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PRODUCTION OF BEYDROCARBONS BY
FRACIURING AND FLUID DRIVE
Harry W. Parker, Bartlesville, Gkla,, assignor to Phillins
Petroleum Company, a cornoration of Delaware
Filed Mar. 27, 1961, Ser. No, 88,353
18 Claims, (L1, 166—29)

This invention relates to a method of fracturing a per-
meable section of a subterranean stratum containing hy-
drocarbon material and to the production of hydrocarbons
from such a stratum utilizing said method of fracturing.

The production of hydrocarbons from a carbonaceous
stratum by the single well method is advantageous in that
it requires less equipment and would be more economical
if production could be made to reach out into the produc-
tion zone to appreciable depths. However, this type of
production has been limited to a smali annular zone
around the well, particularly in impermeable sirata such
as shale and heavy tar sand. The usual technigque com-
prises heating the borehole within the stratum with steam
or other hot gas, or with electrical or gas-fired heaters
whereby the heavy hydrocarbon material in the wall of the
well is rendersd less viscous and produced thru tubing
extending o the bottom of the well, This leaves a per-
meable zone in the well wall from which the hydrocarbon
nas been retorted. The production may be extended
farther into the stratum by inserting a packer in the well
between the tubing and the wall of the well intermediate
the top and bottom of the stratum and then forcing steam
or other hot fluid into the stratum on one side of the
packer and driving produced hydrocarbons into the well on
the opposite side of the packer. This technique soon
reaches a limit in production because the hot fluid by-
passes the deeper section of the stratum beyond the per-
meable zone.
~ In producing from a single well in a permeable stratum,
the problem is similar, it being difficult to reach into the
stratum to any substantial depth with the heating fluid.

Accordingly, it is an object of the invention to provide
an improved method of fracturing a section of permeable
subterranean stratum which facilitates improved produc-
tion of hydrccarbons from the stratum. Anocther obijsct
is to provide an improved process for producing hydro-
carbons thru a single well penetrating a carbonaceons
stratum. A further object is to facilitate the production
cf hydrocarbons from both permsable and impermeable
strata using a one-well technique and the fracturing meth-
od of the invention. Other objects of the invention will
become apparent upon consideration of the accompanying
disclosure.

A broad aspect of the inventicn comprises fracturing a
permeable section of a carbonaceous stratum by applying
fiuid pressure on a selected restricted area of a well wall
until the stratum is fractured radially outwardly on a
plane generally perpendicular to the well axis, injecting
powdered material as a plugging agent with the injected
fluild while maintaining flow of the fluid thru the per-
meable zone around a packer into the well bore and ont
cne of the tubing and the annulus between the tubing and
the well wall so that the plogging agent progressively pliags
the porous wall of the fracture from the well wall out-
wardly into the stratum, and thereafter terminating the
injection of plugging agent while continuing the injection
of fracturing fluid so that the fracture is extended deeper
into the stratum. This technique is applicable to a per-
meable stratum and to a permeable zone surrounding a
well In an cotherwise impermeable tar sand or shale
stratum. _

A more complete understanding of the invention may
be bad by reference to the accompanying schematic draw-
ing of which FIGURE 1 is a longitudinal cross section
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of a laboratory simulation of a permeable sand stratums
FIGURE 2 is a vertical section thru a well in a permeable
tar sand illustrating one form of the invention; FIGURE 3
13 a similar vertical cross section thru a well penetrating
an impermeable tar sand illustrating a second embodiment
of the invention; and FIGURES 4 and 5 are similar ver-
tical cross sections thru single wells illustrating other
embodiments of the invention,

ketferring to FIGURE 1, a Lucite box 18, 12 inches
long, 7Y% inches high, and ¥ inch wide or thick was filled
wilh Ottawa sand 12 of 20 to 40 mesh. Two thin layers
of glass wool 149 to 34" in thickness were packed in the
sand and are designated i4 and 15. A rubber tube or
diaphragm 1% was anchored at the ends in the box and
stretchied tight on top of the sand so as to fit the sides of
the box tightiy. The glass wool layvers serve to simulate a
consolidated overburden found in field application. Air
was injected at a rate of 0.5 s.c.f.m. thru opening 18 in
one end of the box. Talc was added intermittently to the
alr stream and the sand pack was tapped lightly, Tapping
tpe apparatus had the effect of extending the fracture,
ihereby reducing the injection pressure regquired from
apout 2C to 10 psig. This was desirable in order to
avold imposing higher injection pressure on the plastic ap-
paratus. in ficld operations, however, injection pressure
can readily be increased until fracturing occurs, normally.
Air was allowed to egress thru opening 22 in the boitom
of the box. o

