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[5 7] ABSTRACT 
Following is disclosed acoustical well fracturing meth 
ods and apparatus whereby pressure ?uctuations are 
generated ina well bore by pumping ?uid through a 
?rst conduit to drive an acoustical oscillator coupled 
with an acoustical compliance that transmits the ‘pres 
sure ?uctuations to a formation of the earth in a se 
lected zone of the well bore. The well bore, which 
functions as a second conduit that contains the ?rst 
conduit and the oscillator, returns ?uid ?ow back to 
ward a pump means. A variable restriction means such 
as a valve is used to adjust the back pressure in the 
well bore such that the maximum oscillated ?uid pres 
sure exceeds that pressure required for formation frac 
ture. To achieve fracture only in the selected zone, 
acoustical isolation means are spaced above and 
below the acoustical oscillator to con?ne the pressure 
?uctuations to that zone. Also, in another embodi 
ment the density of the ?uid circulated in the well 
bore is selectively varied to achieve fracture in the se 
lected zone. ’ 

l- 2 Claims, 7 Drawing Figures 
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I 
ACOUSTIC METHODS FOR FRACTURING 
SELECTED ZONES IN A WELL BORE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to hydraulic well 

fracturing, and in particular to the use of acoustical 
pressure ?actuations in the fluid in a well bore to obtain 
fractures in selected zones. 

2. Description of the Prior Art 
The prior art includes well fracturing methods and 

apparatus that utilize ?uidic oscillators connected re 
motely if desired with the output of a ?uid pump to 
generate pressure ?uctuations that are acoustically 
coupled with a selcted zone in a well bore. In US. Pat. 
No. 3,405,770, “Drilling Method and Apparatus Em 
ploying Pressure Variations in a Drilling Fluid,” issued 
on Oct. 15, 1968, are disclosed drilling methods and 
apparatus that utilize acoustical apparatus for improv‘ 
ing the penetration rate of an earth boring drill bit. 
Other related apparatus and methods are shown in US. 
Pat. No. 3,441,094,‘ “Drilling Methods and Apparatus 
Employing Out-of-Phase Pressure Variations in a Dril 
ling Fluid,” which issued on Apr. 29, 1969. In US. Pat. 
No. 3,520,362, “Well Stimulation Method,” are dis 
closed methods and apparatus for using a related 
acoustical system as a well stimulation method and 
means to improve the efficiency of the recovery of min 
erals from the earth. 

SUMMARY OF THE INVENTION 

Zone selectivity in the above mentioned prior art 
acoustical well fracturing system is improved by the 
present invention through utilization of means to con 
trol at the surface the pressure of the ?uid in the well 
bore. That is, a variable ?ow restriction means at the 
surface of the well is used to selectively control ?uid 
back pressure to obtain pressure variations reaching a ' 
peak suf?cient to achieve fracture at the selected zone. 
Alternatively, the density of the ?uid in the well bore 
is selectively altered to produce facture at the selected 
zone. 

Speci?cally, in any given well there is a minimum 
?uid pressure required to produce a formation fracture 
at a given depth. The maximum pressure in the ?uid ad 
jacent the zone to be fractured in a well utilizing the 
method of this invention is the sum of the average pres 
sure in the fluid at that depth plus the maximum pres 
sure ?uctuation produced by an acoustic oscillator. If 
this maximum pressure is insufficient to cause the for 
mation to fracture, the pressure will be increased with 
this invention by increasing the average ?uid pressure 
adjacent the zone to be fractured. The average ?uid 
pressure may be increased by: (l) controlling the re 
striction to ?ow of ?uid returning from the annulus to 
create a back pressure on the entire system, (2) in 
creasing the density of the circulating ?uid, or (3) a 
combination of (1) and (2). 
The invention therefore provides improved means 

