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the stratum below the surface.

2, 915 ‘122

- FRACTURING PROCESS WITH SUPERMOSED

CYCLIC PRESSURE
Donald S. Hulse, Salt Lake Clty, Utzh
 Application January 16, 1956, Serial No. 559,462

7 Claims. (Cl. 166—42)

This invention relates to the treating of subterrancan
formations, such as those containing crude petroleum
or other valuable fluids, by the application of hydrauhc
pressure. This invention particularly relates to an im-

- proved method for hydraulically fracturing such under-
ground formations in which successive shock pressure

waves are superimposed upon the applied hydraulic pres-
sure either before or after the formation breakdown

pressure is reached, or both. This procedure has been

found to result in the formation of a large plurality of
underground fractures rather than one or only a few,

United States Patent Office
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and to result also in the injection of larger quantities

of fluid and prepping agent into the fractured formation
than heretofore obtainabie.

There has been recently developed a well-treating proc-

ess for hydraulically fracturing selected underground geo-

logic strata by the application of relatively high hy- -

draulic pressures. This process is referrec} to as the
“Hydrafrac” process and the object is to 1ncrease_the
fluid permeability of selected underground formations

so that fluid can be injected into or produced from them:
- at greater rates.

These hydraulic processes are de-
scribed sufficiently in U.S. Patents No. 2,596,843, 2,596,-
844 and 2,596,845 and accordingly they will only be
briefly described here.

In general, the aforesaid “Hydrafrac process con-
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sists of injecting a gel or “low penetrating” fluid, such

as one having a high viscosity or a low penetration rate

or which forms a filter cake, into the well bore where

it is positioned adjacent the formation to be treated. A
high hydraulic pressure is generated by pumping the
fluid into the bore faster than it penetrates the forma-
tion. Many specific liquids have before been disclosed
in the literature which have the foregoing properties so
as to adapt them for this partlcular purpose. The hy-
draulic pressure is increased in this manner over a pe-
riod of from 1-10 minutes to a value which exceeds the
“formation breakdown pressure.” At this time the over-
burden is lifted causing fissures to penetrate from the
bore into the surrounding strata and the fluid then flows
through these fissures. The formation breakdown pres-
sure is roughly equal to the weight of the rock above
the fissures being formed plus the bonding force of the
rock itself. For wells deeper than about 4,000 feet, this
breakdown pressure ranges between about 0.6 and about
0.9 p.s.i. (Ibs. per square inch) per foot of depth of
- The low penetrating
fluid desirably contains propping agents such as sand
grains of selected size which hold the fissures open after
release of the applied hydraulic pressure. Pumping con-
tinues after “breakdown” for a period of from 30 to 100
minutes to deepen the fissures by injection of more fluid.
After the fracture has been completed a “gel breaker”
is usually injected through the bore into the formation
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to reduce the viscosity of the “low penetrating” fluid and

thereby facilitate its removal from the formation and
the bore. The high pressure is then released and the
connate fluid, such as petroleum, then flows through the

70

will beco
55 - ] ' & - ] |

~ Briefly the present invention comprises an improved

hydraulic fracturing process for the freatment of under-
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newly formed fissures into the bore at substantially in-
creased rates, or an injection fluid can flow into the for-

- mation at increased rates in the case of an injection well.

This system for permeability formation treating is a
marked improvement over nitroglycerin detonation be-
cause it is operable in cased perforated bore holes. It
is cheaper and quicker than lateral drilling from the bore
hole, and it is superior to acid treating because it is not
restricted to the treatment of calcareous strata.

The foregoing process as generally described usually
results in the formation and opening of at most a few
and generally only one relatively large horizontal frac-
This is due to the fact that when one weak spot
or Incipient fracture begins to give way the fluid enters
and the pressure decreases so that there is a decreased
tendency then to open additional features. This is a
dlsadvantage and the formation of many small fissures

~is much more desirable, particularly in the fracturing of

relatively thick formations. The present invention there-
fore relates to an improvement in the hydraulic fracturing
process in which a greater plurality of relatively small
fractures is formed, a greater quantity of fracturing fluid
may be injected into the formation, and the resulting
fractured formation is capable of producing substan-

tially increased quantities of valuable fiuid or receiving

greater quantities of injection fluid than when the con-
ventional fracturing pror‘edura 1s followead.

