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4. Claims, 

This invention relates to the control of fluid 
flow in gas and oil wells, and more particularly to 
Inetk.ods and apparatus for selectively controlling 
and measuring the injection of gas or other fluid 
into a plurality of different strata of an oil pro 
ducing sand for the purpose of artificially stimu 
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lating the recovery of oil therefron, and for also 
controlling the flow of oil and gas from a pro 
ducing well by the use of a series of vertically 
spaced ports in the well tubing which it is desired 
to Selectively vary in effective size or completely 
close as the flowing progresses. 

In repressuring oil producing sands by the in 
jection of gas from a pressure Well, it has been 
foL ind that the permeability of the sand varies 
greatly in different strata, and that a laterially 
different pressure may be required for the injec 
tion of the desired wouline of gas into one straturn 
than is required for another. Inasmuch as it 
would not be economical to maintain a series of 
gas compreSSOrS or reservoirs discharging at dif 
ferent pressures into a, Inuktiplicity of strings of 
tubing leading to the different strata, it has 
heretofore been the practice to control the pres 
Stre of the gas injected by the lase of pressure 
reducing restrictions in the toing. 

it has been found, however, that when such 
irestriction are installed at the well heads, it is 
practically impossible to maintain a continuous 
tioW of gas into 2. Well when the atmospheric tex 
perature is at or near freezing, Without the ap 
plication of hea, in some form, because the ex 
pansion of the gas in passing through a flow re 
stricting Orifice reduces its temperature to a point, 
where any liquid entrained in the gas or other 
wise present at the orifice quickly freezes and 
cogs the latter. To avoid this difficulty, it has 
teen proposed to install Such restrictions in the 
Well tubing at points sufficiently far below the 
surface of the ground to insure that the tempera 
tre of the exparaded gas remains above freezing, 
The difficulty with this arrangement, however, is 
that whenever it becomes necessary to change the 
size of a restricting orifice-and this is a more 
or less frequent occurrence because of the con 
tight) ally changing conditions in the sand during 
well operation--either the entire tubing string 
must be removed from the well to enable replace 
next of the Orifice fitting, or the latter must be 
elevated inside the tubing and another fitting 
lowered into place by the use of suitable tools. 
Both of these procedures are time consuming and 
occasion the loss of Substantial quantities of gas 
because of the necessity for blowing down the well 
each time that the Orifice fitting is changed. The 

(C, 66-2) 
disadvantages of these prior practices are, of 
course, multiplied in the case where a plurality 
of Strata, in the same sand are to be repressured 
simultaneously, because, as far as is known, no 
satisfactory, commercially practicable method has 
hitherto been devised for this purpose which does 
not require the use of a separate string of tubing 
for each straitun. 
Somewhat similar problems are also involved in 

restricting the production of oil and gas wells, 
because of the desirability from the standpoint 
of efficiency providing a plurality of ports in the 
tubing at different levels and near the face of the 
producing sand. 

It is therefore one of the objects of the pres 
ent invention to provide new and improved pro 
cedures and apparatus for controlling the flow of 
fluids in gas and oil wells which will overcome the 
difficulties and remedy the defects heretofore en 
countered and existing in the methods and means 
previously available to the art for attaining the 
Same ultinate results. 
Another object is to provide novel and simpli 

fied Ireans for regulating and metering the fow 
of fluid into or out of a gas or oil well at a plu 
rality of points located substantial distances be 

...low the surface of the ground, and for readily 
Varying from the Well head the regulatory effect 
of such means. 
A further object is to provide a new method and 

apparatis for varying the sizes of a number of 
flow restricting fittings in a single tubing string 
of a pressure or producing well which does not 
require either the use of tools for placing and 
removing the fittings or the removal of the tubing 
string from the well. 

Still another object is to provide an apparatus 
of novel construction by which the injection of 
fluid into a plurality of different strata of a pres 
sure well may be selectively regulated and me 
tered through a single string of tubing. 
A still further object is to provide a novel 

method and apparatus of the character described 
which are capable of effecting substantial savings 
in the cost of oil and gas well operations where 
in it is necessary to restrictively control the flow 
of fluid to or from the well at a number of dif 
ferent levels therein. 

