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Abstract

This study focuses on leakage risk assessment for river-crossing sections of onshore oil pipelines.
An evaluation index system was established from four aspects: pipeline failure susceptibility, oil
spill diffusion potential, environmental sensitivity, and protection effectiveness. The Analytic Hier-
archy Process was used to determine the weights of the evaluation indicators, and a fuzzy compre-
hensive evaluation method was applied to develop an environmental risk assessment model for oil
spills at onshore pipeline river-crossing sections. The model reflects the contribution of different
factors to oil spill environmental risk and provides technical support for the scientific assessment
and control of oil spill risks in onshore oil pipeline systems. The river-crossing section of the Qijiang
oil pipeline was selected as a case study to evaluate its oil spill environmental risk level. The results
indicate that the risk level of this section is classified as Level IlI, corresponding to a medium-risk
category. This confirms the feasibility and applicability of the proposed evaluation model. The find-
ings provide a technical basis for risk prevention and emergency management of oil spill incidents
in onshore oil pipeline systems.
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ERGAE RS SRR NIE T IEIT, R 2R AIIREERAN A AL, i b s 0 0 A 2 e
FfG TS MAIZWT S RS 2 R . SRy N, AR E ARk AL T R S S A R . BACRE, BN
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2.1. BRaHTE

JZ IR 53 i (Analytic Hierarchy Process, AHP) &5 5SLpr 2 il 45 &, w5 M4,
KRR E R N AR E . #EZE . $545 2552 IR[5]. AHP H3E[E T. L. Saaty X2, %7K
FELREFH e E R DI ARS AL, 254 LLEGTFM IR brAERT EEE[6] [7], PEALTE bR IAH ELR 00 R
FOFR T 0 RALE, & T HEE BHRE ] KRG 0Z I E R R,

2.2. EMEEH

WM 25 PFAN 5 (Fuzzy Comprehensive Evaluation, FCE), J&458 . RS fE R By alont R 1) %
AR, RSO SRR AL, S R I P A E E AN [8] (9], X2 F 2 MR 4
(R BN R 25 1 BT AT VAR PR I — R R 2 e T . 1B IR I L SR I E B ] R A AE(L.
A. Zadeh)H#4 H, EAE RS PRI, FESEBT b a2 8 1R ) R i B XU s SR A5 A S fE i
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Figure 1. AHP-FCE comprehensive evaluation process
[ 1. AHP-FCE &N RIE
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Table 1. AHP hierarchical model
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Table 2. Scaling method table (Saaty, 1980)
%= 2. #REF555%R (Saaty, 1980)

HENERRE € X WL
1 HENEAE PR R Z PR R L TRk — B
3 —AEERE S AR R e PR TReEE S €
5 — AR S AR Y] A TR B e S B
7 —ARERE S AR R E T TR R b 2 S R 2
9 — RS — ARG (B 0 b 22 S R R B
2,4,6,8 LA A P B bR L F T 2R ez U 3 5
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Table 3. Judgment matrix of factors at the first-level criterion layer

3. —RENEE RS

— W R K1 K2 K3 K4
BB RHMEEKD 1 172 173 1/3
I B (K ?2) 2 1 1/2 1/3
W HURPE(K3) 3 2 1 1
74 A 35 (K4) 3 3 1 1
Table 4. Judgment matrix of pipeline failure indicators
= 4. EEKIETREHI B EE
BB RBEEKD) K11 K12 K13 K14 K15 K16
B WIREKID 1 3 4 5 5 1/3
)38 5 i T BBR(K12) 1/3 1 3 4 4 1/3
REEE(K3) 1/4 1/3 1 3 3 1/5
B (K 14) 1/5 1/4 1/3 1 1 1/6
AN (K 15) 1/5 1/4 1/3 1 1 1/6
F AR5 3 5 9 (K 16) 3 3 5 6 6 1
Table 5. Judgment matrix for oil spill spreading characteristics indicators
= 5. BRI AR B FI B AR RS
Y K2) K21 K22 K23 K24 K25 K26
Ty R AR B AL EL(K21) 1 3 3 1 5 4
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AR (K22) 1/3 1 3 1/3 4 3
T T8 Hh TR (K 23) 1/3 1/3 1 1/3 4 3
WKL) 11(K24) 1 3 3 1 5 4
PR (K25) 1/5 1/4 1/4 1/5 1 1/3
SRR Z(K26) 1/4 1/3 1/3 1/4 3 1
Table 6. Judgment matrix of environmental sensitivity indicator layer
% 6. MEHRMIEIREFI BT iR
SRR PE(K3) K31 K32 K33 K34
UK S AY(K3 1) 1 1/4 1/5 1/3
PO o R (K 32) 4 1 1/3 3
55 et i 2 BE B (K33) 5 3 1 4
TR BRI AR &5 AN (K34) 3 1/3 1/4 1
Table 7. Judgment matrix of protection effectiveness indicator layer
= 7. BFiPBEIIsirEH B iR
B4 35 (K4) K41 K42 K43 K44 K45 K46
N 2 I R (K 41) 1 1 1/3 1/5 1/5 1/3
B IE R E(K42) 1 1 1/3 1/5 1/5 1/3
ks R (K 43) 3 3 1 1/3 1/3 1
N2 Ab B FE )1(K44) 5 5 3 1 1 3
Ab B it (K45) 5 5 3 1 1 3
IIHHABE(K46) 3 3 1 1/3 1/3 1
(3) ¥EFRMLE T
KH AHP J5iEiHEAE, HAriew Ak — AR, HEE R
O THHEHWEEFESAT ORI M,
M, =1]a;(i,j=1.2,---n)
i=1
@ THHE M1 n AR
W, =4M
© XAV = | W,y W, | A fkb s
W= W,./Zn:Wi(i =1,2,3,--,n)
Jj=1
3B W = (W, W, Wy, W, ] IR BTSRRI
FI R FIRGEH AR, 07 R ES R EZRE AT E RS HT IR % 8:
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Table 8. Hierarchical overall ranking of weights at each level

