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Reliability Assessment of Oil Transfer Station Process System Based on
T-S Fault Tree and Bayesian Network
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(1. School of Petroleum Engineering, Chongqing University of Science & Technology, Chongqing 401331, China;
2. Daqing Oilfield Design Institute Co. , Ltd. , Daqing 163712, China)

[ Abstract] Oil transfer station plays a crucial role in the oil and gas gathering and transportation system of an oilfield, ensuring
stable production and continuous supply of oil and gas. However, given the complexity of its process system and the ambiguous
uncertainty surrounding fault modes and relationships, a systematic reliability assessment method integrating T-S fuzzy fault trees with
BNs( Bayesian networks) was proposed. Firstly, a T-S fuzzy fault tree was established based on T-S gates and their descriptive rules,
which is subsequently converted into a Bayesian network model. Secondly, leveraging limited fault samples and general data sources,
Bayesian updating estimation was employed to determine the failure rates of basic events, addressing the uncertainty inherent in fault
sample data. Lastly, the T-S fault tree and BN model were synergistically utilized for forward reasoning to predict the reliability of the
process system and the contribution of basic events, while reverse diagnosis is conducted to pinpoint the key factors causing different
fault states of the system. Research conducted on typical oil transfer station process systems has demonstrated that the proposed method
can effectively predict system failure rates and diagnose weak links even under conditions of uncertainty in basic data and event
relationships. This provides crucial decision support for the optimal design and reliability maintenance of complex oil and gas process
systems.

[ Keywords] T-S fuzzy fault tree; Bayesian network; Bayesian updating estimation; reliability assessment; oil transfer station
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Fig. 1 T-S fuzzy fault tree
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Fig. 2 Bayesian updating estimation for failure probability
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Table 2 Bayesian updating estimation method for equipment failure rate
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Fig. 3 T-S fault tree mapped to Bayesian network
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Fig. 4  Process flow diagram of oil transfer station
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Table 3 Major equipment in Gaosi oil transfer station
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6 RIEIR CBDY-25-30 x2(2 5) .CBDY46-30 x2(2 5)
7 @%?L ﬁn”ﬁ**"“ JCPL-PJY-5/1. 0-5002(1 %)
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Table 4 Basic events of the T-S FFT for oil transfer station process system
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Fig.5 T-S FFT of oil transfer station process system
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Table 5 The description rules of T-S fuzzy gate 1

L Oy_ E 1
1 0 0 0 0 0 0.901 0. 090 0. 009
2 0 0 0 0 1 0. 863 0. 120 0.017
3 0 0 0 1 0 0. 746 0.200 0. 054
4 0 0 0 1 1 0. 662 0.247 0.092
5 0 0 1 0 0 0.813 0. 157 0. 030
6 0 0 1 0 1 0.746 0. 200 0. 054
7 0 0 1 1 0 0. 560 0.290 0. 150
8 0 0 1 1 1 0. 447 0.322 0.231
9 0 0.5 0 0 0 0. 637 0.330 0.033
35 1 05 0 1 0 0. 135 0. 503 0.362
36 1 0.5 0 1 1 0. 088 0. 456 0. 456
47 1 1 1 1 0 0.017 0. 120 0. 863
48 1 1 1 1 1 0. 009 0. 090 0.901
F6 T-SHEHIT3 ML
Table 6 The description rules of T-S fuzzy gate 3
A o 1o n 0 oy.35 1
1 0 0 0 0.901 0.090  0.009
2 0 0 1 0.706  0.223  0.071
3 0 1 0 0.827 0.147 0.026
4 0 1 1 0.532  0.299 0.168
5 0.5 0 0 0.338 0.602 0.060
6 0.5 0 1 0.119 0.669 0.212
7 0.5 1 0 0.212  0.669 0.119
8 0.5 1 1 0.060 0.602 0.338
9 1 0 0 0.168 0.299 0.532
10 1 0 1 0.026 0.147 0.827
11 1 1 0 0.071 0.223  0.706
12 1 1 1 0.009 0.090 0.901
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Fig. 6 Bayesian network model oil transfer station

process system failure
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3.3.1 A ARFHEERMET
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Table 8 Failure rates of basic events in T-S fault tree