These and other objects will appear more fully 
upon a consideration of the detailed description 
of the embodiments of the invention which fol 
lows. Although two specific forms of apparatus 
embodying the present invention are described 
and illustrated in the accompanying drawings, it 
is to be expressly understood that these draw 
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2 
ings are for the purpose of illustration only and 
are not to be construed as defining the limits of 
the invention, reference being had for this latter 
purpose to the appended claims. 

5 Referring now to the drawings, wherein like 
reference characters indicate like pants through 
out the several views: 

Fig. is 8, Vertical Section, with certain ele 
ments shown in full and others broken away in 
the interest of clarity, of one arrangement of 
apparatuS embodying the present invention 
adapted for controlling and metering the flow of 
gas or other fiuid into a plurality of different 
strata of a pressure well for the purpose of arti 
ficially stimulating the recovery of oil from pro 
ducing Wells in the same field by injecting fluid 
under preSSure into the oil producing sand; 

Fig. 2 is a fragmentary vertical section, on an 
enlarged scale, of the flow controlling fittings 
of the apparatus of Fig. 1; 

O 
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Fig. 3 is a vertical sectional view, similar to 
Fig. 1, of a second embodiment of the inven 
tion especially adapted for use in a producing 
Well; and 

Fig. 4 is a fragmentary vertical section, on 
an enlarged Scale, of the flow controlling fittings 
of the embodiment of Fig. 3. 
In each of the two embodiments of the in 

vention illustrated, the apparatus disclosed is 
adapted to restrictively control the flow of a 
fluid into or out of a single string of tubing 
through a plurality of ports located at various 
distances below the surface of the ground, and 
includes elements, hereinafter referred to as 
port plugs, which determine the effective sizes 
of the ports, or close them entirely, and are 
capable of being lowered to and raised from the 
points of control by means of gravity and fluid 
pressure alone. In each instance, the points of 

40 the tubing string at which flow regulation is 
required are provided with fittings forming seats 
for the plugs and embodying ports of a fixed 
maximum size, the effective sizes of which are 
varied by the plugs, while the upper end of the 

45 well tubing is provided with a suitable arrange 
ment of valves, pipe connections and other means 
by which the plugs may be raised from and 
lowered to their seats without the use of fishing 
or other tools, 

Referring now more particularly to the em 
bodiment illustrated in Figs. 1 and 2, there is 
indicated therein a pressure well it containing a 
single main string of tubing 2 which is adapted 
to extend downwardly to the producing strata 

55 3, 4 and fS of the oil sand into which a re 
pressuring fluid is to be injected. In a typical 
oil sand, the producing strata 3, 4 and 15 are 
of different permeabilities and are separated from 
One another by impermeable, non-productive 

60 strata such as shale formations 6, and 8. 
Since the most efficient recovery of oil from 
the entire sand is obtained by so regulating the 
flow of the repressuring fluid injected into the 
various strata that the strata of higher per 

5 meability are subjected to lower pressures than 
those of less permeability, suitable means are 
provided for selectively controlling and meter 
ing the flow of fluid into each of the strata, 3, 
4 and 5. 

70 To this end, there are threaded into the tub 
ing string f2 at vertically spaced points oppo 
site the different producing strata fittings f 9, 20 
and 2, each of which is provided with a port 
22, 23 and 24, respectively, of such size that, 
when unrestricted, it will pass fluid from the 
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interior of tubing string 2 at the maximum 
pressure which it may be desired to inject into 
the producing stratum. The fittings 9, 26 and 
2 are all preferably of the same outside diam 
eter as the tubing 2 so as to form a string of 
uniform size throughout its length, thereby en 
abling the use of identical packers 25 for sealing 
off from one another the individual portions of 
the Well which communicate with the producing 
strata, 3, 4 and 5. 