and methods for more effectively and accurately pro 
ducing formation fractures in a selected well bore zone 
that may be remotely located from an energy supplying 
pump means. This object is preferably accomplished 
through utilization of an acoustical oscillator con 
nected with and driven by a pump means, an acoustical 
compliance coupled with the output of the acoustical 
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oscillator, and a variable ?ow restriction means in the 
?uid return line. The ?uid return line is connected with 
the acoustical compliance, and with the variable ?ow 
restriction means to selctively control the ?uid pressure 
therein. In the preferred embodiment the oscillator 
consists of a bistable ?uidic ampli?er with positive 
feedback means to cause oscillation between two out 
put legs. An acoustical coupler is utilized to invert the 
phase relationship of one leg such that the output of the 
oscillator is effectively connected with the acoustical 
compliance in the selected region or zone. To minimize 
energy dissipation in the return line and con?ne the 
pressure ?uctuations to the selected zone, acoustical 
energy isolation means are spaced above and below the 
compliance to avoid the transmission of acoustical en 
ergy through the ?uid return line. Seal means are uti 
lized to direct ?uid ?ow through a variable ?ow restric' 
tion means, which may for example be a manually or 
automatically controlled valve at the surface of the well 
that selectively varies back pressure in the system. 
From the variable ?ow restriction means, ?uid may be 
returned to a ?uid reservoir or sump and re-introduced 
to the pump means. In one embodiment weighting ma 
terials are added to the ?uid in the well bore to increase 
the average pressure opposite a selected zone to be 
fractured. ‘Thus by introducing pressure ?uctuations 
opposite a selected zone and by controlling either the 
back pressure of the ?uid in the well bore, or the den 
sity of the ?uid in the well bore, or a combination of 
both, a fracture may be caused in a selected zone of the 
well. 
Additional objects, features and advantages of the 

invention will become apparent in the following de 
scription of the preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1A and 1B are side elevation views illustrating 
schematically acoustical vibration’ generation and con 
trol means used to accomplish the objects of the inven 
tion; 
FIG. 2 is a side elevation view in longitudinal section 

showing a portion of the apparatus shown in FIG. 1; 
FIG. 3 is a perspective view of the acoustical vibra~ 

tion generator assembly with a portion thereof broken 
away to expose its interior. The oscillator unit B is 
shown lifted from the normal position to add clarity to 
the drawing; 
FIG. 4 is a plan view of a portion of the ?uidic oscilla 

tor unit shown in perspective in FIG. 3; 
FIG. 5 is a graph showing the variation with depth of 

the hydrostatic pressure in a well bore, the result when 
back pressure is increased in the ?uid returning from 
the well bore, and the change in pressure if acoustically 
?uctuated; and _ 

FIG. 6 is a graph, which shows the variation with 
depth of the hydrostatic pressure in a well bore, the re 
sult if the density of the ?uid in the well bore is varied, 
and the change in pressure if acoustically ?uctuated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Initially will be described the preferred apparatus for 
generating acoustic vibrations in a well bore, for cou 
pling these vibrations to the zone'to be fractured, for 
isolating the vibrations to the selected zone, and for 
controlling the average ?uid pressure in the well bore 
adjacent a zone to be fractured. With reference initially 
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g to FIG. 2 of the drawing, the letter A designates an 
acoustic vibration generator assembly which includes 
an oscillator unit B and a coupling device C. The cou 
pling device C communicates with ?uid adjacent a min 
eral producing region or zone F (see FIG. 1) to be frac 
tured in a well bore. An upper resonator or acoustical 
?lter D (see FIG. 2) is disposed above the generator as 
sembly, and a lower resonator or acoustical ?lter E is 
disposed beneath the generator assembly. The appara 
tus described thusfar is supported by a ?rst conduit or 
tubing string G (see FIG. 1) disposed inside a second 
conduit and a well bore H forming a portion of a ?uid 
flow return line containing a variable ?ow restriction 
means such as the valve 1 which returns ?uid to a ?uid 
reservoir J. Seal means K between the ?rst and second 
conduits prevents loss of ?uid from the pump means L 
which supplies the ?rst conduit G, the ?uid oscillator 
unit B and coupling device C. 
Describing the above components in greater detail, 

