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Measuring method on the seepage of fine particles on seabed based on chemical tracer
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Abstract: The seepage and transport of pore water and fine particles on the seabed have an important impact on the dynamic process of seabed
deposition and the stability of seabed. To solve the difficulty in describing the seepage development process and quantifying the seepage mass of
fine particles on seabed, we used white magnesium hydroxide powder that has good physical and chemical stability at seabed to indicate and
qualify the process of fine sediments seepage via stratified sampling, reacting with hydrochloric acid, and ion chromatography. Experiments and
analysis indicate that the proposed method could clearly describe the whole seepage development process including the upward migration of fine
particles, the formation of different-scaled seepage channels, and the reach of partial tracer to the seabed surface, from which the seabed silt
movement under cyclic load-induced excess pore water pressure and upward seepage pressure gradient were clearly presented and thus
quantitative characterization of the layer-by-layer seepage of fine particles from the interior of the seabed to the bed surface was realized. This
study in silt seabed. Moreover, the proposed method achieves quantitative characterization of the seepage mass of fine particles from the interior
to the surface of seabed, which provides a practical tool for further clarify the coupling mechanism and developing quantitative evaluation
methods of wave-induced liquefaction, seepage, and re-suspension of silt seabed.

Key words: fine particles; chemical tracer; seabed; seepage; excess pore water pressure

B AR LA TE FL B R A S, il AR B 7K R0 R, i) PR THT 2 3o T PR AL B A R 4 L
JEKARG T X R K BT R KA S A £ TR B LR WA K 5 DTRUR Z 18] (4 ) T S 8 Bk AR
LA E B . BRI Z A, i RS A A BCI, R B M1 S5 I R 3 g M 5 T A i AR TP A
T, 7K A6 ) 0 3 37 WL 24 L, TR A5 SRR G, R ROR B TR AL
17 28 R T PR PN B A L BRUK R T, 5 Lo -5 JAA o PRI, S 41 i PR A URE 2 U K
JK T PR THI 22 18] B2 WAL IR 0 A6 B, 51 A 185 PR AL 3R L J o R RG B D AE HB I i, 0 T 2 DA AR S 3l

BENIR B 7 5 i PR 25 5 BOR B  E 5 S0 50 2 W ML 0 AR S PR R ) B S 50 JF L 4 (MGQNLM-KF201810) ; [ 5K [ SR Bl 22 3L 4 “ BT Uk
BBl 3 [ 25 0 T = A PR AR D T B R 9T (41702307)

TEE B £18(1986—), T3, BIZ4%, 2 N30 7 T8 #b 5T Jr i A9 A 5%, Email: hu.wang@tju.edu.cn

ks B #A: 2022-01-28; BX[E] HHA:2022-05-03. KI5 i



425 5 6

FBE, A T AL 7 BRI R AR ORI I ek D7 1 00F 5

201

NV R GHEEMIEIRTR EE 2 X EE, IR
PR L Bt 7K S At R 32 i e 5 KK 3l A IR R
Tl R R 0 sl A i 3 R, B U 57 52 2% B4
FEAR TSN, 38 il B IO VA A L A0 O 98 U i A
DUKE B I0E 7, A LGN =, % ALY B T
A AR i S TSR I G B T (8 I R oy b
HURE WX T

A0 28708 B L R 7R B L G 67 I M Ak 2
IR ER TR RS A B 1Y B U7 5 . Burnett
FI Dulaiova " 3 1 % 25 WL FL i 7K K 8K ] o7 36
2R Ve BRI ST T U T K CHEHE B O Bl A AR A i
P o B AR 550 5 o 75 B ALK h 3 A1 R 1E N T IR
A7 2 LI WO e B Ak, A A B L
] 55 K 15 240, s KOG T 18 . PvIGE 5= 450
I JRL B 7 B R RV R K -l K S ) 32 4
3, Cascarano 5517 iz ] 9¢ YL (0 /R B8 J7 1 0F 90
RUTE K S KR RSP s % . ik ik
o, R R R R BRI RN 2R D | eds B B T E R
A%, T BE 7 B AN A0 R B 3 TR R L K A4
KU BB I B LLE YRR A £, TR iR
AL A A0 OB U, A2 B — R U K
PUIEYE . 5y T3 B RN B4k 27 B A R o 5 1),
T T A S A SSORL 1) 3B T s B8 o PRI, AR S0
TR R R ) L, LI A A B AR AE R s 5
F, B T — e R A BURL 2 I i A vk, O
= NI W) B T Tk A AT

1 RNk N & ik
11 KEAT

T PRANURL S L 5

100 I

W62 LR A0 O WK 8

T O
80 -
60
40

20

ANTHERLAR I 205 5%

0 &
0.01

HifE/mm

K1k RN

0.001

ANT AR E 2> 8%

URITRGANERS TS TN S E RS ETE T RN
R 2 22 (] RS TV 5 T 3E 18 5 (D) A7 IR 55 A1 i fif
AN AR IR L, 5 1R I PR P 30 A L Bk s g R e
ELPR AT 1) b (8998 0 s T3 B B o BT = £ ) ol
PN o A3 50Bs JB 2K b Al AR T, TR B XL
ZHEMGIENERBRAR Z L, Hitk, A3
PeFE BT — A N G O £ o e Y e, kAR R
Bt £ 1(a) B o

