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Research status and development trend of deep geological exploration
techniques for hydraulic and hydropower engineering

ZHANG Shishu
(PowerChina Chengdu Engineering Corporation Limited, Chengdu, Sichuan 610072, China)

Abstract: With the advancement of national infrastructure construction and energy resource development
strategies, hydraulic and hydropower development in Western China has exhibited a deeper and larger-scale trend.
However, due to the complexities of deep geological environments and limitations in exploration techniques, deep
engineering often faces challenges posed by high-energy geological conditions, such as elevated in-situ stress,
high ground temperatures, and significant hydraulic pressures. Consequently, these factors present a series of
challenges for the planning and implementation of major national projects, underscoring the necessity for the
development of exploration and testing techniques tailored to deep conditions. This paper summarizes the current
state of research on deep geological exploration and testing techniques, including ultra-deep directional drilling
methods, deep geophysical exploration techniques, detection methods during tunneling or drilling, in-situ testing
techniques, and the classification and parameter values of deep rock masses. It also identifies existing challenges
within these areas. Furthermore, the paper discusses the development trends in deep geological exploration and
testing techniques. The research findings will provide a foundation for deep engineering construction and the
exploitation and utilization of deep resources.
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Fig.2 Schematic diagram of directional drilling trajectory of a

curved borehole in a major hydropower project
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Fig.3 Flexible guide rope coring drilling tool
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Fig.4 Ultra deep curve directional drilling curve section core
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Fig.5 Composite based impregnated diamond drill bit
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Fig.7 Schematic diagram of single-hole reflection measurement
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Table 1 Related indicators of condition of TBM excavation
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Table 2 Characteristic information table of in-situ testing

methods for deformation of main rockmass
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Table 3 Commonly used in-situ stress estimate method
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AR, FHEBNENELES . BhALm S TB, 18
ISR FLALRE 2SR 2R 7 W) SR o 32 T 1
J7 1]

JEIIME RS AL
H

\ @ B= O

RMER RS HdERE
T BT
ik d o]
- R
D: JEZEB
\5(‘—7 ESNGE

(S AR €S LIV R 7
Fig.9 Hydraulic fracturing stress test
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XESRIRERMERA RIFIREE, I HAE R
PR, VPAS AL B AR 2 1, ToVE AT N ) Ak
HYPEEE R
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JRRIARE =K

i L L 7 A v Tl A FH ) 00 e 45
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(CSIR) A% 4 Swedish Energy Agency 43 Al i & 1 =
) FLEE N AR TH45 o H AT AR A IR AL
Commonwealth Scientific and Industrial Research
Organisation(CSIRO)] CSIRO HI #4245 0o, Ak N AR
vt AR AU AR A KL R B i 2 O Bk
ZIAINARTE H R B b S s ER Y EL I BT AT
5 KX RBAN AR = N AR T, LU R
Wit B 77 2T 5 BT 2 18 2 R RS T3V 11
AP M R & Gk S AR N AR TS

Wil AR RTER A ZTEA &L LA
AR, C2m HRIELSCEA USBM #5 LA TE
THEER %), YI - 81 BURR AR o (h E R
Bk 5T 5 1 ER VT 7T 36 - 2 AN AR T i
(h ERF B Qe 1B 7T 5« B9 3E Leeman
FERI CSIR [1ZEASLEMNAZ A H A Sugawara
FI R 2 2R CCBO FLIR R AR 3 Tl FL LR R
APE, HHT, XN E T SN TT VAL [ R
FYEHEUN, TR EE T HR s FL I R B

BB AL S N g AR S R A 6 TR
WA TR I B A KAL, W 585 TAEAH
T, PG A TRAL, SRS R T &2
B T IERRFLHLN. 7137 R, Fid Swedish
Energy Agency 7t 20 tH40 80 SEARWI I T & 1 i&H
TIKALLLUF B L=1A T, SEBL T 510 m 4L
R IR, a1 IR g, [l g
AT 2B AT A B ANk RO S AU AR &
ARG, I T AEIRSL A B R RS LB A J
AR TR PRI, AR A B 637 m. B2
T R4 B 53 VOSVRIE 1 8 T L ) RS T S 7 e B
% (borehole wall stress relief method, BWSRM)[1J3h
REJTMFEALER N, A2 IR R, 8 | ERG
FRUARS Y T e HH LR 2 0 BT 2R ) 8

5.2.3 HET A ORIRES FLHLR 76 77 32

ITAESR, MiE E R TREM S, 7E/KH.
A BEVR . AT LA LA I R R
it 1000 m FIPRES AR . FEGRES LA R A BLEED
N I, R RERE SRIUBCN T EE (5 R,
A G ol AR 5 vy LTt ¥ 2 T A o L VR 52 B85 i ok
FEZ R, i OvEH SRR FSAAIR . R
i v il S5 2 AR RIS S, A P A0 22 A B U i
LS R 72N BTN R Z A LR LA

(1) 7R 5H%(acoustic emission method, AE)

