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This invention relates to a method for treating a sub 
Surface earth formation, formation section, or zone 
traversed by a well or bore hole and, more particularly, 
to a method of forcing or injecting a treating fluid into 
such a formation in such a manner that the injection of 
all of said fluid will be confined to the particular area de 
sired. The principal object of the invention is the pro 
vision of a method of this type by means of which a fluid 
Such, for example, as an acid can be forced into a desired 
formation such, for example, as an oil section of a perme 
able formation which formation also contains another 
fluid or fluids such as water or gas, while providing such 
accurate control of the fluid to be injected that all of it 
will pass into the oil Section rather than into sections of 
the formation containing water or gas and without th 
necessity of using well packers. 
Another object of the invention is the provision of a 

method for rendering substantially uniform the perme 
ability of a subsurface formation or Zone traversed by a 
bore hole in order to provide a good distribution pattern 
for water-flooding or secondary recovery operations. 

This application is a continuation-in-part of our co 
pending application Serial No. 349,924, filed April 20, 
1953, now abandoned. 
As one example of the application of the invention, it 

is known to be frequently desirable to force a material 
such as hydrochloric acid into the oil-containing portion 
of a formation where the formation consists mainly of a 
tight limestone. In many instances the oil-bearing sec 
tion overlies a water-containing section of the formation, 
and frequently a gas-bearing section overlies the oil Sec 
tion. It is desirable, of course, that the acid be confined 
to the oil section so that the limestone will be dissolved 
or opened up to permit the oil to flow into the well. In 
the past, it has been necessary to provide rather compli 
cated equipment, including flow tubing and packers set 
both above and below the oil Section so that the acid flow 
ing out of the tubing will enter the oil section without 
passing into the gas or water section. This is obviously 
a time-consuming and expensive operation. Furthermore, 
the packers in the hole cannot control or direct the acid, 
once it leaves the hole, so as to confine it to the oil 
Section. 
As another example, the hydraulic rupturing or fractur 

ing of oil formations has recently come into considerable 
use, and in this method a liquid under very high pressure 
is forced into a formation in such a manner that frac 
tures or cracks are formed in the walls of the formation 
to increase the effective permeability and to permit oil or 
gas to flow more freely into the well. This operation has 
also required the use of carefully set packers. 
The method to be described has proven to be capable of 

injecting fluids into formations with such accurate control 
that it now appears to be practicable for the first time to 
inject any given amount of fluid into any desired interval 
or area along the bore hole. This makes it possible to 
change the permeability or permeability "profile' of a 
wei ic cine which is more desirable. In the case of pro 
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2 
ducing wells, one would presumably wish to increase the 
permeability opposite the oil-producing zones and to de 
crease the permeability opposite the water or gas-pro 
ducing zones. In the case of water injection wells in a 
water-flooding or secondary recovery operation, one would 
adjust the permeability profile so that the water front 
would tend to move ahead uniformiyat different depths in 
the oil-containing formation being flooded. 

In accordance with the invention, the acid or other 
treating fluid to be injected into a predetermined forma 
tion or section is pumped downwardly in the bore hole 
through a pipe string to a depth substantially opposite 
the section into which the fluid is to be injected. Simul 
taneously therewith two other streams of fluid are pumped 
downwardly in the bore hole, one of these passing down 
through a string of tubing to a point below the formation 
section to be flooded while the other stream passes doWn 
through the annulus between the pipe string and the cas 
ing. The fluid to be injected into the desired formation 
or formation section has incorporated in it a substance 
which will render the fluid identifiable, and this Substance 
may be a radioactive tracer-in-the-fortin-of-ground carno 
tite, radioactive iodine, or the like. With the three bodies 
of fluid in the hole, interfaces will exist between the trace 
able fluid and the fluid therebeneath and also between the 
traceable fluid and the upper fluid. Means are provided 
in the form of radiation detectors which can be passed 
through the bore hole, preferably through the tubing, for 
locating these interfaces in the bore hole. By adjusting 
or controlling the pumping rates of the three streams of 
fluid passing into the bore hole and by following the inter 
faces between the traceable fluid and the other fluid, the 
interfaces can be positioned and maintained at depths Sub 
stantially opposite the upper and lower contacts or format 
tion fluid interfaces in the formation containing the oil 
section. While the term "fluid' has been used, it is to be 
understood that the streams can be either of liquid or 
gas although liquid will generally be used. 
When it is desired to increase the permeability of, say, 

