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- 'This invention pertains to the completion of cally ruptured at a selécted elevation, the strata
_-wells. More particularly the invention is eon- thereby exposed to the well may be hydraulically
. . cerned with an improved method of perforating fractured, the fractured strata may be tested; . -
i - casing and with the simultaneous perforation of and, if necessary, cemented without removing the .-
" easing and fracturing of the strata behind the 5 isolating means from thz well. These and other::. .
casing ' to increase the. product‘vxty of selected objects of this invention will becoms more ap-
producing strata. - parent as the description thiereof preceeds. In ¢
: In the art of completm wells, various means . this description reference will be meade . to the -
" - have heen proposed for setting casing in a well accompanying drawings in which: TR
“and  theén selectively perforating or otherwise 1o Figure 1 is a cross-section of a casing shor'mg' :
opening up the casing to production in the various a weakened section adapted to be hydraulically
strata through which the casing has keen set. ruptured, and
Gun perforating is one example of this type of . Figure 2 is a dlaglammatic representatzon——’ 8
~well completion. It has been found, however, partially in eross-section—of an alternate means .
that when a bullet is fired through a casing and 15 of producing a weakened casing section and & .
.into a producing strata, the walls of the bullet® ~ means for selectively perforating this weakened: . ~'°
hole in the strata appear to be left in a glazed - casing section and fracturing the adJacen_t strata.
condition : which substantially decreases the - This invention, in brief, may be described as- .. ..
‘permeability and productivity of the perforation an improved type of casing string which is -~
" and thereby retards the flow of fluids into the gy addp.ed to be rupfured in a well at a selected .
- well, It has also Peen proposed fo place depth and a method of completing wells includ- "
acid-soluble casing sections in the casing where- ing rupturing this casing by applying hydrauli- "
. . by the strata behind the acidizable section may  eally a stress above the ultimate strength of the
g be exposed to the well by contacting this section weakened section of the casing. The invention -
4. .1 with a suitable acid.. When such sections are ex- a5 also contempldtes the rupturing of a weakened

¢ posed to acid, the acid also contacts the iron or ' casing section by use of a bodied fracturing fluid, -
* .. steel casing and tubing, and is highly deleterious’ the bodied fracturing fluid then being injected-

"to them. Purthermore, sand fcrmations, as is through the hydraulically perforated casing into © :
well known; aré not reactive with the acid so the the strata adjacent the perforation to fracture- =~
unspent acid left in the well after the soluble gp the formation and inecrease the permeability of
casing section is dissolved produces no bheneficial the strata adJacent the casing perforation: :
effect. For these and other rzasons, the acidiza-~ The well easing, which is preferably iron or B
ble section completion technicue is seldom used. steel, may be provided with weakened sections in:-’

" Various other processes and apparatus have been 2 number of ways. In Figure 1, I have shown:
" suiggested for selectively exposing strata through g5 one way to produce a weakened section in an .
.whieh casing has been set in a well. In practi- otherwise uniform casing string. In this embodi-"

cally all cases, however, after the casing has been - mient the casing 8, which, as indicated, is pref-:

perforated or the formation etherwise exposed to .erably iron or steel, is provided with one or more e

the well, another service, such as hydraulic frac- grooves {0 milled in the outer surface. These (@ - -

" turing, i5 desirable to increase the permeability 4o gSrooves may, for example. be sut with a %" end .

i oo of the formation.  Selective completion of a well- mill axially of the pipe. The depth and length |

[0 is thus generally a lonff process and is very ex- . ‘may be varied as desired. I have found, for ex

Sgo i pensive, :* ample, that such an axial groove 2°” long in 3%
Sioenlse o Ibis thelefore an object of this mventmn to - pipe produces a bursting strength in air as in
i o' provide an improved method of combletifie wells. 43 dlcated by the table. .

