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possible with an accurate description of key reservoir
parameters, particularly permeability, capillary pressure,
relative permeability, and water saturation (Newsham and
Rushing, 2002). The rock units considered in this paper are
members of the East Texas Bossier formation. They consist
of low-permeability sands that are gas saturated, abnor-
mally pressured, and lack a down-dip water contact.

The main goal of the study is to estimate absolute perme-
ability by quantifying the influence of mud-filtrate invasion
on resistivity logs. This process relies on the availability of
a key well that includes a complete suite of logs and core
measurements. The cored key well is used to construct the
petrophysical model used to simulate the physics of
mud-filtrate invasion. Such a model is calibrated against the
existing suite of wireline logs, especially the induction logs.
Flow units defined from core analysis are taken as horizon-
tal layers to simulate the process of mud-filtrate invasion
with a two-dimensional chemical flood simulator that
includes the effect of salt mixing between mud filtrate and
connate water. Spatial distributions of electrical resistivity
are obtained from the simulated spatial distributions of
water saturation and salt concentration using Archie’s
equation. Matching the simulated flushed-zone resistivity
with the measured shallow resistivity logs provides a direct
assessment of Archie’s parameters, m and n, for a given
rock type.

The first stage of the study consists of defining rock
types by relating geological framework, lithofacies, and
petrology to porosity, permeability, and capillary pressure.
Rock types represent reservoir units with a distinct poros-
ity-permeability relationship and a unique water saturation
range for a given height above the free-water level. The sec-
ond stage of the work integrates the rock-type model with
formation-evaluation data to define reservoir compart-
ments and flow units. Log and core measurements are inte-
grated to extend the rock-type model, and to compute con-
tinuous storage and flow capacity specific to a given flow
unit.

The third stage of the work quantifies the influence of
mud-filtrate invasion on the spatial distribution of fluids in
permeable rocks around the wellbore. Fresh water-based
mud was used to drill the key well. High overbalance pres-
sure and low porosity of the rock combine to cause rela-
tively deep invasion of mud-filtrate (Wu et al., 2004;
George et al., 2004). Gas saturation of the formation ranges
from 85 to 98% showing, in general, low or sometimes null
values of irreducible water saturation that are consistent
with NMR and capillary pressure measurements. Salinity of
mud filtrate is about 30 kppm for the key well whereas
salinity of connate water ranges between 200 and 220
kppm. We perform a sensitivity analysis of the time evolu-
tion of mud-filtrate invasion. After one day of invasion,
spatial distributions of electrical resistivity are calculated
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from the simulated spatial distributions of water saturation
and salt concentration. Subsequently, shallow resistivity
(Ry,) values are computed and compared to the shallow
array induction measurements.

Based on the analysis for the key well, a petrophysical
assessment is performed in two additional wells in the same
field. These two additional wells include a basic suite of
logs but lack core measurements. Simulations of mud-fil-
trate invasion are carried out in each well with the only free
parameter being average absolute permeability per flow
unit. All of the remaining petrophysical parameters
required by the simulation of invasion are either estimated
from well logs or extrapolated from the key well. a modi-
fied Winland permeability equation (Pittman, 1992) is used
to compute the initial value of absolute permeability. This
initial permeability is progressively adjusted in the simula-
tion of mud-filtrate invasion until an acceptable match is
obtained between the calculated shallow formation resistiv-
ity and the shallow-reading array induction log. Such a
technique embodies a new methodology to estimate in-situ
absolute permeability that is consistent with the radial
length of investigation and vertical resolution of induction
logs.

