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. 2.Claims.

|
.This.invention relates to.a heater for use in
ideep:and:shallow .wells to-reduce. oil. and -other
deposits. in the. earth $o. fluid. conditicn: so: that
they.ean:be:pumped or made to, flow to the sur-

face of the well. To:.this end my invention: pro- °

-vides: simple .and effective means which .when
lowered: into..a -well. can. be .controlled in- opera-
Jdion.entirely. from above the well-and-can be made
1o reduce the-oil. or, other. deposit in the forma-
tion in-which.the well is located to free flowing
-condition. . Another object is to provide apparatus
.for. the.above. purpose . which most effectively re-
-duces.said. deposit-to fluid condition at.a mini-
Jmum -of expense.to operate and which is adapted
to. recover.substantially .all of the oil or. other
‘deposit which is held in the formation adjacent
.fo the. well.
-In.the following specification.I have shown and
‘described my: improved.apparatus when applied
for use.in.an oil well and. supplied -with super-
heated steam as an energizing medium. It will
however be understood: that. the. apparatus. may
.be modified. in construction, that other deposits
than oil may be treated in the well,.and that cther
activating medium. instead of superheated.steam
‘may be.employed as.a motivating: medium with-
in'the:spirit .of the invention.
“In the accompanying drawings forming part
of 'this specification, Fig. 1. is a.side elevation

‘partly in. vertical section .of.a . typical oil well,

showing the well lined. with the ususal casing and
my.improved heater set in the well and conunected
with the surface installation by which energizing
fluid is.provided .and. controlled: for operating the

‘heater and packer in fhe well; Fig. 2.is. a.vertical .5;

‘central section. at increased:scale .of the.lower
portion of my improved heater.assembly;. Fig..3
is a vertical section of the central portion of
the heater assembly; Fig. 4. is a vertical section
of the upper portion of the heater assembly, it
.being _understood . that portions.of the heater
“Shown. in. Figs. 2,73 .and: 4. constitute the -entire
"heater structure; Fig. 5 is.a.plan taken.in.the
‘plane indicated by.the line.5—35 of Fig. 4,.show-

ing:the upper.end of the heater.assembly;.Fig. 6 .4

s a:section faken on: the.line.6—8§ .of Fig..4; Fig.
'is .a:section taken.on:the line 7—7 of Fig..3;
‘Fig.'8 is a side elevation, partly broken away.and
in section.of.the packer: which may. be-employed

With my improved .apparatus; Fig. 9.5 g.-side .

.elevation of .the .pressure . release valve which
.controls: the .operation-of . the -packer, .and. Fig.
10.is .a lower. end .view.of.the valve .shown in

WInthe drawings, A represents; aswell-in;which

(CL.166—17)
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2
my dmproved heater -is sshown -applied in.use,
said well- being: lined- with: the:usual casing: 0,
said-casing:being.set by: its:lower: end: in-the:oil
-or:otherresidual deposit bearing earth. formation
inwhich it is desired to apply my improved heat-
er. :Assuming:that the-casing is: set in .oil bear-
ing ‘formation,: the:lower-end portion thereof-dis
provided - with -an inner -perforated liner (i .of
-reduceddiameter-which: is connected: to- the .cas-
ing {0-by the:usual.adapter :{2. TFhe-upper-end
of: the casing.above or close.to the-surface of.the
~well is:elosed by the usual casing head 3.

