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The present invention relar,es to methods for the testing
of oil wells and more particularly relates to an improved
metkod for determining whether adjacent producing
zenes are segregated from one another in the vicinity of
multiple completion wells. In still greati.,r particulari‘ty,

the invention relates to a testing method wherein a read-

iy-identifiable organic compound is injected into one
zone of a multiple completion well and fluids subsequent-
ly produced from a second zone are treated with a sol-
vent to extract the organic cempound and permif its iden-
tification. g

The use cof multiple completion wells substantially re-
duces the cost of developing oil fields overlying vertical-
Iy-spaced producing zones. By completing the develon-

ment wells in such a field so that fluids from two or more

zones can be separately conducted to the earth’s surface
through vparallel or concentric pipe strings, the several
zones can be produced with fewer wells and less equip-
ment than would otherwise be required. Cerfain prac-

tical diificulties are often encountered with such Welis,

nowever. Experience has shown that fluid losses from
one producing zone to another are common. Faulty ce-
menting of the casing in the wellbore, failure of the pro-
duction packers, corresion of the wellbore tubing, or the

development of vertical fractures adjacent the Wellbﬁl‘“

may permut the flow of substantial quantities of oil be-
tween zones. When this occurs, the actual production
from one zone may be considerably higher than the in-
dicated production; while other zones may be producing
considerably less o1l than the production figures would
indicate. The erroneous production data thus cbtainad
may result in the adoption of recovery programs and
practices which are unsuited for the conditions actually
existing. Moreover, the escape of fluids from one zone
to another may make compliance with conservation regu-
lations difficult. In many areas such regulations restrict
the amount of oil which can be produced from each zone
of a multiple completion well and impose severe penal-
ties 1n cases of over-production. The testing of multiple
completion wells to determine whether adjacent zones are
segregated from one ancther is required at frequent inter-
vals 1n order to insure accuracy of the production records.

Muitiple completion wells are usually tested to deter- '

niine whetner fluids are escaping from one zone to ancther
in the vicinity of such wells by varying the production
rate from one zone and recording the pressure in another,
Any varlation in pressure in the second zone generally
indicates that the two zones are not segregated from one
anotner. This method is satisfactory in some cases but
1s dgifficult to use where the pressure differences between
the zenes are small or where pressure measurements must
be made with a down-hole recorder at the bottom of the
wellbore. The pumps and crossovers must be removed
from some wells before suich a recorder can be lowered

“into place and hence testing by pressure measurements -
may be costly and time consuming._ Moreover, the pro-

ductivity index in some wells in such that large quantities
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of oil may flow from one zone to another without pro—
ducing any significant change in pressure. A zone hav-
ing a productivity index of 100 barrels of oil per day per
pound per square inch for example, would show a pres-
sure diop of only 44, of a pound per square inch in re-
sponse to the escape of 40 barrels of oil per day into an
&d_;acem zone. Although the quantity of oil lost per day
in this instance is relatively large, such a loss could not
readily be detected by observing the resultant change in
pressure. For these and similar reasons, the use of pres-
sure measurements as a means for testing segregauon in
multipl-ﬂ completion wells has serious drawbacks. - -

- Efioris to develop more effective methods for testing
segregation in multlple completion wells have been gen-
eraﬁy unsuccessful. "It has been proposed that the chemi-
cal and physical properties of the oil from each zone
surrcunding a muliiple completion well be determined
and that the produced oil from the well be analyzed at
frequent intervals in order to detect any mixing of one
oil with another. Experience has shown that the differ-
ences between olls are often small and that the analytical -
‘erences is difficult and
- This method is therefore practical only
‘The use of spectral adsorption in
the near infrared has also been suggested as a means for
1dentifying oil from different producing zones. This
metiod has been found inadequate because of the simi-
larity of the adsorption characteristics of the oils. The

time consuming.

