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Key Influencing Factors and Scheme Optimization for Deep-Sea Hydraulic Mining
Sun Guoshuai', Ma Qi', Feng Jiao®
(1.College of Civil Engineering and Architecture, Xinjiang University, Urumqi, Xinjiang 830047, China;

2.School of Information Management, Xinjiang University of Finance & Economics, Urumgqi, Xinjiang 830012, China)

Abstract: To ensure efficient resource collection while minimizing environmental impact, enhancing economic feasibility, and
promoting the sustainable development of deep-sea hydraulic mining technology, a hybrid evaluation system was constructed
for identifying key influencing factors and optimizing solution selection. Firstly, based on grounded theory, a comprehensive
evaluation system was constructed from three dimensions of technology, environment and economy, which includes 5 primary
indicators (environmental disturbance, collection efficiency, energy consumption characteristics, structural reliability and
collection economy) and their corresponding 20 secondary indicators. Next, the Fuzzy-DEMATEL method and the CRITIC
method were applied to determine subjective and objective weights, respectively, followed by comprehensive weighting.
Finally, the Pythagorean fuzzy multi-attribute decision-making method based on PFHWD-TOPSIS was used to sort the
alternatives and achieve scientific optimization. The results show that the constructed hybrid evaluation system can effectively
support factor analysis and scheme decision-making, among which environmental disturbance and economic stability are the key
constraint factors in the decision-making of deep-sea hydraulic mining schemes. In the four deep-sea hydraulic mining schemes,
the wall-attached jet scheme (C,) has the optimal comprehensive performance, and performs prominently in terms of
environmental disturbance, energy consumption characteristics and economy. The research results can provide a theoretical
reference for the optimization of deep-sea hydraulic mining schemes and help the sustainable development of the technology.
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Fig.1 Evaluation index system of influencing factors of deep-sea hydraulic mining
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Fig.2 Key influencing factors of deep-sea hydraulic mining and specific implementation steps of scheme optimization
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F2 EEXMER
Table 2 Direct influence matrix
?E‘*ﬂfi I:ll P‘lZ F13 I:l-'t P‘Zl I"-M P‘Sl I"‘SZ P‘S\% I:S-t
Fu 0.000 0.715 0.593 0.593 0.827 0.487 0.733 0.267 0.733 0.713
Fi 0.383 0.000 0.500 0.500 0.500 0.262 0.500 0.267 0.267 0.487
Fis 0.617 0.830 0.000 0.733 0.733 0.262 0.733 0.360 0.733 0.713
Fu 0.593 0.263 0.733 0.000 0.733 0.487 0.733 0.267 0.733 0.713
Fa 0.617 0.489 0.500 0.500 0.000 0.487 0.733 0.267 0.500 0.713
Fy 0.267 0.285 0.267 0.267 0.267 0.000 0.267 0.267 0.500 0.262
Fs 0.500 0.263 0.570 0.267 0.500 0.713 0.000 0.733 0.733 0.713
Fs, 0.267 0.308 0.477 0.267 0.267 0.713 0.570 0.000 0.500 0.713
Fss 0.337 0.466 0.383 0.290 0.733 0.914 0.733 0.267 0.000 0.713
Fs 0.267 0.285 0.383 0.267 0.267 0.262 0.500 0.267 0.500 0.000
