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Abstract; To prevent the risk of abnormal gas emissions during tunnel excavation through unstable coal-

bearing strata, this study focused on the inclined shaft section of Baoanying No. 1 Tunnel in the Chengdu-
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Kunming Railway Expansion Project. Through on-site monitoring, numerical simulation, and engineering
application, gas emission patterns, risk identification methods, and prevention technologies were
investigated. The results indicate that tunnel gas originates from unstable coal seams and carbonaceous
rocks within the strata, and gas emissions correlate strongly with coal/carbon content in surrounding rocks
and the degree of geological fracturing. Then an integrated geophysical-geological drilling approach was
employed to establish an advanced identification method for abnormal gas emissions. This method utilizes
multiple indicators; unfavorable geological bodies, lithological variations, borehole gas concentrations, and
emission rates. A " borehole curtain" interception technique was developed for high-efficiency gas risk
prevention and control. Boreholes arranged in curtain patterns were drilled from both side chambers to

intercept and extract coal-rock gas ahead of the advancing tunnel face. Field applications demonstrate that
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this technology reduces construction interference and increases advance rates.
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Fig.1 Division of working sections of Baoanying No. 1 tunnel
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Fig.3 Gas volume fraction trend of exploration hole and return air concentration in No. 1

main and auxiliary inclined shafts
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Fig.4 Gas flow rate device for while-drilling testing

2.2.3 BEREBEXBRAIKLIRSGE

S5 M B TR R ATERAL | B R S
F-BE, d N7 FUIT S TR DGR A Ry 1k B o X
Jith, AR AN R 5 s . TG, SR TSP203 1 i i
TR RS, AT T2 TAE R AT 7 130 m S [



4 4]

FALNNAE  ARTRE 5 B 2 R T b PUSYT S 9 1 Bl R - 89 -

DAL T RS | AT S5 AN R SR Y B T
U TEYHRBVEERD b AEHZ TAF AT E 3 ~ 5 H
£ 108 mm TR 125 m B8 A AL , 000 B FLE T
AR B TUST AR S B FUiAL B | FUI sl ) R A
PO AR5 MURTEC T A 3l ) 42 R 4, WS A o
TR PLIE IR i R R SR A T I IRAR B

BEERGURL MR 1E FUITI ) 3h 25728 AL R AL, i AR
AFFOTF2 TAR IR Jr B 52 X e R R
WG FAR T A e AR bR, USSR E S
B FUIr 5 3 T HH DOBERTTI0IN 00, I <€ 4 b BLISr
THLERE T AR AR B, 708 AR L P
s 0.1 m/min I 55 200 TR AL IE T

| TSP203# R BTN |

A B A
)

=

- EREA ] ERET <

\ R

| RRTHAL R R R

BT R BUNF10%?

= AR a

P

*{

<0.01 m*min }—

Bt

*>< 0.01~0.1 m*min }—‘

-

>0.1 m*/min |

BLIT R S 5E

IR a7 )

By R i
P

Bs5 RHREREHBIAIRAERE

Fig.5 Flowchart of advanced identification method of abnormal gas emission

3 ‘YR SRER AT ER AR

3.1 “$hiE BHER LS ARRE R

H HiT, B8 PULTIA B T SR FH 25 SR AL FLAR 3k K )
A 1G5 S HOR MR AR ASCR , (BT 7E 22
BEXT T R A7 B2 FOIT . Al T T FE
Jits TP ANABSAS B2 Bl = RO FL T B
BEHA . FEAFZ RSB G TS0, w2 LTI
B TR BT SR R GE T AR R e S 2
() BLIT S U s B P R R LRI 6 R,
FEFFHE TAET 10 m Ji5 %38 PN 22 #5443 , TRl
Bl a1 125 m, kb g i J) 46 o, WA A7 i ) el
30 m, FEREIWNIET. 16 4~ EAR 108 mm Y
BhAL (2 AERRIE R LR AN (20 4 m) 5 () R INTE
B3 0 Al AR BER R Y B IE AR
SR FOIT, FLBR L T A SR AR P& 37 N, X T
2 TAETH i TR/