The arrangement shown simulates iniecting thru a bore-
hole wall at i8 and producing the injected gas thru the
borehole wall at a lower level as at 28, the Intervening
wall being impermeable or blocked off by means of a
vacker. The fracture 21 was observed visually thru the

~Lucite box with the powdered material 22 coating the

walls of the fracture except at its extreme inner end. Thus
it can be seen that the dust or powder injected with the air
torms a coating on the fracture walls or plugs the pores
thersin so that pressure builds up in the fracture and ex-
tends the same deeper into the sand, since this is the only
escape for the gas. |
Reterring to FIGURE 2, a borehole or well 24 pene-
rates a permeable stratum 24 and is cased to the bottom
of the siratum by casing 28. A tubing string 39 extends
thru the well head to the lower section of the stratum.
Casing 28 is perforated near the botftom by holes 32 and
near the top of the stratum by holes 34. A packer 26 is
set just below perforations 34 to close off the well an-
nulus. A line 38 connects with tubing 39 for recovery of
produced fluids and a line 49 connects with casing 28 at
the well head for injection of fracturing fluid, plugeing
agent, and heating fluid. Powdered plugging agent is in-
froduced to line 48 thru line 42. |
In operation with the apparatus shown in FIGURE 2,
any suitable fracturing fluid such as air, steam, oil, water
or a mixture thereof is injected thru line 40 into the well
annulus so that it enters the stratum thru perforations 34
by building vp fracturing pressure on the stratum opposite
perforations 34 until a fracture 43 is produced extending
horizontally into the stratum. At this point, leakage of
fluid thru the stratum to perforations 32 reduces the pres-
sure 1n the fracture to below fracturing level. Powdered
plugging agent, such as talc, is introduced into the flnid
being injected whereby it deposits on the wall of the frac-
ture progressively from the casing outwardly into the
siratum so as to biock or greatly diminish flow of the
injected fluid into the stratum along the fracture. Pres-
sure again buiids up to the required fracturing pressure
and the fracture is then extended deeper into the stratum
at which time the injected fluid can again escape from the
fracture thru the stratum back to perforations 32 in suffi-
cient volume to reduce the pressure in the fracture to less
than fracturing pressure. Of course, pressure conld be




~ increasing the injection rate sufficiently..
"~ would defeat the method of the invention whereby the
~ walls of the fracture are rendered impermeable out to a
Irrstead -

oy

built up at thrs point to further. e}rtend the fracture by

 section of the stratum remote from the well.

However, this

__--a;reoﬂa '__

In ope atrng mth the arraflgement shown in FIGURE 3

_.-'steam 18 mjected thru line 58 so as to heat the stratum ad—

- jacent casing 54 and cause fluidized hydrocarbons to flow

)

powdered plugging agent is again injected so as to plug -

- the walls of the fracture so that the pressure again builds
up, with about the same injection rate, to extend the frac-

into the bottom of the well thru perforations §6.

" As heat-
ing is continued and the adjacent stratum becomes per-

meable, steam is also injected thru line 62.-so that it even-

- tually enters perforations 64 and the contiguous stratum,

‘ture deeper into the stratum. The step of periodically

injecting powdered plugging agent while injecting gas or

“other fracturing fluid. has the effect of extending the frac-

ture farther into the formation from the well, rendering

- the walls of the fracture impermeable so: that the flow of |

~ gas into the stratum is limited to the most remote or tip -
“section of the fracture walls and back to the well thru the

perforations on:the opposrte stde of the packer from tho

~ fracture. |
.~ When the fracture is extended into the stratum to the_
desrred depth and the same comprises a plugged wall sec-

tion 44 and a permeable wall section 46, hot fluid is in-
| ]eeted thru line 40 and the well annulus into the fracture
so that this hot finid passes into the stratum thru section
46 of the fracture and back to the well thru perforations
32. In this manner the hot fluid heats the intervening

- stratum - and lowers the viscosity of hydrocarbo‘*l material

therein so as to flush or transport the same into the well

 for which-it is produced thru tubmg 3@ and lme 38 by

conventional means.