My improved heater-B:-is provided-with -a:self
-contained - pneumatic : packer : D «which  has -an
-elastic- eylindrical - jacket : 14-and an.inner:rela-
tiwely. thin eylindrical tube: 5 onswhich. therends
of the jaeket are:tightly-seeured. The-jacket. ds
:compeosed -of . resilient . material..so: that-when-it
4s inflated - it--engages the:inner .surface-of .the
-easging in:the well and.seals the:heater therein.
‘HBach of the opposite-ends.of the: resilient:jacket
-resembles:a-sleeve: 6-which.is extended-length-
wisecover : the-tube sand-is ‘held: tightly on-each
-end thereof by-an.outwardly-threaded. collar.t1,
:said collarbeing threadedly engaged and-clamped
bightly-by @ pressure.seal:ring- {8 and: bonded-by
-vuleanizing- en .the -ends. of . the.tube. :This end
structure is substantially similar on both-ends
.of -the;packer. - One .end- portion. of .the. packer
strueture is closed tightly -by. a coupling head
.20.which-engages the.adjacent.end. of -the.tube
:£8,rand:the-opposite- end portion- of . the .packer
-structure.is:elosed.by a-coupling head.2! which
“in .a rsubstantially « similar. manner -engages -the
-lower. end .of .the .tube . 15. .In.this. manner . an
.inflating chamber 22.is formed within the packer.
The.upper end of the:caupling head 20 .is. formed
.with.a. threaded nipple. 23 on which a lock ring. 24
threadedly .engages.and holds.the seal:.ring -48
tight .to .prevent .turning. .In-like manner .the
lower..end..of .the .lower. coupling -head 2{..(Fig.
-3); is provided with a-threaded nipple.25 on.which
-8 downwardly extended lock sleeve 28 threadedly
‘engages-and holds the.lower. seal ring (8:tight.to
prevent-turning.

The.construction of the:pneumatic.packer-is
shownin Fig. 8, when, removed. from the coupling
‘heads. .When.desired.the outer. eylindrical -sur-
-face :ofthe. body: portien .of .the paecker may be
:provided with -annular. channels 27:to -assist in
rforming-a.tight leakproof.connection -when.the
packer. is- inflated -.and.expanded .into: tight -en-
:gagement with. the inner surface ofithe liner por-
+tion-1i-of casing.{40,.at the desired:vertical:posi-
~biondin the:well. :
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The lock sleeve 26, which is mounfed by the
nipple 25 on the lower end of the coupling head
21, extends downwardly and is secured to the
annular head member 28 of heater B. The heater
has a cylindrical jacket 29 joined by a slip joint
30 and welding at its upper end to the coupling
head 28 and depends therefrom in the well. Its
lower end is attached by a slip joint 31 and weld-
ing to a valved head 32, which in turn supports a
perforated screen 33.

The heater and packer are thus united into a
self contained unit which is adapted to be ap-
plied at any desired elevation in the well so as
to block off and isolate that portion of the well
which contains oil or other residual deposit and
to apply heat thereto. Assuming that super-
heated steam at any desired pressure and tem-
perature (for illustration 300 pounds to the square
inch pressure and 300 degrees F.), is employed
as an energizing medium, it is conducted down-
wardly into the heater by ducts 34, 35 and 36
(Fig. 4). A release check valve 37T is provided in
head member 32 and is adapted to conduct steam
at predetermined pressure and temperature from
the chamber within heater B through the port
passages 371’ into the oil or other residual de-
posit bearing structure so as to reduce said de-
posit in the well into free flowing condition,
whereby it can be readily pumped upwardly
through the flow line 38 out of the well. The flow
line 38 is extended upwardly throush the heater
B, whereby it is maintained in heated condition
by live steam in the chamber within the heater.
The flow line tubing is connected to the ingress
and egress ends of the reciprocable pump C above
the heater. The pump C, of ordinary construc-
tion is actuated by the reciprocable sucker rod 39,
which is extended upwardly above the well
through the egress flow line tubing 38 and is
driven by any suitable means (not shown). The
live steam heating tube section 36 (Fig. 2) and
the intake lower portion of the flow line 38 are
assisted in being maintained in fixed position in
the heater by the baffle plates 40. The Ilive
steam duct 34 (Fig. 1), leading from boiler E
which contains s superheater (not shown) is
assisted in being controlled by the hand operable
valve 41. .