- injection of fluorescent, metailic or radioactive tracers into
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catalysts used in subsequent refining operations,

‘gated heretofore present similar problems.

one zone of a multlple completion well and the testing of
oil from a second zone for the tracer material has been
proposed. This is unsatisfactory because of difficulties in
identifying the tracers, adverse effects of the tracers upon
high
Other methods mvesti-
 As a result,
the use of pressure measurements for teﬂtmg segre ation
i muhig,,.a, completion welis continues. . | | |
It is therefore an object of the present invention to Dro-
vide an improved method for testing mult tiple completlon
wells to determine whether adjacent producing zZones are
segregated from one another in the vicinity of such wells.
it is a further object of the invention to provide a reliable
method for testing segregation which does not require the
removal of equipment from the wellbore, can readily be
carried cut in the field without extensive labarmoly facili-
ues, and does not adversely affect subsequent processing
of the produced oil, Cther 0b3ems will become apparent
as the mvmt on is described in gieah...r detail hereafter.
In accerdance with the present imvention, it has now
been found that multiple completion wells can be tested
to determine whether ad]acem producing zones are se egre-

costs, and hazards to personnel.

- gated from one another in the vicinity of the wells by in-
jecting a readil y-laemlﬁabie Organic compound into one

zone of the well in guestion, shutiing in the portion of the

well communicating with that zone, produr‘z g oil from
a second zone of the weil, contncun& samples of the pm~'

duced oil with a sclvent in which the organic compound
is preferentially soluble, and thereafter tes ting the solvent
for the presence cf the organic compounds. Detection
of the crganic componnd in the sclvent clparly indicates
that communication exists between the two zones; where- -

‘as absence oi the organic compound after oil has bee

roduced for a reasonable period of time can be taken as
a relinble indication that the zonss are eﬂecfwdy segres
gated from one anocther in the vicinity of the well. Lab-
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oratory and field tests have shown that the method of

the invention permits the detection of extremely smail
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1dem1ﬁable organic campmnd to be employed is normal-

1y prepared at the surface and injected into one section

quantities of o1l escaping from one proaucmg Zone 1o an- -

other, that it is readily applicable to wells in which pres-
sure measurements and other testing methods cannot be

used without the removal of equipment from the welibere,
that it has no adverse effect upon subsequent proces'sing
of the produced oil, and that reliable resuits
be obtained in the field at relatively low cost.
features make the method of the lnventzon conszd...,rabw
more attractive from an engineering and economic stand-
point than methods available heretofore.

- The organic compounds utilized in carrymfr out the

- method of the invention are compounds which can readily
be extracted frem crude oil with a suitable solvent and
identified by color or a characteristic. reaction following
their extraction from the oil. The compounds emploved

an quickly
These

Gt

10

of the well. Sufficient treated oil to fill the tubing string

and open wellbore below it and to permit the injection of

from 5 to 10 barrels or more of oil into the producing
zone wiil ordinarily be required. The total amount neces-

‘sary for a particular well can readily be calculated. The
organic compound or a solution containing it 1s generally

cnssowed or dispersed in the crude oil in an amount suf-
ficient to give a concentration between about 50 and about
1,000 perts per million. Laboratory 4
stfated that phenolnhl_halem and similar compounds can
readily be extracted from crude oil and identified when

- present in the oil in concentrations as low as 10 parts per

should be soluble. or readily dispersible in crude oil, should |
have low solubility in water and brine, and should be ap-

preciably soluble in dilute acid or basic solution.

They
should also be stable at reservoir conditions of temperature

and pressure, should be inert to crude oil and other ma-

terials found in underground reservoirs, and should not

be readily adsorbed upon subsurface formations. Finally,
the compounds should not occur naturally in subsurrace
reservoirs. A variety of organic dyes, acid-base coler 1n-

| R
] |

dicators and organic compounds capable of reacting to

produce a characteristic reaction product possesses tnese

properties and may be employed for purposes of the in-
vention, |

million. Somewhat higher concentrations are usually ad-

visable, however, because of the possibility that some of

the organic compound may be adsorbed on the tubing or

subsurface strata with which the oil comes into coatact.

