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Abstract: A systematic quantitative analysis is conducted, focusing on the potential capacity gap of ship locks in
Xijiang River basin in the future. It supports the planning and construction of ship locks in this area. On the basis
of historical data and the development trend of the economy and society, a structured method combining
qualitative and quantitative approaches is used to predict the freight volume of the main channel and tributaries of
Xijiang River. A system simulation modeling method is employed to simulate the operation process of ship locks
and analyze their capacities. By combining the freight volume prediction with the ship lock capacity results, the
capacity gaps of a series of ship locks in Xijiang River basin are analyzed. The results indicate that in 2030, there
are capacity gaps of 10%, 23%, 32% and 55% at Datengxia, Naji, Yuliang, and Jinjitan ship locks respectively,
which will be resolved once the planned projects are completed. Meanwhile, there are capacity gap of 42% at

Laokou ship locks. In 2040, there are capacity gaps of 3%, 19%, 39%, 48% and 63% at Changzhou, Datengxia,
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Naji, Yuliang, and Jinjitan ship locks respectively, which will be resolved once the planned projects are

completed. Meanwhile, there are capacity gaps of 51% and 18% at Laokou and Guiping ship locks respectively.

The capacities of other ship locks in each planning year will basically meet the freight volume requirements. It is

recommended that the planned ship lock projects should follow the schedule, and the feasibility studies for the

construction of new ship locks at the Laokou and Guiping hubs should be carried out.

Keywords: freight volume prediction; system simulation; ship lock capacity; Xijiang River
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Tab.1 Southbound seaborne freight volume and
cargo type in 2023
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Tab.2 Forecast of freight volume of different southbound
seaborne corridors
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Tab.3 Freight volume prediction for Xijiang River’s major
tributaries and Pinglu Canal At
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Tab.4 Freight volume prediction results of hub
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Fig.1 Algorithm framework of single-line ship lock model
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Fig. 2 Algorithm framework of multi-line ship lock model
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Tab.5 Prediction of average deadweight mass and
loading coefficient of ships passing through ship locks in
Xijiang River mainline by tonnage class

i 2030 4F 2040 4E
SR/t EX Ji B/t 2
500 Mgl S LA 520 0.30 520 0.35
1 000 M2k 1150 0. 60 1 140 0. 65
2 000 Nifi g% 2 100 0. 66 2 200 0. 69
3 000 Mgk 3 500 0. 60 3 650 0. 65
5 000 Mgk K L 4 800 0.50 5 000 0.52
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Tab. 6 Forecast of average deadweight mass and
loading rate of each ship type passing through ship locks in