In order to suitably restrict-and, when de 
sired, completely shut off-the flow through 
ports 22, 23, and 24 of the gas or other fluid 
used for injection, fittings 3, 2 and 2 are pro 
Wided with internal, downwardly tapered seats 
26, 2 and 28 which are adapted to receive and 
Support in readily removable association there 
with members known as port plugs 29, 39 and 
3, respectively. In the case of fittings 2 and 
20, the ports 22 and 23 entend horizontally and 
intersect the tapered surfaces of seats 26 and 
27 intermediate the upper and lower ends there 
of, while in fitting 26 the port 23 is located 
below the tapered seat, 38. in order that the 
plugs 29, 38 and 3 may be seated and removed 
in the manner contemplated by the present in 
vention, the minimum internal diameters of the 
tapered seats and the maximum external diam 
eters of the port plugs decrease correspondingly 
to their relative positions with respect to the top 
of the well. That is, the maximum outside di 
ameter of the plug 3 adapted to cooperate 
with tapered seat 27 is less than the minimum 
internal diameter of tapered seat 26, although 
greater than that of tapered seat 27, so that 
Said plug may pass freely through fitting 9, but 
not through fitting 20. Similarly, the maximum 
outside diameter of the plug 3 adapted for co 
operation with tapered seat 28 is less than the 
minimum internal diameter of tapered seat 27, 
but greater than that of seat 2e. 

All of plugs 29, 30 afd 3 are generally cylin 
drical in form, have their bottom ends tapered 
as indicated to make tight fits, with tapered 
seats 26, 2 and 28, and are provided with ver 
tical bores 32, 33 and 34 through which the 
fluid passes. Each of the plugs is also pref 
erably rounded or tapered at its upper end as 
shown, and the lower surface of each tapered 
seat is similarly rounded or tapered, so as to 
insure that the plugs will pass freely upwardly 
through the tubing string without hanging when 
elevated in the manner later to be described. 
AS is obvious from the drawings, the plugs are 
maintained in engagement with the tapered 
Seats by gravity and fluid pressure alone, the 
tapered surfaces of the plugs and seats being 
accurately ground and formed of non-corrosive 
materials so as to insure at all times tight, but 
non-sticking, joints between these elements. 
In order to selectively control or meter the flow 

of repressuring fluid through the ports. 22 and 
23, the lower tapered ends of plugs 29 and 0 are 
So designed as to overlap ports 22 and 23 and 
thereby reduce the effective size of said ports, as 
desired. In this connection, it will be under 
stood that, in order to enable the desired varia 
tions in flow, a plurality of port plugs is provided 
for use with each fitting, the plugs of each set 
being identical in construction except that the 
tapered lower ends thereof are of varying lengths 
So as to cover more or less of the port with which 
they are adapted to be used. The vertical bores 
32 and 33 of all plugs belonging to the same sets 
as plugs 29 and 30 are sufficiently large to offer 
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no substantial resistance to the flow of fluid 
downwardly through the ports 22, 23 and 26; in 
the form shown, the bores. 32 and 33 and the 
ports 22 and 23 are all of the same diameter. In 
the case of the lowermost fitting 2, however, the 
regulation of flow through the port 24, which is 
preferably larger than ports 22 and 23 and the 
minimum internal diameter of tapered Seat 28, 
is accomplished by restricting the size of the were 
tical bore 34, the plugs of the set adapted for 
cooperation with this fitting being ideratical ex 
cept that the bores are made of different; diarie 
eters so as to provide different degrees of re 
sistance to the flow of aid therethrough. As 
is indicated by the broken lines in Fig. 2, one of 
the plugs of each Set Corresponding to plugs 29 
and 3C is provided with a tapered end Sufficiently 
long to completely close its associated port 22 or 
23, While one of the plugs of the set correspond 
ing to plug 3A is made solid, rather than with an 
axial bore 38, so as to enable the complete cio 
Sure of port 24. In all cases, the nirinum in 
ternal diameters of tapered seats 26, 2 and 28 
are inade greater than the diameters of the ver 
tical ores 32, 33 and 34 of the corresponding 
plugs 29, 3 and 3 so that the bottom ends of 
the plugs always present an appreciable area, to 
Whatever pressure may exist in the tubing string 
therebelow, a condition which is essential to the 
operativeness of the method and apparatus of 
the present invention when axially apertured 
plugs are employed. 

