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S Y N 0 P S IS 

Electric analog model is a valuable tool for the manag rent of 

ground water basins. Analog models can play an important role in the 

forecast of the consequences of developing nonhamogencous aquifers having 
boundark5 avid a Vac'(ty of 

irregularnhoaad and discharge controls. Analog models are simplo, versatile 

and of moderate cost. The use of analog model enables ground water deveiop-

mont schemes to be tested rapidly and accurately thus permitting the apparai-

sal of the relative merits of alternative choices of develop ent. 

The electric analog model sy stein consists of an analog model and 

wave form functional Generator arse bly and oscilloscope. The analog model 

is based on the similarity of laws governing flow of current in an olectri-. 

cal natuork and flow of water in an aquifer. The electric network is 

con only used is Resistance-Capacitance flettLoI3C. Resistors are inversely 

proportional to the hydraulic conductivity of the aquifer and capacitors store 

electric energy in a manner analogous to the storage of water in an aquifer. 

The behaviour of the electric network is described by the equation 

that has the sane form as the finite difference equation for nonsteady 

state, two or three dimensional flow of ground water. Electrical units 

(Voitages, Coloulun. b, ompheres and seconds) and corresponding hydr. ,ulic 

units (cubic metre, cubic metre per day and months) are connected by 

4 scale factors. 

In the present study the analogy has been established for tho 

Varuna basin - a basin in the State of Uttar Pradesh, India. The available 

pump test data have been analysed to evaluate the formation constants of 

the aquifer and thus the scale factors for the analog model have been 

derived using formation constants uniform over the basin. The area of 



the basin has been divided into polygonal subareas with respect to rain-

gauge stations. The weighted monthly rainfall recharges (30 percent & 

35 percent of total monthly rainfalls in each node) and withdrawls from 

the aquifer has been calculated monthly considering with respect to 

gross water requirements by the different crops both in tubcuaU and 

canal commands. The seepage losses in the canal command has been taken 

as recharge monthly into the aquifer. Thus the monthly not recharges and 

withdrawls have been worked opt for each nodes. The available water level 

elevation records have been simulated in the form of direct current 

voltage on the model by stabilized power supply. The not rochargp and 

withdrawls have been given as input to each nodes in wave form and the 

response of the aquieer for each node has been obtained. 

The waveform functional generator forces equal electrical energy 

in proper time phase into the analog model and energy levels within the 

Resistor-Cq3acitaor network at each nodes has been measured. Oscilloscope 

traces i. e. Time-Voltage graph are analogous to water level change in time 

with the change in discharge or head. A catalog of Time-Voltage graphs 

provide data for the construction of a series of water level change maps. 
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CHAPTER - I 

IN1RODUCTIMi 

1.1 SSE AND ITS OBXCTIt1E 

With the increasing demand for water coupled with limited 

supplies, the planned development and opt mun utilization of water 

resource has become absolutely necessary. In the past much attention 

has been paid towards the development of surface water. A systematic 

study of groundwater, its development and its influence on surface 

wster$  is Important. A necessary aspect of ground water development 

however, is to assess the potential of a basin. The indiscriminate 

exploitation of ground water may creat new problems. This calls upon 

thorough investigations and estimation of groundwater potential by 

the hydrologist as they are concerned chiefly with the quantitive 

description of aquifers and their physical parameters and with the 

response of aquifers to the development. It is the responsibility of 

the hydrologists to evaluate. ground water resource and to forecast 

the consequences of, the utilization of the _aquifers. Proper planning 

of groundwater development . requires . testing of all, possible schemes 

and appraising of the relative merits of various, alternatives.. The 

hydrologist must consider the many choices of alternative development 

and describe their effects. Questions relating to the use of.,  ground-

water resource require that pumping in related to water level, charges 

with reference to time and space. The two factors to be considered 

are the cause and effect i.e. p inpage and recharge and corresponding 

fluctuation in water level. 
k 



The hydrologic characteristics to be considered in calculating 

aquifer response are the transmissibility and storage coefficient of the 

aquifer. The response of the aquifer can be related to the cause of changes in 

in water levels provided the hydrologic maps are available. The information 

essentials required is coefficient of transmissibility of aquifer storage 

coefficient of the aquifer, area of the aquifer, location, extent and 

nature of aquifers and the confining bed boundaries. Saturated thiclmess 

of aquifer, Area under canal command, Area under Tubowell Command, Area 

under different crops, Location of Raingauge stations, Water level data 

for longer period and location of observation wells, Pump Test data for 

longer period etc, However the task of defining the hydrologic condition 

of aqui?ck is difficult, because of ajailable basic data are seldom 

sufficient to permit rigorous description of aquifer and budgetary cons- 

traints often prohibit the collection of such an extensive and detailed 

data of the aquifer. 

In this study, ground water simulation of Varuna basin has been 

done by direct, electric analog computers and model has been built .for the 

whole of basin. The analog model consists of Resistance-Capacitance net-

work and excitation response apparatus. The theory and construction 

features are described hare in, and the accuracy and reliability of the 

model are assessed by comparing the results with the observed data. The 

analog solution for the aquifer situation of Varuna. basin and the pervious 

observed values and analytical results are compared. 

Crsiderable work has been done recently on direct electric analog 

simulation. Walton and Pric et (1963) give a lucid and comprehensive reports 

on the analog simulation of the aquifer system in Illinois, and aquifer- 
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stream system, Venice, Ohio; U.S.. Tyson & Weber (1964) report the use 

of a general purpose analog and digital computer for the coastal plain 

of Los Angels, U.S.A. 5ch i,cht (1965) reports electric analog studies for 

the East St. Luis area. White and Hardt (1965) carried out electric 

analog analysis of San Simon Basin, Gochine and Graham countries, Arizona, 

U.S.A. The San Simon model was constructed as a two layer model", f"* ore 

and Leonard (1967) report the data requirement and preliminary results of 

an analog modal evaluation of the Arkansas River Valley in Eastern 

Colorado. This electric analogy modal consist of 1001,000 resiston and 

10,000 capaciton. Anderson (1966) carried out analog analysis o P the 

hydrologic syst tin Tueson basin of Arizona, U. 5./I. Prlcket and lonnqu .st 

(1968) give a detail comparison of analog and digital , simulation techniques 

applied to different aquifer situations. Lakshnanarayana (1971) gives a 

review of electric analog models for managanent of aquifers. Rushton 

and Bannister (1970) report on slow time (sovaral seconds on the model). 

Resistance capacitance analog as an alternative to the usual fast time 

(a few microseconds on the model) analog. 



CHAPTER - II 

HYDROLOGY OF URRUNA BASIN 

2.1  OETAILS OF THE BASIN AREAS 

The An irrigation project to plan conjunctive use of surface 

and ground water resources for optimising agricultural, production is 

planned for the Varuna basin, The basin is situated between latitude 

25co 18' and 25CP 42' and Longitude 81°  581  and 83°-02' East in the 

Eastern part of the province of Uttar Pradesh of India. The Basin 

covers the portions of the districts ,Allahabad, iaunpur, Varanasi and 

Pratapgarh. The basin is somewhat oblong in shape and the max.lmLrn 

length and width are 125 and 45 kilometres respectively. The river 

Varuna with its three tributaries_ flows through the Basin and outfalls 

in the River Ganges which flows along the Southern boundary of the Basin. 

The total geographical area of the Basin is 2,589250 Hectares. 

Out of which, total cultivable command area is 1,98, 000 Hectares and 

27,400 Hectares area is commanded by canal system, 86,235 Hectares area 

is commanded by State tubowells and the remaining 76,364 Hectare area 

by Private uodc i.e. Shallow tubewells, pumping .sets and duguells. The 

area at present is under intensity of irrigation of 43.. The total 
nos, of private tubewells and pumping sets in the Basin are 4587 and 

also there are 20,486 numbers of duguells. In addition to these private 

works there are 491 state tubouslls in Varuna Basin at present. 

The Basin lies in the Indogangetic plains and is generally flat. 

It comprises chiefly of sand of various grades, clog, Kankar and their 

admixtures. The first aquifer is encountered at a depth of 100 ft below 
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ground level. At places, this aquifer is confined to semi-confined in 

nature, and at places it comes to 50 ft below ground level. Sand grades 

of the aquifer is mediun to course sand, but pebbles are also formed. This 

aquifer is fairly extensive in the area, and supplied to the most of the 

private and state tubewell, clay lenses are also present within the 

aquifer. Depth of state tubewells are generally ranging between 350 ft. 

and 450 feet. 

The area receives an average annual rainfall of 794 mm which is 

not sufficient to meet water requirement of crops grown in the basin, In 

the existing system the canal supplies are augmented to ground water 

through private work. The state tubewell s command is sea arated from the 

canal command . Therefore no state tube ,Wells is located in canal command 

area of the Basin. 

2.2  DETERMINATION-OF F0f 1ATI0N CONSTANTS FOR THE AQUIFER OF THE BASIN 

Increasing need for water, to bring additional area under culti-

vation and intensive cropping of. the present canal irrigation system, 

require .greater utilization, of ground Water.. This requires an estimation 

of hydraulic properties of aquifers in the basin. 

