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only way to determine how much oil is left, and thus whether it can be
produced economically, is The present invention relates to the exploration
to go down there and take a core sample. and production of petroleum from
earth formations,    It will therefore be appreciated that the analysis and
more particularly to methods for determining   5   of the oil content of
the core sample can be criti- the amount of oil present in such a
formation.    cally Important. The final true residual oil saturation In
the petroleum industry, one of the most     of a formation is a
determination that can make or valuable and informative techniques for
determining  break a multi-million dollar enhanced recovery pro- the
characteristics of an earth formation located  ject. Hence, the
considerable interest in sponge well below the surface, and the nature of
the fluids  10  coring, which can cost as little as only 20-30% as which it
may contain, Is to remove and bring a    much as pressure coring. portion
of the formation to the surface for analysis.  Currently, a major problem
with sponge coring This Is most commonly done by "coring" the for-   is
that, curiously, the industry has not been able to mation. Of course,
physical conditions in the forma-  make consistently reliable measurements
of the tion are substantially different from those at the   is  amount of
oil in the sponge, to the degree of surface: pressures and temperatures are
ordinarily  accuracy necessary for meaningful reservoir analy- enormously
elevated  over surface conditions.    sis. Many service companies have
tried, and are Therefore, fluids and gases present in porous rock
continuing to try, to measure the oil In the sponge samples very often
evolve from those samples as   either by extracting the oil with solvents
or squeez- they are recovered from the formation. To the   20  Ing the
sponge in a vice, or both. However done, extent that such liquids and gases
are lost, the  usually not all the oil is removed, while often some
accuracy of the evaluation of the formation produc-  of the sponge is
dissolved instead. Thus, unextrac- tion potential is accordingly Impaired.
ted oil is not counted while extracted sponge Is To control this problem, a
technique called    erroneously counted as oil. This is demonstrated,
"pressure coring" is often employed. With pressure  25  for example, In
Figs. 2, 3, and 4, which are existing coring, the core Is contained at
substantially its  (prior art) results of blind tests sent to several
original formation pressure until a proper analysis  different service
companies. In these tests, sponge can be made. Pressure coring while
overcoming     samples were prepared by saturating first with such fluid
loss problems to a great extent, is quite  deionized water and then spiking
with a known expensive (for example, U.S. $100,000-$200,000   30  volume of
mineral oil. The results reported back by for a single coring operation).
the service companies graphically illustrate the Recently, a technique
called "sponge coring"   problems with current technology. has been
developed. It Is substantially less expen-   As can be seen from Figs. 2,
3, and 4, none of sive than pressure coring. In sponge coring, the  the
prior art techniques yields an accurate or pre- core is surrounded by a
polyurethane sponge lining  35  cise determination of the injected oil
volumes. Ac- on the inner barrel of a conventional ore barrel. As
cordingly, a substantial need still remains for a the core is brought to
the surface, any oil that  method for extracting oil from the sponge of a
bleeds from the core (and this can be as much as  sponge coring operation
which will accurately re- 50% of the original core fluid) is caught and re-
flect the actual amount of oil captured by the tained by the sponge liner.
An analysis is then   40  sponge, leaving the sponge itself substantially
un- made of the fluids (oil and water) captured by the  affected.
Preferably, a solvent should be found sponge, and the analysis of the core
adjusted ac-  which will be gentle on the polyurethane sponge, cordingly.
neither swelling nor dissolving it, and which will be The importance of
coring in the production of  a good solvent for all the components of crude
oil, petroleum has recently been increasing as more  45  including heavy
resins, waxes, and asphaltenes. and more secondary and tertiary recovery is
being  Preferably, the solvent should have a low boiling made of petroleum
reserves. In a formation under-  point so that it can be simply evaporated
or boiled going primary production, the original reservoir  off to leave
only the volume of crude oil which was fluids are little altered from their
condition for the  contained in the sponge. Alternatively, a rapid and last
several thousand years. They may migrate as  50  simple analytical
technique for the solution of sol- the oil is produced, but their
properties are little  vent and oil should be provided so that the volume
changed. However, when fluids and/or other com-   of the oil which was
captured by the sponge can pounds are injected into a formation to
stimulate its  be readily and rapidly determined. production, the nature of
the connate fluids is ac-   Briefly, the present Invention meets the above
cordingly altered, sometimes to a very substantial  55  needs and purposes
with a rapid, uncomplicated extent. When this occurs, the more traditional
well  and economical method for determining the oil bore logging tools may
be unable to provide further  saturation of an earth formation by means of
useful Information. In all too many instances, the  sponge coring, wherein
the oil is extracted from the 2    
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substantially affecting the sponge.   Figs. 3A and 3B are graphical
illustrations show- The method according to the invention thereto       ing
the results of another current (prior art) mea- comprises the steps of
extracting the oil from the  surement method used to determine the amount
sponge by dissolving the oil in a solvent selected  of oil and water (fig.