beginning from the top of FIG. 2, the numeral 11 desig 
nates a threaded coupling of a tubing member, which 
is received by a mating threaded portion 13 of a hous 
ing 15 which contains a resonator D having a cavity 17 
de?ned by an interior cylindrical surface 19 of the 
housing 15, and exterior cylindrical surface 21 of an in 
sert 23, a ?ange 25 on an upper region of the insert 23 
and a radial shoulder 27 on a sub 29 secured by threads 
31 to housing 15 and by threads 33 to an upper portion 
of a housing 35 of the acoustic vibration generator as 
sembly A. Since the insert 23 is removable: in this in 
stance, suitable seal means are used, as indicated in 
FIG. 2, to prevent ?uid ?ow to or from cavity 17 except 
through apertures 37 extending obliquely through the 
sub 29. The word “tubing” is used broadly to encom 
pass any conduit, usually an elongated tubular member. 

Housing 35 of the generator assembly A contains the 
acoustic coupling device C and the oscillator unit B, 
both of which may be of the type described in US. Pat. 
No. 3,405,770, “Drilling Methods and Apparatus Em 
ploying Pressure Variations in a Drilling Fluid," issued 
Oct. 15, 1968. As described in that patent, the coupling 
device C is tuned to the operating frequency of the os 
cillator unit B, and has one or more exit ports 39 ex 
tending through exterior surface 41 of the housing into 
communication with the ?uid surrounding a small di 
ameter sub 47. The invention is not limited to the spe 
ci?c forms of oscillators and coupling devices de 
scribed in the above mentioned patent, but encom 
passes, at least in its broadest aspects, other suitable 
forms of oscillator units and coupling devices, although 
the above ?uidic (i.e., containing no moving mechani 
cal components) devices appear to be most advanta 
geous since they eliminate moving mechanical parts. 
The lower region of the housing 35 of the generator 

assembly A has a small diameter region 43 connected 
by threads 45 to a similarly small diameter sub 47 
which has its lower region secured by threads 49 to the 
housing 51 which contains lower resonator or ?lter E, 
which is one form of acoustic vibration isolator means. 
An axial bore 53 extends downward through the upper 
resonator D, sub 29, generator assembly A, coupling 
device C and sub 47. Bore 53 terminates in this in 
stance at the top of housing 51. Howver, inother em 
bodiments, this bore can communicate with passages 
for the ?ow of ?uid therethrough. 
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As shown in FIG. 2, one or more apertures 55 are 

formed obliquely in housing 51 to communicate with 
the annulus (that space between the housing and the 
wall of the'borehole) and a cavity 57 formed on a lower 
region of the housing by a sleeve 59 secured by threads 
61 to the housing and by a plug 63 secured by threads 
65 to the sleeve 59. The relative sizes of the apertures 
55 and cavity 57 are selected such that the resonator 
is tuned substantially to the operating frequency of the 
oscillator unit B. 
The volume of ?uid between the wall of the bore hole 

and the exterior surface of sub 47 and the small diame 
ter regions of housing 35 and 51 de?nes an exterior 
acoustic tank or compliance 66‘ opposite the region, 
medium or zone to receive acoustic vibrations, said 
compliance having dimensions correlated with the di 
mensions of the apertures 39 and cavity 69 of the cou 
pling device C to couple the oscillator unit with the 
acoustic load. 
The axial bore 53 is an extension of the ?rst conduit 

