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(57 ABSTRACT |

" A method for'det‘enﬁining- the amount of'-r_esidual oil "

remaining in an oil bearing formation after primary

~ production which includes the sequential steps of.

‘a. logging the formation to obtain logging data mea-
surements of the relative quantities of residual oil and
formation water present in the formation; -

b injecting a sufficient amount of an oil miscible solu-

tion through the bore hole into the formation to dis-

_place substantially all of the residual oil in the forma-

tion surrounding the bore hole;
. mjectmg a sufficient amount of water into the for-

" mation through the bore hole to displace substantially |

all of the oil miscible solution thereby rendering the
formation being tested substant:a]ly 100 per cent
water saturated; and

d. logging the fonnatwn for a seconcl time to obtain

logging data measurements which, when compared

- with the logging data measurements of the initial log

indicate the amount of residual oil present in the for-
mation, wherein said logging data measurements are
obtained by employing a reservoir property logging ap-

- paratus selected from the group consisting of resistivity

logging apparatus, sonic iaggmg apparatus and denszty
logging apparatus.

7 Claims, No Drawings

'__Mufphy i 250/259
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1
DETERMINATION OF RESIDUAL OIL IN A
FORMATION

Matter enclosed in heavy br_ackets £ appeﬁrs in the
original patent but forms no part of this reissue specifi-

cation; matter pnnted in ltallcs indicates the additions.

made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method of logging subter-
ranean rescrvoirs traversed by well bores, particularly
hydrocarbon-containing reservoirs. In one aspect this

invention relates to a method for determining the

amount of residual oil in an oil bearing formation em-
ploying logging techniques. In yet another aspect, this
invention relates to a method for determining the

amount of residual oil present in subterranean reser-

voirs traversed by well bores wherein such residual oil
saturation properties are detected by the use of a log-
reservoir flood injection-log technique.

2. Brief Description of the Prior Art

The importance of determining residual oil in place
by means of sub-surface logging techniques has been
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recognized for some time. At the present new oil fields

are becoming more difficult to discover and more at-
~tention is being given to secondary and tertiary meth-
ods for oil recovery in oil fields. However, prior logging
techniques have required the use of radio-active mate-
rials or substantial knowledge of the subterranean for-
mation such as porosity, lateral penetration, make up

of the formation, and the like, if one is to obtain reli-

able information from such logging techniques. There-
fore, while numerous methods have been and are being
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used to determine the amounts of residual oil presentin

reservoir formations, all of the prior art methods, re-
gardless as to whether they employ core analysis, well
testing, well logging, and the like, have certain limita-
tions. Pitfalls and the rather unsatisfactory accuracy of
- the results using these conventional techniques have
created a serious problem for the oil industry. Because
‘of the high costs in recovering such residual oil through
secondary or tertiary means, it is desirable and of ut-
most importance that an accurate, dependable method
be developed for determining the amount of restdual
oil remaining in such formations. Until the present
invention, there was no satisfactory method for accu-
rately and inexpensively determining the amount of
residual oil.

OBJECTS OF THE INVENTION

An object of the present invention is to provide a
method for determining the amount of residual oil ina
subterrancan oil bearing formation.

Another object of the invention is to prowde a2 new
and improved technique for indicating directly the
residual oil concentration in a subterranean formation
by the use of reservoir property logging techniques.

40
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Other (]b_]ECtS and advantages of the present inven-
tion will become apparent to those skilled in the art

from a reading of the following detatled description.

- SUMMARY OF THE INVENTION

According to the present invention we have now
discovered an improved technique for determining the
amount of residual oil in an oil bearing formation pene-
trated by a well-bore. More specifically, we have found -
an improved technique for determining residual oil in -
place by means of sub-surface logging techniques.

Spec:fica][y, the technique for determining the resid-
ual oil in an oil bearing formation which has been pene-
trated by the borehole 0f a well mc!udes the sequenttal |
steps of; | |

- a. logging the formation to obtain loggmg data mea-

surements of the relative quantities of residual oil
and formation waters present in the formation;

" b. injecting a sufficient amount of an oil miscible
solution through the borehcle into the formation to
displace substantially all of the residual oil in the
formation surrounding the borehole; | |
c. injecting a sufficient amount of water into the

formation through the borehole to displace sub-
stantially all of the oil miscible solution thereby
rendering the formation being tested substantially
100 percent water saturated; and,
d. logging the formation for a second time to obtain
logging data measurements which, when compared

with the logging data measurements of the initial

log indicates the amount of residual oil present in
formation, wherein said logging data measurements
~are obtained by employing a reservoir property log-
ging means selected from the group consisting of

resistivity log means, sonic log means and density log

means.