x3 ZEXMER
Table 3 Comprehensive influence matrix
*E*/i I:II P‘IZ F13 I“]'I P‘Zl I"M P‘Sl F)z I"SB I::'w'l
Fp 0.147 0.175 0.186 0.168 0.240 0.038 0.057 0.021 0.057 0.056
Fis 0.122 0.077 0.127 0.116 0.150 0.021 0.039 0.021 0.021 0.038
Fis 0.188 0.179 0.137 0.174 0.226 0.021 0.057 0.028 0.057 0.056
Fu 0.192 0.144 0.196 0.124 0.233 0.038 0.057 0.021 0.057 0.056
Fy 0.184 0.150 0.170 0.154 0.168 0.038 0.057 0.021 0.039 0.056
Fu 0.100 0.088 0.097 0.088 0.118 0.08 0.122 0.083 0.138 0.128
Fs 0.175 0.135 0.175 0.136 0.204 0.191 0.178 0.163 0.229 0.240
Fs2 0.116 0.103 0.127 0.101 0.136 0.149 0.165 0.076 0.159 0.182
Fs3 0.171 0.155 0.168 0.144 0.230 0.212 0.24 0.135 0.183 0.249
Fsi 0.101 0.088 0.106 0.088 0.118 0.101 0.141 0.084 0.139 0.108
x4 HOENMFERE
Table 4 Centrality and cause degree
ki an i i Bl e B2 rpls BE HeP J R Hey bR R F WAL E
Fu 4.009 3.238 7.247 9 0.771 5 ECEESES 0.052
Fi, 2.522 2.682 5.204 19 —0.160 11 HREE 0.037
Fis 3.858 3.108 6.966 10 0.750 6 SRS 0.050
F, 4.017 2.722 6.739 12 1.295 1 JR 0.048
Fy 3.756 3.932 7.688 7 —0.176 12 SRS 0.055
Fo» 4.051 4.059 8.110 1 —0.008 9 HREE 0.058
Fas 2.983 3.524 6.507 15 —0.541 17 HREE 0.047
Fay 3.104 3.427 6.531 14 —0.323 15 RS 0.047
Fs 3.923 4.117 8.040 3 —0.194 13 HREE 0.058
Fi, 4.253 3.618 7.871 6 0.635 7 JEH 2% 0.057
Fa3 4.090 3.238 7.328 8 0.852 4 R A 0.053
Fa 2.688 3.547 6.235 17 —0.859 18 SRR E 0.045
Fuy 3.359 3.593 6.952 11 —0.234 14 RS 0.050
Fi2 4.434 3.560 7.994 4 0.874 3 RS 0.058
Fus 3.688 2.791 6.479 16 0.897 2 JR A A2 0.047
Fu 2.177 3.206 5.383 18 —1.029 19 RS 0.039
Fsi 3.785 4.150 7.935 5 —0.365 16 HREE 0.057
Fs, 2.628 2.533 5.161 20 0.095 8 S 0.037
Fss 3.975 4.085 8.060 2 —0.110 10 HREE 0.058
Fs, 2.198 4.368 6.566 13 —2.170 20 REE 0.047
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(3) Ll IR OC R B . R i Wb 2 B TR I /K 7 46 2.5 :
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B B W P A BT R A 0 e R R PRI L 22 Lof wﬂé éF
_ 0.5} . F,
THEXRE, W 4 FiR, i 0,;{?{,_,_,,,,,Ff»ea&_,,ﬁu -
R 5 F F 2
3.2.2 B HHHE Eh’(f'; or ti & ‘
FET3R 5 AN 4 PRI K T SE0  RAE4 _15} E
. S S P T ~ ~ -2.0F ;
A5 bR A SRR L AR BF 5T R B CRITIC % 2 e . L.
_ . 50 55 60 65 70 75 80 85
BRI IALEE . B AR O X 5 iy i o
S B 9 A B LA S [ 4 R R s ERER
) 5% W] aﬂﬂ)ﬁéiﬂg*%aﬁi+%%%%ﬂﬂ ° Fig.4 Causality
K5 REKNETHARREEETEHIERER
Table 5 Comprehensive evaluation index system of deep-sea hydraulic mining scheme optimization
AT ES TTH R AR C C, Cy C,
PURR YRR F i /(mg/m®) 25 20 40 30
JE A A 0 8 AR R F i/ % 15 12 30 20
Wt sh Fy . '
IR IR SRSt | Fois/h 2 1.5 3 3
JERYE IR EE F1y/m 0.2 0.15 0.3 0.3
HER0 R RER For /% 85 90 80 88
I RS FHE Foo/(m/s) 1.8 1.6 2.0 1.7
REMRF,
ZRARIE N Fos 70 75 65 75
1 (] 46 3K B8 BE F o0 /m 2.0 2.2 1.8 2.2
B RAERERE Far /(KW « h) /0 0.7 0.6 0.8 0.75
YR BB Fap/(kW/m?) 12 10 14 13
REFERRYE Fsy )
RefE IR Fas/ % 30 35 28 32
FEHLRERE S 1L Fau/ % 7 6 8 7
VLB %Ay Fai/a 8 10 7 9
Mk eI F e 80 85 75 82
ZER AT SETE F
FITREE F PN T Fus 70 75 68 72
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, wRERtES 8 0 088
FNL R E WA Fa /(GT/0 110 100 130 115
- Y TG MAK B SN H Fso /% 5 2 4 3
REZTM Fs
R B4 AR F oy /B /D) 75 70 85 78
WY Fsy/a 4.5 4 5 4.8

