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Introduction

The Ekofisk formation in the Norwegian North sea has been unde production for over 20 years A
projed is unde way to determire the feasibility of performirg time lapse (4-D) seismc analyss to more
accuratef map the distribution of hydrocarbons One patt of this projed wasto modd the seism¢ velocity
of the chalk reseir in terms of its porosity and fluid saturations.

Discussion

In orde to creat a modd for the velocity-porosiy transformatio in chalks we analyze the data for
well K13. Figure 1shows porosily and wate saturatios versis depth We first transforme velocity (Vp
ard Vs) to bulk and shea modulus using standad elastt equationsNext we transforme the log velocity
to dry conditiors using Gassmanis equatiors and the average solid and fluid properties given in Table 1.
The velocity-porosiy modd we usel connecs the highest-porosit point with the zero-porosig point in

Table 1: Elastic Moduli and Density of the Components used in Calculations

Component Bulk Mod.(GPa) Shear Mod. (Ga) Density (g/crd)
Calcite 65 27.1 2.71
Quartz 36.6 45 2.65
Clay 20.9 6.85 2.58
Brine 2.627 0 0.997
Qil 0.997 0 0.650

the modulus-porosit plane At the zero-porosig point the modul will be those of the solid phase For
example if at porosity ¢, the mineralogichcompositia of the solid pha® includes quartz clay ard cal-
cite, the resultirg effective bulk (Kg) and shea (Gg) modul of the solid pha® will be found using the

Voigt-Reuss-Hilaverage of the individuad components This gives us the zero-porosiy elastc modul val-
ues. Density and modulus for the component minerals and fluidscave shTable 1.

The next step is to determire the highest-porosit elastt modul values There are at leag two ways of
doing this. Thefirst oneisto plot the dry-rodk bulk ard shea moduli (obtainal from atypicd well) versus
porosily ard pick thes values For example for well K13, thes values are abou 4 GPa for both dry-rock
bulk and shea modul at porosiy of 0.4 The secoml oneisto use the contat¢ cemen theoly (Dvorkin and
Nur, 1996) The bast assumptia behird this theow is tha at high porosity chak is mack up by calcite
grairs enveloped by cemen (calcité rims. By using this theoly one can accurate} pick the high-porosity
elastt modul enrd members Specificaly, we recommed that the critical porosiy value be selectd at
0.42 for thisdata set Then the erd membe elastt modul values have to be picked at the critical porosity
value minus 0.02 Next we descrile the modé tha connecs thes erd pointsin the moduli-porosiy plane.

The modified Uppe Hashin-Shtrikma modd (UHS) connecs two end membes in the elastt modu-
lus - porosity plane This approab is similar to one used by Anderson 1997. One erd membe (K, G,

M,) is at the highes porosily point ¢, and can be calculat@ from the conta¢ cemen theor. The other
erd membe is a zem porosiy and is the modulws of the solid pha® (Kg, G5, Mg) calculatel from Voigt-
Reuss-Hill In thistext, K isfor the bulk modulus G is for the shea modulus and M is for the compres-

siond modulus: M =K +4G /3. For porosity @ tha is betwea zew and @, the dry-rox effective

bulk and shear modul K;‘:S andGEf':S, respedtely) are:
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The lower bounds for the dry-rodk effective bulk and shea modul ( Ké:s and GE:S, respedtely) can
be found from the modifieddwer Hashin-Shtrikman model (LHS):
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Notice tha thes theories use the dry-rodk moduli. In orde to calculae the bulk modulws of the satu-
rated rock we use either Gassmann's relations or thev@aemly equations of ko, et al, 1995.

Comparisos of the modéd to the dat are shown in Figures 2 thoudh 5. The porosiy range is from
abou 10% to 40% There is more scatte in the bulk modulws resuls than in the shea modulus probably
as aresut of the transformatio from wate and oil saturatim to dry conditions Also there is an upward
offset of the predictia at higha porositiestha may be due to errorsin minerd volume determination The
modéd is now being applied to abou 10 additiona wells, and we are also testirg it agains laboratoy core
data to see if further refinements are needed.

Conclusions

The modified uppe Hashin-Shtrikma modé convincingly describe the velocity-porosiy behavior in
Ekofik well K13. Solid minerd modul can be determiné using the minerd volume and the Voigt-Reuss-
Hill average The high porosiy enrd membe can be estimatel using the grain cemeiimodéd of Dvorkin, et
al. We believe this is the first application of the combine&l cementatia theoy anrd modified uppe Hashin-
Shtrikman modd to chalk Thisrelationshp will allow seisme velocity to be predictel in awide range of
resevoir and non-resevoir quality chak from the Ekofisk formation Thisin tumn allows usto prediad with
confidene the change in seism¢ properties tha will occu with change in resevoir porosit, pressure,
and saturation. This is akstep in the feasibilitgvaluation of 4-D seismic in the Ekofisk formation.
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Figure 1. Porosity and

water saturation in
Ekofisk Well K13.
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Figure 2: Bulk modulus
from modified upper
Hashin-Shtrikmamodel
superimposed on data

from Well K13.

Figure 3: Shea modulus
from modified upper
Hashin-Shtrikma model
superimposed on data

from Well K13.
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Figure 4. Bulk modulus
from UHS model vs. data

Figure 5: Shear modulus
from UHS model vs. data