SRt 25 A BT Bl B BT R SR B b

6 “ShIETBIRREHILAE
Fig. 6 Layout of "drill wall" for gas interception
1 A R FU s B FIHT COMSOL 4
TR B AT T R R 5 A M 1A PUSHT I
R
3.1.1 BRERAMZBERE
TR RE A A i1 5 AU s N RUI Uiz
B stk A
%+v-<pgvg)=o (1)
Arfrem W&, kg/m’; ¢ ISR, 550, J BLIT
B kg/m’; v, FEHTB R, m/ s,
R T FC I LA R BRI 5 2 43, b B
FLBUZRBT A i 5 0 FLIUR 7 s FT BRI T iz B AT 5k



hoE T e B ¥ % iR H364E:

- 90 - China  Safety Science Journal 20264F
e, RN, P(,M( ab abzp N b J ap
k 1+5b 2 ot
Vg =— —Vp (2) Vi p (1 +bp) P.Doy) Ot

Aok WA R, m? sy, NI F R, H
$ik 1.08x107° Pa - s;p AMEZFLWIE S, MPa,
FEBARFLBR 1 45T, 75 75 18 a6 3500
XS E R, RSO A% AR E RS
A3 11 B T 1 B0 T S (1438 38 2R Y | e i FL 3T

B RN A .
k b
ng—(1+p) Vp (3)
7.0 p

A b, s ARAAAR BB, MPa, 5 R M T FL B 45
LAEFPS

B2 P R8O 5, BT A i sl 2D 2
SRS TUR A MK ST | X SRR 58 B 7™ A 5
Wi, WIS AB B, I8 AL ) B A2 e
(RN, V205 AR B 2 PUIT 1 AR AT 3R gt

k [ 1
—=|1+—(p-p,) +
K Md’/p Do

o) o

36, M LEP Pt
APk, FIEREIGEEFR, m*; M 4 Lame %
_ E(1-v) ) L b o i N
= e Gy MPas & B 2B 6 L B
% 6, AR A&, % ; K 32 R B i
E MPa;p; N W[t A2 JE Langmuir & 77,

MPa;p, HKSHE,0. 1 MPa,

K=
3(1-20)°

ool )l
—Voelp—|1+-L||[1+—(p-p) +
RT (775/ p Mo, ’

&L (K p Po }

R | s | KORUEC
Xiep, WIS B  kg/m’ s M, N AR BE IR T
i, g/mol ;a N FH e e KB 6, m*/ 150 SR W
K, MPa™ ;R R IR R %L, 8. 314 J/(mol - K) 5
T AR K.
3.1.2 BEREFHRSH

MR RN 5 R 42 T AR AT 5 R 5 B
WA b )2 A AR R AR AN 7 BTOR
AT FFA A TR 7 6 A8 Al L B S0 T 155 T
RS TF42 05 J8 A FU 1 s S 2 Fh T
Bl MR SCIR E I E S X 2R U2 S5,
SERSRIBH W 1,

aplay=0

p=p,

WRA

Oplox=0 ) “Tﬁ?ﬁ
B EE /

oplox=0

80m dploy=0

7 “shin” BT LARE

mu@@i‘ﬁﬁﬁzﬂ%@ﬂ?ﬂﬂ : Fig.7 Geometric model of "drill wall" for gas interception
x1 HEEEAXSHY
Table 1 Basic parameters of model
S (I} ZH 1
a/(m*/t) 21.09 JEAR TLT R 1/ MPa 0.5
b/MPa™ 1. 13 b,/MPa 0.35
LB/ % 4.3 FPERL H/ GPa 3.0
PR/ (1/m”) 1.43 NEL/N24 0.38
/K 293 &,/ % 3
M,/ (g/mol) 16 R FUE/ kPa 20
3.2 BRI BT AR, —J7 T, B AL TR 0 T R T Y B

TERE T Bl 7 B LG, SR 6] D 7,30 K
BALAI BSR4 A &l 8 B, Bl 8 T LLE
H, B R 18] A 3% 0, AL ]300 U AN TR A
TR RS WO, = Bl ik B B ST B A M1

i , SRR TTHZ TAR T ITAZ I P A LTt o — 7
T, /b T R A i FUTIRA Y i, ORISR T
VR TTAZ 5 i) B T8 P9 L FUSHTai B

T2 A 1HT A7 O B AL P %3 JA 10 e



FALNNAE  ARTRE 5 B 2 R T b PUSYT S 9 1 Bl R 91 -

554
80 5x10° Pa
70
60 4+10° Pa
£ 50
o s
& 40 3%10° Pa
g
30
2+10° Pa
20
10 1210° Pa