For the purpose of controlling the flow of re 
pressuring fluid into the tubing string aid at 
taining the desired objective of raising and low 
eiting the port plugs from the well head. Without 
the use of tools, tubing string 2 is provided at 
its upper end with a novel arrangement of valves 
and other connections which are capable of maa 
nipulation in Such manner that the plugs can be 
dropped downwardly to their seats by gravity and 
elevated therefron by the pressure of the fluid 
in the Well. 

in the embodiment illustrated, there is con 
nected to tubing 82 an inlet iine 35 leading to any 
Suitable Source of relatively high pressure injec 
tion fluid, such as a compressor or reservoir (not; 
ShoWR), the flow of fuid from said source into 
the tubing being controlled by a suitable valve 
36. It will be understood that the pressure of 
the fid in inlet line 35 is the maximura that; 
Would ever be required for operation of the well, 
2nd that this pressure is reduced as required by 
regulating the flow through the ports 22, 23 and 
24 by the use of port plugs of various iow 
restricting characteristics. Tubing string 2 is 
also provided with a pair of gate valves 3 and 
33, valve 3 being located below valve 36, while 
Valve 38 is positioned at the upper end of the 
tubing string and serves to open the latter to 
the atmosphere. The body of upper or release 
Valve 38 is preferably so constructed at its out. 
let side as to receive the threaded open end of a 
Cushioning cage member 39 which is substa 
tially cylindrical in form, closed at its upper end, 
and provided with a plurality of perforations 
which permit the escape of gas or other fluid 
f"On the interior thereof to the atmosphere. 
She inner diameter of cage member 39 is sub 
stantially the same as that of tubing string 2. 

In operating the apparatus just described for 
the purpose of injecting gas or other fluid into 
the various strata of an oil producing sand, and 
assuming that the parts are in the positions in 
dicated in Fig. 1 with upper control or release 

3 
valve 38 closed and inlet valve 36 and lower con 
trol Wave 3 open, the repressuring fluid flows 
from the compressor or reservoir at a relatively 
high pressure through inlet, line 35, into tubing, 
stating 2, and downwardly through the latter 
until it reaches port plug 29. At this point, 
after passing through vertical bore 32 of plug 
29, Some of the fluid passes outwardly through 
port, 22 into the Weil, the resistance to fovy 
through said port produced by the restriction in 
effective size thereof due to the overlapping of 
the lower tapered end of the plug 29 reducing 
the pressure of the fluid passing into the Well to 
the proper annount desired for repressuring the 
corresponding strata 3 of the sand, the rest 
of the fluid in the tubing string continuing to 
flow dovyn Wardly until it reaches the level of the 
Second fitting 20 and plug 30 where a similar 
division of flow takes place and a similar regula 
tion is effected of that proportion of the fluid 
which passes outwardly into the Well through 
port 23 and into the adjacent productive stratin 
66. The ire Rainder of the fluid continues its 
downward flow through the tubing string until 
it reaches fitting 28 and plug 3 ?, at which point 
the resistance to flow through port; 24 offered 
by the restricted bore 33 of plug 3 reduces the 
pressure to the anount desired for injection into 
the lower nost producing stratum S. Due to the 
force of gravity and the pressure exerted on the 3 
exposed areas of the upper ends of the port, plugs, 
tight Seals are maintained between the ground 
tapered surfaces of the lower ends of said plugs 
and their seats 26, 27 and 28 which prevent leak 
age arou End the outsides of the plugs. Without the 
necessity for using latching or other mechanical 
means for positively holding the plugs in position 
On Said Seas. 
Whenever it is desired to vary the pressure of 

the fluid issuing from tubing string a 2 through 
&ny one of posts 22, 23 and 24 into the associated 
producing straturn, all of the plugs 29, 30 and 3 
are raised to the well head and the one which 
is adapted to cooperate with the fitting corre 
Sponding to the stratum in which the pressure 
change is desired is replaced by a plug having 
either a different length tapered lower end (if it; 
is a plug corresponding to either of plugs 29 and 
38) or a vertical bore 34 of different diameter (if 
it is a plug corresponding to plug. 3). 
To effect this change in plugs in accordance 

with the present invention, it is only necessary 
to close inlet valve 36 and then open upper con 
trol or release valve 38, whereupon the pressure 
of the back flow of gas from the Well exerted 
against the botton ends of the plugs, in conjunc 
tion. With the resistance to upward flow of said 
gas offered oy the relatively restricted bores of 
Said plugs, unseats the latter and forces them to 
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the upper end of the tubing string where they are 60 
C9ught in cushiozning cage 89. Release valve 38 is 
then closed so as to permit removal of the cush 
ioning cage and the plugs trapped therein. A 
plug having the proper flow restricting charac 
teristics to effect the desired change in pressure 
is then substituted for the one originally used, 
Wiereupon the plugs are replaced in the upper 

