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The present invention relates to a method using a 
reversible solid-forming material to profile a subterranean 
oil-bearing formation traversed by a production well. 
More particularly, the present invention is concerned 
with a method including sealing a portion of the produc 
ing formation by injection of a reversible solid-forming 
material and measuring the amount of fluid produced 
from the unsealed section of the well bore. Through a 
progression of determinations of this type a production 
well profile can be obtained. Knowledge of the “pro 
duction profile' of subterranean oil-bearing formations is 
highly desirable for oil production purposes, for instance, 
to locate water or gas producing zones which can be 
plugged to provide more efficient recovery of oil. 
A formation can be any sedimentary bed or stratum 

sufficient to be regarded as a unit. Fluids such as petro 
leum oil, gas or water may be found distributed through 
out the formation or only in intervals or zones of the 
formation. Although a formation may be substantially 
homogeneous in composition, formations do have random 
veins which vary in content. Intervals, Zones, streaks 
or veins in the formation alternatively or successively 
distributed containing various fluids or different ratios of 
fluids are frequently encountered. 

In most petroleum producing areas, the production 
of petroleum from subterranean oil producing forma 
tions is generally accompanied by the production of water 
or brine that may be present in random streaks, zones or 
intervals in the formation. Well effluents comprising as 
much as 90% water and only 10% oil are not uncom 
mon. Pumping the water to the earth's surface and sepa 
rating it from the oil is not only expensive but in many 
instances the problem of disposing the waste water is 
more than one of mere economics. Accordingly, if a 
production profile of a formation, i.e. information on the 
vertical distribution of fluids in a formation, traversed by 
a producing well were available to provide knowledge of 
the location and amounts of unwanted extraneous mate 
rials, e.g. brine, ingressing into a production well, these 
locations can be sealed and the production of wanted 
materials, e.g. oil, can be more efficiently accomplished. 
An object of the present invention is the provision 

of a method for determining the "production profile' of 
a subterranean formation traversed by a well bore. An 
other object of the present invention is the provision of 
a method for procuring information as an aid in deter 
mining the production profile of a well including the in 
jection of a reversible solid, e.g. resin-forming material 
into a portion of the producing formation to Seal this por 
tion of the formation and measuring the relative amounts 
of each type of fluid, for instance, one or more, present 
in the production fluid recovered from the unsealed por 
tion of the formation as an aid in the determination of the 
production profile of the formation. Another object of 
the present invention is the provision of a production well 
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profiling method including the step of injecting a suf 
ficient amount of a reversible solid-forming material into 
a well bore to selectively seal the lower or bottom por 
tion of a producing formation, measuring the relative 
amounts of each type of fluid contained in the production 
fluid recovered from the unsealed upper portion of the 
formation, removing the resin-forming material from the 
Welli; and repeating this operation employing differing 
amounts of resin-forming material until a progression of 
Such determinations or measurements are obtained; the 
difference between the relative amounts of liquids from 
one measurement to another being an indication of the 
production profile of the well. 
Another object of the present invention is the pro 

vision of a production well profiling method including 
the step of injecting a sufficient amount of a reversible 
solid-forming material into a well bore to selectively seal 
the lower or bottom portion of a producing formation, 
measuring the relative amounts of each type of fluid con 
tained in the production fluid recovered from the unsealed 
upper portion of the formation, injecting a sufficient 
amount of a solid-forming material into the well bore to 
Selectively seal the lower portion of the unsealed portion 
of the formation and thus providing another layer of solid 
forming material on the previously added solid-forming 
material, measuring the relative amounts of each type of 
fluid contained in the production fluid recovered from the 
unsealed upper portion of the formation, and, if desirable, 
repeating this operation until a progression of such deter 
minations or measurements is obtained; the difference be 
tween the relative amounts of fluids from one measure 
ment to another being an indication of the production 
profile of the well. In the above objects or in the 
claims, reference is made to "measuring the amount of 
each type of fluid' or "the amount of each fluid.” It is 
intended that these terms be interpreted in their usual 
manner to define production fluids containing only one 
type of fluid or one fluid, e.g. brine as well as produc 
tion fluid containing a plurality of fluids, e.g. brine and 
gaS. 
The following specific example referring to the drawing 