Youjiang River and Liugianjiang River

3.1 et IR ARE A0 R I L 1 T T T
XF 2019—2023 4 P V145 HE 211 ist 3162 53 i A e R o o
Bttt B3 it /t S
ST MR B, R R A AR BRI B 500 i 500 0.70 500 0.70
1 000 M 1100 0.75 1100 0.78
PEAT M, 1 20 TN A of ook [ A A e 2, AR 2 000 %% 2 000 0.70 2 000 0.76
BRI KA RIE R, ZIR5 Lo e P00l o
B IR e (A MBI AR A WGy O TEU MR 1050065 100 0.60
160 TEU JE%A6/F 2 400 0.65 2 400 0.65
Mk R B, w518 P AR, S5 R 200 TEU 4E3646 M 3 000 0.65 3000 0. 60
250 TEU %A i - - 3 500 0.55
*5~7,
=7 BARE T ARE b ) T
Tab.7 Prediction of proportion of ship types passing through ship locks )
b0 o %Fl Eﬁ‘: ﬁ¢ %% EJF Jf:‘l\Jvl*l Eé ﬁﬁﬁ ﬁ;‘%@ éx%ﬂﬁ élﬂi jcﬁ%ﬂl%
0L U 31N N L I 721 N LD L N 711 D 1L D7 N L1
500 M2 2.3 2.5 1.5 1.0 1.0 0.5 150 3.0 2.0 2.0 5.0 1.5
1 000 %% 40.0 350 230 21.0 17.0 140 745 50.0 47.5 46.0 350 17.5
2 000 M 43.2 450 30.5 31.0  30.0 29.0 0.0 40.0 42.0 42.5 48.0  34.0
3 000 Mk 7.0 9.0 18.8 19.0 19.0  20.0 0.0 1.0 1.5 2.0 7.0 19.0
2030 5 000 Mgk 0.0 0.0 17.2 185 220 24.0 0.0 0.0 0.0 0.0 0.0 20.0
70 TEU 453540 5.0 5.0 2.0 2.0 2.0 2.0 3.0 4.5 5.0 5.5 3.0 2.0
160 TEU #4446 M 2.5 3.0 2.0 2.0 2.5 2.5 0.0 1.5 2.0 2.0 2.0 3.0
200 TEU 4248 i 0.0 0.5 3.0 3.5 4.0 5.0 0.0 0.0 0.0 0.0 0.0 2.0
250 TEU 45248 i 0.0 0.0 2.0 2.0 2.5 3.0 0.0 0.0 0.0 0.0 0.0 1.0
500 g% 1.5 2.0 1.0 0.8 0.5 0.3 10.0 2.0 2.0 2.0 3.0 1.2
1 000 Mgk 35,0  29.0 17.0 15.0 140 10.7 80.3  47.0  45.0  41.0  30.5 14.0
2 000 MfiZ 46.0  47.0 28.0 29.0 28.5 23.0 0.0 42.5 425 450 50.0  30.0
3 000 Mg 8.0 120 2.0 21.2 240 22.0 0.0 1.5 2.0 3.0 9.0  20.8
2040 5000 Mg 0.0 0.0 205 20.5 250 28.0 0.0 0.0 0.0 0.0 0.0 23.0
70 TEU S35/ 5.5 5.5 2.0 2.0 2.0 2.0 50 5.5 6.0 6.0 4.0 2.5
160 TEU SE2E40 % 3.5 4.0 2.5 2.5 3.0 3.0 0.0 2.5 2.5 3.0 3.0 3.5
200 TEU 4L 240 0.5 0.5 5.0 5.0 5.5 6.0 0.0 0.0 0.0 0.0 0.5 3.0
250 TEU 4L %56 0.0 0.0 3.0 4.0 4.5 5.0 0.0 0.0 0.0 0.0 0.0 2.0
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Tab. 9 Planar scale of lock chamber
BAPGIL 28T U iR
PALE AT RO TR 1 A Wik ] WK /m WS /m
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SRIRLIERTA) 07 W 4% ML T LB LR XL 250 i
—£ 190 15
{75 Al FLAT — 52 L DO IR A0 9, e 4 U, o .
W8, % 190 23
SO
N =7 280 34
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Tab.8 Planar scale of ships in model FL&& T /)
o — — — S— —k 280 34
B3| i BRm MSm o RIS /% o 200 "
32.4 10.0 50 AN
500 1% g 185 23
46.0 10.0 50 S s 340 34
1 000 Mgk 50.0 11.0 100 INEZ 340 34
- s 56.9 13.0 20 FE (T 340 34
R 2 000 N N
— 180 18
oo 140 80 2L N
” 71.5 14.0 20 — 280 34
3000 m b
80.0 15.8 80 L % 280 34
I — 48 (T
5 000 M2 90.0 15.8 100 KW — 22 () 340 3
=28 ( LA 340 34
70 TEU 60-0 -0 B HAATHEHL 120 12
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A T el 190 B
200 TEU 74.0 15.8 - AR ECAC 7)) 250 34
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—Z 190 12
o X 7
3.3 iR = T R ST 250 34
L A ) 0% o) 225 1 RUBE Ok B F i h SO 3.4 S AR i) A
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Tab. 10 Parameters of ship navigation time for passing through ship lock
AT A7
ik Fi ] HEHI iR BEIUEEEE/ MR NEEE/  MEMOW O RN SENDEEE,  hpm HwEE

