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Table 1

Comparison of formation pressure prediction results and drilling
measurement results in LU208 well area

34 FFHMEES BWHBRES HxRE RER

MPa MPa MPa %
LU205 91.4 85.6 5.8 6.35
LU207 65.6 70.7 =5.1 7.77
LU208 79.1 80.0 -0.9 1.14
LU209 75.5 78.2 -2.7 3.58
PR 4.71
3 & it

Hh [ R 7 VAR TS SR T R SR T
SR ZE D) 5 77 i 22 A AE B A O AR O G
R HZ R TR S A E A, HZET)
T XT TUAE SR Ot R B A EEE L, A
YRI5 LA HbL T ) 2 (0 A %500 7 SRk S, 5 A
P M TR HZ R A S S T L
U RE IR R %R A BT 1Y) b2 R T A
R, 0T EEAE ) R L IX LU208 FH X Tl g — g D%
LI AE U SR A5 210G R0 T, S0 45 R B
A2 v PR P RIS o7 1 o R 285 SR X 3 [ P g A
TUA A A ORI AG J50 8 A 2

2 %

[1] HOTTMANN C E, JOHNSON R K. Estimation of formation
pressures from log—derived shale properties [ J]. Journal of pe-
troleum technology, 1965, 17: 717-722.

(2] EAFR. 2T 2] ARk, BRif, X R4, &5
b5 i ol i, 2012.

ZOBAIKE M D. Reservoir geomechanics [M]. Translated by
SHI Lin, CHEN Chaowei, LIU Yushi, et al. Beijing: Petroleum
Industry Press, 2012.

[3] AZADPOUR M, MANAMAN N S, KADKHODATE-ILKHCHI
A, et al. Pore pressure prediction and modeling using well-log-
ging data in one of the gas fields in south of Iran [J]. Journal
of petroleum science and engineering, 2015, 128: 15-23.

(4] ZSCJE. B b )2 e 15000 [0 ]. A i Bk B4R, 1996
(4): 575-586, 604.

YUN Meihou. Prediction of seismic formation pressure [ ] |. Pe-
troleum geophysical exploration, 1996 (4): 575-586, 604.

(5] BARME, BXSCR, W PAT, 45 . M2 He oy b B s 12 M

TEGUE HER TN § 0 L C 177 2017 B A E RAR AR
AR, 2017: 20,
CHEN Sheng, ZHAO Wenzhi, ZENG Qingcai, et al. A new
method for seismic prediction of formation pressure and its ap-
plication in shale gas dessert prediction [C ]/ Proceedings of
the 2017 National Natural Gas Academic Annual Conference,
2017: 20.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

431

GHOLAMI R, RASOULI V, AADNOY B, et al. Application of
in situ stress estimation methods in wellbore stability analysis
under isotropic and anisotropic conditions [ J]. Journal of geo-
physics & engineering, 2015, 12(4): 657-673.
SINGHA D K, CHATTERJEE R. Geomechanical modeling us-
ing finite element method for prediction of in—situ stress in
Krishna—Godavari Basin, India [J]. International journal of
rock mechanics & mining sciences, 2015, 73: 15-27.
DAS B, CHATTERJEE R. Wellbore stability analysis and pre-
diction of minimum mud weight for few wells in Krishna-Goda-
vari Basin, India [J]. International journal of rock mechanics
& mining sciences, 2017, 93: 30-37.
AR, BT MR, A5 . S s s b 2 A o R e 7 AR Ak
SARTLT]. AR RE R, 2014, 42(2): 23-27.
YU Fu, JIN Yan, CHEN Mian, et al. Analysis of P-wave veloc-
ity response characteristics in abnormally high pressure forma-
tions [ J]. Petroleum drilling technology, 2014, 42(2): 23-27.
XU )= T I B UK K A e [T, fe LA B,
2017(19): 214.
LIU Xinghuan. Current status and development of formation
pressure prediction technology [J]. Chemical management,
2017 (19): 214.
XN Z 0, /N . KL 32 FLBR S I H 30 J5 & W5
[J]. MFEHA, 2011, 35(6): 568-571.
LIU Zhidi, TANG Xiaoyan. Research on the prediction meth-
od of pore pressure logging in volcanic rock formations [J].
Logging technology, 2011, 35 (6): 568-571.
AT R A BRELTL . 22 M T M I S T AR )2 R T
T A I LT ). A i, 2006(6): 580-585.
SHI Wanzhong, HE Sheng, CHEN Honghan. The application
of joint inversion of multiple seismic attributes in formation
pressure prediction [J]. Petroleum geophysical exploration,
2006 (6): 580-585.
EATON B A. Fracture gradient prediction and its application
in oilfield operations [J]. Journal of petroleum technology,
1969, 21: 7.
EATON B A. The effect of overburden stress on geopressure
prediction from well logs [J]. Journal of petroleum technolo-
gy, 1972, 24: 5.
BREWER C L. Useful plot helps analyze gas reservoir pro-
duction [J]. World oil (United States), 1974, 179: 1.
STONELEY R. Fibrous calcite veins, overpressures, and pri-
mary oil migration [ J |. AAPG bulletin, 1983, 67: 3.
RANSOM R C. A method for calculating pore pressures from
well logs [ J]. The log analyst, 1986, 27(2).
BOWERS G L. Pore pressure estimation from velocity data:
accounting from overpressure mechanisms besides undercom-
paction [J]. SPE drilling & completion, 1995, 10(2): 89-95.
FILLIPPONE W. On the prediction of abnormally pressured
sedimentary rocks from seismic data [T]. Journal of petro-
leum technology, 1979(4): 2667-2676.
XIRE, 5K e, gRJREAR, A5 JL P MR IUEE 88 = AR S
JZIEI5r A LI A4k, 1993, 14(1): 14-24.
LIU Zhen, ZHANG Wanxuan, ZHANG Houfu, et al. An anal-



