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57 ABSTRACT 

This invention concerns the use of a fluidic pressure 
fluctuation generator in a well bore to stimulate a sub 
surface formation. The generator is connected to the 
lower end of a string of tubing or drill pipe and is sus 
pended in a well bore adjacent the formation interval 
to be stimulated or fractured. A fluid is pumped down 
the tubing string and through the fluidic generator and 
returned to the surface through the annulus between 
the tubing string and the wall of the well bore. A back 
pressure is held at the surface on the returning fluid 
such that the hydrostatic pressure P of the fluid in the 
well bore at any level is less than the hydraulic fractur 
ing pressure but sufficiently great so that P. plus the 
maximum pressure increase P, caused by said fluidic 
pressure fluctuation generator is sufficient to fracture 
the formation. Other formation stimulation methods 
are also described. 

12 Claims, 3 Drawing Figures 
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USE OF FILUDIC PRESSURE FLUCTUATION 
GENERATOR TO STIMULATE UNDERGROUND 

FORMATIONS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to stimulating an underground 
formation penetrated by a well bore and especially re 
lates to the fracturing of the formation at a selected 
controlled interval. 

Setting of the Invention 
Many oil and gas wells are drilled into formations 

that are considered tight, i.e., the formation has low 
permeability and is reluctant to give up its fluid. The 
development of the hydraulic fracturing techniques, 
which started in the late 1940's, is considered to be the 
outstanding development toward obtaining more oil 
and gas from such low permeability tight reservoirs or 
injecting fluids into them. The hydraulic fracturing 
technique broadly includes injecting a special type 
fracturing fluid into the formation at a rate and under 
sufficient pressure so as to cause the formation to 
crack. The hydraulic fracturing fluid may also carry 
propping agents which are left in these cracks so that 
the cracks will not close when the pressure is relieved. 
Although the hydraulic fracturing technique is devel 
oped to a high degree, there still remains some problem 
areas. One of these is the creation of a fracture at a se 
lected interval. This can be done in some cases with 
present fracturing techniques, but usually involves the 
use of several isolating packers. This present invention 
teaches a novel way of obtaining hydraulic fractures 
and also shows how the fracture can be isolated to a se 
lected interval. 

SUMMARY OF THE INVENTION 

This invention concerns the use of a fluidic pressure 
fluctuation generator in a well bore to stimulate a sub 
surface formation. The generator is connected to the 
lower end of a string of tubing and is suspended in a 
well bore adjacent the formation interval to be stimu 
lated or fractured. A fluid is pumped down the tubing 
string and through the fluidic generator and returned to 
the surface through the annulus between the tubing 
string and the wall of the well bore. A backpressure is 
held at the surface on the returning fluid such that the 
hydrostatic pressure P of the fluid in the well bore at 
any level is less than the hydraulic fracturing pressure 
but sufficiently great so that P. plus the maximum pres 
sure increase P, caused by said fluidic pressure fluctua 
tion generator is sufficient to fracture the formation. 

After we have fractured at one interval, we can frac 
ture at another interval simply by stopping the pumping 
of fluid through the generator, raising or lowering the 
fluidic pressure fluctuation generator to the desired 
level in the well bore and starting the pumping of fluid 
again through the system. We further control the 
amount of fracturing we do at any elevation by limiting 
the amount of fluid we circulate after fracturing is initi 
ated, which is indicated at the surface by a sharp drop 
in flow rate from the annular space. We can also inject 
special formation treating fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a flow schematic of the preferred 
well hookup for carrying out our invention. 
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2 
FIG. 2 illustrates pressure variations in the well annu 

lus opposite the fluidic pressure fluctuation generator 
for a constant annulus backpressure but with different 
flow rates through the fluidic vibration generator. 
FIG. 3 illustrates showing an input and output rate 

for the annulus pressure. 
DETAILED DESCRIPTION OF THE INVENTION 
Attention is first directed to FIG. 1 which shows in 