The use of higher concentrations also assures identification
of the compound even though the injected cil may be
diluted with a lar ge quantity of oil from an adjacent pro-
ducing zone. Use of the organic compound I1n concen-

trations between about 250 and abmt 750 parts per mil-
lion-is preferred.

The crude oil cohtammn a dYu or similar organic com-
pound is pumped through the tubing into the high pressure
zone of the well to be tested. An indication of the pres-

~ sures in the various zones can ordinarily be obtained from

Specific eﬁamples of dyes suitable for rurposes of the-_ |

invention include gambine, p1crlc acid, Congo red, alizar-
in, indigo, crystal violet, and quinoiine biue.  Acid-base 11~
dicators which may be employed in carrying out the inven-
tion include phenolphthalein, thymolphkthalein, dichioro-
phenol p-xvlenesulfonphthalein, benzeneazodiphenyla-

- mine, n-cresolsulfonphibalein, thymolsulionphthalein, o-

" tolueneazo-o-toluidine, o-cresolsulfonphthalein, 2,6-dini-

trophenol, 2,4-dinitrophenol, P"dimﬁthﬂamiﬂoambEﬂzﬁnﬂ’ 40

~ phthalein, tetrabromo-m-cresolsulfonphthalein, dichloro-

tetrabromophenolsulfonphihalein, tetraiodophenolsulion-

phenolsulfonphthalein, p-nitrophenol, dibromo-o-cresolsul-

fonphthalein, dibromothymolsulfonphthalein, phmolsul-'

- fonphthalein, m-nitrophenol, o-cresolphthalein, sodium ni-
trobenzeneazosalicylate, sodium 2,4-dihydroxyazobenzene-
4-sulfonate, sodium indigodisulfonate, and the like. Other
-~ compounds which may be extracted from crude oil and
readily identified 1n similar manner inciude aniline, o-
| phenylened1amme, and related aromatic amines. . The eX-

tracted organic dyes and acid-base indicators can usually

be identified by their color without further treatment of

o
]|

 then resumed. - Initial samples of the produced crude are.
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the solutions containing them and hence the use of these .

_materials is preferred for purposes of the invention.

It will be recognized that certain of the compounds de-
scribed above are not of themselves readily soluble or dis-
persible in crude oil. ‘Such compounds may nevertheless
‘be employed for purposes of the invention by first dis-

solving them in a suitable oil-miscible solvent and then

adding the resultant solution to crude oil. The solvent
employed will depend primarily upon the solub1hty char-

acteristics of the organic compound utilized. Suitable sol-

vents include ethanol, isopropanol, 2-chloroethanol, tri-
chloroethylene, acetone, ethyl ether, benzene, ethylene

elycol, triethylenetetramine, 1soa: myl acetate,
petroleum fractions boiling in the range between about
100° F. and about 560° K., and mixtures .of these and

similar materials.
not soluble in all of these solvents to the same extent and

hence certain of the solvents are more ¢ ective with par—
ticular compounds than are others.

In utilizing the method of the invention to determine

whether adjacent producing zones are segregated from one
another in the vicinity of a multiple completion well, a
batch of crude oil containing the dye or other readily-

pentane,

tionof suifuric or hydrochloric
‘satisfactory. Aniline and similar compounds can gen-
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The organic compounds employed are
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~ for injection purposes is closed off at the surface.

the production records of the well. Where all of the zones

are at essentially the same pressure, a series of tests as

described hereafter may be advisable. After from about
5 to 10 barrels of the treated crude oil has been injected
into the producing zone, the tubing or other conduit used
Produc-
tion of crude oil from the adjacent producing zomes is

collected. After each of the adjacent zones has produced
a guantity of oil corresponding to that initially present in

the Wellbme, sampling of the produced fluids at periodic
intervals is commenced. The sampling rate will depend -

primarily upon the rate at which fluids are produced from
the well. In general it is preferred to coliect one or more
samples for each four to five barrels of crude o1l produced
over a period of at least 24 hours.

cride oil injected into the well, the sampling period may
be continued for a somewhat longer period. At the end
of the sampling period, a final sample of the injected oil
is obtained from the high pressure zone of the well.
Sample should be caremlly identified at the time that it
1s coliected.