- It is therefore a primary object of this invention to
provide an improved hydraulic fracturing procedure for
underground strata in which a series of pressure shocks

1s applied during the build-up of hydraulic pressure to

the formation breakdown pressure So as to weaken and
open a plurality of fractures in a selected stratum.
It is also an object of this invention to improve the

" hydraulic fracturing process by applying a succession of

pressure shocks to the fracturing iluid after the forma-
tion breakdown pressure has been reached so as to in-

crease the quantity of low penetrating fluid injected into

the strata and to generate deeper fissures in these for-
mations.
It is also an object of this invention to provxde in the

‘hydraulic fracturing process a relatively continucus series

of shock pressures during pressure build-up to the for-
mation breakdown pressure as well as after the break-
down pressure is reached to produce a great plurallty of
deep fissures in the formation being treated. ]

- It is an additional object of this invention to provide a

:hydraulic' fracturing process in which normal well fluids
-are purged or displaced from adjacent the area by flow-

50

ing the low penetrating fluid upwardly through the bore
hole prior to building up the high pressures necessary to
fracture the formation.

Other objects and advantages of the present invention
e apparent to those skilled in the art as the
description and illustration thereof proceed.

ground fluid-permeable or fluid-containing strata in which
any of the conventional low penetrating fluids or gels
are pumped into the bore and positioned adjacent to the
strata to be treated. If desired, a special valve herein-

‘after described is opened near the bottom of the tubing

string and part of the low penetrating fluid is passed
upwardly through the annulus to purge normal well fluids
from adjacent the stratum to be treated. This valve is

then closed and the hydraulic pressure is increased by
pumping a low penetrating fluid into the bore hole at a
rate which is higher than the rate at which the unfrac-

tured stratum can accept fluid flow. This pressure build-
up is continued until it reaches a value adjacent the

stratum face sufficient to lift the formation causing

cracks or fissures to open from the bore back into the
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- stratum. Followiag" formation'_ fracture the pressure

2,015,122

~ stantial quantity of the low penetrating fluid is pumped
into the newly opened fissures so as to enlarge them and

cause them to progress a. substautral dlstanee 1nto the
stratum from the bore. - SR

The specific improvement of this mveutlon lies in the
modification of this part of the well treating process to
incorporate a series of applied pressure ‘shocks to the
column of fluid in the well bore in such a way that they
are superimposed upoﬂ the applled hydrauhe pressure
~as described above.

- In one modification of the invention, a plurahty of
mechanically induced pressure shocks. is applied directly -

to the low penetrating fiuid being pumped into the well
head. The formation breakdown pressure is approached
gradually by pumping a continuous stream of low pene-

traiing liquid into the well, and with ‘the pressure shocks |

being superimposed cn the gradually increasing pumping
pressure, the breakdown pressure Is actually approached
1n a series of steps in which the pressure is rapidly in-
creased, then Iowered slightly, then rapidly increased to

previous low, etc. until the actual breakdown pressure
is attained. Preferably this build-up continues over a
somewhat louger perrod than normal such as from about
5-30 minutes. |

- The pressure shoeks are apphed dlreetly to the eolumn

- of liquid at the well head by means of an air hammer

- or'a prston or other suitable apparatus. . This pressure
shock is transmitted without substantial loss or- attenua-

. ess. of this invention.
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~a higher value, then lowered to a value higher than the
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10 is provided with casing 12 and tubing string 14 ex-

tion downwardly through the column of liquid standing

in the tubing string and is applied. directly to the exposed
face of the stratum being treated. During the hydraulic
pressure build-up the series of shock waves apparently

applr hrgh local stress to all of the incipient fractures
in the stratum so as to weaken them. Then when the

formation breakdown pressure is finally attained,. a great.

many of the then weakened fractures open instead of. '-0-
4

~only one or a few such fractures. These results have
been indicated through the physical testing of the present
invention wherein substantially increased quantities of
fluid are injected into the formation and subsequently
increased quantities of produet ﬂu1ds ﬂow therefrom Into
~ the bore. - | |

In ancther modification of this invention, the hydrau- o

lic pressure is built up to the formation breakdown pres-
sure in the normal way by pumping liquid into the bore.

