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Fig. 1 Geological conditions (a) and marine hydrological and meteorological conditions (b) of pipeline rupture fault tree model
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1.3.1

B

X= {xlfoJ '"!xm}
Y = {1 Y2, Y}
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R
XxY ® )
_ (u11,v11) (U12,v12) = (Uiny Vi)
R — (Uz21,V21) (U2 V22) - (Ugns V2n)
® : : :
(umlt vml) (umz' va) (umnr vmn)
= [(uij:vij)]mxn
R
b ® b
(xi: Yi) 5 VLJ >
Uij )
a
® = {(a1,v4(a1)), (a2,v4(a3)), -, (Am, Va(an))}
) ai s
va(ay) a;
R 4
_ o ’® ®
B _ A R _ (71 R A R)
® ® ® '® ®
1.3.2
X ={xy,x}={ ) 5
X1 = {X11, X12, X13, X14, X15} = {
9 b s b };
Xy = {X21, X22, X23, X24, X25,
X26} = { > ) ) ; b
X11 = {X111, X112, X113} = | >
, }s
X12 = {X121} = { ¥
X13 = {x131} = { ¥
X14 = {X141, X142} = { > }s
X15 = {X151, %152} = {
}
X21 = {x211} = { ¥
X2z = {X221} = { ¥
X253 = {X231} = { b
X24 = {X241, X242} = { > 3
12 /2017
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Xo5 = {X251, X252} = { >

X26 = {X261, X262} = { > }
1.3.3

>

0.81~1,0.61~0.80, 0.41~0.60, 0.21~0.40, 0~0.20

X11

7 0,1) (0,1) (1,0.1) (0,1) (0,1)
=103 (0,1 (1) (0,1 (0,1)
® |02 01 (01 (1 (01

1.3.4

X2

( 1)

R1 BFRKXSRFHHNEN EEERX,
Tab. 1 The weighted judgment matrix x, of marine
hydrological and meteorological conditions

X2 X21 X22 X23 X24 X25 X26
X1 1 2 1/3 2 1/2 1
X2 1/2 1 12 1/3 1 1
X33 3 2 1 2 3 3
Xo4 172 3 1/2 1 1/2 2
X5 2 1 1/3 2 1 2
X26 1 1 1/3 1/2 1/2 1
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0.125 0.200 0.111 0.255 0.077 0.100
0.063 0.100 0.167 0.043 0.154 0.100
0.375 0.200 0.333 0.255 0.077 0.300
0.063 0.300 0.167 0.128 0.462 0.200
0.250 0.100 0.111 0.255 0.154 0.200 ’
0.125 0.100 0.111 0.064 0.077 0.100 :

) A= [(0 667,0)(0.333,0)]

A, = [(0.145,0)(0.104, 0)(0.321,0)(0.156, 0)
(0.178,0)(0.096, 0)]

W, =0.125 + 0.200 + 0.111 + 0.255 + A, =[(0.177,0)(0.116,0)(0.157,0)
0.077 + 0.100 = 0.868 _ (0.101,0)(0.449,0)]
W, = 0.063 + 0.100 + 0.167 + 0.043 + Ay, = [(0.164,0)(0.539,0)(0.297,0)]
0.154 + 0.100 = 0.626 Ay =[(1,0)]
W3 = 0.375 + 0.200 + 0.333 + 0.255 + A3 =[(1,0)]
_ 0462+0.300 = 1.925 Ay, = [(0.667,0)(0.333,0)]
W, = 0.063 + 0.300 + 0.167 + 0.128 + A5 = [(0.25,0)(0.75,0)]
0.077 + 0.200 = 0.934 Ay, = [(1,0)]
Ws = 0.250 + 0.100 + 0.111 + 0.255 + Ay = [(1,0)]
0.154 + 0.200 = 1.070 Ays = [(1,0)]
WG =0.125+ 0.100 + 0.111 + 0.064 + A24 = [(0.25,0)(0.75,0)]
0.077 +u(3.1200=12.5577 A25 [(0 667,0)(0.333, 0)]
1=0. A, = [(0.25,0)(0.75,0
— 0104 26 = [( )( )]
W5 = 0.321 ’
W, =0.156 : ’
Ws =0.178 , ,
Wg = 0.096 -, ., , )
AW, 0.957 ’ 58]
AW, 0.663 ’
_ o [AWs| _]2.098
AW =1 W=1aw,| = 0983 ,
AWg| [1.183
wel los19
n
(Aw); ’
Aoy = Z = 6483 ’
i=1
Amax -n ’
I =2  —0.097
c I n— 1 b 2
C
Rc=-—=0.0779 < 0.1 PN 2
Ig 2 B}F U ;‘:ﬁﬂ ;}‘1 %
5 IC 5 RC 5 IR
I I ’ , 1998 ,
Re 0.10 , ’
R¢ 0.10,
Xz [0.145,0.104,0.321,
0.156,0.178,0.096], , Xy ,
) 0 b
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Tab.2 Rating system of China Sea seabed pipeline risk factor assessment

