ESTIMATION OF ARTIFICIAL RECHARGE

INTRODUCTIONM

1t has neen r=cecgnized that aguitfers are not oniy spurcese -~ water
but also storage reserveoirs that require proper manage~s—t for
efficient use. With respect e managem=snt,an aquilter G oe
considered az a reservoir for long “erm storage arti<igdally
produced and a5 a water quality ceanerel tooi beczuse o F its
filtering characteristic that reclaims artifizially ~z=zharged
waste water. ~rtificial recharge may be viewed 2% an sugTe~tation
of the natural mc.ément of surface water into unI=*ground
farmation by =ome method of constructic , Dy surrace SprEsfinhg ofF
water or by a-tificially changing natur:l condizions. Toes2 are
two aspects associated with the a-sessmernr - o ansifisial
recharge.They are: assessment of the water actuaslly r2charcsd and
availability =f the rechargsd water i% the zone of interast j=

different time. In this lecture a method has heen desc-.o2ed o

predict quanmtity of weter recharged firom & SshHreaaing ZEZLN A
method has also been presented to find the temporal arlzTlon £
the fraction 2f the recharged quantities availaple irn 2 zircular
zone around the recharge basin.

STATEMENT OF THE PROBLEM

Schematic sec-ion and plan view of a spreading basin _znd Lhe
groundwater aostraction structures are shown in Figure 1. w~ater 1s

recharged through the basin during a certain period of fime. The
groundwater 1s withdrawn through abstroction wells a
figure. Continuous monitoring of grouncwater level 1s dene at an

opDservation  well. L ls reEyULn o w ' PREl SuETLeA s &

roundwater ~=charged through the basin and 1its distributl
2 g

i)
J
b3
.
ot
|

space and time making use of the observed groundwater leve.s.

METHODOLOGY

The following assumptions have been mace in the analysis:

1) The time parameter is discrete .The time span has been discre-
tised by uniform time—-steps.

ii) Within each time-step the recharge rate 1s constant obut it

varies from time-step to time-step.

Lecture delivered by G.C.Mishra,Scientist,NIH,Roorkee,U.F.

L8-1




NISYH ONIGVIHddS V 40 NOILOES ONV NVTId DILVWAHOS 1 DI

e

RIS ER

X =K
; ASVE  SNOIAYAIINT -

112M co:oimmaoL

oM Buidwng—t

abioyoal Jo  Dpaly

lam buiduing o

/ |

& 20

]2/ UOIDAI3SqO

(3U0 1)
J19m burduing
J1am buiduing

\O

(3uo ,.:m:

1em buidwingy \®

b T e P T

L8-2



Hantush(1557) developed the following approximate analvtical
expression for zhe rise and fall of the water table in 2n infinite

unconfined aqui-=2r i1n response to a uniform continuous ~esrcolation

from a rectangulzr spreading basin :
Z 2 v h t T a+x D+y S a3+ By, o
B® = RS & JE L 4 Bl S Elh y 3e v 8 R ek
Q ez |2 T &
- Y a5y By
SR S S S SRR O S LR - S
& = G C
z W R f
= h*™ 4 ’r_;__ = e E o anfie OE ) % R 5 5 |
0 > ;
" et
in which,
h = weighted mezn of the depth of saturation during +flc« period
W = constant ratiz2 of percolaticon rer unit area,
a = half of the length of the rectangular strip along t-= axis
R = halt o+ 1Ihe width of rectangular strip along the y sirection,
¢ = storage coe-<“icient of the aguifer,
k = coefficient 3f permeability,
t = time measursz since the onset of recharge,
i
Fip,g) = mf erf:a/Yz ).erfig/¥z ).dz
: s :
o 2 o
ert ( X )= S e du,and
[0 .
=2 i ¢k K g8 )
Let h={h + 9. )72 From Hantush’s solution, the +rise in
F
watertable is g./en by the following egquation:
w h ot
s (x £y = ¥ * £
W . L;_L‘ (h"'"i ) ‘\/s
= wht £ k
o X3y /
4 ¢ T(hrh 774] RS
Y i -
= {
T 7 FOR oV ) (2
For contir.ous recharge at unit rate the rise in watertable

1s given by:

SL(K,‘/,t) = —;:-;r et BRI 5

Let the watsrtable rise due to continuous recharge at unit
rate be designat=d as K(x,y,t). If recharge takes place at wunit

rate during the <irst unit time-step and no recharge after that,

4

the rise at the =znd of nth unit time step,ib(x,y,n),is given by:
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Sy TKavan) = Kixsy,n) = Kix, vy ,m—12,and .o (4)
Eb oYy ] 0 | R 0 )
If the rechargs varies with time , the rise due to recharge alone
, th . . . ” L =g
at ths end ot n unit time step is given by(Morel Sevioux,1273):
N
Srff,y.h =sL?£y éb(x,y,n—y+i) e G
41'(_1
: e 3 \ . th : !
in which w () is the recharge rate during the  unit time step.
The drawczwn at the observation well dus to time wvariant
pumping at sevsral mells 1s given by (Morel —-Sesytoux 1973):
P n
s (x,y,n} = b2 B8 (o, . CRmgetl ) s b
a] . 1 i ]
11.:1 5:1.
in which ,
P is the total number _of wells,
!"{' [y
1 o o3 1
S im) = —— E, ¢ ) - B, {—m—— ]
< . Amy L 2 : - g
wi AT 1'% 7 m 112 A (m —1)
3= T/,
T = tranemissivity of the acuifer, and
# = storaz= coefficient .
i . . R : = # : -
r. = distarce of the 1 pumping well from the coservation
1
point ,and
(8 4] -
E_{X) = a7 I
i , - du ,an exponential integral.
\
The resulzfant water table rise due to recharge and pumping
i1s given by
n
i v, = '}«:‘:‘_‘ Wi f-b{ "SR VI ,--+1|
=4
P m
.- ™ Lanl M ¢ oa £ a1 ) =
o ST AR 5 el ) 2
; ) i 1
1=1 =1
Splitting the =summation into two parts and rearranging
=1
winm) = L six,y,n)i= §T W) ﬁb(x,y,n—r+1)
?»':1
P n
* T Q. 2 0 S m — etk 4) DS (R L)
. i wi b
i=1 yp=1
ais w49
i
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Thus knowing six

win)

¥ T can be ¥9gwd z.CcCcession
starting from the first time—sfep for known withdraws rates,
@.. Chd

After knowing the guantities of watsr recharged by =-2 basin
at different time its spatial and temporal availabilit in  the
agquiter can be zssessed as follows:

Let 1t be requilred tc ascertain the amount 2§ water
available within a circular zone o0of radius R benszth the
rectangular recharge basin at time t.

For large vziue of R the basin can be regarded 2z a point
source.lf recharge takes place at unit rate per uvoit time
coqtinuoualy,the drawdown at a distance B from,a point =szurce is

SUR,ET = === F =i

4 u
Qz- (10}
IAT o 5 g
and the gradient is giver by 92

—gf—mz— 2~{TTR e 4pt sam A1)
The guantity of water leaving the circular zone of radi.s R per
unit time is

Apg(t) = = 27RT m—_gf‘ﬁ’t} v n i BB
Replacing the exgression of Ar and simpliifying, the rate zt which
water leaves the circular zone is found tc be

Qppft) = e_TE S =

The guantity of water which has left the rzone of -adius R
up to time t can be =xpressed as

Q@ «t) = g5 e 4787 ..dT

RO 0 =
B 2 o
=t e 47t - an Ei ‘Zﬁf ) vaa $14)
The gquantity of water which is retained within the zone o+ radius
R up to time t is given by
_.ﬁz R RZ

GRR(t) =t - t e 47/38 an E. <4ﬁt ) & s GEE0

[f recharge at unit rate per unit time takes place during the
first unit time-step and no recharge thereafter, the cumulative
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flows, which would leave the zone of radius R up tc the end of

time-step n can be expressed as:

& (n)y = Q@ {n) =-Q (m=1 1
Cann RO RO
RZ/capn) _ R° RZ
. o e = e
e 4732 hl : 431
R? 3¢ ) R” R”
—RE/{4p3(n-1)) ’ =
. S B L. (16)
in—id & t e BTy
R/ (413) RZ R”
& ) = = WA . D, (e ) wxs S 570
“caro ! - aF Bi Tap

Gimilarly the cumulative quantity of water which is retained

in the zone with radius R up to the end of time step n 1s

5 T RZ/¢apm) T RS
Scars " ' BHES a3 vi G
7 . ] e,
~RS/(A3(N-1)2 R ) R
4 e i 1 - e i e ¥ —
+{n—1) e f a7 .EL' FAh—1) i (18)
2 B 2
= 473 =
{“‘t‘UHI,'g( 1y = 1 = & i J(-) : ETH £, E]Q }
. i [ c. (19

