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Abstract

China’s long-distance oil and gas pipelines often pass through complex geological conditions such as mountainous areas, loess areas,
and karst areas. Geological disasters such as landslides, loess subsidence, and mudslides occur frequently, seriously threatening the
safety of pipeline operation and the stable supply of oil and gas resources. In order to carry out risk assessment of pipelines in areas
prone to geological disasters and improve the efficiency of pipeline disaster prevention and reinforcement, this article combines field
geological surveys, comprehensively uses monitoring and numerical analysis methods, constructs a pipeline risk management system
in disaster prone areas, analyzes the failure modes of pipelines under various geological disasters, and studies supporting disaster
prevention and reinforcement technologies. The research results can be used for identifying and assessing the risk level of geological
hazards in long-distance oil and gas pipelines, providing efficient technical means to reduce pipeline operation risks, ensuring safe
and stable pipeline operation, and providing technical ideas for risk control and governance of geological hazards in long-distance oil
and gas pipelines.

Keywords

Long-distance oil and gas pipelines; Geological hazards; Risk assessment; Protection reinforcement

HIH S B E M5 R E XX il 5 B 30 Bl 5 AR
FEISE WP IL A FPE L =S A E], E - PRy U2 710018

E
RERBBAFESELEIR, KR, ZERERFEMLLNE, B, KLER, BREAFRARENL, FEA
W R AT A i AR, TR R E R K R A . BRI B 5 e B R, AT 2 A9 kR
WE, aEAENE STk, MR EDERFENSSHAL, STELRERERRATEEMNLAHX, 5
RELEW R ABEA, FRAR TR TR Arb L F TR E B A KR 5 RS U0, 345 R T RS s
AR, PR & ARRIEAT, ARIRRE B AR K b i 2 U 4 5 6 AR R B35,

ES
KA FE; ARE; ReHfE; BpmE

FIKEL) 14%, HrPEIE 64.66%, WKL 14.66%,
TR 4.31%, R 3.45%, BREEA 0.86%, HiAER
1 13.5%, [ 21 thed s E D BN S E R, b
REXNEE L E B AR IS i e E A

15|18

PEBE KRS TR sk, 1T
T I3 A R T S R 1 B R R O R s
THURRIGIAR, s e th 2l 25 Ak TRIED)

MIRPATE ARENRIBER, EEENSAa YT, bR
REG|RIVEEEHCR AN AT A R, XAEEY S
BEERL TE AR . RIS R R A E R
i, 1970 ~ 2016 4, HFEHEMHUR FEEEASOE B

[EHEN] R$E (1988—) , B, PEIEFEEHBA, K
B, BB8ERIN, MBEREBHW. XIS,

FIHBRUR KPR ok . TR R e
L i & H A X B SR SR INERTT, SEBHmR
F NG S RPN, FIHEERTR . PR
JRAET], R RERRnSE T E YA PP ARAESER
SN AR EEHSE S Katk.

31



MRIWEHAK - 5025 - F 118 -2025F 11 B

2 KIS EEH R RERE SERIES T
2.1 B R R E LB R HHIFE

K UE S e FR A SR . AL T
FEMITRERM: . RGRKSC . MRS SR RIS, AREX M
R ER BRI E R DE . PR X DA IR,
HOmRERG . DDIBRAE, ZXIEE AL SL, EKER
ARG IR, FERNAREEREE, KEZSHT
EEgmes LR, B on. (O EIA; PUREILH R
A, BROWE. T, BRI, R, BOR
HRITUREE, REL AN 57, BAREVER.
10537 AP NGO STV E ) E =7 T b = A Na R I a1 =
HWRAGESIRE, 55| LRI, SEE g, 2
TR, ARIXKIEGEERR R ELNERAR, EHILR
REZINE A E BSOS, B ae e
EASEAY V& U= (AR
2.2 R R EXEIE N BIAYLE