'The samples of crude oil collected as described above

‘are treated with an oil-immiscible solvent in order to ex-

tract any dye or other injected organic compound present
in the oil. The solvent employed will depend primarily
upon the particular compound to be exiracted. In the
case of organic dyes for example, a dilute aqueous solu-
acid will ordinarily be

erally be extracted from the crude oil with a dilute aqueous

-solution of an incrganic acid or with an agueous solution
of alcohol to which a small amount of acid has been
added. The acid-base indicators may be extracted with

water or with a dilute acid or alkaline solution. If water
is employed for the extraction of an indicator, the pH
of the extract may later be adjusted to determine whether
the indicator is present. An alternate procedure is to em-
ploy an aqueous buffer solution to extract the indicator
from the crude oil. Satisfactory buffers include solutions
of hydrochioric acid and potassium chloride, solutions

of hydrochloric acid and potassium acid phthalate, solu-

tions of sodium hydroxide and potassium acid phthalate,
- solutions of sodium hydroxide and potassium diacid phos-

phate, and solutions of sodium hydroxide and boric acid.

The buffer solution utilized will depend, of course, upon

ests have demon-

If the daily production
of the producing zone is less than the amount of treated

Each

\
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the pH level at which the indicator to be extracted under-
goes a color change and should be selected so that the
solution will have a pronounced color if the indicator is
present,

In order to extract the dye or other mjected organic
compound from the oil, the crude oil sample is mized with

an equal volume of aqueous solution and agitated. The

resuitant mixture is then allowed to stand until an aqueous |

phase and a separate oil phase form. Formation of the
separate phases can usually be accelerated by warming
the mixture, centrifuging it, or filtering it throuch a water-
wet filter. The addition of a demulsifier to the mixture
to promote breaking of the emulsion should generally be
avoided because of the posmbﬂlty that the demulsifier may
prevent identification of the dye or other compound ex-
tracted from the oil.

10

The method utilized to identify material extracted from

the crude oil sample will depend upon the particular com-
pound injected into the well. If a dye has been injected

and communication exists between adjacent producing

zones, an aqueous dye solution having a pronounced color
will form beneath the oil as the mixed oil and agueous
solvent separate. If the producing zones are segregated
from one another, on the other hand, the aqueous solvent
phase will remain essentially colorl:_,ss due to the absence
of dye in the crude oil sample. Where the injected or-
ganic compound is an acid-base
ing zones are not segregated from one another, the color

of the agueous Iayer beneath the oil will agaln indicate

the presence of the indicator in the oil sample. Unless a
buffer solution is used to extract the indicator from the
o1, it may be necessary to adjust the pH of the aqueous
piase n order to cbtain the indicator cclor. Even though

the pH is adjusted, the agueous phase will remain color-

less if no communication exists between producing zones
in the vicinity of the well. Aniline injected into one pro-
ducing zone and exiracted from an oil sample recovered
from an adjacent zone can be detected by adding a small
amount of solid lead peroxide to the aqueous phase fol-
lowing the extraction step and then warming the solution
slightly. The appearance of a green color attests to the
presence of aniline and indicates that communication
exists between the zones. A failure to obtain the green
coior can be taken as an indication that the zones are ef-
fectively segregated. Similar procedures can be utilized
with other organic compounds which readily react to
form a characteristic color or undergo a characteristic re-
action upon treatment with a particular reagent.

By testing the crude oil samples in the manner c‘.e-
scribed above it can readily be determined whether any
of the SHIIIPJ.E?S included oil from the producing zone into
which the dye or other organic compound was 111_,ected
Tne testing of samples of the injected oil and samples of
oil recovered from adjacent zones at the onset of the op-
eration provides a means for checking the results obtained.

