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fn “Measurements of Supersaturation and Critical Gas Saturation”
(SPE Formation Evaluation, Dec. 1992, Page 337) Fuoozabadi et
al rspated that several expansion solution-gas-drive experiment
at pressure-decline rates much higher than usually occur in actual
reservoirs Wminatsd “at the onset of gas production: For this rea-
son, they neither envisaged a gasloil sepmator for measuring the
GOR evolution, which is an important parameter for establishing
mhicti gas saturation,Sg., nor allOwed sufficient Pressu= dec~e
to measure the evolution of upward gas mignition to contii their
low measured Sg,. This contlmation was needed because their re-
sults contradict those of Dumor6, 1Mada0ui,2 Wd Moulu and Lom
geron.s

Firoozabadi et al.’s comments on previous investigations are not
qtdte correct and are somewhat misleading. For example, they say
“Dumor&reported only mean free-gas saturation but not the sattua-
tion at which the gas began to flow~ Dumor6 published only part of
the research on this subject by the hnian oil indnshy. From the
shots taken between Sg=0.9% and 7.1%(1x l~s @a. see) and Sg
kugsr than 4.4%(1x lti kpa. se.) (in Dumor6’s Fig. 4) and the
straight-line parts of his Fig. 3, one can esdmate the S,. for the NO
visual experiments on a 0.35-md pack Sindlar observations can be
made for runs with bubblepoint pressures, n, of 60, 100, and 200
kFa (his Fig. 8) (Fig. D-1 shows the fist two).

Madaoui2 plotted the measured GOR during the experiment,
whereas Dumor@ measured the produced GOR’s but did not report
Owm.Fig. D-1 gives the results of these experiments. .

The figure shows a supersaturated psriod up to a (pb-p)/

Pb =fI.1336 with a s~erc~~la~d S. fi~ tit c~cu~ted when the
supersaturation had almost disappewed The supersamra.tion de-
creased to a small value as the pressure decreased to about
(pb-p)/m=O.l because of a massive dispemd-gas breakthrough.
The b.tk-gas breakthnmgh took place at about (p~-p)/p@.22 at
Sg=lO%, 0.2 at Sg=lO%, and 0.3 at Sg=14% for Bentbeim sand with
pb.60 kpa, Fontainebleau sand with pb=141 !&a, and Bemheim
sand with p~= 100 kpa, respectively.

The large change in measured GOR also clearly indicates hat the
dispersed gas began to move when saturations reached tbe above-
mentionfd values. After bulk-gas breakthrough, tie PISg s~ght
line tends to bend. The Dumor@ and Madaoui2 experiments indi-
cate that gas break!hmugh usualfy occurs when pressure decreases
20% m 25% below the initial oil bubblepoint pressure. Firoozabadi
et al. stopped tie? experiments at a 5% pressure drop below their
initial oilpb, and they were not equipped with a separator to measure
the acttd produced GOR: Therefore, they were unable to measure
the bulk-gas breakthrough.

Fuoozabadi etgl. also state, “Dumor6’s main conclusion was that
the amount of free:ga$ saturation depends on capillarity.” Dumor.4
said, “it was shown that dispersion conditions depend not only on
the capillary pressure, but &so on the value of (rJrl-1), which is re-
lated to the s!ntcttue of tie permeable medium,” where ~ and rl are.
pore radii of neighboring pores. “Stmcture” woufd ako mean pore-
size disttibutiom i.e., a Iower-permeability sample with a more-utd-
fonn poresize distribution favors a gas-dispersion condition more
than a higher-penneabili~ sample with a poor pore-size distribu-
tion. For example, a sample with only one pore size develops disper-
sion under any condition irrespective of its permeability because
there is an equal chance for sach pore to have the fmt nucleation.
We also see this process when Fimozabadi ez al.’s Figs. 5 and 8,
which have simifarinterfi.cial tensions (IIT’s) and about equal pres-
sure-decline rates, me compared. The chalk sample (Fig. 8), with
!+6.75 md but a more-uniform pore-size disti-ibufion, developed
dispersion rapidIy, whereas the Berea sample (Fig. 5), with
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k@=2710 md and a wider pore-size distribution, showed much less
dupersion with 1.38 MPa supersaturation pressure.

