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1.0 INTRODUCTION

Groundwater remzins in dynamic condition and the block
boundaries do not form the hydrologic boundaries. To carry
out groundwater balance, considering block boundaries as bowr-
daries would need intense monitoring of  water
level along the periphery of each block or district,. As the
continuous monitoring of water level along the boundary of the
block do not exist, a methodology has been developed to assess
the monthly groundwater availability in a blesk considering the
inflowé due to abstractions and outflows due to recharge at
different points.

The groundwater potential of an area depends not only on
the recharge in the area, but also on the inflow and outflow in
that zone. In the present method, these quantities have also
been considered keeping the dynamic nature of the groundwater
in mind,

2.0 ESTIMATION OF RECHARGE AND DRART

The details of the water balance components which are con-

sidered in the groundwater assessment are described below:

Z.,1 Monsoon Recharge

a) Monsoon Recharge due to rainfall




s

Let n be the total nuuber of blocks in the study area.

considering the 1°% block, let

(i) Geographical arca of the ith bvlock = A(i)

]
(ii) Total number of wells in the itﬂ block = P

g
(iii)Maximum depth to water table in jth year at p B ye1l
= amax,p(l’a) .
(iv) Minimum depth to water table in jth vear at p well
= bmin,p(l’ J)
(v) Period for which the groundwater hydrographs are availa-
ble = N years
The temporal average maximui depth to water table below ground

level at pth well has been computed as:

T () = fmaxgﬁﬁéil)ffmaxlp(i 21° i QX¢p£i;§l
max,p i N

The temporal average minimum depth to water table below ground

level at pth well has been computed as:

A Ppin,ptis D #Ppsn {1020+ +0nsy R Gl

bmin,p 4 N

]

The average temporal water table fluctuation at pth well in the

ith block has been computed as:

cp(i) = a (85 &= B .. Li)

max,p min,p

The average spatial and temporal water table fluctuation in the

ith block which has P number of wells has been computed as:

P
Eldy = p£1 cp(i)/P
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(vi)
(vii)
(viii)
(ix)

(x)

NNM( 1)

Non-—-monsoon rain.all in ith block
Yearly rainfall in the ith block = YR(1i)

Monsoon rainfall in the ith block = I(i)

Total draft - DT

Gross kharif draft (ham), which has been assumed to be

th

0.20Dg, in the i ™ block = (1)

The monsoon recharge due to rainfall only has been found as:

Monsoon Recharge due to rainfall

= [A(1).Y(1).C(1)+D(1)-E(1)-F(1)-G(1)]

in which
: bl . " .Eh

Y1) = gpecific yield of the i™ block

B(1i) = recharge due to canal seepage during monsoon 1in the
ith block

F(1i) = Recharge due to suriace water irrigation during
monsson

G(1i)

= 0.3D(1)

This recharge can be considered at a point at the centre

of the block.

b)

E(1)

= Recharge due to groundwater irrigation during monsoon
Monsoon Canal Seepage
This quantity is given by
= length of the canal (m). wetted perimeter of the canal
. 6 . h ] .
(m) . bs/lo . running days of canal during monsoon

= Seepage factor for canals = 15 to 25 ham/dayfloésq.ma»,
of wetted pcrimeter
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It can be taken at the centre of the canal command area
for mathematical simplicity,
c) Monsoon Recharpge due to irrigation

This recharge can be calculated as
F(i) = Area irripatced (ha), Average water depth{m).f(1i)/100
where £(i) is the percentage infiltration factor., The recharge
can be considered at the centre of the block,

Monsoon recharge is divided into four monsoon months
accorcing to the rainfall in each month,

2.2 Non-monsoon Recharge

m

T - : . th '
) Non-monsoon rainfall recharge irom the i block has bLeen
estimated using the following relation:
‘ o . SRR o . th
Non~-monsoon rainfall recharge from the i block
= A(1) NNM(1i).£(1)/100
It can be taken at the centre of the block.
b) Recharge from Surface Sources
(i) Non-monsoon recharge From Canals
The recharge from canals during non-monsoon periosd has
been computed in the following manners:
Non-mons~on recharze from canals = Length of the canal(m).
wetted perimeter(m).
F_/10%,running days
ddring non--monsoon
whicih can be considered at the centre of canal command area.
(dd) Recharge From Surface Water Irrigation During Non-monsoon
The recharge from surface water irrigation depends upon

crop type. It has been computed as:




Secepage from surface water irrigation during non-monsoon
= Area irrigated(ha).Average water depth(m),ft/loc
Yy Tt can be taken at centre of canal command area because
irrigation during non-monsoon is done only in canal command area,
Non-monsoon recharge may be sub divided into 8 non-monsocn
months, if monthly data is not available.
D3 Recharge from tanks

Let the water spread area of the g oH tank(ha) = At(i)

Seepage factor for the i®™ tank in the block = ft(i)
(cm/year)
Duration of storage in the iJCh tank in days = ds(i)
< Totali number of tanks = Ny
Recﬁirge from all the tanks in the pth block
! iil A (i).£,/100.d (1)/365
which is taken at the centre of block,
2.4 Potential Recharge
a) Recharge from llood Prone Areas
Let the flooded area during the 1™ £100d = Af(i)
in a year in pth block (ha)
Seepage factor for the flsoded area(cm/year) = f
Duration of £iood dhye fer fhe 1°0 £loo8 = d(i)
Total number of flopd ng = Ny
Recharge from the flood area = L Af(i).f/loo.d(i)/365
s b) Recharge from Shallow Water Tablé:ireas

Potential recharge from shallow water table areas (ham)



has been computed as (permissible depth to water table-premon-
soon depth to water table), A'(i).y(i), where, A'(i) 1is the
o _ RPCT ™— ;

b 5 area in the i block in which water table i wkin Dm depth °
below ground level, The permissible depth to water table has
been taken as Pm. The total potential recharge is summnation
of item (a) and (b), and is considered at the centre of the
block. FPotential recharge may be added to those months when
the flood occurs.

The total annual recharge = Monsoon Recharge + Non--
monsoon Recharge + Recharge from Tanks + Potential

Recharge,

Check on VWater Table Fluctuation Assessment:

<
Monsoon rainfall recharge = Monsoon recharge computed by water
table fluctuation approach (ham)
seepage from canals and surface
water irrigation during monsoon{ham).
Monsoon rainfall recharge calculated by ad-hoc norms (ham)
= Geographical area(ha).IMD normal
monsoon rainfall(m).recharge
factor/100
let
a = (monsoon rainfall recharge computed by water table
fluctuation approach - monsoon rainfall recharge
computed by ad-hoc method - gross kharif draft)
Percentage variation = a/monsoon rainfall recharge on ad-hoc
4 norms. 100

If percentage variation <20, water table fluctuation approach




has been recommended for asscssment of monsoon rainfall recharge

If percentage variation >20, ad-hoc norms approach has been

recomryended for assessment 2f monsoon rainfall recherge,
3.0 STATMENT OF THE PROELEM

It is intenced to find the temporal groundwater availa-
bility in a particular area considering the dynamic nature of
groundwater, i,e, all the inflows from the adjacent aquifers
and outflows to the adjacent aquifers cdue to withdrawal and
recharge of groundwater are taken into account.

The monthly availability of groundwater is to be assesss

using the given recharge and withdrawal data.
3«1 METHODOLOGY

The area of the district is approximated by circular
zones, The centre of the each circle defines a local origin of
a polar co-ordinate system (Fig.l). Let the racius of the oir-
cular zone be R, Let Ai be an abstraction point whose polay
co~ordinates are (r.,@i). The iaflow to the aquifer from the
adjacent area across the circle at time t due to a continuous

withdrawal at unit rate at point Ai is given by

BT Tk il M.
t Sn. i
> -
K(r;,@,R,t) =) [ & N P e i Cos(6,~6) Jdcde
Qo TEAR +Ty «2{r Cos(@, m@))

PR

T
P

= transmigsivity of the aguifer
= storage coefficient

£0;
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Integrating with reéspect to

7" Rde [R-riCos(e;-0)]

K(r.,6.,R,t) = [ de - R L
S o . [R?+r2m?Rr.Cos(@.»@)]
i i 3
<
ot C. -
[t e =C EJ(%)J
where
R24r?-2Rr, Cos (6. ~0)
7 AN S 1,13_-” Wy | L
C e
and El(ft-) = 'G-“' du

P
C
t
If unit withdrawal takes place at the first unit tine,

and no withdrawal after that, the flow at the end of nth time

step, across the cirele, dig given by

éIi(n) = Ki(ri,gi,R,n)-Ki(ri,@i,Kyn—l)
and
8}1(1) = Ki(ri,@i,R,l)

The inflow at the end of nth time-step across the circle

due to varying abstraction is given by

It

QPI(n) = Qpi("")gli(n"y"rl)

y=1

Qpi(y) ¢ quantity of withdrawal during yth time-step at ith

point.




