


pos si ble with an accu rate descrip tion of key res er voir
param e ters, par tic u larly per me abil ity, cap il lary pres sure,
rel a tive per me abil ity, and water sat u ra tion (Newsham and
Rush ing, 2002). The rock units con sid ered in this paper are
mem bers of the East Texas Boss ier for ma tion. They con sist
of low-per me abil ity sands that are gas sat u rated, abnor -
mally pres sured, and lack a down-dip water con tact. 

The main goal of the study is to esti mate abso lute per me -
abil ity by quan ti fy ing the influ ence of mud-fil trate inva sion 
on resis tiv ity logs. This pro cess relies on the avail abil ity of
a key well that includes a com plete suite of logs and core
mea sure ments. The cored key well is used to con struct the
petrophysical model used to sim u late the phys ics of
mud-fil trate inva sion. Such a model is cal i brated against the 
exist ing suite of wire line logs, espe cially the induc tion logs. 
Flow units defined from core anal y sis are taken as hor i zon -
tal lay ers to sim u late the pro cess of mud-fil trate inva sion
with a two-dimen sional chem i cal flood sim u la tor that
includes the effect of salt mix ing between mud fil trate and
con nate water. Spa tial dis tri bu tions of elec tri cal resis tiv ity
are obtained from the sim u lated spa tial dis tri bu tions of
water sat u ra tion and salt con cen tra tion using Archie’s
equa tion. Match ing the sim u lated flushed-zone resis tiv ity
with the mea sured shal low resis tiv ity logs pro vides a direct
assess ment of Archie’s param e ters, m and n, for a given
rock type.

The first stage of the study con sists of defin ing rock
types by relat ing geo log i cal frame work, lithofacies, and
petrol ogy to poros ity, per me abil ity, and cap il lary pres sure.
Rock types rep re sent res er voir units with a dis tinct poros -
ity-per me abil ity rela tion ship and a unique water sat u ra tion
range for a given height above the free-water level. The sec -
ond stage of the work inte grates the rock-type model with
for ma tion-eval u a tion data to define res er voir com part -
ments and flow units. Log and core mea sure ments are inte -
grated to extend the rock-type model, and to com pute con -
tin u ous stor age and flow capac ity spe cific to a given flow
unit. 

The third stage of the work quan ti fies the influ ence of
mud-fil trate inva sion on the spa tial dis tri bu tion of flu ids in
per me able rocks around the wellbore. Fresh water-based
mud was used to drill the key well. High over bal ance pres -
sure and low poros ity of the rock com bine to cause rel a -
tively deep inva sion of mud-fil trate (Wu et al., 2004;
George et al., 2004). Gas sat u ra tion of the for ma tion ranges
from 85 to 98% show ing, in gen eral, low or some times null
val ues of irre duc ible water sat u ra tion that are con sis tent
with NMR and cap il lary pres sure mea sure ments. Salin ity of 
mud fil trate is about 30 kppm for the key well whereas
salin ity of con nate water ranges between 200 and 220
kppm. We per form a sen si tiv ity anal y sis of the time evo lu -
tion of mud-fil trate inva sion. After one day of inva sion,
spa tial dis tri bu tions of elec tri cal resis tiv ity are cal cu lated

from the sim u lated spa tial dis tri bu tions of water sat u ra tion
and salt con cen tra tion. Sub se quently, shal low resis tiv ity
(Rxo) val ues are com puted and com pared to the shal low
array induc tion mea sure ments.

Based on the anal y sis for the key well, a petrophysical
assess ment is per formed in two addi tional wells in the same
field. These two addi tional wells include a basic suite of
logs but lack core mea sure ments. Sim u la tions of mud-fil -
trate inva sion are car ried out in each well with the only free
param e ter being aver age abso lute per me abil ity per flow
unit. All of the remain ing petrophysical param e ters
required by the sim u la tion of inva sion are either esti mated
from well logs or extrap o lated from the key well. a mod i -
fied Winland per me abil ity equa tion (Pittman, 1992) is used
to com pute the ini tial value of abso lute per me abil ity. This
ini tial per me abil ity is pro gres sively adjusted in the sim u la -
tion of mud-fil trate inva sion until an accept able match is
obtained between the cal cu lated shal low for ma tion resis tiv -
ity and the shal low-read ing array induc tion log. Such a
tech nique embod ies a new meth od ol ogy to esti mate in-situ
abso lute per me abil ity that is con sis tent with the radial
length of inves ti ga tion and ver ti cal res o lu tion of induc tion
logs. 