Will serve to illustrate the present invention but is not 
to be considered limiting. 
The production profile is desired for an oil producing 

Subterranean formation 10 extending from about 356 
to 360 feet from the earth's surface 5 and traversed by 
a well bore 2, which is 6' in diameter. The well is 
producing liquid including oil and brine at a rate of 
4 gallons per minute in a ratio of about 1 part of oil 
to 10 parts of brine by weight. Aqueous solid-forming 
material, i.e. guar gum, weighted to be heavier than 
Water and containing 2 weight percent guar gum and 
1.5 weight percent calcium chloride (to give the ma 
terial a recognizable electrical conductivity), is con 
ducted down a string 14 of /2' tubing (centrally dis 
posed in the well bore and extending to a point below 
the formation), is tracked with a two-conductor cable 
employed in a stinger arrangement (not shown), is pres 
sured by air to the bottom of the well (360 feet), and 
displaces material in this area of the well, solidifies, and 
seals a portion of the formation extending from 359 
to 360 feet as shown by 16, Samples of the liquid pro 
duced from the unsealed portion of the Well are taken, 
analyzed and found to contain 5 parts of oil to 5 parts 
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by Weight of water. Production from the unsealed por 
tion of the well is about .87 gallon per minute. 
An additional amount of reversible solid-forming ma 

terial of the above type is placed in the well, solidifies, 
- and Seals off the portion of the formation extending 
from 358 feet to 359 feet in area 8, as shown by in 
dications in the drawing, essentially the same manner as 
that described in the preceding paragraph. Thus, the 
Sealed portion of the well now extends from 358 to 360 
feet. An analysis of a sample of the liquid produced 
from the remaining unsealed portion of the formation 
shows that the sample is essentially comprised of oil 
and the production rate is .51 gallon per minute. 
From this information, the following data, tabulated 

below, in Table I is derived. 

Table I 

Analysis of production 
fluid, ratio oil produc 

tion to brine production 
Vertical depth of producing area in ft. in parts by weight 

Oil Brine 

856 to 860-------------------------------------- 1. 10 
356 to 359--- - - - - 5 5 

856 to 858-------------------------------------- 10 ------------ 

Thus, the production profile of a well is obtained show 
ing that the oil producing portion of the formation ex 
tends from about 356 to 358 feet and the water produc 
ing portion of the formation extends from about 358 to 
360 feet. After a period of about 24 hours, the solidified 
Solid material reverses or reverts to liquid form and is 
removed from the well, conventional formation plugging 
procedures are employed to plug the water producing 
portion of the formation, and thus the efficiency in re 
covering oil from the formation is considerably en 
hanced. 

In view of the above description a number of vari 
ations of this procedure are obvious to those skilled in 
the art. For instance, instead of placing one layer of 
solid-forming material on top of another layer, the 
amounts of solid-forming material used can be succes 
sively increased or decreased after each previous por 
tion reverts to liquid form and is taken from the well. 
Thus, an amount of solid-forming material could be set 
in the well and the production measurement taken. After 
the solid reverts to a liquid and is removed from the 
well a larger or smaller amount of solid-forming ma 
terial could be used in successive measurements to obtain 
the production profile. 
The reversible solid-forming material employable in 

the production well profiling method of the present in 
vention generally will convert to a solid state or semi 
solid state, i.e. it will not flow as a liquid under the well 
pressure, in the presence of water under conditions en 
countered in the well and in a reasonably short time, e.g. 
about 2 hours, and will normally remain in this state 
for generally a period of at least about 5 hours, prefer 
ably a period of at least about 24 hours up to about 36 
hours before reverting or reversing into a liquid or a 
mobile state. Among the reversible solid-forming ma 
terials or compositions suitable for use in the method 
of the present invention are aqueous solutions of guar 
gum in concentrations of generally from about 1 to 2 or 
5 weight percent. Silica gel can also be used through 
pH control, for instance, by adding acid to sodium 
silicate to solidify the material and making the Solid 
basic to reverse it to liquid form. In addition the re 
versible solid-forming material may include other com 
ponents, for instance, weighting agents. Moreover, as 
it is desirable to know the location of the solid-forming 
material in the well bore to insure its sealment of the 
proper portion of the formation, detecting agents can 
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4. 
be added to the composition to give it a defined char 
acteristic distinguishable from other fluids in the well. 
For instance, the composition can be given an electrical 
conductivity distinguishable from other fluids, e.g. brine, 
present in the well bore and thus can be located in the 
Well with an electrical conductivity profiling unit. 
The detection means employed for tracking the posi 

