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FEFJIFE PR vh i 0 ], 45 G e A E i S it
2R AR P I I 2 H S TR 2 ol JEE AR A [ i
HrR2s A Pl R AT H T A R ik, iR
T I TR I 5 T LR T ER A b 1 T 35
B, — iR S R R R, BT
PABEAE TR Y I 2R N I TR IR R B
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P SCPT-F 3, PR R 200 i 3 v e i
SR, R, 505 B J5 Bk PR A AH X 25
Sy MU B (k28 5L RN T 5E b, 1998) 7 i I
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() 12 25 AR S, R LRI 75 e 4 B B i
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) il 22 4t T R A R I AN, i B £ DL i
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T2 90 AF AR 4 HY 1E B2 A8 A% [ 51) 75 dpl I 4
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Televiewer) , B RAE 2| T 75 22 J7 1L AR A5 1) HBE — 4
B (Wi 855, 2023 ; Roshan et al. , 2023), 20 i
2090 AEAR, 348 DU w ARG BLAFTI 23 ) 3 ) 78 T
Yy b HE R A5 Y Ultrasonic Borehole Imager
(UBL), Pk K I Jd 49 4 9 I { Circumferential
Acoustic Scanning Tool ( CAST) | Atlas 2~ A A & H
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Jin et al. , 2018 ; #i5R 55 2024a) .
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W 1) P B0 R 8 R X AR, (B AAY 1~ 3 m( Lai
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R 1 R R S R P T S Ty ik 328 3 R o R
FR I B R (5 108 B B 5 9, 2012 5 Fi %
A 2012 #8345, 2022 ; Fifi = B %, 2022 ; X 45,
2023) .
1.5 PFlEshERNH

S5 —FE, B ERBOE T A A
PG B R EH BT B (M A, 2023 ), BN 7 D
TR AT I b ) SCHER AR Rl e i R i AT
SRS W S R ) e M A B A AR, R 4 Je
BhoEIE A, 5 A (R IBOGAE,2016) . HETHY
WAt 7 D 00 HA B B 3T 46 DL 8 A 22 A Bt 7 30t 0
FHAY Multipole Sonic—While—Drilling Service A HEAR
Y A2 S AE B A B R R X #F Crossed  Dipole
Azimuthal Sonic , ¥4 AT 7R H-ax F2 AR BGE S e 1Y
N e = S W N1 2= R Y G [ 2 e 2 2
M AR SEFF BT AL 55 T AR (R BeJE%,2016; 1
FEF,2023)
2 LB R ASZE

YIRS T AR R R AT B — AR
Hiu BRI EAN 1) T 56 1 H AR (REEAR, 2000
G 2007 ;5 SCIE A1 TN, 2022 ; #5045, 2022)
ANTA) B 7 I 0 AR RO (R R OG AE
2016) FLBREE T (X [ 98 AR E A, 1993) (B %
RIEM (XIS 4, 2014 ) LA K A2 (kg v 55
2015) J7 AR RN Z N
2.1 FLEEETESXREFLEIEN
2.1.1 FHiRA

NI B AR PR EE L (v, /V,) A
PO AARHLHRIRE IR EE v BEE R v, £
A A R g ar K ST IR ¢ A A p
P (1A 2) o PR R I B Rk AR A 1)
N B 22 7T LA A3 AN 2 PEDS TY 5 8 2limb
V,/V, 0 1.58~ 1. 78, 8 KA 2 1. 90, 20 H = Kl
1. 80, Yo 5 M 25 A K24 2. 0~ 5. 0( ZE[RI4E4E 2009 ;
R 2016) o MERTIBR V /V, HBR 32 A PR
Ab B 5O R AR B AR L R IR S AR A
FAHRK, MBH TSN Vv, W 8RR (2 A
5,2009; % 1264, 2016; Wang Guiwen et al. ,
2020) .

vV, = (1)

V. :f (2)
p

A, VNP, km/s 5 VR 53 B km/s
K—#H AR R GPa; G—BT VI HE  GPa; p — 4
AR  ¢/cm’
2.1.2 FLBEEHTESXREFESH

Wyllie (1956) 42 i 1 | TR 5 i 22 0 - 58 ki
BALB R AT, B Wyllie A2 (X 3) . Wyllie 22
IE T B A — FLBREE A1 A 2,
SRR B 25 0, W AT R AR E (X 3)
(X 3 AL AE L 1993) o BLAN, X T U8 b 7 fif
2, BT EI TR R IE (KX 4) .