A suitable surface installation for activating
the combined heater and packer is provided,
which comprises the boiler E and its steam con-
“denser F and superheater, and a system of valved
steam lines connected to the casing head {3 as
shown in Fig. 1. As the heater B, packer D and
pump C are operated simultaneously, heated oil
or other residual fluid deposit obtained from the
structure in which the well is located, after being
reduced to free flowing condition is drawn into
the well by the negative force or vacuum tend-
ency which is created by the heater and the
pump, and is then removed from the well
through the flow line 38. During this action live
steam from the boiler and its superheater is
conducted downwardly into the heater by the
input steam line sections 34, 35 and 36, which
are connected together in series. As pressure
increases in the heater the release valve 37 auto-
matically permits the steam to circulate through
the structure in which the heater is applied, thus
liquifying the residual deposit in the structure
and surrounding the heater. 'The suction and
vacuum tendency created by the heat and the
pump tends to draw the resulting fiuid from the
earth structure into the heater, from which it is
pumped to the surface above the well and re-
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leased through the outlet portion 38’ from the
flow line 38,

Circulating steam passing through the heater
is adapted to be returned to the condenser F
through the steam exhaust line which is com-
posed of duct sections 45, 4§ and 47 (Fig. 4), the
latter section being extended above the casing
head {2 and connected to the condenser F
through branch 47’. Live steam supply duct 48
from the boiler is connected to the heater steam
exhaust duct 47 and is controlled by valves &8
and 50. Duct 48 is also connected to the live
steam supply line 34 through branch i which is
controlled by valve 4. The main supply line 438
is additionally controlled through the operation
of valves 49 and 50.

A live steam control line is tapped into the
supply duct 48 by the valved connection 52, which
in turn is extended downwardly through the
casing head i3 and packer head 20 by the control
cylinder 56 (Figs. 4 and 9), which contains a
reciprocable piston 87. This piston is acdapted
to function by steam pressure against the tension
of spring 58, and supports a longitudinally ex-
tended actuating push rod §9.

A control valve housing G is provided in the
inner chamber of the packer toc which the oppo-
site ends of the steam exhaust line sections 45
and 46 are connected (Figs. 4 and 9). This valve
housing contains a flap valve 60 which functions
automatically and in normal position intercepts
the duets through sections 45 and 46 but is
adapted to open automatically under steam ex-
haust pressure upwardly when the packer is
released from engagement with the casing in the
well.

The lower end of the confrol cylinder 58 is
threadedly engaged in the upper portion of the
valve housing G with its piston rod depending
therein and normally urged into superior posi-
tion by spring 8. Cylinder 61 depends from the
lower portion of the valve housing G in align-
ment with the upper cylinder §8 and contains
a reciprocable piston valve 62, which is adapted
to open and close valve ports §3 and thus connect
the duct 46 with the inflating chamber 22 of the
packer through the port passage 84 in the tubu-
lar casing 15. The piston valve 62 has a stem
65 extended upwardly and sliding through the
lower end of cylinder 56 in line to be thrust
downwardly by the depression of the piston 57
to effect the opening of valve ports 83. A helical
spring 66 in the cylinder 61 normally urges the
valve 62 upwardly into closed position when the
actuating piston 57 assumes superior position.
The spring is regulated in tension by the adjust-
able hollow nut 67.

Operation

My improved heater and packer assembly is
adapted for use in wells for recovering oil, gas,
sulphur and other residual deposits in the earth
structure and particularly, although not exclu-
sively, when it has been found difficult to extract
solid or semisolid deposits in natural formations
in the earth. As an illustration of one type of
operation of my invention I have described its
application to an oil well but it should be under-
stood that it is equally applicable for use for
removing other liquifiable deposits from the
structure in the earth. In applying my improved
apparatus for use in recovering heavy or thick
ojl in an oil ﬁwell and in the surrounding forma-
tion in which the well has been sunk, my im-
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wproved:assembled: packer, heater :and pump:are
sdowered .into  the :well rtogether with: thesteam
xsupply . lines and -flow -tubing, :thelatter -parts
-beingjcined ahd:.assembled: by threadedly con-

~nected lengths ot shown):asthe heater, packer

sgad-pump are Jowered into-theswell. “The heater
:4s- preferably sibmerged in: the fluid: in: the: well
-epposite the oil.sands.and-oil-bearing formation.
‘The heater, packerand-pump-are applied in use

“while the steam"lines and:flow: tubing-are locked |

~seeurely-and tightly in'the-casing head 13 in-any

‘well- known -manner-such-as’ by -packing- gland
Cnuts T1 (Fig: ).