schematic form the well bore hookup for use in practic 
ing our invention to fracture an underground forma 
tion. Shown therein is a well bore 10 which is shown as 
having a casing 12 at the upper end and an open hole 
at the lower end. A tubing string 14 having a fluidic 
pressure fluctuation generator unit 16 connected to the 
lower end is suspended in the well bore. This includes 
fluidic generator A, upper acoustic filter D, lower 
acoustic filter E, and acoustic tank F. A suitable fluidic 
pressure fluctuation generator unit is shown in U.S. 
Pat. No. 3,405,770, issued to Edward M. Galle and 
Henry B. Woods, and in U.S. Pat. No. 3,520,362, is 
sued to Edward M. Galle, both patents assigned to 
Hughes Tool Company, Houston, Texas. 
The upper end of annulus 18 between tubing 14 and 

casing 12 is closed by sealing means 20 through which 
the tubing string 14 extends. Annulus 18 has an outlet 
22 at the surface connected to line 26. Line 26 con 
nects to branch 26A having valve 73 which connects to 
pump 72 having source 74. The purpose of branch 26A 
and pump 72 will be described later. 
Line 26 has a vlave 71 which, as will be explained 

later, is open except when pump 72 is operated. Valve 
73 is closed except when pump 72 is in use. A pressure 
gauge 24 is connected into the line adjacent outlet 22. 
Also connected into the outlet line 26 is a regulating 
valve 28. This valve 28 is used to maintain a selected 
backpressure in annulus 18. Valve 28 can be either 
hand controlled, or it can be controlled automatically. 
Valve 28 can be a type which automatically holds a se 
lected backpressure on the input side. Suitable valves 
are shown in U.S. Pat. No. 3,508,577 and in U.S. Pat. 
No. 3,354,970. A meter 30 and protecting strainer 32 
are also provided in output line 26. Thus, by properly 
setting valve 28 we can control the backpressure of the 
fluid in annulus 18 during operation of this device. 
The output from valve 28 is connected through line 

34 to pump 36. A surge tank 38 is also connected into 
line 34 in conformance with good engineering prac 
tices. Make-up fluid can be obtained from source 27 
which is connected to the inlet of pump 36 through 
valve 29. The output of pump 36 is connected through 
line 40 having strainer 42 to a meter 44. A valve 46 
which can be identical to valve 28 is connected into a 
line 48 downstream of meter 44. Pressure gauges 50 
and 52 are provided on either side of flow control valve 
46. Line 48 is the fluid injection line which is con 
nected into the upper end of tubing string 14. We also 
provide a fluid bypass line 54 having control valve 56 
which connects from the downstream side to the up 
stream side of pump 36. Valve 56 functions to permit 
bypassing a portion of the fluid output from pump 36, 
should this be desirable or necessary to control the rate 
of flow into the well. 
We shall now briefly describe the operation of the 

system of FIG. 1. We lower fluidic pressure fluctuation 
generator unit 16 to be at the level of interval 58 which 
has been selected to be fractured. We then start inject 
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ing a fluid down tubing 14. This fluid can be any suit 
able fracturing fluid and can even be water. Fluidic 
pressure fluctuation generator 16 is capable of generat 
ing oscillating (alternating current type, or AC) pres 
sure in the interval in the well bore at the same level as 
it is placed (for a further description of how the patent 
of Galle et al tool operates, reference is made to said 
U.S. Pat. No. 3,520,362). The maximum positive AC 
pressure or positive pressure peaks can be identified as 
P and is illustrated in FIG. 2. Ordinarily, the pressure 
P is a function of the pressure drop through generator 
16 which also is a function of the rate of flow through 
the system. For different flow rates one can accurately 
predict the pressure drop through a particular tool and 
thus also predict P. 

