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Experimental Study on Diffusion Characteristics of
Sediment Plumes in Still Water During Deep-Sea Mining

LIU Zelin', CHEN Shiping®, ZHENG Hao’, WU Xiang', RAO Qiuhua'
( 1.School of Civil Engineering, Central South University, Changsha 410075, Hunan, China; 2.State Key Laboratory of
Exploitation and Utilization of Deep-Sea Mineral Resources, Changsha Research Institute of Mining and Metallurgy Co. ,
Lid. , Changsha 410012, Hunan, China)

Abstract; A numerical simulation model was established with Fluent software to analyze the disturbance effect of a
subsea collector vehicle on seabed sediments, and the generation mechanism of seabed sediment plumes was analyzed. A
large-scale tank experiment on diffusion of sediment plume was conducted to investigate the morphological characteristics
and concentration variation rule of sediment plume under different initial mass concentrations. The results show that
seabed sediment plumes are created mainly by the disturbance due to the movement of a collector vehicle. The overall
morphological characteristics of such sediment plume under different discharge concentrations are roughly similar, and
the diffusion of sediment plumes can undergo three stages: initial discharge, primary settlement and diffusion, and
re-settlement and diffusion. The plume concentration also varies in the following three steps: rapid rise, rapid decline,
and slow decline before stabilization.

Key words: deep-sea mining; environmental impact assessment ( EIA); marine environmental protection; collector
vehicle; seabed sediment; suspension; plume; large-scale tank; still water test; diffusion; sedimentation
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Fig.1 Schematic diagram of sediment plume in deep-sea mining
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Fig.3  Volume distribution of seabed sediments

2 R DURYPHR ER K Y ol

2.1 REUKERREIZE

F BT 7 93 PR T % R B 5 o R S 3 & 1
&, BT R TUAR Y PR Ff K9 HOR ALK Al i
5, e A B A 4 R K O AOKRE RSE R 20 mx
1.5 mx 2.5 m, TER R R, 3 T 7EAS R 57 22 B AR
i s ISR A AN LRGSR , 7K B RE 75 5 DO A1 Ry i W B3 ]
THWEECPR Y o . KR DU R G
W R, Hoh TR HE R R G HE T (v 1y 2 53
5 8.0.75.0.5 m, HERLUURRMIA W) it fr e (it A7 L
FRWIEW) CERPAh I R (LA RE A4 HE A 3 il BT
TR0 ) AL T (42 i AR T AR A ¥ R 1) HE
BRI RS 6145 5 & Sinomeasure M T (I3



66 7R

T 545 %

VAT ) F1 2 5 -FRAG L (M 00 2P1AE 4 TOU 3 )
PHRURFIE) o WAL B ARPR LR 1,

B 20m x
Om
(@ 0.5m
4#
o 2m o 25m Y oom U ysm HHHH .
2* 3* E
Py ; filtz
(b) ’
£
i 0 i Sn | [<
U U
fizedid
(a) PHRLIE; (b) TEHLIA
B4 REHEE
Fig.4 Layout of test equipment
F1 MBI EALR
Table 1  Coordinates of turbidimeter locations
o AR/ m
x ¥ z
1* 9.5 0.75 0.35
2# 14.9 0.75 0.15
3# 12.9 0.75 0.20
4% 10.4 0.50 0.35
5% 10.4 1.25 0.40

22 HKEHRE

TEVEE FHER RS (30 L/min ) FIR [ B30 FR
ORI AR BT R R BE (10,20 .30 g/L) &4, FF IR UTAR
PIFEHKY B KBRS P R

1) 1K ST R T T A% - R KR TP i A
0.8 m MK (Z140 m*) , TF/K 5 BB 20 min 5T 4R
R, ADCP W 25 5 55t 7 HE R 7K A8 P 7K T8 AR X6 3
BN (FIRIRE) s DIRRRAE T RO X, Hoki 42 4y
AN 5 7R (dyy =7.43 wm) , MRIGTIERY) & K&,
il AR 40 L0 5 W R 1R DB, IR
KU 1T 7R B HE (249 3 min) , L 2R

a5,
100 6.0
80 —45.0
& 4.0
£ 3.0 %
R &
& 40 R
B 2.0
20 Jio
] /4. S BN V S Y
0.1 1 10 100

Hifz/ pm
5 RBNBYMNESE

Fig.5 Size distribution of seabed sediments

2) FEhR A L HERC U I - A HE R AT 3 i B
DU FRAE PR S48 20, TR K 40 L AYDTAR
VARG it KA A TE 2 KR A HE 1 58 A o3 il Al
PR MR RIEAG AL  H  HE A B
I B I AR