0 10 20 30 40 50 60 70 80
KA B /m
(a) FhRIF A7 AR S 40 A

5%10° Pa

4x10° Pa

3x10° Pa

HEEME/m

0 10 20 30 40 50 60 70 80
IKFAL B /m
(b) FhSR I 18] 30 dif & J3 43 A

2x10° Pa

1x10° Pa

8 FAEITEEMABRMGAARBMEBEBEHTENSH

Fig.8 Gas pressure distribution at different pre-pumping times in interception borehole in

front of excavation face

PRECHT IR A B A, 70 BB T T2 2 Bk 4l
FLUBA A B R ORI E . LOT2 TARRITZ
7 K5 B, 147 A i AR B AL Ak Sl R A FE

80 5x10° Pa

70

60 4<10°Pa
3<10° Pa
210° Pa
1x10° Pa

0 10 20 30 40 50 60 70 80
KL E/m
(a) FF¥5 AR TH I 44 FL 4k B3 %

T HALE /m
- D W A& W’
c & & & 3

St L A an i o B, WL 9 al LA H < il
S Al LA T RE A6 238 BB 3 SR 103 4, A B i
W AT AT 920 FUIHTIG

80

5x10° Pa
70
60 4x10° Pa
aﬁ 50
= 40 3x10° Pa
m
30
2x10° Pa
20
10 1x10° Pa

0 10 20 30 40 50 60 70 80
P AL E/m
(b) FFE TR AL H

B9 FEIEEFEZTdEEHENSH

Fig.9 Gas pressure distribution after 7 days of excavation at excavation face

3.3 BRIPHARERMREER AN ARR

FEORZEE 1 S RETE N T FU 5 T Hh B i
A 38 2 Sl BT 5 T R AR 7E X1DKO+
630 . X1DKO+550 % ZA™ X S PUAT 5 A BT 55
T KU, St s AR O Fh R ARl LG S O e kat
AP ARV, a0 X1DKO+630 4b 4 FL 4 5% FL i A 1
GYEGR 37% AR A 2. 35 m*/min,

FUHT W B0 96 W . St < B el B FL RO RO
W, FF42 A 1 K 1m0 XU B30T R B4 4 7 I
ST ENT 0. 5% , oK & A= 53 TOTE 1 1%
B, AR TE 4 U T bR AE PR B ROk Y 30 m
FERE] 125 m, KK TR R L, FH T 4 FLitE
TR EC 3T 4 R A 45 TR ) K e B D b, T4 1 H
PEEEFHEOR A 60 m 4255 F] 100 m, i85 T % 45
AR HE H

4 £ it

1) F% 38 PUINTIR T % T8 AT 2 2ok 1 J2 v i e o
o AFREIE I AT 5 Bk BT U (L) 2
JEERE YO E FUTIR A BRI, RS i
/5 0 | b o AR T 5 150 -5 LS VG H e 3 K

2) RHYIR+EIREG A T-Be, UA R HFTR A
AR FUHII i SRR 4 MR 20T
HERTER, T T ARRRE B 2 BT S T DX
FIFIR TR 4 Fp S ROXE it ZEERFL FCIT I
T 0. 1 m®/min B it TAGRERFLIEA THRHE.

3) Ry R AR R A AR, 4R
TR RO FUST AR B5(E 23 A 26 I 7 PN A3ty 70t T
Bl FLAM B2 T AR 5 FU I, BB A% MR B2 VF o ik
BV PO



.92 .

hoE T e B ¥ % iR H364E:
China  Safety Science Journal 20264F

4) BRI . Bl v SRR il SR B AT A S0k S AR T FC I S I A A T, AR
HERE R R 60 m 252 100 m, L) FCHT 57 10 R B4R BOR AT 2R AR ST A5 0 T Bl RO i P4 it

2%,

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

2 % X #

BNE, IMT, FMET, & BaskiRER LARFTEBERSURFNREHRLI]). PEZERZFIR,
2024, 34(4) .239-246.