Another object of this invention is to providean .. ... L Table LA

improved method of perforating casing in a well. * .° ( PR A S T

A further object of this invention is to provide - S - e

-2 method- of selectively completing wells by 2= = - = - b wan Wall { Burstlng

. ' process which can simultaneously perforate cas- gq - Grade | Thickness | FRImess ) Fressure

. ing and incréase the permeability of the strata w0 ) (Tnehes) (Inches) (5.4

! exposed by such perforation. A more specific B S - o
. object of this invention is to provide an apparatus” Standard......__.......... o ek .02 T 2,700
and method for completing wells in which the %ﬁx’%iggir&fﬁé&?y._...-_;: ‘ :g&? R %

casing may ‘be hydraulically ruptured at a’ se- 5

lected elevatfoninthe well and the strata thereby SR - R ST
" ‘exposed to the well may be hydraulically frac- - The 'gréo\,'es may obviously be milled radlally

tured. A still morve specific-object of this inven- to some advantage in some.cases.” ¥For example,  ° ..

tion is to provide an apparatus and method for . it is sometimes desirable to mill a groove around - .
b b completing wells in which a section of a ¢éased P the periphery of the pipe near the lower end of

e well may be isolated, the casing may be hydrauli- 7 the casing where the axial stress is net too

i - . .
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. great to weaken a section. xxhxcﬁ"may"later be
ruptured by hydraulic pressufe. . B

.Numerous other methods for reducmg the'

yield value of a casing string at a selected depth

~ will be apparent. I have found it desirable in

some cases to produce a weak section in a casing
string by milling a hole or slot through the pipe
completely and then filling this hole or slot with

- & weak material, for example, a plastic or a Soft

metal such as aluminum, brass, or the like, which

- may be sheared out of the hole or slot at a pres-
- sure substantially below the yield value of the.
- casing at a strong section. The slotied section
‘.. may be lined with a rupturable sleeve.
' indicated in Figure 2, the weak section may be
- ‘produced by placing in the casing string 8 st

Also, as

selected intervals soft metal weak casing joints
i1, 12, 13, For example, alumimim casing joints
may be inserted at intervals in thé casing, the

. aluminum joints having a calculsted yield value
-in. tension subs‘_antlally below the vield value
‘of the casing string in gesneral.

. outside of the casing. the casing is lowered into
the well and landed with the weak sections in -

10

15

The depth of the groove or the wall thlckness ;

" as the bottom of the groove may readily be com-

putéd when the bursting pressure desired is-de-
cided upon. In determining the bursting pres-

‘sure, the equipment available for preducing the
" rupture and the modulus of rupture of the strata

behind the weakened section must be considered.

In this connection, I have found that in sand- g

stones and limestones, from which most oil and
gas is produced, the modulus of rupture Is equal

to about three times the ultimate strength of.

the sandstone or limestone in tension. In gén- -

eral, it appears that the modulus of rupture of
the average sandstone and limestone is between
apout 500-2200 p. s. i. and is quite often about

differential bursting pressure- (internal pressure=-

~ external pressure) of the weakened casing sec-

tion when added to the modulus of rupture of

. _the strata behind the casing at the weakened

section is a very close approximation to the rup-
ture strength of the casing set in cement in the
strata. In determining the depth of a groove

therefore the surface pressure required o rup-.
" ture the cemented casing must be less than the |

pressure capacity of the pump available for pro-
ducing the rupture. Furthermore, it is general-

1y desirable to reduce the yield value of the cas- -;

ing at the weak section to substantially less than,

for example, to about Yi~Y, to yield value of the.

casing at the strong sections so that when pres-
sure is applied to rupture the weak ‘section, the
strong sections will not be damaged.

In completing wells in accordance with my

I have found empirically that the’

preferred embodiment, the weakened sections of

' casmg are placed in the casing string as the

casing string is ‘made up and lowered into the

hole so.that the weakened sections will, when

the casing: is landed’ and cemented, be spotted
at the elevation of pofentially productive strata.
Weakened casing sections {f, 12, and 13 may
thus be spotted ab.potentially productive strata
14, 15, and 16 respectively, as indicafed in Fig-

. ure 2. Abrading means, such as wall scratchers.
- (not shown), may be attached to the casing,
" preferably throughout the producing horizons.

In any case, it is highly desirable that the po-

tentially productive strata be isolated behind the

" casing; a good cement job at-tlie weakened cas-
. ing sections i the potentially productxve strata
will generally not only be of assistarce in pro-

duclng a fracture in the strata, but will also

- 1solate that fracture from other Well productlon.

2; _

,Abrading ‘means _should, theretore. be plaeed; -
especially .on weakened sections of fhe casing to .

" remove the mud sheath at these elevations and . :
produce 2. strong hond betiveen the well wall and

the weakened casing.