If we know the density of the circulating fluid and the 
backpressure held on it we can determine the hydro 
static pressure P at any given depth. We maintain a 
backpressure with valve 28 such that the hydrostatic 
pressure at any level caused by the fluid of column in 
the well bore and the backpressure is less than the 
probable fracturing pressure for any interval in the well 
bore. However, we do maintan the hydrostatic pressure 
sufficiently high so that when it is added to the pressure 
P developed by generator 16 the resulting pressure is 
sufficiently high to fracture the interval. One unique, 
desirable aspect about this system is that the pressure 
in the well bore is raised above the fracturing pressure 
only at the interval immediately adjacent the fluidic 
generator and between acoustic filters D and E. As ex 
plained in U.S. Pat. No. 3,520,362, the AC pressure is 
isolated to this interval. Thus the isolated interval of 
tool 16 is the only interval fractured. We ordinarily 
limit the extent of this fracture by limiting the flow of 
fluid through the system after fracture initiation has oc 
curred. An indication of fracture initiation can be de 
tected when the output rate through meter 30 is 
abruptly reduced. We like to limit the vertical extent of 
our fracture. This is often possible by limiting the 
amount of fluid which we inject after fracture initiation 
to between about 5 and about 20 barrels, for example. 
This is especially important if the formation 58 (which 
is being fractured) is adjacent to an aquifer, as we do 
not wish any fracutre to reach the water-bearing forma 
tion. 
Evaluation tests of this technique were conducted at 

Amoco Production Company's Bird Creek test site, 
Tulsa County, Oklahoma. The well was drilled into the 
Oologah Limestone, which is located near the surface. 
This particular Oologah Limestone formation has been 
utilized in evaluating many different hydraulic fractur 
ing techniques. This is possible because the Oologah 
Limestone here reacts very much like rocks in deep 
wells to hydraulic fracturing, acidizing and the like. In 
one test a well bore was drilled into the Oologah Lime 
stone to a total depth of about 90 feet. Before the test 
was initiated the well bore was inspected with a televi 
sion camera and pressure tested with water to 400 psi. 
In one initial test, the formation was inadvertently bro 
ken down by a pressure surge which occurred when the 
tool started to oscillate. This was a result of having in 
proper backpressure control which permitted the hy 
drostatic pressure to exceed the formation fracturing 
pressure throughout the exposed portion of the forma 
tion. The well was repaired by squeeze cementing and 
the well bore was then examined by television camera 
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and by pressure tests to assure that there were no frac 

4. 
tures in the well bore wall. A subsequent test was con 
ducted which is now reported. The diameter of the 
borehole was 7% inches and the size of the tubing used 
was 2% inches OD. During this test the circulating fluid 
used was water. We used a fluidic generation unit as de 
scribed above which had a maximum diameter of 7% 
inches and had 232 feet between acoustic filters D and 
E. During maximum oscillation, the injection rate 
through the system was 120 gallons per minute. A 
backpressure of 380 psi was held on the annulus by 
valve 28. During this time the pressure in the well bore 
opposite tool 16 was oscillating at about 160 cycles per 
second from 0-750 psi. The pressure drop across tool 
16 during this maximum oscillation was approximately 
2300 psi. The maximum pressure peak of 750 psi was 
isolated to the portion of the well bore adjacent fluidic 
generator 58. Acoustic tank F was about 20 inches in 
vertical length. The maximum and minimum pressure 
for the generator used in the isolated portion of the 
borehole is equal to P + or - one-half maximum pres 
sure variation. During this test the depth of the top of 
tank F was at about 69 feet in the well bore. Upon the 
injection of 120 gallons per minute with the backpres 
sure at 380 psi the formation fractured. A horizontal 
fracture approximately one inch wide was made at a 
depth of 65 feet in the zone where the oscillating pres 
sure was effected. Although there were no propping 
agents in the fracturing fluid, this horizontal fracture 
was propped with small rock fragments that were ap 
parently broken from the fracture faces. A vertical 
fracture extending from a depth of about 32 feet to 
about 62 feet was also induced. These fractures were 
detected by inspection of the bore with a downhole 
television camera. The vertical fracture was apparently 
induced first at a lower pressure than that required for 
the horizontal fracture which was initiated during the 
latter stages of injection when the flow rate through the 
fluidic oscillator was highest and when the P pressure 
was at a maximum. 
As mentioned above, for a constant annulus back 

pressure, the peak AC pressure P is a function of the 
rate of flow through the tool. As an example, attention 
is directed to FIG. 2 wherein we held a backpressure on 
the annulus of 300 psi and the backpressure was a di 
rect function of the flow rate. In curve 60 with a low 
flow rate of 60 GPM (gallons per minute) the gener 
ated pressure P was about 200 psi; curve 62 has a 
pressure P of 300 psi for an intermediate rate of 90 
GPM; curve 64 illustrates a pressure Pof 380 psi for 
a high rate of 120 GPM. 

