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Karst Treatment in Small Cross-Section Mountain Tunnels
for Oil and Gas Pipelines

Shuo Zhang
Sinopec Petroleum Engineering Zhongyuan Co., Ltd., Zhengzhou, Henan, 450000, China

Abstract

In China, the mountainous terrain at the boundary between the upper and middle reaches of the Yangtze River features highly
developed surface karst caves and subsurface karst formations. Constructing small cross-section oil and gas tunnels through these
karst zones presents significant treatment challenges due to the inherent spatial constraints of the construction operations. The
effective treatment of these karst features is often critical to ensuring the long-term, stable operation of the subsequent pipeline.
Drawing on the karst treatment experience from the Houshan Tunnel of the Three Gorges Dam Bypass Refined Oil Pipeline Project,
this paper details key procedures for initial support installation and investigation methods upon karst exposure. It outlines measures
for karst cavity backfilling, presents the design philosophy for waterproofing and drainage systems, and provides specific practices
and critical considerations for both initial support and secondary lining reinforcement. The paper offers valuable treatment approaches
for karst management in similar mountain oil and gas pipeline tunnels..

Keywords
Tunnel Engineering; Small Cross-Section Tunnel; Karst Treatment; Oil and Gas Transportation

HSREZL LS /DETERERE S AR
KA
AR Al TARE R BR A E], & - TR AN 450000

=

FEKIL P THIFELRMEERRT ZELT, EX—RAI DR A BEFREENZER A FHELS
[ &g By, R AL S MEE R KIETT, AR BERTAEA SR GHATEART TR, KAETH R, ALIRE
ZkFIUR S B G I B E AR, N B EEREI LA R, SR EEwERE, R
Ay, IR ATE X P HOR R RAT B B MGE B AT AL LS R 2 A TR AR AL 8 e F

ES 5|

WA A2 TR HEAHE; hAME

1 TIHER KBS B R T
SULEI RS TR RS K 16256, 1 2 BT ER
WP 3.0mX35m (FEXE) o RATERD 1614m, B gy oty i, DRI DEC P i
PE 36", RARIRITE, TS INRECRIEORS oo i sunmmsn ) ), SLebdmohOR AT L%
Wik, VREEER LRI SO EOMEIER gy i, Frpsprmme M i REO BN, (B T2
P, JRIEES Smm-10mm, JREEG Vom, RREE o gy pog g, st W RLR
AR B RS RTINS, BEMOERR o o e | oo . s ST P
KIen7.5-10130 BOIBETS, SIBEIRELISIN - g e yormmtetinite. B, olizr ke
N S, SIS m K o0 ERVNRERI Im e
BT 16 S I 250mm [5E C25 HERIBE B+ (T 2297 )
. AR B Ay 3 AN EBTTR
3.1 aRBEEFTIE
FUBSEA B K175 RIS, MRS
UEETAT] 30 (1906—) . B, PEARINA. & i o7 AL FR BB, RN T
B, DETRIE, MERE TR, TR EAIE P S— Ha ERAATA

117



THRIEHTESET - $£08% -

% 0248 - 2026 &£ 02 A

KA (E 1) o AR S TR WS SNBSS, (HAR
TRV R & T TAIRIPNER KGR S, ATIEA TrT o T =TS T
Ve, At PRIt

(1) PRSP R, ATREATEIBRRFAE, Uk
DA AT RIS R A A, HEREE S S a e, R
1) T 16 99HEZE | 0108 HERIEM. 3.5m < 022 AGCHIHT
S TEATCY, SBEANREE 0.5m, EMHEEAKEE 2m,
REEDHEEWT A ESENRERSZEN; 2) PN
K 022 $ZERE, FAAIEIEE 300mm, R o8 FX55 I itk
TTHERIBRE S C25 VR EE L 200mm &,

(2) BEMFHZEEES . HOFEE 0 A M BB T
ZE LW K1+090-K1+117 B E FHZBURM ML =],
AR B BRI 7 B Bl R 7 BB N B AL 5 T B4R
20 18 R F 7K JE R JR i 2 I ] b 38 B R K1+090-K 1+117,
FEFE 1A 0.5~1.0Mpa, JEIE R 8m 1K 042 KAEE,
(IR 3m A B, R OVMIEAER, BRIER 15~20min 5
BHE Smin, VP B (1], PRIERRE JE Bl 15m-20m {5
BEINARTEEY: ~ KT 3m EHS.

