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Abstract: As a critical component in the construction of diversion-type power stations, water diversion tunnels require
comprehensive advanced geological prediction to ensure safe water diversion tunnels require comprehensive advanced geological
prediction to ensure safe excavation and timely completion. This study focuses on a deep-buried water diversion tunnel in western
Sichuan, where complex geological conditions such as high in-situ stress, fault fracture zones, and abundant groundwater were
encountered during excavation. By integrating geological analysis, TRT ( Tunnel Reflection Tomography) method, Transient
Electromagnetic Method (TEM) , and Ground Penetrating Radar ( GPR), we propose a three-dimensional geological prediction
approach based on an advanced geological forecasting platform. The implementation procedure consists of three phases: First, 3D
seismic wave method is employed to identify tunnel sections with anomalous geophysical responses indicating unfavorable
geological features. Second, multi-angle TEM verification and three-dimensional integration of geological and geophysical data are
conducted for these anomalous sections. Finally, precise prediction of adverse geological conditions ahead of the tunnel face is
achieved through GPR detailed detection and supplementation of prior geological data. Application of this method in the western
Sichuan tunnel project revealed: In the section Stake (Tunnel) 6+950—6+867, surrounding rocks exhibited poor integrity with
developed joint fissures, localized minor faults, moderately fractured to fragmented rock masses, and significant groundwater
presence, classified as Class IV surrounding rock. The section Stake (Tunnel) 6+867—6+830 showed relatively poorer rock
integrity with moderately developed joints, less groundwater, and localized fracturing, classified as Class I1l,—IV surrounding
rock. The result demonstrate that this 3D comprehensive geological prediction method effectively combines geological and
geophysical approaches, integrating point-line-plane geophysical techniques. It successfully delineates the spatial distribution and
development range of unfavorable geological features including fault fracture zones, joint fissures, and water-rich zones ahead of
the tunnel face, providing reliable technical guidance for safe and efficient tunnel excavation.

Keywords: 3D advanced geological prediction; geophysics; geological informatization; deep-buried tunnel; unfavorable

geological features

0 51

RIS R BE R BN 2R S 25, A7
T 4 F2 2 TR 3 o () L) 5 . ) T (AR T T2 A e
ARG, Bz ) SRR TT ;N ) 53
AR, NS TR P15, TR H SRR
TAKAENT R A R T A T B R R4 AN T
G 218 B — Se i R AR T R R A T
A, R TN A TR A RSO A R O
B . HE, R R Y O vk R
AR AT | s ERY BT vk SO PR, Horh
M BT o3 BTV Al 3 3 b ] e 34 T o TR DX e
WSS DL BEAT T, o MBS S5 4, HER A KU
DXk, Shyl it B TR 5 58 A0 i SR 5 HUERYY)
HOPERARCRE . BERESR | AR RROSE S AT
PR R R, HATE . WA BT
B, FURT R A TR 7 22 1 5 Ak 5 ek ) B
LS I R AT TR, MERYE k5 T A A
) T4 o A BRI . FREIE IR MR IE R —
PRER R HR 7%, —Ben] DA & 1 10 AT 75 100 ~
150 m [ N A9 RRHRAR, TRT WA R ] = 4=
)L 7 A BRI, AT ARAFEE 1 IR i s =
AE AR, AR DRI B I B R PR TAE R R T

KFKEBER(PHRZ) $£56%5 2025 FES1H

R, XN B SR B TR B Rz th Y AR
HLREAE R — P PR B s AR 7, X F T AT
J7 Hb A I 22 f BRI, UL & KW 2 | T
SR K A NS A R AT AT A R
DU, AR TR B R R R A B A
VSR — b R B e B R L R PR i, MRS AR
X RS A R IFNEE T, FE TSRS 5] Tk
W, BHRACRE LT R, SR
TR SRR I BRGSO BE B AL, Rl
R Py R 22 il v, B2 v e I b JBT o i
Eﬁ$j18—20] N

FET UG, ENPEEG K BRRMER R | st 451
BARGEIEOL, AT R = YR 2R A R A T
1, DSRAER A PR (E B b 5 B 56l 1, R
FH =2 07 SN 2 A R T iR, DASEE
FEUETH R H 8,

1 FEEERN
1.1 TRT %

TRT 2 % 18 152 % S 5 2 AT AR B AR TR, 3%
FOR M HEA A T 21 b 7= 5 8 B 7 2 BH A 22 S S o
f, —&B S ok, —F 55 3 itk AR
Tt P A BET Y AR A8 H K A T B SR S T B

