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Migration patterns of oil leakage from underground oil depots on
coral islands and reefs, and its impact on freshwater lenses
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(1. Sanya Institute of Ocean Research, Ocean University of China, Sanya, Hainan 572000, China; 2. College of
Environmental Science and Engineering, Ocean University of China, Qingdao, Shandong 266100, China)

Abstract: Amid the increasing scarcity of terrestrial resources, the vast resource potential of the marine
environment has accelerated human exploration and exploitation of the ocean. As a crucial pivot for maritime
activities, the construction of underground oil storage facilities on islands and reefs can serve as an energy
foundation for various projects. However, the potential risk of oil leaks cannot be overlooked, as oil spills on
islands and reefs can contaminate freshwater lenses and even spread further into the ocean, causing significant
harm to the ecological environment. To investigate the pollution migration patterns of underground oil storage

leaks and their invasion mechanisms into freshwater lenses, This study determined the pollution migration
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characteristics and primary driving forces through indoor simulation experiments. A numerical model of the same
scale was established using COMSOL to further clarify the influence of different rainfall intensities and oil
properties on pollution migration. The results indicate that: (1) Oil pollution migration under the hydrogeological
conditions of coral islands and reefs is primarily influenced by two driving forces that is vertical migration driven
by gravity and seaward discharge driven by the dynamic groundwater flow field on islands and reefs. (2) The
stronger the rainfall recharge intensity on islands and reefs, the greater the influence the groundwater flow field on
driving pollution seaward, and the less impact on freshwater lenses. (3) DNAPL-type oil pollution exhibits
different migration patterns from LNAPL-type oil pollution, but it has no significant impact on freshwater lenses.
This study provides a theoretical basis and information for the selection of oil storage sites, pollution prevention,
and freshwater resource protection during the development of coral islands and reefs.

Keywords: coral atolls; freshwater lens; COMSOL Multiphysics; indoor simulation experiment; multiphase
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Fig. 1 Hydrogeological characteristics of atolls (modified from
Ref.[20])
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Fig.2 Conceptual models of atolls
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Fig. 3 Indoor water tank experimental setup
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Fig.4 Numerical simulation grid model

AT 5 55 0 ) A L2 A 0 2 By 3L 3 10 47 W A 4k
F53, PR S A H DU TE AR, S BT ROBEE LR 0.01 ~
1.00 cm, f K ITHEK RN 1.3, R T8 0.2, B
B 73 AL, 55— MRS SE, AN H BTG Je 4
A, (AL AR RS E IR K B B A . RS SR R A e K
EARECH 100, 5822 KT8 1000, 55 25 B
P, B 58 A TG Y e B IR OK BB A & B R E i
BAGNL, BEASR A A2 TR 0.1, BRI HE 2R H A
Ja 2253 AN, BRI [R] 2.5%10% s, A5 $8L [R] 25 K
5 s, BNGERAERR S s F i — IR
1.3 EALEE
131 IRKBHEERERTLER

Shy 6 E (AR 00 235 R 100 v W 1, 5 2 R )2 A
KR I iR K F B R RS S YRR S BB LA
B RS RA RT HRIE . KAE R P IR KB
BEARTE B LU P 5 (a) B, W 683 BBl R R IR K 5 5%

®2 HEENUSH
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