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11 Claims. (Cl. 166-39) 

This invention relates to a method and apparatus for 
controlling the movement of wire line or cable suspended 
tools and devices in a well bore. More speci?cally, but 
not by way of limitation, the invention relates to a meth 
od and apparatus for controlling the movement of a 
device suspended upon a ?exible supporting member 
into or out of an oil or gas well or the like so as to pre 
vent the device from Ibeing detrimentally affected in its 
movement by the existence of a high pressure in the 
well bore. In a yet more speci?c, through non-limiting, 
aspect, the invention is directed to a method for running 
an electrical heater or ignitor into and out of an air in 
jection well utilized in the secondary recovery of petro 
leum by a ?re?ooding operation. 

In the technology of petroleum production, it is fre 
quently desirable or necessary to lower certain types of 
tools or devices into the oil well upon ?exible wire 
lines or cables. In some wells, the pressure in the well 
bore is quite high and is subject to large variations over 
short periods of time. Under such circumstances, the 
tool may be expelled from the well here by the force 
of gaseous pressure acting upwardly therein, and great 
difficulty is experienced in forcing the tool or device 
into the well bore in an even and uniform manner 
against the opposing force of such high pressure. It is 
also di?icult to control its movement when it is removed 
from the well bore. 
The problem of controlled lowering of various treat 

ing tools and devices in a high pressure well bore is fre 
quently experienced in secondary petroleum recovery 
operations using a ?re?ood or in-situ combustion tech 
nique in the secondary recovery. In this type of petroleum 
production, one or more injection wells are employed 
for injecting a combustion supporting gas, usually air, 
into the petroliferous formation in order to support 
the combustion therein, and to propagate the combus 
tion front through the formation. In the course of the 
injection of air or other combustion supporting ?uid 
into the formation, it is desirable to dispose a heater 
in the well bore at the level of the producing formation 
for the purpose of igniting the petroleum and heating 
the injected air. Electrical resistance heaters or igniters 
are frequently employed for the purpose of initial igni 
tion of the petroleum and heating injected air, and in this 
technique, the heater is attached to the end of an elec 
trical cable and lowered into the well bore to a position 
adjacent the formation. 

Procedures which have thus far been developed for 
positioning the electrical heater in air injection wells are 
less than optimum. For example, the odds of losing an ig 
niter in an injection well are approximately 50‘—50. In high 
pressure well bores, the igniter may he suddenly expelled 
from the well bore by an increase in the pressure therein. In 
any event, a controlled and even descent and ascent of 
the heater to and from the desired vertical level in the 
Well bore is quite dif?cult to attain using existing tech 
niques. The predominance of the di?‘iculty encountered 
in lowering the heater into the well bore occurs prior 
to the time that enough of cable has been lowered into 
the well bore to balance the force of the well pressure 
acting upwardly on the cross-sectional area of the cable 
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which suspends the heater in the well bore. Normal in 
jection pressures used in such air injection wells do not 
constitute a problem once the heater has been positioned 
in the Well at the level of the formation because the 
weight of cable and heater at the depth is usually suf~ 
?cient to balance or exceed the upwardly acting pres 
sure tending to squirt the cable out of the packing gland 
at the top of the oil well. 
One of the most widely used methods of lowering 

of the heater in an air injection well now in use is to 
blow back the injection well, thus reducing the well 
pressure and allowing the heater to be lowered into the 
well by virtue of its own weight. The same technique 
is sometimes used for extraction or removal of the heater. 
Although the blowing ‘back of injection wells is apparent 
ly not detrimental to the ignition and heating process it 
is time-consuming and, in some instances, may not be 
possible due to damage to a liner, sand production or 
when a tubingless completion has been made. > 
The present invention comprises a method, and an 

apparatus for the practicing thereof, by the use of which, 
an electrical heater or any other wire line or cable sus~ 
pended device or oil well tool can ‘be pumped into and 
retrieved from a high pressure well bore in an even and 
controlled manner while suspended on the wire line or 
cable. 

Broadly described, the method of the present inven 
tion comprises positioning a motion control piston around 
the wire line, cable, or other ?exible supporting member 
adjacent the device which is to be lowered into the well 
so that said motion control piston forms a seal with 
the walls of the well and with the ?exible supporting 
member to completely obstruct the annulus between the 
?exible supporting member and the walls of the well; 
applying ?uid pressure to the upper surface of the mo 
tion control piston sufficient to force the motion control 
piston, ?exible supporting member and the device vsus 
pended thereon downwardly in the well; then, at a depth 
at which the weight of the device and the ?exible sup 
porting member exceeds the maximum ?uid pressure 
acting upwardly in the well, forming a ?uid passageway 
through the motion control piston to equalize the pres 
sure on opposite sides thereof; and ?nally, continuing 
to lower the device in the well by paying out the ?exible 
supporting member under controlled tension into the 
well until the device has descended to the depth desired 
under gravitational in?uence, Substantially the reverse 
of this procedure is used to remove the device from the 
well. 