In carrying out the logging measurements in the tech-
nique of this invention, any reservoir property deter-
mining log measurement means can be employed. Fur-
ther, accurate and reliable measurements can readily
be obtained without knowledge of the porosity of the -

~ reservoir formation, and in clean and or shaly reservoir

43

50

35

60)

Still another object of the present invention Is to

provide an improved, accurate technique for determin-

ing the amount of residual oil in a subterrancan forma-
tion which i1s not dependent upon reservorr propertics

rock, each of which can be either water wet or oil wet.

DETAILED DESCRIPTION OF THE INVENTION

‘As previously stated, the present invention relates to

" a unique method for determining the residual oil pre-

sent in oil bearing formations which have been pene-
trated by the borehole of a well. Broadly speaking, the
method employs a combination of log-injection-log
techniques to determine the amount of residual oil
present in a subterranean oil bearing formation. By

employing the method of the present invention for
logging a drill hole to determine the amount of residual -

oil present in an o1l bearing formation, one readlly_ :

~overcomes all the objectionable features of the prior

art processes that have been enumerated above.

" In determining the amount of residual oil present in
an oil bearing formation, we have found that an accu-
rate determination can be obtained wherein the forma-
tion, containing both residual oil and formation water,
is logged by reservoir property log means to obtain
logging data information on the amount of fluids pre-

~sent in said formation. Once the logging data has been

635

obtained the formation is treated by miscible flooding

E .tcchmquex to displace substantially all ot the residual

such as p(::mslt} composition of said formation, and

thc hike.

oil in the formation surrounding the borchole of the

well. The dmount of mlelhle solution employed m the "
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reservolr flooding step can vary widely but 1s In an
amount sufficient to remove substantially all of the
- residual oil from the formation in the area surrounding
the borehole to a distance exceeding the radius of in-
vestigation of the logging means being employed to
obtain the logging data. After the flooding operation
has been completed a sufficient amount of water is
Injected into the formation through the borehole of the
well to displace substantially all of the o1l miscible
solution, thus rendering the formation being investi-
gated substantially 100 percent water saturated. A
second log 1s then made of the formation to obtain
logging data measurements, which, when compared
with the logging data measurement of the initial log,
indicates the amount of residual oil present in the for-
mation.

L The logging means employed to obtain the loggmg

10}
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measurements in both the initial and second log can be

any suitable logging means which will determine reser-
voir propertics. For example, logging J Logging means
capable of producing a resistivity log, a sonic log, or a
density log can readily be employed in carrymg out the
method of the present invention.

After the initial logging data has been obtained the
residual oil in the area of investigation is flushed from
the formation by any suitable flooding technique. For
example, one can employ any suitable miscible flood-
ing technique to remove substantially all of the residual
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oil from the reservoir rock around the bore hole in the .

area of investigation. The term miscible flooding tech-

30

nique is to be understood to include chemical flooding

procedures and other well known procedures such as
solvent displacement, micellar solution, microemulsion
and the like. | |

When employing a chemical flood, an effective
amount of an aqueous solution containing a surface
active agent is injected into the formation being tested.
The concentration of surface active agent in the aque-
ous solution can vary widely but will generally vary
within the range of from about 0.5 to 60 weight per-
cent. The particular concentration employed will also
be dependent on the viscosity of the formation oil en-

countered. Such surface active agents and chemical
flooding techniques are well known in the art. [llustra-

tive of surface active agents which can be employed in
chemical flooding processes are:

A. Nonionic

1. Products obtained by autocondensation of various
fatty matter and their derivatives with ethylene oxide,
propylene oxide, glycols, or glycerols: |
a. a fatty acid plus ethylene oxide or glycerol, such as
palmitic acid plus 5 moles ethylene oxide or glyc-
erol monostearate;
b. an alcohol plus ethylene oxide, such as hydroabl-
etyl alcohol plus 15 moles ethylene oxide;
[I. Products obtained by condensation of phenolic
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40

45

50

55

compounds having lateral chains with ethylene or pro-

pylene oxide. Examples are disecbutyl phenol plus 10
- moles ethylene oxide and octyl phenol plus 12 moles
ethylene oxide.