3B) in the sponge; from the group consisting of cycloalkanes, ethers,   5
Figs. 4A and 4B are graphical illustrations show- and freons, and
determining the amount of oil       ing the results of still another
current measure- dissolved into the solvent. In particular, it has been
ment method used to determine the amount of discovered, as suggested above,
that the solvents   oil and water (Fig. 4B) in the sponge; and being
currently used by practitioners in the art are  Figs. 5A and 5B are similar
graphical illustra- not satisfactory. Contrary to some expectations, it  10
tions showing preliminary results of measure- has been discovered that
cycloalkanes, ethers, and  ments performed according to the present in-
freons, meet the above-noted criteria. That Is, these  vention. solvents
readily extract the oil from the sponge     As indicated above, a major
problem  with without affecting the sponge Itself. Thus, virtually  sponge
coring is that, curiously, up till now the all of the oil Is removed, while
none of the sponge   is  industry has not been able to make consistently
material is removed. The resulting solution of oil  reliable measurements
of the amount of oil in the dissolved in solvent is then analyzed.
Presently,  sponge, to the degree of accuracy necessary for the preferred
method for extracting the oil is to  meaningful reservoir analysis. Many
service com- process the sponge in a Soxhlet extractor, although  panles
have tried, and are continuing to try, to other methods, such as squeezing
and relaxing the   20  measure the oil in the sponge either by extracting
sponge in a solution of the selected solvent, and so  the oil with solvents
or squeezing the sponge in a forth, can of course be considered,
vice, or both. However done, usually not all the oil Following extraction
of the oil, the amount of oil  is removed, while often some of the sponge
is which has been dissolved into the solvent Is then  dissolved instead.
Thus, unextracted oil Is not determined. As suggested above, this can be
per-  25  counted while extracted sponge is erroneously formed simply by
evaporating or boiling off the   counted as oil. Figs. 2, 3 and 4, show
existing solvent. Another method taught by the present in-  (prior art)
results of blind tests sent to several vention, and which produces
extremely rapid ana-  different service companies. In these tests, sponge
lytical results, is to compare the solvent solution  samples were prepared
by saturating first with directly with a similar standard solution,
preferably  30  deionized water and then spiking with a known made up of
the selected solvent and oil from the  volume of mineral oil. The results
reported back by formation, or oil similar thereto. in this method, the
the service companies graphically illustrate the test core sponge oil is
removed from the sponge   problems with current technology. In Figs. 2A, 3A
with a predetermined known quantity of the solvent,  and 4A the volume of
injected mineral oil (in ml) is so that the measured concentration of oil
In the   35  plotted along the vertical axis, the measured vol-
predetermined quantity of solvent will be a mean-  ume of oil (in ml) is
plotted along the horizontal ingful indication of the total amount of oil
removed.  axis, and the ideal response is indicated by the line The test
solution of oil removed from the sponge Is  IR. Figs. 2B, 3B and 4B show
the measured and then compared with the standard solution using    ideal
response for water. known analytical techniques such as near infra-red   40
For example, in Fig. 2, a three-step mechanical spectroscopy or
supercritical fluid chromatography.  solvent extraction technique was
employed. Heat The former (near Infra-red spectroscopy) is attrac-  was
used in the first step, followed by the admin- tive because it can be used
to quantify the number  istration of dichloromethane solvent, then repeated
of CH bonds. For example, with a freon solvent,   squeezing and draining in
a hydraulic press. The there are no CH bonds, so the oil concentration   45
solvent was then driven off. can be readily determined. Similarly,
supercritical  In Fig. 3, two different prior art methods were fluid
chromatography looks only at the aromatics,  used, one being a two-step
process involving a which are not present in the solvents taught in the
mechanical solvent extraction of the sponge and present invention.
distillation of the extracted fluid, and the other These and other objects
and advantages of the   50  being a two-step process involving mechanical
ex- invention will be apparent from the following de-  traction of the
sponge followed by retorting the scription and the accompanying drawings,
in which:  sponge. Since no apparent systematic differences Fig. 1 is a
somewhat figurative illustration show-  were noted, data for both methods
are combined in Ing a sponge coring tool;                       Fig. 3.