After the casing iIs thus provided with weak 5
“sections at selected intervals and wall scratch-

ers are provided at least at intervals along the

the potentially productive strata. The casing is

-then cemented in position by eirculating a ce-. .

ment sheath 11 around the casing ‘shoe i8.
When wall scratchers are provided, the casing

is moved during placement of this cement sheath ’
to abrade the walls and produce a strong bond = -
between the casing and the well walls, as indi- .}

cated above. The .cement sheath {71 preferably
extends above the highest potentially productive
strata {4. The cement sheath may be displaced
from the casing into the annulus by following

the cement with a non-peneirating Hguld as . i:

hereinafter described. While Portland or other

hydraulic cement may be used to broduce the ce-

ment sheath 17, “cement sheath” as used herein
- refers to a sheath of any matemal such as plas- ..
* tics, sulphur, or the like used in setting casing..

After the cement sheath has been allowed to

set for from 1 to 3 or more days, a straddle’ -
.packer 21, adapted to be set in the casing, and =

consisting of a lower packer element 22 which

prevents fuid flow downward in the casing, and =
an upper packer element 23 which prevents flu- .
id flow upward, is lowered into the well on a .
tubing string 25. This straddle packer is then

located in the casing -at any weakened section {2

with the lower packer elemens 22 sopotfed in the

strong section of the ecasing 2§ beiow the weak- -
. ened casing joint §2. The upper ‘packer element

23 is spotted in the strong casing section 27 above’

the weakened casing join$ 12. A spacer 28, be-

‘tween the uppér and lower packer elements, is
‘cennected to and communicates with'the tubing ..
- string 25. 'This spacer contains one or more-

perforations 28 through which fluid mJected into

the isolated section 38 be('.ween the packer ele-
ments 22 and 23.

After the upper and lower packer elements, B

have been’ set in the strong sections of the cas-
ing, a fluid such as oll or water may be injected

via the tubing into isolaled section 30. Pres-

sure will be built up in this isclated section by

pump 3{ until' the bursting pressure of the'/ ' 1 -
When this ;

weakened casing section is reached.
pressure is reached, the weakened section of the

casing, the surrounding cement sheath 17, and : :
the potentially procucing strata {5 adjacent the - -

well fail in tension, producing a perforation 32,
allowing the fluid to be injected into-the strata

and the pressure in the tubing to be’ reuuced. .
. The straddle packer may then, if _desired, be -

moved fo the elevation of one or more of the

- other potentially producing strata 13 or {6 pene-

75

5 trated by casing string § and the weakebed cas-
ing sections opposite these. strata may be seleg-
_tively perforated. Alternatively the strata 15,
"exposed to the well by the perforation 32, may
“be tested while it is still- isolated by the straddle

packer 21 from the remainder of the well hefore
the other weakened casing sections in the cas-

ing .string are ruptured.” To provide s repre- = ..
_ sentative test of the strata, the fluld Is ramoved = -
from the tubing by a circulation joint above

straddle packer 24, by swabbing or the like, and

{he tubing by pump 31 may be discharged into |

A gt 8y e et s L 318 g et rre i o e




_ thicken a liquid and thereby reduce stbstantislly

" not used. Tbe*efore while aqueous liquids con-
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the productivity determmed by ﬁowlng or pump-
ing the well through tubing 25.
Wktile it is desirable- to isolate a weak casing

-, section in order to rupture that casing section-—

particularly where there is more than one weak 5
section in a casing string—I have found that

- these weak sections may be ruptured- without

being isolated. Under such circumstances the

.. -well is preferably cleaned out by displacing the
_mud in the casing siring with a clean fluid such 10

as oil or water. A high hydrostatic pressure Is -

_then applied to the entire casing string; and,
.since the weak sections have a substantially

lower bursting pressure than the casing string
in general, these wegk sections will be ruptured 15
in the same manner as if they had been isolated

- (as above described), and the strong sections of

the casing string will not be damaged.
While my invention is adapted to exposing o~

" tentially productive stratn behind the easing with 20

a minimum of vpemahued' apparatus and services,
as above described, it is particularly adapted to

o the combined process of selectively perforating-

the casing at a weakened section and increasing

.. the - permeability of the potentially productive 23

strata adjacent the perforations. In this regard,
T have found that if the casing section is rup- -
tured with a strong acid, acid may be injected

into the strata through the perforation to increase
the permeability of the strafa adjacent the per- 2o.
foration. Furthermore, if the casing section is

ruptured with a hodied or non-penetrating liquid;
the bodied liquid will also extend a fracture in