The properties of the aquifer that influences the well per?onua.» 

noes are depth and areal extent of the ,aquifer. The . properties of the 

aquifer may be expressed in terms of its permeability, transmissibility 

and storage coefficient. In other Wards the abilityof the fbrmation to 

store water is governed by the coefficient of storage 'S' .and the ability 

to tranenit the water is giem d governed by the coefficient of transmissi-

b l.ity denoted by 'Tf. So !St and 'T' are the formation constants. 
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The coefficient of storage, 'S' can be defined as the quantity of 

water that an aquifer releases or takes into per unit surface area of a 

vertical column of an aquifer per unit change in component head normal 

to the surface. In case of an unconfined aquifer the storage coefficient 

corresponds to specific yield. 

The coefficient of Transmissibility 'T' may be defined as the 

rate of flow of water expressed in the formation expressed in discharge 

units either in gpd or cusecs or ctmec, through a vertical strip of the 

aquifer for unit width extending the fall saturated thickness of the 

aquifer under hydraulic gradient of 100 percent. 

For determination of the formation constants 'S' & 'T', the 

available pump test data for two tubewells, unlocated at Raghupur and 

at Banwaripur, has been used depending upon the aquifer types. The 

following methods of pump test Analysis have been used. 

Type of Aquifer 	State Fsthods of Analysis 

Confined 	Steady (a) Thein's.method 

Unsteady (a)  Theis method 

(b)  3acob's method 

(c)  Chow's method.  

{d) Thais Recovery method 

Unconfined 	Steady (a) Them 'a method 

Lhsteady (a)  Theis' method 

(b)  3acob's method 

(c)  Theis Recovery method 

(d)  Chow's method 

I 



Leaky confined 
	

(a) Waltan's method 

(b) Hantash method 

Leaky Unconfined 
 

(a) Boult3on'a method 

Analysis of the Pump Test _pata: 

According to the given project data the aquifer is confined to 

the semi-confined at places so it is decided to analyze the pump test 

for the Well located at Raghupur to considering as confined aquifer and 

thus the This's method is applied. 

(a) Theis'. Method: 

Theis method involves the following steps.: 

(i) Firstly a plot on logarithmic paper. of W(u) versus u is prepared. 

This plot is known as 'Type Curve' and is given at Plate No.1. 

(ii) Secondly, using the given pump test data, a.plot between drau-

dot,H v/s .rz/t , is drawn (as given at the. plate No.2) on a logarith-

mic paper of the same size of that of type curve. 

(iii) Thirdly, the field data curve is then superimposed on. the "Type 

Curve" keeping in view the y axis parallel and found that the 

field curve does not match with the line segment  of the "Type 

curve" and most of the points .fall below it. So the acquifer . . 

cannot be taken as confined one. Hence the aquifer is lacking 

analysed for leaky aquifer! 

The various terms used above method can be defined as follows: 
 0 

W(u) = Well function 

W(u) = (~.o.5 72 .- loge u + u - 	+ 
3 	

) 
2L 
 

3i 



u =r2 a/4Tt, where 

r = distance between observed well and pumped well. 

s = storage coefficient 

T = Transmissibility coefficient 

t= time in days of pumping. 

(b) 1lantosh Flethod for Leaky Confined A ifer(S)  

The method describes the following procedures for analysing 

pump test data ; 

( ) 	Plotting on a single logarithmic paper the drawdown v/s the 

corresponding time t (t on iogerithmi.c scale) . sas- drawing the 

curve that best fits through the plotted points to got time 

drawdown curve (Plate X409,0). 

(ii) Determination of the value of maximum drawdown 'am' by extra-

polation. It will be possible if the period of pump test is 

long enough. 

(iii) Calculation of ',Ap' by using Ap = 1/2 sm. This value of 4p on 

the curve locates the value of inflection point P. Thus ,Ip is 

the drawdown at the point of inflection. 

(iv) Then the value of tp at the inflection point from the time 

axis is observed. 

(v) To determine the slope ,8p of the curve at the inflection 

point. This can be closely approximated by reading the draw-

down difference per log cycle of time over the straight portion 

of the curve on which the inflection point lies or over the 

tangent to the curve at inflection point, 
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(vi) Substituting the value of ap and sp in the equation. 

2.3 Ap/ d /p a K.( r/7\ )ei/,l_. 	 •e •.e (ii) 

Where r = distance between observation well and the pumped well. 

2 = KSC, Ic = coeff. of permeability 

8 = Thickness of aquifer 

C = Resistance of the combining layer in days or 
years. 

(vii) To find r/k by interpolating from the table of the function 

ex K0 (x) and also el k is found out. 

(viii) Xrcu ,ng r/ ,t and r(glvon); 	can be computed. 

(ix) Knowing Q. ,gyp, Q,8p and r/ , K8 which , gives the coefficient of 

transmissibility (T) is calculated applying the equation 

sp = 	Q8 	e-r/X 	0.000 (iii) 

(x) Knowing KB, tp, r and r/k , To calculate S( Storage coefficient) 

by using the equation, 

P — 4K8 
s 
	= r/~ 	 ..... 

(xi) Knowing KB & , C can be calculated by the relation A. 2= K 8 C 

•...(v) 

Thus all the parameters of the leaks confined aquifer is known. 

A, Application of the above method to the Well No,81 Located at Raghupur: 

From the given datas 

Discharge of the well = 45,000 gph = Lt 

r = Distance between observed well & pumped well = 150 ft. 

From the plotting of the data, in fig. 2.2.7 Extrapolated value of 

Am = 2.56 ft, 
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hp = 1/2 ,im = 1.28 ft• 

.~. 	The value of tp at inflection point = 4.7 x 10 days. 
pp at inflection point = 1.11 ft per log cycle. 

Now from the equation (ii) 

Ko {r/k}ar?= 	2.3 	= 2.3 x 1.28 	'2.65 

	

ti 4p 	1.11 

Using the teble(5') Annexure No.111, . p age 192 of Bulletin No.11, 
"Analysis & Evaluation of Pumping Test Data", we have 

r/A = 0.104, O-r/2- = 0.901 

Since r = 150 ?t, 150/ 	0.104. 

... 	= 1495 ft. 

• Using the equation (iii), and substituting the value of r, il, ,,gyp & 3 
Q 

sp 	2.3 Q 	x '- K 8 can be found out to be 
4ic K.8 

found out to be 2.58 x 104 ft3/day ft. 

. ~. 	Resistance of the layer C , 2/K 8 	14952. 
2.58 x 104 

C = 86.5 days 

Applying the equation (iv) 

• 

2 
up 	 r 	S = 4x2.58x1d'x4.7x10'3 

4K8 tp 	2, 	 2 x'#495 x 50 

_= 1.[17 x 10""3 



Now to check the extrapolated value of Sr whether it is correct 

or not, the following procedures are applied : 

(iY 	Using the value of S & To To compute the tip at point where 
tp 0.02 days 

i, 	r2 s.,. ,. 	150 x ,150 x 1, Q7 x 10.3= 1.16 x 10-.2 
4 T tp 	4 x 2,58 x9d x 0.02 

For the value of u, To find the value of W (u,r/k )from the table, 

• r/ 	=3.S88 

173. x 3« 588 x 103 	. . sp (p.U~~ ~ 	 t 1.92 
4x2.58.. xio' x3.14 

On curve for tp =, 0.02 days j the value of drawdown stp = 11.96. 
Thus it is found that the computed value of stp and the value 

on the curve are not, close proximity. So . the value of sm is 

taken not justifiably. This shows that the pump test should 
be carried out for longer period. 

(ii) 	Application of the Hantosh method for the Well No.25 located at 
Danwaripur, 

From the given data, 

(a) q, discharge of Well 45000 gph = 173x103. ft3/day. 
(b) r = Distance between observation Well & pumped we11=147 ft. 

From Figure No.2.2.9 Extrapolated value of a has been assumed ast.0, 51 m. 

• The value of,p at inflection point = 1/2 tai 

0.51 (3.28 	0,036 ft. 



12 

The value of tp at inflection point = 104.2 x 10"3 days. Then the 

value of 4,4p at inflection point per log cycle = 0.64 in = 2.1 ft. 

Using the equation (ii), 

2• 	$o(r/ ) er/~- 	2.3   0 	0.995 
4 ) 

Using the table, r/ 	1.664 for (r/X. ) 9r/,7  = 0,915 

0.19 and 	r/1.664 = 147 	87.3. 
1,664 

Now using 	p 	2.3 .~ e ' _ , T can be found out to be 

T= 2.3x173x103~19 
4xx x2.1 

'  2 	87.3 x 8?.3 

T 	0.286x1o4 

0.286 x 104 ft2/day 

2.6 days. 

5 (storage coefficient) can be computed by using the equation 

r2 s tp =x 2 

.. 	8 	4 x286 x10 - x 104.2 x 10 	= 0.0485 
2 x 83.7 x 1.47 

From the above results, it is observed that the resistance of 

layer in both the case is very shall which shows doubtful to consider the 

delayed yield as a leaky confined aquifer. The idea has been further, 

supported by the statement from the project report that there are clay 

lenses present in the aquifers which are tapped. So it can be decided 

to treat aquifer as a semi-unconfined and to analyse accordingly. 
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B n Saturated thickness of aquifer. 

W(UAy, r/i B) = Well function by Houston for the 1st segnent, 

the equation (i) reduces to 

• $ 4 .tl. B ~(bA, r/& B } 	 •••••(1i) 

Where uA = 	rZ sA 
4 KBt  

s,A = Effective early time coefficient of storage for the 3rd 

segnent of d-d curve, the equation (i) reduces to 

w (us,, r/k 8).•..,tf33} 

Where 	uif = — 

sy = Total volune of delayed yield per unit drawdoun per unit 

horizontal area or specific yield. 