FIG. 3 merely illustrates how one can tell at the sur 
face when a fracture has been initiated. In FIG. 3 the 
abscissa is annulus pressure and the ordinate is rate of . 
flow. Assume an input rate of lineal increase as indi 
cated by curve 66. The output rate, before fracturing, 
is also typically a constant lineal increase of lesser rate 
because of loss of fluid to the formation as indicated by 
curve 68. However, the instant that rate and pressure 
have been increased to the point where the fracture oc 
curs, the output rate takes a sudden and sharp decrease 
as illustrated by curve 68A. Thus, by merely plotting 
the input rate and the output rate versus the annulus 
pressure, one can detect the instant of fracture. 
An alternative application of the tool for fracturing 

is to position, the tool at the desired fracture initiation 
point and first initiate a fracture with the appropriate 
combination of hydrostatic P and maximum Pm 
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pressure. The total pressure (P + Pn) is then reduced 
to below the fracturing pressure. Valve 71 is closed and 
valve 73 opened. We then use pump 72 to inject a frac 
turing fluid from source 74 down the annulus at the 
fracture treating or fracture opening pressure, which is 
lower than the fracture initiation pressure. This can be 
done by either no flow through the tool or with flow of 
a fluid through the tool and flow of either the same 
fluid or a different fluid down the annulus. 
We can use the system described in connection with 

FIG. 1 for stimulating subsurface formations in ways 
other than by fracturing. For example, we can inject 
other stimulating fluids such as acids, water block re 
moval solutions, scale removal liquids, and the like. 
When using these particular types of fluids we ordi 
narily will wish to avoid fracturing. It is usually desired 
that these fluids be injected in only a particular interval 
of the well bore. This objetive can be accomplished 
with our system. For example, we determine the inter 
val at which we wish to treat. Then we position fluidic 
generator A at that level. We start injecting a liquid 
through the system. We next inject a slug of treating 
fluid from source 37 through pump 36 after closing 
valve 35 and opening valve 33. The fill-up volume of 
the system from fluidic generator A to the top of tubing 
14 is known. When sufficient treating fluid is pumped 
into tubing 14 to completely fill it above the fluidic 
pressure fluctuation generator, we immediately in 
crease the pump rate so that there is a sudden buildup 
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6 
transmitting said acoustic vibrations to the fluid in 

the well bore adjacent the formation to be frac 
tured; 

returning said fracturing fluid to the surface through 
the annular space external of said tubing string; 

holding a backpressure at the surface on the return 
ing fluid in the annulus such that the hydrostatic 
pressure P of the fluid in the well bore at the level 
of said formation is less than the hydraulic fractur 
ing pressure but sufficiently great so that P. plus P. 
is sufficient to fracture said formation. 

2. A method as defined in claim 1 including the step 
of pumping a slug of formation treating fluid down said 
tubing string so that at least a portion of said treating 
fluid is injected into said formation by the combination 
of pressures of P and Ph. 

3. A method as defined in claim 1 including the steps 
of: 
reducing the rate of pumping of fracturing fluid 
through said tubing string so that Pm plus P is now 
less than the pressure required to fracture the for 
mation; 

stopping the return of fracturing fluid to the surface 
through the annular space and thereafter injecting 
a fracturing fluid down the annulus at a pressure 
below the fracture initiation pressure but above the 
fracutre opening pressure. 

4. A method as defined in claim 3 which includes the 
step of adding propping agents to the fracturing fluid 

of pressure P in acoustic tank F so that the treating 30 injected down the annulus. 
fluid is forced into formation 58. By continuing mea 
suring the output from annulus 18 we can quickly de 
termine the rate and amount of fluid being injected into 
the formation 58. We keep the total pressure of P + 
P. below the fracturing pressure. 

