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Application and Prospect of Geophysical Exploration Technologies in Large-Scale Qil and Gas Engineering
Construction

Abstract: [Objective] The construction of large-scale oil and gas engineering projects serves as a strategic cornerstone
for ensuring national energy security. Various types of projects, including long-distance pipelines, refining and chemical
engineering, and underground storage facilities, are being advanced synergistically, playing an irreplaceable supporting
role in the national economy and people's livelihoods. Integrated site investigation, running through from site selection
and design to construction and operation. Its core tasks are accurately identifying geological hazards along
long-distance pipelines, foundation conditions of refining and chemical plant sites, rock mass integrity and stability in
underground spaces. However, poor adaptability to complex terrains, limited detection range, disturbance and damage
to the site, high costs and long time remain the shortcomings of current drilling technologies. [Methods] Engineering
geophysical, leveraging the unique advantages of non-destructive, rapid, and capable of 3D exploration, have become
the answer of the aforementioned challenges. Methods such as Controlled Source Audio-frequency Magnetotellurics
(CSAMT), Electrical Resistivity Tomography (ERT), shallow seismic exploration, Ground Penetrating Radar (GPR),
and microtremor surveys have been widely applied in oil and gas projects. [Results] Appropriate combinations of
geophysical methods have demonstrated significant effectiveness in pipeline investigation, foundation exploration in
karst-developed areas, and underground storage facility investigation. [Conclusion] With the maturation of Unmanned
Aerial Vehicle (UAV) technology, semi-airborne and fully airborne geophysics will effectively address personnel safety
and exploration efficiency issues in complex terrains. Artificial Intelligence (Al)-driven geophysical data processing
and inversion techniques are expected to achieve computational acceleration by tens of thousands of times.
Airborne-ground-borehole joint inversion will enable 3D high-precision imaging. The development of Distributed
Acoustic Sensing (DAS) technology provides a new method for real-time dynamic monitoring of geological.
[Significance] Engineering geophysical is advancing towards intelligence, multi-dimensionality, and real-time
capability, which will provide more robust technical support for the construction of large-scale oil and gas engineering
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Fig 1. Historical development stages of oil and gas engineering construction in China
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Fig. 2. Long-distance pipeline survey
(a) drilling operation; (b) rose diagram showing the distribution of joint orientations
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Fig. 3. Borehole layout at a refining and petrochemical engineering project site
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Fig. 4. Underground engineering investigation
(a) survey operation; (b) contour map showing the distribution of hydraulic conductivity of subsurface rock masses
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Table. 1 Comparison of common engineering geophysical methods applied in large-scale oil and gas engineering construction

THESGN TR EASRE IR R (D) RIS UTHtae ] iR S35

— » - L T "
e EEE AMER i i gapRe ) COLE  pegEm, B, BN,
IR ¥ mmgx  20wl00m 05-2m ik mé%ﬁgﬁ WGEN WA WRR
AR L R ER B AT i
miEk gl OHE a0 g000m AVKIL D Tple  wi, mplr COWAROR. BURGRERE RATRE.
o B oK . RN 7 R A {(i8 WG
= iy Wik
o » Kz T
e ELEEE LR eshTLER B pomdl ke W kR, BE L
g Y[ 0.5~ AT YRR
EEREREN W CT sl ] Zh[1 0.5~1m m%éﬁﬁl YA 4 2 oy £ pESHEA |
e BRME 30°500m R oo BOE EET . o EEREE
e VR e o e Xmgﬁ&k S AT T ﬁi@;ﬁ? PRI K miii‘ﬁl T
! T 2000m Bl_I- v B AP = *®
I e, — Bk
WX ﬁ%ﬁﬁ M 5-50m 4\ 05-3m e BRI R %ﬁggé? T
EEHIERR BT 3

AR A, ZALN

pefLaErt  FLIMBEE  eSILIREEE E03-1m W (TE B AR

PR BEMIL R HRER

HFES

wCT iy i o o BEE e i
I N S _— COEE, BB L
ik TEEE oy eo-soom AR B DIy gy OB BASUCREARES
i JUK 7 ) : LT N
ix i %
- e w0 BERE L MR
83T Py
R ALY i
g g BOUE  IRRRIME 0513w (URTHHU R mEW EMTRG mERGRA R
FROOPMME - Cwm o Rorem mas01-03  WHR @RS R&ORE RA e
X |