Another relation given by Boulton is 

=5A 5  Y = SA 

Whore 	S = effective coefficient or storage 

)'> 100 , Boulton method will give good result and if Y,> 10 & 

L 100, the second segnent of the curve ,is no longer horizontal when the 

tends to infinity, the second segnent can be described by 

28 
•••,•(iv) 

Uhere 
Ko(r//L B) = Modified"Besse]. function of second kind & zero order. 

B = Drainage factor = fii 

1/0c = delay index. 
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C.  Boulton's Method for Semi-Confined  Aguifert 

According to Boul.tvn the method can be applied to the aquifer 

as follows: 

(i) The aquifer is unconfined but showing phenomena of delayed yield 

or the aquifer is sari-confined„ 

(ii) The flow of well is an unsteady state. 

(iii) Lie1l diameter is small and storage in the well may be neglected. 

Theory of the Method: 

The time drawdown curve of' a pierameter in a pumped unconfined aqu00 

aquifer with delayed yield can be divided into three distinct segnents as 

in Eig.2.a. 

The first segmept, ,covering a short period after pu ping has 

started indicates that in unconfined aquifer reacts in. the same manner 

as that of confined aquifer. The water is released instantaneously from 

storage by the compaction of the aquifer and by the expansion of the water 

itself... Gravity drainage has ,not yet started. Then the This 'a method 

can be applied approximately to determine transmissibility but.  the storage 

coefficient computed from the segment cannot be used to predict long term 

draudaun of water table. The second segment of drawdoun-time curve indi-

cates decrease in slope because of' replenishnent by gravity, drainage. 

During this period Thei's curve will differ appreciably from the deserve 

data curve. The third segment conforms closely to the Thei's curve as 

there is equilibrium between gravity drainage and fall of water table. 

tccording to Boulton, the flow equation is given by the relation 

8  = t 	W uAYt r/7 B 
	

.... • (i) 

Where 	A = discharge of well 

K = CveP'f. of p maability 



t  ~ 

! 1 

s  ~ 
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Procedure of the 11athod 

(i) Firstly 'Boulton Type Curves' is to be plotted by plotting 

W(uAy, r/7 B) versus 1/uA and 1/uy for a practical range of 

values of r/ 2. B on a Double logerithmi.c paper Plate No.9. Left 

hand side ( Type A) of curves show W(uq, r//k B) versus 1/vp and 

Right hand side (Type Y) shows 1,141u,Ay, r/ 8) v/s . 1/uy in the 

graph. 

(ii) To prepare the observed data on a double logarithmic paper of 
s 

the scale as that of typo curves Draudown of against time plate no.8. 

(iii) The observed data curve is then superimposed on type 'A' curve 

keeping ordinate scale parallel to each other. Now a point on the 

overlapping portion of the two sheets of graphs and the values 

of, t, .1/uq end W(up, r/A B) are noted and values are substituted 

in the equation valid for Ist segnent of curve to find Sq & T. 

(iv) Then the later portion of Tine-drawdown curve is matched with 

Typo Y. curve Frith, same r/ B value as that of type A curve and 

the values of S, t, 1/uy and £ W (uy, r/ B) are noted for the 

match point. Then the values are substituted in equation of the 

3rd segment which will give Sy and T. In both the positions T 

should have the sane value. 

(v) Thus the value of Sp & 5y are used to compute r = I + SY/SA. 

Application of this Method ,fbr Tubewell hb.25 located at Banuariputt 

The plotted Time draudown curve (Plate No.2.2.3) conforms with 

"Boulton Curves" so the aquifer as semi-unconfined is justified. From 

early match point, W(UA, r/ k B) 0.043 

4 ..  A 

a ~.A 0.048 ?t, t = 0.00104 days, 



Now using equation (ii) 

r2 S A= Q 	W(u, r/2\ B) & u,= aA 

Where 	Q = 45000 gph a 173 x 103 ft3/day. 

r = Distance between the punped wall & observation well = 147 f t. 

KB = T 	173x10x0.043 	3 
12.56 x 0.048 

	= 12200 ft /d Y/fit• 

•  
' ' 	

S4 = 4 x . . x 12200 x 0.00104 	D 50.8 	x 
0.7  147 x 147 	15,12 

0.00335 

When the later portion is matched, using the equation (iii), we hav get 

 
4 KB 

B W(uy, r/~B), uY 
4KBt 

4.. 	W(uya r/ 8) = 1.2, 1/uy = 4.2 from the same plate, 

• • • 

 

$ 1.3 ft, t a 250 minute a 0.173 day 

T = 	'173 x 10 x 1.2 = 12000 Ft3/day/i't• '' 	4x3.2 x1.3 

and 	Sy a 4 2 x 128
147 x x01473 = 0.093 

•. 	S a 0.093 - 0,0033 = 0.0963 

O. C96 (approximately ). 

The value of 'T' can be taken as average of the two positions, 

T = 1220 2x 12800 = 12500 ft3/day/Ft. 

= 0.124 hectare/day. 

• 	• . 	_ I + SY/SA = I * 0,093/0.00336 = 1 + 27.6 Q 20.6 

• 10 and fL-.100 .. This shows that horizontal portion should 

be small which is confirmed from the plotting of data. 
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Th3 draudoun-time curve for the Well NO.81 on a double logarithmic 

paper for the observed pip test data (Plate No.6) does not reveal anything, 

Which shows that period of Rump test was insufficient. If pump test could 

be carried out for longer period, better result could be obtained, So 

the aquifer Will be taken as semi-unconfined as found out from the analysis 

of Ptrnp Test data of Well No.25. 

Thai's Recxivory 1 ethod 

Thie modified the formula for drawdown Which are as follows; 

4 	W(u) 4iT log 

Where 	T = IS$, u = r2s/4 T t 

W(u) = -log u (neglecting all other terms in sizes). 

• 4 = 4/4 ~r T. logo. 	Tt ..... (i) 
s 

When the pu ping is stopped, the time t' is measured and the recovery 

draw o n 

r 	loge 	 .....(ii) 

s 

But in the field it is difficult to measure the Ro ovvey and therefore 

the residual draudown is measured and is given by s' = a-sr. 

• ' , -fir ° 4 CT.-- (3ogd-4 1 t -logo 4 T t' ) 
r a 	s 

or, 	 G.3 log. (Vt') 

2.3 Q .. 	10910 (Vt') 	 .....(iii) 
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Which is modified formula as given by Thais. Thus T can be found out 

lcnouing the value at t', 4' and t from the observed field data as in Fig.2.b, 

Procedures 

fromn the available data, the residual drawdoun s' in normal scale 

v/s 1/t' on log scale are plotted and thus t per log cycle of Vtt can 

be Muted as in Fig.2-o. 
T=2.30/41-  4/  

Calculations 

I. 	From the plotting of data for well No.81 irk Fig.2.2.8, the ,4' 
value is equal to 0.93 for one cycle of loglp t,/t'. 

T = 2.3 x 173 x is 	= 3,4 x 1f ' ft2/day 
x0.9 

Ii. ' 	From the plotting of Well No.25 data in Fig. No.2.2.6, the ,4' 

value is equal to 0.51 m per log cycle of tf t'. 

s' = 1.57 ft. 

.., 	2.3x1?3 x103 	1.89 x 1t14  ft2/day. 4 x 3.14 x 1.67 

Thus it is observed that the Recovery Method given by Theis indicates higher 

value of T than that of Soulton method. for all calculation purposes, the 

value of Transnissib,il.ity is taken as 

T = 1.25 x 104  . ft2/day as obtained by Boulton method. 

S a Coefficient of storage = 0.(96. 

PHonco the values obtained by Boulton Method have bean taken as the formation 

constants for the aquifer. 
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2.3  CALCILATION OF NET RECHARGE AND WITHORAWLS IN THE BASIN: 

The computation net recharges and drafts has been done in the 

following steps .- 

(i) 25 polygons have been constructed according to the Thiessen Method 

(Fig.2.3. (b) ). These polygons have been chosen in a manner such 

that the water levels at these nodes are knatn for some period and 

they fb m well conditioned triangles. 

(ii) The six raingaige stations in the area are shown in the figure and 

have been designated as P, H, MS, tIM, MI and G. Thiessen polygons 

have been drawn also for those stations. 
(iii) The area of each polygon has been measured. 

(iv) The recharges to various, nodes are in the form of precipitation 

and canal seepage lasses. The precipitation at each raingauge station 
being known for different months, the average Weighted value for 

each polygon associated with any node has been worked out on the 

basis of the proportion of the area of this node under the influen-

ce of a given raingauge station with the help of Thiessen Polygon 

method for rainfall. 

Rainfall Recharges were asaned both 30 percent and 35 percent of 

Total monthly rainfall. 

(v) The canal seepage losses are assured zero for all polygons other 

than those falling in the canal command (i.e. node NQ s, 13, 17 & 

18). The canal seepage have been computed applying the enperical 

formula: 

Seepage loss = C/8 (B + 0)2113  cusec/mile. 

Where 	C = length of channel in mile 

B = Width of channel in ft2  

0 = C pth of flow in ft. 
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(vi) The withdrawls in the form of tube well draft has been assuned 

distributed uniformly over the area of all the polygons except 

those falling in canal oamaand. 

(vii) The water requirements of different crops in the canal command 

(existing) has been calculated. The monthly canal (releases and 

the tubewell release were being considered during the calculations. 

(viii) The water Requirement of crops in tube well command have also 

been calculated monthly at each polygon and the net weighted 

average withdrawls have been, computed With respect to gross 

irrigation requirement from the available tubewell releases 

data. 

