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Real-time prediction of submarine cable embedment
depth based on finite element method

Zhang An’an' He Mingguang' Yu Lu® Li Qian' Zhao Yizheng' Wei Jun'
(1. School of Electrical Engineering and Information, Southwest Petroleum University, Chengdu 610500, China;
2. CNOOC Research Institute Ltd, Beijing 100028, China)

Abstract: Under the long-term influence of external incentives such as ocean current scour, human activities and geological movements,
the buried depth of submarine cables is prone to continuous changes, which leads to a series of serious problems such as a sharp increase
in the failure rate of submarine cables and a sharp decline in load capacity. This paper takes 35 kV photoelectric composite three-core
submarine cable as the main research object, uses the finite element method to simulate the temperature field of submarine cable under
different ambient temperatures, different burial depths and different carrying rates, establishes the relationship curve between cable core
temperature and buried depth under different ambient temperatures, and the relationship curve between cable core temperature and
buried depth under different ambient temperatures, and fit the corresponding relationship formula. The general formula of the relationship
equation for real-time prediction of submarine cable buried depth was integrated. Finally, by using the multi-source data of the actual
project monitoring, the buried depth and change trend of submarine cable are predicted in real time through the general formula. At the
same time, combined with the measured value of submarine cable disturbance energy and submarine cable buried depth, it is verified
that the prediction method is not only feasible and correct, but also has high prediction accuracy.
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Fig. 1 Structure diagram of three-core submarine cable
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Fig.2 Schematic diagram of optical fiber unit structure
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Table 1 The performance parameters of each layer structure of submarine cable
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Fig.4 Schematic diagram of submarine

cable model in buried state

5) P R
W
Q-g (5)

A WO BRI BERIIRAE , S D97 ARG 3 I IR
1.3 Mg S5hREERE

RS 3] 732 e B A B R K 23 AT BRA R s BT, P
IBFIELE R SRR H Y, X5 264 IR R A% B0
PEATIEE . —BUSOL T, WK R o3 s b 0025 AN R L
s ARENERPE USSR — 20 SAIT IR KA
JERTAE AR TO0E = U IR R L A 14 M 2R R BE I A%
73, WAL 73R P S AR Rl 23, I ELAE B A AR 4]
P R I 0 S AR a4 5 SR =R
JIG FEL 205 A s 258 SR P 0 B A IR0 A 250 R P Sl B 161 5 1 6
Bi7s

K5 IR FLGEA AR RS S8R
Fig.5 Grid rendering of submarine cable body
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Fig. 6  Grid rendering of the entire temperature field area

. aT Mo N . PAZER S Y
AT pe - HRHOCHRIAGE AT REII S T BRI

s T AT kR IEREL g, NI
SIS R SR ARG E T B 3 S AR
51 RIS RC A SR

T‘]":Tw
(7)
T‘r:f(x,}’,t)
K. I Wik 5t T, REREE
552 N TR O AN R LR IR
oT
k?‘r""]e =0
n
(8)

oT
k|, +g(x,y,1)=0
an

K g ARREE ; g(x,y,0) 9 BRI L PREL
55 3 JN RN XS T SR, BT A B B X

aT
_kain‘rza(T_T/)lr (9)

K o AYWFRIHIRALL T, 9 AR .

T B U AR S PR A S S PR R ok HORLA 1 3
FURH, LR BE S AL T — > LU ACAT A SEBR A ALY
PrEEREEZ h R, T 3 AR L R R D 81 (L, 3¢
HH 1 FHR AN oA S ek i R 0, 1%
NG 2 FEN AR B R RS IR AR XA A 15
WSESRESSUR o S

2 BRTHEERKRSHT

2.1 BRESHREESH

Xof S HEL B I A 2R B 585 A M8 A it K i
JE 26 °C A IR Z 3 B 5 9 /K LB ST (AR 45, FE [
VEFRSEIRL L , - 5 15 9 K A0 % i e PR R EOh 600 W/
m’ - C, LHEFRALN 1.5 W/m - C,HFITH M



<22 - B IR SRR R

8375

WREEA 2 m, #1776 FRICAG H, 15 213 i f 28 A (A IR 4
T K 7 R A IRIR B A AR 45 SR & 8 i .

B 7 IR L GEA AR 3 A

Fig. 7 Temperature distribution of submarine cable body
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Fig. 9 Relationship curve between cable core temperature

and buried depth under different carrying capacity
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Fig. 12 Relationship curves of cable core temperature and

buried depth under different ambient temperatures
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Table 2 Comparison of calculated and simulated buried depth of submarine cable
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Fig. 13 Change of buried depth of submarine cable
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Fig. 14  Effect of electrical fault on cable core temperature

1.820
1.800
1.780
1.760
= 1.740
% 1720
fé 1.700

1.680

m

1.660
1.640

1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
IS )/ R

F15 iR AR A S

Fig. 15 Variation trend of submarine cable buried depth

M 15 A4S %75 Ak 90 d B ) P 9 JES H 4R A 2
PEIRIE M 1.795 m /0 E T 1. 695 m, B3 FRArfb 2245
HE TGS 555508,

TREIRC FL B sl W ) 25 5 R S s A% 45 W T 053 1 52 B
Peahfig i, 30 B DU — AN W o5k 8] G0 i v AL 1 d
i B P9 R BN R AR AR AL, AR 16 TR

T IR AE Z2 B0 B0 AEAE T i | £ 283 B0 55
T 5 VR G FL X B Y P B BB EL RN, DB LT &
AL e S 2 PRI R | AR A5 AN bl
B T Al 55 X e 2576 G FEL AR 1 B Sl e o L AR
SRS 1 d R PN PR B e R EE 4 4 A
53, WA B B/ A B NG sl DR B 75 ) 15 5, Pk
Tl A% R BARBOE- YA, LAk AR I i g 7E X 1 KA
6] PN AL Sh E K a8 17 s, BLIRIRE Y 7 =X 4
WL AP B e A BT SR ROk, ZE KA IR A s 2
25 BT LIS 33 07 B A 96 iS H 45 3 o e s 4k

5000
4500 |
4000 |
3500

g 3000

£ 2500

22000
1500
1000

500

Kl 16 IR L Sh RE R AR f i
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