I3k BEg/m (m-s') BHEMmM  (ms™) Jr3 BEg/m  (m-s™) HEE/MmM  (m-s™)

EARE L] HE A 486.50 0.7 484. 50 1.10 HEEC 48450 0.7 486. 50 1.10
BT Edbihd o 703.00 0.9 703. 00 0.95 Eikdh 703,00 0.9 703. 00 0.95
" Mk E S 467.80 0.7 395. 30 1.10 HaEE S 395.30 0.6 467. 80 1. 10

Py 2Ll 210.30 0.4 - - i 210. 30 0.4 - -
?; 2¢  phEEEH 583.00 0.7 586. 00 1.10 M E S 586.00 0.7 583. 00 1.10
P 1 HIFHE 616.50 0.9 619.50 1. 10 Hakdh 619.50 0.7 616. 50 0.95
Mk 570. 00 0.7 580. 00 0.95 HiFEH  580.00 0.9 570. 00 1.10
. 1* hdEE s 460. 00 0.7 462. 50 1.10 M E S 462,50 0.7 460. 00 1.10
Mk E S 554.25 0.7 564. 75 1.10 M E s 564.75 0.7 554.25 1.10
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X 10
L £
R Jis ] HEME M VERISEEE/ ol RPREEE/  ENUE dEN O SRIRIEEBE, hm HRIBEEE/
Jr BEE/m  (m-s™') HEE/m  (m-s) Jr B®E/m (m-s™') BHE/m  (ms™)
1* EEEESE 655.25 0.7 632.75 1. 00 HhakE L 632.75 0.7 655.25 1.00
2% iEEH  627.50 0.7 644. 00 1. 00 Mt EE  644. 00 0.7 627. 50 1. 00
[0 R N —
T Ky 3% gt Ed 614.75 0.7 621.75 1.10 MafFEl 621,75 0.7 614.75 1.10
4% MhrEd 61475 0.7 621.75 1.10 Ml 621,75 0.7 614.75 1.10
5% HiEES 602.50 0.7 609. 50 1.10 M EH 609. 50 0.7 602. 50 1.10
ST 1% EhEEEE 474.00 0.7 419. 00 1.10 M EH 419.00 0.7 474.00 1.10
LTAER
3 2f iR 565.00 0.7 585. 00 1.10 HiZET I 585.00 0.7 565. 00 1.10
ML 1" h#EE S 600.00 0.7 596. 00 1.10 HIFET I 596.00 0.7 600. 00 1.10
Kpgwefnie 2* it E S 614,75 0.7 621.75 1.10 HigET T 621.75 0.7 614.75 1.10
3 ihi#EEH  614.75 0.7 621.75 1.10 M E e 621,75 0.7 614.75 1. 10
HEIHEYL  EEE 362.50 0.5 250. 50 0.50 M E 250.50 0.5 362. 50 0.50
SR 1% HakdhE 612.00 0.9 612.00 0.95 HyElhE  612.00 0.9 612.00 0.95
P
o o M EH 553.00 0.7 553.00 1.10 MhEEd 553.00 0.7 553. 00 1.10
iR ——
£ ] M 432,15 0.7 431.35 1.10 ML 431.35 0.7 432.15 1.10
A 1* ki 276.50 0.6 276. 50 0. 70 HiFEH  276.50 0.7 276. 50 1.00
SR
U e 553.00 0.7 553.00 1.10 M B 553.00 0.7 553.00 1.10
Fz11 AREIEITEE
Tab. 11 Ship lock operation time
iR 97 il JEW T TEHE /min - ST A /min - #EOKEHE) /min - KEE/min - AEFENREHE]/d B TAERE]/h
2 I 3.00 3.00 10. 00 10. 00 350 22
BT 4.50 4.50 10. 00 10. 00 345 23
o 1 2.50 2.50 10. 00 10. 00 345 23
[iigeSi L
2" 4.50 4.50 10. 00 10. 00 345 23
o 1 3.00 3.00 10. 00 10. 00 345 23
U
2" 4.00 4.00 10. 00 10. 00 345 23
iR 24 » 1* 3.00 3.00 10. 00 10. 00 345 23
T Tl
2" 4.50 4.50 10. 00 10. 00 345 23
1 4.50 4.50 10. 00 10. 00 248 23
2" 4.00 4.00 10. 00 10. 00 248 23
K Y T 3* 4.50 4.50 12. 00 12. 00 340 23
4* 4.50 4.50 12. 00 12. 00 340 23
5* 4.50 4.50 12. 00 12. 00 340 23
o # 2.50 2.50 10. 00 10. 00 345 23
LI AL I
# 4.50 4.50 10. 00 10. 00 345 23
BT 1* 4.50 4.50 10. 00 10. 00 345 23
KIEefsim 2% 4.50 4.50 12. 00 12. 00 340 23
3* 4.50 4.50 12. 00 12. 00 340 23
HETHIEL 6.75 6.75 5.92 5.92 335 22
) # 2.50 2.50 10. 00 10. 00 345 23
I35 Hifs ]
- 4.50 4.50 10. 00 10. 00 345 23
VAN ——
10 i Il 3.00 3.00 10. 00 10. 00 345 23
o # 2.50 2.50 10. 00 10. 00 345 23
4 X0 A 1)
4.50 4.50 10. 00 10. 00 345 23
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4 HELEREMREEDEABROSHT
4.1 2030 F455 Kb