At - As,, 1

A - A, G (3)
At - A, 1 Aty - At

%A -An ¢ AL - A (4)

R, o, A2 LR, /NEG A
DU e 75 I 22, s/t (3422 1= 30. 48 em) ; C,
SRS IE R, v R A S e B L BRE S5 5 B
AL EE SRR Yt m] I 2 B L B 5 R i AL
BRREGE iR X TS s, HEUE R 1.0; A,
AT B SR N 22 | s/ M, — BT B R 43 i R
55.5 ps/f(AIBERb ) 5 A, A HBJZ ARG B 22
ws/ft, —JBERE LR R 189 ws/fit; Ar,, M U8 75 P B
£, ps/f V, AR BTSN

t T Wyllie 23 276 B 420 1 DL K Aids 8 2 18] &2
Z IR % 2 (A B0 I S AR I ) 38
2%, Raymer (1980) J& T K i 75 008 40 M 5L 5, 11 H
PP R 22 MFH AR AT R T 38 T IR b i
JZFLBREE (2 50 82K

1 (1-¢)? o

N AL Ty (5)

Raymer A ZCH . T 2 FLBRE 59w 22 2
[ AR Lt O R | 26308 it 2 S ) i T
FLBE AT 37% 32 (RIRKEE,2023)

B T IF S LB EE BB AN, 75 I e 2 DU 338 mT LA
L BRI A S A, SEBLR A FLBRPE A (kR
555, 2005 ; Markova and Markov,2023) , i % 3 T
PR RV AL (1 25 B 5 - I 1 g e ) 2 — 2
235 ) v bt 2 LR RO TR 7 R e 25 S A A
W fith 2 A LB BE (R ALBR ) , %k A FLBR Chz Py
P iU 2 ) X LA 187, DRI i R — 28 R AL
BB 5 7 A 22 S AL R B 22 2% AR A mT DA ik
A FLBR (5K /TS 20005 A1 FI5 2004 5 R IR IS
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BiER LB MM EENMERIES
B, D3 32 3 b 5T 43 B 55 I i B N 53 9 S AL ( Lai
Jin et al. , 2024) , = FLBEE I H: (25 B W0 S | 75 i
DU e =00 ) AT DL A B 0 3% 8 1% L B R 4K
B, FRLFITE DU AT LA 38 sk BT JR 23 2 2 B A i L i D
I BN E RN, HET— B = B3R
JZBER NS . ALREILIRI S T A BT BB
RBUE, A th J2 AR 4 b [X 28 56 0 2Qdk 47 4 B3 3004
(R, 2016) 7 P 3 510 v B 3 0 o
TR A 75 35 00 ] 28 A0, AT 00 S ) 8 R 78 i3
i JZ R A% R N | R R el ™ (O
ARt 2002 ), PR AT AR S 38 ) 35 I8 Y U
N TR/ FH I T 1) 36 R B 2 8 05 R (B
22,2004 ; 2552 55 2006 5 X MG A5, 20145 RGO,
2016) , 2024 -3 H 3 H, " [ A 2= 77 B+ F A
AFa] 95 12 M HAAE AL JUAT: 91 ARiEHIRBE 3925
m 148°C BRIBH-BRTG T BB R R kBB E
R T 0 B 1A 25, & 19 o i
A
2.3 KREiRS

DU B4 497 0 0 B A iy =2 — 2 R I )2
(IEEHR, 2000 B4R 45, 2021) o 38 5 AZ I H: (fn
DU %88 B0 R v = DU ) 55 e (R BEL R ) AR
g54 A LUR i 2 BT 4030 ]2 (IRLE R,
2000) . SHLI A Eb, 75 I DU AR AR 0 R A5 B
Xt 2 o SO AT B BUER A | RS2 U T T K
ST, B ATAT DA i R B LU A A T2
SH0E CIAFA EL ) FIOBURS 8 I 22 1L S5 R R B AU2 I
JE T A F 3 U A A T B 1) 3 AR (T S R ) B
B, 1997 s TEAEAR 2000 5 BRAL 22 F 5K 5, 2002 5 X1 T
45,2009 ; 5K 45E,2015)

T 2 D0 H %) J] D B R T I 2 A S
JE A (L E RS I A g A M O 2 B
St PRI E 2 B, AN — 2 RELER 2] 7 0k 1) J1 D b
RIS, MR EEE SR HBEA BB, &b
L IS LR 33 R R e s va, PR O AT AR AR I
G RE & ) BRI AE 25 0 2 10 & A B v (R
HBRE) (RBGE,2016)

FE I U2 AR S AE T T )2
PR L BRI N 52 ) 3 i 3 5 P 24 s B ARRE
2 B AR R TR B 0 T B A I AR
(XN HT 55 2009 ; 5K ¥ ¥ 55, 2015 ; Wang Guiwen et

al. , 2020) ,
2.3.1 BFEMNHIRNSKSEFE
2.3.1.1 V,/V, btfE%E

A% 48 3 B AN 32 B RIS 45 1 DL RE i), S A
LT85 A e A 5 R 1) o B, 17T 5 L BRI AR TG S (IR
WA VISR ) B O A B AR AL I ANl
I FLBR ARG (48 55 ,2002) 179N I5t 32k 3 ) )
B2 AR I Sy 5% B IR i R D) AR A o
A% (S 1 MR 2) , R 2 &3 S B B
ZEHER R I 22 W AR (4% 76 55, 2002 ; 2% [F] 48 55
2009 ; ¥ SCAE,2014) . ERZEFEL T RAA
LU IR AR T 25 5 R4, G\ I8 e B i AR A1 A e i 22
TTEH ARk, R B S EE L V /Y, FERZ B
W WFREAR, R v /v, AR LRGSR, JE AT
DA sk A [R5 ) 4 28 A6 B 52 1 ( Wang Guiwen et
al. , 2020) . A FH A 3 DU I AT LLARAS N & SRb A
(K2 vV /v AH, BRI RS0 v /v 5K
BB VvV E M2 A ] B R B IR A,
2013; R 65E,2016)
2.3.1.2 EBEHNZESHEE