(ix) Then the net recharge 3n .positive voluna and withdrawls in 

negative volume have been computed by substracting the net 

weighted Ube well withdrawls from the net weighted recharges 

data. 

(c) 	These net volumes both positive and negative, monthly data are 

then used to determine the current in miiliamphere by using 

appropriate scale factors to use, as input for the analog model 

at each node under consideration., 

The computed tables are given in Tables sequentially. 



QiAPTER - III 

ANALOG SIMILATION 

3,1 DESCRIPTION 

Analog model for simulating ground water of Varuna Basin are 

patterned after models developed by U.C.Welton and consists of regular 

arrays of resistor and capacitors. The model is said to be direct analog 

model since the two systems are one to one correspondence between each 

element in the systems as well as between the excitation and response 

function of element and the system as a whole. In R-C network, resistors 

are inversely proportional to hydraulic conductivity of aquifer and capa-

citor store, electrostatic, energy, in a manner analogous. to the water within 

the aquifer. Thus electrical network is a scaled down version of aquifer. 

A R-.0 network is characterised by „3unctions" and discrete branch-

es. Four resistors and a capacitor are connected to each teitninal. The 

capacitor is also secured to ground connection of the electrical system. The 

boundary of the netwrk is adjusted in a spa function to approximate the 

actual boundary of the aquifer. To do,this, boundary terminals are connect-

ed to two or three resistors and a capacitor depending on the Geometry 

of the boundary. In this mode], the network of the resistors and capacitors 

in the proximity of the boundary are connected to take into consideration 

of the irregular shaped boundary and Resistors and capacitors are selected 

such that there is correspondence between network parameters and aquifer 

parameters. 

3,2  MATHEMATICAL BAST. FOR THE SIMLLATION 

The approximate nonlinear partial differential equation which 

describes ground water flow in two dimensions in an unconfined aquifer 
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Thus, it can be written similar expressions for nodes (1),(4),(2) and 

substituting these expressions in equation (4), which gives 

( Ti, 0 = To, i assumed ) 

For finite difference approximation of equation (2), the acqulfer 

is subdivided into squares of equal area, 	The sides of the squares 

x and ly, are equal and are of finite length,4 u and dy respectively. 

The square grid is shown in Fig.(30). Thexi.nsos s intersections of grid 

lines are called nodes. The finitesisnal4 x4y is approximated by ag2 in 

which ag is the width of grid interval. The area ag2, is mall compared 

iith the aquifer. 

Examination of node '0t and equation (2) shows that the record 

differentials of head can be approximated by Stallman (1YEi5). 

	

2h 	a 	h1 +h3-2 	 (7) 

	

~x 	 a 

Substituting the equations (7) and (0) in equation (2) results in 

h1+h2 +h3 +h4-4 	
S 	a h 	(9) ..,~.,..,.._.,ag2 	 T 	t 

a 

which is the finite difference form of partial differential equation govern-

ing the nonsteady state, two dimensional flow of ground water in an infinite 

aquifer. Equation (9) can be written as 

4L) 
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is given by the equation (i). 

(P x .) + j (Py ? ) 5 	 .. (i) 
a 	a 

If drawdouns are small relative to the initial saturated thickness 

of the aquifer the product PX & Py coefficient of permeabilities along X & Y 

directions can be replaced by TX & Ty, transmissibtblitios and than taking by 

the aquifer homogeneous, equation (i) becomes 

)2 h ~?h 	S ah 	 ...,,cis 
Y
2) a-x2 	 T a t 

Equation of the same form occur in the theories of nonsteady-.state 

flow of .heat and electricity. I, en the ground water flow is considered, 

the unsteady flow equation for aquifer is 

/ 	 ....6(iu) 

The above equation (iii) has to be solved for appropriate 

boundary conditions. 

3.3. FINITE QIFFERCICE APPRUXIMATIt]N 

In the direct electric analog simulation and digital methods 

equation (iii) is written in a finite difference form. Figure of Finite 

grid patterns is shown in below in Fig. 3(a). 

fig.3 (a) 

6 For a square grid pattern, the continuity equation for the node 0 can 
^C~~) 

be written as  

By Dayey'f Lw, r..ci 5et , 
kte~ 	~krQt _ ~T ~ 

1, e . 	l 	
kO ~x X973,® 	

v) 
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where h. is the head at node '0' hi ( i = 1,2,3 and 4) represents head at 

nodes 1.4; ag denotes the width of grid interval; 'T stands for coefficient 

of transmissibility, S equal the storage coefficient and t stands for time 

in days. 

3.4. ELECTRICAL VE 

A resistor capacitor network with square grid pattern of fig.3(a) 

is shown in Pig.3(b). At junction '0' four resistors and a capacitor are connec-

ted. The capacitor is earthsd. Using Kirchoff's current law at point 'o', 

we got 	&-AL- t fdE L fi [~ L-tdt 
-210= o  - 	4- 	t = S 	° 

t -j-4t  
v/a 

Where 1 , o 	._ 
R,10 

Similar e)pressians can be written for the nodes 2,3 and 4 and 

If 	t 

	

Y$ 	Co ?c " O 	, where CO is the capacitance 
t 

of capacitor at node ,'0'. Substituting the value of Is and Z1, 0, in 

equation (11). We get 
V66tQ~ ,1 f 	fi =0 - ..03) 

_ v°  

A resistor capacitor network with a square grid pattern is shown 

in Fig.3(c) and network junctions at nodes as defined in Fig.3(d) is sot up. 
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The junctions consists of 4 resistors and one capacitor connected to 

a common terminal, the capacitor is also connected to the ground. 

The relation of electrical potential in the vicinity of the junction 

according to Kirchoff's current law, can be expressed as 

[ v_vo J
~ f v~ ° 

~L 	 f2t 	 R4 	~3 

where Vo„4 is the electric potential at the ends of resistor, R1-4 denotes 

the resistance 1. If the resistances are equal., equation (14) may be 

as follows 

( V1 +v2 +V3 +v4 -4 v0 ) 1/R= Co 	 (15) 

which may be written as 

I  - 	. ( 16) 

where Ux ( i = It 2,3 and 4) is the electrical potential at the ends 

of resistors 1-4. 

3.5. DIRECT ELECTRICAL ANi LOGY: 

The analogy between the electrical systems and aquifer systems 

is apparent. The hydraulic heads h ire meters are analogous to electrical 

potentials V in volts.The co-efficient of transmissibility 'T' in m2 per 

day is analogous to the reciprocal of the electrical resistance, 1/R 

in 1/ohms. The product of the. storage coefficient 'S' and ag is analogous 

to the electrical. capacitance, Da in Tarads. 
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Continuing the comparison, water moves in an aquifer just as charges 

more in an electrical circuit. The quantity of water is calculated 

in volume 'V' in m3  or gallons, while the charge is calculated Z in 

coulombs. The rate of flow of water through a given cross-section of the 

aquifer 'Q' is expressed in m3  per day or gallons per day, while the 

Plow of electricity 'I' is expressed in coulomb per second or ampheres. 

The time 't' in days in the aquifer analysis is analogous to the time 

'ta' in seconds in the electrical analog model. 

Thus, there are four units are analogue. There is necessarily 

a scale factor connecting each unit in one system to the analogous 

unit in the other system. Knowing the four scale factors, the hydrologist 

is able to relate electrical units associated with the analog model to 

hydraulic units associated with the aquifer. The four scale factors 

K1, K2, K3 and K4  are defined as follows : 

(1) K1 V/z 	= 	m3/ coulomb (17) 

(2) K2  y/i 	= metre/volt (le) 

(3) K3  WI = m3/ day amphere (19) 

(4) IK4 t/ta = d'/second (20) 

The relation between scale factors K1, K3 and K4 is expressed by 

K3 	m3 	m3  /d, 	 - m'3  coulomb 
day-amp. 	coulom sec. 	days/second 

K1  /1C4 	K3  K/ = 1 	(21) 

The values of resistors and capacitors required to model of a given 

aquifer may be determined from equation (17) and oq.(21). To minimise 
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the cost of model, scale factors are choosen that allow the use of 

standard tolerance, low wattage, fixed carbon resistors with values from 

102  to 107  ohms and capacitors of low voltage rating with values from 

10 microfard. to 100 microfarad. Substituting of ohm's law and Darcy "s law 

in equation (19) yields. 

RR 	Ky K T 
	

(22) 

where RR is the resistance in ohms and T refers to coeff. of transmissibility 

in m2/day. The equation (22) may be used to determine the value of resis-

tor of interior parts of analog model. 

Co = ag2  S. 	K1 
	

(23) 

where Co = capacitance, ag = grid spacing. The equation (23) may be 

used to determine the value of capacitor of interior parts of analog model, 

is derived by taking into consideration of storage coefficients 'S' 

and the analogy between ag2S and Co. Network spacings are selected to 

minimize the errors due to finite difference approximation and are 

selected by trial and error method to adjust the available number and 

values of resistor and capacitor in the prevailing market condition. 

X Co - ag2  S 	K3 	ag . 
K1 	K2T 	 a T  

a9 5/  K4T 	(KcK1 ° 1/K4) 

. . ag 	RRx Co x T x 	 (24) 
5 

For regional studies on a gross basis, the network spacing can be 10,000 ft. 

for local studies involving details, a network spacing of 100 feet is ado-. 

quate as suggested by Walton (is) 1963. 



