ST IMATION UF GROUNDWATER RECHARGI FROM  FRAINFALL

Lo LT koDUCT LON

‘ The maior sourcss o recharge to aguilfsrs in mang areas are
direct precipitaticon and stream runoff. Recharge Ifrom rajinrall in
an area is unevenly distributed in  time and space and oniy 2
fyraction of the annual precipitation percolates down to the water
table depending upon the topography, vegetal cover soil molsture
~ontent, depty to water table,intensity and duration of rainfall,
anc other meteorological factors.

assuming that the amount of sater that escapes evaporation
and transpiration moves down as deep percolation and eventually
joins the ground water, the rate ¢f ground water accretion can be
caleulated as the differencs betwesn infiltration and
svapotranspiration over a long period.

Another technigus for field evaluation of de=p percolation is
the water balance approach where deep percolatic iz indirecily
evaluated as the difference between rainfall and runoff plus
evapotranspiration.Runoff is found from stream flow measurements.

In addition to sstimating the infittration and
evapotranspiration components., deep percolation can  be directly
measured in the field by lysimetaers or tensiometers.

Morel-deytoux {1985 )has determined the recharge to zn agquirer
rrom = aingle rainfall evént using the Green and Ampt infiltraticn

sguat.ion. The time at which the wetting front reaches the water

table, and subsequent recharge rate have been determinea by lham.
Kechares dus to several rainfall vents can be estimated using

the technique developed by Morel-beytoux

Recharse to an  aquifer gensrally takes place  through an
unsaturated transition zZone.The infiltr .. on rate up to time of
ponding is equal to the intensity of rainfall.The rate of
infiltration decays with time after ponding -nd excess watsr
contributes to depression storage and overland flow .Durins
infiltration after ponding the soil is saturated upto some depth

from ground surface and below the zone of complete sa aration liesz



a zZone of nearly saturated wetness nown as transmission zone as
shown in kig.l.Beyond this zone is —“he wetting zone in which scoill
wetness decreases J4ith depth at  steepening gradisent down tTo a
wetting front where there appears to be a saarp boundary betwes:
'th& moistened soil above and dry scil beneath.The wetting =zons
moves downward continuously. No recharge takes p.2ace until the

wetting front reaches the water table.
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Unzaturated flow in the va dose zone has been ano_ysed on the
basis of Darcy s law with added complication that the hydraulic
conductivity,k ,is dependent on water content, € ,which al.o
controls the pressuare head. The hydraulic conductivity and soil
moisture relationship and the ecapillary pressure and molsture
content relationship are needed for the analysis
2.0 THE GREEN ANDN  AMPT THFILTRATION EQUATICHN

N The derivation of Green and Agapt infiltration equation 1is
based on the assunption that pondin: occours immediately after the
rainfall The soil behind the wetting front is completely
saturated, and ahead of the fronmt 1t has the initial moisturs
content that prevailsd betfore the onset of rainfall The depth of

water on the surfice during infiltration is consta t.
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W
The hydraulic head at point A :pa/;vw T+ Pw/?w The hydraulic
head at point B :pdf?w—pc/?w—zf. Let Zf be the de »th to saturation
front at time t after the onset of rainfe®’ The hydraulic gradient
at time t is thus given by 1 = = Hf + Zf+ H )/Zf ,in which Hf =

representative capillary pressure head,pc/yw.The infiltration rate

at time t, when the saturation front is at a depth Z.,is given by:
L

I 2 K (H +H. 42 ; A .
The representative capillary pressure head Hf that appears in

Green and Ampt infiltration equation is conveniently found from

the available soil moisture and capillary pressure relationship in

the following nanner as suggested by Bouwer:

k () dh o s )

where Krwké) = k{e) / k, h_ = capillary pressure head, h i B
i L

capillary pressure head corresponding to the initial so0il moisture

91 ,prevailing at  the onset of infiltrativa, and k = hydrauli.

conductivity at patural saturation moisture content,2




S.o0 Intiltration bvior To Ponding:

Up to time or ponding, infiltration rate s =qual to the
intensity of rainrall.At the time of -~ ding the relationship
between cumulative rainfall aid rainfall rate 15 given by
{Morel-seytoux , 190

: . ek . 7
w= |2 -2, ), / (R - 1) ssmha

P 1 a5
and the expression tfor pouding time .tp .for conscant rainfall

rate has been derived as:

t o= — L

where I [ES o For variable rainfall pattera,.the expression

for ponding time is (Morel-beytoux 1884):
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where L(J) is  the rainfall at J t;:» and R (J)= R(J)/ k.