39

When the formation breakdown pressure is reached and -

the fissures form, the series of pressure shocks is begun
‘and continued during the flow of low penetrating fluid
into the open fissures.
are opened are greatly deepened and extended to greater
distances from the bore into the formation, or the re-
‘quired time for the same degree of fissure deepem.ug 18

| eomrderably reduced. This is indicated by a substantial

increase in the quantlty of low penetrating fluid whreh
can be injected during the treatment. . o

A preferred third modification of the present 111ve11t1o11
lies in combining the two modifications described above
so as to secure the advantage of each modtﬁcatmn aud

whereby. each unexpeetedly enhances the results. of the |
Thus when the low penetrating fluid . pressure 1n-

other.

In this way the fractures which

o0

‘able fluid-containing stratum 22. |
the form of a concrete seal 24 surrounds the lower end
‘of casing 12 and prevents the loss of valuable flnids up-

ing upper plston 40 to apply a
“against lower piston 38.

conventional hydraulic fracturing methods.
~ In practicing the process of the invention, any of the

‘conventional low penetrating fluids can be used so as to
“build up a pressure to the formation breakdown value.

Also any appropriate “gel breaker” or other fluids specif-

ically adapted to facilitate removal of, or other action on,

the “low penetrating fluid” may also be used in the proc-
Such fluids are all described in

the art referred to previously. The low penetrating fluid

- may be modified to contain formation propping agents -
to facilitate the maintenance of open fissures after re-

moval of the applied hydraulic pressures. Such agents

and the manner of their use are also described in the art.
The process of the apparatus in this invention will be

more readily understood by reference to the accompany-

ing drawings i which: |

Figure 1 shows an elevation view in a partial cross

section of ‘a cased well bore and the tubing string with a

single packer in which the process of this inveation is

effected, a double packer for isolating a selected stratum

interval for treatment also being shown,

Figure 2 is a graphic illustration of the appheatton of
hydraulic pressure to the formation breakdown value to-
gether with applied shock waves, and:

Figure 3 shows shock wave application after the forma-

‘tion breakdown value is reached, as well as the preferred

modification in which the shock waves are apphed both
before and after the stratum is fractured.
Referring now to more particularly Figure 1, well bore

tending downwardly from ground level 1¢ through sev-
eral non-permeable strata 18 and 2@ into a ﬂu1d-perme-
A water shut-off

Ward]y around the outside of the casing. A slotted liner

13 may be added if desired.

The upper end of casing 12 is prowded with lubrleator'

26 having a tubing seal 28 through which tubing string
14 extends. Line 30 provided with valve 32 opens from
the casing head as shown. At the upper end of tubing
string 14 is provided hammer 34 supported by means
36 from the derrick. Hammer 34, for exampie, con-

sists of a cylmder containing lower piston 38 and upper
piston 40.

Inlet line 42 permlts the introduction of
fluid under pressure as a series of 1mpulses thereby caus-
series of direct impacts
Air or water or oil or any
suitable fluid can be used to drive piston 40.

The hammer 34 communicates directly at its lower

end with the top of tubing string 14 through shut-off

valve 44 and second check valve 46. The fracturing

- liquid is pumped by means of pump 5@ through line 48,

09

shut-off valve 852 and first check valve 54 into tubing
Istrlng 14 at 2 point between valves 44 and 46.
The bottom of tubing string 14 is provided with packer

56 which seals the outside surface of the tubing string

60

crease is begun the shock wave application is also begun

at the well head and continued substantially throughout.

05

- the entire period of pressure application, that is, during -

the pressure build-up to the formation breakdown pres-
sure as well as after this pressure is reached and while
fluid injection is continued.
1S a greater number of stratum ﬁssures formed beeause

of the weakening of all of the incipient fractures but

they are then extended sreater distances into the stratum

by the shock wave application. The overall result of

such a treatment is a treated well whose fluid product1v1ty
is. measurably increased by amounts of the order of 25%

tubing string.
the tubing string is lifted a distance sufficient to raise

against the inside surface of the casing adjacent its lower

end. When treating a stratum at intermediate depths in

a well bore packers should be provided both above and

‘below the strata to be treated as shown by broken lines.
In such a case apertures 71 are prowded as an exit for

the low penetrating liquid which is pumped down the
In any event, with the packer in plaee

inner valve element 58 with respect to. outer valve ele-

- ment 69 to exposed one or more rows of apertures 62

In this modification not only

70
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in the outer valve element. The fracturing fiuid flow