M LB B AR AT, st S SR
KA AR A B T N R e S A 25 A
P FLRRAIG, Ak BHATT R AS , i AR R 40 R BT (5K
TKZEA 2012 KIS, 2015) . il HBES &SR
RGN, %5 B RAIG, DN o B3 i 3 AR A, A e o 38 J L
TARFEAA  FEOAN /D, R FUE SR R BT
(IRFRBE R/ ), LR 7 A 2R B8t sl i) (3 SC i
45,2014 RBEIEAE, 2016) . HILER T V,/V, Z5L
A AR P I AR B P 205 S 25 A B 2%
JEMR R, 0T Lt — 25 S 2 ATA A b IR B 48 &R
B Pl REGE S A 1 SO L RZR A BOR
B3k K A, 2012 5K % 5, 20155 2 e 5§,
2016 ; Wang Guiwen et al. , 2020)

(IIARALE TAFA L (v ) 5 i R 80A 5%, F ik
TAA M RS AR A A R R4 S K
]I 2R | R R B [ 2 728 R Bk 8, ARSI
FERERE AR IR HG B A8 /N 02 BT FLBR /)N
TIK 2 8 BU% 2 (B /NA S, 20055 B S P A
2014) . AT RLRIAI R RA A (X e)
FREIA A Ll (9 A8 £ 0 DB it )22 7 Pk (8 S b AE,
2014 ; 5K 55, 2015)

v -2v?
y_z(vf—vj) (6)
) AARTRESE R A AR RRSE RS
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R OB, A A R RRUESE RE(Cy)
S T 32 B S B0, 1% FR BON A 2 S U RS /Y
AL B RUR B RAR S A, e R 4 &
B g o, A I i i 22 Ko B th 2 n] LAt
A 2 Sh A AU 4 2 50, AR R BT 48 22 808 R
PR (5K AF 55,2013 B S 45, 2014 ) , KAR
M SRR R 45 R 0551 18.05.,0. 837 FiI
0.444 AT LUE il 57K 0 22 i 2 4% T SRR S
5K 28 5 RT3k 40 £ (8 SC4E,2014)
3A1 AL’
Cp=a S (7)
p(3At" - 4A1,7)

Ko, MR R A, WAL 2 s/t
At AR 25 | ws/ft,

(3) YA BHBT . KRS A7 AE 2 51 S A% e i
/0N ) e ol s R H (LAl /), R 1 00 BHLA7E
2N (3 8) (3K IEEESE 2015 ; Wang Guiwen et al. |
2020) .

Z,=pxV, (8)
o, Zp HOBEEEPT, (g/em’) - (m/s)

(4) Py R B PR AL A ) R R T A A
R R AR P B 30 AR PR SRR A ) BT AR )
SHRAIR (8 3005 ,2014)

1 2

A=k Xp(Azpz_Azf) (9)
X b Ry AR 2R A
2.3.1.3 WiEKREZE

XSURE I o 22 12 BV XS F I H S0 A g 1) 22 5 5 1
I I 22 (— RO AT A IR I 22 5 0 R G ) L AR
Y =5 22 S P A 1 B, — A K 2 BT SR Ak T
BRI A TT 24 5 RSB I 2 Y DR S I A g
If 22 mF, O )R (/N & A 20055 2 IR OE AR,
2016) .

2.3.2 RRAZEH

A S ) 2# 250 P R 2 2 S m] A
FHFAS B BERL 25 5 % Bl 2, SEBRIARA T DA H
P ATUESE R T ) SO0 . SRR
RV, IR 2R B REST AR HE LR AR FRE
AR R AU I 2B IR 2l AR T2 B K )2 B
HE NN, MTEZE, 8RS AR a4
A ELIE S SRR R OK B 24 T RRGB K (ki v
4%,2015; 5 0% )% %5, 2016; Wang Guiwen et al. |
2020) . &1 HH) 6735~ 6755 m R B, R v HLBEL
BAFAEZE 5 IR i AN BT R ARG, PN ek &
FE LA RIS Lt B B I BT 34, Sy A 35 <2 Be

Wi AR AE IR ARTS 209536 m*/d B

MIRARFC A A 75 225 B AW b 2 5 SR O i
Wi fEA A BA — & WL B (Lai Jin et al.,
2023) , RS b 2 AL B R B AR A, A0k i F b B AR
HERARY R =TI BUE DA )2, HALRR A
16 10% VAR ( XA 2024) , WA TE i 22 55 460 1,
W 137 52 2% TRIRE £ M I 25 S A A A R AR
M 7 A AN SR, AT 5 507 8 I S B A A AR
3 BB T