30 

3.6. DIFFERENT METHODS OF SINILATION OF AQUIFER ELE1 NTS: 
1 M M A i I 	ntiFW~l~~~ 	 1111 ~ 	i • IIM ~w4 	Ir ~~ 	1 

Leaky artisian conditions exist where aquifers are overlain by 

aquitard throuxjh which leakage occurs. Leakage through the aquitard into 

the aquifer is vertical, and proportional to drawdown, the hydraulic head 

in the deposits supplying leakage remains more or less uniform. Under these 

conditions leakage can be simulated in an analog model by the addition of 

the resistors connected to ground and to each node of the network. 

Substitution of ohms law and dercey's law in equation (19) 

results in 

RG = K3/ I,2 ( P'/m') ag2 	(27) 

where p'/m' is the coefficient of leakage in gallons per day per cu. ft. 

or m3/day/cft. and the value of resistor G is determined by the equation 

(27). as proposed by alton (63). 

Barrier boundaries ( lines across whore there is no flow) 

can be simulated by an open circuit. Resistors connected to the nodes along 

the edge of the analog model and to the ground simulate horizontal 

leakage through boundary of the aquifer. 

Leakage of water through a stream feed can be sit elated with 

a resistor connected to appropriate nodes and to the ground. The magnitude 

of resistors (RS) simulating the streanbed are inversely proportional to 

the areas of the portions of stroambed they represent. 

By substituting ohm's law and Uarcy's laws into equation (12) 

the following equation can be derived, which may be used to compute the 

values of resistors simulating the stream bed ( Walton, 1966). 

Rs = K3/ K2 (Ih) As 	(28) 
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Uhere As is the area of the stream bed represented by the resistor, in square 

metro, and Ib  is the infiltration rate of the stream bed in m3/day/m2. The 

values of resistor of capacitors adjacent to the boundaries can be computed 

based on the " vector volume " technique described by Karplus (1958). 

Rx '= 	no  4 x 	(29) 
v Y 

Ry - 	Rb 	 (30) 
ax 

Cb -- 	A 	S , K/K1 	(31) 

The above equations may be used to compute the resistor value ( Rx & Ry) in 

x and y directions respectively and Rb  is the interior resistor, 	y 

are the grid spacing in f. and y directions. The val,us of' capacitor adjacent 

stream boundary proportional to area Flo in mn and S is the coefficient of 

storage. 

The stream bed elements were designed by Melton. at 3t.Luis 

Illinois (1963) so that leakage through stream bed reaches a maxim rate 

when the water level decline is 4 feet and thereafter remains constant. 

Therefore analog simulation under this condition has been developed by connec-

ting a vertical stream bed resistor (sU) at stream bed node, which is in line 

connected to ground and a diode connected to a negative 4 volts. As the 

voltage in the aquifer elements decreases to - 4 volts the current through 

the stream bed resistor increases in direct proportion to voltage drop. The 

low forward impedance of diode prevents the voltage in the aquifer element 

from going furthor negative. Sometimes diouo was formed insufficient to 

control the decreasing characteristic of current. Since the current is non 

linear, an active device ( Transistor have nonlinear characteristics) must 

be used.For output voltage greater than 4 volts, the transistor comes out of 

saturation and Resistors become a current source. 



3.7. RIVEd SIMU.ATI0N IN THE BASIN BY R-L-C NETWORK 

If the velocity changes with time, the nonsteady flow equations, 

For a length of 4 x of river or channel will be 

where m = mass flow rate, U = diameter of channel section, 

A = area, t - time of propagation u = coeff.oP viscosity„ 

p = density in F.P.S. units, 

In electrical flow equation is 

(3 zJ 

L  + RI = V  (33) 

Llhere I = current, L = inductance, (Z = Resistance 

The voltage is the representation of hydraulic head stage H ! the current 

is the analogous to mass flow rate, 'm' , resistance is analgous to 

frictional loss and inductance is analogy to Q x/.f '.A. The following 

scale factors can be used for the river simulation. 

(a) VF = V/H (34) (b)I€ = I /m 	 (35) 

(c) RF = Fj/ 32,u.4/ g -~24O2 	 (36) 

(Q) Lf = L/Qx. f A9 	 (37) 

(e) Tf = LF/RF = tq/tf 	 (30) 

The local storage can be done to the rise in a free water surface. 

Let M be total mass in length ox of a channel and thus the rate of mass 

changing with time along the channel flow, equation is 

m 	 (39) 

321 
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The corresponding electrical equation is that governing the accumulation of 

charges in a capacitor in the figure 4.3. 

a 	= _' V 
a-  t 	t_ 

(40) 

The equation (39) relates the time rateof accumulation of mass to the rate 

at which mass flow rate changes with time and it is related to time rate of 

hears increases and storage factor '5 as 

s a 	"' 	(41) 

Since a is proportional to C in equation (40) Cr  = C S _ (I/m)( tq/tf)/)V/H) 

Cf 	If  x of / Vt  = It, / Rt 	 (42) 

Propagation time 4 t = ( LC)1/2 	(43) 

in water systemn tf = 	to / Tf 	 (44) 

. Velocity of water = Length of channel 
tf  

Thus river simulation can be done by using resistance inductance and capacitance 

network. Depending upon the channel roaches, the number of network (R4-C) 

sets will be used in the aquifer model simulating stream aquifor system also. 

3,8. EXCITATION .,ESPUN3E APNAHATUa$: 

€xcitation-roaponso apparatus forces electrical energy in the 

proper time phase into the analog model and measures energy levels within the 

energy dissipative, resistance capacitance network. The excitation response 

apparatus consists of Four major parts, a stabilized power supply,a functioned 

generator combined With pulse generator, distribution Board and oscilloscope. 
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3, 0.1. Functional. Generator: 

The functional generator, which produces a particular 

wave similarto well i 'drograph, is connected with pulse generator and 

oscilloscope, thereby controlling the rate of computation and synchronizing 

the oscilloscopets sweep and output of pulse generator. The pulse generator 

which produces hydrograph shaped pulses of various amplitude and of fixed 

duration on command from the functional generator, is coupled to the 

junction of the analog model representing the production well. 

3.8.2. C-R..D; 

The oscilloscope is connected to the junction of simulation 

model in which it is desired to determine the response of the analog model 

to excitation. An electron beam is thft across the cathode ray tube of 

oscilloscope. 

3.8.3. 	1 c Ei   

The function generator sends a pulse to oscilloscope as input 

to start a horizontal sweep, at the same time, it sends a hydrogr ph shaped 

pulse consisting both positive and negative portion according to the 

amplitude and duration with respect to net field recharge ( positive )art) 

and net withdrswls ( negative part). This pulse is sensed by the oscillo-

scope as a function of analog model components, boundary conditions, nodal 

position of the junction connected to the oscilloscope. Thus the oscillo. 

scope trace is analogous to the water level fluctuation that mould result 

after a wave function typo both recharge and pur..,pcgo change of known 

duration and anpl itude. 

A method of computing the pumpago rate is incorporated in 

the circuit between the pulse generator analog model by the small resistor 

Ri in series. 

	

Q ° 	V 	V1i X Imo/ Ri 	(26) 
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where Q denotes the pumping rate in m3  per month, VRi denotos the voltage 

drop across Ri in volts and ,Ri is the known resistance ( I kilo ohms). 

This equation may be used to compute rate of recharge rate and can be measured 

on the oscilloscope itself. 

The switch is then returned to the original position ( i.e. off-

position). The oscilloscope is then connected to other junctions of the analog 

model representing observation well and then switch is connected at an position 

and thus the time voltage curves for junctions can be recorded by reading 

from the traces. The screen of the oscilloscope is accurately calbirated so 

that voltage and time may be read on the vertical and horizontal as respec-

tively. The time in the 1/10th of a second is the value of each horizontal 

division on the screen, is determined by noting the duration of pulses and 

the number of divisions covered by the time voltage traces for junction of 

pumped well. The time voltage graph obtained from the oscilloscope can be 

converted into water level fluctuations versus time graph or time duration 

graph by means of scale factor K2 and K4 respectively. 

The performance of specification of function generator, 

oscilloscope are compatible with the following criteria desired for analog 

models. 

(1 ) 	Low power requirements 

(2) 	Fast computing speeds. 

Special apparatus may also be coupled to the excitation apparatus 'such as 

Distribution board with relay circuit and a capacitor for rejecting unwanted 

noise pick up, integral circuit for amplifying the input voltage level, thus 

periiting the measurement of smaller voltaje. To record the time-voltage 

graph accurately the storage type oscilloscope has been used. In general, the 

accuracy of analog simulation model is a matter of the quality of the resistors 

and capacitors of the effects of finite difference approximation and the signal 

noise ratio. 
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CHAPTER - IV 

CONSTRUCTION OF RESISTANCE AND CAPACITANCE NETUORif 

4.1  CALCULATION OF RESISTANCE AND CAPACITANCE UALUE FOR THE NETWORK 

For Uaruna Basin study, the two dimensional flow through homo-

geneous and isotropic aquifer has been considered. The area of the Basin 

is 258.23 x 107 m2  and the Geographical Index map is showing the scale 

1"  4 miles = 212200 ft. Therefore 1 an = 8300 ft = 2530 metros. Thus 

the thole basin is divided into equal square grid of 1 an x 1 an so 

that the grid size is 2530 metres. The scale factors has been calculated 

for the available voltage supply in the Laboratory, and whereas capaci-

tors and resistors have been used in numbers and values in 

with their availability. 