DEPOSITIONAL SYS TEM AND ROCK TYP ING

The Boss ier For ma tion con sists of marine shale depos its
and local ized sand units (Wil liams et al., 2001). There are
two fair way sys tems in the upper mem ber of Boss ier: a
shelf edge, stacked deltaic fair way, and a rel a tively deeper
water fan fair way that orig i nates from a com bi na tion of
sea-level fall and cli mate change (Klein and Chaivre,
2002). The gas field con sid ered in this paper com prises
large sand-rich shore lines within the Boss ier For ma tion
(Klein and Chaivre, 2002). This causes a rel a tively high
degree of lat eral con ti nu ity of the clean sand bod ies
observed across the field. Sedimentological descrip tions of
core sam ples indi cate the pres ence of dif fer ent litho-facies.
Rocks con sist of fine to very fine grained clean sand stones,
slightly shaly to shaly sand stones, cal cite-cemented sand -
stones, and shaly/sandy lime stones to cal car e ous
dolostones. Diagenetic effects on sand stones include an
increase of tortuosity and a reduc tion of the pore throat size. 
A decrease of poros ity and per me abil ity is the usual way in
which the rock dis plays the influ ence of diagenesis.
Mechan i cal com pac tion, quartz over growth (thereby induc -
ing cemen ta tion), grain coat ing/pore lin ing clay devel op -
ment, and grain dis so lu tion are the most com mon forms of
diagenetic over print in these rocks (Newsham and Rush ing, 
2002).

Fig ure 1 illus trates the pro ce dure used to iden tify sev eral 
rock types or petrophysical facies. This con sists of plot ting
incre men tal mer cury intru sion ver sus pore throat aper ture

2 PETROPHYSICS December 2005

Salazar et al.



(r, mm) deter mined from Mer cury Injec tion Cap il lary Pres -
sure (Pc, psi). Pore throat sizes are com puted with the for -
mula

r
Pc

=
2s qcos

, (1)

where q (deg) is the con tact angle between the fluid inter -
face and the pore wall, and s (dynes/cm) is the inter fa cial
ten sion. These last two param e ters depend on the fluid sys -
tem (e. g., oil-water or air-mer cury sys tems) used to per form 
the mea sure ments. For an air-mer cury sys tem, q = 140° and
s = 480 dynes/cm. Showalter (1979) describes dif fer ent sys -
tems to mea sure Pc and to esti mate pore throat aper ture in
rock-core sam ples. Fig ure 2 is a cross-plot of per me abil ity
(k, md) ver sus poros ity (f, %) that includes para met ric
curves for con stant k/f ratios used to iden tify sev eral
petrophysical facies. Fig ures 1 and 2 clearly define three
rock types, referred to as 1A, 2A and 3A, rang ing from good
to poor qual ity, respec tively. Table 1 lists ranges of val ues of 

poros ity, per me abil ity, pore throat aper ture size, and k/f
ratio for each rock type. Effec tive poros ity var ies from 1 to
11 % while abso lute per me abil ity ranges from 0.001 to 0.2
md. The per me abil ity of non-res er voir and seal rocks is
lower than 0.001 md. Sim i lar to most tight gas sands, the
for ma tion under anal y sis exhib its stress-depend ent per me -
abil ity and, to a less extent, stress-depend ent poros ity. In
par tic u lar, the sen si tiv ity of abso lute per me abil ity to in-situ
stress is sig nif i cant. The anal y sis described in this paper is
car ried out using rou tine core poros ity and Klinkenberg-
cor rected abso lute per me abil ity mea sure ments at an over -
bur den pres sure of 2,500 psi.

As shown in Fig ure 3, cap il lary pres sure curves also dis -
tinctly dis crim i nate the var i ous petrophysical facies. The
low est qual ity rock type, 3A, dis plays very low val ues of
poros ity and per me abil ity. By observ ing the shape of cap il -
lary pres sure curves, it is pos si ble to infer that 3A-type
rocks play the role of ver ti cal flow bar ri ers or seals. They
are there fore con sid ered non-res er voir rocks. Fig ure 4
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FIG. 1 Incre men tal mer cury intru sion plot obtained from cap il -
lary pres sure curves. The max i mum of each curve indi cates the
dom i nant pore throat aper ture and dis crim i nates the rock type
(RT). For instance, RT 1A (shown in red) has r > 0.25 mm, RT 2A 
(shown in blue) ranges between 0.12 - 0.25 mm, and RT 3A
(shown in yel low) r < 0.1 mm. The leg end iden ti fies spe cific core
sam ples.

FIG. 2 Poros ity-per me abil ity cross-plot show ing para met ric
curves of con stant k/f ratios. Para met ric curves clearly define
three dif fer ent rock types (large rect an gles). Tri an gu lar sym bols
rep re sent sam ples with cap il lary pres sure mea sure ments. The
oval shown in the top of the fig ure iden ti fies cracked sam ples
which were not used in the anal y sis, and the oval at the bot tom
of the fig ure iden ti fies seal and baf fle zones.

TABLE 1 Sum mary of petrophysical prop er ties for each rock type. These data cor re spond to core lab o ra tory mea sure ments
per formed at a confining pressure of 2,500 psi.

Rock Type Klinkenberg f k/f ratio r Sw-Archie
corrected k (md) (%) (md/frac) (mm) (%)

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