S A A AN R AT, AT DA A )
W IR EE JAMS L P 2R 5 AR i S By A i
GRS TPES R, YR TR SRR A B XE L
TESEFAE R ] A FH i R 4 0 - 5 o
BN A 1SR 8 A S B KT
FAS PSR, LT EE AT S i S e e (R b 4
2006 ; T W55 2012 Lai Jin et al. , 2022)
3.1 BRAANESHITE

FEA B DI ORI TR T, 456 75 D IR 15
SN A YNIE I e 2, BT B A A
PIE2 28

(D)IARALE A O R, BB 6 iR T a8
TEA FE DU 3820 2 i 2y 285 A ERASE 5t 00 T L5
IR 10 115,

p A1’ - 4A:?
CAL? A -At’

R E W CHERL, GPasp HIKFBUSIE, o/em’, At
RG22 ws/m, Ar REBERT2E | ws/m

(2) PRBRUE & A B DI o . (R BB B K DA S B
DIt G SCRAL A I I 313328 204305 n R =X 11
M 12, AREUE AR R AR b5 B X AR 1R 1)
H B, P8R A A PURRE ) R B 5 IR R R 46 R 4K
HOAEIEL, TS YIRS 55 U ) 5 5T U A A
X AR H AR, T8 7R A A BB DI Re ) (i 4%
2006 ; 3K K 7245 2012 3 R IBEEEE 2016)

x 10° (10)

E 2_4 2
K=saoa P m 3t (n
E 2
ey P (1)

A K ERFRBE  GPa; G N HIYIHHE  GPa,

(3) Biot %K. Biot R, HRA A FLIR 54 R
8,38 5 ) LR % YRR G, R AL B
TR RN IR BE ) — A EH S, Ha P E A
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Fig. 1 Fluid property evaluation using rock mechanics parameter in the Cretaceous Formation in Kuga Depression

oA 13 AR 2011)
C. p(3V? -4V7?)
a=1- =1- 2 2
G, P33V, =4V, .7

(13)

K, a B Biot REL, p,. WAEATREE, ¢/cm’;

Ve HAEATERBERGEIE  m/s; VA E AR
P m/s,

(R, AR B st e s BRI | vl o ok 7 O 0 S

B PRBOhE G KB 22 45 A 5 R T Ui

A A MES R, I SA A W E TR HUR 5T A

BB S I RIE T LA st 22 2501 R
Shy e YR Ak F b G 5 TR S N 2 A
(BRALZERITRH 2002 5 1L 2% 2004 ; = 30 55, 20065
B 5, 2008 ; T T4 ,2012)
3.2 HEMEISEEEN

JEH BUM AT 2R A BE TR, DR e
AR AT 4 2 B I P i T A 2 56 B (X [
2021 ; /N5 2022 5 JiH4E,2023a) . HATHEMETR
B S DE 0 H 0 A4S DA R B—A TR
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V5 QWEMED W) & i L (B R (OB S5, 20230 S 50T
85,2023) o G AT LATHSEAS BITA AL L A G
B S 2 28, T iz T et 20T
i, 7RI 2 TR B OB I R AR P 1 (4
TUKAE, 2014 1504, 2023a) .

— JBOE VA A e B kSR R AU
Fe T — 1l B A EASE 5 YA A LU Y o ROAT A e A i
B, Aekeds IR S5 1A A BE B AE R RN 351 B 50%
FIBUESETT 115 (Rickman et al. , 2008 ; Sondergeld
et al. , 2010 ; #5745 ,2016; Lai Jin et al. , 2022; 50 5L
45,2023) o o JARA L (v) BT A 7E TR
IR OK ) T RLEE R BE T, A% TG & () D)
B T 25 A0 R 2R R DR T I B R T (A
4% ,2016;Igbal et al. 2018;Lai Jin et al. , 2022)
WA PSS B B vy | AR L BRAEG, A3 5 A0 T T e
U A0 R 2 e v B T TV R 2 1 IO R R 4 (R
45 ,2023a)  IHEAXIIT IR

BI, + BI,
BI = x 100% (14)
B[ E _Emin 15
L Emax _Emin ( )
v _Vmax
BI, = : (16)

Vinin-Y max

Kb, BI e MEHE 8, % 5 BI, A1 BI, 43 %} i3 4%
ICRE S FTAAA LE BT T B WE 6 5, % 5 E L T E
5390 Ry B ASE i e/ IME A e KAEL, GPas v, Flw,,
SRR et /AIME RN e R AE, To 49,

TEMEVEHE DA v — Rl DUAR 98 00 3 5%
R RS R S S KRR s AR, —$ 5
S B 43 AT A RS A TR R RN A LA T A B2 B
Frag , IS BG4 4 Foi HEPE A (| 2) , |2
IS T A 12 SR e £
FEVEMY, B AT AT DA TR S B (K 2) .