(3) AEABELBEN. BT S EEERH R
B WIS e IS S A (LB e 2 DU I R I s s
7K TR RIR S E T, BRRfS v /K R 1Al B DASE AT HE /K i
8, KRR IR R (0 G (2], s
FERE, RIS ERGE— MRKRIENE, AETEKREE
B, KR TROETHS AR RAE, FEL%E, BY
25m, RIS — A INEIREEE, A7k, 7K
TEAMZIK, FoKERIESIC RIS S a1 5%
HY, MRS 12 R DLUHIWRR S ol o e A I

(4) IEREGLFE, A2 RIE R et
FH, R 35em~50cm P N A AR 2 TR bR S,
AEGFLVEALAE R R R

TN
SLLLA
SETLHIE

STLHIN

(4R}

CELHIA

118

3.2 HiRIRmES

I TS LA 8 KI+117.5-K1+123.5 2b 1 51 5
A, BB NERIEEE sy, BEALLTE, Bk
e Y e d e S PN A o e o N VST Y
S E )

(1) ZHlREaE R B AT AP oea)s 12h #H17,
BT HR b TR EREICE 0.5m, IR IE R B R GRS I
0.5m,

(2) FTHUNRE . SENEAFRE R F AR T
N5 BRI YRR (3]0 U IR R R
TR, RZGEd AN TS RBE 2R,
B ST 0.5m, BERABEREE S, BaiEkE,
FHERERISSH Y, PRSI 255 n I/ 200g-300g.
33 AEAERE

ARNEELABEEREME S AHE, BiEZ s
KA, BERERRIEAR A MR -BZS T ARIEEARN, Hax
LEPSEREIE N, /NG RRREA MR AFEEN, 220
DTN, Wik, AS5KEROREHEEES KA, i
INBRSRRIE S PP AR B T AR R, ZET ISR, X
BB R A T T 5y

(1) KPS 35em~50cm Hofa J2 o 524 mliE &
BEIE 2R R, TENIETGBEE 100mm /£ C25 JREE ik
SCHEHLAR, Nk K (B TR R HE R S K s HE
Bas, PRAYEHOTRTE RIS BE A GRHE, R DI e

(2) RIEpIs A EiREE S T e BRI S nag
e, 2T 16 40HLEE . 0108 HIRTEH. 3.5m K 022 25%
RS APIE TR AT A, BOHEZRIAEE 0.5m, BRI S
2m, HOHEEEIRIR TS C25 iREE L 200mm J=.,

(3) BE/ NEEca G E RS P gk R s, &
2T IR RO BIHEZR 4 5 022 HERERNRS, F o8 A5
R, 2 BOHEE FTAE BB T . ARG
G, BEHEEREDIRA 16 5 TriieHEt i r=0iE, T
PURED S I N IR AR 2, ERE ST . T
TR SRS | PHBRE A = AN R AR N
C25 R IR B

(4) NEBEETETHSRESEZ TmE, ALAE
29 21m, THERIEAE—REIEA S . NGRS R D E S S
PERRLL, [MEDEEEEH 100mm & C25 Rk -3 HE,
RERIEASZ I T 5258, 4022 R A 35cm~50cm Huf K A a]
HEEHBETRG, Bk S — LA HEE M m T, PRIE
GESHTRIRRE M . TEIRIA) AR B IR Kl B —
EERM, RPN,

(5) INERTEEE K S S RERGE, E2KE
K, XFKERWE T AR s KGR,
BFPAZHEK, BRE K1+127 4% E—1E 300mmX500mm ( %
X 55 KIS NIEEET 100mm /5 C25 JREE L bE/K B H ik