xo6 BEGHEUANEREHRF

Table 6 The objective weight of each index and its ranking

e A A0 T A8 R Z 18] B A5G R 4L
PR AR G RO R . IR RS S Hh AN TR 45 AR 2
[ Py 2 P DG DA JBE L DR Jim 3 SR04 B 1) o 5 P i 1

HBhr BRERE WBiiehRE FEE FUWAE HeFP
g . FEBLIERE I, 856 & F8 br 09 A8 S v A ah 2k Fu 0.427 2.559 1093 0.039 12
BERXQADITTESEMNMERNESEME. FEEHELZE Frz 0.438 2.994 L3lz 0.046 7
= _ Fus 0.500 5.452 2726 0.096 2
A e it s B M i wh 25 M Bk 5

&% BT e hn i A S M RN o € 1 L BB 08 R B 3 B A e 0,500 < 159 0796 0.006 s
FEXSTPHNEREESE. Fau 0.435 2.536 1,103 0.039 11
e Ja ARYE R (2 TR S AR IR0 AL E Fz 0.427 2.253 0.962  0.034 16
- Fos 0.479 3.978 1.905  0.067 5

> . P I . /E‘ Al A A \‘ 23
IPHEATIA — AL HR AR A BT AT R Z A 1. i Fu 0.479 3.978 1.905  0.067 4
TR BR, SR T BWALE B R AR L T AR Y Fa 0.427 2.687 1147 0.041 9
S35 b 1 2 A T R LR L3 6, Fa 0.427 2,687 1147 0.041 8
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EES
febr  fEPRAE S FRArrhRM FRE FUNE  HF
F3 0.427 2.316 0.988 0.035 14
Fsy 0.408 1.667 0.680 0.024 20
Fy 0.430 2.405 1.035 0.037 13
Fy 0.420 2.017 0.848 0.030 19
Fus 0.427 2.316 0.988 0.035 15
F 0.435 2.536 1.103 0.039 10
Fs 0.417 2.098 0.874 0.031 18
Fs; 0.430 8.169 3.515 0.124 1
Fss 0.418 2.189 0.915 0.032 17
Fsy 0.435 3.047 1.325 0.047 6

3.2.3 RIS WAL
T8 AR AT WA AU /Y LAl R S
(3R (14) 432 FiT 1 R 18 21 5 WAL % ok L 1 — 2%
TEPR I ZE G AU THERE AR LR 7.
®71 BEREENENTEER
Table 7 The calculation results of comprehensive

weights of game theory

BEZ— RSP AE R 0.262, [F B4R UG F
oAb — AR bR AR 45 35350y R AR K 0208,
REFEAEME R 0.153  Z5#4 AT FE M 0.150 R AR 4 35 1
H0.228, BHJEHEAT SR R A=1,
3.3.2 BRI FE SRR 8

Wil 5 2% FA 4 MK ST T Z T
Mo L RARIE L HOE S R X 45 BAE& — RS
b b BRI IEAL B S AR 2L (15) 2 A7)
L FATTH VA 25 5 57 Sy e 3k B 0T AR T f A
P, W3R 8, ltn, X T Ir s Co  fERER T (F X
—FEBR B R VAN N P 6 LI BE 3K R BB
B (0.9,0.1), L2 HE,

F8 EATFRETEMITNER

Table 8 Pythagoras fuzzy evaluation matrix

SR 7R EMAE  FUWKE  HANE SRR RE
Fu 0.052 0.039 0.041
F 0.037 0.046 0.045
0.262
Fi3 0.050 0.096 0.088
Fy 0.048 0.096 0.088
Fy 0.055 0.039 0.042
Fyy 0.058 0.034 0.038
0.208
Fas 0.047 0.067 0.064
Fou 0.047 0.067 0.064
Fs 0.058 0.041 0.044
Fs 0.057 0.041 0.043
0.153
F3 0.053 0.035 0.038
Fsy 0.045 0.024 0.028
Fi 0.050 0.037 0.039
Fi 0.058 0.030 0.035
0.150
Fus 0.047 0.035 0.037
Fu 0.039 0.039 0.039
Fsi 0.057 0.031 0.035
Fss 0.037 0.124 0.109
0.228
Fs; 0.058 0.032 0.037
Fs, 0.047 0.047 0.047