4 WEENE

HBJZ T g S fL B | 5% Sk 4 2 ) v Y AR e
TREANAY e g, PRt Bk Ay LB AAR s ) (#B SCHT 4
2023) o HbJZ 05 gl 2 A LA R RERR SE
B AR, — e 2 T g mT A S A5 e H 4
JZ 8l 25 MK #F ( modular dynamics formation tester,
MDT) EEFFI5E ( drill stem test, DST) F1E 48 Hb JZ
B RFT) 45 52 B I & 4% 45, (H 13 78 8o A % 28
(Radwan et al. , 2021 ; FM#E 55 2024 ; Lai Jin et al. |
2024) o PR b 3R 4y B0 I 598} % 220 B O F

M2 ) HAT A b ST TR R S, AT R A
el RS B (1o e s N S0 L 7 o e G e
W& BLE VR P A ROREE 2 T RET
e (JRSEZE XN E TS 1996 ; Lubanzadio et al. , 2006;
BSCHEE 2023 5 F B 505 ,2023)

T H L JE R 5 T b 2 BT A VR B A RORE R
T ABZ B A R R SR AR R R R i
IR )AL 15 55 R R S ), 38 2 S 802 5 7
PR TR R B 0, BV AR R (1F R 5 5%,
2023) , S TR 7 B R R R HE R i i —
I A B 5 R A FRATE T G A T i (X3
FHEF,2017) , 38 F BT AN () B R A 9 A e s 2 A
o7 PG5 AN [ F) t J2 R 00 5+ 3800 5 (b o 5
2017) , HAGH AR T 12 K 03 105 g
PEU A9 27 A 45 Eaton 35 A U0 17 ( Bowers
) MAEMIREE R, (JE S X E T, 1996 5 #4575
FFEE 2017 s 4B SCHIAE,2023)

I W b 2 e AR T e AT AR N
S 3 1 — TP I 37 R S A 5 T S G %
WUFHK, 53— 5 T AL B AL AT P il s 22 i L o i
S, PR AT 3 e 7 U e 2 i 2 0 FLIR U A R U A
FERAT A M )ZE R ) (JA Sz % FX E D, 1996) o It
A 388 35 0 ol 2 41 B3 v LA B R R R B ik
9 FE TR FL B RE AR Ak, rE BH 250 00 i A v T (<
BOK ), 7R E R B oA (R AR, 2017)
4.1 174 (Eaton) &

B RIS TN, He S I 3008 e FL IR 12 iy
/0N, L I Fof 2 F BRI . PRI I D R S L
T VR A 22 RE R R I 5 Bod N (X 17)
AT AGE ST 15 31 b J2 1E R S 42k (X 18) (X
FFEE 2017 ; 4B SCHAE 2023 5 VF B4 2023)

At =Atje™" (17)

InA¢, =— cH + InAg, (18)
P, Ar, ML RS 25, ws/fty e MERSEREGH
HHEIREE  my Aty SR IRECIR B O I B A
2%, s/ ft (AR SCHTAE,2023)

Eaton(1975) i i K 2 1) s 2 & 7 520 08 5
AU HEL 3BT, ST T RO IE R R S R AR Y b
JEEIH AR (X 19)

P, =P, - (P, -P,) (At,/At)* (19)
X, P, 2R Ty, MPas Py Sy |- 58 2 1 T,
MPa; EZ 0 LA HZE ), —nl Do g B4y
TEH SRR T (30 20) s P, W HLE R
WHREE Ty, — AT LTS5 5 9. 8 MPa/km; Ar, A
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Fig. 2 Brittleness index evaluation and anistropy determination using array sonic logs

(the Cretaceous Luzhai Formation in Guizhong Depression )
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(Eaton, 1975; Zhang Jincai, 2011) , ST S0 ) J2 7 5 5 7 e e 2 K I
Py = [puc (o) I HT T A 5 M A,
) R ST A R LR R R 3. 0, T



%3 3

AR 25 7 N IR M R S TR 1055

T I 5 T A 366 T 850 1% i A e e L Pt 3R 450y
6. 5(RXIEFFEE 2017) .

At Eaton 32 HIH 000 b 2 & 7 11%) S B A T
SAEH RS L L Faton $8 5L, 8 W I H
S A S g vy AT DL BT R S DX, DR 2 e
AN R S X T
FE SR (7 E5R5E,2023)

4.2 FEXREZE

Narr Fl Currie ( 1982) 48 75 1 5 22 7K 32 B9 v/
7, WRRAA RN S A A T ) S LB
Wz z21),

o =P, -P, (21)

SRR R B TR B 1% 2 N R BT T
A AR A SR B 5, 2 B S0 T IEW
FESZ I A SN TR B, P I 22 AR ]
W T AEAN R R EE AL, B AR [F]FL B BE 09 5 A B 22
ZHAERN ] o 55 (X 22), WAl LU e S
ALY A RALBRE T EEEE B R 5 A RO
T o 22 (5023) (B 3CHI A, 20235 B/ 204,
2024) .

o, =P, =P, =0y =Py =P, (22)
Piy =P, =Py +P; =
g prh, _g(PB —py)hy (23)

SEROR L 1 mT AR I 3 A A0 BRI )2 e
T (B/NEAE,2024)
(1) ZRAFIE 3 e 92 B I 22 TR P A2 25 [, 40
B A RREBOCR R Rt L (X 17) | R
AR IBUR SE 8RB by (50 24)
InAz, - InA¢
y = e (24)

C

(2) G5 Iz A B TE I 5 IR B 1Y
RMERFR NN e 7 %% FE a3 2, SR JG SR B p,
Mpyo

(3)BRAL AT (23) P (24) , He T DLAG )
A SRR S P HEARXN .