— % R
T NE ZgHEE NE =t/ 45F BE
S I | I I\ \
K% (m) 0.164 =100 50~100 20~50 5~20 <5
HIRHTE  0.117  WRIEZ (cm/a)  0.539 <20 20~45 45~70 70~100 =100
I % (%o) 0.297 <1 1~3 3~4 4~7 =7
WM 0.116 e T 1 HRTIR ERM KEEY  WERX #ELX
I -}~
e WOREHE 0157 R I Bt BEL FEEHL BERL f“/w%/g”
e N
0.667
At AR m)  0.667 >3 6~8 4~6 2~4 <2
bt . Zms w] B A . HHE
WEA 0.101 o i TAm T 5 Ol
8 REWE 0333 %7%“ C wwy  wuEmg ﬁﬁkrﬁ“ %
I [l I i
Y155 0.25 <0.05 0.1 0.15 0.2 =03
WK HRE  0.449 (%)
RS (IR 0.75 <1.0 1.0~4.0 4.0~10.0 10.0~14.0 >=14.0
NN A R = (m) — -
IR 0.145 (10 25— 1 <125 1.25~2.5 2.5~4.0 4.0~7.5 =175
W 0.104 K 2 (m) 1 3.0 3.0~4.0 4.0~5.0 5.0~6.0 =6.0
e R 0.321 I (m/s) 1 <1.0 1.0~2.0 2.0~3.0 3.0~4.0 =>4.0
> VKE RS 0.25 <10 10~35 35~50 50~80 =80
KIS ga3s ko 0.156 f‘x‘%‘&(cm)
% FUKWEms)  0.75 <0.3 0.3~0.5 0.5~0.7 0.7~1.0 =1.0
At R oi7s  JUEHK 0661 B i B %r
) ' KA 0.333 % B ol B =
B Kk () 0.25 <7 7~9 9~11 11~12 =12
&R 0.096 —
G M (R/A) 075 <0.6 0.6~2.1 2.1~4.6 4.6~8.3 =823
9
, ( 6
) , 7
, 4 Pl , 7 , P1
P2 » P3 0.352, | , ; P2
, P4 ; 2 0312, 1l
’ ’ ; P3 0386, I
¢ 3, , ; 0.51
( 2014~2016 b4 ! 4
; - 0.1,
: P2>P1>P4>P3
: ) 3.2 KRN EE
3 X540 ) ’
( 8),Pl
3.1 ERPEHER ~0.14 m,
( 4 —0.35 m,
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Fig. 2 Zone map of Pinghu oil and gas pipeline risk assessment
#3 THHSBREERKEERTNERERR

Tab.3 Rating system of Pinghu oil and gas submarine pipeline risk factor assessment