If there are M no. of abstraction points, then total

inflow due to withdrawal is ewpressed by

M n

Similarly, total outilow Irom the circular zone due to
AR T L .
recharge ij(y) during v = time-ster at N points of recharge at
e el R e o A%
the end of n time--step is
N

Qunln) = %
(0 551 4

o1

) .
1 QRJ‘(Y)“OJ(n‘Y"l)

If the number of abstraction points and recharge points
inside the circular zone are MC and NC, respectively, then the

” 5 ’ y w B :
amount of draft and recharge at tiie end of n time-step will

be T
Ne n

QP(n) C QP.(y), respectively.
3=l y=1 %

The groundwater availability in that particular circular
)

W v
zone at the end of n time-~-step can be expressed by

GW(n) = QR(n)—QP(n)-QRO(n)+QPI(n)

O% Ne n N n
B, =1 yil Ty T 15 y=1 Rl
i -

-, jil yil GRJ(Y)§OJ(n"Y+1)
M n




= [

T

which is the requirsd solution to the problem.
Similar solutions for all the circular zones, by which
1~

the area is approximated, is obtained and the algebraic addition

of all these will give the required groundwater availability of

the district,; or blocka.
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Fig.1. Geometry of Circular Zone for the Model
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Ground Water BAvazilability Study

CHARACTER *15 BLNAME

CHARACTER *7 MONTH

CHARACTER *10 INPUT,OUTPUT
DIMENSION RABST(50),THABST(E0)
1QPC50,20) »QR(50,20) ,SUMCP(20)
rSUMAROCZC) A CAVAILCZC) »CELP(S

A

ELAREACZO)

CrDELRCSC0,20),0DELRF(SCA2C) o MONTH(Z

J,BLWATER(C2D)

WRITE (5,320)

FORMATC(4X," INPUT FILE NAME:
tADC(S5,29)INPUT

n

WRITECS5,31)

FORMAT (4%, “OUTPUT FILE NAME:
READC(S,£9)0UTPUT

FORMAT(A)
OPENCUNIT=1,FILE=INPUT,STATUS=
OPENCUNIT=2,FILE=0UTPUT,STATUS=
READC1-,*INABSTP,NRECHEANTIME,NF
KEADCI»*)R,T-FRILAVFLANBL
KRaradius ©Tf the zone
Ti:transmissivity of the zguifer
PHl:storage ccefficiert
PPHI=PRI*100.

PAI=4.*ATANCT )

AREA=PAI*R*R/1000000.
EADCTA46) CMONTHON) 2 N=1-,NTIME)
Db K=T,NBEL

READCT1,42)BLNAME(K) ,ELAREACK)
NODO

EADCT »%*) (RABST(I),1I=
EADCT, %) (THABST(I) I
DO 1 1I=NABSTP
THABST(I)=THAE
CONTINUE
READCT-*)(RRECH(I),I=1,NRECHP)
READCT2%) (THRECH(I)»I=1,NRECHP
00 £ I=1T,NRECHF
THRECHC(I)=THRECH(I)*PAI/180.
CONTINUE

DO I=1,NABSTP
READCT-,%)(QPCI,J) »J=1,NTIME)
ceNODDO

SUM1=0

sUMz=U

=

m o

<

ABSTP)

12N
=1,NABSTR)

i =)

L

STCI)*PAI/180.

Ir (“!