a limestone formation, one usually injects acid into the 
formation as has been described. Since many formations 
have little vertical permeability it may be desirable to 
adjust the permeability of the formation over short steps 
of perhaps a few feet each. For example, one might 
wish to double the permeability of a three-foot interval. 
To do this the operator would place the two interfaces 
one at the top and the other at the bottom of this three 
foot interval by adjusting the flow rates of the three 
streams. The acid would be introduced into the three 
foot section between the two interfaces and the acid in 
jection rate will be gradually increased in order to keep 
the two interfaces in their original position as the perme 
ability of this section gradually increases. This process 
will be continued until the acid injection rate has in 
creased to the amount that corresponds to the desired 
permeability of this three-foot Section. 

In the same manner described above in connection 
with the injection of acid, the permeability of any desired 
interval or section can be reduced by any desired amount 
when a suitable diluted plugging agent is used instead of 
the acid. Such a plugging agent may be a drilling mud, 
a mixture of bentonite and drilling mud or bentonite and 
drilling mud as a carrier for, say, ground limestone, 
cottonseed hulls and the like. The procedure is similar 
to that already described except that the injection rate of 
the plugging fluid will gradually be reduced in order to 
maintain the two interfaces in their original position and 
the plugging process will be stopped when the injection 
rate has fallen to the desired value. 

In both the acidizing and the plugging processes it is 
necessary to spread the action over a reasonable amount 
of time while the positions of the interfaces are deter 
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mined by moving the radiation detectors every few min 
utes. If the permeability change brought about by the 
injection of acid or plugging material in the time interval 
that is required to locate the interfaces is too large, it 
may be necessary to inject the acid or the plugging ma 
terial in slugs and to follow each slug by a comparatively 
large amount of other fluid. Each slug of plugging ma 
terial will be Small enough that it will accomplish only 
a Small part of the desired permeability change but the 
process will be continued until the desired permeability 
has been attained. 

In carrying out the invention in connection with a 
Water-flooding or secondary recovery operation the steps 
set forth above can be repeated at different depths for 
injecting any desired fluid into the formation sections or 
Zones; thus acid can be injected into one section to in 
crease its permeability, a plugging fluid into another sec 
tion to decrease its permeability and so on, so that the 
ultimate result will be to render substantially uniform the 
permeability of the entire formation or zone to be used 
for water flooding. 

Since with this method it is possible to place or spot 
almost any plugging agent in fluid form exactly where it 
is needed, the operation will be somewhat simpler when 
one desires to completely plug off a given section or 
interval. For example, fractured shale can be plugged 
With a mixture of drilling mud, ground limestone and 
cottonSeed hulls, this material being injected into the 
Section at gradually reduced rates until the two inter 
faces continue to spread apart at an extremely low rate 
of injection. 

For a better understanding of the invention, reference 
may be had to the accompanying drawing in which Fig. 1 
is a vertical sectional elevation of a well or bore hole 
traversing a permeable formation, while Fig. 2 is a & 
diagrammatic vertical elevation showing a slightly modi 
fied form of the apparatus of Fig. 1. 

Referring to the drawing, a bore hole 10 is illustrated 
as passing through a formation 12 which may consist of 
a limestone and which may comprise water, oil and gas 
bearing Sections. These sections are indicated respec 
tively by the reference characters 14, 16, and 18. A 
formation fluid interface or contact 20 will exist be 
tween the Water and oil sections of the formation and 
another formation fluid interface 22 will exist between 
the oil and the gas-bearing section. 
The upper portion of the well is provided with a con 

ventional casing 24 closed at the top by means of a 
Suitable casing head 26. Shown as passing down through 
the bore hole to a point approximately opposite the oil 
section 16 is a string of pipe 28 closed at its upper end 
as indicated at 30. Also extending down through the 
bore hole and preferably through the pipe 28 is a string 
of smaller tubing 32, this tubing extending to a point 
or depth preferably below the formation 12 or at least 
below the oil-bearing section 16. A pump 34 is con 
nected to the pipe string 28 through a suitable meter 36 
and serves to pump downwardly therethrough a treating 
fluid 38 such as hydrochloric acid to which a tracer such 
as a radioactive material has been previously added. A 
pump 40 is connected to the upper end of the tubing 32 
through a meter 42 and serves to pump a non-radioactive 
liquid 44 downwardly into the bore hole through the 
tubing where it passes from the lower end at a point below 
the acid 38. An interface 46 will exist between the trace 
able fluid, i. e., the acid 38 and the liquid 44. The 
liquid 44 may be drilling mud and may have a higher 
density than the acid 38, although this is not always es 
sential. 
A third pump 46 is connected to the casing head 26 