tion of the solid-forming material in the well bore can 
vary. For instance, a soluble radioactive tracer may 
be injected into the material and a Geiger counter can 
be attached to a line to locate the solid-forming material 
and thus by checking the depth of the line, the position 
of the material is known. Although, as pointed out 
above, the solid-forming material can be given a defined 
electrical conductivity to enable detection in the well 
bore, conversely, as the brine in the well is essentially 
conductive, the Solid-forming material can be made es 
sentially non-conductive, such that the conductivity pro 
filing unit will indicate the degree of current flow within 
the solid-forming material and brine. Accordingly, when 
the conductivity circuit is essentially good, the instru 
ment is in the brine, and when the conductivity circuit 
is essentially poor, the instrument is in the solid-forming 
material. Thus, by raising and lowering the instrument 
the interface between the solid-forming material and the 
brine can be located and by checking the depth of the 
detecting instrument the location of the solid-forming 
material is known. 
A device suitable for use in measuring the electrical 

conductivity of the fluids in the well bore is described in 
U.S. Patent 2,776,563. This device, known as a magnetic 
coupler, includes a magnetic core, and two electrically 
conducting coils essentially composed in two basic com 
binations. One of the combinations, conveniently re 
ferred to as a magnetic coupler sub, is essentially com 
prised of one of the coils, the first coil, Surrounding the 
magnetic core, and fixedly mounted within a tubing struc 
ture. The other combination, conveniently referred to as 
the stinger, comprises a cable containing an insulated 
electrical conductor communicating with the other coil 
which is contained within a structure adapted to remov 
ably surround the first coil. Under operational condi 
tions the magnetic coupler sub may be installed in a well 
string. Accordingly, when the position of a liquid of 
known electrical conductivity within the well bore is de 
sired, the stinger is lowered into the well string and 
joined to the magnetic coupler sub, the well string is 
maneuvered until the liquid or the interface between 
liquids is located, and by noting the depth of the stinger, 
the position of the liquid or the interface between two 
liquids is known. Additionally, if a two-conductor cable 
is employed in the stinger arrangement, the stinger itself 
can be used as an integral detection unit. 

It is claimed: 
1. In a method for determining the production profile 

of a subterranean formation traversed by a well bore pro 
ducing a plurality of fluids, the steps comprising analyzing 
the production fluid from the well to determine the 
amount of each of said plurality of fluids contained there 
in, injecting a sufficient amount of reversible solid-form 
ing material into the well bore to seal a selected portion 
of the producing formation, analyzing the production 
fluid from the unsealed portion of the formation to deter 
mine the amount of each of said plurality of fluids con 
tained therein; the difference between the amounts of 
each of said plurality of fluids from each determination 
being an indication of the production well profile. 

2. The method of claim 1 wherein additional portions 
of the solid-forming material are injected into the re 
maining unsealed portion of the well to seal additional 
portions of the formation and the production fluid from 
the unsealed portion of the formation after such addi 
tions is analyzed to determine the amount of each fluid 
contained therein. 

3. A method for procuring information as an aid in 
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determining the production profile of a subterranean for 
imation traversed by a well bore including the steps of 
injecting a reversible solid forming material into a por 
tion of the well bore to seal this portion of the forma 
tion and measuring the amount of fluid recovered from 
the unsealed portion of the formation as an aid in deter 
mining the production profile of the formation. 