In one embodiment, the motion control piston which 
is utilized in the practice of the invention may be com 
prised of at least one swab cup which seats upon and 
seals against either the upper end of the device carried 
by the ?exible supporting member, or upon an annular 

' seat sealingly surrounding the ?exible member at a point 
closely adjacent such device, with said swab cup being 
resiliently biased in either instance into sealing contact 
with the surrounding walls of the well bore. 
Another embodiment of the motion control piston 

which can be employed comprises an elongated tubular 
means, such as a pipe, which is adapted to be connected 
to the upper end of the device suspended on the ?exible 
member; an annular body or cylindrical shell surrounding 
the tubular means and forming an annulus with the 
tubular means for conducting ?uid between the tubular 
means and cylindrical shell; means on the outer periphery 
of the cylindrical shell for resiliently engaging and seal 
ing against the walls of the well tubing or well bore as 
the device and motion control piston are lowered into the 
well; and ?uid pressure responsive, downwardly openingr 
valve means in the ?uid passageway constituted by said 
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annulus between the tubular means and cylindrical shell 
and responsive to downwardly acting ?uid pressure in 
said annulus to open downwardly and permit ?uid to 
bypass said motion control piston when the pressure above 
the valve exceeds the pressure below the valve. 
From the foregoing description of the invention, it will 

be apparent that the present invention provides a novel 
and useful technique for lowering in a well bore in an 
even and controlled manner, a device connected to the 
lower end of a ?exible supporting member such as a 
wire line or cable. 
A more speci?c object of the present invention is to 

improve the ease with which electrical igniters or heaters 
may be lowered in air injection wells of the type used in 
?re?ooding or in-situ combustion procedures of second 
ary recovery. 
An additional object of the present invention is to pro 

vide a novel and ef?ciently functioning motion control 
piston for use in lowering a device into a well bore on 
the end of a wire line, cable or other ?exible supporting ~ 
member. 

Additional objects and advantages of the present in 
vention will become apparent as the following detailed 
description of the invention is read in conjunction with 
the accompanying drawings which illustrate the invention. 

In the drawings: 
FIGURE 1 is a schematic drawing illustrating the 
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physical principles underlying and constituting the basis ‘ 
for the present invention. 
FIGURE 2 is an elevational view of a novel motion 

control piston which can be used in the practice of the 
present invention showing the piston as it appears while 
being lowered in an oil well tubing. 
FIGURES 3A and 3B are complementary longitudinal 

sectional views taken through the center of the motion 
control piston illustrated in FIGURE 2. FIGURE 38 
should be considered as a continuous vertical extension of 
the structure shown in FIGURE 3A. 
FIGURE 4 is a sectional view taken along line 4—4 of 

FIGURE 3B. 
FIGURE 5 is a sectional view taken along line 5~—5 of 

FIGURE 3B. 
FIGURE 6 is an enlarged sectional view of the pres 

sure differential valve seat with the valve member seated 
thereon. 
FIGURES 7 through 12 are schematic diagrams illus 

trating one way in which the method of the present inven 
tion may be practiced. 

Referring now to the drawings in detail, and particu 
larly to FIGURE 1, the physical principles upon which 
the present invention is based will initially be discussed. 
The tubing string of a high pressure well is designated by 
reference character 10. An electric igniter or heater 12 
is shown being lowered into the well on an electrical 
cable 14 which is passed through a rubber packer or 
blowout preventer 16 at the top of the well. The blowout 
preventer 16 prevents leakage of gas around the cable 14 
at the top of the well. A movable packer or swab‘ cup 18 
seats upon an annular seat 20 which is ?xed to, and seals 
against, the outer periphery of the cable 14. In the 
diagram of FIGURE 1, a pair of swab cups 18 are em 
ployed, and at the illustrated stage of the process, seal 
ingly engage the seat 20 and the internal walls of the 
tubing 10. A radially inwardly extending protuberance or 
stop 22 is provided on the internal walls of the tubing 10, 
and is positioned to engage and arrest the downward move 
ment of the swab cups 18 at a certain point in the descent 
of the heater 12, annular seat 20 and cable 14 as herein 
after described. It will be apparent in referring to FIG 
URE 1 that the swab cups 18 seal against the flow of gas 
from the top of the Well downwardly toward the heater 
12, unless the seal is purposefully broken, but do not seal 
against the ?ow of gas from the heater 12 upwardly in 
the tubing 10. 
The forces acting on the cable 14 at the blowout pre 
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4 
venter 16 are F1 and F2 and are equal and opposite at 
zero velocity of the cable. The upwardly acting force, 
F1, may be equated to other existing parameters by the 
equation 

F1:A1P1+T_R1 (1) 
where 

A1=Cross sectional area of the cable, in.2 
P1=Pressure below the blowout preventer, p.s.i. 
T=Tension applied to the cable at the surface, l'bs. 
RlzFriction of the cable on the blowout preventer, lbs. 