Infiating the patker with steam pressure-causes

~the -packer to- engage the casing-and -hold the .15

“heater-at the-desired: elevation:in‘the-well. - To
accomplish this-result, “first -close ‘valves 70, ‘52
-and-4{. *Second, open-valve 49 to-release-steam
-exhaust pressure from-the boiler into-the-steam

“line 4T so-as to-inflate packer tothedesired pres- .

“sure’ as indicated by pressure-gauge 12 which' is
assembled in’ the steanyline 51. "By closing valve
‘78 steam -pressure isdelivered: to-the check:line
valve assembly "G in the inner packer pressure

chamber through the steam. exhaust line ‘47 and *

is released.into the inner pressure chamber by
depressing spring actuated valve 62 through
ports .83 .and  into: packer. chamber.22 .through
port 64 in the inner packer jacket 15.

When the packer has been”inflated to hold

heater.in position in the casing, close valves 49
cand. §8, then.open.valve 18 in-exhaust line 47.
“When pressure.has.been.released through. ex-
“haustlineidT depressed valve§ L .veseats itself thus
-closing ports-83-and retaining pressure in packer
~chamber:22 until released for removal operation

of the packer and heater from the well,

Control valve G coperates to inflate and deflate
pracker I and to permit exhaust steam to fow
through line 47 to condenser without infiltrating
into the inner pressure chamber or packer cham-
ber 22. When steam pressure is applied to inflate
packer, the flap valve 6@ is depressed, thus clos-
ing the orifice to tube 45 and thereby depressing
valve 82, opening ports 83 and releasing steam
into the inner pressure chamber and through
port €4 into packer chamber 22. When the
packer is inflated and steam supply is cut off,

spring actuated valve 82 returns to its normal ;5

seated position closing ports 63 and retaining
pressure in the packer until released for removal
from the well. Exhaust steam returning to the
condenser from the heater through line 47 forces

flap valve €8 upward, thus permitting free flow #

of steam upwardly through line 47.

To perrait exhaust steam to return to the con-
denser, valves 49 and 52 are closed. Valves 50,
41 and 78 remain open to circulate steam from
the boiler threugh the heater and exhaust steam
from the heater to the condenser. Flap valve
§8 then opens automatically to permit upward
flow of exhaust steam to the condenser through
steam line 47. In the event condensate accumu-
lates in the heater which tends to impair its
efficiency, same may be removed from the heater
by closing valves 49, 52 and 70. Valves 41 and
50 are then opened and increased steam pressure
from the boiler is then applied to the heater to
depress spring check valve 37 which opens ports
37 to permit accumulated condensate to dis-
charge from the heater chamber by the increased
steam pressure through ports 31’ into the well.

To release the packer for removal of the heater
from the well, first close all valves. Then open
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-valvex52 insthe:steam -line §3nand:open- valve
280:torrelease: live:steam from: thesboiler. into; said

ssteam line. :Pressure;in the:steam:line-53 de-

presses spring actuated.piston:57,.which in’turn
adepresses;valvei62,.which opens:ports 63, releas-

ring:pressure:in the innerspressure -chamber:and
«packer:chamber; 22 through valve B-into:the ex-

~haustline:47. ‘When the:packer is-deflated :close

svalves:b9.:and »52::and  the:heater-may “then ‘be

cremoved from the well.
o sddvantages

-By: combining the:heater-and packer . in-a:self
ccontained- unit, the - installation .and . operation
1 thereof atiany.depth is simplified and the expense
{ thereof,.reduced -to-a, minimum.

{The:entire -control.of the heater..and. packer
;unit: from:the.-surface. above, the well saves time
and-expense:and:improves the effectiveness of.the

. Fhe: heater -and: packer:unit is equally appli-
cable in-eil, sulphur;and;other wells, for liguify-
ing residual deposits throughout. a -comparative
large area and rendering the same free to flow

. so that:they- may-be:pumped or made. to flow out
«.0f the.well.