B. Cationic

[. Neutralization product of primary, secondary, or
tertiary amine with an acid such as trimethyl octyl
ammonium chiloride, lauryl dimethyl benzyl ammo-
nium chloride and the like, commonly referred to as
quaternary ammonium chlorides.

60
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C. Amonic

I. Alkyl aryl sulfonates such as ammonium isopropyl
benzenc sulfonate; |

[I. Fatty alcohol sulfates such as sodium 2-methyl-7-

ethyl-4 hendecyl sulfate;

III. Sulfatcd and sulfonated amides and amines such
as sodium N-methyl-N-oleyl taurate;

[V. Sulfated and sulfonated esters and ethers such as
dioctyl sodium sulfo succinate;
V. Alkyl sulfonates such as sodium dodecyl sulfo-
nate. |

D. Ampholytic

~ I. Molecules where the molecule as a whole forms a
zwitterion such as cetylaminoacetic acid.

A reference book which describes many types of
surfactants suitable as foaming: agents is “Surface Ac-
tive Agents and Detergents,” volumes I and II, by
Interscience Publishers.

Another method which can be employed for displac-
ing the residual oil in the formation being investigated
is known as miscible flooding and is set forth in U.S.
Pat. No. 3,170,513, issued Feb. 23, 1965, and entitled
“Method of Miscible Flooding.” In this method, a suit-
able volume of low molecular weight hydrocarbons is
employed as the displacement hydrocarbon in combi-
nation with water. Once the low molecular weight hy-
drocarbon and water have been injected into the for-
mation, a gas, in combination with water, is injected
into the formation to push the displacement hydrocar-
bon through the oil bearing formation, thereby displac-
ing the residual oil in the formation under investigation.
Injection of the displacement hydrocarbon together
with water is done in such volumes that a sufficient
amount is piaced in the reservoir to permit a miscible
displacement of the reservoir oil by the displacement
hydrocarbon and miscible dlsplacement thereof by the

gas.

The total 1n_|ected hydrocarbon necesssary to main-
tain miscible displacement within the reservoir should

be an amount from about 3 to about 15 percent, prefer-
“ably 35 percent, of the hydrocarbon-filled pore space of
the reservoir, as readily determinable by means known

in the art. The mixture of displacement hydrocarbon
and water moves through the reservoir in the same
areas without appreciable gravity separation due to the
fact that the injection hydrocarbon moves through the
interior of the channels between the particles to dis-
place the hydrocarbons, and the water moves through

“the remainder of the channels and adjacent the connate

water. Therefore, the injected hydrocarbon provides
displacement efficiency, and the water provides volu-
metric efficiency. Movement of a fluid through porous
media is related to the saturation or proportion of the
fluid present due to the inherent effects of the relative

permeabilities of the reservoir. The velocity of move-

ment of water or a hydrocarbon is calculated at any
given saturation from the relative permeability at that
saturation, the fluid viscosity, and the saturation
change from the previous condition to the saturation

under consideration. In the mixturec of displacement
hydrocarbon and water injected, the proportion of
water is such that the velocity of movement of water is
In excess of the velocity of liquid petrolcum gas by at

‘least 5 percent, and preferably in the order of 30 to 50 .

percent, thereby allowing larger volumes of water to be



utilized during the injection of the hydrocarbon volume
required for efficient miscibility.

The miscible dlbplaument techniquc is also dis- |

closed and set forth in U.S. Pat. No. 3,249,157 1ssued
May 3, 1966 and entitled Ru.wcr} Process for Pro-
ducing Petroleum.™ Fluids which can be used to misci-
bly displace oil from the reservoir under investigation
are set forth to include, but are not himited to, gascous
and liquified butane and propane, liquified petrolcum
gas (L.P.G.), acetone, propyl alcohol, dioxane, carbon
tetrachloride and ethane. Non-hydrocarbon fluids mis-
cible with, or highly soluble in, the otl at relatively
higher pressures can be used and include carbon diox-
" ide. hydrogen sulfide, nitrous oxide, and sulfur dioxide.