As pointed out earlier, it may be necessary to carry out
a series of tests whre pressures in adjacent producing zones
are essentially the same or are unkmown. In such in-
stances, each producing zone may be tested in sequence
in the manner described above. A different organic com-
pound should be employed in each test and the com-
pounds should be selected so that one will not prevent the
detection of another. One method for doing this is to
employ acid-base indicators which are colorless below p
levels. The use of a series of such indicators with buffer
solutions of increasing pH values permits the ready detec-

tion of each indicator even though those employed earlier

were not completely removed fmm the system.

the technique described in the preceding paragraphs -

provides a mean for determining whether communication
exists between adjacent producing zones within a multiple
completion well or in the vicinity of such a well. In some
cases it may be desirable to test for leaks in the tubing or

crossover within a well without injecting o0il into the

producing formation. In that even, a suitable organic

indicator and the produc-

20

compound may be incorporated in a stick of wax or other :
oil-soluble material and dmpped to the bottom of one
conduit of the well. The organic compound may also
be introduced 1n a soluble or frangible container dropped
into the well. Oil recovered from an adjacent conduit
can then be treated with a solvent to extract the organic -
compound. Presence of the compound in the oil thus
treated indicates that a leak exists between the conduits. |
The nature and object of the invention are further illus-
trated by the results of tests carried out to determme
the effectiveness of the method. g

Example 1

In a first series of tests, phenolphthalein Was added to

a mixed methanol-lsc)pro;aanol solution in ‘a concentra-
tion of one pound per gallon. This solution was then
added to samples of crude oil in amounts sufficient to give
hﬂnolp’lthalem concentrations ranging from about 10
parts per million to about 500 parts per million. These
samples and samples of the same crude oil containing
no phenolphthalein were mixed with equal volumes of an
aqueous buffer solution containing boric acid and sodinm
hydroxide in 0.1 molar concentrations. The buffer solu-
tions had a pH of about 10.5. The mixed oil and buffer
solution samples ware wworausly agitated and then al-"
lowed to stand for a period of about 8 hours.  The emul-
sion formed by shaking the samples ﬂradually settled and

o1l and aqueous phases were formed in each sample bot-
‘tle. At the end of the 8-hour period it was found that

the aqueous phase beneath each oil sample contammg |
phenolphthalein had a pronounced red color, even in those

cases where the phenolphthalein had been added to the

crude oil in a concentration of only 10 parts per million;
The buffer solution contacted with the oil samples con-
taining no phenolphthalein remained essentially color-
less. It is thus apparent that the aqueous buffer solution
extracted the phenolphthalein from the crude oil and that

this technigque can be employed tc; d&tuct the dye in ex- .
tremely low concentratmns
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Exampl_e 2
One milliliter of aniline was added to a hundred mil-

liliters of crude oil in the first of a second series of ex-

periments. The oil contammg aniline was then mixed with
an equal volume of 2 percent sulfuric acid solution. - The
mixture was shaken vigorously for several minutes and.
ailowed to stand until the emulsion produced had settled
and separate oil and water phases had been formed. A

“small amount of solid lead peroxide was then added to

the water phase. The solution was heated slightly. The
heating resulted in the formation of a bright green color
chqractenstlc of the reaction of aniline with lead peroxide.
Similar tests at other concentrations demonstrated that the
aniline could be extracted from crude oil and identified .
in concentrations as low as 10 parts per million. The
tests also showed that a 5 percent hydrochloric acid solu-
tion could be empleyed in lieu of the sulfuric acid.

Example 3

Further tests were carried out by addmg p ~-dimethyl-
aminoazobenzene to samples of crude oil. These sam-
ples were mixed with equal quantities of a 2 percent solu-
tion of sulfuric acid. The oil-acid mixture was shaken
for several minutes. The emulsion formed was then

broken by filtering the mixture through a double water-
- wet filter paper.