65 

end of tubing string A2 by first closing lower con 
trol waive 3, ther opening release valve 38, and 
then dropping the plugs into the upper end of 
the tubing string in proper order where they 
come to rest supported on the gate of lower con 
trol valve 3. Release valve 38 is then again 
closed and cushioning cage 39 replaced, after 
which lower control valve 37 is gradually opened 

70 
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4. 
until the pressure within the tubing string 
equalizes and the plugs drop into position on 
their respective seats by gravity. This replace 
ment of the plugs may be done either all at one 
time or one by one. Should the velocity of the 
dropping plugs become so great as to involve the 
possibility of injury to their lower tapered ends 
or the seats 26, 2 and 28, this velocity may be 
reduced by manipulating release valve 38 So as 
to produce a counterflow upwardly through the 
tubing string which will check the fall of the 
plugs and permit them to be seated as lightly as 
desired. As is above pointed out, the maximum 
outside diameter of each plug is made Smaller 
than the minimum internal diameters of the t2 
pered seats of all of the fittings positioned above 
that with which said plug is adapted to cooper 
ate, so that the plugs will pass freely through 
the tubing string to and from their proper seats. 
When the plugs reach their seats, release valve 38 
is tightly closed and the repressuring operation 
continued by opening inlet Valve 36. 
When it is desired to regulate or meter the 

flow into the various producing strata of the 
well, the following procedure may be followed. 
After first installing a suitable meter in the 
inlet line 35, a port plug 3 having a vertical 
bore 34 of selected size, and plugs 29 and 3 have 
ing lower tapered ends of sufficient lengths to 
completely close ports 22 and 23, are dropped into 
place on their respective seats in the tubing 
string 2. When inlet valve 36 is then opened, 
all of the repressuring fluid flows downwardly to 
the lowermost fitting and outwardly through port 
24 into the associated productive stratum 5, 
thus giving a direct indication. On the meter at 
the well head of the velocity of flow of the fluid 
into this stratum. If the plug 3 selected does 
not produce the desired rate of flow, it is a 
simple matter to bring all of the plugs to the 
surface, substitute another plug 3 of different 
size bore, and repeat the metering operation un 
til the plug of proper size is identified. The flow 
into the next higher stratum 4 is then regu 
lated in like manner, again using a plug 29 on 
seat 26 which completely closes port 22 but re 
taining the plug 3 which was found to provide 
the desired flow into the lowermost stratum (5. 
After the fiow into the middle stratum has 
been properly regulated, the procedure is again 
performed with respect to the uppermost stratum 
3, this time using for both of plugs 36 and 3S 

those which have been identified as giving the 
desired rates of flow through their associated 
ports 23 and 24. 

It will be obvious that the apparatus just de 
scribed is also capable of use in such a manner as 
to enable measurement of the relative permeabil 
ities of the different producing strata. For this 
purpose, plugs effecting complete closure of their 
associated ports are used for the fittings of all 
strata except that of which the permeability is to 
be measured, the fitting corresponding to the lat 
ter stratum being provided with a plug of any de 
sired flow restricting characteristics and a di 
rect measurement being made of the amount of 
fiuid which it is necessary to flow into the main 
tubing string in a given period of time in order 
to maintain the pressure in the tubing string 
constant at the Well head. 
In FigS. 3 and 4 there is disclosed another en 

bodiment of the method and apparatus of the 
present invention which is particularly adapted 
for use in controlling the flow of oil and gas from 
a producing well, but which embodies the same 

2,227,589. 
fundamental structure and mode of operation as 
the embodiment of Figs. 1 and 2. For simplicity, 
the following description will be limited to the 
use of the invention in connection with an oil 
producing well of the character wherein the oil is 
produced by gas lift, although it will be obvious 
that the same method and apparatus is equally 
well adapted to gas well operation. In oil Wells of 
this type, it has been found that the flow of oil 
may be substantially accelerated if the main 
tubing string is provided with a plurality of ports 
at different levels through which may enter the 
gas which collects in the well above the oil. AS 
the flow from the well progresses and the fluid 
column in the well is lowered, less energy is re 
quired from the gas entering the ports in order to 
lift the oil. Accordingly, it is desirable to provide 
means for reducing the effective sizes of the 
ports, or completely closing them, as desired, 
during the operation of the Well. The present 
invention is particularly well adapted for this 
latter purpose. 