The downwardly acting force, F2, may be de?ned by 
the equation 

F2=Az(P1-‘P2)+W—R2 (2) 
where 

A2=Cross sectional area of the tubing, in.2 
P2=Pressure below the swab cups, p.s.i. 
W=The weight of the cable and heater below the blow 
out preventer, lbs. 

R2=The friction of the swab cups, lbs. 

When the cable is stationary, the forces, F1 and F2, are 
equal and the friction terms are zero. Thus, 

Equation (3) indicates that the tension in the cable at the 
surface, T, is equal to the weight of the cable 14 and the 
heater 12, less the “squirt force” tending to eject these 
elements from the well, A1P1, plus the force of any pres 
sure difference acting on the swab cups 18 as where P; is 
equal to or less than P1. 

Since the weight of the cable 14 and heater 12 is pro 
portional to the depth position of the heater, it is obvious 
that tension in the cable can go negative, and the cable 
and heater forced upwardly out of the tubing 10 as the 
depth goes to zero and P1 becomes approximately equal 
to P2. A1 and A2 are constants for a given wire line or 
cable diameter, and a given well bore or tubing diameter. 

If, for example, the cross-sectional area of the cable 14 
is equal 1,40 of the cross-sectional area of the tubing 10 
such that Al equals Az/m then 

122p: 
10 

Equation (4) states that the tension, T, in the cable 14 will 
be equal the weight of the cable 14 and the heater 12 
when the difference across the swab cups is equal to 1/10 
the pressure above the swab cups. Obviously, the smaller 
the cable 14, the smaller the pressure difference which will 
be required to reach this condition; and the higher the 
well pressure, P2, the higher the difference in pressure 
which will be required, ‘i.e., AP equals P2/ 9. As the pres 
sure difference is decreased, the tension on the cable is 
decreased. 
The cable 14 will begin to “squirt” or be ejected from 

the tubing 10 when T is equal to, or less than, zero, or 
when 

Where k is the weight of the cable in pounds per foot, 
d is the depth to which the heater 12 has descended in the 
tubing 10 and C is the weight of the heater 12 and any 
other ?xed load. By means of an equation of the type such 
as Equation (6), one can calculate the depth in the well 
below which the cable and igniter will fall freely for any 
given well pressure P2 and with the pressure equalized on 
both sides of the swab cups 18 so that AP equals zero. 
In other words, one can calculate the weight at which W 
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will be at least equal to P2A1, and at this depth, the pres 
sure can be equalized on opposite sides of the swab cups 
18 to permit free gravitational descent of the heater 12 
and cable 14 in order to position the heater at the desired 
depth in the tubing 10. Equalization of pressure on op 
posite sides of the swab cups 18 can be accomplished by 
positioning a stop member 22 in the tubing 10 at the depth 
where the pressure equalization is to be effected, that is, 
where P2A1 is equal to or less than W, and the downward 
movement of the swab cups will then be arrested. Air can 
be circulated past the swab cups 18 downwardly to the 
location of the heater 12 in order to conduct the ?re?ood 
ing operation according to known techniques. Of course, 
in other applications of the method of the invention, other 
?uids can be circulated downwardly in the well bore to 
the location of the wire line or cable suspended tool after 
the swab cups 18 or other motion control means of the 
general type hereinafter described have been arrested in 
their downward movement, or actuated to permit ?uid to 
be circulated past these motion control devices. 
As will have become apparent from the foregoing dis 

cussion, the equipment which is required to practice the 
method of the present invention is very simple and inex~ 
pensive, which facts contribute substantially to the utility 
of the method. The cable packoff or blowout preventer 16 
can be any suitable device for con?ning or retaining the 
desired pressure above the motion control piston or swab 
cups 18, and may take the form of a hydraulically acti~ 
vated line wiper or manually operated blowout preventer, 
etc. The motion control piston can be any suitable swab 
cup, or can be a motion control piston containing a differ 
ential pressure bypass valve to permit ?uid to be passed 
through the motion control piston when the depth of free 
fall is attained. Where swab cups are utilized as the mo 
tion control piston, these devices are strung on the cable 
or wire line facing upwardly and may be rested upon a 
sealing seat of the type illustrated in FIGURE 1, or alter 
natively, may be sealingly abutted against the top of the 
igniter, heater, logging sonde or other tool carried at the 
lower end of the wire line or cable. 