613



%R, &/ REREERTUR XS EIE =TT R A

FRNARESLR I, R AR RS R R R #
ot AT
PV, —pV,
=p2V2+p1V1 =

K, RARPREG p,. p, WEENEE; V.V,
Shy b AR N2 T AL R

b= e N — TR IR BT o 1% 4 21— s BE L) o
W, RETREONIE; Rz, RARECH R, WX
(1) FInlipse S BR AT 00, 5 22 0 b IR BT o (39
T TR 2 535 SR BT 45 ) 1) v BELTC 00 Joit (1 s Se B 1 25 1)
FERERT, RS RFOTRARIE, RS Mk BA Ak kA
[F] ) A e AR 5 TR Ml R 0 e v BELC ) S5 [ (EG BEL AT
YA RERS , RN RBOT AR, SO R i Ak M
SlmisE

TRT v it 25 6] 73 A1 2R IR ANAG I i R R B — 4k
SR ER . BIEA G RN TEEF T
W& 18 3 A A PN o il A AR IR A, B 6
R, BARRIE A Z R FE RN 2 m, 7ERE B AR
FIRZ IR A 10~20 m AR LA 5 m A 18] BT 06 A1 A6
ar, PRIEPIOS AT E 44, TRt n E 2 4~ =
[ A B AN 1 s . AR EOE R AE A ] TRT6000
AU HT TR RS

B1 EREMEESZTEHRERE

1.2 BRETEEGE
A8 F G 1 2 — PRI R R G s, B il ok
JHANTE 1, 2 Ve ] 5%~ T i 7 A 3%
— WKWK th @i, TE— K37 1Rl
AN, 4R P B 4 Sk 422 080 4

SOV R T 2% PR ] o 7R B T T I A I rpoy
A AR WA 2 T R T I A S f R ] — A
FOAEIE 2 [RIST A4, AR 2 7 I i — 2 PR B
PRI B AR A A

P LA B — R NEFHEFJG 1 m
Ab, A4 SEIEEIL, ML 1 AT 300,
LAt 2 Tigk e b o150, Mgk 3 K FJrm, ik 4
JEMRIE R 15°; FEAMILR o AN AN, 45 15945 B —4
W, A FEIAE A2 60° ~ 47 60°, T2 A - P 2 e
N I BE RS E 7= DKTEM -20 74 A5 L
e
1.3 REE

PR ER I8 ( SOPRH T BR 38 ) & — P 35 F 4
AR, SR R AT 5 L R DR 5 A SR P RS 40 S A R
() —Fh HER P B 9L U A A 0 R P
FUFEAE H P 22 53 0 b 2 ol B bR 3 4 2 A B RN i
SHCULE 3), FET IR, R RAE A% R UE T AH N Y
ACERSE , E A T ERA TR R MR EE R, B aT A
Wit ™ H ARG 2 [ 0 B S50 R KA AR %
BEA RS, P, BrT L, B, R A
AL R ZME A TR, W80 R 4
SIR-30F BRI F 5
1.4 Z#HMREEEETE

Geo Smart ¥ 5 /& —Fh 3L F BIM #AEF &, H
A SE AR AT . WA PO RERE,  [RIAF SA] JF i =
AT AL T b B B R g, H B s TR
MRS AR T REMR =T . T REMbRLE S0
R=A0m™, Hodr, TR (5 B BE R 48 mT LA
SERE | RS REAF A SRR GORE | ASTR] I o i A
BORAE, R T RS B G — A R, TR
[ = YR R A R R 4 E s, H L GOCAD
o B 2 T RS 1\N (Vi F= SN e A /X A @ LY v

o

*top

bR P A 1 R S R ) £ R
AEAK, A F 0 % T 7 b R

i, TZ 07 g ik f R E Bt 742 77 1
PR e R, BT R Tk

SCHLT IR A 255 T, RS LR = -

ey N N
f v W2 # #
= HIER ] ]
i % ti
Wz il i

B 2

ZEHR I B2 AR R 22 I /) 26 e
(LRNT 3m ML), it
w2 P i ORE i A 2 Y

614

IR 1R

B2 HERERE

KFKEBER(PHRZ) $£56%5 2025 FES1H



3 BEHEBIMBEFRNRIRE

FEEEIIRE, nIR M BRI A T AR AR (AR U
LR ENE RGN G TRBRZEE N
ARG R ] ok, S U i 2 M 2R & Rk £
B UnBET R B R R AL AR R MR R
FAIE(EAT