2030 FFLERILFE 12, 2.

1) Pt H] 2030 4F, P4YLE H A IR A 30
2038 J3 t BYRESI BRI (LT K H B 42% ), HIESTL
T e s ) A5 XL 1) 836 T3t FUFE Sl O (5 b
10%) , ATART IR A XL 418 J7 ¢ (Y RE Sy 6k 01
(5 23%) , FAE A BE 901 T3 t [ RE Iy Bk
(AT 32%) , A XSRERS AR 1924 77 t 1RE
FIER (AL 55% ), BRI EE BT P

VLA IR L) 30 J5 ¢ AORE 18 11 (o5 5 R Ll
0.2%), REIFEAARE,

2) VEYLE T, POHARIE . SEASAR IR, A
EHTLIAENE IR, AL A AL, @R A Lt
WA E 4, PUVLA PN W L fe ) 52 W
KILEHR, BREAR, BBJIICIEH R R
DA A58 1 o

3) KYNARI . RBRWeARR | IR A | g
PR IR | o X0 Ul i IR S0 e R SE U, I R
NAEBREET, IFRERRE,

Fz12 2030 EHERITELER

Tab. 12 Simulation and calculation results of 2030

HX A W T . »
T e i WA 2 B T i iiﬁi %£§2$
FRAETT ¢ ERAETT t
EARE U 4503 2 862 4 900 -42
E TR 8 382 6918 5200 33
_— DU A (——4%) 14 469 11 466 7 600 51
AT (— k) 16 492 13 049 9 800 33
HESF-fy i (——2%) 17 735 13 970 14 000 0
AR B YH A ] (— ~ Uk 33 542 26 340 24 500 8
- LUAERRIN (——2%) 10 569 7 200 3 000 140
pN S| 11 331 7 164 8 000 -10
HETHIL 1736 1155 700 65
- TS5 s 2078 1382 1 800 -23
i 13 LA i) 2852 1899 2 800 -32
4 X0 A ] 2 361 1576 3500 -55
[LLipIN KU (— ~ FZR) 45 171 35 477 24 500 45
ST KA ] (— ~ =28) 36 971 23 371 8 000 192
Bt HETHIEL 1728 1164 700 66
Jifs ] ot T i ] (— %) 9972 6 477 1 800 260
10 (—Z4%) 10 639 6 888 2 800 146
SNGHEM IR (—2%) 10 874 6 984 3 500 100