In use, the system illustrated in FIGURE 1 is assembled 
and pressure is applied above the swab cups 18 as herein 
above described. When the heater 12 and cable 14 have 
reached a predetermined depth, the swab cups are arrested 
by the stop 22. At this location, the weight of the cable 
14 and heater 12 is suf?cient to cause continued down— 
ward movement of these elements under gravitational 
in?uence. Air or other ?uid can then be injected into the 
permeable formation. 
On the return trip out of the well, the assembly is pulled 

uphole until a seat on the cable, or on the device suspended 
thereon engages the swab cups l8 resting on the stop 22. 
Pressure may then be applied above the swab cups 18 and 

‘ the pull on the cable 14 is increased to effect recovery of 
the assembly under full control. The method and appara 
tus described have the advantage that P2, the pressure 
below the swab cups 18, can never exceed P1, the pressure 
above the swab cups, by any appreciable amount, since in 
this event, the swab cups would be raised olf their seat on 
the cable and the pressures, P1 and P2, would then be 
equalized. 
An alternative method of disengaging the swab cups 18 

from the seat 20 to facilitate air injection past the heater 
12 or other device would be to install enlarged sections, 
or “next-size” pipe nipples, at the proper location in the 
well tubing or casing. With this arrangement, the swab 
cups 18 can be ?xed to the power cable and air flow will 
occur around the outside of the cups when they are posi 
tioned in the enlarged sections. This arrangement has the 
disadvantage, however, of offering no protection against 
excess pressures below the cups. 

In FIGURES 2, 3A, 3B, 4, 5 and 6, a novel motion 
control piston which may be secured to the wire line or 
cable and used in lieu of swab cups for controlling the 
downward motion of the assembly has been illustrated. 
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The power cable or wire line 30 extends downwardly in 
the tubing 32 and is connected above its lower end to a 
motion control piston and differential valve assembly 
designated generally by reference character 34. The con 
trol piston assembly 34 comprises tubular means, such as 
a pipe 36, which sealingly surrounds and engages the 
cable 30 and carries a ?shing neck 38 at its upper end. 
The lower end of the pipe 36 is externally threaded and 
carries a tapered constricting nut 40 and a retainer nut 42. 
An annular body, such as a cylindrical shell 44 concen 

trically surrounds the pipe 36 and de?nes therewith an 
annulus or ?uid passageway 45. The cylindrical shell 44 
in the illustrated embodiment comprises a plurality of 
threadedly interconnected portions including an apertured 
upper end cap portion 46 having ports 48 extending there 
through, a short coupling section 54) connecting the upper 
end cap portion 46 to the threaded upper end of an elon 
gated central section 52, and a valve assembly containing 
lower section 54 which is threadedly connected to the 
lower end of the central section 52. 
The lower section 54 of the cylindrical shell 44 is inter 

nally threaded for connection to the upper end of an 
electrical heater, logging sonde or other type of tool 56 
which it may be desired to lower in the tubing 32. A re~ 
taining bushing 58 is used to interlock the cylindrical 
shell 44 to the pipe 36 through the cap portion 46. 
At approximately its mid-portion, the central section 

52 of the cylindrical shell 44 is provided with an annular 
sleeve 60 of rubber, or other suitable resilient material. 
The rubber sleeve 60 surrounds the central section 52 
and rests upon a suitable retainer ring 62 which abuts a 
built-up, upwardly facing shoulder 64 formed on the outer 
periphery of the central section 52. The shoulder 64 may 
suitably be formed by building up the external surface 
of the central section 52 with weld metal. Immediately 
above the rubber sleeve 60, the central section 52 of the 
cylindrical shell 44 is externally threaded to receive an 
internally threaded compression nut 66 which bears 
against a ring 68 positioned in abutting contact with the 
upper end of the rubber sleeve 60. The outside diameter 
of the rubber sleeve 64} is such that when the sleeve is 
placed under compression by tightening the compression 
nut 66, the sleeve is expanded into sealing contact with 
the inner walls of the tubing 32. 
A valve seat designated generally by reference char 

acter 7!? is positioned in the lower end of the central sec 
tion 52 of the cylindrical shell 44. The valve seat 70 is 
annular in con?guration, and includes an outer peripheral 
portion 72 and an inner peripheral portion 74 as best 
illustrated in FIGURES 4 and 6. The outer peripheral 
portion 72 of the valve seat 70 carries a radially extend 
ing circumferential ?ange 76 which bears against the 
lower end of the central section 52 of the cylindrical 
shell 44, and is held in abutting contact therewith by a 
tapered shoulder 78 formed on the lower section 54 of 
the cylindrical shell. A circumferential groove 80 is 
formed in the outer peripheral portion 72 of the valve 
seat 70 to receive an O-ring 82 which seals against the 
internal peripheral wall of the central section 52 of the 
cylindrical shell 44. The inner peripheral portion 74 of 
the valve seat 70‘ has an inwardly tapered surface 84 at 
its upper end which abuts a tapered retainer bushing 86 
welded to the outer periphery of the pipe 36 when the 
valve seat 7t) is in its operative position. A pluraliy of 
circumferentially spaced, axially extending apertures 88 
are formed through a central portion 90 of the valve seat 
70 for permitting air to pass through the valve seat when 
the valve is open as hereinafter explained. A pair of in 
wardly tapered seating surfaces 92 are formed on the 
inner and outer peripheral portions 74 and 72, respec 
tively, of the valve seat 70 and sealingly cooperate with 
mating tapered surfaces on a valve member 94. 
The valve member 94 is annular in configuration and 