. the strata’ at the level of the casing rupture a

substantial distance back into the formation: In 35

" the preferred embodiment, therefore, T inject into
the tuking 25 a viscous liquid, preferably, an -oily

liquid such as a higher alcohol, a crude oil, a re-
fined ofl such as gasoline, kerosene, ‘naphtha, fuel
oil, diesel oi}, an animal oi} ‘such as lard oil or fish &3

~oil, 2 "egetable oil such as cottonseed oil, c¢hlo-
rinated hydrocarbons, or the like, containing a

bodying agent, i. e.,.an agent which fends fo

its fltrate rate.

acids, 1ubber or the like, which are at least par-
tially oil soluble. While the invention is not:lim-
ited to oily liquids, liquids whmh are miscible with -, oo
the interstitial crude oil in the formation to be -
fractured_are preferred since liquids immiscible
with the interstitial crude oil generally tends
to reduce the rexmeabxhty of the pores in the
formation to oil. That is, agueous liquids con- .«
taining a bodying agent such as hydrated starch. ”
or water soluble soaps vroducé a fracture of
the same type as the oily liquids; but, since the -
contammatlon of 2 formation having low per=
meability with water tends to decrease ils per-
"neability to. oil, aqueous liquids are generally .-

taining bodying agents aré within the purview’
of this invention, I prefer an oily liquid contain-
ing a bodymb agent. Soaps produced by or from .~

- ammonia or any metal of the alkali metal and: 65

alkalme earth metal groups or polyvalent metal
groups such as, for example magnesium, calcium,
strontium,.-cadinium, mercury, lithium, cobalt,

" lead, nickel, or aluminum'combined with a fatty 7o
aeid produce suitable bodying agents for the

lighter oily liquids. The fafty acid is preferably

" ‘one of the aliphatic acids carrying. at least one

carboxyl group in aliphatic chain linkage, the ali-

phatic chain in either case having preierably alb 75

- orated as by weathering or contaminated as by
The bodying agent may com- .-
prise, for examn]e, a high molecular weight linear
‘molecule or polymer, such as salts of the fatty

___ more than 10%.

&5 'Therefore. since the more viscous gels are difficult .

- of undispersed soap in suspension, the dispersion '~

. In any case, a pressure Terein referred to as the ‘_
- bursting pressure is built up by pump 31. When °

“may be allowed to stand in the well uniil the
" maximum gellation has developed as indieated by -

Jeast 12 carbon atoms In sald chain. Suitable =

. fatty -acid ¢compounds which are available com-~"
‘mercially .are, for example, coconut oil fatty -

acids, peanut oil fatty acids, palm oil fatty acids, -

stearic acid, olei¢ acid, palmitic acid, and the ke,
While the salts of fatty acids are in general: -

suitable bodying agents for producing a suitable -

viscosity in the hydrocarbon, I employ a metallic-

soap preferably a hydroxy aluminum seap body-

ing agent which has the ability to form hydrocar-:

bon gels at ordinary temperatures. A suitable’ .

sozp of this type can be considered as.compounded’ ‘

froni two distinct components. Oneis aluminum

laurate or a saturated fatty acid soap containing -

at least 40-50% of this substance or of a func-"

tionally related acid soap; this component is a. 5

relatively high-melting solid that, by itself, pro- .

duces only thin and unstable gels. The second

component is an aluminum soap or soaps selected’

“from the group including soaps of cycloaliphatic . L
‘and unsaturated acids—that is, an aluminum . -

naphthenate oleate, oleate-linoleate or the like. -
The combination of an aliminum soap of the :
laurate type with one or more soaps of the naph- = .
thenate-oleate type give a thickening or bodying. .

~‘agent- of distinctive and superior properties not

found in either compone*xt and when prepared by
the precipitation process, 2 solid is produced
which withstands ordinary handling and storing: - .
conditions and which is readily soluble in the oily - '
Liquid to preduce a highly viscous liguid or gel..
T have found that at about 75° F., for example, ~ ...
from about 3% to about 10% of this type soap ..~
disperses in gasohne in from about 15 seconds to .=
about 10 minutes and that gels having a suitable
filtrate rate and wscouty are produced within
from about 30 seconds to about 20 minutes. i
I have found that from about 0.5% to aboutb-

' 10% by weight, relative to the oily liquid of this

hydroxy aluminum soap, preferably between. ..

ahout 3% and about 6%, produces 2 snitable gel | . " ;
for fracturing most formations i inaccordance with R
this invention. Where the soap may be deteri~:.. =

moisture, it is sometimes desirable to use even

In accordence with the pre-
ferred embodiment of this invention, the oily
liquid is weighed or otherwise measured and the
soap is added in a tank as the liquid is stirred.
Sometimes the liquid may be heated to aavantage

A flow-type mixer for the soap and the oily hquld g
may be used at the well head with soap which. -
feacts readily to produce a gel in the oily liguid. '
T have found that the gel will develop in the well..