* 8. ERAMNENRRSHF

Hiz HEN 2 febr 2 — R RE Y E LEERUE
=TI 0.258 0.028
i1 5 it TP 0.158 0.017
v AR 0.087 0.009
I R A (K D) o i 0.107 0.044 0,005
A ek 0.044 0.005
H AR5 1 9 0.410 0.044
BEMRE 0.308 0.052
b R u A 0.163 0.027
T R (K2) ?ﬂ%ﬁﬂﬁﬂ\é%ﬁ 0.167 o1 0019
FR KB 0.308 0.052
W EIE TR AR E 0.040 0.007
?ﬁﬁgﬁ e iSES 0.068 0.011
HU R 0.068 0.024
SRR K) ﬁ%ﬁ'ﬁiig%% 0345 0.269 0.093
S5 i G n 0.529 0.182
TR B E T A 0.134 0.046
L B 0.052 0.020
EEp R 0.052 0.020
IR 0.129 0.049
Bi4r A P (K4) 0.381
MM E R 0.318 0.121
VISR 0.318 0.121
Wi 0.129 0.049

(4) —HRER
— B AG A6 AT B AN AR A 7 HE TS R U S et LA B, B ke T AR 1 S

n (A W) 1,
A =) —L=— W W,
‘max p n VV: n ; ; al/ J / i
Cl=(A —n)/(n-1)
CR =CI/RI
A Amax AFIWTRERE B ORRREAE s CLA— 848 R CR OV —EELE 3 RSB — 3 e 4%,
ATl 9 B,
Table 9. Consistency index (RI) lookup table
F2 9. —EUMIEHR RI TR
HF4i(n) 1 2 3 4 5 6 7 8 9
AR R HUE 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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4 CR<0.1, B € —BEiak, B0, SxPAREREETRE, ek,
W kI, % 8 R gErR CR ¥/ T 0.1, e — Bk .

3.2. {EHITEHI(FCE)REY

S R AN SR B PR OB i i 4], SRR B T E B T, SRIBERR AT R
J& T HAPPAI S IMEEE . BT LA ZE BT B FE bR SR R A, K e B AT . AR VRN A
FHR B AR R RS S5 2 R DR (1 77 AR FEAS —, DA R A R 2 AT — e I B S 45 T 4018
Fe s b B R R AR R, B RRTR AEEREL, ETE R e T R R A RIS, SRR
EFE IR 100 X T 5B PR S BUR AU AR, BUR G Er, i R AR S5 T R I R KU
Sk, TEFT 4y LA RTAREL, Wk 11,

Table 10. Membership functions for oil spill locations

F 0. MR ENNERBERE

WM RAERNE AR kT = KIF¥E, AR KIFFZ, B 5o
SREE 0.3 0.5 0.7 0.9

Table 11. Membership function of the importance of sensitive points

T 1. YRAEEEEREERY

U R BRE IE K B PLE X E 2

RIEEE 0.9 0.7 0.5 0.3

T I R L SO . PRSERUEE . i A S R SRR BB . 5% G
T E IR RS MG 5B ERTE R ) (GB/T 38076-2019) P HELE L K (g1 A0 41 b 55 o 26 IR, 25 B 4
ARETEY (SY/T 6828-2024)H A 73 G LB, K TE Vi IR B XU S 4 kil 40 mL TLL 1L IV, V3R s A
S, SRR A R B R R R B RS, R 12