G shown in FIG. 1 which receives ?uid from the pump 
means L connected with the ?uid reservoir J. The ?rst 
conduit G extends inside a second conduit H, which is 
sealed from the ?rst conduit by the seal means K. The 
?uid line 70 extends from the second conduit H and 
forms a part of a ?uid ?ow return line that includes a 
variable ?ow restriction means I, which in this instance 
is a valve that may be opened or closed to control the 
static pressure in the system. Thus, by opening or clos~ 
ing the valve, selective control is maintained over the 
average pressure in the ?uid return line, over the aver 
age pressure in the acoustical compliance, and over the 
pressure drop across the acoustical oscillator. 
Referring now to FIGS. 3 and 4, the acoustic vibra 

tion generator assembly A includes a “?uidic” oscilla 
tor in that it has no moving mechanical components. It 
is a high gain, bi-stable ?uidic ampli?er with positive 
feedback to cause oscillation of the bi-stable unit. The 
coupling device B couples the output of the acoustic 
vibration oscillator with the drilling ?uid located in the 
acoustic compliance, cavity or tank 66 as shown in 
FIG. 2. 
The preferred oscillator con?guration is shown in 

FIGS. 3 and 4, wherein the oscillator is designated by 
the letter B. Fluid ?owing through the ?rst conduit G 
and the associated passage 53 shown in FIG. 2 is di 
verted through a supply port or inlet passage 163 of the 
oscillator. From input 163, the ?uid ?ows from a power 
nozzle 167 and alternatively ?ows into receiver chan 
nels 185 and 187. This alternating ?ow results from the 
positive feedback effected by feedback channels 193, 
195; feedback ports 197, 199; apertures 159, 160; cavi 
ties formed in the axial bores 143, 145; apertures 157, 
158; control ports 179, 181; passages 175, 177; and 
control nozzles 171, 173. During each half cycle of os~ 
cillation, a majority of the ?uid entering the receiver 
channels 185 or 187 ?ows into either diffuser channel 
189 or 191 and to the outlet 201 or 203 of the acoustic 
vibration oscillator. The output of the diffuser channel 
191 feeds aperture 213, tube 217 and aperture 39, 
which together with the ?uid therein constitute an 
acoustic inertance. Aperture or passage 39 communi 
cates with the ?uid in the acoustic tank or compliance. 
The output of the diffuser channel 189 feeds aperture 
215 and tube 223, which constitute another acoustic 
inertance. Tube 223 terminates within annular cavity 
69, which constitutes another acoustic compliance. 
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Passage or aperture 39’ is an acoustic inertance com 
municating between annular cavity 69 and the acoustic 
tank or compliance. To improve the reliability of oscil 
lation on-set under high pressure conditions, it is ad 
vantageous to insert ?ow restriction in diffuser chan 
nels 189 and 191. However, the openings of the restric 
tions should be made as large as possible to minimize 
power loss. Suitable dimensioning of all the acoustical 
elements within the acoustical coupling circuitry ac 
complishes three objectives: (l) proper matching of 
the output impedance of the oscillator A with the dissi 
pative load on the circuit; (2), effective phase inversion 
of the vibrations in one of the output legs of the oscilla 
tor A; and (3) the provision of a high Q system. Hence, 
the acoustic generator means may be utilized to effect 
large pressure variations at selected frequencies in the 
acoustic comliance or tank 66. 

In operation pump L is activated to draw ?uid from 
the ?uid reservoir J and force it under pressure through 
the tubing string or first conduit G, located partially in 
side the well bore or second conduit H, which contains 
at a selected location the acoustic vibration generator 
assembly A and acoustic compliance 66 opposite re 
gion zone F of the formation to be fractured. Fluid 
therefore ?ows from the tubing string G into the axial 
opening 53 (see FIG. 2) to feed the oscillator unit B 
which generates acoustic energy. This acoustic energy 
is transmitted by acoustic coupling device C and the 
exit ports 39 and 39' into the acoustic tank or compli 
ance 66. Fluid then returns to the surface of the well 
bore in the annulus of the well bore. Consequently, 
acoustic energy is transmitted to the earth. The previ 
ously described acoustic energy isolation means or 
acoustic filters or resonators D and E prevent the dissi 
pation of substantial quantities of acoutic energy up 
ward or downward in the annulus. The length of zone 
F in FIG. 1 may be varied by inserting different lengths 
of subs between the housing 35 of the generator assem 
bly A and the housing 51 of the lower resonator E to 
vary the length of the acoustically treated zone. Acous 
tic energy will normally travel both upward and down 
ward through the well bore but is effectively prevented 
from doing so in this instance by the use of the isolator 
means. The resonators D and E are used as side 
branches with inlets at points one quarter wave length 
above and below the acoustic tank 66. This effectively 
causes the acoustic impedance looking into the annulus 
from acoustic tank 66 to be very high, thus preventing 
substantial transmission of acoustical power either up 
or down the annulus. ' 