1s then begun by opening vajve 52 and starting pump 59,
The fluid flows
through check valves 54 and 46 downwardly through
tubing string. 14 and through apertures 62 so as to

and with shut-off valve 44 closed.

purge from the annulus at least a part of the fluids nor-
mally present there. Preferably, sufficient fluid is ai-

_ to about 100% greater than that of a bore treated by the
drops somewhat from the maximum value and a sub- |

= Y

P
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loﬁ?ed to flow so as to fill the enilulus with oil or other

- liquid to a substantial depth above the top of packer 56.
~The annulus may if desired be filled up to outlet line 3@

- In any case, the liquid column in the annulus acts as
“support for tubing 14 and packer 56 during apphcatlon

After the annulus is filled

¢ pressure shocks.

" to- the desired extent, the tubing string is then lowered

whereby the inner valve element 58 descends so as to

“cover apertures 62 and to seat its lower edge 64 against
a - soft metal msert 66 dlSposed as shown in Figure 1.
. The above-described valve, in addition to being used

as described as a means of reedﬂy adding liquid to the

' " annulus 10 after packer 56 is set in lower end of casing
~ ~12, is also used in the displacement of the supporting
liquid from the annulus by the m]eetlen of compressed

gas into the annulus at the top via line 30 afier the frac-
turmg job 18 completed “Also, because of the travel of

inner element 38 in valve body 60, it may be used to jar
“packer 56 loose in case it sticks in the casing after frac-

' turing job is complete.

The flow of fracturing fluid is then continued into

space 68 opposite permeable stratum 22Z. The pressure.
‘is then 1ncreased by operating pump 56 at a relatively
high rate so as to ‘deliver more fluid than can normaily

flow into permeable stratum 22 through its exposed face
70. The pressure therefore rises toward the formation

‘breakdown value at which point the plurality of the in-

10

15

20
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cipient fissures 72 open as at 74 and progress inwardly

along the weakened fracture planes into formation 22.

As discussed briefly above, this result is obtalned by

30

~ employing either one or both of the specific modifications -

described and in which a series of pressure shock waves
is applied downwardly through the liquid column by the
means illustrated in Figure 1. With the liquid pressure

‘applied by means of pump 56 acting downwardly through

“check 'valves 54 and 46 and tubing string 14, shut-off

valve 44 is opened which causes the fluid pressure to

force lower piston 38 upwardly against stop 76. Upper

" piston 40 may be maintained normally in an elevated

position by means of a spring 78. The injection of ac-
~tuating fluid through line 42 1n a series of pulses causes
“upper piston 49 to reciprocate and apply a series of di-
rect impact shocks against lower piston 38. This in turn

- .applies a series of pressure shock waves directly to the
- liquid column in tubing string 14 whereby the shock

trans

are

waves

and 46 and tubing string 14 to the face 70 of permeable

stratum 22. After each shock wave is applied the re-

- verse flow of liquid upwardly through tubing string 14

is prevented by means of check valve 48, although the
continued injection of fracturing fluid is permitted by

check valve 54 thereby returning lower piston against
. stop 76. This sequence of steps and the apparatus. de-

ﬂ:"-n-

scribed permits the carrying out of any of the three pree— |

ess modifications briefly described above.

- In Figures 2 and 3 are shown plots of the hydraulic

pressure existing at the well head at various times during
—the well treatment process, or as a function of the quan-
- tity of liquid injected during the process. .

With particular reference to Figure 2, the first modifi-

~cation of the injection is illustrated in which applied pres-

sure shocks are used during the build up of pressure
from the beginning until the formation breakdown pres-
sure 1s reached at point 89.

up are shown. In this way a substantially increased

-number of Incipient fractures are weakened whereby each

is permitted to open when the formation breakdown

“pressure at 86 is finally reached. After the formation

breakdown pressure is attained, the pressure drops some-

‘what during the increased flow of liquid into the epened

fractures. This continues until the applied pressure is re-
leased as at point 86 and then the pressure rapidly falls.

