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Abstract 

Drillings muds are used to balance subsurface pressures, lubricate the drillstring, clean the 
bottom of the hole, remove cuttings and aid formation evaluation. During drilling, the mud 
is pumped down the drill pipe and returns via the annulus between the drill string and the 
formations. If  the pore-fluid formation pressure exceeds that of the mud column, reservoir gas 
can enter the wellbore? creating a kick and causing severe damage. Knowledge of the in-situ 
sound velocity of drilhng mud can be useful for evaluating the presence and amount of gas 
invasion in the drilling fluid. Technologies such as mud pulse acoustic telemetry require this 
information. In the following sections, we propose a model for calculating the in-situ density 
and sound velocity of water-based and oil-based drilling muds containing formation gas. 

ACOUSTIC PROPERTIES OF DRILLING MUD 

Let us assume a given drilling plan, where the pore pressure p is provided as a function of depth t. The 
density of drilling mud required at each depth is &,d = p/(gz), where g is the acceleration of gravity. 
However, as we shall see below, PmUd is an equivalent density, since the density of the drilling mud depends 
on temperature and pressure through the depth 2. Moreover, we assume a constant geothermal gradient, 
G, such that the temperature variation with depth is T = TO + Gz, with a surface temperature TO. Typical 
values of G range from 20 to 30 OC/km. 
Many types of drilling mud are used in the industry. Major categories include oil-based and water- or brine- 
based drilling muds, with clay suspensions such as sodium montmorillonite (bentonite) and attapulgite, or 
salt gel, and various chemical additives. For simplicity, we consider that the mud consists of suspensions of 
clay (quartz) particles and high-gravity solids, such as barite (in water-based muds) and itabarite (an iron 
ore, in oil-based muds), whose properties are assumed temperature- and pressure-independent. We exclude 
aereated muds in this analysis. 
The fluid properties depend on temperature and pressure, and on API number and salinity, if the fluid is oil 
or water, respectively. Batzle and Wang (1992) and Mavko et al. (1998) provide a series of useful empirical 
relations between the state variables and velocity and density. Moreover, oil density depends on API gravity 
and brine density on the content of sodium chloride. 
Reuss’s model is used to model the acoustic properties of drilling mud. This model describes the properties 
of a fluid suspension or fluid mixture. It assumes that the constituents move together, so that the composite 
density is simply the volume-weighted average of the densities of the constituents. The mud density is given 
by 

bud = +q/hj + #bPb + (1 - 6~ - +b)Pf , (1) 

where &, pp and @a, Pb are the volume fractions and densities of the clay particles and high-gravity solid, 
respectively, and of is the fluid density. Let us assume that the clay composition 4, is constant. The fraction 
of high-gravity solids &, corresponding to an equivalent mud density &,d at depth Z, is obtained from the 
following balance equation: 
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o /hud(~‘)d~’ = &udZ, (2) 

where the depth variable 2’ determines the temperature profile and the pressure profile according to the 
drilling plan. 
Note that Pr,,ud depends on pressure and temperature through the depth variable. It may also be noted that 
despite the fact that chemical interactions between the single constituents are not taken into account, the 
model is in very good agreement with measured data and the empirical equation proposed by Kutasov (1989) 
for water- and oil-based drilling muds. 
Reuss’s model, also called Wood’s model, averages the reciprocal of the bulk moduli (isostress assumption). 
The composite bulk modulus of the drilling mud is obtained from 
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where rC,, A-b and h’f are the bulk moduli of clay, high-gravity solid and fluid, respectively. 
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