3) {5 RIS PRI PR A KA B O L
Wof P2 FEAANAR IR, BRIk B T 00 9 ) B o e JRE
BEARLRFE AR (293 h) I 58 1k i, 25 o

4) Bl AL BN 3 AT < XU B R BE AT Ak BRI Sy
B, BRI HOE SR R R

3 HERTUBR P K Y R

PRy B ST

K 6 S ANRIHER B e BE T DU P B
FRIESURRIE . i IE 6 al LU M, B HE RS 8 v B 3
T, TURR A P Ui 1) s 78 S22 WA o A B L 9™ BT R ¢
REVEE B P HGE BB/ NE S RHE, 3202
FOUAE ) AH A T 3 RIAL 1R 30 7 2 33002 1) AR AR e
B, HEUT R e BE R AR, FUAE 8] F B S A X R A
HAF s 0k 3 22 BN AR Sl T R4 BINA A
Xof FUARE A4 48 B R e 32 A P DTS5 0P I o
PRASURLAE Sy 43 FBORIAS HL DU 1517 HE T o e v 6 v
R, FURE ] ) B /s AR ELAR T h (s i Ae I
HL T2 ) S5 VAR B T B R IR ek s | B R S A S
P SRR ARBT I 4 BT, IR I S B vp R
W] £ P s I 2

3.1

(a) 10 &/L; (b) 20 /L; (¢) 30 g/L
6 AEHEMRERE TR Iy B i ab 51 HH i
Fig.6  Morphological feature of end part of diffused

sediment plumes under different discharge concentrations

ARG IR A5 Rl 1, AN R HE o i e B R DR



553

XUEERR, 55 TRIER A DU P R K R R 5 67

PHALY B B M SRR BOANIR , 1] 73 R AaHEL
RIUCTLRE A" 1S AR DR HL 3 BB, ot Bk
TR EE 30 o/ L B TR P & I B AT 255
MEEAT B3, W 7 Bk, AERI IR HERC B, T HER
EREERL R, DURIAE i AR T TV AR 11 Ak £

S

(a) 3s; (b) 30s; (¢) 40s; (d) 50s; (e) 60s; (f) 70 s
7 VIBAREIRE 30 o/ L RHAFARY iR Y A BRI RE
Fig.7 Overall morphological features of sediment plume

diffusion under initial concentration of 30 g/L

(a) 600

S
=3
>

200

R/ (mg - L)

0 1000 2000 3000 4000
W E) /s
(¢) 600

400

200

JRERE / (mg - L)

1 1
0 1000 2000 3000 4000
]/

WL T BT (3 s) , BERH DLW B S BE AR, BiE
% v i JAl K AR O B i R B B S b B2 . 1E4)
UCULRE A BT B, DURR M DAL L 1) DU TR B, 58
JEAWIE R (30 s) ; B I [ HERS , DUR) Bl AE % B sk
/N, TRV PR BT, ORISR DR . DUAR
FIRAETE ) 7 BOKAR B BEPEAE R IR A6 10 R Uik
FEAWTYHL, P =1 BE ARG, 58 B2 HE— 2L I (50 s)
TESCHFHICRED HG B, DURR ) 2138 7K M I 0 I 76
SR R A T I 2 T ) D 4 B, R w4 R
T K (60 ), i, P H R BORL ZE A DR
SERE KA RH I3 e A0 ORL TR ) 1) T e o 8 3 W 0%
FIIARE  RAAE R i — 2 BRI TIRUZ (70 s) o
HIM AT UL, DURRE PR D B IR 2522 A2 th DURR Y
WIS RE K PiF I 36 1 AR R A
i VA5 22 P B IL R TP ek
3.2 iRy BRE

8 ARl 0 t e e T ORI P RO S
(e B2 ) B 1a] i A2 fe i £ 151 iy 181 8 m] i, 45
LA B AT A IS AR, T 0 A R T PR
8 TR RATE 3 DB, DIBIIR BURWL 30 /L i}
B 1y B T I KA (181 8 () ) S B EAT oy A, EDT
PRI R HECRI (26 1 By Be) |, iy TR e B2 b HL st
Y R T e R R ) LR ) OB U A K MO

(b) 800

~ 600
O
2
< 400
=
®
@ 200
0
0 1000 2000 3000 4000
/s
(@ 600
Mo T B
T L
- 400 Bl PR B
g
=
-2
ﬁ 200
= TR B
0
1 1 1 1
0 1000 2000 3000 4000
W /s