00 50 I=NFPC,NLPC
00 51 J=1.,4
SUMI=SUMT+QP(I,J)
CONTINUE

R0

2 J=5,12

Ui

SUMe=5UMc+QAP(1,4)
C.JI\T.LNLL
CONTINUE
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&I CUNTLANU
WRITE(Z2,47)




sl zllalsia)

DO 9& N=1,NTIME

ELWATERCN)=GAVAILCN)

BLWATER(N)=BLWATER(N)*BLAREACK)/AREA

WRITECZ,44)MONTHCN)  ELWATERC(N)

CONTINUE

WRITEC2,47)

CONTINUE

FORMATCX 2 I12-Xs 052X, F8.3,4(2%X,E1043))
FURMATCITx2"Cmem) “28x, " Ceum) ", 9%, " Coum) “»9%x, " Ccum) “,9X%X, “Ccum)*//)
FORMAT (X, "N 72Xs “MONTE® »2X-,"WATER BALANCE®,3X,“RECHARGE®,5X,
1 "WITHDRAWAL  »7Xs"0QUTFLOW  #7X, "INFLOW™)

FORMAT (X, "Average water level fluctuation=",X,F5.2,%2"Mm"~2/)
FORMAT (29X, "Areas"XsFl.2+sXr " sgakma“2/)

FORMAT(14X»"Storage coefficient="sX,F5.3,%Xs"percent®,/)
FORMAT(19%x» " Transmissivity="sX,Fr.2,X,"sqm/month”,/)

FORMAT (17X-"Monsoon recherge=’XsF7a3sXs " mem® /)
FORMAT (14X, “Necnmonscon recharge="X,F7.3,%X, "mem’»/)
FORMAT (20X, "Monscon draft="XsF7.2,Xe"mem /)
FORMATC17Xs"Nenmonsoon draft=’2XsF7.32Xs"mem 2/)

FURMAT(2X, “TEMPORAL GROUNDWATER AVAILABILITY:®)
FORMATC2X234( %" ), /)

FORMATC(A1C,F8.2)

FORMAT (26X ,"BLOCK: ", X»,A10)

FORMAT (24X+sA7,4X,F10.5)

FORMAT (24X, “Month’,5X, "KATER BALANCE(in mem)“,/)
FCRMAT(12485)

FORMAT (/)

FORMAT(25X,18("*"))

STOP

END

%o ok do de d ko de de ook e kb ok Jr bk kK ok ok Tk ek W gk e o o R ke ok ko ok %k ok ke kg ke e ke ok ok ok ok gk ke ok b ke ke ke ke ek

Numerical Intecration
AKX KX XARAA XA A AR A AR A A AKX AR A AT ARA A A AT A AR F A AR AR A AR AT A AT A A A Ak hkeh ik

SUBROUTINE DEL(THETA-LAR,AJ,R,T,PRILRES)
PAI=4.*ATANCT.)

N=100

A=U.

B=2.*%PAL

H=8/FLOAT (N)

CALL EVAL(A,THETA,AAR,AEJ, R, TAPHIL,FINAL)
FA=FINAL

CALL EVAL(Bs,THETA-AARAAJ,RsTA,PHI,FINAL)
FE=FINAL

SUM=FA+FB

NN=N-1

00 10 K=1,NN

X=A+FLOAT(K) xk

CALL EVALC(X,THETA,AAR,AJ,R,T,PHI,FINAL)
SUM=SUM+Z2.*FINAL

CONTINUE

RES=H*SUM/2,

RETURN

cCND
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18,18,12,8+,186
412500290004 »0a0277,3.77 ¢4
JUN JUL AUG SEP OCT NOVY DEC JAN FEB MAR APR MAY JUN
LALPUR 1075.6

erJCDHPbK 1084 .2

KALAVAD 1244.5

JAMNAGAR 1226.¢2
107750.,850004,5575022,530004245750.747750.+,532500.,34750<-,205004-,31500x+#
3125022277500 7,21000.,23500.,2C250.,26500.,48750.,71000.
17701945, 180.5,185.07,217252222:07264.57175.0,180.0,260:5,142.5,137.5¢
8240,69a0,260,347a5,42.0,60a.5
1077504,850004,557504#530004,4575040b4775C04,53500.,36750.,20500.,315004~
531250727750+, 21000723500.-202504-26500.-48750.,71000.
177a0219425,180.5,185.0,217e52222:0,264.5,1723:0,180.0,260.5-,142.5,137:57
B82e0,69a0,26a0,347 57,420,605