through the meter 48 and serves to pump another stream 
of non-radioactive liquid 50 downwardly through the an 
nular space between the pipe string 28 and the casing 24 
or the walls of the bore hole. The liquid 50 may be 
oil, having a density less than the acid 38. An interface 
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4 
52 will likewise exist between the acid 38 and the upper 
liquid 50. By properly adjusting or controlling the pump 
ing rates of the three liquid streams, the interfaces 46 
and 52 can be moved up or down within the bore hole 
and either closer together or farther apart. By holding 
the interfaces 46 and 52 opposite the formation fluid 
interfaces 20 and 22 respectively, the acid 38 will be 
forced or squeezed into the oil section 16. The liquids 
44 and 50 passing into the water and gas sections will 
confine the acid to the oil section. 
Shown as suspended within the tubing 32 on a con 

ductor cable 54 is a plurality, four in this instance, of 
gamma ray detectors indicated at 56, 58, 68 and 62. 
These detectors are arranged in slightly separated pairs 
as is indicated in the drawing. The cable 54 passes up 
wardly over a suitable cable-measuring device 64 which 
will indicate or register continuously the depth of the 
radiation detectors in the bore hole. The cable then 
passes to an amplifying and recording device 66 which 
will record the outputs of the radiation detectors, pref 
erably on an oving tape. If desired, separate recording 
devices may be used, one for each of the detectors 56, 
58, 60 and 62. 
As is shown in the drawing, the radiation detectors are 

connected to the conductor cable 54 in such a manner 
that the lower detectors 60 and 62 will be slightly sepa 
arted in a vertical direction and the upper pair of de 
tectors 56 and 58 will be separated from the lower pair 
so that the mid-points between the two pairs of detectors 
will be spaced apart by the approximate thickness of the 
oil section 16. 

In operation, the detectors may be run downwardly 
in the bore hole on the cable 54 to a depth such that the 
mid-points of the upper pair will be approximately oppo 
site the oil-gas fluid interface or contact 22 and the 
mid-points of the lower pair of detectors will be approxi 
mately opposite the water-oil interface or contact 23. 
With the radiation detectors positioned in the hole as 
described, the pumps 34, 40 and 46 are adjusted to con 
trol the rates of pumping or injection of the three liquids 
38, 44 and 50 so that the liquid interfaces 46 and 52 
will be at the same depth or depths as the mid-points 
between the pairs of detectors 56-58 and 69-62. In 
this position the detectors 56 and 62 will be opposite 
non-radioactive fluid while the other detectors 53 and 
60 will be opposite the radioactive fluid 33, and the lat 
ter detectors will therefore have a considerably higher 
output than the detectors 56 and 62. This will be indi 
cated in the record or records being made at 66. Dur 
ing this period, the radioactive fluid, i. e., the acid 38, 
will be forced into the oil section 16 while the non 
radioactive fluids 44 and 50 will be forced into the 
water and gas sections 14 and 18 respectively. Since 
the three liquids are passing into the three sections at 
controlled rates, the acid 38 will be confined within 
the boundaries 20 and 22 of the oil section 16, and 
little, if any, of this acid will pass upwardly or down 
wardly into the gas or water sections 4 and 18. It is 
apparent that if packers were used above and below 
the body of acid 38, these packers would have no con 
trol over the flow of the acid after it leaves the bore 
hole, or, in other words, the acid could pass upwardly 
past the formation fluid interface 22 into the gas sec 
tion and downwardly past the oil-water contact 20 into 
the water section. 

Although the apparatus which has been described in 
volves the use of two concentric strings of tubing 28 
and 32, it is to be understood that this arrangement is 
not essential. Thus a somewhat simpler arrangement 
may be used such as is illustrated in Fig. 2. In this case 
the larger diameter pipe or tubing 28 is eliminated and 
the smaller tubing string 32a is shortened so that its 
lower end is opposite the formation or zone to be treated, 
for example, the oil section 16. A string of smaller diam 
eter tubing or pipe 70, frequently referred to as a "maca 
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roni' string, is attached to the outside of the tubing 32a 
in any suitable manner such as by clamping bands 72, 
and this string extends downwardly below the tubing 
32a far enough so that its lower end will be below the 
contact plane 20. 