1f recharge through the basin takes place at a rate w(y), the

quantibties of water that would be retained within zone of radius R

Eh ; : :
up o - m unit time-step 1s
n

Bt = B wiy) & o lam bt
i =1 Gk ... (20)

S ! tt ] : :
and the guantities which have left up to n unit time-step is:

(]
Q. ) = ] 5 } Y41 ) .-.(21)
RU(r1 g  : w () CGRD(” y+1
RESUL TS AND RISCUSSTON
Results have been presented with an aim to analyse the dissipation
of recharged water in the agquifer 1in space and time. For this

purpose, the recharge basin has been assumed to be a point source.

[ recharge takes place during the first unit time—-step at  unit

rate per unit time period, the guantity of waler s Lhalt would be
y : . N th .
retained within a zone of radius 1000 m. at the end o1 n unit

: . ] ; e , I : .
time step ,is shown in Fi1g.2 for T= 500 m~ per day and tor varlious
values of # -The quantities of recharged water retained  are

%, For

presented: by the discrete kernel coefficients *Uqgﬁ(n‘
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ol pmveonaes et baarge o ab o oaoyit o ale e v | Uvine, (TR cuimuilat ive
grearn ba b deva of f Tow Ehiab won Lol Livawe Ui ¢ trd el 2o ol i
LOOOMm. , have been shown 1n Fig.b5. The discrete kernel coefficients
are the properties of the linear system, using whigch the response
for time wvariant recharge could be obtained. The quantities
avall—-able within a zone of radius R,is governed by the aquifer
para — meters and the radiue R .1t could be seen from Fig.3 that
the slope of the graph of cumulative flow retained versus time,
decreases with time ,indicating that, under continuous recharge,
fraction of the recharged water retained in & 2one,decreases with
time.For higher storage coefficient,the cumutative guantities re-
tained up to any particular time increases. For example at the
end of 50 days, for R = (000 m, [ = 500 mzfday and ¢ = 0.09, the
cumulative fraction of water retained 1s - 0.68, where as for ¢ =
0.15, the corresponding cumulative fraction retaired is 0.93. As
faime increases, the cumulative ftraction retained derreases. For
example atl the end of BO days,for ¢ = 0.05 and 0.15 the fractions
retained are 0.54 and 0.83 respectively.

The dissipation of actual recharge that may occur is next
considered.The size of the basin has been assumed to be 200mx 10m.
A typical time variation of recharge rate per unit area for water
apreading on undisturbed soi1l 15 as shown i Filic.4019592).1t has
been assumed that the recharge occurs from the basin at these
rates. The variation of cunulative recharge,cumulative
recharge quantities that would be retained and cunulative recharge
quantities that would leave a zone of radius 2000m.at different
times are Ureaeht@d in Fig.3 for T =1000 m?/day cnd for ¢ =  0.05

and O0.1. The recharge through the basin stops at v =24,1.e,at the

anc of 120 days . Therefore,Lhe slope ol the  graphe ol cunmulative
volume of recharge wversus time has become zero at n = 24 and
beyond. 1t could be seen from Fig.9 that,for ¢ = 0.05,the

quantities of water available within the zone of radius 2000 m. at

2 ) . L e 4
the end of 75t1unlt time (i.e.at the end of 365 deys) 1s 1.4 x 10

mof water.The total quantities that have been recharged is 1.05 x

[ s 4
b

i0°m™ . Thus 15.33 percentage of the recharged water 1s available
at the end of 365 days. It may be noted that the recharge quanti-

bLies available will get modified by abstraction wells 1n the area.
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CONCLUSTION

A methodology which is based on discretization of time parameter,
has been described to ascertain groundwater recharge affected
through . a _rectangular recharge basin. The storativity, and

transmissivity of the agquifer, dimension of the recharge basin,
duration of recharge and a continuous record of water level in a
observation well i1in the wvicainity of the recharge basin, are
reguired for the assessment .

A methodology has also bean given to find the temporal
variation of the fraction of the recharged quantities awvailable
in a circular zone around the recharge basin. A typical example
has been gi1ven for knowing the fraction of recharged water

avallable within a circular zone at different time
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