SENEMRRERR

2 2 WM, AR SO 2 1 A AL BE R R AE
bR R, SRR AT

QDR A==y 5 ST E i (V6= Ave sy A =
PEMAMER T7K, 18 C BB A 0.0009 g/100 g,
TEWHF /K FREE T 58 &0 W) 53 A & A AR 2% TN
AN WYt W B, B R G Y ) R A A R E
I HAE LB R K PR A 0.006 mm (& 1b), B
KL% R 2.49 glomy’, SR N, b0 0K 25 B Ry 2.6~
2.68 g/em?, K4 /N T 0.005 mm P2, FEALEM K S
FORLE T, T T AR R

(2) SR AEN K 1T LUAR G b 45 7% T R 41 90k
B, WK 2 BR, R A P E A
T EAR AR 10 em (RFTRY 1L 1 em EERALEE R
K10 em AR . FEIFRBIRRER, IR &
b1 kg (18 45 F BB R T 0.5 m Ak B iR AR N Eh
i 2, EATE AN 300 Yo AN 2 AT DL H, A
SAALEE R AR S IR B AN [, AR AF M S /R T )
o A T 48 0B £ 8 10 IR 998 T i R R
TR TR R | AN R AR 6 35 8 3l

1.2

1.3 REMNEFZE

BE T SR A BRI AR TR B B0 PR 20 UKL 92 3

100 7 T
[ A 'b
80
60
40 t
20 f
1 0.1 0.01 0.001
FiA/mm

a Byt b AEABERR.

Fig.1 Particle size accumulation curve

a. Silt, b. magnesium hydroxide powder.
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Fig.2 Upward seepage of magnesium hydroxide powder and the formed seepage channel

a. Front view, b. reverse side of soil column: rear view.

AR : @ B R R E A B R my, L L

1B TR p, 15 5 DT B e o

@ FE R o e R R e o BN S, A5 E) A
TV R, A B (0 35 A0 X075 380 6 5 vk
e, N5 2] B TC R T my=cV; @) T BB T
B memmy—my, BRI Mg(OH), 2> T3 B i
A BB ms=58 my/24; @ X PR32 BURE,
52 LR IR BN AT A5 R A £ 2 S AL R T
T S5 B KTV DR 240 A 2 1] 95 Ui i A 1) IR

Sy 58 G £ T 3 e A ABE T R A HE
P, 10 g By HFE SR I AR SRR K 0.68 g, #id
PR 175 R 0.26% M R BB TRITHE

ARNEEICRIBIE A 10 gx0.26 g+0.68%24/58 =0.307 g;

¥ AR SO IRAS BB U R H ) 0.305 g, — & M
240N 0.65%.

2 BUARLIAE

E— 25 I R 3l far 2 A4E FH R 8 78 PR3 T AL
I I 40 2 0 2 4 00k 75 It i, FH DABG IR AR SC Ty v
B A BT
21 KSR

a3 B, 1R R KR L L BRK s
i ZR G LA KA 300 I 2k AR KR D AT DL B

HIVE, RSF R 55 emx40 ecmx30 em., FL B /K 7 2
R 3 D FLBRK I ) A% A (V8 230 f T R
HIRAT, CYY2 B, K5 B 0.1 kPa) L 5 cm (1) 3 7] [1]
B 22 25 45 7] AN 6] 5 57 19 S QK OF- AT A0 2k, 4k I 3l
o S BRIKOF AT RIS A g — i R, DR IIEFL B K
JE 1A% i@ Z 1) B 5 R R R R A K TR .
o 800G T 2 b — PR RE A [ T RDE R L
[RIE 4% Fr AR 20 em, S 75 N, T A0 i 2%

22 RESE

(1) ¥ PRl £ Ko BB AR 38 K I 2]
AU A R XU, K R R AT, T Bk
BRI o FE KR v e 758 i E A FLBR K R )
R B (8 ST, 5 U I TR N RE 2 0 v A\ KRS 22 0
10 em, 7£ H BB 8T &2 500 g, JEZ 0.1 cm [ S
ABER R Z, Z IRk el S om 18+
W, ARG R BT 2 em K, B {4 165 PR B 28 Ak 10
FLRES

(2) gy fu 2800t fin . FLBR /K FE 598 = 5
V5 DR B B W R Y L R K R ) A TR
ARG A T, BV R 8 AL A A . IR R
IKHET, 78 FE B KA A7 U BE 10 om Ak A — SRR
B, B T R A3 S i 6 DN R X ([&] 3) o FE XS HRIX
WORE, A9 3078 R H AR S 4003 1. 7Rl
DN Tt o ) iy 28, KA 28t i 25 5 by PR T 50 em



55 42 % 45 6 ] TR, A ST B AU PR AR ORI L I kD5 TR BT 203

K3 Wlns
Fig.3 The design of the experiment

®1 BRIFYESY

Table I Physical parameters of seabed soil

RHEy/(KN-m?)  HKEw% JLEe HEGs  Kiffdsy/mm

19 30 0.7 2.7 0.035
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Fig.4 Variation of pore water pressure at different depths beneath seabed surface
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