If desired, the "macaroni” string 70 can be terminated 
opposite the zone 16 to be treated while the tubing 32a 
can extend down below the zone to be treated. In this 
case the radiation etectors can be kept at all times 
within the tubing 32a and will not be in direct contact 
with the acid. 
The operation with the apparatus illustrated in Fig. 2 

is substantially the same as that previously described 
with reference to the apparatus illustrated in Fig. 1. The 
treating fluid is forced by means of pump 34a through 
the meter 36a and down the tubing string 32a so that 
it will pass out of the lower end thereof opposite the 
oil section 6. As is the case with the embodiment 
previously described, this treating fluid 38 may be made 
radioactive. At the same time a non-radioactive fluid 
44 will be forced as by means of the pump 4.0a through 
the meter 42a and downwardly through the small string 
70 from the lower end of which it will pass outwardly 
and into the water section 4, as indicated by the ar 
rows. Simultaneously with the pumping of the fluids 
38 and 44 the other non-radioactive fluid 50 will be 
forced by the pump 46a through the meter 48a and 
downwardly between the casing 24 and the exterior of 
the strings 32a and 70. The conductor cable 54 passes 
down through the tubing 32a and from this cable are 
suspended the radiation detectors 56, 58, 60 and 62 in 
the manner previously described. In this case the lower 
detectors 60 and 62 will hang down below the tubing 
string 32a but their function will be the same as that 
already set forth; that is, the detectors 60 and 62 will, 
respectively, be above and below the interface 46 while 
the detectors 56 and 58 will, respectively, be above and 
below the interface 52 during the injection or treating 
operation, and as has been described, the operator in 
observing the responses of the detectors will adjust the 
pumping rates of the three fluid streams so as to main 
tain the upper interface 52 opposite the contact plane 
22 and the lower interface 45 opposite the contact plane 
20. 

Although the lower liquid 44 has been described as 
having a density higher than the intermediate liquid 33 
and the upper liquid 50 as having a density lower than 
the liquid 38, experience has shown that the desired inter 
faces can be maintained when the three liquids have the 
same density and even when the lower liquid is less dense 
than the one above it, providing that substantial flow 
rates are maintained. Thus, an acidizing operation can 
be conducted where water is used as the lower liquid 44 
and also as the upper liquid 59. 
While the invention has been described and illustrated 

as used in the acidization of an oil section lying between 
gas and water sections of the formation, it is to be 
understood that there are many instances where one of 
these fluids is not present. Thus, the formation may 
contain water and oil, oil and gas, or water and gas, 
and the method of the invention is equally applicable in 
situations of this kind. The principal purpose of the 
method is, as has been stated hereinbefore, to confine the 
injection of a particular fluid, such as an acid or a plug 
ging fluid to a particular formation or formation section. 

It is also to be inderstood that instead of utilizing 
four radiation detectors arranged in vertically separated 
pairs, as is shown in the drawing, the method can be 
carried out using a single detector by moving the de 
tector up and down through the tubing 32 while observ 
ing the depth of the detector and by noting indications 
in the log or record that the detector is passing either 
the lower or the upper interface 46 or 52, respectively. 
Likewise, two detectors may be used and arranged on 
the cable 53 so that one detector will be substantially 
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6 
opposite the formation fluid interface 22 while the other 
will be opposite the interface 20. 

Although the invention has been described generally 
with respect to the selective acidization of an oil forma 
tion or section, it is contemplated that the method can 
be used in many other ways. Recently considerable 
Work has been done in "formation fracturing' and in 
such a method a liquid is forced under high pressure into 
a formation so as to rupture or provide cracks or frac 
tures in the formation to increase its effective permea 
bility and permit an easier flow of gas or oil into a well. 
The fracturing liquid usually contains sand which serves 
to fill and "prop' the fractures or crevices which are 
formed. It is contemplated in the present case that the 
treating liquid 38 may be a sand-containing oil or other 
liquid which it is desired to force into the section 18 to 
cause fracturing of the formation. The method of doing 
this would be substantially the same as has been de 
Scribed, or, in other words, the fracturing liquid 38 
containing the propping material would be positioned 
between upper and lower liquids, all under high pres 
Sure, and the fracturing liquid containing the propping 
material would therefore be forced out into the resulting 
cracks or fractures in section 6. The fracturing liquid 
38 could be made radioactive as described with refer 
ence to the acid, or, if desired, this liquid could be non 
radioactive while both of the liquids 44 and 50 would 
be radioactive and the method for locating the inter 
faces 46 and 52 would be substantially that which has 
been described. Again, the fracturing liquid may be an 
acid. 
While the intermediate liquid 38, i. e., the liquid to 