is biased upwardly in the cylindrical shell 44 toward the 
valve seat 70 by a helical spring 96 which is enclosed in 
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a spring cup 98 which rests upon the retainer nut 42 and 
concentrically encircles the pipe 36. It will be noted that 
the retainer nut 42 can be axially adjusted to adjust the 
extent to which the valve member 94 will move off the 
valve seat 70 to a fully opened position. Also, as herein 
after explained, the resilience of the spring 96 can be 
adjusted to control the magnitude of the downwardly act 
ing ?uid pressure which is required to move the valve 
member 94 off the valve seat 70 to open the valve. A plu 
rality of ?uid discharge apertures or ?utes 109 are formed 
in circumferentially spaced relation through the lower 
section 54 of the cylindrical shell 44 for permitting air to 
be discharged from the annulus 45 de?ned between the 
cylindrical shell 44 and the pipe 36. 
To generally describe the operation of the novel motion 

control piston assembly 34 illustrated in FIGURES 2 
through 6 before proceeding to a speci?c example of the 
use of the device, an electrical igniter, heater, logging tool 
or other device 56 is secured to the lower end of the lower 
section 54 of the cylindrical shell 44 in threaded engage 
ment with the internal threads thereon. Suitable connec 
tions are made to the cable 30 for electrical conduction 
or mechanical support, as the case may be. The compres 
sion nut 66 is next adjusted axially on the central section 
52 of the cylindrical shell 44 to compress the rubber 
sleeve 60 sufficiently to sealingly engage the internal walls 
of the tubing 32. The assembly 34 and device 56 carried 
at the lower end thereof are then forced downwardly in 
the tubing 32 by applying ?uid pressure above the motion 
control piston assembly. 
Using air as the pressure developing ?uid, the air 

?ows downwardly in the tubing 32, through the ports 
48 and into the annulus 45 de?ned between the cylindri 
cal shell 44 and the pipe 36. If the pressure in the well 
below the motion control assembly 34 is of su?icient 
magnitude to constitute a problem, the upwardly acting 
pressure will cause the valve member 94 to contact and 
seat on the valve seat 70. The air acting downwardly on 
the valve member 94 will oppose the upwardly acting 
pressure and will generally be greater than the upwardly 
acting pressure, but not greater than the combined forces 
exerted by the helical spring 96 and such upwardly act 
ing pressure. The motion control piston assembly 34 is 
thus forced downwardly in the tubing 32 with the rate 
of descent being dually controlled by the applied down 
wardly acting ?uid pressure, and the tension maintained 
in the cable 30. After the entire assembly reaches a depth 
at which its weight including the weight of the cable 
exceeds the upwardly acting force tending to move the 
assembly upwardly in the well, the assembly will then I 
continue to move downwardly under gravitational in 
?uence. At this point, or in fact, even prior to this time, 
if desired, the pressure above the differential valve as 
sembly can be increased so as to force the valve member 
94 off its seat 70 and permit air to bypass the motion 
control piston assembly 34. 

In order to afford a more complete understanding of 
the present invention, and particularly, of the method and 
apparatus of the invention as they may be employed for 
lowering an electrical heater into a well tubing during 
a ?re?ooding operation, the following example is pre 
sented in which an air injection well is to be ignited at 
a depth of 500 feet. The ?rst step in igniting an air in 
jection well during an in-situ combustion or ?re?ooding 
operation consists of injecting air into the well for a suf 
?cient length of time to establish adequate air permeabil 
ity in the vicinity of the well bore. Such preinjection of 
air may be carried out, for example, for a period of 
about four weeks. 
When the initial injection of air is completed, and 

assuming a pressure in the well bore of 500 p.s.i., the 
electrical heater or igniter is attached to the motion 
control piston assembly 34 illustrated in FIGURES 2 
through 6. The lowering of the assembly 34 and igniter 

10 

30 

40 

60 

8 
into the well is then accomplished in the manner schemat 
ically illustrated in FIGURES 7 through 12. 
As illustrated in FIGURE 7, ‘a suitable lubricator 110 

is attached to a conventional wellhead ?tting 112 posi 
tioned at the upper end of a tubing string 114 and con 
nected to the tubing string through a master gate valve 
116. A source of pressurized ?uid (not shown) is con 
nected via a conduit 118 and valves 120 and 124 to the 
?tting 112. A throttling valve 126‘ is provided to release 
internal pressure, and a pressure equalizer line 128 is 
connected between the lubricator 110 and a ?tting 130 
and contains suitable control valves 132 and 134. A pres 
sure gauge 136 is connected to the lubricator 110 for 
indicating the pressure therein, and a second pressure 
gauge 138 is connected through. a valve 140 to the well 
head ?tting 112. 