(a) 10 g/L; (b) 20 g/L; (¢) 30 g/L; (d) 30 g/L-1# s}
B 8 AEVHEERE TR IRY SR B R B T th &

Fig. 8

Variation curves of sediment plume diffusion concentration with time under different initial concentrations



68 7R

T 545 %

SRR, A S IR T P DA i A M 9 BT, DT 32
SIS ) b T I K B W it HE N 1) AN
W (26 2 BB , DU BURLAE J] R (A Hh i 37 i
YRR I i, KA B4 i D AR08 IO PR v Jo i e 2
A TCRR Y ORLAR B, HLR 2 UURR W UKL A B AR T
T bRIE TR | AT S5 S0P 5 e R A 1K B (S
PRIFEFEAR ; foe ), AR 23 w8 o vk B O ML R 2 2 58 4
DURE AR T B2 B0 AR SURLTC R A IO i AL 22, PIi
PO BEREAR AN, S AR BURAN PR BT P ok
LA T fe 288 A (5 3 BirBe) o

AN TR0 it S e B XU AR A P R B 1) 2 )
RN IR 10 g/ L IF, SPIIE ™ HIC A0 58 {1 94 J3E 45
AER W B ) A, L e 2 A58 - P49 JEE A1 40
UEHRIE 30 /L IS, PR IR W (L T J3E 50 g | DR {EL L
DU TR, Hae 2R e B . X2 )
iy o TR RS, e S A B8 R ™ R R B A, % R 7K
PREGPEZH A i it AR B, ™ Hica R B PR (e
SEAE) |, [FIHDLARY) P R B 22 Rk BRE T o
S DURERTR DR DURU™ T B DA BT vy, 1 B
() BB AR R PR, e AR R T vk B vy

4 it

1) R Fluent § b 57 1 R 47 A X UL
BRI FH O RO 0 SRR 3B 9F 5007 T 0T
USRI R B Feat ViRt /R R S e
KEDKHS  JE0 TR R R R 1 UL
W B A R P A A

2) VRIGRA LRV PV 5y 2 B DU H A
HERE TR I PIS  H0E SURLI M R0
7 AE XTI 8 1 TS, b, e 030
IR, T S 3 TR A R YR 6 B
R BB, LT | BB PR
PR R R TR

3) AR R T ORI P R 4 1
SEC AR KB I, T 434 9 6 HERE 90 U L
SO 3 AW B, B R 01
I, SRV 0 3 S A M 9 R i
KA 0 e B PR

4) FIRAH R BT T ek 1t e B
MERIZEND T SR 3 M WNBL. B TR WP,
BRI RO, PR ORI AE S 1| B B (e
th B L 758 2 B T TR 3 B
WL T T B R 0

5) KAUKHIR B AR 5 ST VR FRBEAR L0
FEAE—SE 102 57 01 8 1 2 R S 28

AR T AR N R (H R s D0 2 DR P K 7
FIAR D 2 0 R o e A LR, T A TR AT Y
PR M AL R XS A

2% 3k ( References) :

(1] ZRiLr BRRHBE, 2/, 58, HARTRIERAT R BRI AT SR s [ ].
TR TRE, 2023,43(4) :16-20.

LI Manhong, CHENG Yangrui, LI Xiaoyan, et al. Analysis of current
status of Japan’s progress in deep sea mining and its revelations[ J].
Mining and Metallurgical Engineering, 2023,43(4) :16-20.

(2] Bedbkte PR, Ve, 4. BRI BOR BUR L BOoR AT AT E L RE
WL T]. A 48 244k, 2021,31(10) :2795-2816.
RAO Qiuhua, LIU Zelin, XU Feng, et al. Research progress on char-
acteristics of deep-sea soft sediment and walking performance of mining
vehicle[ J]. The Chinese Journal of Nonferrous Metals, 2021,31(10) ;
2795-2816.

(3] 4FmE, PMER, PMT, 45 FRIETHIEE ™ BT A% AR B 5
RG], MR T RS2, 2023,44(5) :708-716.
70U Li, SUN Jiazhao, SUN Zhe, et al. Deep-sea mining core technol-
ogy in China: Current situation and prospects[ J]. Journal of Harbin
Engineering University, 2023,44(5) .708-716.

(4] RARSE, XIEME, A, Wi 2 4R CRE BRI 3)
RIGWITE[1]. 976 T, 2023,43(3) :20-23.

ZHANG Dongkuan, LIU Meilin, XIA Jianxin. Experimental study on sed-
iment disturbance during collection of deep-sea polymetallic nodules[ ] ].
Mining and Metallurgical Engineering, 2023,43(3) :20-23.