{o pump, the soap-liquid dispersion may be intro-
duced into 2 well hefore the maximuit viscosity <~
is reached. Accordingly, when the gellation has ' o
proceeded to a point at which the viscosity is suf-> -
ficient to maintain substantially all the particles.

is pumped into the well. Fluid in the tubing - .
ahead of the bodied fluid may be displaced into .. "
the annulus 33 before the packers are'set or it .~ "~ 3
may be dxsplaced through a cireulation port above . SE
the straddle packer or it may be left in the tubing.:

the cdsing is ruptured, the: Bodied flaid or gel may’
te injected immediately into the ‘formation or it.

a sample retainied at the surface. By this means, -
high viscoslty !lquids are available for produclng S

.—_’ iy
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' a fracture in the strata 15 adjacent perforation

32.after the perforation has been produced.
- Any amount of the viscous liquid may be in-
Jected into a formation fracture 34 depending

upon the size .of fracture desired. A filler fluid,
i. e, an inert fluid such as crude oil or a refined:
oil such as gasolifte or kerosene which has ' no-

effect upon the gel may be injected into the well
after the injection of the viscous liquid to force
the viscous liquid further into the strata. When
the viscous liquid reaches the strata 15, due to its
retarded tendency to filter therethrough it not

. only produces a fracture in the strata, but extends

the fracture back from the well into the selected
rock strata a substantial distance.” Hard forma-

i a,a&é,i&a '

rled into the formation. iracture w1t11 the vis-- :
- cous liquid.  Since these. hquxds have only a -~
"temporary high viscosily, 1. e., since this high -
viscosity is suhsequently broken in the fracture,

the props are deposited in the fracturée and held

- there by the formation as the fracture is col-
lapsed so there is no_tendency for the props to-
flow back into the well as the well is produeed

" and as the sol flows back into the well.

10

15

tion props such as sand may be mcorporated in .

the gel to support the overlying rocks and main-

— tain a pelmeablp channel to the well after the

gel is removed.._ -
Inasmuch as this viscous hquld tends to ob-

. spotted in an injection well and cemented in & . i

20

struct the flow of the interstitial fluids from the .

fractured formation into the well, it is removed
therefrom after it has produced a’ fracture of
suitable proportions. A peptlizer or viscosity

~breaker. for the gel may be incorporated in the

viscous liquid and become effective after a time

delay. For example, from about 1% to about 3% -

by volume of water which becomes effective sev-
eral hours after the viscous liquid has reached
the fracture may be incorporated in the viscous
liguid as, for example, by emulsification or the
like. Likewise other gel breakers which become
effective at the temperature of the formation

. After the pipe ruptured, the pressure on the
bodied liquid dropped; 1000 gallons of the bodied. -

may be incorporated in the viscous liquid. In -

- some cases, particularly in deep wells, the heat
from the formation is sufficient to reduce the.

35

viscosity or gel so that the fracturing l1qu1d may -

be completely removed from the intersticés of the
formation. Among suitable materials for break-
ing the gel and reducing the viscosity of soap-
hydrocarbon gels, I have found the water-solu-
ble amines such as ethanolamine or similar am-
moniacal compounds and the oil soluble sul-
fonates to be particularly effective.

and hydroxides and the stronger acids. Gen-

- erally aboitt 1% breaker, based upon the volume

of the fracturing liquid, diluted with a suitable
solvent such as gasoline is pumped into the well
following the fracturing liguid o reduce the vis-
cosity or break the gel so that when the well is

- produced the sol will flow out of the formation.

More than 19 of the breaker is sometimes re-
quired, particularly Where the soap content is
high.