After the motion control piston assembly 34 has been 
made up as hereinbefore described, and the heater or 
igniter 142 secured to the lower end thereof, the assembly 
and heater are placed in the lubricator 110 with the rub 
ber sleeve 60 of the assembly placed in compression by 
an amount su?icient to permit it to sealingly engage the 
internal peripheral walls of the tubing 114. After the 
lubricator 110 has been connected as illustrated in FIG 
URES 7 and 8, valves 126‘ and 120 are closed, and valves 
124, 132 and 134 ‘are opened. The master gate valve 
116 is then slowly and carefully opened to allow the gas 
pressure in the tubing 114 to equalize into the lubricator 
110 on both sides of the motion control piston assembly 
34. The ?ow of ?uid from the tubing 114 into the lubri 
cator 110 to accomplish such pressure equalization is 
illustrated by the arrows in FIGURE 7. 
With the pressure equalized on both sides of the mo 

tion control piston assembly 34 in the lubricator 110, the 
valve 124 is then closed and valves 120, 132 and 134 are 
opened to pump the motion control piston assembly 34 
out of the lubricator 110 and into the tubing 114. Dur 
ing this time, an appropriate amount of tension is main 
tained on the cable 30 outside the well to provide addi 
tional control on the rate of movement of the assembly 
into the well. 

After the motion control piston‘ assembly 34 and the 
heater 142 attached thereto clear the lubricator 110 and 
enter the tubing 114, valve 132 is closed and valve 124 
is partially vopened to permit greater ?ow of the pres 
surized ?uid from the conduit 118 into the tubing 114 
behind the descending assembly 34 and heater 142. The 
?uid ?ow from the conduit 118 into the tubing 114 at 
this time is illustrated by the arrows in FIGURE 8. After 
the motion control piston assembly 34 and the heater 
142 connected thereto have been pumped to the proper 
depth in the tubing 114 with approximately 60 p.s.i. dif 
ferential pressure across the motion control piston, the 
differential pressure is increased to approximately 75 psi. 
to open the differential valve by forcing the valve ele 
ment 94 o? its seat 70. At this time, air injection into 
the oil sand is thus resumed as schematically illustrated 
by the ?uid ?ow arrows in FIGURE 9 of the drawings. 
The differential valve is completely opened at approxi 
mately 112 p.s.i. pressure differential. With the heater 
142 positioned adjacent the oil sand and air ?ow estab 
lished in the manner described, power is then applied 
to the heater and the ignition process is accomplished. 

After approximately twelve days, the heater 142 can 
be turned off and cooled by one additional day of air 
injection. The well is then shut in, the differential valve 
closed by reducing the pressure above the assembly 34 
to permit the valve member 94 to return to its seat 70, 
and the assembly 34 and heater 142 pulled upwardly in 
the hole vas appropriate amounts of air are bled out of 
the well above the motion control piston assembly. At 
this time, the valve 120' may be closed and the bleed 
o?? of air from the well may be accomplished by crack 
ing the valve 126. This stage of the process is illustrated 
in FIGURES 10 and 11 of the drawings. 
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As the motion control piston assembly 34 and the 
heater 142 reach a depth of approximately 240 feet in the 
tubing 114, the combined weight of the assembly, heater 
and cable will not equal or exceed the upwardly acting 
pressure acting on the cable at the top of the well. At 
this point, the motion control piston assembly 34 can be 
used as a brake by carefully adjusting the pressure in the 
tubing string 114 above the assembly 34 using the valve 
126, or by means of a suitable back pressure controller. 
This procedure of bleeding the heater out of the well by 
the use of the valve 126 is illustrated in FIGURE 11 of 
the drawings. When the downwardly acting pressure ex 
erted above the assembly 34 is at some appropriate level 
in excess of the pressure below the assembly, a net force 
tending to force the cable and assembly downwardly into 
the well is acting, and by applying an appropriate amount 
of tension to the cable 30 at the surface, or, by carefully 
venting the valve 126, the assembly 34 and heater 142 can 
be eased back into the lubricator 110. The master gate 
valve 1116 can then be closed and the pressure on the lu 
bricator 110 relieved ‘by bleeding ?uid through the valve 
126 while maintaining the master gate valve 116 and the 
valve 120‘ closed. This period of the process is illustrated 
in FIGURE 12. When the motion control piston assem 
bly 34 and the heater 42 have been removed from the 
lubricator 110, air injection can be resumed in the ignited 
well in accordance with techniques well understood in the 
?eld of secondary recovery of petroleum by ?re?ooding 
and in-situ combustion. 
From the foregoing description, it will be apparent that 