Micellar solutions can also be employed in the flood-
ing of the formation to displace the residual oil by a
miscible-type mechanism. In employing this technique,
a slug of micellar solution is injected into the reservorr,
followed by a bank of thickencd water to prevent pre-
- mature break-through of the final drive watcr. Gener-
ally, a 3 to about 20 percent porc volume slug of the
miccllar solution is employed; and, the amount of
thickened water is sufficient to insure that the micellar
solution has been forced completely into the formation
‘being tested. Thesc micellar solutions are surfactant-

~ stabilized dispersions of oil and water, and may contain .
small quantitics of other additives. Generally, the mi-

cellar solution contains:

. Water or a water solution Uf one or more morgamc
solutes that remain soluble when the solution is
contacted by the components of the reservoir for-
mation; |

2. At least one surface active material hdvmg the
propertics that normally characterize a surfdctant
and as defined previously; and

3. An amphtphthc coupling agent comprising a polar
organic material having a low water solubility.

1O

| 5
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the critical concentration for micelle formation (abbre-
viated CMC) for such a system at the temperature ot
the reservoir formation. The surfactant concentration
is preferably at least equal to the CMC proportlons and
may excced them to the extent that is cconomically

~advantageous. In general, increasing the proportion of
_SLII'detdnt increases the oil solubilizing capacity, the

viscosity and the cost of the solubilizing solution. The
selection of the concentration at which the amphiphilc
is dissolved in the surfactant micelles 'is preterably
basced on the.amount required to saturate the solution
at the temperature of the reservoir formation. This can
be determined by maintaining a portion of the aqucous
liquid solution of the surfactant micelles at the temper-
aturc of the reservoir formation and adding portions of
the amphiphile until the addition of an additional por-
tion causes the solution to remain turbid. The amphi-
phile concentration is preferably one lying between the
proportion of the amphiphile that is required to satu-
rate the aqueous liquid and the proportion that 15 rC-
quired to saturate the micelles. -

The bank of thickencd water is employed as a mobil--
ity buffer to assure stable movement of the slug of

‘micellar solution. The thickening agent can be any
suitable agent such as high molecular weight water-sol-
“uble polymers which are well known in the art, e.g.

- polyacrylamide, sulfonated polystyrene, and the like.

Yct another technique which can be employed to -

~remove substantially all of the residual oil from the

30
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Suitable aqueous liquids include: water; water solutions

of alkali metal hydroxides, such as sodium hydroxide,
potassium hydroxide, and the like; water solutions of
‘salts such as sodium carbonate, sodium chloride, so-
dium bisulfate, and mixtures thereof. The pH of the
aqueous liquid is preferably adjusted to one that is
compatible with both an active form of the surfactant
and the materials that will be encountered during the
passage of the liquid through the reservoir formation.
Suitable surfactants include: the soaps of fatty acids,

40

formation under investigation is known as the micro- -
emulsion oil recovery process in which microemulsion -

forming solutions are employed to drive the oil from
the formation. Such a process is disclosed in U.S. Pat.
No. 3,373,809, issued Mar. 19, 1968 and entitled **Mi-

croemulsion Oil Recovery Process” and U.S. Pat. No.

3,254,714, issued June 7, 1966 and entitled **Use uf
Microemulsions in Miscible-Type Oil Recovery Proce-
dure,” each of whlch are hereby mcorpmated by refer-

ence.

In this process, a small bank of an ol component
such as petroleum crude, “light end” kerosene, tolu-

“ene, or other light aromatic oils, paraffinic oils, and the -

43

such as oleic, linoleic, hydroxy stearic, etc.: the soaps

of mixed organic acids, such as the tall oil fatty acids,
tall oil pitch, rosin acids, the petroleum naphthenic
acids, and the soybean oil fatty acids; the surface active

50

organic sulfonates and sulfonic acid salts, the nonionic

and cationic surface active materials, and the like, e.g.,
surface-active materials such as those described under
the classification of detergent compounds in Industrial

Detergency by William W. Niven, Jr., Reinhold Pub-

lishing Co., New York, 1935.
Suitable amphiphilic coupling agents include: the
higher molecular weight, monohydroxy dllphdth and

alicyclic alcohols, such as those containing six or more
carbon atoms; the aromatic hvdroxyllc compounds

such as the phenols, and cresols; the pine oils; the ste-
rols: cholesterols: bile salts; fatty acids containing six or
more carbon atoms: drmn:.'-, or esters of low water solu-
bility.