In a preferred system of operation of the use of this 
system for injecting stimulating fluids (other than frac 
turing) we circulate at a relatively low rate in an at 
tempt to get a constant return from annulus 18 through 
outlet 22. We inject our slug of treating fluid at an in 
creased rate, e.g., 1% to 3 times, but maintain the cons 
tant backpressure with valve 28. We are then reason 
ably certain that any additional loss of fluid caused by 
the increased pressure of the fluidic generator A is 
caused by the stimulating fluid being forced into forma 
tion 58 as selected. By loss of fluid we mean the differ 
ence between the input rate into tubing 14 and the out 
put rate to outlet 22. In the absence of fluidic generator 
A, this fluid loss is largely determined by the hydro 
static pressure in the borehole which is at least partially 
controlled by the amount of backpressure held 
thereon. After sufficient stimulating fluid has been in 
jected, we can then inject, if needed, an inert cleaning 
fluid through the system. 
While the above invention has been described with 

considerable detail, it is possible to make many modifi 
cations thereof without departing from the spirit or the 
scope of the invention. 
We claim: 
1. A method of fracturing a selected formation pene 

trated by a well bore which comprises the steps of: 
pumping a fracturing fluid down said well bore 
through a tubing string; 

converting a portion of the energy of said fracturing 
fluid into acoustical vibrations at a level adjacent 
said formation to be fractured to cause positive 
pressure variations of Pn; 
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5. A method of fracturing a selected formation pene 
trated by a well bore which comprises the steps of: 
pumping a fluid down a tubing string suspended in 

said well bore; 
converting a portion of the energy of said circulating 

fluid into acoustical vibrations by means of a fluidic 
pressure fluctuation generator suspended in the 
well bore adjacent said selected formation; 

transmitting said acoustic vibrations from the fluidic 
pressure fluctuation generator to the fluid in the 
well bore at the level of the selected formation so 
that said fluid at said level has a positive pressure 
variation peak of P; 

acoustically isolating the acoustic vibrations to the 
region in the well bore adjacent said selected for 
mation; 

returning said circulating fluid to the surface through 
an annular space exterior of the tubing string; 

maintaining a backpressure on the returning circulat 
ing fluid, said backpressure being limited such that 
the hydrostatic pressure in the well bore at any 
level is less than the formation breakdown pressure 
to which the fluid is exposed but in which P plus 
the hydrostatic pressure in the well bore adjacent 
the selected formation exceeds its fracturing pres 
sure so that said selected formation is fractured. 

6. A method as defined in claim 5 which includes 
pumping the fluid down the tubing string at a constant 
rate, holding a constant backpressure on the returning 
circulating fluid, measuring the flow of fluid from the 
annular space and pumping not over about 20 barrels 
of circulating fluid down said tubing string after a sharp 
drop in flow rate from the annular space occurs. 

7. A method as defined in claim 6 including the step 
of moving said fluidic vibration generator to the level 
of a second formation to be fractured and thereafter 
repeating the method defined in claim 5. 
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8. A method as defined in claim 5 in which the 
amount of fluid injected after the sharp drop in rate of 
fluid flow from the said annular space is in the range of 
5-20 barrels. 
9. A method of stimulating a selected formation pen 

etrated by a well bore which comprises the steps of: 
positioning a fluidic pressure fluctuation generator at 
the lower end of a tubing string in the well bore ad 
jacent the formation to be treated; 

pumping a fluid down said tubing string to convert a 
portion of the energy of said fluid into pressure vi 
brations by means of said generator having a posi 
tive pressure variation peak of P; 

acoustically isolating the pressure vibrations to the 
region in the well bore adjacent said selected for 
mation; 

returning said fluid to the surface through the annu 
lar space external of said tubing string; 

holding a backpressure at the surface on said return 
ing fluid, said backpressure being such that the hy 
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8 
drostatic pressure P at any level is less than the 
fracturing pressure; 

injecting a slug of formation treating fluid down said 
tubing string through said generator so that the 
pressure P, generated by the said generator drives 
a portion of said treating fluid into said formation. 

10. A method as defined in claim 9 in which the sum 
of the pressures P, and P is below the fracturing pres 
sure of the formation. 

11. A method as defined in claim 9 in which suffi 
cient formation treating fluid is injected to fill the tub 
ing string from the surface to the said generator and 
then suddenly increasing the injection rate of fluid into 
said tubing string so that there is a sudden buildup of 
pressure P. 

12. A method as defined in claim 9 in which a cons 
tant backpressure is held throughout the treatment and 
then injecting the treating fluid at an increased rate 
over the prior injection rate of the prior fluid. 

s: ck : s 