Upon separation of the crude cil and
acld, the characteristic red-yellow color of the aqueous

phase confirmed the presence of p- dmwthylammoazoben-

zene. Further evidence of the presence of the dye was
obtained by adding dilute scdium hydroxide to the ague-
ous phase.
pH such that the color quickly changed to yellow. It was

found that these color changes permitted detection of

the p-dimethylaminoazobenzene in cencentrations as low
as 10 parts per mﬂhon - : :

Addition of the base produced a change in | '
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| | - Example 4.~ o

- The effectiveness of the metlicd of the invention was
further tested in a multiple completion well containing
g leak in the down-hole assembly. The leak had been

 deliberately preduced by drilling a 342 inch hole through -
the crossover in the tubing string. Such a leak’is much

too small to be detected by pressure measurements. A
test -solution was prepared by first dissolving phenol-
phthalein in isopropyl alcohol in a concentration of one
pound per gallon and then adding this sclution to crude
oil from the well at the rate of one gallon for each 252

‘ealions of oil. The concentration of the phenolphthalein
in the prepared crude cil was thus about 50U parts per
million. A sample of the treated cil and untreated oil
samples from each of the producing zones in tie weil
were collected. The treated oil was then injected into
the high pressure tubing string in the well until about
5 barrels of oil had been forced into the formation. This

 tubing string was then shut in at the surface and oil

was produced from an adjacent producing zone through
a second tubing siring. After a quantity of oil equiv-
alent to the calculated volume of the low pressure section
- of the well had been vecovered, samples of the produced

crude were taken at 4-hour intervals over a Z4-nour
period. Bach sample consisted of about 300 miililiters

‘of o0il and was carefully labeled to indicate its scurce
and the time at which it was taken. At the end of the

2,180,142
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24-hour period, final samgples from both the high pressure

zone and the low pressure zone of the well were coi-

lected. | | | |
Fach of the samples obtained in the above manner

was mixed with an egual volume of an agqueous builer
solution containing beric acid and . sodivm hydroxide.

The solution employad had a pH slightly in excess of 10.
The samples of oil and bufier solution were shaken and

allowed io stand for a period of 8 hours in order to

permit separation of the oil and solution. It was found
that the aqueous solution in contact with the sampies
of treated oil and the solution in contact with samples
produced from the low pressure zone of the well had
an intense red color. The solution contacted with oil

30
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samples taken prior to the introduction of the phenol-

phthalein into the well were essentially coiorless. The.
results thus showed that the treated oil containing phenol-

phihalein fiowed from the high pressure tubing siring into

the low pressure zone in the well and confirmed the

- existence of the leak in the down-hole assembly.

Example 5

Additional field tests were cairied out using -phenol-
phthalein in the manner descrived atove {o iest segiega-

- tion in multiple completion wells which had been pre-

vipusly tested by conventional pressure measuremenis.
It was found that the method of the iavention cCrrcbo-

rated the existence of communication bstween adjacent

producing zones in those instances where the prior pres-
sure tests had indicated that the zones were not segre-

sated from one another. Where the earlier pressure tesis .

had indicated segrecation, the method of the invention
gave similar results. | R | ]
© It will be understood that the method of the invention
is not restricted to the use of the particular compounds
recited in the foregoing examples and that other organic
compounds which can be readily exiracted from crude
oil with an aqueous solution and identified by-their color

or by the formation of a characteristic reaction product

‘may te employed. A variety of suitable compounds in

addition to those set forth above will suggest themselves

to those skilled in the art.
What is claimed is:

1. A method for determining whether communication

exists between. adjacent zones in a multiple completion

“well which comprises introducing an crganic compound

foreign to subsurface oil-bearing reservoirs into a first

zone of said well, said cecmpound being selected from the.