InAz, - InA¢

Py =p,gh, — g(py —ps) . (25)

SV TR B 3 T AN Y A S PR ) L B AR
FEJTHE BRI — 3 P T MR TR v 1) b )2 (B
FH45,2017)
4.3 &@/RHET(Bowers) ik

5 SRR AL, 1 /R 3T ( Bowers ) 1 7 BL 45
GOt BEAEE T DLRCA A B SR 32 0B SN
77, BRMIZ T A B AR A 3800 79 (R SCHT A%,

2023) .

Bowers (1995 ) [] i} 2% & 21 T AR 5 1 28 7 15
O, BT I T A RO 7 F S I R OC R B L2 TR
FITROMAEAY iz T 7 2 RE AR R IX 53 R R 5 AR AR
AR A5 A S R T, A ST T Bowers R
Jym#EAE R (X 26-29)

Horr 5026 F1 27 A B IR an mzk th 26 ( 1E%
FESZAUR AL ) , 3K 28 F129 AFLBR G AR K5 A
EIEN L, O R ETRAE T 0 a0 R 1 28
TLRR WA RN T B R R DL K R SRR B B B hn g
HGR, TR H S5 05 A %00 3 AR e s KA, sy iy 4%
RN A3 M AT 3T 5N 3 5 T 214 S A 7 BT 52
ab 7 e PRI e PR B0 80 g BEARR, e R S S
(AT RN 7 /N T s S sk A8 v ) A 8007 g Fee R AL, )
DU 2 4 IR 28 i 4k Ok AT P A (A AT A,
2023) o ZAIEAZ T H0)Z R 7 R A K
S [l X AR AR R RS S A R ) S A,

BOEH
AN M 4 )2 .
V=C+Axo" (26)
o= /V;l ¢ (27)
FFEEEMh 4 ) .
V=C+A><|:a'mﬂx><(0_0-)bJ (28)
Vo—C\ y-C "
7 _( A ) (Vm.le - C) ()

K, VIR, m/s ;o IR A AUV FT, MPa;
O o H VTG I R T A ROV ), MPa; U g
FEORERE W C O EGA B O IR S I
HRRE S A ROV T AU 2 R (B A, 20135 IR IR,
2022)

Pl 3 il ek 7 g i 2 A I O i 2k Jd e 3 Aoy
S T ORBE AR I B o R 2H AR TOR 1 )2
TR, S5 RR SRR B AR X W) 5 B2
1Ml Bowers 7775 LA S A 0 35 S 4k 1 488 Ao i 7 b
JE T4

5 HELE

PRGNSR TR AL IR 5 A Bk
o Z P RHPTAFAE R, 5 R TR S M i 2 R A
B — B (FERR AN AP, 2007) o R, 7
T GOR U ) 73 B g SR R4S, T S
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Fig. 3 Formation pressure calculation and evaluation using Eaton’ s method, balance depth

method and Bowers method from sonic logs ( Lucaogou Formation in Jimusar Sag)

o 1) FiE FREE (L 1 S0 FE AR ) LR BORIE L 5

JETIM | A 2 A A A5 T A
TRIT &M 55 (F# 72 A AT
2007; & e Ot 45, 2016; Qi
Qiaomu et al. , 2019; Salih et
al. , 2023) .
5.1 FEESHitRRE
iy 23 S ok 3 e A ) ok
FEVRAZ X BIF 5% 0 R 73 M g
S AR s A s AR s AT
HAEFREME X, RS
AR SMAEE REHY]
FHIE (R 5% 2 48, 2000) . T
FHR RS R A H Y
iNYETlS v S RPN
JE SR Z B AFFEFR O &R
(17,20 30) , 1 75 P22
SR R e A LB R
I B 2 T 9t T A T
J2 3 ik 5 35 (Athy, 1930
Magara, 1976; % 3 & 4§,
2011) ,

b =pe (30)
K, o HAEAFLBE, /D
5 b, IS AFLBRE /N
Bk R RBUEEL

TEAE M Z R A X,
ARV LS, Y AR A
I, AN AT 2 B R Y
DURRIUIAR , S BR4 A o 72
WYV BR R (m) |, fE AR
s A 7 U 2 G EUE, B e
I I - 5 M R 2
A RHE AT BN 701 m IR
E(E 4), RIFIRFIRS IE
WML, I LIS A
KR, K 4 g 18 7]
LS HER: InAr, =- 601. 79H
+4436. 5, Q0HK % X R
MR 7R 25 58 SR 650
ws/m, AR A B 4 AN A
UL B ZE R4 5
650 ws/m Y38 Lk (HLH SR XF
BN 6.47 ws/m) KA T
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m(701-544) (FE L 2011; 8P4 2022) ., %
RN FH B TR i 22 1) T2 3 200 N e o o e 2 R
JERIE L (X 5% 2 420005 3532 K% 2011), H ol
HERA A PER R, W R BUSEE 5 m DL LR RS
BRI 25 TEAT 4L P D I 25 R Sk A (BRI A
2 2024) .