~When the heater operates the -heat therefrom
wextends farther.and.farther into the formation
~and;since. there. is. substantially no -external heat
cradiation,:the only loss of heat arises from heat

+that : is scontained :in the :oil or -other residual
wdeposit-that;is removed: from; the -well,

Also-as
-the;heat-expands: farther and farther into the

- deposit, itiserves to: release more and more -oil or
-other residual:condensate from the deposit bear-
Jipg structure, since: the:oil or .other-deposit: sep-~

arates from the water, sand and basic sediments.

There can be a cracking action of oil if heat af;
sufficient temperature by superheated steam or
other fluid is applied in the well by my improved
heater.

The heat that is directed into the formation
by my improvement developes expansion at suffi-
cient pressure which causes the oil or other ligui-
fied deposit to seek the line of least resistance,
namely, the well hole, where it is raised to the
surface above the well. Simultaneously, vacu-
um tendency is created in the earth formation
which tends to draw the oil or other liquified de-
posit from a larger and larger radius as the heat
expands farther and farther into the formation.

The greater the heat temperature and pressure
that is applied to the heater and in the formation
by the use of superheated steam, the faster the
activating fluid will expand into the formation
and a greater pressure and vacuum tendency

" will be created, bringing about a greater produc-

tion of oil or other liguified deposit.

By reason of the release of the oil and other
deposits from the formation, wells which are
now considered as depleted, even though as little
as 20% of the oil saturation has been recovered,
will be reactivated by the use of my improve-
ment, and a recovery of from approximately
60% to 80% from the sands and deposit bearing
structure is possible.

It is anticipated that wells can be made to flow
through the increased pressure and vacuum ten-
dency created by my improvement and that the
pumping equipment might bé dispensed with.

My improved heater will liquify and extract
waX, paraffine and oil from bituminous sand and
shales.

My improved heater will also permit the pro-
duction of oil and other products from wells all
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the year around, even during cold wheather,
especially in case of wells which usually have to
be shut down when the temperature, due to
winter conditions is low.

At the casinghead, sufficiently high pressure
can be maintained so that gas will impregnate
oil formation in a well and surrounding struc-
ture, thereby raising its gravity. Consequently,
it is possible not only to control the flow but
also in a measure to increase and control gravity
of the oil, or at least raise such gravity, within
reasonable limits, to the desired degree.

In accordance with the patent statutes, I have
described the prineiples of operation of my inven-
tion together with the construction thereof which
T now consider to represent the best embodiment
thereof, but I desire to have it understood that
the construction shown is only illustrative, that
the parts of my invention may be assembled in
a different manner, and that the invention can
be carried into practice by other means and ap-
plied to uses other than those above set forth
within the spirit thereof and within the scope of
the following claims.

I claim:

1. In an apparatus for liquefying a residual de-
posit in a producing formation and recovering
liquid therefrom, & well hole having a casing
set in said formation, an expandable packer unit
in proximity to said deposit, a controlled source
of heated pressure fluid passing downwardly
through the packer and connected to said heater
to apply heated fluid to said heater whereby the
deposit is liquefied in proximity to said heater,
a valve housing in said packer, a conduif extend-
ing from said valve housing to the surface of the
well, an exhaust conduit extending from said
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valve housing downward to said heater, a first
check control valve in said housing which opens
automatically under fluid pressure from below,
but which closes said downwardly extending ex-
haust conduit when pressure is applied to said
first mentioned conduit from the surface, a pas-
sage communicating between said valve housing
and the interior of the packer, a second check
control valve in said passage which opens when
pressure is applied through said first mentioned
conduit to permit heated pressure fluid to flow
into said packer and expand the same into en-
gagement with said casing and thereby support
the heater in said casing, but closes when pres-
sure is released in said first mentioned conduit,
and means for removing liquid from the well as
it is reduced by said heater from said deposit.
2. The structure of claim 1 werein said second
check control valve is provided with a stem ex-
tending upwardly out of said valve housing, an
extension on said valve housing which encloses
the upper end of said stem and which serves as a
third fluid pressure conduit, so that pressure in
said conduit may act upon said stem and open
said second check control valve independently
of the aforesaid valve-operating means.
GEORGE H. ROBERTS.
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