In forming the present solubilizing solutions. the se-
lection of the concentration at which the surfactant s

dissolved in the aqueous liquid is preferably based on

55
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“molecule; glycerols having 3-18 carbon atoms per mol-

like, is injected into the formation under investigation.
Thereafter, an aqueous slug containing suitable con-
centrations of polar organic compounds and surfac-
tants is injected into the formation. The concentrations

of the polar organic compounds in the aqueous slug can

vary widely, as can the concentrations of the surfac-
tants. Generally, the concentration of the polar organic
compound or compounds will range from about 15 to
60 percent by weight, depending primarily upon the
selection of the surfactant, and the relative ease with
which the reservoir oil or injected oil forms microemul-
sions. The concentration of surfactant (s) will generdlly
range from about 5 to 40 percent by weight, bascd on

“the total weight of the injected aqueous solution.

Suitable examples of poldr organic compounds for
use in accordance with the invention include the n-
cyclo- and iso-alcohols having 4-16 carbon atoms per

"molecule; the n-, cyclo- and iso-amines having 5-12

carbon atoms per molecule; phenol and phenols having
side chains with 1-10 carbon atoms per molccule; n-,
cyclo- and isomercaptans having 2-10 carbon atoms
per molccule; glycols having 2-12 carbon atoms per
molecule; fatty acids having 6-22 carbon atoms per

ecule; ketones having 518 carbon atoms per molecule:
ethers hdwng 4-18 carbon atoms per m{J]LCUlL dldt,-__'f
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hydes having 4-18 carbon atoms per molecule; and
mixtures of two or more of the above. All these mole-
-cules may contain saturated or unsaturated carbon-car-
bon bonds. o

Suitable surfactants include anionic and nonionic
compounds, for examplc, sulfonated aromatic hydro-
carbons. ethylenc oxide condensates of aliphatic acids,
alkyl aryl polyalkylene glycol ethers, esters of sulfosuc-
~cinic acid, mono- and dibasic carboxylic acids, alky!
and aryl sulfates; specific examples of which include
1Isopropyl naphthalence sodium sulfonate, sulfonated

petrolcum distillates, ethylene oxide condensates of

coco fatty acids, octylphenyl polyoxyethylene ether,
diisooctyl sodium sulfosuccinate,

amylphenyl sulfate.

Specific combinations of a polar organic compound
and a soap or detergent for use in the present invention
include phenol and sodium oleate; phenol and sodium

abictatc; phenol and ethanolamine oleate, pine oil and 20

sodium oleate; glycerol and turkey red oil; diethylene
glycol and turkcey red oil; octyl alcohol and potassium
myristate; octylamine and potassium myristate; octyl
mercaptan and potassium myristate; cetyl alcohol and

oleic acid: p-methyl cyclohexanol and oleic acid; oleic 23

acid and sodium oleate; n-amyl alcohol and an octyl-

phenyl polyoxyethylene ether obtained by reacting 13

mols of ethylecne oxide with octyl-phenol (Triton X-
[02).

place the residual oil in the formation. Such other
methods include, but are not hmited to, alcohol dis-
placement  techniques, overbased surfactant water
flooding tcchniques, and any other suitable flooding

techniques or oil displacement techniques which are -3

well known 1n the art.

Once the residual oil has been removed from the
formation under investigation by any suitable flooding
treatment such as these described above, the formation

“is then saturated with water, either original formation 40
water or brine water, so that the formation is substan-

tially a 100 percent water bearing reservolr formation.
A second log is run on the water saturatcd formation to
obtain logging data measurements. Thesc sccond mea-

surements arc then compared with the measurements 45

obtaincd by the initial log and the difference represents

the amount of residual o1l present in the formation.
To better illustrate the invention the following Exam-

ples are set forth. However, it 1s to be understood that

the examples are for illustrative purposes only and are 5¢

not intended to limit the scope of the present invention:

EXAMPLE I

In order to determine the residual oil present in a

formation which has been penetrated by the borchole 53

of a well the sequentml steps are as followed:
1. A resistivity log is made on the formation in ques-
tion. The reservoir rock around the borchole con-
tains, at this point in time formation water and an

undetermined amount of residual oil. The resistiv- 60

ity log providcs a measurement deblgnatcd R,
({M).

2. An aqueous solution contammg a surface active
agent (an overbasced sulfonate derived from a pe-

troleum refining steam, e.g. palc oil extract. as set 63

forth in U.S. Pending Patent Application 322.922))
is injected Into the formation through the borchole
“of the well. Sufficient solution is injected to insure

perfluorocaprylic
acid. diisohexyl succinic acid, dodecyl sulfate and L3

Other suitablc techniques can be employed to dis- 30

| | 8
that the residual oil has been displaced from the
~ vicintty of the borehole to a distance exceeding the
radius of mvestigation of the logging tool.