While, as indicated above the breaker is pref-
erably injected into the fracture through the
well following the fracturing liquid, I have iound
that some of the gels, particularly those pro-
duced by the hydroxy aluminum soaps, may be
broken by contact with the interstitial fluids in
most formations. Breaking the gel by this

Other Suit~
-able gel breakers are ammonia, alkali oxides

40
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- As an example of the operation of my mven-' =
tion, a 3-inch, 7.9%7-pound A, P. 1. casing section - i
wags weakened by milling an axial groove 2 inches "1

“long: and a .124 inch deep in the outer surface. ' i
" This left a minimum wall thickness at the bot=- i
tom of the groove of 092 inch which has'a ¢al- <~

culated bursting pressure in air of about 2700 .

p. s. .  This weakened casing section was then

sandstone strata. A bottom-hole pressure of

3850 pounds was then applied with a bodied liq-
uid, as above described, to rupture the pipe.

liquid was injected into the sand.

From previous fests on an offset well, this ER R
- sandstone strata is known to have a water in- '~
jection rate of substantxally less than one gal-
~-lon per minute at 100 pounds per square inch -

bottom—hole pressure. After rupturmc the cas-

ing and fracturing the formation as above de- - -

seribed, and after bresking the bodied liguid and
removing . the  low-viscosity liquid, this sand-
stone strata had a water mJectlon of 15 gallons
per minute.

It will be apparent that my inivention is sub- .
_ Ject to a number of modifications and that it is
not limited to the. examples which are given -

merely for purpose of illusiration. It will also

be apparent that any process descnbed is not

limited by the means used 0 weaken the casing;

and, vice versa, any type of weakened casing -

section may be ruptured by numerous emhodi-
ments of the process as hereafter clannedr.

I claim:

1. A method m con’xplet;ix:rcr a well comprising
placing in said well a casing having a weak sec-
tion, cementing said weak section in said well

-and applying internally thereto by hydrostatic
pressure of a bhodied liquid a stress greater than- -
the .combined ultimate strength of said weak -
section and the adjacent formation whereby the

* strata adjacent said weak section may be frac-

55

tured to increase its productivity.

2. A method of completing a well comprising * :
placing in said well a casing having a weak sec-.

. tion, cementing said weak section in said well .
by placing cement in the annulus above and be- .

80

means is necessarily slow since “the gel must be

adapted to withstand the peptization effect of
the gel breaker for sufficlent time to permit

. ‘placement of ‘the gel plus a reasonable safety

factor, Thus, while it is not generally desirable
to break the gel by the action of the interstifial

=

fluids due to the necessary-delay; such procedure.

is within the purview of this invention. .

As pointed out above,- ‘props, preferahly sand,
aré incorporated in the viscous liquid either dur- .
ing mixing or during the time it is heing injected
into the well. These props, due to' the high

70

. placing cement in the annulys above and below , | -
suspending forces of the visceus uquid are car- 75 sald weak swtion to fsolate the. formatlon op._

low said weak section to isolate the formation S

opposite said weak section from other formations
traversed by said casing, internally isolating said
weak section from the remainder of said- -casing,

and applying internally thereto by hydmstatic :

pressure of a bodied liguid a stress greater than,
the combined ultimate strength of said weak
section and the adjacent formation, and sub-
sequently applying to said bodied liguid a-pres-

sure great- enough to rupture said casing and -

fracture said formation -whereby the formation

at the depth 'of sald weak section may be frac-- ;- >

tured to increase its productivity.

3. A method of .completing g well comnrising.
placing in said well 5 casing having a Weak sege i

tion, cementing gaid weak section in said well by

. Y




- posite sajd weak -section from other formations -

traversed by said casing, internally isolating

“ saild weak section from the remainder of said

“casing, applying internally thereto. by hydro-
static pressure of a bodied liquid a stress sui-
ficient to rupture said casing and produce a frac-
ture in the stratd behind said weak section, in-

* jecting said bodied liquid into said fracture, and
- reducing the viscosity of said bodied liquid,

whereby. the permeéability of said strata is sub-
stantially increased. - - o

- 4. A method of completing a well comprising

placing a casing in said well, said casing having
weak sections at the depth of potentially preduc-

- tive strata in said well, cementing said casing
in said well by pumping cement into the an~

nulus around said casing to an elevation above

said weak sections, internally isolating one of

said weak sections from the remainder of said
casing, applying internally of the isolated weak

_section by hydrostatic pressure of a bodjed lig-.
uid a stress greater than the combined ultimate
. strength of a weak section in said casing and the

‘adjacent formation and sufficient %o rupture
said weak section and produce a fracture in said
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" strata behind said weak section, injecting said -
© " hodied liquid into said-fracture, and reducing