be injected into the desired formation or section, has been 
described as containing the radioactive tracer, it is to be 
understood that this is not essential and that the inter 
mediate liquid 38 can be non-radioactive while the upper 
liquid 50 and the lower liquid 44 are made radioactive. 
It is merely necessary that the liquid at one side of each 
interface 46 or 52 be radioactive while the liquid of the 
other side is non-radioactive. 

Again, although radioactive materials or tracers have 
been described as the means for identifying either the 
intermediate or the upper and the lower liquid streams, it 
is contemplated that either the intermediate liquid 38 or 
the upper and lower liquids 50 and 44 can contain a 
neutron reactive material such, for example, as a boron 
compound and that the interface between the boron-con 
taining liquid and liquid which does not contain the boron 
can be located by incorporating within a radiation de 
tecting instrument housing a small source of neutrons. 
When neutrons from such a source pass outwardly into 
the Surrounding liquid, gamma rays will be induced in 
the liquid and their intensity will depend upon whether 
the liquid contains the boron compound which, as is well 
known, will absorb a large number of the neutrons be 
fore they have a chance to induce gamma rays within the 
Water. A method of this type for use in making an 
injectivity permeability profile log of a bore hole is 
disclosed in the copending application of E. F. Egan, 
Gerhard Herzog and A. S. McKay, Serial No. 463,998 
filed October 22, 1954, as a continuation-in-part of Serial 
No. 349,817, filed April 20, 1953, now abandoned. 

In addition to the method of “uniformizing” a forma 
tion or section one may wish to adjust the permeabilities 
of the various sections in such a way that they would be 
proportional to the porosities of the sections. This will 
apply either to permeability and/or porosity variations 
in a single formation or in different formations when the 
fluid is being simultaneously injected into more than one 
formation. This will tend to make the front of the water 
flood move along at the same rate in the different forma 
tions, 

Obviously many other modifications and variations of 
the invention, as hereinbefore set forth, may be made 
without departing from the spirit and scope thereof, but 
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only such limitations should be imposed as are indicated 
in the appended claims. 
We claim: 
1. The method of rendering more uniform the perme 

ability of the sections including too permeable sections 
and lesser permeable sections making up a predetermined 
formation traversed by an uncased well bore hole, each 
of said sections having upper and lower boundaries, 
which comprises pumping a first stream of treating fluid 
into Said bore hole to a depth approximately opposite 
the Section into which it is desired to inject said fluid, 
Said fluid being selected from the group consisting of 
acidizing fluids and plugging agent fluids having the 
property of changing the permeability of said section, 
simultaneously pumping second and third streams of 
fluid of a different character into said bore hole above 
and below the first-named fluid thereby producing inter 
faces between the body of the first-named fluid and the said 
Second and third fluids respectively, locating said interfaces 
and controlling the pumping rates of the three fluid 
Streans So as to maintain said interfaces substantially op 
posite the upper and lower boundaries of said section, then 
changing the depth of the point of introduction of said 
treating fluid while simultaneously introducing said second 
and third fluids respectively above and below the treating 
fluid to establish interfaces at new locations to alter the 
permeability of another section and repeating said 
Steps to thereby decrease the permeabilities of the 
too permeable sections while increaising the permeabil 
ities of the lesser permeable sections so that the perme 
abilities of the formation sections will be rendered more 
uniform. 

