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Key Technology for Water Inrush Identification and Remediation
of Grade in Soft Rock Water-rich Tunnels
LUO Shigang
(Sinohydro Bureau 7 Co. ,Ltd. .Chengdu Sichuan 610213)

Abstract : During the construction process of tunnels and underground engineering, the prevention and emergen-
cy treatment of undesirable geological water inrush are very important. It involves many aspects such as the
construction progress of the tunnel,environmental protection and public safety. The identification of water in-
rush is usually evaluated from the aspects of water volume, pressure, frequency and intensity, combined with
geological survey reports and hydrometeorological data,so as to accurately judge the possible risks. For the re-
mediation of water inrushes, the first task is to determine the location, scale, pressure and possible scope of in-
fluence of the water inrush point. Then, according to the structural characteristics and construction conditions
of the tunnel and underground engineering,the corresponding remediation plan needs to be formulated. In this
paper, by summarizing the key technologies for the remediation of the inrush of the tunnel face of a water-rich
section of soft rock,the measures of backfilling of the slag,concrete sealing of the tunnel face, the addition of
drainage holes,the addition of arch reinforcement of the primary support, the strengthening of the advanced
support and the radial reinforcement of the primary support section are used together, which effectively solves
the problem of water inrush remediation in the soft rock section and provides experience for similar projects in
the future.

Key words: Soft rock and rich water;Sudden water surges; Grading discrimination; Tunnel

i N R IL R R T B K R AR B K

55 K BE T A O R TE AN TR O B K
B 3 S R 2 BE R A R A e T
JE T2 AR, o B K B T A A T K G K E BT
RN 5 T AL TR By 5] AR R R CE AR
R AEBORN M B R OK G B R L R
K AHL T K FE T2 R 5 7 1 K AP

Y B H:2024-03-03

A TH TR P AR R L 4k A A T K S U M R 3
B A5 b T U . SR TR K O B AR M LB R,
Syt N BT 2 L4 B R K I i X s i
JnLA e B EE A

LK I Bk AE AR FCA LR IBIK TR AR
Hb BT A o O B 32 BB S B ARCA e T MU
BFMUCE O BRE SRR A XA 24

Sichuan Hydropower



2 HE R B0 B K R 5% T K A5 R R R IR S Bl R

2024 455 5

Wi, A AT BB O R B R AR R, 2
[E] 5 5 170N 8 /K5 i AR A AR A7 TR 3R I R Ak
P, bR 7K LAY 1 28 B KRR R £6 7 L TE B o T
JEAE BB L R R KA A IR 2K 5
FLBRK o R 7k 32 DR A4 20 &5 F4 1 Bl
TEAGE b HE M. 2 B 3 E % AR 0 B KR K R
1.4 J7 m*/d,
2 RBFKEEMBEREREESN

Z bR T il TR i B By Tk 7 T 2 8
7N LA R R TR S B G0N R V9 S — R AR
TEWRIE . AE b6 B A 0 it T 800 R0 e A B AL PN 58
HREK IS, R IR K 529k 600 m® /h, W HHE B
23k 5~6 m, i T B3 BS 3h i A 4. A 5
BE SO I ST B 2 HE K L KA B N Y R
P T 156 mESEHK 3 d Ja, % F I K i
24 350 m’/h, BICHE L BEE KA E i HE
A HEAT v Sk L 2 A KBS A5 B . X
A S0 T A BT A5 0 A ) S R A
B ) L AR TR 3R A Bt 1 KL W S AR R KL
A=

Y T E A M B R A O XA
A URE LA A BT A 0 R A Y RS O B
Ay, H A B A SR K 5 8o S B LA Y

T ERAL o EL DR R0 2 AR A B i HE 2800 35 25 L A o
JE 0 AR — 2D A B A B R BE ) 3 2K 1 R
AP 3R Ak & A AR BR
3 REBAKERZFEMEN

5% 1 2 Y/ 7K 55 A Ul R it T 3 O i
(4 F AR A S bR, H 32 2 0 TRk 2% A B VE A
KA T B85 SR K T RE XS TR H A4 R R
W5 e AR R S I K S GO A SR 3 B
MG PSR 0n HE B o B TE] P R KA TR
R B R AR A I K RN T L
A S 5 R AN TR Y A R K TR