21 BEENENA

EMAKREERRE ST, TEVEITERF T NEELE 25 TR 2d 2. SehR S 2 iR
M, CSAMT Al RO ANR KW K B R a0 T-REIE IR 1 f iR B, s B F VA RE e Rk P8 e T o 2 SR T
Al I ARG . RS i T, 75 R TRk . MR B SOA ST R A b s U, v T 2
FIHT A I . By B s /KX, R TE e A B8 A OGS HE o B2 2% b P2 % i b o XU R 3 A8 R
WAL G0 5 — TN 2R R BRI BR S T af 1) B R MO TR0 I 1 R R ER I . =4 57 5 8 B XU 20 DX VPN A 45 B (R 25
AWK E (Chengetal.,, 2024).

TEREIE TREMR Tk R, CSAMT B FERIMREEEOR, HRMKE R R, 0 ORBRE R 22 4 BAT B v G
MVER . 28T, 545 CSAMT IR (28 T4 S 00, e LB 8 TAR AT R BLA S0 S 4. (X
T 5E BRI A BT BB R AR AN T TR G 1E) 2 &BRIER CSAMT R4 04T, $2 TR 4%



CSAMT EL#3HT 5 S5 40 1 1 -5 IR K B T il et 4 2 70

211 CSAMT Az%4%H <

T I B R R H L S ) 5 TR s e (R 2R R BH R S 0 PR 20 B T, AR A RR RS . bR K S R
BlASg 5HER GREZESE, 2012; iKiFse, 2022; K€K, 2025) . M—AbRRiEf BfE /5, Rhbabriith
NKTACTE . EARNE VIR FERE DX FE s SR SR AR E . Bk, CSAMT R S5 B%E & & 1) Bl A 4
P Ia], AAAEDIRIIRINE . DA U 8 AR s Fo P 1E TR vt B 5 AR SEEEHRRIE, A%
YBEEAEAE—E T S RN T, BEE R LA SRS R G S B R A, HAR SR T g iE
F LA UK.

10000
20000

i 15000

oo

B

o
10000
®

5000

00 50 304 740 1038 1720 2936 3263

B¥iE 242/m

— AR [E3E=E
—- HAREBE —- BEFREEL

Bb MATREEE XRE el 5EZF R XRE
Fig. 5. Relationship between electrical resistivity and surrounding rock mass classification for a tunnel of the New Gas Project in Fujian
Province
R4 CSAMT I S5 S5 TE S5 40, 5 SRR Fi BE 2 W P31 v ) R BEL AR R/ . LB R AR A KD
CBBE) FMIRPH S TR AL, S5 A B AR TR, T DL WS BB FELEE 2o AT R 7y o W3R U IE T
FEAE 4G FERRIE HEAT CSAMT B8l RAE 5403, FRIAN F BH 2 Sl 45 R T EAT BE 18 [ A 2 il 7 25 SR an 6.

0+ - BIAE/ (Q - m)

] [ !19200
- 016800
£ 100- - F14400
1 © 12000
% 200 9600
= 7200
[ 4800
300§ 2400

0 200 400 600 800 1000

fxEEBizE/m

(a) CSAMT 2 H



0 ‘ ‘ ‘ ' ‘ 7 B RERL
3 A
HAR
BORE 2
W R
] #E4AL
] #HRe

% EBRY

V| mamnmEsss

0 200 400 600 800 1000
BEiE B i2/m
(b BE%8XaTmEHE
B 6 # A T XRHE CSAMT ®illZ X
Fig. 6. CSAMT survey results for a tunnel section of the New Gas Project
(a) CSAMT survey results; (b) surrounding rock classification

MR LRI R TTR, BEAE VRGN, [ S5 B g/, 3 W A B R BT R i B e B e
IS AR o Xk I FL B 2 R B2 AR A Jy i~ MR- e . I B AL 5 SERRIilE T2 B 15 B 15 B0 0S B mT %
L SR ) A B

2.1.2 CSAMT R K I 18 45 A% iy F 2

BRRBEIEDEAT CSAMT JEHAIEECARZ Ly AET 73 M BB il 2 2B X IR JE I AR HL BH R AR RAB L, F 224
FL P 2 55 A 4 L B 3R EU B R 2, 0k PR PE 22 Ll i 2 S FLB B ZR AT 70T, U E 2 AT AE IR 1T B BB AAE i P A
%.