The Dumor6 experiments afso show that, at a low pressure-de-
cline rate and a high IFT in usual reservoir rocks, the Musks@ solu-
tion-gas-rbive theory faifs to predict the comect .$8dfing p~ssme
depletion. Whereas, at high dp/dt and low fFT, the Muskat solution-
gas-drive theory would predict the measured gas saturations. As-
suming that the calculated Sg, of FiuOOz~adl @OLat low ~ ~d
high dpklt is correct means that the Muskat solution-gas-drive
theory also is not applicable at high dp/& and low IFT.

Fimozabadi et al. say that “alf the data of Mada0tIi2 were based
on the assumption of zem supersatmation.;’ Such an interpretation
could be bated on the observation that Madaoui’s measured Sg. ~
much higher than those calculated from their own experiments. Ma-
daoui, however, did not measure a quantifiable supersaturation
pressure at the bulk-gas breakthrough. Therefore, he did not need to
include supersatwation pressure in this calculation. Firoozabadi et
al. also say that ‘%fadaoui’s critical gas saturation data varied from
4.4’%to 26.4?6.” This statement needs clarification. Madaotd, who
primarily used samples with connate-water saturation, measured
S8., which varied from 2.4% to 17% if the experiments with the CI
through C.I mixture are excluded. These SgCsa~afiOns we well
within the saturation range Dumor# and Moulu and Longemn3
measured.

3n the Dumor6 visual and high-pressure experiments and aU the
experiments of Madamti2 and Moulo and Longeron,3 some prema-
ture gas bubbles were produced in a discontinuous manner. Ma-
daoui,z however, noted this and gave an example of some premature
gas-bubble production whife tbe produced GOR was still declining
(his Fig. 16). fn discussing tie issue with Longeron; he ccmfmed
detection of premature gas bubbles during depletion through a gas-
detecting device placed above the sample before the bulk-gas breat-
thmugh was observed. VisttaI examination of Dumor&s Figs. 5 and
6 clearly shows nucleationsalso took place at the top of the visual
glass-bead packs at the early gas-development stage wifi Sg<l.5%.
Therefore, the possibtity exists that some gas bubbles were released
from the top of the samples reported by Fimozabad.i et al. during the
early gas nucleations Thus, one of the main issue3 that l%oozahadi
et al. failed to establish was whether the mes~ed S8. “at the Ofiset
of gas detection” corresponded to the bulk-gas breakthrough or con-
cemed premature gas bubbles released from the top of their, core
samples or tlom the dead volume above the samples. If gas release
was from the last two sourcet during early pressure depletion, then
the onset-of-gas-detection method could easily indicate gas brmk-
througb with a much snmlfer SgCthan tie reaf V~UeS.

It appears that Fiioozabadi etaL calculated Sg, simply by di~dmg
volume expansion by the original oil in place (OOIP) and not
through a material-balance calculation. For example, Sg=l .5% in
Run 12 (or Run 14) C1OSC1Ycoxesponds to the produced oil divided
by the 003P (1.28/132.25=0.0150), which makes it appear that they
did not use materiaf bakmce to calculate St. TherefO~. the factOrs
they did not account for include (1) the effect of the oil-pressure
variation on gas saturation (i.e., p~=p8+C where C is the cO~~on
for the mean hydrostatic pressure in the core sample);(2) oil volume
in the apparatus outside the core samplcafiected by pressure drop,
(3) the volume correction for expansion of the appwms during
prewue declin% (4) gas release fmm five oil in the dead volumes
as pressure decreased below the initial bubblepo~t .pressur.%(5)
outside temperature variation during ditTerent run% and(6) volume
changes of free-gas space. Dumor6 used a differential measuring
device composed of two identical vessels and kept the gasloil mn-
tact just above the core, while gas pressure was decreased at a
constant prescribed rate. fn this manner, errors [including those
caused by Points 2 through 5, tie problem witi PVT inaccuracy, and
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Fig D-l—Mean free-gas saturation as a function of relative pressure drop for a Benthein-sand-
stone core (Dumorel) and a Fontainbleau core (Madaoui2). (Pressure. dacline rates are 8 x I@
b’dr/sec and 3.1x Id bar/see, respectively.) ‘

gas development in tie dead volume (outside core)] were elimi-
nated.