3. Brine water is then injected into the chemically
clcancd formation to resaturate same and thus
causc same to be substantially a 100 percent water-
bearing reservolr rock.

4. A sccond resistivity log is made on the formation.
This resistivity log provides a measurement desig-
natcd as R, since the formation s 100 percent
water saturated. -

In other words, the residual o1l saturation (ROS) can

readily be dectermined usmg the following mathemati-
c.;ll comldLmtlom

(Ry) (1=ROS)" = (Rwh) (F} Eq. (1)
where

R, = log response No. |

n.= saturation exponent

Rwl=formation water resistivity, both dunng log

" response No. | and No. 2.

F = tormation factor (as related to porosity)

If ROS = O, e.g. watcer saturation (Sy-) = 1.0, then

Ra= (Rwl) F. Fq. (2)

Therefore, combining Equation (1) and (2)

R , Rao
— — [T
R | (1 —R(}S) Rl
- ROS = 1 = (RoJ/R )" Fq. (3)

By employing deep investigating logging devices one
can obtain measurements farther into the formation,
thus providing a more representative value for ROS
than has herctofor been possible. In addition, it should
be noted that method does not require knowledge of
reservolr porosity. Elimination of the poroalty paramec-
ter and the fact that the three remaining parametecrs
can all be determined with a comparatively high degree
of accuracy renders the above describecd method a
highly reliablc one.

EXAMPLE II

In this examplc the same sequential stcps set forth in

- Example | are employed with the exception that reser-

voir rock contains only residual oil (no formation wa-
ter) and the logging tool employed is an acoustic log-
ging tool which measures the travel time (sec/ft.) of
sound through the formation over a fixed distance. The
tool responsc can be expressed as follows:

AL =0* At + (| - 0)* At,, o (1)

or expressed in corresponding velocitics

] | (1~ ) |
At = = + )
t V.n VH' Vo ' : ' : {_}

where
At = transit time from log reading
Aty = transit time of -pore fluid
At,.« = transit time in rock matrix
0 = porosity of reservoir rock
v, = compressional velocity
Va = fluid velocity



9
v, = rock matrix velocity
Since the residual oil has been removed from the
formdtlon being tested after the mitial log was run and
beforc the second log, the difference in the acoustic
signal will be a dircct function of the amount of residual
oil. This ts true due to the fact that brine and oil have
different acoustic properties, such as compresstonal
velocities as shown below. |

e

daguid

V,, (ft/sec)
Petroleum 42())
Water 200,000 ppm NaCl 5500
- 100,000 ppm NaCl 5200

0 ppm NuCl 4800

Therefore, after the reservoir under test has beeﬁ_

cleaned of the residual oi] and thc formation saturated
with brine the difference in the sonic response in log |
and log 2 is due to the amount of residual oil present in
the formation. Such can be expressed as follows:

A(AL ) oy 1 2=f(Ala) poskoso=Ff(ROS)

Since the formation contains only residual oil 1t
sometimes is advantageous to preflush the formation
‘with high salinity brine to enhance the sonic response

between oil and the brine. When such preflushing step

is employed thc water injected subsequently to produce

the water saturated formation is the same as that em-

ployed in the preﬂushmg step.
EXAMPLE III

In this example, density logs are employed to deter-

mine the amount of residual oil present in a formation

which has been penetrated by the borehole of a well.

‘The method involves the following sequential steps:
1. a density log is made on the formation in question.

H Re. 28,963_
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Logging measurements from first density log (Stt.p ')
arc representced as follows: |

d)bl — 0¢’.ﬂ + (I — U}{bmrr
where

So = ROS
Logging measurcments from second dcmlty log

~ (Step 4) are represented as follows:

10

R L — : — 15

d)bl — O(bﬂ + ( [ — 0)¢’mu
- where

So=0 |

@b, — by = _mf’z.,
where |

¢by > ¢by |

¢'ﬂ2 — of, = Aqbfﬂ& l
where .

ofl, > ofl, -

20

25

30

35

Combining the response of the first log and the sec-
ond log. | |

_QE%_L= Apfa b

5.qbf2 | =1 (So)
where

So = ROS |

- Since the properties of the water injected into the
formation (Step 3) and the produced hydrocarbon, i

addition to reservoir conditions, pressure and tempera-

‘ture are known, the value A¢f,, | represents the

amount of residual oil in the formation being tested.
From the above examples and detailed description of
the preferred embodiments it can readily be seen that

by employing the method of the present invention one

can readily and accurately determine the amount of

- residual oil remaining in an oil bearing formation after

The reservoir rock around the borehole contains .

formation water and an undetermined amount of

restdual oil.