EE G R 38 K ) ML JZ | Henry (1996) 2% & 31| 75
W AE 58 4 R TL Y A PG B AR — 32 R 0, B Itk
P T O A R IR e 25 5 R 2 [ ) 4R B AR D

ot =t +1 (31)

TZAERYTE A VR b2 R TR R A (HLTE TR
TR IR A 22, BIY H=0 B, Ar= A+, X
HHRINHAE (F8E A ,2011)

P 4 BT Y P I 22 325 1) = o 52 28
WA (Y 45 ,2022)
Fig. 4 Recovery of stratum erosion thickness by mudstone

acoustic transit time method ( Xue Luo et al. , 2022)

XI5 (2000 ) H 1L A T A2 75 I A0 A [ O B
Z IAMERE S 4 T Ok A AR A | i A R A
TR AR #0 B8 5 4 M S AL B (75 38 ) 5 IR
KR,

At =(At, —t)e™ +1¢ (32)

TEMRICTS Kt B H —— 00, At =1, BPHEVR TG
FRAAAAR R, A AL 0, 75 B AL 4K
ik [R]85 T 75 AR R o rh AL R IR T 7EHLER H=0
b, Av =1, , BIVFS I AE MR AL AR IS TA) A Y Tk h
(R AL S 1] (52 ,2000)

5.2 AmihEIDR

B B IE SRR AR M T I T AR R
HRIFF I (25 & 45 2008) , FIR HiLRE F RS ol ) -
HRR A b2 MR P AL R RE B ) SO B
B ST T SR AR HLR A W] (#E AR R RE
2007 ; BAREFAE,2014) o IO E Tk IR
PRI, SR X M J2 ) < SN R T e R I R A R
HUT b AT & | b TR, 0 ) e b R A b2 ()
AL I} (] (B2 FR AN FNSF-,2007 ) o 8 I T B AE
TR P8 Sl P 1o o 2 N, b R R R ST (]
S A ISP R Ikt e 7R I8 AR A ST ) T 2 TR
JiE 22 )R AT s 4 (3 5% NG FNOF-, 2007 5 245745,
2014 ; Akimbekova et al. , 2024)

FI P 0 G RE A B R 1 5%, TR AT )2
PIFRAE , I R BN GOR R R ORI 242, 2 Hl
TR R A M A% )2 AR T AY S b (TS AR,
2004 ; # = ANE I, 2007 ; ZE W4 2024) o K Hb
LT IR R AT iR S R R R
AR (SRR A SR, 2004) o G RUHE R IO SR 2 )
FHS W I 3 B b 52 ) (VSP) 2 N TG i
o U R 1S3 (MR ) | K R B Sl T R e 4
S st Tap 3k, A4 . O RS 8 FN 2 BE R R
SR BOTIE WS BHBT M 2 s QPRG35 19 1= 18 5
(Mg IS I8 72 50 [) 1 73 - D ABORE ARS8 I U 72
O IE ; @ f e OB B 5 R DC e A IE (7 3% 5%
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4 2014)

5.3 FHrhihE

Herh R RRFEHFLIEA T b AR PR AR I T %,
VLI T b Z 5 1 7% ( Vertical Seismic Profile, VSP) i
F, 45 A o B R 24 W 55 (Bulant and Klimes,
2008 ; #8354 ,2021) o P L RR A B TR MR L
BFUHT S R, AT T MR R S AR,
Bz T A2 ) S5 R b o 5 TR [ (22
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(Shp) , —H A ALY BT 207 10 S b R 77 ( Narr
and Currie, 1982; Zoback et al., 2003; #fi # 55,
2023b; FHIM%E 2023 ; Lai Jin et al. , 2024) , Hip 3
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WEALFE A 2 e K 5 ] B 43, AL 45
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HE A B X (Zoback et al., 2003; #X 455, 2005;
Oyler et al. , 2010; FFZLARAE 2011 ; X4k B5 4% 2017
E24HE 55 2018 Igbal et al. , 2018; Lai Jin et al.
2022; FHIHAE 2023)
6.1.1 &R hAEFR

JSAGIN 38 3 BB E i v 15 4w LA H
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J5 1) AEAE R PS8R SH , T HFEBE A 54578 Sh,,
T (EEWT 4 20125 Lai Jin et al. , 2018 i 55 45
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e KM, 375 19 oy T b ) A 40 B4 5ok g
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(8% %42 4% 2005; Lai Jin et al., 2019; #i & &5,
2023b) , HAREE V17T SH,,, 771 (Igbal et al. |
2018 ; EI2%HEZ: 2018 ; Lai Jin et al. , 2021) , — Al
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4 2021)
6.1.2 LR S K /NEM