A E T RN B 2 A T ZRORT P R 5
B, EIEUE OB, A YRR RO
BRI, A AR R 2 1) P R Bl
XA RN Kaiser BN . AE 152 MR HE 5 A Kaiser
RN, 56 AR GE 1 J2 iR AN [B 3 B 3R B Lo b AT
R SEREG, SRBOGARE Kaiser 208 15, HEmit5
O T BN I AE . BRHZ 7 v RORS A
H B R F AN Kaiser N I, KA AE FF
TEZ ORI Kaiser RS mi 77158 %, — 2l
PR T2 B U BAR AL U H S I (R BRSO F&
2, O FE AT S RTERER RO A
£ Kaiser Mo AE VEREF AR 1, (HI1K
RIS ZTBALE A T  foR I LA, R g K
A R, AR A R W e AR I
G BN S . BT, %071 A REEN
P B P b S T B, TR A b A AR
71, BT EXS Kaiser RN LI — ST

(2) ZEMNARSr Mk N 7 & (differential strain
analysis method, DSA)

FARLER S T VE R T AL T 4R, HA S
AR AA, SHMNH TR S,
505 [E] LB TK T« DSA 22 ik Wl 5 00 /E 5
FrmEod AR, TR S TR AE RN,
T3 BT E R EN BT B S PIRES o %07 it i 57
WAL BTS2 3 AN 77 Wl 22 8277 PUAE 5 5ol R S
G ERARZ AR KR, ECFH—NT7m
FER AT, @R /AR R H R 2 N7
=R SHME. FTCVE H, iR —Fh i
JIR T, HLERI & )RR /N, SO BRI

(3) dAEZ M N ARk & (anelastic strain recovery
method, ASR)

A P B AR I R AR, Y
HOMNEIRRAA I 5, A OB TEmEH 2
KRR, BT, ASRIENNAAE
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SR RRYIUN = =)IA o | o A N O i Rl N o
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(4) &0 H %R 4 B i (diametrical core
deformation analysis method, DCDA)

X TR B SL VT HI A S EAR AR I A O,
TR JREIR, O B THI K AR A IR, 4] 10167)
Fros (B Simax A1 Siin 730 991 9 FLAH: IE 22 21T Y FR) £
RER S FERANER ], dy F dy 535 DEROKE
A /NEAE). DCDA VEIEI OGRS O
MIEATHIZE, AR 2t B B T oH P Bk
AR /NIKV LN IR, o BB T A [ 7 17
Wi KR 377 1]« DCDA VEGESLAESS I B4 [F) 7
UBERS b, AT LAERATF- 1 A A 32 L) 22 (AN N
77 18]« DCDA V5 A5 B fLATR AR EE PR 1, 1)
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EE DR E SR o ITVE AR RIS ) A
Rah 78, HHABTTREE G, S malas R

Lol

] @ R
Sinax —] l——
— — d,
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K10 o AR kLT

Fig.10 Diametrical core deformation analysis method!(®”]
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MBS Mk . SERPTEL. O . Bk, Sk SR
i A S M PR 2 e R M R R
P B R R R, AT . O
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4505 S R O 130 ) A P SR PP
5.3.1 B RRBBEIN R

HRAR BRI R 0 5 B 7 ) — LI S5
S FUIR RS FLINR . AL AT R — R
S8 AR 1 MR IR, BB B
SRR 2 S, 0T LURF 1 AR
ST 2 AR I MR IR, ORI 2 A
T I 135 5 D 25 L

(1) RILABIR

DL XU R I B AL 11400, %
PRI S R R B — MR A Y
ORI A 1, 20250 — AN SR BV R 1A 1,
2 Bl BB AL, MHBETE S e i
{E BT v 7T LR

AL ~
v, = x107° Q8
L=

A AL PRI RE S Z AR B 8 (mm), 7,
e R S FH e A 1) B AU B A B UL B 1 B p) &=
I TR) (us), 2, 320 B 5 S 46 E 8 PR P2 WAL R e - Ui
I BT AN E] (us) o
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el H/ R
5431,
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Fig.11 Test method with one emitter and double receivers
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FLA AR .

L A IR 12)200, Ui o 9k
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Fig.12 Test equipment for cross-hole longitudinal wave

testing
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Fig.13  Test equipment for rock shear wave testing
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SRR TR AT R FH AN 5 1R A MU ) 77 VR oy
AT 5 AR o PR A8 A DL R SR EC: 248 P 3 5 7 R AT o
5.4 BEEHFLAMREAR

5.4.1 FARER AL Z M

BhFLIEAR G BRI & — FhBE SRS B FLITBE A 4
SR E LG I T, R R R — Fh Rk
G SRR G 2 K FLEE IR L4 7 01
R BRI R, SeBEHhic s T fLEE SR SE M
HE, BFEEE. W, FLRR TR B AL
FE.