F7 T-SHEMIT 6 KRR MM
Table 7 The description rules of T-S fuzzy gate 6

Yo
il
U Xy X3 Xog  Xps Xpg X7 0 0.5 1
1 0 0 0 0 0 0 0.901 0.09 0.009
2 0 0 0 0 0 0.5 0.845 0.141 0.014
3 0 0 0 0 0 1 0.837 0.140 0.023
4 0 0 0 0 1 0 0.837 0.140 0.023
5 0 0 0 0 1 0.5 0.755 0.210 0.035
6 0 0 0 0 1 1 0.738 0.205 0.057
36 0 0 0.5 1 1 1 0.122 0.439 0.439
37 0 0 1 0 0 0 0.672 0.241 0.087
108 0 1 1 1 1 1 0.023 0.140 0.837
109 0.5 0 0 0 0 0 0.845 0.141 0.014
323 1 1 1 1 1 0.5 0.014 0.141 0.845
324 1 1 1 1 1 1 0.009 0.090 0.901
3.2 BT T-S SRR DU HT W 4%

TERIEL 3 /8 (Y R 7 R B il ol T2 &R 5t

3 %7 =R 327
Sk o RS Ak o /g
ERLY Lo 90% I B A5 X (8] || .
X, 0.167 [0.020, 0.434] || x5
X, 0.268 [0.087,0.478] || x
x;  0.150 [0.018,0.391] || x
X, 0.227 [0.052,0.503] || xy
x5 0.250 [0.057,0.554] || %y
xg  0.084 [0.036,0.137] || %y
X 0.125 [0.015,0.326] || %
xg  0.300 [0.111,0.564] || ax
Xy 0.218 [0.052,0.397] || %y
X0 0.318 [0.099, 0.6407 || a4
Xy 0.188 [0.022, 0.4887 || s
X 0.208 [0.048, 0.461] || xx
x5 0.225 [0.077,0.4377 ||
x4 0.402 [0.159,0.737]

90% I B {5 X []

-1

367 [0.153, 0.656]
136 [0.016, 0.355]
236 [0.087, 0.403]
210 [0.076, 0.386]
081 [0.019, 0. 149]
150 [0.018, 0.391]
278 [0.064, 0.615]
108 [0.022, 0.214]
188 [0.022, 0.488]
256 [0.070, 0.536]
041 [0.012, 0.079]
107 [0.013, 0.279]
146 [0.042, 0.271]

S e e e s

3.3.2 AARRREREZNGTERE

B AR A S I R ) (LA o i e R i A
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P(T =0.5) = z P(xy, 2,01, Ye »

XL 5227057776
T=0.5) = Y P(T=051y,,",%)
Y2573 %6
2 P(y, | xﬁ,x7,x8,y])P(%)P(%)P(%s)

X6,%7,%8,)1

2 Py L w) PGey) P as)

z P(% I %9, 2, x“)P(xg)P(xm)P(x“)-”

X9, X10- X11

2 P(%' xzz""’xn>P(x22)"'P<x27) =0. 104
00,00, %97

(6)
P(T =1) =0.373 (7)
P(T=0)=1-P(T=0.5)-P(T=1) =0.523
(8)

3.3.3 AKFHOMETZE SN

R A 2 o 1 3 A D SRR A Bk 1
BB AR RSN 0.5 F1 1 XF R GE Rk s
REH 0.5 F 1 MR EE R, K 9 PR,

x99 EAEHHEREFOSMI HNMEREEZE

Table 9 Probability importance of basic events for failure
states 0. 5 and 1

Iyg (x; = S§9) Iy (x; = Si%)
FIRRE FORRE
T,=0.5 T,=1 T,=0.5 T, =1
% =0.5 — — xy=1 0.0404  0.034 4
x=1 00158 0.0132 |x5=0.5 — —
% =0.5 00221 00102 || x5=1 0.0233 0.0214
m=l 0.0277 0.0223 [|x4=0.5  — —
v =0.5  — — xg=1 0.0281 0.0310
=1 0.0104 0.0084 [x;=0.5 0.0156 0.0059
5 =0.5  — - x;=1 0.0155 0.0143
%=1 0.0158 0.0130 [x5=0.5 0.0643 0.0708
x5 =0.5 — — xg=1 0.0752  0.0282
xs=1 0.0051 0.0040 [x=0.5  — —
% =0.5 0.0261 0.0096 || xo=1 0.0440 0.0225
%=1 0.0245 0.0232 [|xy=0.5  — —