PL 2.1 5 TR RS IE N, 1ZB%TE CSAMT SR, BOyW] R (R AE 7B m i i i i, VRS SR
BN BB ABESACPH 5 X . BRI E 1 5 % FAT I, i sRIEE R (B 7) Al AKX R[]
TUHENKE, SRR X 456 TREXIEHR TR, iP5 E 7 BIX AT REAAENTE K FIX, it
of % T i 28 1) PR BH e 45 AT 0 A (1 8D, AT LUK e il i B Bk X Py W 2 R B A B



BT 177

YT

BT

EBEE/ (Q -m)

189 672 2395 8532

B 7 FA70 % CSAMT &R A B

Fig. 7. Slice map of CSAMT survey results along parallel measurement lines

— R
—- BERE%

SEBTMEBELLE
o

18

1
1000 10000

FRIAREBEZ/ (Q *m)
B 8 [k ¥ % 2 CSAMT H| 35w w4 b 4

Fig. 8. Curve map of fracture zones interpreted from CSAMT data along the tunnel axis



ﬁﬁC%MTﬁﬁI%gﬁ%%k%Lw@%%%,E%T%ﬁiﬁu%ﬂ&%ﬂﬁwﬁy TR — 4
I 5 e DT TR T DA P T (T B ) BB S5 M /KR B RFE S T 2 R AR 0 A IR PR A AT
ﬁ%@%uﬁ\mlﬁ&Tﬂ%%Wﬁo
22 ZRIRENERNA

EAE G A KM E LIS h, BT TE LB R AT BN, 5 SR FH 1 25 i R PR 3 2 e i o 45 4
JBRARAS RHOTAR, 32 M0 FE S 2 T CLIR U 56 2 ) B S A T AR A, 5T 75 s m DA SIS EIURG 4 R0 7
R A o I B 2R B 45 5% o EE K T AN LBk P 3 Jak L 90 2 H AR 5 22 U ko R R R
iR DX AN ORI BB 2 P TR AE AR i PR A, DASR 4 5T S 5 1R S8 A IX 38X F4) 14 8 /) (Dadrass Javan et al.,
2025).

X T MR R, T EHEAT VRS R . LNG Bt Al B AN TR X, X ik
M A8 8/ ERRM, TR X O S, bR EPRHREOR, B8 fEeRH T 4158 (B 9.
BN (B 100, #E R (B 10D 057, WRATXEAT TAAE, XTHZERy . B s a
HWR IR

M EFR/m
0 0 100 299“ 390 490 590 600 790“ 890“\‘9?9\1?9910§15
o mv i

"rm I X ) o
P - D))V s“’
L B et

600 N mmm, Wm%%vwm mm& iy

B9 —AHEHRRMNERERZ KA

Fig. 9. 2D seismic survey results and interpretation of goaf areas

HEREE/ (m/s)
1050
950
850
750
650
550
450
350
250
150

0 ’ ’
1480 1490 1500 1510 1520 1530 1540 1550
N EE/m

B 10 MR ER G RZ R AR

Fig. 10. Microtremor survey results and interpretation of goaf areas



N FMEE/m

21 | | mpEm —
o] “Hmes - t10=2 )
§—— i (lo—sm/SZ) §—' _(10_10["—1/52)
o3 15 .
3 =3 2
o] 1 o
e 0.5 -] .
= 0
3 B S 5
QE -0.5 3
m; -1 m; -l
FEMER/m 0 500 T
(a) FlArEARE (b) BH =SB B SR R

11 EAHRER
Fig. 11. Gravity survey results
(a) Residual gravity anomaly; (b) vertical second derivative, with interpretation of goaf areas
2.3 HRENERNA

