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reasonable in-gitu estimates for the bulk and shear moduli
and shear-wove equalioms and inbcpraling wilh ihe

satarpied rocks. These dota are then used 1o

Por ous Rocks Containing Hydrocar bons, including an
Application of the Method to Correcting Sonic L og Velocities
A movel modeling approach is developed for chiaining density of the matrix prains. I is particulasky  difficult 1o
of porous rocks by mverting the Biot-Goorntsma-Gassmann
inversion the Bairde-Wang formuolation  [§992) and
available velocity and porosity data from borehole logs for
Introdustion

Tk modubur of the flisd; pg s ihe bulk density; § iz the

saluration effecls on

mndc:

iobilzin reasonable n-gity vahses Tor Kp, and ju
predict in-siin values for compressional- and shear-wave
velocities of rocks partially saturaled with bydrocarbons.
Compressionsl and ehesr wave welocities are essenfial

rock porcsity; pf is the density of the Muid; and pyg is the

vielosilies m porous

it

The BGG equation govems bo frstonder the fuid
compressional velocitics is poodogical
materials a5 8 funclion of minerslogy end porosity, Tn
the past, it hes typically beeo vsed in g forword modeding
by a specifying valpes of Kp and
(Domenico, 1984, 1977). In this paper a new approach is
iaken I:jrmmhglhuﬂﬂﬂmmnndiﬁ Els.
mverting bt shear-wawe equatiom fo predict ji,  and
: pﬂlhgwmlmﬂunfmrﬂ-nﬂﬂ:
3 and flmd propoties as & fanction of deplh  from the
Batrde-Wang formwlation (1992) 1o predict compressicnal
and shear-wave velocilies for in-gitn porons rock sysicms
complete, practical equations used (o determing containing lydoocarbons.
mocks. Simos Biot Shearcwave velosities (Vy) e detemined from the
{l?iﬂmdﬁmtmn(lﬂﬁl}mmduﬂ Classmana's initial : ; ,
ﬂmlh"mmli:nkmmhurﬂhmih Sk cmstinn (Xoesicn, EHT)
ns the "Biol-Geerisma-Gasemane™ (BOG)  equation -
Alhough mo complols, exact theary for porous rock Vs =Guipp) 2.
velocibies has yet been developed, the BGG equation is
still c-mn:h'nd i be ibe most comeed for partial
Ipdrocarbon saluralions (Domenica, 1984; Clark, 1992;
Ml et al, 1993; Penson and W, 1999),
Compressional and Shear Velocriies
The BGG equation  takes the following form for
wave velocities (Vp) in diffrent modia
(Geertsena, 1961}
V= (e + (4milppd 12
where
Kt Kb 4+ K MEp-Ki)2 (Ke2{Ke-Kp)
+H[{EKp-{ LK)
and

n
b= $pf+ (1-4ps

Becanse the shesr modulus of & Ould &= =era, the shear
modulus of the saturated rock is assumed o be the same as
that of the empty,

(Domenico, 1977, 1984)

(4}
rock.  This conclusion leads Lo a
usefol expression for ihe relationship between Kb and
= K [3(1-20R)1(2(1 +op)] )
where ap, ks Polssen’s mbio for dry rocks.
Modeling Frocedure
Equation (13 can be imverted to prodsctl values of Ky from
wvaslable field data for walerfbrino-saturated rocks by using
compiled well-log dafn, soch s Gregoey's (1977) for Gull
e Coast sanda.  Similarly, p can be prodicied from equation
{4) andior (5). The choice of beginning with equation (1)
oc equation (4) depends on the velocily data availshle for
walcr-gaturaled rocks i the siudy area. I shear-wave
G) they bocome the first chaice of input since they are less
ond Ky is the bulk modulus of the mabrix material; Ky, is
the bulk modulus of the emply rescevair bulk material; j is a
the shear modubus of the reservoir bulk material; Ef i the

iﬂnhnnnﬂlhhhnim‘h‘m—lﬂ.ﬂndmdﬂ,
wensilive 1o the cffocts of fhaid saturation,
hh@mﬁgmlﬂ}hxh{ﬂmuﬂm

1959, input values for fiuid densities and compressibifitics
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as & function of composition, pressure and temperabore can
be detcrmined from the Batzle-Wang formlation (1992).