It would have been ideaf to see experiments perfommd at a dpldt
below 6.89 I&a/d to resemble actual field mrformances. However,
the Firoozabad, et al, setup was restricte~ by the minimum pump
withdrawal rate of 1.44 cm3/d. Therefore?,their apparatus does not
aPPm to be designed to measure the solution-gas-drive process ful-
ly un&r the usual field pressure-decline rates and material balance
dces not appear to have been used to calculate the gas saturation in
tie samples correctly during the experiments.

On the basis of their Runs 7 or 8 (high IFT) and RUII10 (low fFT),
Fimoza,ba,diet al. conclude that “a lower ffT gives a higher S&.”
Contrmy to these mm, however, Runs 17 and 18 (high IIW) gave a
higher SgcOIm Runs 19 and 20 with a IDwerfFP. These two sets of
experiments witi similar rock and dpldt show a similar S8Cdiffer-
ence of about 0.27. (but in opposite diredo”s).

Firoozabadi et al. say that “supersaturation in porous medium of
the type uxed here is a stnble process.” Their measured s“pematura-
tion lasted for a few hours in most of their runs with a total pressure
drop of less than 6% of the initial bubblepoint pressure. ff Rum 6
through 8 had continued for a longer time, a negligible supersatum-
tion pressure would have been measured. Therefore, it is uncles
how such a statement can be valid when tbe short IU”Sshow a van-
ishing supersaturation pressure.

They nlso say that “the supersaturation with small grains maybe
less thnDin a porous media with large grains,, (larger pores). Dunm-
r6’sl experiments and theoretical development of this process5 are
contmy to such conclusions because dispersion develops more eax-
iIy in larger pores than in smafler pores.

Fimozabadi et al. indicate that “the critical gas saturation coqld
be related to boti supersaturation and pore shucture.” Except for
Runs 6 through 8 (with a short hiwory), all othermns show a negligi-
ble supersaturation ptessue. Therefore, it is not obvious how these
parameters could be related.

They also say thxt “rock and fluid samples were selected so tbatthe
btltence of surface tension, pore structure, rate, and possible length
effects on critical gas saturationcouldbe examined.”The two cores
usedin theirstudieshad almosttie samedimension$ therefore, it is
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unclear how Iengllt effect was studied For example, Runs 19 and 20
have the $We rocWflnid systemwiti a 1.4-dpldtratio andphysicafly
gave the same gas saturation (0.8% and 0.7%, rmpecdvety). Runs 10
and 12, which showed a larger gas saturation difference (1.1% vs.
1.570),coutd sdtl be within the experimental error witi the comec-
tions that were unaccounted for when Run 12 was terminated with
about 0.24 MPa lower pressure than Run 10. It is unclear how tbe ef-
fect of fFT or pore structure w be smdied under tbexe conditions.

Runs 17 (low dpldt) and 18 (high dp/dt), with high fFT fluid and
a chalk sample, gave gas saturations of about 1.2% and 0.6%, I*
spectively. That is, a slower depletion rate gave a higher Sg. During
alf the other nrns, fatter withdrawd rates gave kwger S8.

Such results indicate that the Fuoozabadi etai. concept of assum-
ing that tie detection of the fust gas bubble at the top of the core
sample represents the beginning of bul!-gas movement and their
method of measuring and calculating SgGmay not be a reliable ap-
proach for estimating Sg,. fn addition, conclusions cannot be drawn
from tbek reported experiments about the influence of rate, fFT,
pore structure, and length effects on Sg~
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S1 Metric Conversion Factors

in.3 X 1.638706 E+O1= cm3
psi X 6.894757 E+OO=kPa
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