0aB845,0u4897+,06553/,04885,1586,1a588,1.58%,1.586,1.586,1.586,1.586,1.586,0.845
3587224990, 2.087,3a325,5.998,5.598+,5.998,5.998,5.998,5.998,5.998,5. 99414.58?
020s0e0,020,0.0,0.0,0.0,040,0.0+,0.0,0.0,0.0,C.0,0.0
1e45571a197+0u913,123587,20455,2:65522:458720455,2a455720455,24455+2:45571e455
0a0,020,040,0.0,040,0.0,0.0,Cua0-,Ca0,0.0,0e0,0.0,040
20348284392, 34156428.217T28.558,8,558,8.558,8,558,8.558,8.558,8.558,8,558,5.348
0e0,0.0,0.0,0+0,0.0,0.0+,C20+0.02C20,020202020:0-,0.0

Ug0s0+0+,Ce0,0.0,0.0,0.0,0.040.0,C20,0.0,0.0,0.0,0.0

34083734156, 226649732a15126e32126.32176.32176:321764321,6.221764321,64321,234683
44080r,4eC5775462773.848,84113,8.113,8.113,8.113,84113,8.113,8.113,8.113, 4 680

0e0r0a0r020,040,0:0,0.0,0:0,0:0-0:0,0:0,0:0,0:0,0.0
0:0,0.0,0u40,0.0,040,0a0+,0.0,0.0,sC0.0,0.0,0.0-,0.0-0.0
Fabblbr4.035,3.89004a75529u165:90165,90165,94165,94185,%94716529.165+,9+.165,5.644
0.0,0.0,0.0,0.0,0a0r,000,0a0,0.0,0:0,0:0,0.0-,040-,040
0e0,0:0,040+,0a0-,040,040,0.0-0e0+s040,0:0,0a0,C.0-040

34028, 3a10%72a01572203000a024,6.024,6.024,6.028,6.024+56.026,6.024,6.024,2.628
eblUD/,2.320,12185,2001924.0064s44004s4.066s6.0¢04,6.064,4.086,4.064,4.064,2.605
Da?36s0a65570ab0670e684321a25T, 128 1,1a2517122515 12251+ <280 71:251712250720.736
2ab1371492375:12372:22370.0,0.0,0:0,8.0,0u0,040,00-,040-040
22393732583+6.703,2.923,0e0+0.0+C40,040+0.0,0.0,0.0,0.0-C40
1¢438,14638,14438,1.0438,0u637+0.63720.637,0.637,0.6837,0.637,0.637,0.637,C.

1.828,3.248,6.818,2.378,040,0.0,0e0+,0.0,0.0,0.0,040,0.0,C040
L 10C 1 NG, 1.10941.710970.8,0.8,008,0.8,0.8,0.8,0.8,0.8-0.0

| 7 3.08 5.9067, w4250, 0:,0,0,0.0070u0,0.0,8.070.0,0.0-C.0
0.388,0.388,0.388,0.388,0e0,0.0,0.0+,0.0,0.0,0.0,0.0,0.0,C.0

U.SB&:C.&JOIU.JJJIL.356:0 2T7T5,0.275,0.275,0.275,0.275+0.275,0.275,027520.0
1e863,3.27326.303,53.293+0.0,0.0+,.0,0.0,0.0-0.0,0.0,0.0,€.0
203937 02014325.32378eT13700,0.0+0.0,0:0,0.0,0.0,0.0,0.0,€.0
Ue995,0e995,0a995,00955,0u665,0.685,0.0665,04665,0.4665,0:4665,0.665,0.665,0.0
;-?Ud’E (UBr2arflra ?L)1;14431;-“45’;-443’3-443’5-&“31J|4451¢-4f313-44415u0
«395,5:283,102353,3.633,040,0.0,00,0.0,C40,0.0,0.0,0.0-,0.0
1#443!1 G450 1 cbteBrN a A 801 a TT 271 a7 027V a Tl e Va1 erlal?2s] 22,272,147 2700
Da5670a56,0a56,0u56,124921.264971:2697122697214269771.249+14249,1.269,0.0
12568,2.868,5.518,4.458,0.0,0.0,C.0,0:0,0.0,0.0-,0.0,0.0,0.0
0a731724241,10047173e831+0e0,0.0,0e0,0.0,0.0,0.0-,0.0,0.0,C040
3a848,5:058,10a178,5.228,040,C.0,0.0-,0.0+Ce0-,0.0,0.0,0.0-0.0
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