TEH TR AT B T A, B e TR A S
LRGN BRI THZ M ORI RIS SO Tl
Bttty HUK, TR M = AEAR AT 2R G MR AR
PEEATRAEAE IR, 255 M BToORT B 2 A e =
ol SRR, S B S MIR SOCR AR LR A A B AR
BB, T =R AT R R KR O S O |
Bi b . B 25 Rl [V B Hh G 50 B 28 i
i, FESCBL T IF 42 M 5 GORERS 48 B R AN W 56
IE, XERARIEAWHEIER H ), R B RERIREA
Ja, AN B A A PR I B TR AR RN, R
DR B v T e Jo AR P B

2 TIXHEM

U PG K F 3l 5 | 7K 4 B AT T 320 2 e LA
2K 21 km, GIKER K X Ry i 1L 45 i AR, LA
B, OWMAHEY), £58 v R BRI L Ik
B, WERE;, AEFEEN-BR LEMARA -
BL(T,2") PR -2 ANk AR i 4 Wb e, kB =
M o F RN JZ RIS RS shaly | SR ey, /NI
BWTZ LB . BRI X B AR HOE R, BRI IR S 1L
K, RIEEMEL 1500 m, 425 2 b 43 5
WEIAREE | RIS AR HUR UK, AR S TR
b J5 7] 85

4523

B /m-s!

3550

(876.4092) 850.4387) 33
4 000F (914,3939) @oes209)  PHET R0
9043848
| (9503550) G038 (5¥s3650)

%R, &/ REREERTTUR AL EIE =0T R A A

3 ANREHRAR =GR TR

BEXTE KRR RS R BN, LAS KBS IR AR
(B%)6+950— (B% ) 6+830 BLH: 1 1f = b i 28 A 5
Tdi A 19l

AR . SIKEETR (B%) 6+950 m 1 HIF i b
JEETE A 4 b B (T,27) 78 b i e b, H
B REEREE ), WOE R, AR EEEEF 3
AT . DNT0° ~ 80°E/NW £60° ~70°, 2
2L, SEACEE R T 10 m, [A]#H 20~40 em, Hiff
M4, EARHLEE; @N75°~85°E/SE £20° ~30°, %t
i 3~5m, [AIFE 25~45 cm, FiEE, M4, SOVHES;
@i NS/W £70° ~80°, HEAfH 3 ~5 m, [H]HE 25 ~
45 cm, Hrff, MG, EOROHE; T KEREXE, U
BN E; BRDUI, 28[1A 3, % XA A K
N7 3 s A s B K N S KT 20 MPa, H{H
IR TN T, TR M R R A A T
TR < N7 Tt SRGEEAF],
3.1 TRT ERZ=#RESERR
3.1.1 TRT &R mE

TRT 3EAE R —Fh S = 42T UG A, T
SPGB PN AR AE Y
PR S H e By X, FERE S (%) 6+950 BT 6] /N AE 5
J7 AT T TRT WL AT U TAE, BB (B) 6+
950—( k%) 6+830, THRICSE 120 m, 15F ¥ H A —4E
R (WE 44— 6) . MIE 4 rT L, (B%)6+950—
(B%)6+870 B b 72 i g HUEAR, 2 B 0 ol P AR
Je A AL T sl EFRIRAS, MRt B R S
LA R, 5 BB A A AR, (BR) 6+
870— (% ) 6+830 Brhh i i I iR (A PRk %, H
SRR A R, T B P T T R A AR
Ikade, B S FE 6 AT UL, (B%)6+950— (k%) 6+
870 Be iRt . Wit AL 2, Hie S e o
ARG 3 K (3 ML ITHERTR ), 454 MR I
PR ERWIE sh i s oL, i 3 A4S 55 X3k 2 14
SEREEZE | BIABE, WTKER, REAE AR
ik, Hob, kS (5% ) 6+890—( %) 6+870 Pt iZ
W HATAE RIS s IB 0L, =B R TS B

(856,4523)

(870,4406) (838,4379)

T T TV T T T T T T T T T U T T T T T T O 0 A B O A B I

950 940 930 920 910 900

890 880 870 860 850 840 830
B 5

4 HEXTEFE(FE)6+950 Ry E IR iE

KFKEBER(PHRZ) $£56%5 2025 FES1H

615