Figs. 2A and 2B are graphical illustrations show-  55  Fig. 4 Illustrates
the results of a prior art pro- ing the results of a current (prior art)
measure-  cess in which the sponge is first placed in a steel ment method
used to determine the amount of     container with dichloromethane solvent,
and then oil and water (Fig. 2B) in the sponge;          repeatedly
compressed with the addition of more 3    
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drained solvent is clear. The sol-  after evaporating the solvent, the
results were far vent with oil is then separated from water and the  better
than those shown in Figs. 2-4. solvent subsequently removed. The results at
this      As may be seen, therefore, the present inven- point are then
corrected by repeating the process  ton has numerous advantages. It is
extremely rap- with a sponge spiked with a known weight of oil   5   id,
accurate, and easy to perform. It solves a sub- and comparing the results.
stantial and pressing problem in the art by enabling As can be seen from
the drawings, none of       virtually all the crude oil to be removed from
the these techniques yields an accurate or precise      sponge without
affecting the sponge. Thus, all the determination of the injected oil
volumes.          oil - and only oil - is measured. The invention is With
reference to Figs. 1, 5A and 5B of the   10  thus accurate, versatile,
reliable and suited to the drawings, the new and improved method for deter-
widest possible utilization in the analysis of petro- mining the amount of
oil and water in sponge core  leum reserves in oil bearing earth
formations. will be described. Fig. 1 shows a coring tool 10 having a
formation core sample 15 therein. Sample   Claims 15 is surrounded in known
fashion by polyurethane   15 sponge 20 to capture and retain any formation
1. Method of extracting crude oil from a sponge fluids which might bleed
from sample 15 as it is        used in determining the oil saturation of an
brought to the surface. To analyze the formation        earth formation by
means of sponge coring sample properly, the amount of fluid in the core 15
without affecting the sponge, characterized in and the amount of fluid
captured by sponge 20 are   20  that the method comprises: then summed.
a) extracting the oil from the sponge by According to the present
invention, the oil 25 in      dissolving the oil in a solvent selected from
sponge 20 is removed from the sponge by first             the  group
consisting  of cycloalkanes, placing the sponge in a suitable extractor. In
the        ethers, and chlorofluorocarbons, and preferred embodiment a
Soxhlet extractor is used,   25    b) determining the amount of oil
dissolved although other suitable extractors, and/or mechani-      Into the
solvent. cal methods for washing the sponge with the sol- vent, may be used
as appropriate. The solvent to    2. The method of claim 1 further
comprising ex- be used according to the present invention is se-
tracting all the oil from the sponge. lected from the group consisting of
cycloalkanes,  30 ethers, and freons. These readily dissolve all the  3.
The method of claim 1 wherein said step of constituents of the crude oil,
while leaving the        determining the amount of oil dissolved into
polyurethane sponge virtually unaffected.              the solvent further
comprises evaporating the According to the present invention, the amount
solvent from the oil. of oil which has thus been dissolved into the sol-
35 vent is then determined. These solvents are readily  4. The method of
claim 1 wherein said step of evaporated or boiled off, or alternatively a
mea-       dissolving the oil further comprises using a sured amount of
solvent can be initially used, and      predetermined quantity of the
selected solvent. than the concentration of the oil in the solvent readily
and quickly determined. According to the   40  5. The method of claim 4
wherein said step of present invention, such a determination can be
determining the amount of oil dissolved into made by comparing the amount
of oil, that is, the       the solvent further comprises: oil concentration
in the solvent, with a standard         a) preparing a standard solution of
oil in solution of oil in another quantity of the same           another
quantity of the selected solvent, and solvent. According to circumstances,
this compari-  45    b) comparing the concentration of the oil son can be
accomplished using near infra-red              extracted from the sponge in
the predeter- spectroscopy (e.g., when the solvent is a freon), or
mined quantity of solvent with the concen- supercritical fluid
chromatography (e.g., when the        tration of the oil in the standard
solution. solvent contains CH bonds). Presently preferred solvents include
cyclohexane, cyclopentane, diethyl  50  6. The method of claim 5 wherein
said step of ether, and freon-11. Freon-114, freon-C318, and
comparing the concentrations of the oil further cyclobutane are also
believed, among others, to be      comprises determining the concentrations
of particularly attractive according to the teachings      the oil by near
infra-red spectroscopy. herein. Referring to Figs. 5A and 5B, the results
of  55  7. The method of claim 5 wherein said step of simple tests using
mechanical squeezing and relax-      comparing the concentrations of the
oil further ing of a test sponge containing wasson crude oil in
comprises determining the concentrations of a freon-11 solvent are shown.