The pozaition of the wetting fiont,zf,at ponding time is
Af = Wp /e - ei ) s o5 0IE)

2.2 o1l Moisture Movement During Rainfall Afte-r Ponding:

The cumulative infiltration ,w , after pending at any time t
iz given by (Morel-5Seytoux ,1882):

(H+Hf){@ - ei)+w

wowo = R(b-t o )4(e - e ) (i) log [ 1 .. (7

(H+Hf){9 = Bil+wp

If at any time +the rainfall is less than the infiltration
capacity,the infiltration rate is equal te the rainfall intensity
in case the depth of water on .the surface is equal to zero.The

position of wetting front Zf at tine t is given by the relation

2.4 Sril Moisture Movement After (Cessa icn Of Rainfall:

For the analvsis of soill moisture movement during the post
raintfatrd  pericd the time paramaeter has been sunted  Trom  the

4



instant the rain steps.'lhe actual profile at © = U, has been
replaced by = simpler rectangular protile with & uniform value oI

water content equal to the Limiting value 91 .l'he valus el is t©h

44

rv to transmit flux after capillary Iforces

water content necessar:
have become negligible as comparet to those of gravity. At the end
of rainfall the position of the wetting front has been given as:
] W
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where w =total infiltration at the end of rain,  is - the fTi=zld
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capacity ,and € = is normalised water content defined as:
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1f saturation of soil surface has occurred at or before the end
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of rain, @, = & or ¢, = 1 jand
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IE ZJF igs  depth to the wetting front and € the water content
of the s50il  behind the front at any later time, then
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When the wetting front reaches water table, Zf:D ,where D is  the
depth to water table.Hence,
W
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Eq.(13) gives © at the time wetting front reaches the watertable.
2.4 HRecharge After HWetting Front Reaches Water Table:

Darcy s law for flow in unsaturated soil if cerillary effect

L

are neglacted reduces to the form

z Ik g e ceo 0l
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Expressing krw(@} squal to (£ ) ,=2q.(14) bzcones
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Eq.(1%) gives the recharge r:
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when the wetting front
reaches the water table.



Unice the wetting rront reaches the water table the recharge

ztarts.'he recharge rate is given by (Morel-Seytoux et al.l9%4):

W = e s P B )
s - n-1 1
i+ —= (=) n | n-1

where ) is the water table peosit.on, g 1s recharge rate when
recharge starts, and the time,t, is measured from the beginning
of recharge.
“.h Time Taken By Wetting Front To .w:ach Water Table After
Ceszation Of Rainfall

If g is the drainage rate from the s30il col mn between ground
surface and the wetting front , then according to Morel-Seytoux
et.al (1384)

de

gt = "2/ Ly
i& * -
or v = -a/ {Z; (& - e )} oL (17)

Bliminating Zf from eq.{17) with the help of eq.(1Z)} Morei-

Seyvtoux =t &1 have derived the following relation:

1
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For the first rainfall.%i B & and By 0; hence.eq.(13) reduces to
+ &
de" _ _k %+l i
dt W - wain b8

Integrating eqz.(19) and (20) from time t=0 when rain stops to

time when wetting front reaches the water table, and taking

E3 ER
(=] :91 = 1 at time t=0, yields for n=4:
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respectively.brom eqs.(22) and (21) the time a wetting front takes
to reach the water table after (essation of each rainfall can be
calculated for the first and for subsequent rainfall events after

. ¥ . . - : :
knowing @ frcm eq.(13) . For sandy soil,n 1is -gual to 4 .