B mE —aWE WE SHWE NE %
ES A AR I 1l 1 v v
K (m) 0.164 =25 20~25 15~20 10~15 <10
WIS 0177 pRYATEE (cm/a)  0.539 <20 20~45 45~70 70~100 =100
B (%o) 0.297 <1 1~3 3~4 4~7 =7
RS 0.116 5 PR 1 HWETIR EM KEEY HEBREX #LX
|\ )
i WA 0157 RORKA I EE BEL O BRBL BEmL
U 0.667 e
e AT (m)  0.667  >8 6~8 4~6 24 )
BRSO 0d0r KRS s Do gy A
K Y6 0.333 G ki [EREAEER(EEE] S Kk E
- T 5 3
24 (g) 0.25  <0.05 0.1 0.15 0.2 =03
HERHLE  0.449
e HbRE AT (IK) 0.75 <1.0 1.0~4.0 4.0~10.0 10.0~14.0 =14.0
.- H 3% = (m) - >
PR 0.152 (10 it 1 <125 125~25  2.5~4.0 4.0~75 =75
W My 0.140 5 K 22 (m) 1 <3.0 3.0~4.0 4.0~5.0 5.0~6.0 =6.0
K3 piaSi 0.392 T (m/s) 1 <0.8 0.8~1.2 1.2~1.6 1.6~2.0 =2
0.333 - - — —
"B . TR 4 K 0.667 i AR H B =
A el 0.192 N % - 125 41T s B 25
R KR 0.333 i B H LS B
X, H1 (4 0.25 <7 7~9 9~11 11~12 =12
=L 0.124 BRI
PR (KA 0.75 <0.6 0.6~2.1 2.1~4.6 4.6~8.3 =83
—0.48 m, 0.23 m; —0.30 m,
P2 —0.18 m, —0.40 m,
-0.35 m, ; P4 —0.17 m,
—0.44 m, -0.36 m,
0.26 m; P3 —0.15 m, —0.47 m,
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Tab. 4 Pinghu oil and gas pipeline detection Data
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2014 2015 2016( )
2014 2015 2016( )
2014 2015 2016( )
2014 2015 2016( )
x5 THRSEBREEMRFGHERTMER
Tab. 5 Factor evaluation of Pinghu oil and gas pipeline geological conditions
X P1 P2 P3 P4
0.164 il il il I 0.1
0.539 I 1I 1I II 0.3
0.297 I 1I I I 0.2
1 I I 1I I 0.1
1 | I II Il 0.1
0.667 I I il Il 0.2
0.333 IV il il il 0.4
0.25 I I 1I II 0.2
0.75 I I I I 0.3
Fo6o THHSBREEBFIKX[KFHERITMHR
Tab.6 Factor evaluation of Pinghu oil and gas pipeline marine hydrological and meteorological conditions
X, P1 P2 P3 P4
1 I I 1 1 0.2
1 il I 1 1 0.1
1 Vv \4 v v 0.3
0.667 I I II I 0.4
0.333 I I I I 0.2
0.25 I I I I 0.3
0.75 1 1 1 1 0.2
x71 FHRSEBEREERMITIMCER
Tab. 7 Fuzzy evaluation summary of Pinghu oil and gas pipeline
I Il m v \
P1 0.352 0.187 0.189 0.011 0.261 0.1 I
P2 0.281 0.312 0.145 0 0.262 0.1 I
P3 0.386 0.309 0.043 0.262 0 0.1 I
P4 0.51 0.217 0.011 0.261 0 0.1 I
*8 THMSBREERNKER
Tab. 8 Detection state of Pinghu oil and gas pipeline
(m) (m) (m) (m)
Pl -0.14 -0.35 —-0.48 0.23
P2 -0.18 -0.35 —0.44 0.26
P3 —-0.15 -0.3 —-0.40
P4 -0.17 —-0.36 —-0.47
16 /2017 /41 / 10
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, P2>P4>
P3>P1, P4>P2=P1>P3,
P1>P4>P2>P3, P1 P2
P2>P1>P4>P3,
P2>P1>P4>P3, P1>
P2>P4>P3 , : P2>P1>
P4>P3, ,
33 aHMEI#
P2 b b 9
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I, P2
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Quantitative assessment of environmental risk for exposed
and dangling marine pipeline

LI Jia-jun®?, GUO Wei-qi* 3, ZHANG Jie* ®, CHEN Xin-xi* >

(1.College of Marine Science, Shanghai Ocean University, Shanghai 201306, China; 2.East Sea Marine
Environmental Investigating & Surveying Center, SOA China, Shanghai 200137, China; 3. Shanghai East Sea
Marine Engineering Survey & Design Institute, Shanghai 200137, China)
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Abstract: The submarine pipeline, whose operating conditions are directly related to the safety of the offshore oil
and gas fields and quality of the marine ecological environment, is a major route of marine oil and gas transporta-
tion. In this study, an exposed and dangling submarine pipeline was used as the top of the fault tree to analyze the
basic events of the marine environment. Subsequently, a submarine pipeline fault tree model for the marine envi-
ronment was developed. Then, based on the theory of grey fuzzy identification, a risk assessment system of the
submarine pipeline was established based on the grey fuzzy recognition theory and the analytic hierarchy process
for each enhanced risk factor. With the above system, the environmental risk assessment of the submarine pipeline
in the Pinghu oil and gas field was divided into four segments and risk assessment was carried out to avoid the
equalization of information caused by the evaluation of the entire pipeline. The evaluation results cannot truly re-
flect the situation of the high-stakes segments. A comparison between the evaluation results and the on-site data
from 2014 to 2016 showed that the risk level of the submarine pipeline in the P2 segment was higher than those in

other segments. It was demonstrated that this model is reasonable and practical.

(AL FBRK)
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