XFF H R KA Y b T R 58 R LA mm/d 5K
HL/s A, AR i L BT TE M XA b B R B S
i S A LA B b, J2 A 56 TR 38 M e 1/ 1Y) i 2 R
FE R R . 5140, 7 i S Al b DX, 22400 0 )
KA AR5 5 Y B TR) RUBE P (i 24 ) B JH 2 R i
A BUMELIST o B2 400 Sk VS R 2 TR /K AU 15 5

B 1H BT 5 K AR & A 2R R A 4 X
W M T S 9 K KU & 2B AR e A
G AR I 1, i IR E S 2 1 e
T 00 R T M 1R L 0 . RS 2 L
TR AR AR T FE 0 K B 5 RN — S, H
O T A2 B AT I A e T 99

1 EFERMARBARNEREMEREZHIRE

ﬁgﬁ Il 2 4 b 1 AR ﬁﬁgii
~F M B
OF KB AK O
1% @ BRI FIR 3 K (3 %0) P<10%
QWA T M, 48 h K TS 3, K 7K T B R S0, R ULE K L R AL ’
A 3% ~5%)
WALH (6) KRRV QMRS R K A0 K B kL 48 h YK IR AR W L Kk BE LK R TG BA
1 % %@,%‘M@i‘%g EE@@E%#&%&fﬁ?Liﬂ%@%ﬂs%)E o P<10%<30%
HOWOZ W T QBRI FCR K R TS L 48 bR KR KR BT R A A
AW (5%) BB AR B A (5% ~25%)
O BER B FUR K K B SV L 48 b JE K B K AN R E L TR TR
1 % BB A5 K R FLBL S (25 % ~35%) P=30%
=3 0

@ K FFLEE M, B KB R Y SAE (25%~35%)

% iod AT P BT J2 T Sk AR AR A B 2 A8 (25 90 ~3500)

B 7 B 2 7K XU K A MR S i T X
B AR . 1T BRI T 5 T K RV, A A M R R A
PRI 2. PR GE T 5 5 105 7
AR S K AURS: IR . T K FA) S R4 B e
IF BT B PR G K A5 G MEAR I KR Bk
EL N AT SRS Rl o k2 Y

XiF T IR R 2 K KU 1T 2% K DL i B

Sichuan Hydropower

WAIBTIN S A T A D W IR B 4 b M I — KL A
LI AN M DU AR, e R e A A
00 5 e R KA L e R R A K
G I o B IS O A A s AR AL 600 m /b fliHERE
(24T S By 1k T K B O TG T R T
2 A3 B R IR A T O B Lk K R A R A5
KA AL, SR e B AR T K R e B AR R



A3 BRI 246 Pk 7 % H 2024 410 H
K2 EFEARANFRBANELZEMERERARR
K . s RIFAK KL
ey [l 5 45 4 R K B i1 %2
1% O K 575 T TR BT 1 JC 0 76 8 T 24 L Bl A W I I R 0 %) P<10%

, OI.MM%mMAE, BE
1% FaE %)
QN K[l %, Fl 5 3 A

I (396)

QUK T L 48 b N R TR 5 R BE - T0 ) V8 BT R A A A

P<<10%<30%

QAR T RF LR L WIS 5 1 T R v T 2L Bl i s i I AE (890

b @K JFTRF BV 0, K S TR B - VR L ) ST 2 A M I
EGY%) (30%)
0

OV V%M~ B A

I %%
Fa s 2 (8%0)

W PR R H (3024)

OFFFESE R I G K ST L 0 s K R MR B 0 % W ST 34

P=30%

© 7K T FF L il 5 3 7K AR A R 3K I (3020)

R TR oy R T BRAT 1 5% 5 RN % 4, BB A Bl A1
WS R HE TRE SN R T
W, UME % A b A T T 2K 5 e 3 R R
g,

MR K T 50 m®/hREA R
Je 7K 1 2 SR 38 KL AU B v W 45 T R Rl 0
(B S5 AT — B % & A i 1% A7 BP RO L 4% O
HPMY .