In Figure 3 the pressure variations in the second and
third medlﬁeatlees of this mvenuen are shown. In the

- The successive pressure -
peaks 82 and pressure lows 84 during the pressure build- 69

39
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- CIeascs.

second modification the normal pressure build-up fol-

lows linear portion 88 to the formation breakdown pres-
sure at 80, following which the pressure shocks are ap-
plied so as to produce a series of pressure peaks 90 and
pressure lows 92. This continues until the pressure 1s
released at point 86 as before and then the pressure de-
In the third modification, the pressure shock
series is employed both during the pressure build-up and

‘after breakdown as described i1n Figure 2 and pressure

peaks 82 and pressure lews 34 appear durmg this initial
ericd of the process. .

- The application of the modlﬁcatlons of th1s invention

to actual producing wells is as described below: Of

course, the same procedure 1S eppllcable to 1njection

wells also
S Example 1

The conventional hydraulic fracturing technique was

applied to a subsurface oil producing formation which
~ before treatment had a relatively low production rate

of 17 barrels per day. When the conventional hydraulic

- fracturing treatment using gelled gasoling as the low
 penetrating fluid was employed and the well cleaned

following the treatment, the production rate increased

to a value of 31 barrels per day. ThIS constitutes an

82% i increase in productivity.
- Example 2

" In the same oil field in a well penetrating the same
formation, the improved process of this invention was
employed - in its first modification. The previous pro-

ductivity of this well had been 9.5 barrels per day.

Gelled gasoline was pumped into the well bore as the

‘Jow penetrating fluid over a period of about 10 minutes,

during which time the applied pressure was built up
to the formation breakdown value and pressure shock

- waves were. applied at a rate of about 15 per minute.
‘Each of these shock waves when applied increased the

then existing fluid pressure at the well head by an amount

approximately 700 p.s.i.g. Following attainment of the

formation breakdown pressure the usual hydraulic frac-

 turing techniques were followed and the well was again

45

itted downwardly through valves 44

50

D9

60
“untreated value.

placed on production. The equilibrium production rate
of the thus treated well was measured at 21 barrels per
day. This constitutes a 121% productivity increase,
which in turn is an increase approximately 47% greater
than that experienced in Example 1.

Example 3

~ In a third well penetrating the same formation in the -
same oil field-as in the previous two examples, the pro-
duction rate prior to treatment was 19 barrels a day.

‘Gelled gasoline was again employed as the low pene-

trating fluid, the conventional technique was employed
to raise the pressure of the fluid to the formation break-
down value, and thereafter a series of 700 p.s.i. shock
waves at about 15 per minute was maintained during the

injection period. Following pressure release the equi-

librium productivity of the thus treated well was found
to be 37 barrels per day, or a 95% increase over the

Example 4

In a fourth well in the same field and stratum pene-
trated by the wells in Examples 1, 2, and 3, the original
productivity was 8 barrels a day. Gelled gasoline was
again employed as the low penetrating fluid. During
the 10 minute interval while the formation breakdown

~ pressure was being approached, pressure shocks of about

70
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700 p.s.i. were applied at about 15 per minute directly
to the fluid being injected until the formation break-
down pressure was attained. The pressure shocks were
then continued for approximately 15 minutes during

- which time a substantial fluid injection into the frac-
~tured stratum was noted. The gel breaker liquid was
introduced after the pressure release and the well was



 determine the effect of a

rate of 50 per minute.

- returned to preduetlen The equlhbrrum preductlon rate

was I
1nerease of 184%

E mmple

Tne precedur es ef the prevreus exemnle were apphedj
to a well 4200 feet deep to fracture the permeable for- .

mation at that level and simultaneously to remove a

- paraffin deposit accumulated from waxy crude whlch had -
In this
operation the low penetrating fluid used gee oil which was
pumped through a steam heated heat exchanger. . The oil

all but blocked the borehole opposite the strata.