-, :

Using eqgs.(1%), and (16) recharg . .o the water table can be
calculated for each raintall.
3 0 EXAMEPLE OF  CALCULATION:

The s0il moisture characteristics required for estimation of
infiltration rate have been taken from the experimental results
of bonu (1973).The variation of capillary pressure 'hc),with the
volumetric soil moisture content, (9),and relation of capillary
pressure with relative nermeability.krw(e) ,for a silty loam soil
are shown in Figs. 1(a) and 1(b) respectively.

i. The initial soil moisture content & and saturation moisturs
conteat ©  are taken to be (.Z445 and 0.48b5 respectively.
ii. k for the silt loam has been taken as  0.02088 m/hour.
¥ iii. The value of Hf for &, = 0 2425 is found to be 0.7711 m.
iv. The rainfall data and depth to water table nave been assunsd.
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Results have been obtained for three ~-=es of different types
of storms. The storms taken are arbitrary. 1In the first case,
tour different storms of variable rainfall rate have been taken.

In the second case, a single storm of variable rainfall rate

has been repeated four times.

In the third case, a storm of constant rainfall ra’ =z has been
repeated four times.
The guantity infiltrated, the percentage of rainfall

recharged, and percentage of infiltrated gquantity recharged IFor
different successive rains have been presented in Table 1. From
the table it is seen that for higher initial scil moisture content
@i’ the guantity of infiltration is less. But the percentage of
infiltrated quantity that jeoins the water table is higher for
higher value of @i' At some times -he recharsge is more than 100%
of the current rainfall, meaning that part of infiltration due to
previcous rainfall 1s being recharged. The time taken by wetting
front to reach the water table, which has o2en assumed to exist at
a depth of 5 m, varies from ~hout 10 hours to 24 days depending
upon the rainfall intensity and initial s¢0il mc sture content.
Thus the time lag between rainfall and water table rise would vary
considerably dependinsg on the initial =s0il meoisture content.

Continuous variation of recharge with time during storm and

inter storm periods is shown in Fig.3.
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Table 1- Percentage of total rainfall and cumulative infiltration

that goes as rechargz and time to reach water table

Y Case Storm 1Initial Total wuan- % of rain- % of infil- Time
No. soil Rain tity fall re- tration re- to
Mois- (m) Infil- charged charged reach
Ture trated water
Content () table
{2, ) Chrs. )
1
1 1 . 24256 47 .3528 1.36 T 1.82Z 585,31
Z .3119 .43 .3326  18.14 23.45 64 .27
3 3628 1756 16896 T3.83 T6.18 33,04
4 : 305 175 JITED L0L1. T 101.7 180.87
I 1 . 2428 . .3b28 1.36 1.62 5BE .31
o L 314G Bt lhe 3288 IT.79 22.96 66 . 44
3 Lae20 .42 . 3080 5%.21 78,31 20 - 5l
4 L3746 L4z 301h 7452 103.61 14.74
I11 1 L2425 L 48 43080 A 3.01 049Uy
2 L3469 .48 L4012 34.96 41.82 32 .34
3 L3736 .48 L3750 85.85 109.83 10.14
4 L3661 .48 L3787 L. 46 95 .34 12 .85
Case [ - Different storms of varying rairfall rate
Case II - Same storm of varyving rainfall r.te repeated
Case 111 - Same storm of constant rainfall rate repeated
Table.2- Total recharge at the end of e 2h day
Case  otorm No. Recharge at the end of
1st day Znd day 3rd day 4th day oth day
1 1 LO0=3 L0013 L0009 . 0aor .o0ueE
- 31 174 0121 D093 L0075
3 bbb 0289 200 JO083 L0124
q OO L0040 LubEe L0021 DL
I 1 D023 EHYLS CDO0H RO CUble
2 0304 )1ed = 0 R L0G9 LT
' 3 LD9T7Y . O537 0372 sy 31
4 L1893 .JBYdY L0488 JOU3T2 L0310
ITX 1 083 .00z RIVPAS 018 00Ls
2 BdE L0374 0z60 0195 JOREZ
3 1678 L0920 VI 494y ST 39T
..-1

. 1473 L0809 .0bs1 G430 L1349




4. CONCLUSION
"It is possible +to estimate groundwater rec' irge by
Green and Ampt equation

From the study it is found that the infiltration that occurs

"during the earlier rainfalls satisfies the soxl moistur :
deficiencies and the rainfall contributions to groundwater
recharge is less than 18% of +the precipitation. The later

rainfalls contribute mcre to the groundwater recharge, which is of
the order of 57% of the precipitation. However these results are

point recharge values predicted for i1 silty loam soil.
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