B SR U 2 B R L N i
WZZ T 51 AT W 2 IF ) 22 4 T # (i s 20 J ) sf
Blo JEO B 289 K55 1k 48 ho Bl 6 /K 48 h
J& 7 TR AR WL SR, RO 3 2 N5 ST K45
1k 96 h s K 96 h 5 AT H A M55 F
IR 9 A,

4 FIBERFAKREROEZEER

5% 3 2 VR 7K B IR it R 7 FR AL A — R
G TREHE AR B AR O bR T8 2 4 ok 2 o
KT

(D W, A8 FlA 9] 5248 08 K K 5
AR R B O T 57 B2 28R F A T A
132, LA B 1k BRI P9 K a2 5 R A 9308 B
F1 2000 T B00) B R AR SR TE . TR LR A
U1 0 Sk 2 F T E B A Y, R 4 2 B Oy
XL BZ I EEN 1 m, FIUE B8E I
FEF T 10 m {8 FDE BAELF & LUE-FHL
PRI E IE AT SHRAE . AT I 0 20 7™ A6 A e
BHLAZIMAD FZE E AT 1 5 Ek AR
(EaRlMD AR 3 ARy RN, SR A T A i s
] I A L WL 1

(D% FHE A . S RIS RS , 57 B X3
T HEAT B AT AR CR AT R S LA By Ok T
1 AR TE Y . % E AR C30 Hm
SRR EE L UEAT Y, BUREE EEE RN 8 em, T

P 1 SR R A s T [ 32
T 7K Je % B Y 2 B0, T A ) S Bk 1 R
3m K @125 FAE R C30 H A RS L 5 3% 1
JEHL R 28 s
() IGBLE K AL . R FHHR AL X 35 5 70 T K

HEAT RN LR A S5 MR 55 00 25 B 5 i 4 FL L
FIHH A oK B8 K 2~ 3 A EFLVE Atk AL,
DLk o HE 7K BE 3 A 5 1S R o 2 7K g R K
SAN=PORIE ISRVt N )W

()BT, X 5 T A 7 #1325
K ©89 KA MIHEAT 34, HeFRm] [A] BE K 0. 3 m,
BARRAC 9 m, B A WU T O N TR B AN
/N30 em. FEIRMOBLRAT 1 ¢ 1 BKIER 50 A
/N MI0, AN 1Ak — 8 BB R IR T 1k
B HLE SR AT ) 3%, DU AE i 9 0 A vp 4%
R R EIIMEN 1.0 MPa, FJE 5 min,

O FRMTEHR . XF T 5 7 20 4 4 1) =2 )
MBI R 4.5 m K. @42 NALE TR T 21
FoHES G LY Y R 4% Bt AT DL 2 LA Y A2
PR A 1 A REE ) . TERG AR B B
T AR BRI H R N B3N AU 4 FR it T 0
AR IR TE R TER A

TR AL R B8 851 L, IR L E R 48
mm, ZfLHEE A /NT 42 mm, FHEANEE .
TR BLER KK LR 1+ 1 BRI 3K 6 i 3
TR 1.2 MPa, Rk BI45 &5 . FIH

Sichuan Hydropower



2 HE R B0 B K R 5% T K A5 R R R IR S Bl R 2024 4E45 5 )

IR R B TR R AL IEZE AR LN R T VL &0, (6] I 7 7 BT Bk DL o TN L 5% 1
FIWGE A BE A L PRUEAR 0] 15 A SETERCR e G 22 B IR0 A5 R . T R T O T K RCE R
(OE MBI, FFRREIEEFELWHER 5 S H M TR AR N BT I 8 0 HAR 5k
(1S5 41 345 AT B o8 U L R T T22b BUBRER MO X K 9 st B SR A AT LR A A T
N 107 [ AR S BT AR B e SE i 31 M RIMK SR AT T IR RICT 1 25 1 B IR 1
T B = A B 20 L A s S B RO AN BB 1 R, bt O [l R, T R AL R TS &
TELEMS T A ERL DR EWNA 4 m K R TERSEZ RG-S 908, 1 FR T 21K K
() @42 BURBE BEAT I aE . MR SE AR A AR
T @25 KRB I W IR G b 25 TE I AT LR A E] B % 3Tk

BEH 1.2 m<0.8 m, AP HE AT K 4 m, 55 [1] fr¥y =, AR T 28R 28 X B R GE i T8 K & 288 386
HARLT]. % T .,2024,30(2) : 1-6.