The hot fluid is prefel ably steam, but it may comprrse __
hot water and steam, hot air, hot combustion gas, or other 2
hot fluid. The temperature of the hot fluid is prererably-

in the range of 250-500° F.

thereby ﬁushmg additional hydrocarbon material into the
bottom of the well.  When this method of production has
been continued until the ratio of steam to hydrocarbon_

.bemg produced thru tubing 56 reaches a maximum value. =
- of 4,600 to 5,000 pounds of steam per barrel of oil and an

egg shaped zone illustrated as 68 has been produced ‘the

: 1r13ectron of steam thru line 58 is terminated and a fractur~

ing fluid; which may be steam, is injected thru line 62 and

- perroratrons 64 at a rate sufficient to build-up fracturing

pressure to create fracture 7¢; - After creation of fracture
- 78, injecticn of steam or other hot fluid thru perforations
- 64-is resumed or continued so as to produce additional
| hydrocarbon material from the stratum adjacent the frac-
*ture. When the production of hydrocarbons, as measured

by the ratio of steam to hydrocarbon, reaches the maxi-

~ mum limit; powdered plugging agent is injected into the

- 'When utilizing hot air, ‘combustion of the hydrocarbon' |

- muaterial in the stratum may be initiated so that a combus-
tion front is driven thru the stratum, thereby producing

hydrocarborr material from the hot. stratum.

Further production can be effected from the Sectmn of .

stratum intermediate the produced section and the well

adjacent the plugged wall section of the fracture by pull-
ing tubing 3® and perforating casing 28 at various levels
intermediate packer 36 and perforations 32, and plugging

perforations 32 so that the injected hot iluid must pass
" back to the well thru the newly formed perforatrons after_

- rerunning tubing 3¢ and resetting packer 36.
- Another method which may be utilized to continue the
production comprises plucrgmg the fracture walls,

- shown, with a water soluble inorganic salt or with sugar

and dissolving. this p]uggmg agent, after producing thru

wall section 44, by injecting water thru perforations 34
50

and flushing the dissolved material into the most perme-

49

‘wall extends.
tending out as far as the boundary of zone 68 is plugged
- Control of this is readrly effected by observing the injec-
tion pressure at a given rate of injection and termrnatmg' B

fracture as described hereinbefore so as to plug the walls
of the fracture a portion of the distance out to the leading
edge thereof and, particularly, as far as the permeable

In other words, the wall of fracture 70 ex-

the injection of plugging agent when the pressure rises
rather sharply. During this time the wall of the fracture
ad]acerrt the section 72 is impermeable and, therefore no

- gas is passing thru this section so that the wall of the

fracture adjacent the same does not receive pluﬂgmg agent.
When the- pressure rises sharply and introduction of plug-

~ ging agent is terminated, continued injection sends the

fracture deeper into the stratum and the hot fracturing
~ fluid (steam, hot air, etc.) fransmits heat to section 72
_and gradually flushes hydrocarbon from this section be-

ginning at the thin secton nearest the well or zone €8 and-
progressively moves outwardly to the thicker section.

- When section 72 has been produced the step of plugging
and fracturmg is repeated so as to produce a section 74

45

deeper in the stratum.
The lowermost section of the stratum may be produced

in a similar manner by fracturing thru perforations 66

. and injecting hot fluid and pluggmg agent alternately in

-able section of the stratum adjacent permeable wall 46.

" This has a tendency to decrease the permeability of the
wall section 46 and adjacent stratum while unplugging
wall section 44 so that production of the stratum lying
below wall section 44 may be readily effected by hot ﬂu1d
1njection.

It is also feasible to plug the Walls of the fracture with
a combustible material such as sugar, powdered wood, etc.
and burn out the plugging agent with hot air after produc-
ing the section of stratum intermediate wall sectlon 46 and

- perforations 32. |
~ The fracturing technique described herein is eﬁectwe in
extending the fracture to remote areas of the stratum as

- far as 1500 to 2000 feet, thereby greatly 1ncreasmo' the

producible area around a smgle well.