Table 12. Classification of environmental risk levels of oil spills

12, mmIME RS F R 5

WSS AR g i3
I = AR AN T4 S R, 27 B SR HUCA R Tt P AR XU o
11 Bm GO SRS RS, VA PR E IR T P SR AT 90 i B U
11 ai ARSI T HE 52 RS, PRI IRUE S T SR S8 T It o U o
v BA% ARG RS S, R ORTE
v (i ARSI T2 RS, AT RO A R, AR MR 5 T T

W7 f it o

AN [ B S o FEZARLS WA [ A8 KU S5 20, B IR 3R SRR BE VAN LR 42 13
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Table 13. Single-factor membership degree corresponding grade evaluation table

F* 13. BRZERBENNFRITMNR

IR I i} 11 v \Y%
1 0.7 0.3 0 0 0
0.9 0.6 0.4 0 0 0
0.8 0.2 0.6 0.2 0 0
0.7 0 0.5 0.5 0 0
0.6 0 0.2 0.6 0.2 0
0.5 0 0 0.5 0.5 0
0.4 0 0 0.2 0.6 0.2
0.3 0 0 0 0.5 0.5
0.2 0 0 0 0.4 0.6
0.1 0 0 0 0.3 0.7
0 0 0 0 0.2 0.8

33. BIR - EMESTA

MR AHP J5 vk S, 5 52 B i i A B RS s IR 25, R 2 RS . | % 1A
FO R T A B UG O s R AN — 8B I8 IO I AR B 5 25N SR DR 2R A R

2 L& Bk Y PR B XSG 1 A AR Sz B i —ANBEALIE R, B — e FIORESR N, BT DA AR B SR
B 25N T TR B SE PR AR O, LR UE ) J2 PR S R L BRI . PRBE UM L B R Y
KRR, ettt sseEt)E, FIHE 1320 SRR REE R TWAN SR, 53085
FE R

Xt AHP V0 52 FIBCEE A FUAOR PF ) 6 s AP RS R 34T & s 5, 1521 H 45 3 B:

B=A-R=(b.b,, --b;)

WA BB, 4 B=b, =max(b,b,,-bs)» W BJET j %o
4. TFNER

VLR KA R — S0, AR B 5 B 1 S R TR VL X a4, B9 R 2 1 4 75 5K
BT, L RUREZ M MEBRKEN 1.57km. FBEKEZ N 213m, FREIRTEEZN 130m,
T 0.40~1.20m/s, ZAEFHIME 122.1 m¥/s, FH8SEE S FIFKIIICA T 29 km. FHE NI A £
ALK IEHBARY X . K AR S X S R K W HT, — BURAE RS S, MU ™ E R G 5,
g it R . RV T8 7 B AT I A SN, AR AR B i, — R AR
T, AT AR K B 2 A

4.1. EERBE S

ETE LUE VBT UL, ETEIR 20 m, AL TRCEMUR, RAME I OR . MU R E ISR
RN, EFRERIMRR . A IR LSRG . M R B S DR 2 AR A R AR
AR, MTTEEATRL, ST IR soKIsE g, B TE KRR RS PP ik 14,
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Table 14. Membership function scores for pipeline failure probability

* 14 EERMMUERBETFS

S =JT IR i3 -5 it T B RERAE B T Bt 855 057 5
0.05 0.2 0.2 0.25 0.1 0.1

4.2. B R SR

LA AL, MARERELX ., X, FBEB RS A TR X R, L0, SO
B, TILEANKIL, WEA RN 30 ZEANSIL. FlaUEE FIKILICAH 29km, 2%
TLWRIE 0.4 m/s 58, iR A 20.14 AN 5, SR KIL . iy Sk s B ik 15,
Table 15. Membership function scores for oil spill spreading
=15, Gmi A RBEITS

LM = TH AR T3 M T RFAE TR SCE) /) iR A L B RERHR
0.5 0.6 0.8 0.65 0.6 0.6

4.3. EHRRM ST
FVT 7R B R U PR B U A K I 5L AR SRR AR D 7K UK FT A28, RV —
FO Bl SR, RO ORI A AR KB N . PMRBUR A SRR BE VR Ik 16

