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Abstract

The hydraulic properties of coastal aquifer systems are relevant to various hydrogeological, hydro-ecological and engineering

problems. This study presents an analytical solution for predicting groundwater head fluctuations induced by dual-tide in

multilayered island aquifer systems, consisting of an unconfined aquifer on the top and any number of leaky aquifers below.

The solution was derived via the methods of matrix differential calculus and separation of variables. It is more general than any

existing analytical solutions for the tidal pressure propagation since the new solution can consider multilayered aquifer systems

along with the effects of leakage and aquifer length. Using this solution, we illustrated potential errors that may occur due to

neglecting one or more vital factors affecting groundwater fluctuations. Besides, we articulated the groundwater response to

the dual-tide in complex coastal aquifers. Considering that some thin semipermeable layers may be ignored in practical field

investigation, we also demonstrated the effects due to simplification of aquifer layers. The results showed that with the increase

in the number of overlapped leaky layers, the tidal propagation in the bottom part of multilayered aquifer system approaches

that in a single confined aquifer with the same transmissivity and storage.
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FIGURE 1 Schematic representation of a multilayered leaky island aquifer system 
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FIGURE 2 Amplitude attenuation of tidal fluctuations across the island width under 

different leakages (L). Solid lines denote the present solution, dashed lines for Sun et 

al. (2008) ( 100, 1s T  ). 
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FIGURE 3. Changes in the amplitude of water table fluctuation across the island 

width in the unconfined aquifer with different leakages, L ( 100, 1s T  ). 
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FIGURE 4. Change of groundwater phase shifts in the confined aquifer under 

different leakages, L. Solid lines denote the present solution, and dashed lines for Sun 

et al. (2008) ( 100, 1s T  ). 
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FIGURE 5 Effects of phreatic aquifer’s storativity on the amplitude of hydraulic head 

fluctuations across the island width. s is the ratio of storativities between the top 

phreatic aquifer and lower confined aquifer ( 0.1/ day, 1L T  ).  
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FIRURE 6 Effects of phreatic aquifer’s storativity on the phase shift of hydraulic 

head fluctuations across the island width. s is the ratio of storativities between the top 

phreatic aquifer and lower confined aquifer ( 0.1/ day, 1L T  ).  
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FIGURE 7 The effects of transmissivity ratio, T, between the top phreatic aquifer and 

lower confined aquifer on amplitude of hydraulic head fluctuations in the confined 

aquifer ( 0.1/ day, 100L s  ).  
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FIGURE 8 The effects of transmissivity ratio, T, between the top phreatic aquifer and 

lower confined aquifer on phase shift of hydraulic head fluctuations in the confined 

aquifer ( 0.1/ day, 100L s  ).  
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FIGURE 9 Attenuation of hydraulic head amplitude in the confined aquifer with 

different lengths, l. ( 1/ day, 100, 1L s T   ).  
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 FIGURE 10 Attenuation of amplitudes of groundwater heads in bottom-layer (a) 

and top-layer aquifer (b) in multiple aquifer systems.  
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FIGURE 11 Phase shifts of groundwater heads in bottom-layer (a) and top-layer 

aquifer (b) in multiple aquifer systems. 
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FIGURE 12 Contours of relative amplitude in a multiple aquifer system with 20 
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FIGURE 13 The amplitude in the lowest layer of the 20-layer model versus that in a 

homogeneous confined aquifer with the same transmissivity and storage. 

 

14



P
os
te
d
on

A
u
th
or
ea

25
S
ep

20
21

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
63
25
50
58
.8
53
56
35
6/
v
1
—

T
h
is

a
p
re
p
ri
n
t
an

d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

 

 

FIGURE 14 Contours of phase shift in a multiple aquifer system with 20 layers. 
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FIGURE 15 The phase shift in the lowest layer of the 20-layer model versus that in a 

homogeneous confined aquifer with the same transmissivity and storage. 
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