.8 63.62 271.5 62.01 228.7 52.24 

Machu Sahar 
30.0 6.70 369,0 82.36 310.4 69.37 214.4 47.85 

Weighted Rainfall 55.52 307.58 285.73 219 45  
in Pgctor = Ran?a11 taLonAreaFT0t  
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5.4.)+.3. Storage coefficient and transmissibility:- 

On the basis of pump test data, storage co-efficient 

and transmissibility of aquifer was computed for entire basin. 

It was assumed for the present study the values are applicable 

for all the 10 nodes and constant for the period. Values so 

obtained are given below; 

Storage coefficient = 0.072 

Transmissibility 	= 1223 m2/day 

3.369 Hm/month 

5.5. Solu ion d.f equation: 

By using the mathematical expresstoiz involved in the 

water level at nodal points can be determined 

for above values of data. However it would need computation 

5.6. Flow diagraan : 

The solution of above equation was only possible with 

the aid of digital computer. Hence prior to ,preparation of 

programme for the operation of computer, flow diagram was 

drawn, which is reproduced here. 

The computer programme data and results as listed are 

placed, below above mentioned diagram. 
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±1 
for all the 
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ILi T 

ii;D 	C011PUT 

Compute conductcnce of path for all the 10 no 

Y(I = DJ(I) 	TR/JL(I) 

Co.mpue sum of conauctence of path associa 
with other nodes 

S(I) = Y(11) + y (12) 
Y(16) + Y(17)+Y(19)+Y(21 ) 

3(10) = Y (26) + Y (27)  

o~mpu',e-capacitance during month per unit 
rise or fall of ,rater table for all the 
nodal areas 

(I) = 	) 	ST/ De It a 

mpu e "r laxation co-efficient 
10 nodes. 

Relay I,  

K = J + 1 

HK~ AJ 

Compute sum of surface flow rate 
10 nodes. 

Q ( K, I) = Y(I) (11N - H1) 

Compute storagge flow rate 
r 

SF(K, I) 	C(I)_ _( 	- HI) 

S—um -flow rates at each node 
Res (K, I) _ 	(l, I) - SF(K,I)-DIB (K,I) 

Adjust water level elevation 	 -° 
JK  K 

+ 	Relax I  

TEST 
L NO ResK\ Y .. 	 'H 

SL.~PLIFIED FLOJ CHART 1'p1 DIGITAL CQ 4PUT SOLUTION 
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D4;2INIT ION 

DELTA = 	Time step in 9 months 
= 	r.;rror = ma mi. sum of nodel flow residuals 

at any time. 
DIB = 	Source flow rate at any time 
Y _ 	Conductence of node to node branch 
S(I) _ 	Sum of tonductenoe of associated branch for 

node in question 
Relax = 	Relaxation co-efficient at node (I) 

RE$(K,T) = 	Node flow residual node (I) during month K 
ST _ 	Storage coefficient 
TR = 	Transmissibility 
FAC(I) = 	Capacitence of nodal area 
Q(K I T) _ 	Subsurface flow at node I, during month K 

K 
HI  = 	Water level at node I for month K 

J 	 _ 	Previous month 
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CHAP 	 VI 

DISCUSSSO RESUI M CONCLUSION 

6.1 DI3CU 5 ~1 OF RESULT 
The application of the verification principle 

involves induction rather than rigid proof, that is, a 

model can reproduce mat has happened. It seems reaso-

nable to believe what will happen. Verification with 

respect to any particular phenomenon requires a simila-

rity of resultant components of the phenomenon. Any 

individual component may or may not be . quantitively 

simulated. Model verification does not obviate the 

fact that natural hyirograph and other phenomenon can 

not be exactly predicted. 

In lift of above principles the applicability 

of the model by comparision with computed values and 

observe, values is to be examined. 

Under present study the mathematical lianp 

model as w ell as distributed model were employed for 

solution of different problems of Varuna Ground 1 ater 

Basin. Result of above ark discussed as below:- 

6 • I • t. Result of Lumped Model 

The lump. nodel was employed primarily to 

determine the values of effluent seepage, recharge due 

to rainfall and overall water balance of the basin. How-

ever for solution of above components, following components 

were first evaluate., for incorporating them in water 
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balance equation. 

1 . 	Recharge due to canal seepage and field 

irrigat ion. 

2. 	Fitt raction of ground water through wells. 

3.  Recharge due to tube well irrigations. 

4.  Recharge due to percolation from lakes & ponds 

5. Inflow and outflow from or to other basin 

6. Influent seepage from streams 

7. Evapotranspiration from water logged area 

8. Evapotranspiration from forest area 

9. Change in ground water storage. 

Monthly values of above components were computed 

based on available data, as well as other considerations 

including certain assumptions the result of same is avail-

able in tables 5.1 to 5.9 , in same serial order, as compo-

nents have been enumerated. Based on these values above 

three components as described earlier were evaluated, as 

discussed below. 

6.1.1.1. Effluent Seepage 

Effluent Seepage for the month of March to May 

and November to December, was det ermined originally using 

lump model. The values are available vide table 1+.11 . These 

values when plotted on semi-logarithim paper plot came as 

straight line, which shows agreement with theory50. Effluent 

seepage for rest months were determined by extension of 

above plot and arbit ary rule, as shown in above table. 
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6.1.1.2. Recharge due to Rainfall 

Values. of recharge during different months as 

obtained by use of model is available in Table 4.11. The 

percentage of total recharge during the year comes to 34.3 
This can be compared with following emperical formulas. 