2. The method of accurately injecting a given amount 
of treating fluid into a predetermined vertical interval 
of a permeable formation traversed by a well bore, which 
comprises pumping a metered stream of said treating 
fluid and introducing the same into said bore hole and 
into contact with the permeable formation at a depth 
approximately opposite said interval, simultaneously 
pumping a second stream of a non-treating fluid and 
introducing the same into said bore hole and into contact 
with said permeable formation at a depth below that of 
said first named treating fluid introduction, simultaneously 
pumping a third stream of non-treating fluid and in 
troducing the same into said bore hole and into contact 
with said permeable formation above said first named 
treating fluid, one of the group consisting of (1) said first 
named treating fluid and (2) said non-treating fluids con 
taining a tracer material, positioning detecting means for 
said tracer material in said bore hole opposite the upper 
and lower extremities respectively of said predetermined 
vertical interval of the permeable formation, adjusting the 
pumping rates of said first and second streams to adjust 
and accurately locate the interface between said first 
named treating fluid and said non-treating fluid there 
below at said lower extremity, adjusting the pumping rate 
of said third stream relative to said first stream to adjust 
and accurately locate the interface between said first 
named treating fluid and said non-treating fluid thereabove 
at said upper extremity, and continuing the pumping of 
all three streams at rates to maintain said interfaces ap 
proximately at said upper and lower extremities respec 
tively until the given amount of said first named treating 
fluid has been introduced into said predetermined vertical 
interval of the permeable formation. 

3. The method as defined in claim 2, wherein said 
tracer material is a radioactive substance, and the posi 
tioning of said detecting means is accomplished by lower 
ing into the bore hole to depth of said vertical interval 
two interconnected radiation detectors which are vertically 
spaced from each other a distance approximately equal 
to the length of said vertical interval. 

4. The method as defined in claim 2, wherein said 
tracer material is a radioactive substance, and the posi 
tioning of said detecting means is accomplished by lower 
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8 
ing into the bore hole to depth of said vertical interval 
four interconnected radiation detectors vertically ar 
ranged in two pairs, one pair being vertically separated 
from the other pair by a distance approximately equal 
to the length of said vertical interval, and the detectors 
of each pair being vertically slightly separated from each 
other. 

5. The method as defined in claim 2, wherein said 
first named treating fluid is an acid for increasing the 
permeability of said vertical interval of the formation, 
and wherein the acid injection rate is gradually increased 
relative to the pumping rates of said second and third 
Streams as the permeability of said vertical interval of the 
formation increases. 

6. The method as defined in claim 2, wherein said first 
named treating fluid is a plugging material for decreasing 
the permeability of said vertical interval of the formation, 
and wherein the pumping rate of said plugging material 
Stream is gradually reduced relative to the pumping rates 
of said second and third streams until finally the said two 
interfaces tend to spread apart at a low pumping rate of 
Said plugging material stream. 

7. The method as defined in claim 2, wherein said first 
named treating fluid is a liquid containing a propping 
agent which is thus spotted in the well bore at the desired 
location, and the resulting fluid column including the said 
Spotted liquid containing the propping agent is then placed 
under sufficient pressure to effect fracturing of the forma 
tion Surrounding the well bore which is contacted by said 
fluid column, whereby the said liquid containing the 
propping agent penetrates any fractures formed along said 
predetermined interval and the propping agent will then 
maintain open any such fractures formed along the pre 
determined interval when said pressure is released. 

8. The method in the fracturing of a formation trav 
ersed by a well bore which comprises spotting a treat 
ing fluid containing a propping material within a pre 
determined vertical extent of the well bore while confining 
the said treating fluid to within the upper and lower 
boundaries of said vertical extent by the injection of fluid 
essentially free of propping material into the well bore 
both above and below the said treating fluid to establish 
upper and lower interfaces between said treating fluid 
and said second mentioned fluid within said predetermined 
vertical extent, and applying sufficient pressure on the 
resulting fluid column in the well bore to result in fracture 
of the formation contacted by said fluid column, whereby 
any introduction of propping material into resulting cracks 
in the formation is essentially confined to that portion of 
the formation opposite the said predetermined vertical 
extent of the well bore. 

9. The method in the fracturing of a formation trav 
ersed by a well bore which comprises injecting a treating 
fluid containing a propping material into a well bore 
intermediate upper and lower bodies of injected fluid 
essentially free from propping material to establish upper 
and lower interfaces between the said treating fluid and 
the said other fluid, locating the said interfaces and ad 
justing the positions of said interfaces to lie within upper 
and lower boundaries of a predetermined vertical extent of 
the well bore, and then applying sufficient pressure to the 
resulting fluid column in the well bore to result in fracture 
of any formation, whereby the introduction of propping 
material into the resulting cracks in the formation is 
essentially confined to that portion of the formation op 
posite the said predetermined extent of the well bore. 
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