As may be seen,           the oil by supercritical fluid chromatography. 4



5                 EP 0 227 192 B1                      6 solvent until the
drained solvent is clear. The sol-  after evaporating the solvent, the
results were far vent with oil is then separated from water and the  better
than those shown in Figs. 2-4. solvent subsequently removed. The results at
this      As may be seen, therefore, the present inven- point are then
corrected by repeating the process  tion has numerous advantages. It is
extremely rap- with a sponge spiked with a known weight of oil   5   Id.
accurate, and easy to perform. It solves a sub- and comparing the results.
stantial and pressing problem in the art by enabling As can be seen from
the drawings, none of       virtually all the crude oil to be removed from
the these techniques yields an accurate or precise      sponge without
affecting the sponge. Thus, all the determination of the injected oil
volumes.          oil - and only oil - is measured. The invention is With
reference to Figs. 1, 5A and 5B of the   10  thus accurate, versatile,
reliable and suited to the drawings, the new and Improved method for deter-
widest possible utilization in the analysis of petro- mining the amount of
oil and water in sponge core  leum reserves in oil bearing earth
formations. will be described. Fig. 1 shows a coring tool 10 having a
formation core sample 15 therein. Sample   Claims 15 Is surrounded in known
fashion by polyurethane   16 sponge 20 to capture and retain any formation
1. Method of extracting crude oil from a sponge fluids which might bleed
from sample 15 as it is       used in determining the oil saturation of an
brought to the surface. To analyze the formation       earth formation by
means of sponge coring sample properly, the amount of fluid in the core 15
without affecting the sponge, characterized in and the amount of fluid
captured by sponge 20 are  20  that the method comprises: then summed.
a) extracting the oil from the sponge by According to the present
invention, the oil 25 in     dissolving the oil in a solvent selected from
sponge 20 is removed from the sponge by first             the  group
consisting  of cycloalkanes, placing the sponge in a suitable extractor. In
the        ethers, and chlorofluorocarbons, and preferred embodiment a
Soxhlet extractor is used,  25     b) determining the amount of oil
dissolved although other suitable extractors, and/or mechani-      into the
solvent. cal methods for washing the sponge with the sol- vent, may be used
as appropriate. The solvent to    2. The method of claim 1 further
comprising ex- be used according to the present invention Is se-
tracting all the oil from the sponge. lected from the group consisting of
cycloalkanes,  30 ethers, and freons. These readily dissolve all the  3.
The method of claim 1 wherein said step of constituents of the crude oil,
while leaving the       determining the amount of oil dissolved into
polyurethane sponge virtually unaffected.              the solvent further
comprises evaporating the According to the present Invention, the amount
solvent from the oil. of oil which has thus been dissolved into the sol-
35 vent Is then determined. These solvents are readily  4. The method of
claim 1 wherein said step of evaporated or boiled off, or alternatively a
mea-      dissolving the oil further comprises using a sured amount of
solvent can be initially used, and     predetermined quantity of the
selected solvent. than the concentration of the oil in the solvent readily
and quickly determined. According to the   40  5. The method of claim 4
wherein said step of present invention, such a determination can be
determining the amount of oil dissolved Into made by comparing the amount
of oil, that Is, the      the solvent further comprises: oil concentration
in the solvent, with a standard         a) preparing a standard solution of
oil In solution of oil in another quantity of the same           another
quantity of the selected solvent, and solvent. According to circumstances,
this compar-   45    b) comparing the concentration of the oil son can be
accomplished using near infra-red              extracted from the sponge in
the predeter- spectroscopy (e.g., when the solvent is a freon), or
mined quantity of solvent with the concen- supercritical fluid
chromatography (e.g., when the       tration of the oil in the standard
solution. solvent contains CH bonds). Presently preferred solvents include
cyclohexane, cyclopentane, diethyl  50  6. The method of claim 5 wherein
said step of ether, and freon-11. Freon-114, freon-C318, and
comparing the concentrations of the oil further cyclobutane are also
believed, among others, to be     comprises determining the concentrations
of particularly attractive according to the teachings     the oil by near
Infra-red spectroscopy. herein. Referring to Figs. 5A and 5B, the results
of  55  7. The method of claim 5 wherein said step of simple tests using
mechanical squeezing and relax-     comparing the concentrations of the oil
further ing of a test sponge containing wasson crude oil In    comprises
determining the concentrations of a freon-11 solvent are shown. As may be
seen,          the oil by supercritical fluid chromatography.    7
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Revendicatlons                                        dadurch
gekennzelchnet, daB das Verfahren umrfaft 1. Proc6d6 pour l'axtraction du
petrole brut d'une       a) Gewinnung des Ols aus dem Schwamm 6ponge
utillsde dans la diterminatlon de la          durch LUsen des Ols in elnem
Losungsmit- saturation en huile d'une formation souterralne   5  tel, das
aus der Gruppe der Cycloalkane, par carottage a l'eponge sans altWration de
Ather und Kohlenwasserstoff ausgewahit ist, I'eponge, caracteris6 en ce quo
ce proc6d6           und comprend:
b) Bestimmung der (51menge, die im Lo- a) i'extraction de lPhuile de
l'eponge par         sungsmittel gel st wurde. dissolution de l'huile dans
un solvant choisl  10 parmi les cycloalcanes, los ethers et les    2.