6.1.1.2.1. I  . R. I .FormulA 

This formula as developed by I.R.I. Roorkee 

is as follows; 

R = 1 .3 5 .(Rp 	f/2 

Where 	R = annual recharge, and R, = annual rainfall 

in inches. 
Based on above equation, the percentage of recharge comes 

to 17.8 percent. Compared to this percentage, percentage 

of recharge as per model is very high. 

4mrits F_ orrmula.- 

This formula developed by Irrigation and Power 

Institute, Punjab, Amritsar and is as follows: 

R = 2.5 (,RP - 16)1/2  

Based on above equation, the percentage of recharge comes 
to 31.4 percent against 34.3% as computed by model. This 

shows reasonable agreement in the ease. 

6.1.1.3g. 	11 Balance 

Overall ground water balance was computed for 
the year 1973, result of same can be seen vide table 4.12. 
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It may appear from the table that there is net increase 

of storage during the year and value of which comes 

16,1B$ HM 	.. . •) . Based on one year balance study 

definite decision cannot be male. However it appears 

from the study that there is scope for further develoP-

ment of ground water in the Varuna Basin. 

6.1.2.  Resultof Distrihuted Model  

The model was employed for predictions of 

water level at nodal points with the aid of digital 

computer. The computed water level, as well as observed 

water level at those nodes are available in table 3.1 ! 

which is based upon result given by digital compute. On 

perusal of Table 6.1 it is noted that at node No.1 _and 2 

predicted water levelscompare very well with observed 

ones. The same trend has been observed for the water 

level at node 8, 9, 10. However the computed water level 

at node 3, ii- & 7 are not in close agreement to the obser-

ved water level for the months of March, April and May. 

This variation could be attributed to either the abstra-- 

tion by tube well being different from those assumed or 

due to different value of the specific yield and transmissi-

bility. The difference is maximum at node 3 mere the 

water level differs by about 0.7 to 1 metre in different 

months. If instead of node, the well no.5 (OP line) lyirg 

in the same nodal area, would have been exhibited in the 

month of March in observed water level 83.59  .metre as 

against 8+.53 metre which would have more close to computed 

value. 
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In order to estimate the variation of water 

level a data of 2 to 3 years would be better against one 

year available. 

In this context it is to point out that in 

present study, the data were inadequate and incomplete, 

hence several assumptions were made for carrying out 

studies. In view of above facts, the working of the 

models can be considered to be satisfactory. 

6.3 C NCLUSION 

As a result of ground water modelling for 

river Varuna following conclusions are drawn: - 

(1) Test pump data indicate that the aquifers are 

unconfined and value of specific yield and trans-

mit y which were found out as 0,072 and 1223 m2/day. 

(2) The area is part ly covered by canal and partly 

by tube wells and the water used for irrigation 
by canal is 221+2 H ect .Metres and by minor irriga-
tion (wells) is 6501+7 Hect.Metres. 

(3) On the basis of water table maps it 4-$ was 

found that Varuna basin is receiving water 

from other basin through western, and north-

eastern boundary of the order 2061 Ha -.m where-

as it releases water through the middle region 

of northern boundary as well as south-eastern 
boundary of the order of 381+1 Ham. 



(1.) 	On the northern side of the basin a part of 

area remains water logged during September to 

December, During month of November the maximum 

area which remains water logged comes to 38,876 

Ha, and total loss due to evapotranspiration from 

water logged area comes to 5268 

( 5) 	There is also loss due to evapotranspiration 

from forest area, which comes to.1 2' 5 ha.metre 

during the year. 

(6) Based on water flu etuatttnmap and table showing 

change in storage, it appears that basin is 
loosing water causing depletion of storage during 

November to June where as recharge takes place 

during July to October ,. 

(7) C the basis of water balance it is found that 

during non-monsoon period, base flow follows 

exponential law, with its minimum value in the 

months of June, as 1440 Ham. 

(8) The annual water balance on the basis of lumped 

model gives the recharge to the aquifer as 31+.3% 

total rainfall over the to sin. 

(9) On the basis of annual water balance, ground 

water potential comes to 16,868 Hectare. metre. 

(10) The prediction of water level by the distributed 

model was made . It was found that there is 
reasonable agreement in major nodes, but in case 
of some nodes there is large variance which is 
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attributed to either the abstraction by tube 

well being different from those assumed or due to 

different value of specific yield and the trans-

missibility or due to variation in average level, 

compared level at the nodal point. die working 

of model on a whole can be considered as satis-

f act ory. 

The accuracy of distributed model can be further 

increased on following considerations: 

1. Considerations of increase in numbers of nodal 

points subject to capacity of digital computer. 

This would need large no. of data for various 

components, hence compromise between accuracy 

and feasibility is necessary. 

2. Determination of storage co-efficient and 

transmissibility at more points so,  that the 

different values for the nodal areas can be used 

to work out recharge and water level fluctuation. 

3, 	Combined use of analog computer and digital 

computer will make the solution of ground water 

problem easier, as well as accurate. However 

this needs appreciable expenditure for construc-

tion of analog model. Use of Hybi3 computer is 

further advanced approach for above work. 
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If. 	Collection of data of various parameters and 

for longer period will make the analysis more 

accurate and reliable. 
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