HuR 3 B KNS AR b A AR i S A S
SHUE VI, IRl 22 45 FALBR AR R 7, BeANA 37
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U, 75 I )32 T R I (B S)
= Ay 2 N AT ARE =X 20 T, 10K SE
] SH,, 1 Sh,, WIATLIE LR 5 33 Al 34 1158,
— MR Z Sy B AR R (ED D RE SE 2018 5K 4
2019; 4 HT45 2021 ;Xu Ke et al. , 2022) .
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E E
aP, eyt j;2ah (33)
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SHmin —ﬁ(PO - OCPP) +
E E
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A, SH, F Sh,,, 50 0 RIS e R AR /K 3
NI, &y Rl &, 535 R KR/ NN SIS TE R B,
PSRN I RIKTIE ) 5 T AR T L 3 5
05 A3 bR 3 AT 2 B i A A (B %
820185 5K HE S, 2019, B 55,2021 ; Xu Ke et al. |
2022)
6.1.3 ERHMERNRE

R ATHIE N ] (o, ) AT LARR A 5 0P A 5 52
WA IS M IR o, ¥R E R, AR
FRIFT S FFORI TSN 7, SR |
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Ak B I8k e 2 U)K 7 g o 7 2 B T R R
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bR S 0 S AN SR IS R S 23 X6 bl 1 i 7 SR
A3 ) A R SR AR b Y T (2R R AR 2001 5 X AL AE,
2005 ; B RPN E 51 3C,2005) (K 6) , I ETEE
P b X RIVAS) 3 55 e 1 ) 4 5553 1 -l DX 35 TS J22
FEB (VA TR X R | ) #1012 4, HLARS
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AR A B ( 2% b 7 g B e A Re , AC S5
2 SHLN ) Z A AR DG AR S b g
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Fig. 5 In—situ stress direction and magnitude determination using sonic logs (the Cretaceous Luzhai Formation

in Guizhong Depression )

A 1) S L AT P b2 A BT AN A 45 )
[Fi) P R BERLE A JB, 7T A [i) A 32 A7 7 45 1w S 1 (o
R 56,1998 ; Hornby et al. , 2003) , 2 A
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RN TT LA ) 5k (BRI SE 2018 ) |, #1245
[ia) S 0 T A2 R 3K 4 L T DG 3 ) A, R I

AT DA 2t PN b 2 A% 4 DR R 1 Dy 6 R
JE R JZ 45 0] S (] S) (PFRA AR, 2018 ; 7k fH 5%
25,2023) 38 AT A b D5 ] A 4% ) S
HiJZ PR NS R IR AR R A R A AR & R AR AT
XM A G A A5 1) S R P 8
TR P AN 2 1 28 (RG4S, 2016) . A
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Fig. 6 Responses of sonic transit time and resistivity of

various in situ stress conditions ( Zhao Jun et al. , 2005)
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FEIa A S sE (SR E R4S ,2023)

P U000 3 o A0 e B R 7 67 B L
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B5,2018) , — ] DLTT A P02 R ik o (kR
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A ] S S HORRAE (2035, 50 36) (X Z 1945,
2007 ; 2= [A] B4 2009 ; FE 7245 2017) .

2(Efasl _Eslow)
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P =—— ™ x100% (30)
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fast slow
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Fig. 8 Comparisons of fracture responses on electrical and sonic image logs in oil based drilling muds
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Fig. 9 Evaluation of borehole casing quality using sonic logs
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Geological and engineering applications of sonic logs
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Abstract; In order to systematically sort out the process of acoustic logging interpretation and evaluation and
expand its application field and scope, this paper reviews the development history of acoustic logging instrument
acquisition series, and summarizes the differences of acoustic properties detected by different instruments. Acoustic
logging can be used for calculating porosity logging calculation, evaluating permeability and identifying the layers
with abundant hydrocarbon. Acoustic logging can also be used to evaluate the brittleness index of unconventional
reservoir by calculating dynamic Poisson’ s ratio, Young’ s modulus and other parameters. According to the
acoustic logging’ s abnormal response to the normal compaction trend line, acoustic logging can distinguish the
mechanisms of abnormal formation pressure and calculate the formation pressure quantitatively. Acoustic logging
can be combined with seismic data to synthesize seismic records, and the interval transit time can be used to restore
the thickness of formation denudation. The fast and slow shear wave azimuths of acoustic logging can be used to
distinguish the current stress direction. The formation anisotropy coefficients can be calculated quantitatively
according to the fast and slow shear wave velocity. The presence of the fracture shows the increase of interval transit
time, the attenuation of acoustic energy, the appearance of “V” interference fringe in the variable density and the
increase of Stoneley wave reflection coefficient in acoustic logging. The source rock has a high interval transit time,
and the TOC content can be calculated quantitatively by combining with resistivity logging. Acoustic logging
supports safe drilling design by calculating formation pressure, rupture pressure and collapse pressure. It can also
be used to evaluate fracturing performance and the check of cementing quality based on the relative strength of the
casing wave and the formation wave. The research has certain guiding significance for expanding the application
field of acoustic logging.

Keywords: Sonic logs; calculation of reservoir parameters; rock elastic parameters; formation pressure;
erosion thickness; earth stress; fracture; engineering geology
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