T was heated to about 350° F. and pumped into the hole.
- ~The 'pressure was first re1sed to about 800 p.s.i. to force

the hot oil through the wax cake into the strata for
about 10-15 minutes, then it was released threugh the

measured at 31 barrels a day, ﬂlls amounts te an-

10

10{}0 per mmute -
preferred because of the tremendeus inertia of “‘the
"~ system. - The so- called ‘sonic and supersonic. frequeneles
" beginning at about 3000 cycles per minute “are 1r1app11—-' | |
“cable for this reason and appear 10 ha,ve 11tt1e e&'eet m .
the practice of this invention. =~ e s
A particular embodiment of the present invention haS-_ |
- been hereinabove described in considerable detail by way
it should be understood  that various
other modifications and adaptations thereof may be made
by those skilied in this partreular art without depe.rtmg o
from the spirit and seope of thls mventren as set forth in -

. of "illustration.

~'The heavy low freqherrey sheeks are

g the e.ppended clarms

tubing causing the well to flow. This was repeated sev-

‘eral times until the strata appeared to take substantial

~ quantities of gas oil at the 800 p.s.i. applied pressure -

‘indicating that the para

) in block had been broken. Fol-
lowing these steps, the process of this invention' as illus-

“trated in the above Exemple 4 was applred building up

- gradually to about 3000 p.si.

plied here were about 600 p.sd. - This treatment not only

100 barrels per day, _1eve11ng eff at abeut 32 barrels per
day |

Excrmple 6

The werl In r:xample 1 was produced fer abeut 3(}
In an attempt to -
second appheatren of conven-
tional hydraulic' fracturing, the previous ‘treatment was -
.repeated ‘at the applred pressures . prevreusly used.  Al-
- though at this pressure additional fluid entered the strata,
" .no pressure bLreak characteristic of further  formation

' '-:'days at the 31 barrels per day rate.

fracture was noted. Reeiecmg the well on productren
substentrated this by Sb oOWing the same preductmty |
~ This well was (hen treated using the pressure shock
~ treatment described in E}remple 4.
built up to the breakdown value in about 10 minutes dur-
~ing which 750 p.s.i. shock pressures were: applied. at the

"'mdrcatmg the effective weelremng of merprent fractures.
- This application was continued after - the - breakdown.

After the well was replaced on production, the equilibri-

S um preduetlen rate was determined to be 38 barrels per

. day, i.e. a further -increase of about 40% above the orig-

- . 1nal conventional treatment.. -
~ production rate would have been greater than 38 barrels

. per day had the pressure sh_oe'_k_ treatment been applied in

-1t is believed that the final

 the first instance because of a greater incipient fracture
- weakening effect in the- ebsence of any prevrously frac-
- tured strata. S -

The startlriig increase in preductrvrty ef these Wells'

over the preduetmty obtained by the conventional “Hy-
“drafrac” technique is attributed to-the application of pres-

~sure shocks before or after, or both before and after the.

-~ attainment of the formation breakdown pressure. Many

The pressure shocks ap-

- .The pressure -was

~The new breakdown pressure
~value was found to be 250 p.s.i. below the first fracture, -

30
o contmumg the pumping of said fracturing liquid agalnst”
- the face of said formation and said cyclically varying .
- pressure- being transmitted. through the said column of
liquid and apprled to the said face of said formation as
5 -4 e3feheally Varymg }_31. essure suPerrnpesed on sald pump-
-mg pressare. - - - - '_
2. A process accor dmﬂ to Clﬂrﬂl 1 wherein sa.ld cyehcal-' |
1y varying pressure Is epprted erﬂy =1nt11 the lmtral frae—

-lturmg of the formation occurs.. :
3. A process according {0 r*l_r.urr : wher ein serd C _/‘CIICEII- |
o ly varying pressure is applied only subsequent to the

40
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I claim:

1. In a precess for hydrauheelly fracturmg a Subter-
rapean formation penetrated by a well bore wherein'a
fracturing liquid is pumped down “the well bore and
 forced against the face of said formation under continu-
ous and gradually increasing pressure until the pressure
20 |
~ pressure of said formation and causes said formation
1o fracture, and the said pumping is thereafter continued
 to force said fracturing liquid against the face of the

- formation and into the fractures: so formed to extend the |

| ﬁremoﬂed the parafiin block, but also effected a fracturing 25 --
‘of the formation.. The well preductwrt}f mcreased about