Fluid ?ow returns up the annulus between the tubing 
string or ?rst conduit G and the well bore or second 
conduit H toward the pump L. A seal means K, which 
may be in the form of a conventional blow-out pre 
venter pipe ram, is inserted between the ?rst and sec 
ond conduits G and H to cause ?uid to return to the 
variable ?ow restriction means, in this instance valve I 
located in the return line 70. By varying the setting of 
this valve, the back pressure in the acoustic circuit and 
in the well bore may be maintained at a selected aver 
age pressure. The ?ow restriction and back pressure 
control are beneficial in preventing cavitation in the os 
cillator; otherwise substantial damage to the system 
may result. In addition, efficient operation of the oscil 
lator is not achieved unless cavitation is prevented. 
Further, if peak-to-peak pressure amplitudes of 1,500 
psi are to be utilized, for example, the average static 
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6 
back pressure in the vicinity of the oscillator should be 
at least 1,500 psi and preferablygsomewhat above this 
?gure or otherwise the desired peak-to-peak pressure 
variations cannot be obtained. 
The bene?cial effects achieved by the invention as a 

well fracturing method and apparatus is demonstrated 
in FIG. 5 wherein the numeral 301 represents the ab 
scissa of a graph designating the pressure of the fluid in 
a well bore. The numeral 303 represents the ordinate 
of this graph upon which is shown the depth of a well 
bore. The line designated by the numeral 305 is a plot 
of the pressure required to initiate a fracture in the well 
bore. This formation fracture pressure generally in 
creases with depth. > 

In the graph of FIG. 5, the numeral 307 designates a 
line representing the pressure of the ?uid circulating 
through the well bore and shows how this pressure in 
creases with depth in the well bore. When using the in 
vention, the actual range of pressures existing in the 
?uid adjacent a zone to be fractured is indicated by the 
short horizontal line 309, which represents the peak-to 
peak. pressure ?uctuation range produced by the acous 
tic vibration generator assembly previously described. 
The resulting pressure ?uctuations cause the pressure 
to vary equally above and below line 307. The zone to 
be fractured is indicated by the letter F on the ordinate 
303. Since the sum of the circulating ?uid pressure and 
the ?uctuating pressure at this depth is less than the 
formation fracture pressure, fracturing will not occur. 
Increasing the back pressure on the system through ad 
justment of the valve means or variable flow restriction 
means I increases the pressures throughout the system 
uniformly, shifting the line 309 to the right. Back pres 
sure in the system is increased slowly until the pressure 
of the circulating ?uid assumes the position indicated 
by the dashed line 311 of the graph. As shown, the 
maximum pressure achieved through addition of the 
circulating pressure and the peak positive pressures 
achieved with ?uctuations of the oscillator is now equal 
to the formation fracture pressure depicted by the line _ 
305. Hence, fracturing can occur. Since the pressure 
?uctuations are isolated to the region of zone F by the 
previously described isolation means, at zone F ?uid 
pressures are great enough to induce fractures. Other 
wise, fracture, might occur between the depths repre 
sented by the lines 309 and 313. Line 313 represents 
the depth that casing has been set in the particular well 
under consideration. 