‘the viscosity of said bodied liquid whereby the -
permeability of said strata is increased. - o

5. A method ac¢cording to claim 4 in which said

‘bodied liquid contains a propping agent. .
.. 6. A method of completing a Well penetrating
a plurality of potentially productive sitrata in-

cluding lowering into said well a pipe containing

sections of iron or steel and sections of a metal

having a substaltially lower tensile strength
than said iron or steel, spotting said last-named
sections.at-the level of said potentially produc-

annular spaze:between said pipe and the walls
of said well"id an amount sufiicient to seal the
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“tive strata, introducing cement slurry into the -
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annular space above the level of said last-named

sections, allowing the cement to set, placing
packers in said iron or steel pipe above and be-
low one of said last-named sections to isolate

_of a Yow-penetrating gelled hydrocarbon, apply- .- :
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same from other low tensile strensth sections, ..
applying internally of the isolated sections by -

hydrostatic pressure of a bodied liguid contain-
ing a propping agent a stress sufficient to Tupture
said low tensile strength section of said pipe and
produce a fracture in the formation behind said
isolated section, and reducing the viscosity of

- above and below «ne of
10 isdlate same from other low-tensile-strength. -

- Sald Wipe and preduce a fracture in the forma-

BTOOYes, dispesing a body. of low-penetrating lig-

_bure Wherehy a hitth-permeability channel is pro- . - : =
" casing, ' Al

- 2nd the adjacent formation, displacing addition- -

10. s
said last-named sections -
:gactxex\;; applying internally of the isqlated sec- -
lon Wy hydrostatle pressure of a bodied liquid

gmxi:ammg o propping agent a stress sufficient
0 rupture said Jow-tensile-strength section of - .

ton Behind said Isolated section, injecting said
!?de%fgi liquid Int> said fracture, rveducing the
\}SOQ.&X_Q of sald bodied liquid, and producing said
w e}l ti\}mugh sald isolated section to inerease the -

permeability of sald potentially productive strata
and test the productivity thereof without con--

:?;g_i\\ﬁtion from other strata penetrated by said -

8. 1M a method of completing a well comprising -
the tens of placing a casing in said well, said
CasSME having rupturable grooves at the depth
of polentially productive formation in said well,
cementing sald casing above and helow said rup-
turable grooves, internally isolating a portion. . .
of the sald casing embracing said rupturable =

wd within-sald fsolated section of casing, apply- ¢
Ing Bressure to suld hedy sufficient to perforate - .
sald Casing at ot least one of sald grooves, con- -
tinuing the application of pressure to said lquid

to prGduce a fracture in sald formation behind -
said peiforated casing and reducing the viscosity -
of saig low-penctzratmg_llquid within said frae-

duced in a formation opposite said perforated

9. he methiod of completing a well comprising ~
the Sleps of placiag in sald well a metallic cas-
ing having a wealk section opposite a potentially
profiuctive formation, introducing into. the an-
nulig hetween safd casing and the wall of said .. .°
well A tement slurry in an amount suficient to

fill the sald annulus to a point above said weak
section, allowing sald cement slurry to set,

there fter Introducing into said casing a quantity -

Ing & hydrostatic pressure to said gelled hydro- -« L
carbon sufficient to ruptire said weak section and
prodquge a fracture in the adjacent set cement -

- al gelled hydrocarbon into the fracture in said . =

- 1ts vigeosity to substantially the viscosity of the

said bodied liquid in said fracture whereby 2 se-

lected strata may be produced and the perme-

* ability of said selected strata is substantially in-

creased, ... - :

. 7. A method of completing a Well penetrating -
~ a plurality of potentially productive strata in-

55

cluding lowering into said well a pipe contain- -~

 ing sections of irom or steel and sections of a

metal having a substantially lower tensile
strength than said iron or steel, spotting said

. last-named sections at the level of said poten-
. tially productive  strata, - introducing * cement

shirry into the annular space between said pipe
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and the walls of said well in an amount suf-.-
ficlent to seal the annular space above the level -

of said last-named sections, allowing the cement

* to set, placing packers in said iron or steel pipe

Is produced in said formation.

f@‘ﬂl@t}on to exiend gald fracture, thereafter . ..o
breakig saild gelled hydrocarbon and reducing -

wvell fuids, and producing said well to remove the .
varogarbon of reduced viscosity from said for- . -
matiol whereby a highly permeable flow channel o
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