4.2 2040 FL5L KB

2040 AELER LR 13, L5 Hi] I

1) T2 2040 45, VY8 D I A 0L
3073 )7 t AR B (G RRR LG 51%) , FEF-
AR 3 277 5t WRE I8 (g R Ll 18% )
RIS YT T e s TR A X 1) 1 789 T3 ¢ Y RE il 11
(HEE19%) , A VLR M WA BLIR] 866 T t 1Y AE
JIERIT (A7 39% ), A0 QR i el A XL ] 1696 7t
(R BE 7 B 1T (o5 BL 48% ), 4 X W Y IR A X 1)

2771 J7 ¢ WIREIER I (S 63%) , iR HE
BT POV AR A AU 726 J7 ¢ BRE ) Bk
(KRB 3%) , REHFEEARNL,

2) VEVLETHER . POHMRE . StHs A, A
WLLTAENTI , AL G FHEL, BRI A L
BB E AR

3) K UNAEIR] . A ] IS M ] B
P IR] XES M A )RR R0 e TR S8 S, O R
NABRET, IFABRER,
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Tab. 13 Simulation and calculation results of 2040
AT )
e e i ] A 1o I RN B R T A 3ot I i i%?ﬁft ﬁ“iff; ’
FRAEIT ¢ FRAEIT ¢
E i 4577 2 897 5970 -51
BT 8 974 7 423 6 250 19
. VY L (——2%) 16 588 13 278 9 600 38
i USRI (— —2k) 18 591 14 879 12 000 24
BRI (—Z4%) 18 456 14 723 18 000 -18
SRR (AR (— ~ U £k) 35 290 28 074 28 800 -3
. LLAEARIR (— %) 10 877 7353 3 640 102
p TR e ) 12 026 7511 9 300 -19
A ETHIEL 1747 1 164 900 29
. TS5 i 2 008 1334 2 200 -39
o By ] 2784 1854 3550 -48
55 X A A ] 2 441 1629 4 400 -63
[LipAN K] (— ~ T2k) 49 377 39 264 28 800 36
ERN TR (— ~ =2%) 39 302 24 547 9 300 164
2B H O THIEL 1853 1251 900 39
Jir] - R AR (— %) 9591 6199 2 200 182
£ G (— %) 10 552 6 809 3550 92
S MG RERR TR (——2%) 11 457 7311 4 400 66
5 #ig A0 R T Wl S I A VLIS o ] S T

1) B 2030, 2040 4 P4 VL4 i 172 &
I3 3.34 42, 3.84 44 t, £5IT.2030, 2040 4F4)
Bk 4200 J7, 5100 J7 t, MIESYT 2030, 2040 4
4331 8 400 J7, 9 700 J7 t,

2) #2030 4, VUYL AR, M0V R
Sy L I SR W i T N 5 L BN L 3 L
RE B T, PUVCAETAR I BE UM A AR, K
PSS ] A7 7 BE DA R B XU, R TS TR,
o8y L G Rl ISP LTINS LR
R IR | A XS 0 £ 388 2o A8 ) ] TS 30 g e
B2 FURR ] | PRI AAE BE AN SR A ]

3) F| 2040 4F, PGILE ORI, AT

<55 X0 A ] B 7 ol 1 I, 7 YA NS 1) E ) g
AR, MR TARSE TR, bk s i) v i 1 O
1IN L I [ L I R L I P R
i) 1438 1o B 7 ) AR B A e, (HCE IR AR
SFARRATAFAERE I A R IR REL

4) FESARZEAREIE R WAL FLZ AT | KBk bk
HREHL = 2 IR MK A R | R A
LRSI 4 X WEAX L 2 ] R
SRR, LAPRIIE BB S 19 i oA o DY VT K ) 120 7 3
Mtis Aok, [ BB B, EPE VL AR AL
R T A I A9 75 oK L Baa b, R IR
JERTHIREUET A, - HEsh TR H 52
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