° Referring to FIGURE 3, an 1rnperrr1eab1e tar sand 5@ 1S
penetrated by a well 24 which is cased by casing 54 to the
Well tubing 56 extends thru the

bottom of the stratum.
well head to a low section of the stratum. A steam injec-
tion conduit 58 also extends thru the well head and thru a

packer 60 between the tubing and casrng Another steam

injection line 62 connects with casing 54. The casing is
- perforated adjacent the upper portion of the stratum at 64

,55

~ of the borehole and directly on the for

60

- tubing 38 midway of the stratum.

‘the same manner as is practiced in fracture 79.

In the foregoing embodiments of the invention, the
casing is extended thru the stratum to be produced. FIG-

- URE 4 illustrates another arrangement wherein the cas-

ing 28 extends thru the stratum 26 and packer 36 is set on

FIGURE 5 illustrates an arrangement of tubing 30 and
a pair of packers 36 and 37 which are set against the wall
1ation, casing 28
extending only to the upper boundary of stratum 26. By
fracturing stratum 26 with fracturing fluid injected thru
tubing 30 to produce fracture 43, the produced fluids are
forced into the well above packer 36. It is also feasible

- to fracture the stratum, with this arrangement, by inject-

65

70
~ stable and less permeable it is feasible to inject a pow- -
‘dered material which melts at the normal operating tem- -

perature of the process by means of temporarily reducing

and peforatrons 66 are prowded adjacent the bottom of the ..

o straturn

‘ing fracturing fluid thru the annulus and into the stratum |

above packer 36 so that production is effected by driving

the produced hydrocarbons into the well below packer 37

and out the tubing,. - L
Plugging agents. include any powdered materials such

- as talc, clay, morgame salts starch, sugar, powdered wood,

efc.
To make the rn]ected layer of pluggmg agent more

-the temperature of the injected gas stream. This low
meltmg pornt mater1a1 then melts and wets the plug ging "
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agent thereby consolidating it and rendering it less per-
meable. Mixtures of common inorganic salts such as cai-
cium chloride and sodium chioride having a melting point
of 930 F. and a mixture of sodium chloride and magnesium
ciloride having a melting of about 800 F. may be utilized.
A single salt such as zinc chloride with a melting point of
00 F. may be employed. Any material which melts at
reasonably elevated temperatures and is stable at shale
retorting temperatures is operable. Sugar or any similar
material which melts and then carbonizes can be utilized
alone or as means of consolidating the powdered plugging
agent.

Another plugging agent comprises calcium oxide which
can be contacted with carbon dioxide after the laver is
formed on the wall of the fracture so as to converf the
oxide to carbonate with an approximate 20 percent in-
crease in volume. This increase in volume has an added
plugging efiect in the pores of the stratum.

Certain modifications of the invention will become ap-
parent to those skilled in the art and the illusirative details
disclosed are not to be construed as imposing unnecessary
iimitations on the invention.

I claim: -

i. A process for producing hydrocarbons from a per-
meable subterranean carbonaceous stratum penetrated by
a well containing a tubing string leading from the botftom
of said well thru the well head and forming an annulus
with the wall of said well, there being a packer on said
tubing siring closing said annulus at a selecizd level in
said stratum which comprises injecting a fracturing fiuid
into a level of said stratum adiacent said selected level thru
one of said annulus and said tubing string to fracture said
stratum radially at said level; continuing the injection of
fracturing finid at less than fracturing pressure and pro-
ducing the injected finid thru the permeable stratum and
the other of said annulus and tubing string; while said
fiuid is being injected info said fracture, dispersing therein
a powdered plugging agent which remains solid in said
fitid so as to plug the walls of said fracture without filling
tne fracture; thereafter continuing the injection of said
fluid, free of said plugging agent, so as to build up fraciur-
ing pressure and extend said fracture farther into said
stratum from said well, thereby forming unplugged per-
meable fracture walls deep in the stratum and providing
a fluid flow path back to said well thru the permeable
stratum; thereafter passing hot driving fluid thru the per-
meable stratum between the permeable walls of said frac-
ture and the wall of said well at a level spaced from said
fracture so as fo drive hydrocarbons therefrom: and re-
covering resulting production thru one of said tubing string
and said annulus.

2. 'The process of claim 1 wherein said fracture is ef-
rected at an upper level of said stratum by setting a packer
between said tubing string and the wall of said well just
below said level and injecting said finid thru said anaulus.