(1) K2 c Head Scale = 12 metro/12 volt = I metro/1 volt 

(2) Ra. 105  ohns, Co  = 10-5  x farad = 10 /u f 

T = 1.16 x 1Q3  m2/da4', 5 = 0.096 

ag = grid size =. 2530 metres 

K4 = time scale 	ag s 	(2530)2 * 0.096 
CTR 	10-501.16 '1O3x105  

I4 r53  x 102  530 day/second 

Since K4 = t/ta = I year/ta .' • t3  = 36Ej/530 = 0.69 second. 

Fran the adopted time scale factor, one year in prototype will 

be represented by 0.69 second in analog model. Thus one month is proto-

type will be represented by 0.69/12 n 0.0575 second + 57,5 milli.ao nds. 

(3) K3 = K2 * T * R s Dis6harge.  scale 

.'. K3i1 *'1.16*'103*10511.16*10$m3/amp_day 
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° Q 	x 10-9 sphere 3.480 

Where n is expressed in m3/month. 

Similarly, 

When K2 = Head scale = 2 metre/volt 

•••K2 =K2*T* 	2x 1.16 X 10 # 100 

3.32 x 108 m3 = P-daY. 

• 1 = --- ---- = 	amphora 

	

3 	2.32* 1 

____. _......_ 10'~ amp 

	

30 K3 	6.96 x 	here 

When 0 is expressed in f /month. 

....•(25}-A 

.....(25- B) 

4.1.2. Grid Size 

From the above considerations the grid size is 2530 metres 

which is sufficient for Regional studies 	and all the scale factors 

have been calculated depending on this grid size. 

4.2 CONSTRUCTION OF SIMULATION MODEL FOR VARUNA BASIN STUDY 

Ground water Basin of the Varuna Basin has been approximated 

by the surface basin area and covers 258.25 x 107 square metres. It is 

assured that the semi-.unconfined aquifer is homogeneous with respect to 

transmissibility computed from the available Pump Test data. The study 

area is divided into a network of square grids of size equal to 2530 metre 

x 2530 metres. This resulted into 464 node points. But the entire basin 

has also been divided into polygons. To this end 25 nodes have been 
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chosen in the area in a manner such that the water levels at these nodes 

are known for some period and they form well conditioned triangles. Polygons 

have been constructed according to Theissen method figure 2.3. The six 

rain gauge stations in the area also shown in that figure. They have been 

designated as P, H9  MSS  MM, MI and G. Theissen polygons have been drawn 

for these stations also. The canal command has also been delineated. The 

inputs to various nodes are in the form of precipitation and canal input. 

The canal input is assumed zero for all polygons other than those 

falling in the canal command, The output in the form of tubewell draft has 

also been assumed distributed uniformly over the area of all polygons except 

those falling in canal command. The conveyance losses have also been comput-

ed. For the analog modal, the input have been fed in the form of current 

in milli heres and all recharges are assumed positive value and the 

tubewell drafts are assumed as negative values. The inputs for each node 

under study have been expressed in the form of graph current in milliampheres 

versus time in second, iai the computation have been de no depending on 

the scale factors under consideration for the construction of simulation 

model. 

In the following tables 4(a) & 4(b) the input data have been 

shown that are calculated on the basis of.volume of recharge and drafts 

that on the basis of volume of recharge and drafts that Were computed 

in the Tables 2,3(a) & 2.3(b). 

In the present work boundaries are approximated by using full 

square grids. Hence no special calculations are needed for boundary resis-

tances. Using the computed value of resistors and capacitors an R-C model 

is build. The t jpde1 size is roughly 3 m x 1.551. The complete assembly 
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of the model took about two months. The cost of each resistor was 25 n.p. 

and capacitor cost was about 40 np. (1974 prices). 

4.3. FEEDING OF D.C. VOLTAGES FOR INITIAL 	S 

From the computed scale factor K2 (metrg/volt) i.e. head scale, 

the initial steady ,voltage level in the analog model has been maintained 

by supplying D.C.voltages according to nodal spring level. To do this a 

stabilized power supply is used from which Distribution board with relay 

circuit has been used to give supply to the different nodes. In the first 

set up the different. voltage level is fed following K1 = 1 metry/volt and 

again in the second setup K2 2 metro/volt has been used. The initial 
voltage level in the model is the initial potential spring level of the 

observation wells of the basin in tho beginning of the hydrologic year 

i.e. June. 

4.4.  FEEDING OF VARIABLE INPUTS 

In the present study there are, twenty five nodal points under 

consideration. The input data is variable from node to node, both in m4gni-

tuds and time. All the input data are in the shape  of hydrograph having 

positive part and negative part also. In the positivo part, the shape of 

the wave of input is similar to the positive part of Sinsudal wave appm-

ximately. But the negative part is with long tail, The figure is shown 

in the input data (Fig.5.4.1.) in the units of mil lianph©re versus time 

in millisecond, 

To Peed the variable shaped wave from Functional generator having 

Sinusoidal wave and triangular wave attached with Frequency control and 

shape control can givo a type of curve which may be similar. But to get 
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proper shape of input data with proper amplitude in comparison to nodal 

initial level,, a set oP integral circuits has been connected with 

variable resistance potentiometr©. Thus the voltage level in the supply 

and in the models can be matched„ The supply oP A.C,input wave to the 

different nodes at a time has been dons through Distribution Board 

connected with Relay circuit. The current amplitude has bean changed 

by changing the Resistance in the Potentiometers. The time span of'the 

input hydrograph has been done by changing the frequency level on the 

Functional generator. 

4.5.  ME SURING DEVICE 

In this analog model study, the measuring device of the potential 

is the oscilloscope. The voltage level in the network is measured on the 

oscilloscope directly just con aring tiith the ground potential level. The 

current as input has boon measured by measuring the voltage drop across a 

known resistor in series with the functional generator supply using oscillo-

scope. 

Since the oscilloscope is of storage type, the reading of the 

potential level can basily be done as there are scales in horizontal and 

vertical scale. The omaller, response can also read just by amplifying the 

response on the oscilloscope. Bef ora the measuring the potentials on the 

oscilloscopes  the ground level potential must be checked. 
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CHAPTER-U 

EXPERIMENTAL PROCEDURES AND RESULTS 

5.1. EXPERIMENTAL PROCEDURE FOR THE APPLICATIONS OF FIELD DATA: 

From the available data of rainfalls and tubewell withdrawls 

both in tubowell command and canal command in Varuna basin, the net 

recharges and withdrawls were calculated and thereby converted into the 

amount of currents in mihinpheros. The computed monthly net recharges 

and withdDawls in current units are drawn an graph in current (mull-
sinphero) versus time in second as shown in input data graph for each 

nodes. 

Working procedures are as follows :- 

1) In the experimental set up, the circuit elements,, analog 

model, excitation response apparatus are properly grounded. 

2) The initial voltage level with reference to pspring level 

of observation wells in the month of June is supplied to the different 

nodes from the direct current stabilized Power supply source so as to 

maintain the spring level throughout the polygonal nodal points under 

consideration as 1for as possible. The voltage level in the model is 

chocked tosciloscope by comparing with ground potential level. 

3) i known value of resistor Ri in series from the functional 

generator to the input node is cannoctod. The operational switch for 

A.C. supply is switched off and subsequently it is switched on, to 

charge the model. The voltage drop across the resistor RI is measured. 
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Thus the amount of current flowing into the input node is known. 

During switches, the D. C. supply is disconnected to get superimposition. 

The measurement is also done on oscilloscope so that the graph shape 

can be compared with the graph for current in miihiarnphere versus time 

in second for the hydrologic year under consideration. 

4) The single sweep switch is operated to record the response of 

input node by supplying the current for the limited time from the pulse 

generator. The wave shape of the voltages both positive and negative 

values gives the response ( of water level fluctuation). 

5) For each shot at the input nodes, the response in voltage 

level in all surrounding nodes have been measured as per previous methods. 

6) The different input nodal polygons are then considered for 

recording the responses by supplying individual wave shaped current pro-

portional to the not monthly recharges ( + ue) and for the withdrawl 

7) The computed net recharges and withdrawls are fed to the analog 

model for the study of response by using both 30 percent and 35 percent 

of total rainfall recharge data. 

8) The recorded responses of the model at different nodes are 

compared with the water lovolobserved data of elevations of the basin 

are then c mpared. in 

From this study, the necessary monthly water level fluctuation 

maps can be prepared for the basin in detail with respect to space 

variations. 

For the second set up, tho input data in the spat shape of 

current wave is supplied at twenty five nodes simultaneously for 

complex pumping and recharger study.During switching the D.C. supply is 
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being disconnected. Then the response of to get bettor superimposition. 

The aquifer model is recorded at different surrounding nodes. In this 

set up, the scale factor was considered K2  = 2 metres/volt. Thus the 

steady initial voltage level will be the half of the actual level. 

This facilitates a better of. the initial voltage level in the modal and 

of A.C. supply from the functional generator. In this study the Sin 

nodes at a time were fed from the functional generator assembly in the 

form of current wave through relay sum switching bound, Then the 

superimposed response at the different nodes are studied. 

5,2. POTENTIALS 

The spring levels in the different observation wells , at the 

nodal points have been shown in Table-21, and also indicated in the Table. 

The monthly change in water levels for the year 1972-73, from which the 

initial potential level in the beginning of thehydrologic year(Juna ) 

is adopted. The potentials in the model is measured generally on the 

oscilloscope. The response of the model is recorded in voltage change 

with respect to time. 