Verfahren nach Anspruch 1, das femer das chlorofluorocarbures et
Gewinnen allen 61s aus dem Schwamm um- b) la determination de la quantite
d'hulle      faet. dissoutb dans le solvant. 75  3. Verfahren nach Anspruch
1, bel dem die Stufe 2. Proc~d6 selon la revendlcatfon 1, dans lequel
der Bestimmung der 61menge, die im  L6- la totalite de l'huile est extraito
de l'eponge.   sungsmittel gelost wurde, femer das Verdamp- fen- des
Losungsmittels vom 01 umfalt. 3. Procedd selon la revendication 1, dans
lequel I'etape de determination de la quantlte d'huile  20  4. Verfahren
nach Anspruch 1, bel dem die Stufe dissoute dans le solvant comprend
ltdvapora-       des Losens des Ols femer die Verwendung tion du solvant
pour l'eliminer de l'huile.        miner bestlmmten Menge des gewAhIten Lo-
sungsmittels umfaft. 4. Procede selon la revendlcation 1, dans lequel
l'etape de dissolution de lthulle comprend l'uti-  26  5. Verfahren nach
Anspruch 4, bel dem die Stufe lisation d'une quantite pr~ddtermin6e du sol-
der Bestimmung der gel6sten 61menge im Lo- vant cholsi.
sungsmittel femer umfaft: a) das Herstellen einer Standard-ll8sung in 6.
Procdd6 selon la revendicatlon 4. dans lequel         einer anderen Menge
des ausgewlhlten Lo- I'etape de determination de la quantit6 d'huile  so
sungsmittels, und dissoute dans le solvant comprond:                   b)
Verglelchen der Olkonzentration des aus a) la preparation d'une solution
etalon d'hui-     dem Schwamm gewonnenen Ols in der be- le dans une autre
quantIt6 du solvant cholsl       stimmten Losungsmittelmenge mit der 61- et
konzentration der Standardldsung. b) une comparalson de la concentration de
35 I'huile extraite de l'eponge dans la quantite  6. Verfahren nach
Anspruch 5, bei dem  der predeterminee de solvant avec la concen-
Schritt des Vergleichens der Olkonzentratlonen tratlon de l'huile dans la
solution etalon.     forner die Bestimmung der Konzentrationen des Ols
durch Spektroskopie im nahen Infrarot 6. Procede selon la revendication 5,
dans loquel  40   umfaft. I'etape de comparaison des concentrations de
lhuile comprend la determination des concen-   7. Verfahren nach Anspruch
5, bel dam  der trations de lthulle par spectroscople dans le      Schrift
des 61konzentrationsvergloichs fmoer proche Infrarouge.
die Bestimmung der Olkonzentrationen durch 46      Uberkritische
Fltissigkeitschromatographie um- 7. Proc~d6 selon la revendication 5, dans
lequel      fast. 1'6tape de comparaison des concentrations de l'huile
comprend la determination des concen- trations de l'hulle par
chromatographie en pha- se liquide dans des conditions supercritiques.
50 PatentansprUche 1. Verfahren zur Gewinnung von Roh6l aus ei- nem
Schwamm, der zur Bestimmung der 61-  S5 sattigung einer durch
Schwamm-Kernproben- ahmen gewonnonen Erdfonnation eingesetzt wurde, ohne
Beeintrachtigung des Schwamms,    