3. The process of claim 1 wherein said hot flnid com-
priges steam.

4. The precess of claim 1 wherein said hot fluid com-
prises water.

5. The process of claim 1 wherein said hot finid com-
prises gas.

6. A process for producing hydrocarbons from an im-

permeable carbonacecus siratum penetrated by a well

containing a tubing string leading from the bottom of
said well thru the well head and forming an annulus with
the wall of said well, which comprises heating said stratum
around said well so as to retort hydrocarbons therefrom
and form an annular permeabls zone in said stratum
around said well; setting a packer adjacent one end of
said zone between said tubing string and said wall; hori-
zontally fracturing said stratum intermediate said packer
and said end of said zone; injecting hot fluid into said
fracture so as to retort additional hvdrocarbons frcm the
stratum  adjacent said one end of said zore; recovering
said hydrocarbons from said well thru one of said tubing
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and said annulus; thereafter, while sdid well is open to

production, injecting fracturing fluid containifig a dis-
persion of powdered plugging agent into said fracture to
plug the walls of said fracture progressively toward the
leading edge thereof; terminating injection of said agent

before plugging of the entire fracture walls is effected:

resurning the injection of hot fluid into said fracture so as
to produce additional hydrocarbons; thereafter imjecting
fracturing fluid into said fracture so as to extend the
iracture farther into said stratum; and thereafter repeat-
ing the step of injecting hot fluid to preduce additional
hydrocarbons from said stratuna.

7. The process of claim 6 wherzin said hot fluid is
steam. |

8. The process of claim 6 wherein said hot fluid is
hot waler.

S. The process of claim 6 wherein said hot fluid is
hot air. |

10. The process of claim 6 wherein superheated steam
i3 injected as said fracturing fluid and as said bot fluid.

11. The process of claim 6 wherein air is injected as
said fracturing fluid and as said hot Suid.

12. 'The process of claim 6 using superheated steam as
fracturing floid and hot fluid and talc as plugging agent.

13. A process for fracturing a permeable secticn of a
suvterranean stratum around a borehole penetrating same
comprising providing a tubing string extending into said
stratum from ground level having a packer thereon seal-
ing the annulus between said tubing string and the wall

ot saxl borehole at a selected level of said stratum;

applying fluid fracturing pressure on the wall of said bore-
hole adjacent said selected level so as to effect a fracture
extending radially from said borehole; flowing fractur-
ing fivid into said fracture and thru said permeable section -
back to said borehole on the opposite side of said packer

from said fracture; thereafter introducing powdered ma-
terial into said fluid which remains solid in said fluid
as a plugging agent so0 as to cause plugging in the fracture

wails without filling the fracture, pressure build-up in said
fracture, and extension of the fracture deeper into said
stratum; and terminating intreduction of said material into
satd fracture before fracturing ceases so that the walls
of said fracture adjacent the more remote boundaries
toereof from said borehole are unplugged, thereby pro-
viding a selective path for injected fluids into said stratum
thru said more remote boundaries.

14, A process for fracturing a permeable section of
subterranean stratum around a borehole penetrating same
comprising the steps of; |

(1) providing a tubing string extending into said stra-
tum from ground level having a packer therecn seal-
ing the annulus between said tubing string and the
wall of said borehole at a selected level of said
siratum;

(2) applying gas pressure in the wall of said borehole
adjacent said selected level with a substantially inert
£as 80 as 1o eifect a fracture extending radially from
said borehole: S

(3) continuing the application of said gas pressure to
said fracture so as to force gas into said formation
thru the fracture walls;

(4) dispersing a dry powdered solid in the gas passing
info said fracture so as to plug the fracture walls
without filling the fracture: and

(5) thereafter continuing the pressure of solids-free
substantially inert gas in said fracture as in step 3 so
as to extend same deeper into said stratum and pro-

vide unplugged fracture surfaces remote from said
boreholie.

15. The process of claim 14 wherein said gas is air.

16. The process of claim 15 wherein said last solid
comprises essentially a mineral insoluble in oil.

17. The process of claim 14 wherein said gas is air and
said solid is talec,

18. The process Gfdaim 14 including the step of:




R (6')" thereafter, injecting a hot driving fluid into s'a'l-'d"'

fracture and into said stratum thfu thé unplugged
walls thereof remote from said well to drwe hydm-
- . carbons into said well; | R

- {T) and producmg said hydrocarbons thru sald Well
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