BRI R EEA T NARR, W& E IR
FIEZRS . TRk, MU 2280 R E AN ARG ds
¥, LR AT 2Ny, MY il
WEEMEEIRRN T, SfpiEEE | S G,
HEWZY By AR R R R STE AR E D
PEF, Dlvbily, #Edl, BRI NBEAEE, FealiiE S
RISy, SECEESRAHET . R, BUELR, HEuEes
Bl B AT AT, Ak EE B A E L,
TERDESEE Y, SREERIRE, G, T8, 5%
HERE S 2 E N LA RS, EEdE tEHESR
ENTREDEAT, SR BRI B ORASh A iR P
BEEMRO A SE HARETE . RODEE R ETEA 527k
SHR, ZEFEBATERSINEE ERG.
2.3 REYRYMEZBE ST

K hnm A E R E R FRE 15 A TE AL FE
FIROLE SR, YHEE . ARV MmN, HIRAKAL
REFEARBRAE: WHEAT 150 | BLERARAT
03, HEMREKE, HFRHELEMRBEIS; MR
PR S P R TR, 55 RARE . B S
e, AABRFE T EAESEEAET . IR TR
WAl B ACEIRI RS EEhE T s etialsiR
HiRGER, EARNK S EAET; WA HTER . THEHE
IKFEH N AKEHET, Bl RN . ST SeE.
BT ARS ANERER, 55 R RS TE
FEHUEE, ATA MR E5 S N E A B R R o

3 KHH SEE MR E KRR TR A

3.1 SHXP R I b e HRik RAE
fhe & B R S E EH RUR F IV XIRRHE, R
A ZRAL. SR H &I SEbRITERA R, B

32

HWRATEMA R . TRIRARD VERE . HENE . BRE
HFRE AR 5 & X e N4 RS
RKEZ KN, EESIME . DSt 3 2980, feRE
RN SHERIE R, B, MR ES AR iE
AL RS, MR . MOKEURREE; EhE Sk
EfrEEEEMERRE . EEEE . ER. EiEH TR,
ST e e =T AN S i %an = N I =0 | TN = B = b o]
R B, AR AR S RHIE B e bRb R, TR
TIGEMSIREEGE AL, HEEZE . H TR arbE,
LXK GE MR A AR R S F ek, 12
FHEFAt 5 SR vhERf I
3.2 ZHERE X I AR

KBNS, 2 BRI SEUERDARS S A
T3, TRANE—TEN SR AERNE . BB M |
SRR 2 400 . RE S-S HaEdE; FIA
AAIEET . InSAR WEil, IR SRS, ST A
EHFRE . TIREAKE, BENTEEIE, FEERBE
BB MR E R . RABROWHEIT BRI E, &A1
MITENT 5 FLAC3D 3B 4T, TEPFN R EXGIEE 5%
EHIAERER, MPART FARBIZERE X RIZE AR5 MG
I, FETEIX BRIy A XU | A U L B L FEXUBSPUR
eGP nE Tk,
3.3 T2 KGR 1Th KBk

PAPEAL A R AR S E 18 LB BRI &R,
ZEEER 813mm, EiE{T 84, WA B
12.6km, [XI#E HIGMEELG T ~ M4y, % A& 3 G R
TEREASTE . R A RIS 5 2 X B R UGS, 156X
10 2 SRAS RS, (RIETEISTRIR A A ST S TiE R
WRE, FENEERILE 1. SRR, ZXEE. . RS
BaEE BN 3 4h . 44b. 34b, SRS EESA TR+
RERTI N RERRIX T, BUR RN B8 TR M 510 Lkl
G o ZIHEEE R TSR E S XS X By, AJESLE MBS
PONERRAMRTE, IIE TR T S E Rk,

4 KEnmSEEMRRE R KRR MER A

4.1 FRELBFHIEH IR A

FEX N A S B b o B R O LTt e, SEEIA
HWHIE . WAERT. [RREAMER R F AR “HRE T +
LA + SHOK RS GafEht: WRRMAF L. Rk
i, FHRRRK . BEREK B A iRlke;
WHEKERA SEUKE, PuliifnoK; R =X B M
IR LECEREINE Lk, $2T+ - AR SHERE . (L
B, Te iR E SR I + P TR + AT
CReTENE: SRR, fiER. AESERNEID IR, HEIE
WORE s WM ERAL JEAmSintl, Bl ainehd
EiE; RERE S tE, EEAK. Bl