FE A B 5 R R, B Bl gE, v R IR AN R MR SR R T A RR I A R
TS R SR 3 Af s T B dA, M5 75 1k Ay D 2 B i SR HE AR Y )8 R S TR AR s ER S X AUE T
ERBELX, A R ik SIS SRR CT AHEE & e RGN Bl i i A BB TE I (CEMERIZCH™, 2010; i 44%, 2013;
SR ESE, 2021; 2EhdE, 20250 5 BERNEZNMIRE, R SR AN YR ORI R RS T A B AR
PR PR R W R . BB B, SR MR DX 5 XU PRl TE B i) <X IR TR - S A TR - B R R - B
AW — KA TT R RE, FRE TCANR . =4 S GA Z IR R SR S R, 1RSI AR IRE R
AR A3 AR SRS E 5 KUK 4R BE 7 (Wang etal., 2018; Hussainetal., 2022; Xuetal., 2023).

RAEFT A LARS TUBOE AT R E X B AR IS R (8] 12), wTRUS Rl > B2 53eE, IR
A REAFAE R AR Xk 7EME LL196 Beifl il N ¥4 E X AFAEARBH 265 X, I 2 DX J A s b Y Ao, Y e
MEERE, FEEE. BERSEA RGO REIERIN . MR EISh RI 2 TR G a3, RS &
AR BB, B YIRECR S HUBTR L B TG, I BT 9 T AR Y = 4N 40 %) 1

] FaEER/Q
150 ] . ;- 10968.3
4705.7
2018.9
866.2
371.6
159.4
68.4
29.3

£ :
) 135 1
;g! 4

115 ]
0 50 100 150 200 250 300
FmmiE/m

Bl 12 &% E ek m R & R
Fig.12. Detection results of karst using electrical resistivity tomography

24 MHEUCIRERA



TEMA K EE ST H 5T, F0EGEREERE X, R S IS T o A, eSS R
WInH. T EARE X, WHE—Pis LR CT s Mk CT HHATRANIEN, & B2 rEs. M
B S [A) AT o R, b JoE E Ik ] B TR 2 B 2 R S AR, TV 2 1 R v A B T A A R R AR
B R CHERSE, 2024; ks H, 2026) o fEH EARER RS LNG i H = TR, TEXHET
T X BOtb AT I R S5 MR, R E A7 (B 13), AT LU RO R/ K oAb S it 47 IR . [ 4
KRB TNV 37 1 e 3o R 25 () 8 22 58 I AR AR RN SRS PRI 5 Hb S Wit (5 BB e s 2, it
BT 1 2R A O B Bh AL R A . EAL S = 4En ARk (Laietal., 2018; Safaanetal., 2025).

TN EIE/m
0 10 20 30 40 50 60 70 80

M

S ‘g'.‘.“.';; .
~ H

RN ATIE/ ms

Bl 13 XAENTERMEFLRMER

Fig. 13. GPR survey results for a refining and petrochemical engineering project

25 WTIRENA

e AT TS, BT bR o B TR BRI m,  TARMR T 1 7586 2 0712 A 1)
MARRES . BB RGO, A T AR R RV B R R S SR VAT RV R R B BRI, SEEx
A AR X b5 45 44 5 Wr M B st (PR 14D Bk ml J YR AT K J PR Gy P 2 1) b PR 5 [X
B, R % R AT IR 5 A%, T AR R RRE TR, SCI R AR TS . BB 0 AR
Y2, 58 R EH T SR I AR s, AEORBE SR B A AT VR AL, SEIMIRER AR T B L B MoK B 5%
)RR FE = e VP . FEHL T A ZE AN N (i S5 B PRA vy A, R A 7t O LA IR i B S 805 0 Fh R
a2 SR ME . T AR It . ARG e S A 2 A I I 255 PR (Miocic etal., 2022; Ramesh Kumar

etal., 2023; Prioloetal., 2024; Qianetal., 2025).

A% (Q m)

8192
4096
2048

100, Om 200, Om

Bl 14 X T TAE 7T 42 0R & SR b e mld ok RN = 26 R R I

Fig. 14. Three-dimensional visualization of CSAMT survey results for an underground engineering project
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(a) arrangement of survey lines; (b) 3D positioning of anomalous areas
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Fig. 16. Comparison of inversion results and true models for different survey lines (after Zhang et al., 2025b)
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