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Abstract Lost circulation is one of the most frequent and hazardous complications in drilling operations, and its accurate
prediction plays a vital role in ensuring the safe and efficient exploration and development of hydrocarbon resources. However,
conventional prediction methods largely rely on historical drilling and logging data combined with empirical analyses, while
often neglecting critical geological risk elements such as structural features. These methods suffer from delayed predictions and
limited spatial applicability, making them insufficient for pre-drilling risk assessment in complex geological environments. To
address these challenges, this study proposes a seismic-guided prediction method for geological lost circulation risks based on a
“four-element hazard” (FEH) model. Utilizing multi-scale data from representative offshore drilling blocks, the method integrates
well-logging data, drilling parameters, and 3D seismic information. Through geological statistics and analysis of typical well
sections, four major geological factors are identified as the primary triggers for lost circulation: fault zones, volcanic conduits,
lithologic discontinuities, and abnormally overpressured formations. These factors form the foundation of the FEH model frame-
work. Guided primarily by seismic data and constrained by well and drilling information, the method extracts multi-source sensi-
tive seismic attributes to establish identification workflows for each of the four risk types. Specifically, a multi-attribute Bayesian
fusion model is used to estimate fault-related risk probabilities; joint amplitude-variance analysis delineates the boundaries of
volcanic conduits; lithologic interface indicators are optimized based on response features; and abnormal overpressure zones are
predicted by integrating seismic velocity and pore pressure inversion. Field applications in the Bohai A Block and South China
Sea B Block demonstrate strong consistency between predicted risk zones and actual lost circulation events. In particular, the
model successfully forecasted 80% of the loss intervals in the Bohai H1 well, including several composite-origin zones, with
a maximum instantaneous loss rate of 90 m3/h. These results validate the model’s capability for forward-looking and effective
risk prediction in structurally complex formations. In summary, this research develops a three-dimensional, seismic-guided,
pre-drilling risk identification workflow targeting structurally complex zones. The method provides essential technical support for
well placement optimization, trajectory design, and proactive drilling risk management.
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Fig. 1 Integrated stratigraphic column of the Bohai A study

area



ST CPUTCERS” AR B3 R 1 Bl 3t e R AU S T i

481

KRB EEAER] PR TR BB 1 2 mA B
Ze5t, ARBR s TR RAEEW R b i
TN A TIX, 2R KA RO 73 2 L 7
HEH G T2, i sh A B e B Ramt A 1k
SRR Z BT 8 HBGUCHEC . % T e KU B 2R 4%
A7, 38 R LA AR IR S R R s T R B e SR AT
TR HEAL 527, AEREB TIX, 5 IR BRI A R
S S RIS, W R IR R A IR m P RE DG
AR Z IG5 107 AT D L B, [ A48 i
F M RIS R A T M ARG, AR R
I HEK 20 3 R S A e LA ol 3 GRS B, ik e TR
PR FONAIFER R Moot 42 R o 5 ]
PP T A S

1.2 MTEpetREERERS T

N FR G B S AR A s TR AL, AR
SO HCH 5 P T P ML R BT X, AR 13
28 LIS 8 HIJT RS S TR A, THRZ
TREAR AL | ARAEAl AR R bR o S B A
TEF AR 36 HFrp, Jbfy 23 DR KR T R
fF, F3HUI 83 Ab T 2k mie 2R AN GE T B (1A
2), XL R AR [F] 5P S B ] A Y 2R A
M 29 40% A TWIRR T IX, FRAEEIRES
LR s 2 20% (0 TIRRRAVIEIEN, AtERE
e R B AN R KR AT E—
Wk . WA —IE b A S a R s 20 1/9 e
R R A AR O, et HC A i 20 5 ) 5
P Behh, A 5 AR SR EAE S S R E A
Ko VLEGETRI, Wi KlidiE , S rEms
SR R M Z I S AT IR R 9 2N, R
ARSCER Y “PUTTER” O,

S

12%

B2 BEBREREXREANEITSHEE
Fig. 2 Statistical distribution of lost circulation points
associated with different risk factors

1.2.1 W EAr

GlEdE Bos, E 31 AbiRR S S W2 %)
AEIE, R R A L R R . TR TN A
S BB AIRAS, MR e RIRIR, B
WA T B MR A A B AR, DT | &2k
YA, T ) A TE 2 3R LB 22 0% ) 23 A R A U2
N IR, HERAE AR RAEWRNEIE, ¥
T B AR b R RE AR IR 2 1 XU 10T

LIRS WL S ], FERS IR R, MR
3044 m F1 3065 m ARV e A ZRT, SBfE 2 AR
JEE TR A, BRI S5 SR 60 mP/h AT 90 mP/h.
IR R AT R AL 3044 mIVI ], M EHEG R
g 3~5t, ZHER 3900~4000 L/min, ZEJE 21~23 MPa,
5 50~60 r/min. MW R]R H R KW . H R
TREZ 2 MPa, EM R PR T R, A28 KR 58
PERETREK 16 m? A W . 205 e ok & AR TRk 2k
B 2 3065~3066 m ] [E], AL O 3~6 t, HEE
2500~2800 L/min, Z%JE 10~19 MPa, IWi##—4 FTF
%90 m*h, Kl 3 FiRZa G s R R, e Ak
AR o oty ke 2 B PR T B L BRI B RRAE, X —
LRy i 7 AR 30 A DRI SR A AN % 8 M )2 ) 58
BT SR, WEE, BT RS Tzl R JE A E R
AR T B PRI, BT Sk T s B AT LA G
L IR [ SEE & 1) 55 AR T 454, R Hh R ) W 24 ey
NFFIE, 5 W1 I RIRE S G .

WE 4 R, WK SAL B g B g,
47 R IR = T AR AR AR (B 2L B R ),
XFR X BB B R T, TV I S i 3 (1) LB I 245
X —ZEA AN 55 T 2 B AR R BE Ty, oA
IR R R s R PR THEE, SRR M
A 2 =) A b B A
122 K@

M4 TIX N 28 LRI Gt #r, il A
113 Al Bedh )z, 2905 A rEm 1%, 8
%, AB KA B i e 8 A ik 12 40, okl
FEABNAY 1%, BETHMAERT, K,
oLy T8 DX 3 ER A T e R KR (A
Gl ZREF) M, AR SRR
JEV G H Y A B R T ek o, B mln sk
JRURG: 12

DL W2 S, A =T R e e A i 2 B
KECAZ, 2 3022 mEER & A EH N, B
=ik 30 mh, FR BT —E KNG H LA ¥k
B, S BONETE 4~6t, HER 3200~3500 L/min,



482

AimEREER 20254F 06 H 55 10 555 3 1

3 W1 FHiRsk S Ab BT Z4HE

Fig.3 Fracture characteristics at lost circulation points of Well W1
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Fig. 12 Sensitive attribute selection for lithologic interfaces
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Table 2 Actual lost circulation events in Well H1
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