VES Fy F, F, F, Fs

C (0.7,0.5) (0.5,0.8) (0.4,0.9) (0.4,0.8) (0.9,0.2)
C, (0.9,0.1) (0.8,0.1) (0.4,0.8) (0.2,0.9) (0.9,0.1)
C;  (0.7,0.3) (0.7,0.3) (0.5,0.7) (0.5,0.7) (0.8,0.3)
C, (0.8,0.3) (0.8,0.3) (0.3,0.9) (0.3,0.8) (0.7,0.5)

3.3 PFHWD-TOPSIS B 5 RR KRS

K PEHWD-TOPSIS ¥ X} 4 Fp K J1 4
W7 AT IR b U o e 7 58 . 7 ik 4
AERMEWITEN S5 EF WL, @it A& TES
B AR A 1) 0 R B R EATHE Y L B AR BR T
3.3.1 A —HIERALE A A

TEARTS AR bR 25 G B 1 HEail BB & 90
FEAR B 25 A AU X I B 2 AH R 1) — AR AR, AT
1A — AR PR B ZR G ACE . a0, o 3R B AR 3 4k
JETF & RAEHR Fo JFoo JFro JFu EEERUE AN,

3.3.3  FRAE i 6 1 5 HE O

3 2k ) D T AR i A G AR i o T N A
J7 VRN B . IE BRARRR R A5 T8 b 19 S5 f e 1k A
P TROR K41 . B (0.9,0.1),(0.8,0.3), (0.5,
0.7),(0.5,0.7),(0.9,0.2) ; f B AE A W phy 4% 48 # 1Y
B 22 Mo 3k AF AR K 4l Bl 4 R (0.7.0.5) .
(0.5,0.8),(0.3,0.9),(0.2,0.9),(0.7,0.5), BfiJ5 .
HRAE = 20 A= 21D TR 4 J7 5855 15 BRAR A A 6 2
FEfif 22 ] VR I A R B
3.3.4 T EME A SHT K

WA = (22) T 45 T R W 3 BE L R4 i AT
HEP AR WER 9, HEP AR BR, g C ki i
B, R HZE G YRR HIRE TR C.Cis
R C M E R —1.109. HEZ ok . RIAH LA
REAH XT38 2, i X — & % PFHWD-TOPSIS
TS 30T B A8 T 4 R WA TR K T 4R
W RS WIT T BEPLERHE TR E RS
18 PSR AR

R ARMEEHR

Table 9 The ranking of closeness degree of schemes

H%E PFHWD(a;,A ) PFHWD(a; sA ™) §Cai) HE#

Cy 0.557 0.330 —1.109 4
C, 0.328 0.560 0.000 1
Cs 0.392 0.556 —0.203 2
Cy 0.459 0.426 —0.638 3
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WO (F ) 2 RIARTE W1 (F o) %5 J5 N B R 11 B 48
bR TE VAL 25 05 % AR S KU I, C, 5 %8 IH % 4% fig
X s A8 bR AR AL T S B0R% T C 7 R AR R AE
v 35 5 L F o 46 B 52 0 U TE 5 W G 2 L 2 T R
HAG RN,

CRITIC 325 5T~ 52 0 K 418 19 73 A o Tk 37 7K BT 4t
BNFFERETR(F ) R BT 3h VR B (F ) SR b
W, EEETTET.C T EE SR R F™
Az B K BB Bl 6F ] 00 A AR A M B 5 1 C, T R
FEFE F 48 5 5 T R B 5, BB AT R0 AKX 1 R
R B .

T PFHWD-TOPSIS f4 Y 35 5F $7 0 5 H) £
JERHEPR GG R — PR C, T RMGHRE .
WS . C, FEMKT C FEMC, HE.
Xof VR A 2 R G0 52 W A T R AR 5 76 28 U A a8 4R
Co FRPAN B REMAR C, FEEHZTE,
HAF BRI I C, &, M C, 7 28 78 A BT it
T 1 1 B T 0 ROk A8 1 A SR 4B %% T A7
Mo M LGS N IR Z MY 20 2 IR, 4%
B Co T RIEA DR AL SRR 2B A =
Z I SEI T Ee T A k0 ) B T TR K ) AR
W RGP R 2L PE 5 8801 B I 78 A BF 5% b g 4
TERNTEIME KT IR AR T E.

4 H#
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Hi Bk K 48 A (8] 58 RS G 1k 55 RF mL . A BF 5K Fuzzy-
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