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A new pore pressure logging prediction method in shale gas reservoirs
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Abstract : Obvious abnormal high-pressure phenomena often occur in shale gas reservoir; the pore pressure can increase greatly in a short dis-
tance. If the abnormal high-pressure values cannot be predicted timely and accurately. well kick, blowout and other drilling accidents will be
caused, not only bringing great losses to drilling construction, but also seriously affecting the reservoir evaluation. However, the existing
method is very difficult to predict the abnormal pore pressure value in shale gas reservoir. In combination with the experimental data of shale
gas core, based on full consideration of the influences from porosity, organic matter content and effective stress on acoustic velocity, a new
pore pressure prediction method for shale gas reservoir is proposed on a basis of acoustic velocity model. In this method, the relationship of P-
wave and S-wave velocity in the gas-free horizons is used for gas-bearing correction at the P-wave velocity of reservoir, so as to eliminate the
influences of gas on abnormal high pressure phenomenon in terms of acoustic logging information characterization. In addition., this method is
able to predict the abnormal pore pressure of shale gas reservoir induced by multiple mechanisms such as unbalanced compaction and hydrocar-
bon generation function, thus overcoming the deficiency in the traditional method only able to predict the abnormal high pressure caused by
unbalanced compaction. Well S in shale reservoir of Zhaotong area is taken as an example for reservoir pore pressure prediction, thus obtai-
ning the technical flow of the reservoir pore pressure prediction method based on acoustic velocity model.

Key words: shale gas reservoir; pore pressure prediction; organic matter; gas-bearing correction; acoustic velocity

51 R AR E ANV A HE BRI TUA )R FL By I SRR 5k (T, A il 27 4R . 2017, 38(6) 1 666-676.
Cite : XU Chunlu,SUN Jianmeng, DONG Xu, LAI Fuqiang. A new pore pressure logging prediction method in shale gas reservoirs
[J]. Acta Petrolei Sinica,2017,38(6) :666-676.

32 LB R D R A E LB AR R Z B BRIV EE,
J1 s Wy J2 TR BALBRIE Iy S ALBRE R T 28 8 U A FLBRE g B S R R T
R T ﬂﬁF‘tHIJu (LS ¥ E%ﬁLﬂﬂF‘E’J AN ST 5 S0 S X 7 L R L OR L S AL R
E‘L!ﬁ?}fjjﬂjf)u WO E AU B RERGEE R A OGN B R A 2% | v B R A6 I AL BT )

AT RE S EOF I BRI G A AL AR AR A RO . (EUR BUS O )R S AL
ijﬂJJM?F“’&dI%%M%FFE& LAREEW . W RS R LB A 58 5 PR Al E A B LA AS SF-
I BRI B 1 32 FL B ) AE A 2 B BT S B b RS T il A 2 R T A5 AL B ) 3R it
EETE ERARB IS HER IS TUH (No. 41402118) FE Z i K RHE L 391(20162X05006-002-004) % 1 .

FE—EBERBEES ARTE, 199248 1 A A4, 2014 4R 38 b 400k 2 (AR 2 22 (0, By o 110 0l 0K 2 CHE ) o 0% W 455 3 o T 7R & b A -
WA S 32 %8 DA I I B30 A 25 A R LA Tt 17 g O CAE . Email: xuchunlu0129@126. com




% 6 3

TR #a 2 U AU = AL B J 00 S B0 5B 5 1 667

B AT BB AN A B4 A7 7™ F RS 1 S R I 2 {E
FIFLBH A IR 1 5 W IR R R AE (5 B B3k
AE o DR o £ 5 11 2 AL B g 00 5 2 S PR3
T T )Z - G P B DU S R R A A =
FL B T 75 vk

SEH AL X o B A8 GE AL B IR ) B0 5 i 1
Hent b 854 U A O S8 30 e L D B0 45 SR, 2
B 1A AT LIS o AT RRONE ) A PR R0 PR B Y
SR RT3 T O R )2 B LB g T R A
B 255 S R 3 A BT — B M )2 LB R )
M EARGUAR > B LR = DU U2 FL B 7 TINS5

U AL Guf )2 FL B g 0 s i
L1 EFEREZBHER

o J5 2 I LU et o B R
URLIE S SRS A ALK B H T8 P45 R0 ) 7
ISR 323 S T G 2 AL B

JIRHW Ty o S0 1 552 1 8 o M 2 S A i A 4
DRI e A MU 78 Al o Lt 2 Bt L 8 34 o 3
/] o L L R L R 1 A 40 DR S5 L 3 R O L AL
PEARA AR N IE W RS AL
1.1.1 F&xRE
Xof T S S U A AL B B A TR A 3
SRR L BIFLBE () 1E e SR S R
$n = poe 0~ D)
1IN PR A I R SE S 00T . Bl TR Y 3
T 3 A AR 2 O LB BE /N R LB
53 H AR Z AP T RRY
$n = poe 2
Y8 Lz A A T SN FLBE S g B R
FL B BE AN P 3 IE T S R A s/ L T k. I
W AT e Y S 2 LB BE Y S A T LB gL R
Hh LB RE £14 742 A AT el 0 K5 A e 2 L R BE R R
S5 R ok (B D)