(5] 2575 ARSLHT, SEHEAK, A5, DRIERA PRI SRl 2idk [ 1]
AN TR, 2024,46(HET 1) :574-582.

LI Xiu, XU Lixin, DOU Peilin, et al. A review of deep-sea mining
plume monitoring and experiments| J]. Ship Engineering, 2024,46(S1) :
574-582.

[6] MRWE,ZRE5, 5k T, 5. IREZSIREEHRY 4 5 IR AR

HUE B HFREEM ISR [ T]. R =2 E4, 2023,52(6)
1173-1190.
CHEN Xuguang, LUAN Lubao, ZHANG Ning, et al. A review on in-
teracting mechanisms of the deep sea mining vehicle-the marine sedi-
ment and its environmental effects[ J]. Journal of China University of
Mining & Technology, 2023,52(6) :1173-1190.

(7] R, T8, 0NE, 5. BEET = FORE I LR K IR 5 e
Y] HRERHE, 2022,1(2) :92-102.

LI Jiabiao, WANG Yejian, LIU Lei, et al. Current status and pros-
pect of deep-sea mining technology[ J]. Science and Technology Fore-
sight, 2022,1(2) :92-102.

[8] OUILLON R, MUNOZ-ROYO C, ALFORD M H, et al. Advection-
diffusion settling of deep-sea mining sediment plumes. Part 2. Collec-
tor plumes[ J]. Flow, 2022,2.E23.

[9] LIUZL, RAOQH, YIW, et al. A modified drag coefficient model
for calculating the terminal settling velocity and horizontal diffusion
distance of irregular plume particles in deep-sea mining[ J]. Environ-

mental Science and Pollution Research, 2024 ,31(23) :33848-33866.
(#5576 1)



76 LB (< B B 5 45 %
JIANG Jiangchen, YE Yongfei, LIU Xiaosheng. Thickness of horizontal investigation on scale effect of the at-rest earth pressure coefficient of
pillar for safe extraction under arching effect of cemented backfill [ J]. coarse-grained soil[ J]. Advanced Engineering Sciences, 2023,55(2) :
Mining and Metallurgical Engineering, 2024 ,44(1) ;39-43. 259-266.

[9] W3k AT S, WHE 45 JoRhE B e R Ra v [ 1], [14]  ZRIURE, X4k X /N22 | 25 6T =4k SRR A0 -0 % S &
#HEJ1%, 2011,32(12) :3768-3772. BFIELT]. EHURE S TAR, 2022,39(5) :193-201.
TAO Ganqgiang, REN Qingyun, LUO Hui, et al. Stability analysis of LI Shunqun, LIU Jicheng, LIU Xiaolan, et al. Study on static lateral
stope in pillarless sublevel caving[ J]. Rock and Soil Mechanics, pressure coefficient based on three-dimensional stress state[ J]. Jour-
2011,32(12) :3768-3772. nal of Architecture and Civil Engineering, 2022,39(5) :193-201.
[10]  BXXAR, JA 2R, I, 4. VYRUE h e o R4 S8 ]. [15]  E/k, s, bk, 0 AR E M OB ) X 3 U AT [ 7]
WR LA, 2023,43(4) :12-15. BRI 5 %, 2020,40(8) :31-35.
ZHAQ Xingdong, ZHOU Xin, TIAN Bin, et al. Optimization of stope WANG Shaolin, HUANG Min, FANG Piantao. Sensitivity analysis
structure parameters for Bangzhong Zine-Copper Mine in Xizang [ J]. on key influence factors of pillars stability[ J]. Mining Research and
Mining and Metallurgical Engineering, 2023,43(4) :12-15. Development, 2020,40(8) :31-35.
[11] E%Zﬁ,ﬂﬁ@l%,%%,%.ﬂ%_f@hFjjjﬁﬁ{ﬂﬁﬂﬂﬁﬁjﬂﬁ(ﬂﬂﬂ’ﬂﬁ% [16] Eimsk. AU, Fig i, 45 T FhbH T prks FERat s F 52
FEMERIEL)]. MR TR, 2023,43(2) :1-4. B PEBRIE )], A TR 2022.42(2) :32-37.
VIAO Wenjie, ZHAO Guoyan, WANG Xi, et al. Stope stability analy- WANG Menglai, LI Xiaoshuang, WANG Yunmin, et al. Stope sta-
sis based on monitoring of surrounding rock stress and vibration[ J ]. - ) ) . )
Mining and Metallurgical Engincering, 2023 ,43(2) : 14, bility under disturbance in transition of open-pit to underground room
[12] 2 T S VAR B BB B2 P ) o and pillar mining[ J]. Mining and Metallurgical Engineering, 2022,
BFSELD). 4k TAR2E, 2016,38(9) :1625-1629. 42(2) :32-37.
LI Pengfei, WANG Fan, NIE Xiong, et al. Methods for calculating
rock pressure of symmetrical multi-arch deep tunnels[ J]. Chinese SIRAS: i 4 3k J &L, 5. B BUs 9 W15 Lok i 8 R E
Journal of Geotechnical Engineering, 2016,38(9) :1625-1629. F AR AR R e[ ]]. s TAE, 2025,45(3) :69-76.
[13] WA, R /N 55 4 RSN R0 5 -0 &= XIANG Weihua, LU Yanze, LIU Zhiyi, et al. Influence of pillars in drifting
Bop M ALRIG[ 1], TRERESER, 2023,55(2) :259-266. chamber on roof stability during sublevel open stoping with backfill [ J].
JIANG Mingjie, ZHU Jungao, ZHANG Xiaoyong, et al. Experimental Mining and Metallurgical Engineering, 2025,45(3) :69-76.
( 55 68 1)
[10] LIUSH, YANGJM, LU HN, et al. A numerical investigation of [17] ZEFR, Tk, AR, BT Sl i Ak R (957 Y 82 A5 70 i) 55
the dynamic interaction between the deep-sea mining vehicle and W[ 1], sh TR, 2022,42(8) :715-721.
sediment plumes based on a small-scale analysis[ J]. Journal of Ma- LI Huijun, WANG Yeku, ZHANG Jiuyi. Verification and analysis of
rine Science and Engineering, 2023,11(7) :1458. a new drag model based on bubbling fluidized bed [ J]. Journal of