TRIGITEET - $08% - £ 024 - 2026 £ 02 A

2mm JEG7K . RIS A SRS E ImXIm (4K X 5E)
Bk, KM SR AE RS
3.4 ZRFTHI NSRS HE

Ja BRI R N B AR O KI+117.5~K1+130, SURKCREE
A12.5m, IRATIIES AR R A T AR AEH 3m,
EE[E 0 300mm, JENERE A 500mm. AiF IR, B
SN, AF AR AT B T iHiA S 300mmx500mm
(T x5 ) B, KBEH 18.5m. WE eI ek
WEZ—, PPRESBUKRICEAEEN, S ihiknis
FKIEST, TEINERES K1+125~K1+132 19 % B HiE 0100PVC
HoKERomIEEN, E—MEERIES, HKES T MK
#z 300mm, [FIF% 1m BJ5JTHE
4 BB ELER

R NBr bz iE e TS AR, — S BIE A
PEAI S i R R, S EaA s D= A b . i
BRI TR S R PR E T . HbEE | PO BN,
SSRIHASAP A TR, F2 IR A 10m 1455 — LW L AT
B, GOArENEARDT 54, DBINEHTS . Isos
DIMHEHB S, AR b REIZIR R T, A& Bh T
Wi LS AT RIS O SR, FIBTARAER . SRRiEAN b
HRAT Imny/ K, BIEGT2RTIRE, MR
5 MERE AR AE 0.2~1.0mm/ K, REIDTRVLM, fHiT
DRSS MBREA RN T 0.2mny K, —ROIANERES
D TREIRE. Bl EEd EEN, H S
4 0.0mm/ K, SwANENTIEESIELE 1. ZEREG
WAL E N RGBS EEE, LRI R B
1, TR ERIARLBISF IS, FHRESEGIEHE
BB TSR
5 #iE

/N TR S LR S VAR B b VA TS A B I (S
257 ZeEN, REanvlaEaasniaet:, L%
WiEMESETRGE R R EN: . W2 A K B
B, ARIEX = A AT ARSI E AL I A B 4

(1) JERAREN, /NErHERE 2R 22 DAL AR RS
HE, ARSI B SRR BEX, HYEE
WEE SR . BRETRR KT, BERE TR R AT
N, FEERMEX HELEE, SRR TSR E [4].

(2) wpimK. s KRR, K S

BRIEEPPERERK, PR @RI R B HE KT AR R
FZEF T EE, AIDWCRI RN SERHEKE ), [
IR D R R AN, X e s A R K

(3) W OBRIE R . ERIHSAPsEp R T A,
KA IARE R, BikRETHEE LRk
— RS2 IR, RSP RS RRIA

RHEE, MM, WRITENLELRT

ERE RS (mm) WSS (mm) A (mm)
KI1+110 38 3.7 35 37
K1+120 39 38 38 4.0
K1+130 39 37 3.9 4.0
K1+140 39 3.7 4.2 4.0

TR DR S S SPTER, FiaTE BRI R

LR TEREVSCRIIE H S R0fae i, HRBENEVA KA HGE

AUE T 54, ifn HBERCERITRIHEKIIEE, (RIFHEK 7

AR, GRS EERskmaE, SRIfimf T

L BRETENAR IR, rILOIEIIZ g ea s 2

G, N SSRGS B R LA A ST b

AL T SATHE

S 3k

[1] BRZE. &b X BRE 8 iR B s e TR R 5 0
[7]. 2@ 5E,2025(15):136-138. DOI:10.3969/j.issn.1006-
8872(5).2025.15.044.

[2] ZEEZE XS IR I, 75 i DR R /N W T R A e T
[J]. B%iEE1%,2007,27(1):58-61. DOI:10.3969/j.issn.1672-
741X.2007.01.015.

(3] H s, B 47 bl R A A iE BRI 28 (1], PEEB A B R
$2,2024(8):149-151. DOI:10.13282/j.cnki.weest.2024.08.047.

[4] BE/NBH, SRR AR VR 8, 55 . SRS 1 IS v sk BBl A PR T X
M HT[I]. TEKIZ,2025(19):143-146. DOL:10.13646/
j.cnki.42-1395/u.2025.19.045.

119