Table 16. Environmental sensitivity membership degree scores

% 16. MEGEMEREE TS

U R 2R U R R ESIEE S puke3Tar TR ZE 5 A
0.8 0.9 0.7 0.8

4.4. FHIEBYMES

BT 7B T DB 2 A, IR A MR 2), WA RS2 AT LIS AR, H
BRI A E RS DI ETT R Uiy AR R P ik 17,

Table 17. Membership function scores for protection effectiveness

17, PR RBEFS

IO S FER A J5E I o R THEJ M N B RE ST Kb 1 it RZEL B2
0.4 0.3 0.25 0.4 0.2 0.5

Figure 2. Anchorage pier
B 2. sEE
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AR B A 2R S P SR PP R (2 13) B PR A RE R, L3218

Table 18. Evaluation matrix (R) for the Qijiang crossing section

=18, BT FMETNER R

PPN S I II 11 v A4
=R 0.00 0.00 0.00 0.25 0.75
il i 5 it T SR P 0.00 0.00 0.00 0.40 0.60
e RERAE 0.00 0.00 0.00 0.40 0.60
(PR
PR e 0.00 0.00 0.00 0.45 0.55
AN 0.00 0.00 0.00 0.30 0.70
H AR 5 R Rk E 0.00 0.00 0.00 0.30 0.70
BEMR = 0.00 0.00 0.50 0.50 0.00
T A 1 R 0.00 0.20 0.60 0.20 0.00
" AT H TR 0.20 0.60 0.20 0.00 0.00
M E (U . o
TR SCBN 0.00 0.35 0.55 0.10 0.00
Vi v R A BT B 0.00 0.20 0.60 0.20 0.00
[EHER 0.00 0.20 0.60 0.20 0.00
RS 2 0.20 0.60 0.20 0.00 0.00
A U S EERR T 0.60 0.40 0.00 0.00 0.00
PRI U N N
S5y il 4 e 0.00 0.50 0.50 0.00 0.00
A AR LG A 0.20 0.60 0.20 0.00 0.00
N ] 0.00 0.00 0.20 0.60 0.20
HiEREE 0.00 0.00 0.00 0.50 0.50
. kI M ) 0.00 0.00 0.00 0.45 0.55
AR SR o
N R 0.00 0.00 0.20 0.60 0.20
Ab B it 0.00 0.00 0.00 0.40 0.60
WAL 0.00 0.00 0.50 0.50 0.00

gt AHP € H IRCESEFE(R 1~8), 1S HET BB IPEAIZ S B=RA, B=(0.074,0.220,0.250,
0.248, 0.208), M 5 AR JE L, & T I A XU

5. &t

(1) DS B v i PR WS 9 B AR, 7 R L iy it SRR RURE I A Rk 4
ANHENZ J 22 NMERRR, BT R INE, BE SRR IR AT 356 R IR S %, €
F R FIE LR TIN5, BRI FIRERE . M AHP 20 € BB A4 SHU8IPE A E (PR RIAERE R
BATERGES, RRIVEASER, R L KU S PP A

(2) FMHEINT - BRI ECA VPRSI A B S TP AR R, IWETE RS Ak iy ok 34
BERURE | B 574 R DU A2 P52 0 M PP U 25 5 R BRI S5 UG 5 8, ST Y A 5 SRS S5 2 R VP
ARG R AT VNS B i PRSP R BES 5, AT RS TN e USSR AL B 5 i A B A Tt »
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A R i R

(3) AR 22 ST Y T P 58 IR T A% 208 6] B 5 s B )i ol P85 ARG S AT PR, 45 R BRI

B R BB P A5 RS S5 2B M T R XUIS: o
SEHk

(1]

(2]
(3]
(4]

VR, TR, R, S5 TR R A B R B AR BT FU[T]. A S IR B AR, 2023, 23(4): 1349-
1356.

W R, KEEE o R KRS PPN VAR AU D] (L2 AR 3], A6t LR R, 2024,
%%Am%%&%%@%#ﬁﬁﬁg“@%%ﬁ@ﬁ%[H@i#ﬁ%ilﬁﬂ:%*ﬂ&ﬁ%@mz
Sk4eRl, FSI, VTR, 2 22 s I T K E R B REE S XS VRN (7). A B SR kS By A SR,
2025, 36(4): 125- 136

TR B, R, BRAKME, & B RO MTIAAEBUE A P XA o BN —— I R R B R e R BOR BRI, b
£k$+azﬂiﬁ% 2015, 30(6):715-723.

BEE, ZEak, W4, TE. BRoPrikd s — SRR R ) TR D] RN TR S M, 2002,
38(12): 45-47, 150.

8, AR, BT E T 7 RN H[CY /R B =i 2, REGTRIE S S, 2024 R ETR K@
A, 2025: 595-599.

WA, HETFEBISEE TN MRS B E BB R EITN[I]. kR, 2014(6): 47-51.
R, BT HRZEA TN A R RS E BRI 7 [D]: (L2 ie ], bifg: Rigas i@ ke, 2017.
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