2. After the density log has been obtained the forma--'

tion under investigation is cleaned of the residual
otl by the use of micellar solutions. Sufficient solu-
tion must be injected into the formation to insure

that the residual oil has been displaced from the

vicinity of the borehole to a distance exceedmg the
radius of investigation of the logging tool.
3. Water, eithcr original formation water, or injection

~water, is then injected into the clcaned reservoir.

rock so that same is substantldlly 100 percent water
saturated.

4. A second density log is made on the formation.
This log measures the bulk density of the water-

saturated rock in the formation.
The oil saturation (So) remaining in the re_servoir

rock after primary recovery can thus be determined

using the following mathematical considerations:
General density log response:
‘bh — O‘i’ﬂ + (1 — 0) ¢mn
-where
‘¢, = bulk densnty measure by log
¢fl = density of fluid in pore space of reservoir rock
¢ma = matrix density of rescrvoir rock

0 = porosity of reservoir rock |
Based upon the data received from the formatlon

. using the above described log-inject-log tu:hmque one
- can write thL following:
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primary production of said formation. In addition, it is |

evident that certain modifications can be made in prac-

ticing the method of the present invention without
departing from the scope of same which is defined in
the appended claims.
Having thus described the mventlon we claim: |
1. A method for determining the residual oil in an oil
bearmg formation penetrated by the bore hole of a well

- comprising the steps of:

a. logging said formation to obtam logging data mea-
surements of the relative quantltles of residual o1l
and formation water present in the formation; :
b. 1n_|ectmg into said formation, through said bore-
hole, a sufficient amount of an oil miscible solu-
tion, to displace substantially all of the residual oil
in said formation surrounding said borehole to a
~ distance exceeding the radius of investigation of
the logging means providing the logging data,

a sufficicnt amount of water to displace substan-
tially all of said oil miscible solution and cause said
formation being tested to be substdntlally 100 per-
- cent water saturated, and | -
d. logging for a second time said formdtlon to obtain
~ logging data measurements; and, |
e. comparing the logging data measurcments of said
second log with the logging data measurements of
sald first log to determine the amount of residual .
oil in said formation, wherein said logging data
measurentents are obtained by emploving a reservoir
property logging means selected from the group con-

c. injecting into said formation through said borehole
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sisting of resistivity log nieans, sonic log means and
density log means.
[ 2. The method of claim 1 wherein said loggmg data
measurements are obtained by employing a reservoir

property logging means selected from the group con-

12

- water in said reservolr 1s greater than the movement

5.

sisting of resistivity log means, somc log means and

density log means. }

3. The method of claim 1 wherein said oil miscible
solution 1s an aqueous. solution containing from about
(.5 to 60 weight percent of a surface active agent.

1O

4. The method of claim 3 wherein said surface active

agent 1s an overbased pale oil extract sulfonate.

S. The method of claim 1 wherein said oil miscible
solution is a mixture of liquified low molccular weight
hydrocarbon and watcr, said hydrocarbon being pre-
sent in an amount of from about 3 to 15 percent of the
reservolr hydrocarbon porc space and said water being
In an amount such that the movement velocity of said
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velocity of said hydrocarbon in said reservoir.

6. The method of claim 1 wherein said o1l miscible
solution i1s a micellar solution and from about 3 to 20
percent pore volume of said micellar solution 1s in-
jected into said formation.

7. The method of claim 1 wherein said oil miscible
solution is microemulsion forming solution and said
microcmulsion forming solution 1s an aqueous solution
containing from about 15 to 60 weight percent of a
polar organic compound and from about 5 to 40 per-
cent by weight, based on the total weight of said aque-
ous solution, of a surface active agent. |

8. The method of claim 7 which includes the step of
injecting a minor amount of an oil component miscible
with the reservoir oil into saitd formation prior to mjec-

tion of said microemulsion forming solution.
x * ¥ x* X
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