5.3. IN UrS 

The input data has been.  computed from the given monthly 

rainfall data and cropwise tubewell uithdraul data of the Varuna Basin. 

The not of recharge and withd,rails, in a year is the input and 

represented. as current versus time graph as, shown in Fig.5.4.1. During the 

input calculation, the recharge from rainfall is ta3:en as (a) 30. Percent (b) 

35 percent of total rainfall. The net uithdrawl has been computedalso 

and considered as negative part. 
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5.3.1. 	The table-4 shows the rainfall recharge computation considering 

both 30 percent and 35 percent. Then from the monthly rainfall recharges 

the withdraw]. from tubowell has been substracted to get net rochargo(+ve) 

and net uithdrawl (-ye). The table 17 and 20 show the input data to 

different nodes considering 30 and 35 percent rainfall recharges 

respectively. 

5.4. 11EULTS 

The results in the Form of graphs Vig.5.4.1, at each node 

have been shown fm which voltage versus time i.e, water level fluc-

tuation in metre per month with the variation of space can be calculated 

as in Tab].c(22). 

5.5. C0f'PAIS0N 

The response of the aquifer at the node itself i.e. input node 

et which current is fed representing net recharges and withdreuls for 

the whole year, the voltage level change shows, with the change of time 

that the increase of water level is limited for thetime during the recharge 

tees place but the level is going slightly down during withdrawls. 

In the case of the voltage laval change with time for 35 

percent rainfall recharge is slightly more than the level change in the 

case of 30 percent rainfall recharge. The variation of voltage level change 

is found from the response of th© aquifer that the change f potential 

level is loss from the original level ( both rise and fall of water table) 

when the response of the modal is.moasured at the surrounding nodes away 

from the input node as in rig.5.4.1. 
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In comparison with the field observed spring level for the 

year 1972-73, the water level change is very closed with the voltage-

time, change values as found in the case of 30 percent recharge 

from rainfall considered. 

5.6. DISCUSSION 

In the first setup, K.2 = 1 metre/volt there is a discharge 

in the network since then an higher vol.taje level than the level in input 

supply source. But in the case of lower potential level, the response is 

quite satisfactory. In this case the input is fed at individual node 

and the response is measured on oscilloscope, but these responses may be 

affected when the input current is fed at the nearest two nodes at same 

time.So to avoid the self discharge in the network, 12 2 metrq/volt 

has been considered for the 2nd set up and the voltage level (D.C.) 

became lower out half as well as current input also. The input voltage 

level in the functional generator has been raised to match the voltage 

level in the model network by amplifying the voltage level with the 

addition of integral circuit. In the second set up the complex recharge 

and withdrauls have been considered so the input is fed at  time to 

the six nodes and all nodes ( observation ) fed imultane~rusly efl switch-

ing is done to get superimposed effect of A.C. on D.C. level, so that 

complex effect on the potential level were studied. The responses show 

that the change is gradually loss with the space away from the input 

nodes. 
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CHAPTEF7-U I 

CONCLUSIONS 

In this work an electric analog model is used for simulating 

two dimensional subsurface flow of water.The pumping pattern and the 

recharge over a year is fed into the model in the form of a wave plot of 

current versus time. The response from the model is available in the form 

of a graphical relationship between voltage and time which is reinterpreted 

for the water level fluctuations in the aquifer. 

For the year 1972-73, the recharge from rainfall was considered 

at 30 and 35 percent. For these recharges the responses from the model 

simulated for the Varuna Basin were compared with the digital computer 

results using the water balance technique and the two are found to be in 

close aggrements (8). The recharge from rainfall by Analog model is found 

to be 3( from the comparison of field observation data. 

The study reveals that 

1) The accuracy and reliability of analog model is a matter of 

quality of the resistor and capacitors. The effects of finite difference 

approximation and the signal noise ratio. For a more comprehensive study 

of the aquifer of Varuna Basin, the grid size should be smaller. 

2) The accuracy of the response depend upon the value of trans-

missibility and storage coefficient of aquifer. In this study the value 

of storage and transmissibility are assumed to be uniform for the 

simplification oP the model construction. The values obtained from the 

short period pimp test data given am r, approximate idea, of S and T data of 

a long durational pump are model. It is suggested that the value of 

5 and T should be computed from long durational pump test data and the 

values of S and T at least for the district should be considered for 



future study so that better accuracy will be possible. 

3) The steady voltage level representing initial Water level 

at observation wells points should be maintained by supplying D.C. 

stabilized power supply ptiaaar source. 

4) During A.C. supply for feeding input data, it is found that 

the voltage level in the functional generator as well as in the nodel 

points of the model should be same otherwise the self discharge from 

the model will be expected. 

5) During the switching of the sd #alp rah board, the D.C. supply 

is switc hing disconnected so that the superimposition of A.C. input 

has been attained properly. 

6) In this model, 25 notes haveten fed sinultaneou,ly from the 

4 sets of functional generator assembly. It is proposed that individual 

set of functional generator assembly is preferred to control individual 

wave shaped, ammpli dtudes and simultaneous switchin-gwork. 

7) The response due to single shot is recorded at the surrounding 

nodal points of each input node. The study is conducted for one year 

only.The model can be used for different input data for different years. 

8) It is suggested that continuous operation of the input 

should be conducted for the study of response of aquifer after continuous 

recharge and uithdrawls for some years. Proper arrangement of recording 

devices will be necessary to study such response of the model. 

9) The advantage of the model is that it can be used for other 

basin just by replacing proper resistors and capacitors. 
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10) 	The model construction based on finite difference approximation 

is a self approximate method which can be improved in the model by consi-

dering the all boundary conditions life curved boundary of the aquifer 

of closer grid size etc. 

Ii) 	Curved boundary of the aquiforhas been considered by assining 

approximate square grids in stepwise which gives approximate value. Inflow 

from other adjascent aquifer hasnot been considered in this model during 

boundary approximation. 

12) Recharge from stream bed of the river Varuna and River Ganges 

has not been considered. These are to be considered for further study 

to get better approximation considering stream stage relationship. 

13) From the aquifer response graph obtained from the model 

indicates that the water level declining from October to flay as rainfall 

recharge was not sufficient to meet. It is proposed that the quantity of 

recharge by other means otter than rainfall is to be studied by feeding 

more positive current in the model. 

However, further works are necessary on this electric 

analog model considering data for longer periods. Detail study is 
S'~MQ 

necessary using smaller grids on the model. Also simulation study-be 

conducted to evaluate performance of this appro h. 
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Pur' TEST DATA 

to Well No.81 	Raghupur 	Discharge 	= 45,000 gph 

Spring Level 	29' - 51 
2 

Distance of 
observation wefl 150 ft. 

TABLE -- 1k 

Time in Time in days ' r2/t 'Water level ' Drawdoun ' DrawdoWn 
minute since bince pLM- ' ft2/m  ' 	in ft. 'in inches 'in ft. 
Punping 'ing started ' 102  r X 

f i r started * 	3 x 10` 
t p * f 1 

1 2 3 4 5 6 

ft. inch 

1 0.695 225 29 9.5 4 0.333 

2 1.39 112.5 30 1 7.5 0.625 

3 2.085 75.0 30 4 10.5 0.875 

4 29,78 56.25 30 5.5 12 1.0 

5 3.475 45.0 30 6.75 13.25 1.104 

6 4.16 37.5 30 8 14.5 1.2104 

7 4.865 32.14 30 9 , 15,5 1,291 

8 5.360 28.12 30 9.75 16.25 1.355 

9 6.255 25,0 30 10.25 16.75 1.396 

10 6,950 22..5 30 11 17,50 1.458 

12 8.340 18.76 31 0 18.50 1.542 

14 9.37 16.08 31 1.25 19.75 1.646 

16 11.11 14.07 31 2 29,50 1.709 

18 12.51 12.5 31 2.5 21.0 1.25 

20 13.9 11,25 31, 3,25 21.75 1.812 

25 17.375 9,0 31 4.25 22.75 1.895 

30 20,85 7.5 31 5.25 23.75 2.092 

35 24.325 6.43 31 6 24.50 2.082 
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1 	2 	3 	4 	5 	6 

40 27.80 5.62 31 6.5 25.0 2.142 

50 34.75 4.5 31 7 25.50 2.206 

60 41.7 3.74 31 8 26.50 2.25 

70 48.65 3.21 31 8.5 27.0 2.29 

80 55.6 2.81 31 9 27.50 2.335 

100 69.5 2.25 31 9.5 28,00 2.42 

120 83.4 1.87 31 10.5 29.0 2,92 

140 97.3 1.60 31 10.5 29,0 2, 52 

180 125.1 1.25 31 11.75 30.35 2.54 

220 152.9 1.02 32 0 30,50 2,56 

260 180.7 0.865 32 0.25 30.75 2.56 

320 222.4 0.703 32 0.75 30.75 2.56 

425 295.375 0.528 32 0.25 30.75 2.56 
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WELL NO.81 RAt 1PUR 	 By Thies Recovery Method 

Spring Level 	= 29' 

TAE 

	

ne in (t) min. ' (t')time in ' 	' Water 	'Residual 'Residual 
since Pumping 'minute since ' tf t' ' level in ' Draudown ' drawdcwn 
started 	'pumping star-' 	' ft. inch 'in inches ' in feet 

ted 	' 	' 	 I 	 t 

426 1 426,0 31 9 27.5 2,29 

427 2 213.5 31 6 24.5 2.04 

428 3 142.66 31 3 21.5 1.79 

429 4 17.25 30 4 16.5 1.375 

431 6 71.83 30 8 14.5,  1,208 

432 7 61.74 30 7 13.5 1.125 

433 8 54.12 30 6 12.5 1.041 

435 10 43.5 30 5 11.5 0.958 

437 12 36.41 30 4.5 11.0 0.917 

441 16 27.56 30 3.5 10.0 0,833 

445 20 22.25 30 2 8.5 0.708 

455 30 15.16 30 0 6.5 0.541 

465 40 11.62 28 11 5.5 0.458 

475 50 9,5 29 10 4.5 0,375 

485 60 8.08 29 9`.5 4.0 0.333 

505 80 6.31 29 8 2,5 0,208 

525 100 5.25 29 7.5 2.0 0.166 

555 130 4.27 29 6.75 1.25 0,104 

585 160 3.65 29 6.5 1.0 0.083 

645 220 2.93 29 6,75 0.75 0.062 

685 260 2.63 29 6.0 0.50 0.041 
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PUP TEST NO.2 

Tube Well No.25 (Banwaripur-Varanasi) SPRING LEVEL 12.22 Metre 
I3ELOW G.L. 