TEA RS F MBS FLIE 2= UM M 7 T,
ShEFTFIR T KEM . W. Al-sit 257305 H £ 43 3%
RGP FIRHHREAR, 85 So () Hough A48
ARG A, TR T B FLALE 5 A 25 AA) THT P Bt el
o S. J. Li M TR AL G0N A R 2B
(1) ISRM #0772, REUMTEHER 7 W5
BRR 7%

5.4.2 FARZER AL BRI

Bl LA 1A SRR IE I F R B R . ARIE AN
FrEEAE R VUN A RS MR . 7 3RBUE = 1) 4y
HER, TFREEE N VRN Hh PRI RO AE R VT AN H T IR
DX IR BT 261, W TR IE R R AR LN & — MR
W75 . B TR L IR A R R A — N
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FIRIRE ST o BhFL TR I SOHE R S E m BRI T e
WA 2 PR — i A B 35 S R FE R
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MAE S . HETEFLH A 2 AT K2k,
DRI b 5 85 S B BE R R, T R 40 2 2 MU v 7
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SE VR FLERIL, FETREAIRZ, KA T G5t 75
fiif5 B o S. Ebihara 2579 VK 245 5 3 25 (multiple
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FHEm MUSIC FETE SIS o 1) 5 5 A HE R
Yo B, ¥ MUSIC kS HAh S Rk
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Table 4 Contrast of discontinuity conditions indexes among

the common surrounding rock mass classification

systems
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AT A 2R R A3, 25 R v R g R g e -y L
Pk, FRHEZE SRS IS R B K H TR R R
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Table 5 Certain underground projects with high temperature

Fe 5 TR T e i £/ °C
1 Fr AR KK B 5K i 98
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4 AR 5IKEE IR 76
5 & 7K L 5| K BRI 373 47
6 FI7K = Lk 51 K BRI 45
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Hu ST AR 32 AN R 7 e RS g, 3B A A R T
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PR BRI S, M T IR = T2 A3 454
T 51l 22 T E =4k B A AT DI, TR A
FaERIE, Sy R AR R AR .

(2) FHZEFXS B 7 R . FF25E R
MR TRE A R, T EAR LA IR A Tk
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IR, BEETENEARAN KR, N TR
FEL A b o A3 SRR B8 [ B 7 Tl it . e,
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FRJUTES R A EER L. w4, AEEml &4,
RIEA ARG TS B REF M HH & 2. BN
ShEFIF R T KERTHNEE AR =406 H
FEBEAR B 25 PR 45 A TR A I 7e TAER). $5
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BUE(E R —4EB0eRfE A, e, %)
K EGEHOC R EONE TR TR EEg R,
Ji FR R G I OGS R RO R &= S B AR 2 18]
(IRETEY, DASKE H AR = 4800 s =808 . 1eak,
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P2l S H A = 4Ot R BRI AR ik
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ERIBEE SR, DMEE A 2 SRR R AR
Z IR HIREE. AT, 3T R A R A
KELIE, T TEE RN TR IE RS
MR SHATAE R E R, T LTRSS
PRI
6.2 FHILIEEESHEE
6.2.1 FEF AR AR J1 2 S HOUE

FEPINR A — R AR IR . 7 (s A5
MARTF B, RS TRE AR ) S 80U h R A5
HIEE . AR S — SR R B ) S
DIAHSE, DRl vy DA 3 0 2 A S ok ) 7 s i
UNIOPAE S

N. Barton®™* @i Ze vH-408e . Sty SLRH ] R
BEil A TR, R T AR GE Vo(km/s) 5
R EFRAR O Z AR &

Q =10"%735 (5)

B )5 N. Barton® X2 H T H 4 VE 7 RGL(RMR)
A G ERPEEZ IR R
RMR =15V, -2.5 (6)

45 N. Barton® VARl 28 bR O FIA KA TE
Wi Em AAERR, B Em o] DUBE SRR 1,
HATRIAB,

E, =10x10"797 (7)

6.2.2 T Hoek-Brown #E NI )5 44 71 2= S 50HUE

Hoek-Brown 5 #E N iz FL7E 1980 £E4 i,
THNE AEE RN RS NIRRT N 25,
E. Hoek 2B H 71 X # Hoek-Brown JE 28 4 22 56
AN, ZaP R T HEHGE A A, BAE
LU

o
o, =0'3+0'C[mb;3+s] (3)

X my, a, s NEERKIMEIZSEG s PSR
RS, HUEYEE 0.0~1.0, XFT 588 MA AR Ep
=#4), s=1.0.

1988 4F E. Hoek # E. T. Brown®"145 & & &5
RG(RMR), R TSHm,, s, a WBETTE:

(1) Thshefa:

m=m exp[RMR—lOOj
14

(RMdR——lOO) ©)
s=exp| ———

a=0.5
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(2) RINBHEAE:

[mm-mﬂ
m, = m; eXp 2—8

[GSI—MWJ (10)
s =exp

a=0.5
K m NEBAE AR S5 B ERTERS
FEA R K AT, BAUE A TR el e (1 AR & 2T,
ToiFadE T A K. ik, E. Hoek 1 E. T.
Brown™Hg i T 45 & Hh it 38 FE B AR(GST) sl R3L
D WEERSHm,, s, a BT

GSI -100

7—1
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