60

65
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émup consisting of oil-soluble and cil-dispersible dyes,

acid-base color indicators and aromatic amines which

react to form products of characteristic color; producing
crude oil from a second zone of said well; collecting
samples of the oil produced from said. second zone at
neriodic intervals; treating said samples with sufficient
quantities of an oil-immiscible solvent in which said or-
ganic compound is preferentiaily soluble to extract said
compound from said samples and thereafter determining
the presence or absence of said organic compound in said
sclvent, | - | | |
2. A method as defined by claim 1 wherein said organic
ccmpound is an oil-soluble dye.

3. A method as defined by claim 1 wherein said crganic
compound is an acid-base color indicator. B

4. A method as defined by claim -1 wherein said organic
compound is aniline. L |
. 5. A method as defined by claim 1 whereln sald organic
compound is introduced into said first zone by incorporat-
ing said compound in a stick of oil-soluble material and
dropping said stick into said first zone.

6. A method as defined by claim 1 wherein said organic

comipound is introduced into said crude oil in said first
- zone by dissolving said compound in an oil-miscible sol-

vent and introducing said sclvent info said first zone.
7. A method for testing segregation in a multiple com-

pletion well which comprises introducing an acid-base

color indicator into a first producing zone surrounding

“said well, shutting in said first producing zone, producing
crude oil from a second producing zone surrounding said

well, collecting samples of crude oil at periodic intervals

~as said cil is produced from said second zone, extracting
-samples recovered - from said second producing Zzone
with an aqueous solution in which said acid-base indicator

is preferentially soluble; and thereafter determining the

 presence or absence of said indicator in said solution.

8. A method as defined by claim 7 wherein said acid-
base indicator is phenolphthalein.

9. A method as defined by claim 7 wherien said aqueous

solution 1s a dilute sclution of an incrganic acid. -

10. A method as defined by claim 7 wherein said acid-

base indicator is p-dimethylaminoazobenzene.
11. A method for testing segregation in a multiple
completion well which comprises injecting crude oil con-

5 taining aniline into a first producing zone surrounding

said well, shutting in said first producing zone, producing
crude oil from a second producing zone surrounding said
well, contacting crude oil frcm said second producing
zone with a dilute aqueous solution of an inorganic acid,
and thereafter treating said dilute aqueous solution with
lead peroxide. R |

12. A method for determining whether communication

exists between adjacent producing zones in the vicinity

of a multiple completion well which comprises injecting

crude oil containing from about 10 to about 1000 parts

- per million of phenolphthalein into a first of said pro-

ducing zones through one conduit of said well, shutting in
said first conduit, producing crude oil from a second

- of said producing zones through a second conduit of said

well, collecting samples of crude oil produced from said
second conduif, contacting said samples with an aqueous

medium in which phenclphthalein is soluble, and there-

aiter defermining the presence or absence of phenolnhtha-
Iein in said medium. SR
13. A method as defined by claim 12 wherein said
acucous medivm has a pH in excess of about 10.
14, A method as defined by claim 12 wherein the pH
of said agueous medium is adjusted to a value in €xcess

of about 10 after said samples are contacted therewith.

15. A method for testing segregation in a mulitple com-
pietion well penetrating two subterranean oil-bearing zones
wiich comprises dropping wax containing an acid-base
color indicator into a first conduit in said well penctrating
& first of said cil-bearing zones, producing crude oil from

For
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‘which said indicator is preferentially soluble to extract g

ncatm' 1s phenolphthalein.

S

‘a second conduit in said well penetrating a second of said

cil-bearing zones, collecting samples of the crude ocil
produced from said second conduit at periodic intervals,
treating said samples with an oil-immiscible solvent in

said indicator from said oil, and determining the presence
or absence of said indicator in said solvent.
16. A method as defined by'clai 1 15 wherein said indi-

17. A method as defined by clalm 15 Wherem sald 1nd1- 10
cator is p-dimethylaminoazobenzene.

18. A method as defined by claim 15 wherem Sald sol-
vent is a dilute amd solutmn | .
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