In the form illustrated, the mafin tubing string 
46) is paralleled by an auxiliary string 4 which is 
provided at its upper end with control valves 3 
and 38, inlet line 35 and valve 36, and cushioning 
cage 39 similarly to the tubing string 2 of the 
embodiment of FigS. 1 and 2. The main tubing 
string 46 of this second form of the invention, 
however, is closed at its upper end by a blank 
sealing disk $2, and is provided with a take-off 
line 43 and a valve 48 for controlling the flow of 
oil out of the main tubing string into said line, 
the latter constituting the field line into which is 
delivered the oil recovered from the well. 
As shown, the main tubing string 40 extends 

downwardly in the well 45 all the way to the 
'shot hole' 86 in the lowermost producing Stra 
tum 5 of the sand while the auxiliary string may 
terminate a suitable distance above the 'shot 
hole,' there being interposed in the tubing strings 
at predetermined, vertically spaced locations a 
plurality of ported fittings 4, 48 and 49 which are 
adapted to control the flow of gas from the well 
into the main tubing string 66 in order to assist 
in lifting the oil from the “shot hole' whence it 
enters the main tubing string through the per 
forated lower end of the latter. These ported 
fittings are preferably detachably secured to the 
tubing strings by threaded connections, as shown, 
and a suitable packer 56 is provided at or above 
the position of the uppermost fitting 8 for seal 
ing off the producing stratum or strata from the 
upper portion of the Well. 
The fittings 3 &nd 69 are of similar construc 

tion, each being adapted for connection into the 
tubing intermediate the ends thereof, and are re 
spectively provided with chambers 5 and 52 of 
the same internal diameter as, and coaxial with, 
the main tubing string 4, and chambers 53 and 
54 coaxial with auxiliary string (36 and of the 
same interior diameter as the latter except for the 
restrictions introduced therein by the tapered 
seat members 55 and 58 which are adapted to re 
ceive and support plugs 5 and 58, respectively. 
Fittings 47 and 43 are also provided with ports 
59 and 66 connecting the chambers 5 and 52 with 
chambers 53 and 34, respectively, and with sec 
ondary parts 68 and 62 coaxial with and of the 
same diameters as ports 53 and 56, and passing 
through the Outer Walls of Said fittings so as to 
provide communication between the interior of 
the well 45 and the chambers 53 and 54. Each of 
ports 59 and 60 and its associated secondary port 
extend horizontally and intersect the tapered sur 
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2,222,539 
face of the sea, 55 or 5 intermediate the ex 
senalties of the latter, 
Fitting 69 is adapted for connection to the low 

era Ost end of the auxiliary tubing string, and 
digiers from fittings is and 48 in that, while its 
chainer 63 which is coaxial with the main tubing 
string 9 Gray be opera at the lower end in order 
to continunicate with the remaining section or 
sections of the Omain string leading to the 'shot 
hole' 86, its tapered seat, 86 forms the lower end 
or the charnber 65 which is coaxial with the 
auxiliary tubirag string , and the secondary 
port (36 through which the gas passes from the 
well 35 into charnber 66 is vertica, rather than 
horizontal as a fittings and 48. The post 6, 
Showever, which provides corninus nication be 

, tween the chambers 63 and 55, is, like ports 59 

20 

25 

3. 

4. 

55 
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75 

as ad 30, horizontal and intersects the tapered SE 
face of seat. 64 intermediate the upper and lower 
ends of the later 80 that, the effective cross Sec 
tional area, or port; G may be varied by the lower 
tapered end of plug 68. 

it is enoodlinent of the invention, the plugs 
5', 38 and 68 are solid, instead of being provided 
With axial pores therethrough as in the case of 
the apparatus shown in Figs. and 2, but their 
lower ends are tapered in the same manner as 
previously desegribed in order to restrict or con 
pletely prevent the flow of gas from the Well 35 
through the secondary ports 3, 62 and 66 and 
the primary ports 58, 6e and 67 into the chambers 
56, 52 agai G3 which are in containication with 
the 28 toing striang (30. AS is the case of the 
first embodiyiraea, here disclosed, a plurality or 
Set of plugs is provided for each of the fittings 
4, 33 and 89, the plugs of each set being identical 
except that, the lengths of the tapered lower ends 
tereof are different, so as to enable the desired 
variation in effective size of the ports with which 
they are adapted to be associated. As is indi 
cated in broken lines in Fig. 4, one plug of each 
set is provided with a sufficiently long taper to 
permit it to completely close its associated port. 
The apper ends of the plugs and the lower Sui's 