MRIWEHAK - 5025 - F 118 -2025F 11 B

A TEHIRIE G F R S . RIS MO
FEE: U NRTETRSR AL . AKESR IR N s RS

KRS, fEESORTIEHE; BB ER
F CFG HEhNE, #RTHHbAm s M,

®1EEREEETRERREITFHEER

[SRYSe i RELA R FEGHITS  EES Ty M T 5y ARG E B F
1 PR + 86 72 68 78.5 =62
2 RO 71 69 65 68.3 R XUR:
3 IR 83 70 66 75.2 =3
4 RS 75 68 63 69.1 R
5 RO 62 65 60 62.7 PRI
6 IR 80 71 64 73.8 =i
7 RS 73 67 62 67.9 R
8 M 60 64 59 612 R
9 Il bl 70 66 61 66.4 HRXURS:
10 Mo 58 63 58 59.8 PRI
4.2 EEREMESREREAR ANGTNIE, BT A ERE ST, (RERGINE TR

XM E R BT L R
B RAAIIE S EsisE, A EEIRIET. X
TEEL., NARMEREE, RATRE + 5Eeh
HROIE T2 FREERIERREATIEEBAL, AR 47
BN EE TR IS AN, RS EEARERE ) X
TEOBER . PIEERINEE, s BNEE,
Rl 228k, RIAEATENERE D, RS TE RN
B, BiEEOERFR, TR ESNGXENERS
B, EERATERE RIS, HhE MR
R, B TR HIE 2.0m LUK, DUEY ) iR ZE
TEXYETEN B [N EEINES A LR A s
eI R, FIRBE AL SRR S B LR ETE =
FIMIOR 77, ZErfHbET R EREE R ER, SRS
B HHO TSI TIPS SHREARE D . TEENE R IEUAT
BRI ERES, SEOVEER DS . R E
=
4.3 BEMFE S KBS HERERA

FaEEzs i — IR IR TR 2, SCBH TR e FE BT,
EARROBYEE T, TR BRI + R + S
e MM MR A A O AT AR (RIS « FLSUKIE DS
&as . (RS ERGES, SCIIRIT 5 R | TR B R
AT . LRSI . BEN DEETE; SR IENERATA
HLLIDAR | InSAR S IEEHA, & IR S A 34z
FRHHOTR SRR . A NP RE R A, BdEREIRRE
o R s HHTRES, DR s B R) B B KR 4epl
s Mgk 5 A X B TE IR IR, S NS Bars
KRR, WZ. U EvpaE sk, T
AP TR, MRERERERar; ST R

RAEER . BB AR TGS HEEEGG, s
MR ERDEIERIERIEH], BB EEHIERIREEN, R
FAAERN . EEREEERGEN, PHrESeREE

5 45i%

KR UEE TR 5 K X B R ERE # 2 fR fE RE R
B R eI AR ER AR R
BRI R FEREG A K REER, ARG IR RTE;
Gy LRGN R A AT SRR T, BRI
ERIRGREE, 1R E R et 5B aEkE, R
SRR REIE . AN TERE SRR B RS R Rl
&, BRI SRR ; pERSRE SR AP
TNEREHS i THR, 25 CREASFTRA; B b am R XS
EH, FOIIR R EEH TR E R ST . =
BRBHE . HaEder, AEEIAEL GRS AL
BRI,

S 230

[1]  EEPESr KR S AR AR R E NG TN A S [0] A
#1,2026,3(01):47-52+71.

T R RS TE TR FERG A S B AT A0 TR
J57,2021,43(04):356-363.

FHLZER X EH AR SREE (AR ) R ERGA T
PR S SR . P R AME TR S i, 2021,41(01):92-
94,

BB S IE TR E R, & K B SR A B KB I E S RN
PRI [0). 24 SRS TAE,2020,27(02):168-174.

Rt AR R E L AN A T M e I s E A R
WFE [ A 2 e RR TR, 2021,37(06):16-19+5-6.

(2]

[3]

(4]

(3]

33