432

[21]

[22]

[23]

[24]

[25]

ysis of abnormal formation pressure of Paleogene in the north

WA AT 2023 4F 45 28 4 45 4 1

(full-waveform sonic) [J]. The log analyst, 1990, 31(6).

sag of Liaoxi Depression [J]. Acta petrolei sinica, 1993, 14 [26] CHEN Sheng, ZHAO Wenzhi, GE Xinmin, et al. Predicting
(1): 14-24. gas content in high—maturity marine shales using artificial in-
ETMINAN M, JAMALI J, RIAHI M A. Formation pore pres- telligence based seismic multiple—attributes analysis: a case
sure prediction using velocity inversion in southwest Iran study from the Lower Silurian Longmaxi Formation, Sichuan
[J]. Petroleum science and technology, 2012, 30(1): 28-34. Basin, China []]. Marine and petroleum geology, 2019, 101:
TERZAGHI K. Theoretical soil mechanics [M]. New York: 180-194.

John Wiley & Sons, Inc., 1943. [27] AKI K, RICHARDS P G. Quantitative seismology: theory and
DOMENICO P A. Transport phenomena in chemical rate pro- methods [ M ]. New York: Freeman, 1980.

cesses in sediments [J]. Annual review of Earth and plane- [28] CEPERLEY D M, ALDER B J. Quantum Monte Carlo [J].
tary sciences, 1977, 5: 287-317. Science, 1986, 231(4738): 555-560.

NUR A. Critical porosity and the seismic velocities in rocks [29] DONSKER M D, KAC M. A sampling method for determining

[J]. EOS Transactions American Geophysical Union, 1992,
73(1): 43-66.
KRIEF M, GARAT J, STELLINGWERFF J, et al. A petro-

physical interpretation using the velocities of P and S waves

the lowest eigenvalue and the principal eigenfunction of
Schrodinger’s equation [J]. Journal of research of the Nation-

al Bureau of Standards, 1950, 44: 551-557.

Hig: 5 B

High precision seismic formation pressure prediction method
and application for shale gas reservoirs

ZHANG Ruhua, WANG Xiujiao, SHI Xuewen, CHEN Sheng,
ZHANG Dongjun, YANG Yadi, WANG Nai

Abstract: The exploration and development of shale gas reservoir have proven that formation pressure is not only the
sign of gas accumulation, but also the main driving force of gas migration. It is significant for drilling design, shale dessert
prediction, and horizontal well deployment with accurate prediction of formation pressure. The seismic formation pressure
prediction method can effectively obtain the vertical and horizontal pressure distribution characteristics within the research
area, by which it has become one of the main method for pre—drilling formation pressure prediction. The common seismic
methods for predicting formation pressure can be divided into two kinds: methods based on normal compaction trend lines
and methods based on the principle of effective stress. The first type requires the establishment of accurate normal
compaction trend lines which depend on the experience of different researcher. The second type only considers the
longitudinal wave velocity and ignores the influence of pore fluid on velocity, by which the prediction accuracy is difficult
to meet the needs of shale gas reservoir exploration and development. Therefore, on the basis of absorbing the advantages
of existing methods, this study constructs a new formation pressure prediction model based on the principle of effective
stress. By introducing shear wave velocity to reduce the influence of pore fluid, a new formula for calculating effective
stress in rocks has been derived, and a new formation pressure prediction model composed of longitudinal wave velocity,
shear wave velocity, and density has been established. This method effectively improves the accuracy of formation
pressure prediction and achieves quantitative prediction of shale formation pressure. The new method has been effectively
applied in the LU208 well block in the southern part of Sichuan Basin. After practical drilling verification, the predicted
results are highly consistent with the actual drilling, with a prediction error of less than 5%. This method is applicable to
overpressure formations caused by compaction.

Key words: shale gas; formation pressure; effective stress; shear wave velocity; pre—stack inversion; Longmaxi Forma-
tion; Sihcuan Basin
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