Discharge = 45,000 gph 

Distance between observation well & Pumped well 147 ft, 

TABLE 

Time in minute .Rime in Ijiter level in rawcbwn in Drawdown in 
since pupping tiaaysxl04  ' 1ietres(1) . 'Metres feet 

started ' 	' I 

1.0 0,695 12,.23 0.01 0.03281 

2.5 1.739 12,24 0.02 0.06562 

8.0 5.56 12.245 0.025 0.0821 

21,0 14.60 12.255 0,035 0.115 

32 22.24 12,270 0,05 0,1641 

40 27.8 12,285 0,065 0.2138 

50 34.78 12.295 0.075 0,2464 

-60 41,7 12.31 0.09 0,2958 

80 55,60 12.345 0.135 0.41 

000 69.55 12.385 0,165 0.541 

120 83.4 12.425 0.205 0.674 

1501 104.20 12.475 0.256 0,83? 

180 125.0 12.53 0.31 1.018 

210 146.0 12.58 0,36 1.182 

245 170.0 12.610 0,39 1,201 

300 208,4 12,675 0,455 1.495 

320 222.0 12.69 0.47 1.544 

346 246.2 12.71 0049 1.61 



RECLPATION TEST DATA 

Ttiall No.25 	 Spring Level = 12.22 m 

r = 147 ft (Distance of observation well) 

TABLE 0 

Time in minute Time in minutes 1 Water level Residual drau.. 
since pining 'since pumping 	' t,/.t' ' 	metres ' down in metres 
started (t) 'started t' 	t  t  

347 1 347.00 12.71 0.49 

371 25 14.85 12,70 0,48 

375 29 12.92 12.69 0,47 

377 31 12.17 12.68 0,46 

380 34 11.18 12.67 0.45 

387 41 9.44 12.65 0.43 

390 44 8.87 12.64 0.42 

395 49 8.06 12.52 0.393 

398 52 7.65 12.613 0.383 

402 56 7.17 12.59 0.37 

407 61 6.67 12.54 0.32 

416 70 5.95 12.51 0.29 

440 94 4.68 12.49 0.27 

455 1W 4,17 12.47 0,25 

480 134 3.91 12,45 0,23 

505 1 59 3.18 12.425 0,205 

580 234 2,41 12.355 0,135 

640 294 2.18 12.32 0.10 
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TABLE - I 

PL4NIMETER READING WITH RESPECT TO RAINC,AUCE STATION POLYGON OF VARWA BASIN 

S1.Na. Name of Station Planimeter Proportions of Actual Area Nodal. Area 
Area 	Area 	 in 107  m2  

2 	 3 	4 	 5 	6 

1 H 0.6 0.1200 31 x 107  

2 P 0.9 0.1800 45.0x107  
3 MS 1.04 0.2070 54.Ox107  

4 MM 1.08 6.2160 55.8x107  

5 , G 1.07 0.2145 55.5x107  

6.  M 0.307 0.0625 16.95x10 

GRAND TOTAL (258.25x107  ) 

7.  1(P) 0.410 0.0705 18.2x107  

8.  2(P) 0,340 0.0582 15 x107  

9.  2(115) 0,035 0.006 1.55x107  

10.  3(15) 0.140 0.024 6.2 x107  

11.  3(P) 0.041 0.0070 0.18 x 107  

12.  4(H) 0.081 0.0139 3.6 x 107  

13.  4(P) 0.025 0.0041 0.106x107  

14.  5(H) 0.22 0.0377 9.75x107  

15.  s(ms) 0.073 0..0125 3.34 x 107  

16.  5(P) 0.010 0.0017 0.44 x 107  

17.  6(MS) 0.29 0.0477 12.8x107  

18.  6(P) 0.075 0.0128 3.3 x107  

19.  7(15) 0.36 0.0616 15.8x1.07  

20.  8(115) 0.14 0.024 6.2007  

16.5 

6.38 

3.7 

13,4 

16.1 

12.85 
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Table I aantd.. . 

1 2 3 4 5 6 

21.  8(m) 0.015 0.025? 6.65 x 1© 

22.  9(m) 0.014 0.0024 0.62x10?  
4,47 

23.  9(t1) 0.056 0.0097 0.25x107  4.47 

24.  9 (H) 0.081 0.0134 3.6x107  

2S. 10(H) 0.24 0.041 8.8x107  

26.  10(m) 0.02 0'.0034 f .1061O 
8.9 

27.  11(H) 0.05 0.0085 4.22x107  
• 17.92 

28.  11(rss) d.404 -d}0685 17,7x107  

291 , 12(f'PI) 0.30 0,0514 13.3x107  

3d. 12(115) 
• 

0.011 0.0018 0.465107 
13.76 

31, 13(m) 0,36 0.061 15.8x107  

32. 14(r) 0.12 0.0205 
7 

5.3 x10 

33, 14(1 	1) 0,014 0,0024 0,62x107  
5.92 

34. 15(11) 0.109 0.0187 4.83x107  

35, 16(11) 0.014 0,0024 0,62x107  

45.  
46.  
47.  
48, 

16(0) 

16(1111) 

17 (11M) 

'18(mm) 

18(G) 

19(G) 

20(G) 

20(111) 

21(C) 

22(G) 
23(G) 
24(G) 
25(G) 

0.031 0.0053 

0J151 0.026 

0,36 0.061 

0.0o 0.0154 

0.12 0.0205 

	

0.156 
	0,0266 

	

0.082 
	

0.0145 

	

0.034 
	

0.0058 

	

0.146 
	0.025 

	

0.28 
	0.048 

	

0.031 
	

0, 053 

	

0,21 
	

0.035 

	

0.103 
	

0.0176 

0.137x107  

6o7 x107  

15.8x107  

3.98x107  

5.3 x107  

6.9 x.107  

3.76x107  

0.1Sx107  

6.46x107  

12,4x107  
13.7x10?  
9.05 x107  

4.55 x107  

36 

,37. 

30, 

39, 

40.  
41.  

42.  

43.  

7.45 

9,28 

3.91 
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TABLE - 2 

PLANIMETER READING OF NODAL POLY GONS(0ISTRICT WISE) 

S.No. Name of Station PlanSmeter Proportions Actual aroa Nodal area 
Reading of Area rn2  

2 3 4 5 6 

1 5 ALLAH (.213 0.2610 11.60 
13.4 

2 5 VARA di.099 0.0380 2.80 

. 3. 10 ALLA 0.037 0.0454 2.01 
8.9 

4. 10 VARA 0.17 0.0655 0,099 

5. 11 VARA 0.15 0.0578 5.90 
17.92 

6. 11 JA UN 0.11 0.0418 12.02 

7. 13 JAUN 0.240 0.0912 11.2 
15.7 

8. 13 VARA 0.11 0.0425 4.6 

9. 16 VARA 0.12 0.0464 4.67 
7.45 

10. 16 JAUN 0.056 0,213 2.88 
11. 18 VARA 0.11 0.0635 6.40 

8.48 
12, 18 3AU 0.045 0.0168 1.88 
13. 6 ALLAH 0.05 0.0612 3.3 

16.1 
14. 6 JAUN 0.3 0.114 12.8 

15. 3 3AUN 0.181 0.0686 0.380 6.38 

16. 7 JAUN [x.36 ' . 0.137 15.8 15.8 

17. 8 3AUN 0.155 0.056 12.85 12.85 

18. 2 3AUN 0.375 0.1426 16.9 16.9 

19. 1 ALLAH (1.41 0.502 18.2 18.2 

20. 4 ALLAH 0.106 0.138 3,7 3.7 

21. 12 3AUN 0.311 0.118 13.76 13.76 

22. 14 VARA 0.134 0.0517 5.92 5.92 
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Table 2 Gontd.. 

1 2 3 4 5 6 

23. 15 VARA 0.109 0.042 4.83 4.83 

24. 9 VARA 0.07 0.027 4.47 4.47 

25. 17 VARA 0.36 0.139 .15.80 15.80 
26. 19 #IARA 0.156 0.0602 6.9 6.9 
27. 20 VARA 0.034 0.0131 3,91 3.91 

28, 21 VARA 0.146 0.0562 6.46 6.46 

29. 22IARA 0.28 0.108 12.40 12.40 

30. 23 VARA 0.031 0.01198 13.7 13.? 

31. 24 VARA 0,21 0.081 9,05 9.05 

32. 25 VARA 0.103 0.0393 4.55 4.55 
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