Leaky aquifers (Semi-confined aquifers)

In nature, leaky aquifers occur far more frequently than the perfectly
confined aquifers discussed in the previous chapter. Confining layers
overlying or underlying an aquifer are seldom completely impermeable;
instead, most of them leak to some extent. When a well in a leaky aquifer
Is pumped, water is withdrawn not only from the aquifer, but also from
the overlying and underlying layers. In deep sedimentary basins, it is
common for a leaky aquifer to be just one part of a multi-layered aquifer
system as was shown in Figure below. The system in this figure consists
of two aquifers, separated by an aquitard. The lower aquifer rests on an
aquiclude.
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A well fully penetrates the lower aquifer and is screened over the total
thickness of the aquifer. The well is not screened in the upper unconfined
aquifer. Before the start of pumping, the system is at rest, i.e. the
piezometric surface of the lower aquifer coincides with the watertable in
the upper aquifer. When the well is pumped, the hydraulic head in the
lower aquifer will drop, thereby creating a hydraulic gradient not only in
the aquifer itself, but also in the aquitard. The flow induced by the
pumping is assumed to be vertical in the aquitard and horizontal in the
aquifer. The water that the pumped aquifer contributes to the well
discharge comes from storage within that aquifer and leakage through it
from the overlying unpumped aquifer.
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As pumping continues, more of the water comes from leakage from

the unpumped aquifer and relatively less from aquitard storage. After a
certain time, the well discharge comes into equilibrium with the leakage
through the aquitard and a steady-state flow is attained. Under such



conditions, the aquitard serves merely as a water-transmitting medium,
and the water contributed from its storage can be neglected.
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Hantush Inflection- Point Method

The assumptions and conditions underlying this method are similar to
Theis‘s assumption except that:

-The aquifer is leaky;

-The flow is unsteady, however the steady state drawdown must be
known.
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Hantush (1956) developed the inflection point method. To determine the
inflection point P the steady state drawdown sm, should be known, either
from direct observations or from extrapolation. The curve of s versus t on
semi-log paper has an inflection point P where the following relations

hold.
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Leaky Confined Aquifer Type Curve
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Type curves of leaky artesian aquifer in which no water is released from sterage In the
confining layer. Source: W. C. Waiton, Wiinois State Water Survey Bulletin 49, 1962,

Tvpe curves for leakv confined (artesian) aquifer
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Variation in Drawdown vs. Time
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Figure Comparison of drawdown vs. time curves for
confined aquifers. ldeal (Theis), leaky, and barrier cases.
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Large values of L indicate a low leakage rate through the aquitard,
whereas small values of L mean a high leakage rate. The leakage factor
has the dimension of Length, expressed, for example, in meters.

The following table gives types of leakage according to L values:

Type of Leakage L values (m)
High L <1000
Moderate 1000 < L < 5000
Low 5000 < L < 10000
Negligible L > 10000

S 8 a e sl @k (X)L palalh Jsaall e T/L Gl (a5

L 5 5 e o 2} s s 0 ) 1 (/1) m -6

JJJM\_FTMMTJ’{L 335;}}(\_‘::).._:\.1]" Jln_a)Qd_“HyLa.—?

T=23Q ¢ (2)
4H£Sp

S=2Tt,. r 3)

L r




30leal) (pe € 3K 5 el e glaall dad cauns ) 5l -9

c=LYT

(c) Al g ael) A glaal)
_3\‘_;‘:\ ‘_A\ ¢ gan cuﬂ:\:\ui)ﬂ XSJJBM\ M\M\hj&dmgc Pt
S g Huel) A glaall hal )y LalS Leiilas ¢l ¢ dgulal) @l dlaw o) ) WIS Jaud) )
On sl B A gl da i) af), Al (e Ban g Lgtan 5 pSally Sl
ALY YT e e I LLY) il

s in metres
0,15 - " -
- -7 T s5m=0.147m

0.10 _,../
/ bey-0.072
. inflection_point /
5p-0.0736m TP
D e S R St e S K.
O F f log cycle——
-
0.05——=< }
|
!
I
|
|
\
|
0.00 l
10-2 2 2 & & 10 2 4 & & 10°
ths 2.8 X100 days t in days

- Application of inflection point method



Anvex 4.1 Values of the functions €%, e™, Ky(x) and e¥K,(x) {(after Hantush 1956)
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Theis's Recovery Method ( wold £ o ) 44 Ja
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Application of Theis recovery method