Zhao Shulei, Sun Bing, Chen Wen’gan, et al. Physiological indicators and labor intensity of tunnel construction workers
at ultra-high altitude[ J]. China Safety Science Journal, 2024, 34(4) .239-246.

I8F, XWE, IR, 5 RERERHTSWEIITAZOERDMLI]. PELZERNZEZR, 2021, 31(4):
34-40.

Wang Haiyang, Zhao Shulei, Chen Xiang, et al. Statistics and influencing factors analysis of tunnel gas accidents in
China[ J]. China Safety Science Journal, 2021, 31(4) .34-40.

K. ERESRE S TLHT L X T EARSTTUNR DML ). B T2 ARSETT, 2021, 36(6) .46-48.

Zhang Dan. Analysis on the current situation of construction technology and economy in high gas work area of railway
tunnel[ JJ. Railway Engineering Technology and Economy, 2021, 36(6) .46—48.

SIEE, . FSREXANTERATASBE SIS REMB O I]. ISR A, 2023, 6038 1) :1-6.
Xia Zhengjun, Li Li. Special measures and cost analysis of large-section gas railway tunnel in southwest China[ J].
Modern Tunnel Technology, 2023, 60(S1) .1-6.

TRE. EFERRUSIEETRER DBNOZENMARLI]. PERSFR, 2021, 66(12) :395-403.

Wang Yuezhang. Research on optimization of ventilation scheme for gas tunnel construction based on orthogonal test[ J].
China Journal of Highway and Transport, 2021, 66(12) :395-403.

=, 258, X, 5 ahaXaRexaht THReNABHRLT]. PELZEEFRZRA, 2021, 17 (11
144-151.

Ren Song, Mou Qibo, Li Yu, et al. Application research of pulsed ventilation construction period of spiral tunnel[ J].
Journal of Safety Science and Technology, 2021, 17(11) . 144-151.

B, TMIE, 08, F. SRAEIEOEARER BXZI0NE: ISISREABILI]. RERASTIIE,
2022, 22 (2). 804-811.

Ran Jian, Wang Linfeng, Li Ming, et al. Influence mechanism of gas tunnel construction ventilation considering
excavation process: a case study of Jiming tunnel[ J]. Science Technology and Engineering, 2022, 22 (2). 804-811.
"B, B, TNE, F ANMEBABREFUNSRERMBBEAHARLI]. BERZR(PEI), 2022,
42081 1). 486-492.

Long Gang, Huang Fei, Li Shuqing, et al. Study on gas extraction technology of cross-structural coal seam in large-
section highway tunnel[ J]. Tunnel Construction, 2022, 42(S1) . 486-492.

BeZ. BBREXDEEBERATREANERRBEPNABIARLI]. BRER, 2022, 41(9): 118-120.
Deng Huayi. Application of ultra-high pressure hydraulic slit permeation enhancement technology in rapid coal removal in
large section of tunnel[ J]. Coal Technology, 2022, 41(9) . 118-120.

FTUW, BRYE, L, F. AMAEHRKE AP R MINBERANBARI]. W TEESTEFR,
2019, 15(1) :262-268.

Li Wenshu, Zhou Dongping, Guo Chenye, et al. Research on the application of " five-step method" prediction of coal
removal technology for large-section gas tunnel[J]. Chinese Journal of Underground Space and Engineering, 2019,
15(1) .262-268.

ELRH. FREFEERERATHHZENBHRROEIRONT . UILFSRENFIL)]. BEES(PEID), 2023,
43(2) .257-264.

Ren Hongwei. Analysis on the influence of gas extraction parameters on pumping effect of tunnel through outburst coal
seam: a case study of Tashi tunnel[ J]. Tunnel Construction, 2023, 43(2) .257-264.

BEB, &R, 261, . KBEREFURATERME0VIREREBRHR TARNTI]). BRE@RR (PR,



#

&

FALNNAE  ARTRE 5 B 2 R T b PUSYT S 9 1 Bl R 93 -

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

[22]

2022, 42 (7). 1300-1 307.