the present invention provides a highly useful procedure 
and apparatus for positioning various tools and devices at 
any desired depth in an oil or gas well with the rate of 
descent of the tool or device being closely controlled at 
all times. The undesirable effects resulting from high pres 
sures in the well bore are minimized, and the risk of loss 
of tools in the well bore as a result of parting of the cable 
or wire line used to lower them therein is greatly reduced. 
The apparatus which is employed in practicing the inven 
tion is relatively simple and inexpensive, and is gen 
erally reliable in operation and characterized by a long 
and trouble-free service life. 
Although certain speci?c embodiments of the present 

invention have been described herein, and particular steps 
of the procedure and elements of the apparatus have been 
referred to by way of example, it will be readily under 
stood that certain other steps and structures are equiva 
lent to those which have been described and may be used 
in the practice of the present invention with equal facility. 
Such equivalent procedures are structures are therefore 
intended to be circumscribed by the spirit and scope of 
this invention except as the same may be necessarily 
limited by the appended claims or reasonable equivalents 
thereof. 
We claim: 
1. The method of controlling the movement of a de 

vice supported by a ?exible member in a pressurized well, 
said method comprising: 

positioning a motion control piston around said ?exi 
ble member adjacent said device to form a seal with 
the walls of said well; 

when said device is at depths in said well such that the 
maximum force due to ?uid pressure acting upwardly 
in said well exceeds the combined weight of said de 
vice and the portion of the ?exible member in the 
well, applying ?uid pressure to the upper surface of 
said motion control piston and tension to said ?exible 
member to control the direction and rate of move 
ment of said device and ?exible member in the well; 

when said device is at depths in said well such that the 
combined weight of said device and the portion of 
the ?exible member in the well exceeds the maxi 
mum force due to ?uid pressure acting upwardly in 
said well, forming a ?uid passageway bypassing said 
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motion control piston to equalize the pressure on 
opposite sides thereof; and then 

controlling the tension in said ?exible member to con 
trol the direction and rate of movement of said device 
and ?exible member in the well. 

2. The method of lowering into a well a device sus 
pended on an elongated ?exible member comprising: 

positioning a motion control piston around said ?exible 
member adjacent said device to form a seal with the 
Walls of said well; 

applying ?uid pressure to the upper surface of said mo 
tion control piston su?icient to force said piston, 
?exible member and suspended device downwardly in 
the well; 

after said device and ?exible member have been low 
ered to the shallowest depth in the well at which the 
weight of said device and the portion of the ?exible 
member in the well exceeds the maximum force due 
to ?uid pressure acting upwardly in said well bore, 
forming a ?uid passageway bypassing said motion 
control piston to equalize the pressure on opposite 
sides thereof; then 

continuing to lower said device in said well bore to the 
depth desired under gravitational in?uence. 

3. The method claimed in claim 2 wherein said ?uid 
passageway is formed by disengaging said motion control 
piston from said elongated ?exible member and permitting 
?uid to pass between said motion control piston and said 
elongated ?exible member. 

4. The method claimed in claim 2 wherein ?uid is cir 
culated through said ?uid passageway and downwardly 
in said well during said continued lowering of said device 
in said well under gravitational in?uence. 

5. The method claimed in claim 2 wherein said device 
includes an upwardly facing annular seat thereon sealing 
ly surrounding said elongated ?exible member; and 

said motion control piston is positioned on said seat 
and in sealing engagement therewith and with the 
walls of said well during the downward movement 
of said device and elongated ?exible member prior 
to reaching the depth at which said ?uid passageway 
is formed; and 

said ?uid passageway is formed by disengaging said 
motion control piston from contact with said seat. 

6. The method of preventing ‘blowout of a device sus 
pended on an elongated ?exible supporting member, such 
as a wire line or the like, from a well bore during lowering 
of the device into the well bore, said method comprising 

positioning a sealing member around said elongated 
?exible member adjacent and above said device for 
movement downwardly in said well bore with said 
?exible member and device, and for sealingly ob 
structing with said sealing member the annulus be 
tween said elongated ?exible member and the walls 
of said well bore to prevent ?uid ?ow downwardly 
in said well bore; then 

applying a ?uid pressure, P1, above said sealing mem 
ber sufficient to move the sealing member, ?exible 
supporting member and device downwardly in said 
well bore at a controlled, predetermined rate while 
maintaining the tension, T, in said ?exible member 
positive according to the equation 

where A2 is the cross-sectional area of the well bore; 
P2 is the pressure in the well bore below said sealing 
member; A1 is the cross-sectional area of said elon 
gated ?exible member; W is the Weight of the elon 
gated ?exible supporting member and heater device 
below the sealing member; and R is the frictional 
resistance offered to said downward movement by 
said sealing member in its sealing engagement with 
said well bore; then 

when W is at least equal to P2A1, equalizing the pres— 
sure on opposite sides of said sealing member by re 
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lieving the seal established thereby to permit ?uid 
to ?ow by said sealing member in either direction; 
and 

continuing to lower said device to the depth desired 
under gravitational in?uence. 

