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Abstract: The origin of abnormal pore pressure in carbonate rocks is different from that of clastic sedimentary rocks. P-wave
velocity and porosity have poor correlation in carbonate rocks, which results in high uncertainty in pore-pressure prediction u-
sing common methods. Based on the effective media theory, the P-wave velocity in carbonates with different types of pore
structure was calculated, and then the deviation of pore-pressure predicted with conventional methods was analyzed. The re-
sults show that under the same stress condition, mineral composition and porosity, the pore-pressure of carbonate formation
with crack type porosity tends to be over-estimated, which can cause lost circulation and reservoir damage during drilling. On
the other hand, the pore-pressure of carbonate formation with moldic or vug type porosity can be under-estimated, which may
lead to well kick or even blowout. For carbonate formations with both crack and moldic types of porosity, whether the predic-
ted pore pressure is under-or over-estimated depends not only on the relative volume fraction of cracks and vugs, but also on
their absolute volumes. Therefore, there are safety concerns when conventional pore-pressure prediction method and casing

program design method are used during drilling carbonates with complicated pore structure.
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Table 1 Elastic moduli and density of minerals

and fluids in carbonate
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Fig.1 Relation between P-wave velocity and porosity

in carbonates with different pore structure
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Table 2 Commonly used pore-pressure prediction models
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Fig.2 Equivalent density of pore-pressure deviation caused by pore structure
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Fig.3 Pore-pressure deviation under coexistence

of cracks and vugs with Eaton model
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Fig.4 Example of well A in Puguang gas field

T - BSCHRR e o 110 FLL B B2 e Jo 5 s A I
RGN B RIS M (2) AT LA LB 4 Ak [a]
FLAS A 75 P BF 2%, 7F 5.442 3 ~ 5.459 8 km Al
5.6287 ~5.6623 km JI- B, W75 % i 2505 W &K
TR AR L2 HE, 48X (2) = S LB EE
5% AZBRICIE G, W] 5 S0 i i 22 A A X
FWIFLBR S T A TR . AR5 L B Y

SN, Eaton 345 50N 9 3 J2= s g 5 42 %5 B Al e, 22 T
RS IEBET v BB I W0 i v, 76 B R B

4 % i

(1) MG SF R0 BB Y TR 4 R TE LB
RIS BL T, LOKLIE] LB S 275 | 2R B L Bt 32 1
R R e A B T 38 e A1 5 97 1) L Bt 2 3 O, 90
WA EERE R . W M JZ TR T Bk PR £k e Y R
THIBER T 5 B FLBRSE B N 1% % JE FLBRAS AL A2

(2) 2RI H ML M JZ s T T 7 vk | A 8%k
M T 1 3 s, A 5 R T )R TS e A )
R AR AL A 3 = 0 R 3 ARG, B A A i O
HAMAEI RGO, 5REE LI M= R 7 9
00 i 22 ) 1 B AN AN 52 BB 5 3 FLARDN PR AR LE 9 32
M, 852 He 2 % AR RR i

SE I

[1] TANG Haixiong, LUO Junfeng, QIU Kaibin, et al.
Worldwide pore pressure prediction: case studies and
methods [ R]. SPE-140954-MS,2011.

[2] PENNEBAKER E. S. An engineering interpretation of
seismic data [ R]. SPE-2165-MS,1968.

[3] FILLIPPONE W R. Estimation of formation parameters
and the prediction of overpressure from seismic data [ C/
OL]. Expanded Abstract of 52nd SEG Annual Meeting,
Dallas, Texas, 1982:502-503[2013-05-17]. http://dx.
doi. org/10. 1190/1. 1827121.

[4] FOSTER J B, WHALEN J E. Estimation of formation
pressure from electrical surveys-offshore Lousidiana [ J].
Journal of Petroleum Technology, 1966, 18 (2) . 165-
171.

[5] EATON B A. The equation for geopressure prediction
from well logs [ J]. Journal of Petroleum Technology,
1975,24(8) :929-934.

[6] BOWERS G L. Pore pressure estimation from velocity da-
ta: accounting for overpressure mechanisms besides un-
dercompaction [ J]. SPE Drilling & Completion, 1995,
10(2) .89-95.

[7] GUTIERREZ Mario A, BRAUNSDOR Neil R, COUZENS
Brent A. Calibration and ranking of pore pressure predic-
tion model [ J]. The Leading Edge, 2006,25(12) :1516-
1523.