BT 5 m. (2] B 2. 25 0h . XU2E. FE U B 38 9 K 5P 43 B S Ak 3 A B
" . . - - T AT X e SR ke i 1H Y 7K IR T RERE]
(7)?%@%}%1&0 }ﬁ%jﬁjﬁm}avﬁﬁ%ﬁiu [J] R 25 i) 5 TR 24, 2011,38(2) :408-412.
BT — 30 m IR AT KEE L. 7E LB E T [3] bk S W72 34 A 5 K 0 T8 3 B MG T3 R [T 0. 5+ T2
T 0B 245 45 3 T W2 5 m AL . A R A 24,2006, 28(9) :10-14.
M 10°~20°, KIS K EAMET 1.5 m. Ry (47 00 =2, R & /K b 2 R 4 K B T i TR AR AR AR [T,
8 T SR PHATLBRTF 453017 3 T 4 30 01 22 PR R 2009900 8091,

[5] Bk=me. FILREE B KR 50 n sl ] A+ T
5 ,2004,31(10) :66-70.

HEL B 22 2 B ATHT 3% A A K VIR IE &, S HD
it A 1 T PR B A B

. BN
5 & & i o o
. . . N BN (1987-) 53, RN 43R R AR O, Bl s g TR U,
HRAE % 38 T 42 48 s BRI 50« 6 7K L i i g AR 2 p TR T R R A TR
Al 22 A KL AR 2 FOR 1M BT A% 1R A7 5L (448 THIE)
(L3 11 T 4] KT Amh . UM % B FL WK B J 1 F 00 2 - ko
S AR U A R BB T3 PRI b s 201051 CR T D
500-508
5 ’ /:7 ) ’ H Y 3 9X‘ A )
*ITP juﬁ? kﬂjﬁfx%{ﬁi@ﬁm&% Tj " B Loy ottty - B R
A RS Sy K GO B e S BIE EN L AT A T ez E,
|lIr:
5 s
AR oL i 9 (L9940, 53, T B2 B AL 00 FI T 6 A, B TR,
SE X et WK R K TR TR R 5 T AR
(L) K7, ST AT BROT IR 19 £ 908 i B O 5L 0. e WA (1990 . 55 I Al A I 22 BB FE L B FE TR . A
TLAKRIRHE . 2021,49(8) 113,12, HORAK T AR THR 5 A AR
[2] . BT46. 2T ABAQUS Y HL 8k IR S BT 1298 Wi 5 2 1k ff #1998, B, pu i 48 AL B E TR AR 3 4E. B TR
B =2 BRI 2 7 L) ). vl Bl R 22 2241 2022, 36 (3) Ui, 2%, DA 7K R K H TR T AR 5 0 T
100-104. T C1999-) 5 VL IR W M 7 WL B 52 B ST K
(3] WK . 35 F 4 4 5035 VA 000 B 0 = e AT BR T 4 BT "R
LIJ. TR A L 2 e =7 4, 2014, 26 (4) 1 13-15. (EEHIE.EHIE)
O O S S G
(E#F 16 1) B B R IOy R SE BEA I Oy k[T ], R RL 2 BEBEdi . 2018,
[9] Zazm, KZEMW, BH. & TS A MBRE L HEE 35(3); 129-134, 143.
SRR E L] PR R CA AR L 2017, 48 EEE -
(10): 2732-2737. BRAL (19755, B, A A, 50 G TR R e g TR
[10]  EFEE, A, 25l B e L huk. T 1A% R 45 J T I fik IR AR H K i B TR T R 4 B A
TR TR SEL]. A 1ok, 2016, 37(1) . 57- B B (1990, U3 IR K Vb N T H B A TR, TR U, A
65,75. KA K A BT BT R T AR A HE T AR
(1] Foks MR, X0 4 2, 45 6T 5T AR J1 5 3% 7Kk 16l (RERE -FHKE)

S8l Sichuan Hydropower