Yang Yurong, Huang Hongting, Yan Qixiang, et al. Analysis on the anti-outburst construction method of rotary grouting
enclosure pile for railway tunnel crossing gas coal measure stratal J]. Tunnel Construction, 2022, 42(7) . 1 300-1 307.
TRE. FRU XKIETPEX R LBIRBMIARLI]. BRER, 2021, 40(5) :128-131.

Li Yongjin. Study on damage characteristics and management measures of coal mining subsidence area in Baoding mining
area[ J]. Coal Technology, 2021, 40(5) :128-131.

BN BRE), BF, 5 NEKRERESESHERENKENT]. REBMRSENR, 2018, 46(5) :81-89.
Gao Wei, Han Zhonggin, Jin Jun, et al. Occurrence characteristics and assessment of favorable areas of coalbed methane
exploration in Liupanshui coalfield[ J]. Coal Geology & Exploration, 2018, 46(5) .81-89.

NHE, BN, ZHR, F.ONESSRABRSSIUREIFE RSB E M S KR EHRL)]. ARBR AR,
2023, 60(4) .172-177.

Liu Jiamin, Yang Feng, Li Xiaohong, et al. Study on occurrence characteristics and risk prevention measures of gas in
non-coal strata in Zhegushan tunnel on Wenchuan-Maerkang expressway[ J]. Modern Tunnel Technology, 2023, 60(4) .
172-1717.

RIER, K F, RE. || IFTTERRE B IRELT N EMARFHEHRL]. SRETIZFIR, 2023, 40(8) :29-34.
Yuan Chuanbao, Zhang Guangze, Song Zhang. Study on the causes and characteristics of special gas disasters in complex
tunnels in western Sichuan[ J]. Journal of Railway Engineering Society, 2023, 40(8) :29-34.

EH.RE, KR, F. (2 RBRE SRR ABNEEYRLT]. $he TIEFR, 2020, 37(12) :89-94.
Wang Peng, Song Zhang, Zhang Guangze, et al. Important and difficult geological problems of tunnel and its disaster
reduction and prevention measures for CZ railway[ J]. Journal of Railway Engineering Society, 2020, 37(12) :89-94.
KETB, KPS, e R, 5. AR MXBRESSSAHEDHLI]. SRB T2, 2022, 39(12):86-90,109.
Zhang Yingxu, Chen Minghao, Su Peidong, et al. Analysis of harmful gas characteristics in tunnels in southern Dabashan
area[ J]. Journal of Railway Engineering Society, 2022, 39(12) :86-90,109.

Eor, AL, X E RN ERECHREER TR S XM [)]. RERNZSTEFR, 2021,
18(3) .803-812.

Zhai Qiang, Gu Weihong, Zhao Yingying. Risk assessment of gas disaster in tunnel construction based on unascertained
measurement theory[ J]. Journal of Railway Science and Engineering, 2021, 18(3) :803-812.

Ti50R, B8, B2XR,F WY RPRESZRERIDELRENERL]. SO NFSTIEFIR, 2009,
28(1BF] 1) :3 226-3 233.

Li Zhiqiang, Xian Xuefu, Jiang Yongdong, et al. Seepage control equation of coalbed methane in geophysical field and its
numerical solutions[ J]. Chinese Journal of Rock Mechanics and Engineering, 2009, 28(S1) .3 226-3 233.

ROUN, BORE AN REBBESG2RVBHRBNATR . RS ABILI]. 56 NS TREFR, 2024,
43(9) .2 189-2 200.

Zhao Wenjie, Zhao Hongbao, Jing Shijie. Research on the slippage effect of deep reservoir rock seepage: a case study of
coal and sandstone[ J]. Chinese Journal of Rock Mechanics and Engineering, 2024, 43(9) .2 189-2 200.

Liu Shimin, Harpalani S. Permeability prediction of coalbed methane reservoirs during primary depletion [ ] ].

International Journal of Coal Geology, 2013, 113. 1-10.

EE®E . E0 (1965—) , 5 Wp M, T IE S TR, =2 FR%IE 5 b
TR R BRPE S B AT R IR HR BRIR BN 5 s D AR AR A
M TAE, E-mail:wlc773747@ 126. com,