[11] MA W B, SCHOTT D, RHEE C V. Numerical calculations of envi- Chinese Society of Power Engineering, 2022,42(8) :715-721.

ronmental impacts for deep sea mining activities[ J]. Science of the (18] SHANMUGAM G. SIS IR RASAE Fifl 3 S H AR TR
Total Environment, 2019,652:996-1012. JE7R X FHAPRSE rh s RPN TR 23R LR A [ T]. A3

[12] BAIT B, ZHAO Y, ZHOU Y Q, et al. Numerical simulation and RIS, 2018,45(4) :608-625.
analysis of initial plume discharge of decp-sea mining( J]. Occan En- SHANMUGAM G. A global satellite survey of density plumes at river
mouths and at other environments: Plume configurations, external
gineering, 2024,310; 118794. controls,and implications for deep-water sedimentation [ J]. Petroleum

[13] GILLARD B, PURKIANI K, CHATZIEVANGELOU D, et al. Physical Exploration and Development, 2018 45(4) ;608-625.

and hydrodynamic properties of deep sea mining-generated, abyssal sedi- [19]  Jeis i BN et . VI 24 TR 45 BT SR v e T b I
ment plumes in the Clarion Clipperton Fracture Zone ( eastern-central FEE BTSSR 1], TRUMFR2ER , 2021,29(6) : 1676-1691.
Pacific)[J]. Elementa: Science of the Anthropocene, 2019,7:5. FAN Zhihan, JIA Yonggang, TENG Xiuying, et al. Review on po-
[14] MUNOZ-ROYO C, OUILLON R, EL MOUSADIK S, et al. An in si- tential engineering geological environment impacts of deep-sea poly-
tu study of abyssal turbidity-current sediment plumes generated by a metallic nodules mining[ J]. Journal of Engineering Geology, 2021,
deep seabed polymetallic nodule mining preprototype collector vehi- 29(6) :1676-1691.
cle[ J]. Science Advances, 2022,8(38) :eabn1219.
[15] MOTT R W, WOODS A W. On the mixing of a confined stratified SIS X F &, Gur-F, e F O RERT IR P RHRT 5
fluid by a turbulent buoyant plume[ J]. Journal of Fluid Mechanics, PRI R[]]. &6 42, 2025,45(3) :63-68.
2009,623:149-165. LIU Zelin, CHEN Shiping, ZHENG Hao, et al. Experimental study on
[16] BAINES W D. Entrainment by a plume or jet at a density interface[J]. diffusion characteristics of sediment plumes in still water during deep-sea

Journal of Fluid Mechanics, 1975,68(2) :309-320.

mining[ J]. Mining and Metallurgical Engineering, 2025,45(3) ;63-68.