In FIG. 6 are shown the same abscissa 301, pressure, 
ordinate 303, depth, and the zone F where the forma 
tion is to be fractured. Line 307 represents the ?uid 
pressure when plotted against depth, and the line 309 
represents the range of the pressure ?uctuations gener~ 
ated by the oscillator. Also, the line 305 represents for 
mation fracture pressure plotted against depth. With a 
low density ?uid, the maximum pressure at zone F may 
be less than the formation fracture pressure at that 
depth and fracturing will not occur, as indicated by the 
line 307 in FIG. 6. Increasing the density of the circu 
lating ?uid by the addition of weighting material to the 
mud will increase the ?uid pressure as shown by the 
dashed line 315. Hence, ?uid density may be increased 
until the sum of the circulating fluid pressure and the 
fluctuating pressure adjacent the zone to be fractured 
is large enough to‘induce fracture. This condition is 
represented by the intersection of line 309' with the 
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formation fracture pressure line 305 shown in FIG. 6. 

Increasing the back pressure and increasing the cir 
culating ?uid density may be combined to induce frac 
tures in the formation. Generally, it is more economical 
to use higher back pressure than increased circulating 
?uid density to initiate fracture. However, caution must 
be exercised not to increase back pressure to the point 
of initiating a fracture outside of zone F immediately 
below the casing, as for example, when the formation 
back pressure is increased until it is greater than the 
formation fracture pressure immediately below the eas 
ing. Thus by properly combining selected back pres 
sures and ?uid densities, fracture initiations may be 
con?ned to a selected zone. 
While FIGS. 5 and 6 indicate that the zones to be 

fractured are below the bottom of the casing, it should 
be understood that the invention is not restricted to use 
in open formations. It may be used to fracture forma 
tions through perforations in a casing.‘ 

It should be apparent from the foregoing that an in 
vention has been provided having signi?cant advan 
tages. Through alteration and control the back pressure 
of the circulating ?uid in a well bore and/or by control 
ling and adjusting the density of this ?uid, fractures 
may be located in a selected zone through utilization of 
apparatus of the type previously described. 
While the invention has been described in only one 

of its forms, it should be apparent to those skilled in the 
art that it is not so limited but is susceptible to various 
changes and modi?cations without departing from the 
spirit thereof. The speci?c forms of the apparatus such 
as for example the oscillator, the coupling device, the 
connecting conduits, the variable restriction means and 
the pump means may be varied widely by those of aver 
age skill in the art to accomplish the objects and advan 
tages of the invention. 
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We claim: 
1. An acoustical method for fracturing selected zones 

in a well bore comprising the steps of: 
pumping a ?uid down a well bore through a ?rst con 

duit; 
oscillating the pressure in said ?uid within the well 

bore; 
coupling the resulting ?uid pressure oscillations with 
the bore hole wall at a selected depth; 

isolating the ?uid pressure oscillations to a selected 
zone to be fractured; 

returning the ?uid ?ow between the ?rst conduit and 
a second conduit formed at least partially by the 
wall of the well bore; 

increasing the density of the ?uid to control the ?uid 
pressure in the well bore to initiate fracture in the 
selected zone. 

2. An acoustic method for fracturing selected zones 
in a well bore comprising the steps of: 
pumping a ?uid down a well bore through a first con 

duit; 
oscillating the pressure in said ?uid within the well 

bore; 
coupling the resulting ?uid pressure oscillations with 
the well bore wall in a selected zone; 

isolating the fluid pressure oscillations to a selected 
region adjacent the selected formation to be frac 
tured; 

returning the ?uid ?ow between the ?rst conduit and 
a second conduit formed at least partially by the 
wall of the well bore; 

controlling from the surface of the earth the restric 
tion to the ?ow of ?uid from said second conduit 
and increasing the density of the ?uid to control 
the ?uid pressure in the well bore to initiate frac 
ture in the selected zone. 

* a: * * =0: 