4. In a method for determining the production profile 
of a Subterranean formation traversed by a well bore pro 
ducing a plurality of liquids, the steps comprising inject 
ing a sufficient amount of a reversible solid-forming mate 
rial into the well bore to seal a lower selected portion of 
a producing formation, determining the amount of each 
of Said plurality of liquids contained in the production 
fluid from the unsealed portion of the formation, inject 
ing a sufficient amount of reversible solid-forming mate 
rial into the well bore to seai a lower selected portion 
of the unsealed portion of the formation, and determining 
the amount of each of said plurality of liquids contained 
in the production fluid from the remaining unsealed por 
tion of the formation; the difference between the amounts 
of each of said plurality of liquids being an indication 
of the production weil profile. 

5. in a method for determining the production profile 
of a subterranean formation traversed by a well bore 
producing fluid, the steps comprising analyzing the pro 
duction fluid from the well to determine the amount of 
each type of fluid contained therein, injecting a sufficient 
amount of reversible solid-forming material into the well 
bore to seal a selected portion of the producing forma 
tion, analyzing the production fluid from the unsealed 
portion of the formation to determine the amount of 
each fluid contained therein; the difference between the 
amounts of each fluid from each determination being 
an indication of the production well profile. 

6. The method of claim 5 wherein additional portions 
of the solid-forming material are injected into the re 
maining unsealed portion of the well to seal additional 
portions of the formation and the production fluid from 
the unsealed portion of the formation after each such 
addition is analyzed to determine the amount of each 
fluid contained therein, 

7. In a method for determining the production pro 
file of a subterranean formation traversed by a well bore 
producing liquid, the steps comprising injecting a sufficient 
amount of a reversible Solid-forming material into the 
well bore to seal a selected lower portion of a producing 
formation, determining the amount of each type of liquid 
contained in the production fluid from the unsealed por 
tion of the formation, injecting a Sufficient amount of 
reversible solid-forming material into the well bore to 
seal a selected lower portion of the unsealed portion of 
the formation, and determining the amount of each liquid 
contained in the production fluid from the remaining un 
sealed portion of the formation; the difference between 
the amounts of each of the liquids being an indication of 
the production well profile. 

8. In a method for determining the production profile 
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of a Subterranean formation traversed by a well bore 
producing a plurality of fluids, the steps comprising ana 
lyzing the production fluid from the well bore to deter 
mine the amount of each of said plurality of fluids coil 
tained therein, injecting a sufficient amount of an aqueous 
Solution of liquid reversible solid-forming material into 
the well bore to Seal a selected portion of the producing 
formation, analyzing the production fluid from the un 
sealed portion of the formation to determine the amount 
of each of said plurality of fluids contained therein; the 
difference between the amounts of each of said plurality 
of fluids from each determination being an indication of 
the production well profile. 

9. The method of claim 8 wherein additional portions 
of the aqueous solution are injected into the remaining 
unsealed portion of the well to seal additional portions 
of the formation and the production fluid from the un 
sealed portion of the formation after such additions is 
analyzed to determine the amount of each fluid con 
tained therein. 

10. In a method for determining the production pro 
file of a subterranean formation traversed by a well bore 
producing a plurality of fluids, the steps comprising ana 
lyzing the production fluids from the well to determine 
the amount of each of said plurality of fluids contained 
therein, introducing a sufficient amount of liquid revers 
ible solid-forming material into a string of tubing extend 
ing downwardly in the well bore to seal a selected por 
tion of the producing formation, tracking and pressuring 
the material into the selected portion of the producing 
formation to solidify in and seal said portion of the for 
mation, analyzing the production fluid from the unsealed 
portion of the formation to determine the amount of 
each of said plurality of fluids contained therein; the dif 
ference between the amounts of each of said plurality of 
fluids from each determination being an indication of the 
production well profile. 

11. The method of claim 10 wherein the liquid revers 
ible solid-forming material is an aqueous solution and 
additional portions of the aqueous solution are injected 
into the remaining unsealed portion of the Well to Seal 
additional portions of the formation, and the production 
fluid from the unsealed portion of the formation after 
such additions is analyzed to determine the amount of 
each fiuid contained therein. 

12. The method of claim 11 wherein the plurality of 
fluids include oil and water; the tracking is conducted 
with electrical conductivity detection means; and the 
aqueous solution includes electrical conductivity provid 
ing amounts of calcium chloride. 
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