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Impact of bottom slope angles in sand tank model on seawater intrusion in confined aquifers
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Abstract: In coastal regions, there is a widespread presence of confined aquifers sloping seaward, but the impact of
the aquitard’s bottom slope angle on seawater intrusion remains unclear. In this paper, laboratory sandbox
experiments employing color tracing technology were first conducted to analyze the dynamic process of seawater
intrusion into confined aquifers under various bottom slope angles. The impact characteristics of sea level height,
the amount of subterranean freshwater discharge, and aquifer lithology on seawater intrusion into seaward sloping
confined aquifers were then investigated. The results demonstrate that the bottom slope angles significantly affects
seawater intrusion into confined aquifers. When the interface between saline and freshwater during seawater

intrusion stabilizes, there exists an exponential function relationship between the bottom slope angle and the length
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of the saltwater wedge: the length of the saltwater wedge decreases as the slope angle increases. Under constant
head conditions, the discharge of subterranean freshwater decreases with the increase of the bottom slope angle.
Under constant flow boundary conditions, although changes in bottom slope angles have no impact on subterranean
freshwater discharge, the area of the saltwater wedge consistently decreases with an increase of the slope angle.
When the lithology changes from coarse sand to fine sand in inclined aquifer, the length of saltwater wedge shortens
as the hydraulic conductivity of the aquifer decreases, and the shortening becomes the greatest under constant-flow
conditions. For confined aquifers sloping seaward, the smaller the bottom slope angle is, the greater the impact of
sea level rise and subterranean freshwater discharge on the degree of seawater intrusion becomes.
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Fig. 1 Diagram of the experiment setup
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Fig. 2 Change curves of seawater wedge length for bottom slope
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Fig. 3 Relationships between bottom slope angle and steady-state length of the saltwater wedge
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Fig. 4 Distribution of the salt water-freshwater interface under different boundary conditions
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Fig. 5 Line plot of subterranean freshwater discharge as a function of bottom slope angle

2.3 BIEASE.RKREMSKESEETLIEKNEHZM

6 HB 7R T AE BB VRS- T R RE RLHE R IR K U R 0N BOK B2 BE AR AR B . H B 6 Ca) AT, K
J2 AR AR £ BE Ay 5B ST T 0. 3 em, S EUSUK B BERE TN T 49. 6 0 5 AR RN f BE 3G 2 107K, g
ST AR T 0.3 em, S EUSUK AR K BE I 43, 80 5 I 78 JES AR A} A B SR 157 B, R K B A R A 496 o i &
39.8% . M 6(b) A LIAH, Y FIR/AK T H 43. 4 mL/min £ 23. 5 mL/min B, 7E7K 5 7K 2 Hdok
PR BE M 40. 2 cm G E 69. 1 em, K 71,9 %0 5 10 78 AR MR A B0 15° /0 5 7K 2 v L A ] A9 b R IR K
it AR T BUSUK K R B K R 32,000, LR EE R AEARARL A EE 07 %) 15°) M7 & & K )2
o AR S 3 /N | YA T T R TR K TR U o R K AR K ) S R L X 5 Mazi 600 g R
A5 1 R 5 R — 50, R} AR B R A5 1 1 AR AR X K AR R A B R )

I K2 AR AR XS F 10 5 2% 14 728 A i B0ER v B v, 0 LA R K R T B T TR R I EE S B . )
T, bR IR K S 0 3D FE KT B K )2 S SRR R I ) e BE TR, fR R 1 AT, FE KO R R K2
WY IR K 43, 4 mL/min WE 23. 5 mL/min B, 5K B AU N T 40. 6 %6 5 1M 1 JE M A A A
S 15 E K ZE T, 2 M R IR K U U8/ R [ A R B R K B A T RIS I T 22, 5%, B 7L 8 A Bl il



« 50 - L AHBEKXFFROARFAFZ RO 2024 4% 5 #

REE K Z R TR AN ] 9 - T o JBE Ml R R KU B 26 T L SRR K ST 4 23 A TR

0° T
o 50 —e—5°
10° 80 10°
60 [—e—15° —e—15°
£ =
2 2
ol gail
K ® 6ol
; ;
™~ L ™~
= 40 =
I I
i i
% @ 40f
20 - \
| | | 20 1 1 |
33.2 33.5 33.8 23.5 35.3 43.4
H/em Q/(mL/min)

6 HFRFHTUNEKEKERN I

Fig. 6 Influence of boundary condition variation on the length of wedge in saline water
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Fig. 7 Distribution of salt-fresh water interface at different sea level heights in inclined aquifers
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Fig. 8 Distribution of the salt-fresh water interface of different underground freshwater discharges in inclined aquifers
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Fig. 9 Influence of changes in aquifer lithology on the length of the saltwater wedge
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