7. The method claimed in claim 6 wherein said sealing 
member is positioned around said elongated ?exible mem 
ber by 

securing around said elongated ?exible member in ?uid 
tight relation thereto, an annular, upwardly facing 
seat of lesser diameter than said well bore; and 

placing an annular sealing member of greater inside 
diameter than the thickness of said elongated ?exible 
member and having7 a resilient, radially expandable 
outer peripheral portion engageable with the walls 
of said well bore around said elongated ?exible mem 
ber and in abutting sealing contact with said annular, 
upwardly facing seat. 

8. The method claimed in claim 7 wherein said annulus 
is obstructed by applying ?uid pressure to said resilient 
radially expandable outer peripheral portion of said annu 
lar sealing member to bias said outer peripheral portion 
into sealing engagement with the walls of said well bore 
while said annular sealing member is in abutting contact 
with said annular, upwardly facing seat. 

9. The method claimed in claim 7 wherein the pressure 
is equalized on opposite sides of said sealing member by 
lifting said annular sealing member off said annular, up 
wardly facing seat to permit the ?uid to pass between said 
annular sealing member and said elongated ?exible mem 
ber and around said annular, upwardly facing seat. 

10. The method of igniting and propagating a combus 
tion front through a petroliferous formation comprising: 

drilling an injection well from the surface into the 
formation; 

injecting air into said formation from said injection well 
to increase the air permeability of the formation in 
the vicinity of the well bore; 

attaching an electrical heater to the end of a ?exible 
power supply cable; 

positioning a motion control piston around said ?exible 
power supply cable adjacent said electrical heater to 
form a seal with said power supply cable and with 
the walls of said injection well; 

applying downwardly acting ?uid pressure to the upper 
surface of said motion control piston to force said 
piston, ?exible power supply cable and electrical 
heater downwardly in the injection well; 

after reaching the shallowest depth at which the com 
bined weight of said electrical heater and the portion 
of said ?exible power supply cable in said injection 
well exceeds the maximum ?uid pressure acting up 
wardly in said injection well, forming a ?uid passage 
way bypassing said motion control piston to equalize 
the pressure on opposite sides thereof; 

continuing to lower said electrical heater in said injec 
tion well under gravitational in?uence to the depth 
of said petroliferous formation; 

energizing said electrical heater to ignite the oil in said 
formation adjacent the bore of said injection well; 

continuing to circulate air into said injection well 
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through said ?uid passageway and into the formation 
while said heater is energized; then 

de-energizing said heater and retrieving said heater and 
motion control piston from the injection well by 

pulling said power cable upwardly until said heater is 
at a depth such that the weight of the theater and the 
portion of the ?exible power supply cable in the in 
jection well is less than the maximum ?uid pressure 
acting upwardly in said injection well; then 

closing said ?uid passageway and applying downwardly 
acting ?uid pressure to the upper surface of said mo 
tion control piston to control the continued upward 
movement of said heater and power cable in the in 
jection well. 

11. Apparatus for lowering a device suspended on an 
elongated ?exible supporting member into a well tubing, 
which apparatus comprises: 

a motion control piston positioned adjacent and above 
said device and supported by said elongated ?exible 
supporting member, said motion control piston com 
prising: 

an elongated pipe around said elongated ?exible 
supporting member; 

an annular body around said pipe and having an 
outer peripheral sealing portion for sealingly 
engaging the walls of said tubing, said annular 
body comprising: 

a cylindrical shell concentrically surrounding 
said pipe and de?ning with said pipe a ?uid 
passageway; 

a resilient expandable sleeve around the outer 
periphery of said cylindrical shell interme 
diate its length; and 

axially adjustable compression means main 
tained on said cylindrical shell adjacent 
said resilient expandable sleeve for axial 
movement on said cylindrical shell to com 
press said resilient expandable sleeve in an 
axial direction and cause said resilient ex 
pandable sleeve to expand radially into 
sealing engagement with said tubing; 

an annular valve seat positioned in said ?uid pas 
sageway inside said cylindrical shell; 

a spring biased valve member movably mounted 
on said pipe adjacent said valve seat and resili 
ently biased into sealing engagement with said 
seat in opposition to ?uid ?ow in a downward 
direction through said ?uid passageway; and 

means for applying a downwardly acting ?uid pressure 
to said motion control piston and said device down 
wardly in said well bore. 
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