%, =0.5 — — xp=1 0.0245 0.0243

=1 0.0473 0.0527 ||xy =0.5 — —
% =0.5 0.0526 0.0171 || =1 0.0247 0.0232
%=1 0.0501 0.0438 |[x,,=0.5 0.0083 0.0029
% =0.5 0.0251 0.0074 || %= 0.0226  0.0216
Xy = 0.0240  0.0219 |2y =0.5 — —
%19 =0.5 — — v3=1 0.0089 0.0056
X = 0.0034 0.0026 ||x, =0.5 0.0206 0.0063
x;, =0.5 — — Xy = 0.0223  0.014 1
;=1 0.0069 0.0055 [|x,5=0.5 0.0224 0.007 6
%, =0.5 0.0155 0.0059 || x5 = 0.0228  0.018 3
gy = 0.0154  0.0143 |lay =0.5 — —
x3=0.5 0.0412 0.0147 | x6=1 0.0089  0.005 8
X3 = 0.0393  0.0393 |lxy; =0.5 0.0082 0.002 8
%, =0.5 0.0403 0.0135 || 2y = 0.008 8  0.005 6

45529 MK (3) , THEEARFN «, X RGlkL
BRSO 0.5 A1 1 G T-S i B A M R o 2 5 A
F 100K,

i I A A FEA TR R GE IR AN 0.5
FU1 B MR E B, ] LR o (R A R Y
(B R xg (BEFLFNIM 22 BB ) xp, (8B
IKINARGE M BB ) v, (KRR (x (8K
LR g (AN B ) i el T4 &R
G AR IR T PR, A A X X S i A it
T SR A ey, DR A T E RS 1,
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Table 10 Probability importance of basic events

TN O TS

e T,=0.5 T,=1|#%% T,=0.5 T,=1|#%% T,=0.5T,=0.5
x 0.0158 0.013 2] 9o 0.0034 0.0026| x9 0.0220 0.0113
% 0.0249 0.016 2| x;; 0.0068 0.0054| xy 0.0245 0.0243
23 0.0104 0.0084| x, 0.0154 0.014 3| x; 0.0247 0.023 2
2,  0.0158 0.0130( 3 0.0403 0.0270|| x5, 0.0155 0.0122
x5 0.0051 0.0040| x4 0.0403 0.0239|| 2,3 0.0089 0.0056
xg 0.0253 0.0164| x5 0.0233 0.021 4|| x4 0.021 5 0.0102
% 0.0473 0.0527| %6 0.0281 0.0309|| 2,5 0.0226 0.0130
xg  0.0501 0.043 8| ;7 0.0155 0.010 1] x5 0.0089 0.005 8
X9 0.0245 0.0146| x5 0.0697 0.049 5|| x,; 0.0085 0.004 2

3.4 REHEHEISH

M RGN & AT PSR A BB R X TS B
HRLA RIS W 2 G EE , F) FH DL i34 0 6% ) 06 )
HEHRRR AT B T DO U B T BE R BRI,
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Table 11 Posterior failure rates of basic events when
system failure states 0. 5 and 1 occur
Sei |P;Xi (_)5) 9“'}:(? _1) A P(;i =OS;(”)” IGW T

B 0.5 1 0.5 1 Bl 0.5 1 0.5 1
X — 0.173 — 0.184|| x5 — 0.381 — 0.414
x,  0.274 0.278 0.272 0.303|| %46 — 0.145 — 0.171
X3 — 0.154 — 0.160|| x;7 0.241 0.241 0.238 0.257
235 — 249 x5 0.230 0.236 0.311 0.225
253 — 257 || %19 — 0.090 — 0.097
088 0.089 100 || x5 — 0.158 — 0.180
139 — 180|| x5 — 0.291 — 0.322
316 0.297 374|| x5, 0.11 0.110 0.110 0.113
226 0.220 251 || %53 — 0.191 — 0.19
320 — 324 || x4 0.262 0.263 0.258 0.277
190 — 0.195|| x5 0.043 0.043 0.043 0.048
xp,  0.213 213 0.212 0.229]| xy — 0.109 — 0.112
23 0.239 0.238 0.231 0.284|| x; 0.149 0.149 0.149 0.152
xyy  0.411 0.411 0.380 0.461
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Fig. 7 Changes in the failure rate of basic events when

system failure states 0.5 and 1 occur
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