RE ISR 2025,45(12): 6641~6648 China Environmental Science

BRI BT M A S O R U P B AW R AR KA AT AT M B (D). Th SRR 24, 2025,45(12):6641-6648.
Xue S, Hou M Y, Yang Z B, et al. Effects of entrapped water in fracture on LNAPL flow behavior in vadose zone [J]. China Environmental Science,
2025,45(12):6641-6648.

B[ REE P i B K R IR INEZIT AR N

B R UEEBE AR TS RE B SRk TR T A I TS S G S 443002
2. BRI R K TR A A e b TR 430072; 3.9 SUKRIRIEFTSTBL IS #E 210029)

. /W R R A (LNAPL YT RS A B — AN 2 MBI AR, % 3] LNAPL. /K. =AM AAR B4R F R 3% I 24 B A 8
T T THRAFEACIRA T LNAPL SR IRK, 345 A G R A5 A B ARSI T LNAPL B3T3 5 5 i B 40 7 T S4BRA7 /KA LNAPL 3T K
FRAT R (s 25 W :LNAPL 7T K (PRS0 h A L 48 BER K 25, M AE A7 /K 2L R AHB IR b I USSR Y AR A K L Gim ). 5 4k it A
LEBEIRFAST 2N LNAPL 1030 330 18 52 T 7 R FE S A SR P s P a0 R ISR A0 5 1 1 98 59 M TSR LA /K ik B 3L 3 AR AE, 5 4 B ARt
8 13 B AR G 24 4B T /K ST B INAPL ST 908 5 ) L 7 0 s R, 0 T B Sl 52 1 D) 5 59 B A, R I T/ 2 K 24 B b LNAPL 3 871X (¥ 24 i
I 5 24 A IE 25 93 AR AIE (ELA7 ZKCIRAS N LNAPL HiF B A 2B 5 K T TR A4S, 1 B4R P A 0.3~0.4mm.

KR RN TG BAAABR: TAGRE s ARSI, WA, ARG

PESES: X523 XHAFRIRES: A XEHS: 1000-6923(2025)12-6641-08

Effects of entrapped water in fracture on LNAPL flow behavior in vadose zone. XUE Song', HOU Meng-yao', YANG
Zhi-bing®", LU Bin®, LI Biao' (1.Hubei Key Laboratory of Hydropower Engineering Construction and Management, China Three
Gorges University, Yichang 443002, China; 2.State Key Laboratory of Water Resources Engineering and Management, Wuhan
University, Wuhan 430072, China; 3.Nanjing Hydraulic Research Institute, Nanjing 210029, China). China Environmental Science,
2025,45(12): 6641~6648

Abstract: The migration and retention of light non—aqueous phase liquid (LNAPL) in fractured vadose zone is a complex multiphase
seepage process, involving interactions among LNAPL, water, and air. To reveal the influence of entrapped water on LNAPL
migration in fractures, comparative experiments on LNAPL migration in dry and water—entrapped fractures were conducted using a
transparent fracture model. By combining image acquisition and processing techniques, the migration processes and retention
characteristics of LNAPL in the experiments were obtained. The results showed that in dry fractures (under two-phase seepage
conditions), LNAPL moved in the form of finger flow; however, in water-entrapped fractures (under three-phase seepage conditions),
LNAPL moved in the form of film flow along the edges of water droplets. Compared with finger flow, the flow channel of film flow
was more tortuous and the expansion range was wider, resulting in a larger retention volume of LNAPL in the fracture. The influence
strength of film flow depended on the amount and distribution characteristics of water entrapped in the fracture, which were related
to the fracture inclination angle. When the fracture tended to be horizontal, the migration range of LNAPL was the largest, and the
residual amount was the greatest, whereas this effect was the weakest when the fracture tended to be vertical. Additionally, it was
found that the fracture apertures of LNAPL residual zones in both dry and water-entrapped fractures followed a normal distribution.
However, under water-entrapped conditions, the fracture aperture corresponding to the maximum LNAPL residual amount was larger
than that under dry conditions, and it was mainly concentrated in the range of 0.3~0.4mm.

Key words: fractured media; light non-aqueous phase liquid; visualization test; multiphase flow; flow pattern; entrapment
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Fig.1 visualization experimental device and fracture model for LNAPL migration tests
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Fig.6 The migration behavior of LNAPL in the initial dry fracture under different fracture inclination angle conditions
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Fig.7 The migration behavior of LNAPL in water—entrapped fracture under different fracture inclination angle conditions
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Fig.8 The effect of entrapment water in fractures on LNAPL migration extent
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