60%, ie. from about 20 barrels per day to over about

of said liquid against said face exceeds the breakdown

1Pngth of said fractures, the improve Tnerlt which consists

_.111 applying to the top of the column of fracturing liquid
~in the well bore a cyclically varying pressure the am-

- plitude and fr equeney of which .are controlled mdepend- -
-ently of the pumping pressure, said cyclically varying -

pressure being apphed to said fracturing liquid while

initial - fracturing of the. formatron and during. the’ time

_.when the said fracturing liguid is £oreed mto the fraetures' o
te e}&tend the length of the same. = LT
4, A preeess aeeerdmg to elarm 1 wherem the sard
cyclically varylng pressure is applied prior to the initial

- frecturmg of the formation and subsequent thereto dur-
 ing the time when the fracturing liguid is. fereed mte the_ |

fraetures to extend the length of the same.

5. A process according to claim' 1 wherein. the sald‘-
yelreaﬂy varying pressure has a freeueney betweert abeut |

1 and about 1000 cycles per minute.

6. A process. aecerdng to claim 1 wherem the sald -
- fracturing liquid is pumped down the well bore through.
a well tubing string, and the annulus between said tub-
~ing string and the walls of the well bere is filled: with a
liquid to a height mbstantrelly ebove the lecatlon ef sard
formation. -- -
- 7. The preeess fer hydrauheally rraeturmg a subter-

go Tanean formation penetrated by a well bore which com-

prrses drsposmg within said weil bore a well tubing hav-

of the numerous incipient fractures or weak points which -

exist in the fluid-producing strata are weakened and actu-

these fractures deepemﬁg them well back into the stratum.

- Thus the permeability increase is substantially greater and

o the productivity of the well is rnatenally lmpreved

T ally fractured by the process of this m*ferrtren and sub-
“stantially increased quantities of fluids are injected into

The pressure: shoer:s applied in the process of this 171-'- :

---'rerttren are usually between -about _30 and 5060 P.S.i.
~ above the applred hydraulic preseure
-. aperreetren 8 refereTﬁIy between about -5 and' 500 per
minuie” alt‘heugr the heavier shocks may “be app]red at

0
The frequency of

o *frequeneree as low as about ene per minute and the light-

.ﬁ' er Sﬂ{)l;ks may be applred at frequeneres as hlgh as abeet- 75

ing its upper end extending above the earth’s sarface
~and’ its lewer end in cemmumeetron with said' formation;

setting at least one packér between said well tubing and -

the walls of the bore to isolate sald 'FOI mation from the

~ rest of the bore; pumm;mr:r a fracturing liquid down said
-well tubing and against the exposed face of said forma-
tion, said pumping being continued without interruption

and at continuously increasing pressure until the pres-

sure -exerted by said liguid against the exposed face of
said formation exceeds the breakdown pressure of said =
 formation, whereby the latter is caused to fracture; con-
tinuing to pump said 11£1111d down said well tubing and
against the exposed face of said formation under suffi-
clent preesure to feree said Ilqurd 1111:0 the fraetures prevr-.

’

et U



~ously formed, Wheréby said fractures are extended in
length; and during said pumping applying to the top of
the column of said liquid in said well tubing at the earth’s

surface a cyclically varying pressure the amplitude and

freque_ncy of which are controlled independently of said
pumping pressure, whereby said cyclically varying pres-

sure 18 transmitted down the column of liquid in said
well tubing and is applied against the exposed face of
said formation superimposed upon and in addition to
said pumping pressure, the peak amplitude of said cycli-

- cally varying pressure being between about 50 and about

5000 p.s.a.g. above the said pumping pressure and the

10

2,015,122
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cyclic frequency being between about 5 and about 500

cycles per minute.
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Notice of Adverse Decision in Interference

In Interference No. 92,867 involving Patent No. 2,015,122, D. S. Hulse,
FRACTURING PROCESS WITH SUPERIMPOSED CYCLIC PRES-

SURE, final judgment adverse to the patentee was rendered July 30, 1964,
as to claims 1, 2, 3, 4 and 8.

[Official Gazette May 18, 1965.]



	Drawings
	Front Page
	Specification
	Claims
	Corrections/Annotated Pages