[8] STIERMAN Donald J, HEALY John H, KOVACH Rob-
ert L. Pressure-induced velocity gradient: an alternative

to a Pg refractor in the Gabilan Range, central California



%38% %5

EFHR,FF AL R TN AR R B Y R F 6 MR £ AT

- 101 -

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. Bulletin of the Seismological Society of America,
1979,69(2) :397-415.
DUTTA N C. Geopressure prediction using seismic data:
current status and the road ahead [ J]. Geophysics,
2002,67(6) :2012-2041.
RAFAVICH F, KENDALL C, TODD T P. The relation-
ship between acoustic properties and the petrographic
character of carbonate rocks [J]. Geophysics, 1984 ,49
(10) :1622-1636.
KENTER Jeroen A M, MICHAEL Ivanov. Parameters
controlling acoustic properties of carbonate and volcani-
clastic sediments at site 866 and 869 [ J]. Proceedings
of the Ocean Drilling Program, Scientific Results,
1995,143 :287-303.
KENTER Jeroen A M, FOUKE Bruce W, MARC Re-
inders. Effects of differential cementation on the sonic

velocities of upper cretaceous skeletal grainstones
('southeastern Netherlands) [J]. Journal of Sedimenta-
ry Research, 1997,67(1) :178-185.
ANSELMETTI Flavio S, von SALIS Gian A, CUNNIN-
GHAM Kevin J, et al. Acoustic properties of neogene
carbonates and siliciclastics from the subsurface of the
Florida Keys: implications for seismic reflectivity [ J].
Marine Geology, 1997,144(1/3) :9-31.
WANG Zhijing. Seismic anisotropy in sedimentary rocks,
part 2 laboratory data [ J]. Geophysics, 2002,67(5) :
1423-1440.
SOLOMON Assefa, CLIVE McCann, JEREMY Soth-
cott. Velocities of compressional and shear waves in
limestones [ J]. Geophysical Prospecting, 2003, 51
(1).1-13.
WEGER Ralf J. Quantitative pore/rock type parameters
in carbonates and their relationship to velocity deviation
[D]. Coral Gables, Florida; Department of Geological
Sciences, University of Miami, 2006:216-218.
KUSTER G T, TOKSOZ M N. Velocity and attenuation
of seismic waves in two-phase media [ J].
1974,39(5) .587-618.
XUFRIR, B4R, iU, — bk IR 6 5 it 23 8 it 8
ST (0], P E AR e A AR AR,
2013,37(1) :4249.
LIU Xinxin, YIN Xingyao, ZHANG Feng. S-wave ve-

Geophysics,

locity estimation method in carbonate reservoir [ J].
Journal of China University of Petroleum ( Edition of Nat-
ural Science) , 2013,37(1) :42-49.

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

KUMAR M, HAN D H. Pore shape effect on elastic
properties of carbonate rocks [ C/OL]. Expanded Ab-
stract of 75th SEG Annual Meeting, Houston, Texas,
2005 :1477-1481[2012-08-25]. http://dx. doi. org/10.
1190/1. 2147969.

XUS Y, CHEN G L, ZHU Y P, et al. Carbonate rock
physics: analytical models and validation using computa-
tional approaches and lab/log measurements[ R]. IPTC-
11308-MS,2007.

XU S, WHITE R E. A new velocity model for clay-sand
mixtures [ J]. Geophysical Prospecting, 1995,43(1) .
91-118.

WANG R H, WANG Z 7Z, SHAN X, et al. Factors in-
fluencing pore-pressure prediction in complex carbonates
based on effective medium theory [ J]. Petroleum Sci-
ence, 2013,10(4) :494-499.

EBERLI G P, BAECHLE G T, ANSELMETTI F S, et
al. Factors controlling elastic properties in carbonate
sediments and rocks [ J]. The Leading Edge, 2003,22
(7) :654-660.

WYLLIE M R J, GREGORY A R, GARDNER L W. E-
lastic wave velocities in heterogeneous and porous media
[J]. Geophysics, 1956,21(1) :41-70.

HAMOUZ M A, MUELLER S L. Some new ideas for
well log pore-pressure prediction [ R]. SPE-13204-MS,
1984.

SLOTNIK M M, On seismic computaions with applica-
tions, part 1[J]. Geophysics, 1936,1(1) :9-22.
SAYERS C M, JOHNSON G M, DENYER G. Predrill
pore-pressure prediction using seismic data [ J]. Geo-
physics, 2002,67(4) :1286-1292.

XU Y, GARDNER G, MCDONALD J. Some effects of
velocity variation on AVO and its interpretation []J].
Geophysics, 1993,58(9) :1297-1300.

SAYERS Colin M, den BOER Lennert D, NAGE Zsolt
R, et al. Well-constrained seismic estimation of pore
pressure with uncertainty [ J ]. The Leading Edge,
2006,25(12) :1524-1526.

TRAUGOTT M. Pore/fracture pressure determination in
deep water [ J]. World Oil, Deepwater Technology Spe-
cial Supplement, 1997 .68-70.

I 5K K e FIBCHE 22 B 2% SY/'T 5431-2008 I B 254l
BOHIRIL[S]. dust. bR H AL, 2008.

(¥ FE5)