DEPOSITIONAL SYSTEM AND ROCK TYPING

The Bossier Formation consists of marine shale deposits
and localized sand units (Williams et al., 2001). There are
two fairway systems in the upper member of Bossier: a
shelf edge, stacked deltaic fairway, and a relatively deeper
water fan fairway that originates from a combination of
sea-level fall and climate change (Klein and Chaivre,
2002). The gas field considered in this paper comprises
large sand-rich shorelines within the Bossier Formation
(Klein and Chaivre, 2002). This causes a relatively high
degree of lateral continuity of the clean sand bodies
observed across the field. Sedimentological descriptions of
core samples indicate the presence of different litho-facies.
Rocks consist of fine to very fine grained clean sandstones,
slightly shaly to shaly sandstones, calcite-cemented sand-
stones, and shaly/sandy limestones to calcareous
dolostones. Diagenetic effects on sandstones include an
increase of tortuosity and a reduction of the pore throat size.
A decrease of porosity and permeability is the usual way in
which the rock displays the influence of diagenesis.
Mechanical compaction, quartz overgrowth (thereby induc-
ing cementation), grain coating/pore lining clay develop-
ment, and grain dissolution are the most common forms of
diagenetic overprint in these rocks (Newsham and Rushing,
2002).

Figure 1 illustrates the procedure used to identify several
rock types or petrophysical facies. This consists of plotting
incremental mercury intrusion versus pore throat aperture
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TABLE 1
performed at a confining pressure of 2,500 psi.

Summary of petrophysical properties for each rock type. These data correspond to core laboratory measurements

Rock Type Klinkenberg ¢ k/¢ ratio r Sy-Archie
corrected & (md) (%) (md/frac) (um) (%)
1A >0.01 >5 >0.25 >0.25 2-15
2A 0.004 - 0.03 4-10 0.1-0.25 0.12-0.25 12-35
3A 0.001 - 0.01 3-9 0.025-0.1 0.04-0.12 >35

(r, um) determined from Mercury Injection Capillary Pres-
sure (P,, psi). Pore throat sizes are computed with the for-
mula

20cos
r=Tp (1)
where 6 (deg) is the contact angle between the fluid inter-
face and the pore wall, and o (dynes/cm) is the interfacial
tension. These last two parameters depend on the fluid sys-
tem (e. g., oil-water or air-mercury systems) used to perform
the measurements. For an air-mercury system, 6 = 140° and
0 =480 dynes/cm. Showalter (1979) describes different sys-
tems to measure P, and to estimate pore throat aperture in
rock-core samples. Figure 2 is a cross-plot of permeability
(k, md) versus porosity (¢, %) that includes parametric
curves for constant k/¢p ratios used to identify several
petrophysical facies. Figures 1 and 2 clearly define three
rock types, referred to as 1A, 2A and 3A, ranging from good
to poor quality, respectively. Table 1 lists ranges of values of
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FIG. 1 Incremental mercury intrusion plot obtained from capil-
lary pressure curves. The maximum of each curve indicates the
dominant pore throat aperture and discriminates the rock type
(RT). Forinstance, RT 1A (shown in red) has r> 0.25 um, RT 2A
(shown in blue) ranges between 0.12 - 0.25 um, and RT 3A
(shown in yellow) r < 0.1 um. The legend identifies specific core
samples.
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porosity, permeability, pore throat aperture size, and k/¢
ratio for each rock type. Effective porosity varies from 1 to
11 % while absolute permeability ranges from 0.001 to 0.2
md. The permeability of non-reservoir and seal rocks is
lower than 0.001 md. Similar to most tight gas sands, the
formation under analysis exhibits stress-dependent perme-
ability and, to a less extent, stress-dependent porosity. In
particular, the sensitivity of absolute permeability to in-situ
stress is significant. The analysis described in this paper is
carried out using routine core porosity and Klinkenberg-
corrected absolute permeability measurements at an over-
burden pressure of 2,500 psi.

As shown in Figure 3, capillary pressure curves also dis-
tinctly discriminate the various petrophysical facies. The
lowest quality rock type, 3A, displays very low values of
porosity and permeability. By observing the shape of capil-
lary pressure curves, it is possible to infer that 3A-type
rocks play the role of vertical flow barriers or seals. They
are therefore considered non-reservoir rocks. Figure 4

FIG. 2 Porosity-permeability cross-plot showing parametric
curves of constant k/¢ ratios. Parametric curves clearly define
three different rock types (large rectangles). Triangular symbols
represent samples with capillary pressure measurements. The
oval shown in the top of the figure identifies cracked samples
which were not used in the analysis, and the oval at the bottom
of the figure identifies seal and baffle zones.
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