Bl RRAEHMERTESHERENXR

Fig.1 Relationship between different parameters and depth for shale formation
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Table 1 Methods based on the normal compaction trend

Jri g K7k
BRI IL Pp=85-(Sp~Py) 75 B 22 0 ol 2%
Eaonge Py ST(STPOR/RD'E G SN
( P=S-(S- Py (An/a0" LA I 2%
1B IE 1 P=85-(S=P{[Atm*  opioon
Eaton % (At = Atma) e CaZ]/ Az} I I 2 0 S it £k

SESLIE T RSB LM I N E A 2 Fl OR 48
Je P N 25 | HL BE AR5 LB RE 22 1) B O AR L ey LB RE
TE 7 s S A o 31 At S 7 R IR 22 el BEL 3R O o T
R NS RO B (Eaton 11 @ @ L IE R
P S B0 T Y 0 P 5 I 22 1 S BN ply s S ST P i
2R RSB B IE Y Eaton 35, B FIEHR
Js SR A A A S 1) 3 2 L BT ) 5 3 B 1 i il P R

FH A AR T 307 A ORI Ll o 0 38 3 f B ok
OFfFE#E . BHLY SRS ORFE AL R AR5 A
BRAN RN QA i S T B Hb )2 76 AS [6] TR
J2 B AT R T IV AN R 4 1E R R S R Ak DR Ik DA
SLUER AL s O ALEE T T P S T 1
J2 5 H B
1.2 ETHERNNEEE

T B A A SR B N 7S 3 AN IE 28 1A A R 4R
T8 43 A B A TR I T SN K 32 AR R K-
FRTT . PR RS FE R A AR T LUy I BT AR
SRR ) BB B AR N . RS R Ry ) o
AR B B RN A RO ) 5L R Z
(i) F P o ot 7R
1.2.1 FiHRE

i Terzaghi 155 + J3 2% vh 4 094 %00 ) E 21
e AW A B R RS 5L R S 22 E

c=S-P (3
O EBER R 5AARUN T AT H (3 (a4



668 al H

¥ ki 2017 4 %6 38 %

FFLBE Sy . Horp BB TR IR a2 B o AR
ARAG s A ON PTG RO T 5 H B AR R I A
U S 800 =2 ) 7 56 R AR i . XS R LT
RN 3 7 PR AT b2 AL ) T 5 i i e ARl
1.2.2 K F R%R3T 44

FE T A RO T 78 B 0 b )2 AL B T 0 Uy vk
FEF A Bowers EN | Miller 1% Tau £ #EH
Zhang 37" E-P RISV S LR A K 2.

PRI FEE T IE R R SR A B e SR A
ROy 18] 4 000 L B s g o sl A 1 A 7 GE R S

LR GIA NN IRZE . WAL FE S A R S5
R 14 5% ZR R TR IR L R 22 M5 1 #R 2 IE TOARN A8 A ITC
R 2 Ffefis 0 RIVIX 26 57 35 BE b 30 A S i s 552 A
PR 4 M2 S TR ) s 0 T A e AR L K-
Ji 28 B IR 5 RS AL B s g 388 KB M T2 AR 3 F IR
JESSERLRITE BA E iz & . HE. %%k
7 U5 A W 1) S o s R PR i AT S EL LT R A A
T AR D GES 0] N B T A AN ) A SR X
L 2 GOME LR e 0 S S AR 5 6 A oA R PR L A
S B 8 FH I A7 R B JR BR A

x2 BETHEURNEEEINAE
Table 2 Methods based on the effective stress theory
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Fig.2 Relationship between v, and v, in shale reservoir
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Table 3 Elastic modulus of ingredients in the shale gas reservoir
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Fig.5 Relationship between acoustic velocity and TOC
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Fig. 6 Relationship between effective stress and acoustic velocity for different core samples
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Fig.7 Comparison between acoustic velocity predictions using models and measured velocities
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Fig.9 Process of pore pressure prediction technique in shale

gas reservoir
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Fig.10 Comparison of predicting pore pressure results in reservoir of Well S
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Table 4 Comparison results between tested and predicted pressure

gradients in shale gas well of Zhaotong area

ORI AR R/ AR 2/

W/ LI S/

m (kPasm™1) (kPasm™!) %
2124 13.8 14.0 1. 45
2144 15.1 15. 4 1.99
S 2151 15.2 15. 4 1.32
2159 16.6 16.9 1. 81
2166 16.5 16.7 1. 21
2180 17.3 17.8 2.89
2387 14.6 14.5 0. 68
A 2419 15.7 16.0 1.91
2431 16.1 16.7 3.73
B 2253 11.5 11.9 3.48
2265 11.8 12.1 2.54
C 1993 16.2 16.7 3. 09
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