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Fig. 2. Relationship between structure-trapped gas saturation factor S and the ratio between diameters of pores and pore

channel (d

ore channe

). a — for productive sediments of the central part of Orenburgkoye oil-gas-condensate field (OOGCF (C)),

Vuktylskoye oil-gas condensate field (VOGCF), gas-oil field in the Orenburg Region (GOF-1); b — for productive sediments of
Areas 1 (A1), 2 (A2) and 3 (A3) of East Predcaucasus petroleum region.

all stratigraphic units of the field (Fig. 2a). Since gas
trapping does not occur if pores and channels have
similar diameters, this relationship stems from the point
whered /d equals unity and S_equals zero. Thus,

pore ~ channel
the regression equation of Sy = =1f(d_/d, ) takes the

pore ~ channel

form of a linear non- homogeneous equation:

S - mr (dporc/d hanncl) b (1)
where Sgr is structure-trapped gas saturation, %; m is
slope factor of linear regression equation, %; b is an
intercept of linear regression equation, numerically
equal to m, %.

Studies of core samples from other fields yielded
similar close relationships (Fig. 2a, b). It should be noted
that examined core samples from the Orenburgskoye
oil-gascondensate field exhibit maximum S, up to 65%
in pores with diameters 24 times greater than channel
diameters. The study of core samples from Vuktylskoye
oil-gascondensate field and gas-oil field in the Orenburg
Region has demonstrated that residual gas saturation
reaches 80-90% even at d o Ao ©F @pproximately
10. At higher pore/channel dlameter ratios the function
S, =1(d . /d,...) Tor these fields will probably be
nonhnear (Fig. 2a). However, no actual data has been
obtained to confirm it for this set of samples.

Similar dependence plots were obtained for reservoir
rocks of production arears 1 (Al), 2 (A2) and 3 (A3)
of the East Predcaucasus petroleum region (Fig. 2b).
Comparison of linear sections of S = f(dpm/ hannel)
functions for different fields have shown that the
slope angles of these relationships differ significantly

(Fig. 2a, b).

Comprehensive analysis of petrophysical, geochemical
and physical-chemical parameters of examined samples
has revealed that relative (predominant) wettability 6, /
0, is the main factor determining the slope angle of
S,=fd . /d,.)> and, accordingly, the growth rate of
the residual structure-trapped gas saturation factor when
the pore structure undergoes changes from capillary-like
to large-pore structure.

This statement is fair for examined carbonate
sediments: rock samples from the central part of the
Orenburgskoye oil-gas-condensate field, Vuktylskoye
oil-gas-condensate field, gas-oil field in the Orenburg
Region, as well as for predominantly carbonate rocks
of areas 1, 2, and 3 (Table 2). The S,= f(dpore d,. )
relationships for terrigenous rock samples obtained
from areas 1 and 3 have substantially lower percent
slope compared to carbonate rocks despite high relative
wettability (Table 2).

Since the examined terrigenous rock samples are few
in number, further studies of the effects of terrigenous
rocks wettability on residual gas saturation are required.

Data analysis has indicated a close relationship
between relative wettability and the slope “m” of
equation (1) (Fig. 3). Thus, an experimental evidence
of the influence of relative (predominant) wettability of
rocks on trapped gas saturation of carbonate rocks has
been obtained.

Conclusion
Studies have shown that the ratio of average diameter
of pores to average diameter of pore connecting channels
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Table 2. Comparison of average relative wettabilities 0, /0.
and slopes m of equation for S, = f(dpm/dchanm) relationship
for various fields

controls the volume of trapped gas in both carbonate,
and terrigenous rocks. The Sgr growth rate when
carbonate rock pore structure undergoes changes from
capillary-like to large-pore structure is dependent on
relative (predominant) wettability of the rocks. Attained
results enable prediction of residual gas saturation in
gas-saturated carbonate sediments of gas-condensate
and oil-gas-condensate fields from pore structure and
relative (predominant) wettability of rocks. According
to conducted studies, predominantly water-wet large-
pore carbonate rocks will have the highest trapped
gas saturation. Study results confirm the theoretical
understanding of the effects of pore structure, physical-
chemical rock properties and lithological characteristics
on residual gas saturation.
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