The major steps in our modeling procedure for predicting
compressional sod shear-wave velocities mesitu ore the

(1) Tmpeat vock matriv parameters and Qoid parsmebers, I i
cascalial o impul rock-metri and Thid parmmeters thst
ihe Babrle-Wang formultion (1992), denmsities snd
compressibilities are calodnsied & a fanclioa of depth for
gnsea, oils, aed brines.

{2) Input compressional or shesroweve velocities
waler/bring-satursied porows rocks.  Existing welocity
for water/brine-satorated rocks, particulacly from well
dotn, are neckdd in our modeling program in order to
predict the dry reservoir rock bolk modales, mnd the:
rescrvoir rock shear moduls, p The well log dain

compiled by Gregory (1977} for Gulf Const brine-satrated
sndsiones and by Kithas (1976) for brine-sstirsted Mew
Meexico hmestones  are usclal soarces for typical reservoir

EF!.

Tiodlowwiieg paramelers:
() The dry reservoir bulk modubos K and the bulk
shear modulus 1 are predicied as a function of depth by
mverting equaticns (1) and {4),

given porosity
i) Using the resulls from (b)), m;.lmlnh]ﬂr-
uu:hup-ﬁhm and reflection

rocks have the lowest velocitics. This reversal anoemaly can
hedp identify oil versus gas reseneoirs,

Testing the Alporithm with Laboratory Data

LAtrasonic compressional and shear velocilies measured in
the lnbormlery uder controlled condifions as & fimction of

pressure in 8 walor-safurated  state (Han, et al, 1956)
were wsd b test the scourscy and applcability of our
i and

operales only within a few inches of the borehals
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recorded iravel times, or velocities, will be determined range, 1 higher frequency rnge; Journal of  Acoustical
o ﬂ!pﬁ'ﬁ:ﬂr.mmt[ﬂkd_ﬂilnﬂyn&ﬂlﬂﬂng Socicty of America, 78, 162-191,
fluid vorsus in-sitn fluids, particalardy bydrocarbons.
m&m&mwwlﬂmﬁ %?LIMM#ME&IWH&MM
bi I & - g e o : :
invaded zone, the dry rock bulk modulus, Kb, of the 901, i it g
nafive rock is predicted by inverting equation (1), and the
shear modulas, ju, by inverting equation (4). Using thesa Domemico, 5. N,
valucss fors Ky and 1, along with reasonsble estimates of determination  from
matrix  and fluid properties from the  Batzle-Wang
formulation, the predicted reservoir travel time, or velocity,
can be defermined (Figare 3,
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Figure 1: The bulk and shear moduli of empty reservair rock as a function of depih for average Gulf Const sandstones

from cur modeling algorithm. Fluid snd matrix parameters were generated from the Batdde-Wang formulation (1992). Brine-
saturated P-wave velocilies for avernge Gull Coost sandsiones were abtained from well log data compiled by Gregory (1977).
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Figure Z: Percentage crror between predicied velocities generated by car medeling algarithm and the measared laborasory values
of 75 different sandstone samples satursted with water at 3 pressure of 40 MPs (Hon of al, 1956).
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Figure 3: Gulf of Mexico well log examples shown for depths from 2440 m o 2450 m. A velocity log is in track 1, a senic log
in track 2, and o density fog in track 3. In track 1, the predicted velocity log generated from our modeling algorithm is overlaim
on the measured velocity log. Based on the measured logs and the predicted velocity log, a gas zone is interpreted between 2444
m and 2466 m and an oil xane between 2473 m and 2487 mo
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