5 faces of the tapered seats are also rounded or 
tapered as previously described in order to pre 
yent hanging of the plugs in the auxiliary tubing 
string, and the minimum internal diameters of 
said seats and the Anaxianuza external diarrheters 
of the said plugs are properly proportioned in 
the same a 3xaner as that pointed out it connece 
tion with the embodiment of BigS. and 2 so as to 
enable the plugs to pass freely to and from their 
respective seats. It will likewise be understood 
that all of ports 59, 60, 6, 62, 66 and 67 are of 
such diameters as, when unrestricted, Will enable 
operation of the well at its maximum capacity. 

During norFinal operation of this second en 
bodiment of the invention for the recovery of oil 
from the Wei, all of the control waives 36, 3 and 
38 at the top of the auxiliary tubing string i? are 
closed while take-off waive 44 and any other 
valves located in the line 43 are open, the ground 
pressure, supplemented by the flow of gas from 
the well into the main tubing string 9 through 
those of the secondary ports G, 82 and 66 and 
prinary ports 39, 6 and 57 which are not com 
pletely closed, forcing the oil upwardly through 
the main string into take-off line 4S which de 
livers it to storage or any other desired destina tion. In passing through the ports of the fittings 
4, 88 and 69, the flow of the lifting gas is re 
stricted to an extent determined by the charac 
teristics of the plugs in use at the time, the latter 

S 
being selected in accordance with the level of the 
oil in the well and the rate of production desired. 
When, as the flowing of the well progresses, it 

becomes desirable to change the effective size of 
Or to completely close any of the ports, all of the 
plugs may be brought to the well head to enable 
the desired change therein by signply closing valve 
44 in the take-off line 83 and opening both con 
trol valves 3 and 38, whereupon the fluid pres 
Sure in the Well exerted against the solid botton. 
end of the lower most plug 68 unseats the latter 
and forces it upwardly through the auxiliary 
tubing string 43, the upward fow also effecting 
unseating and lifting of the plugs 58 and S. in 
Succession and forcing all of thern to the sur 
face where they are trapped in cushioning cage 
39 in the Ananner previously described. Then, 
after the desired change in plugs has been inade, 
they may be returned by gravity to their seats 
by the sare nanipulation of valves as that, die 
Scribed in connection. With the embodiment of 
FigS. 1 and 2, after which the take-off or field line 
valve 4 nay be reopened to continue flowing of 
the Well. 

it will be apparent from the foregoing descrip 
tion that the present in Yeration provides both 8, 
novel method and novel means for selectively 
controlling the flow of fluids at a plurality of 
different levels ign gas and oil wells which greatly 
facilitate Well Operation and OWeaCORae the dis 
advantages of the procedures and Chechanisins 
heretofore Lised for the Sarae general purpose. 
By the present inventor it has been Inade possi 
ble to quickly and easily charage the size of any 
One of a plurality of flow regulating fittings nor 
mally positioned Substazaia distances below the 
Surface of the ground, Imerely by the manipula 
tion of certain valves at he well head and via 
Out, the Recessity for using fishing tools or Eike 
instru, Kentalities, or fog. Withdrawing the Ribing 
from the well in order to obtain access to the fit 
tings. The method 32nd apparaits hereign cis 
closed are further characterized y the fact that; 
repressuring fluid may be injected into a plurality 
of different strata, OS oil and gas Incy be draVI. 
from a plurality of different; levels is a Well, in 
an easily regulated 222 are: Roy the Se of 2 single 
string of tubing, a result no hit aero attainabie. 
Not only do the new method 236 appasat is effect 
substantial savings in tine &Sc. labor, it; there 
is also very little Wastage of fluid in the opera 
tions involved. The in port&Ice of Such savings 
will be readily appreciated wine: it is considered 
that in repressuring operatioFS, in particular, it is 
necessary to Way the press ire of the fluid which 
is injected into the different strata, of the oil 
producing Sand at relatively frequera, late Was 
in order to avoid too rapid depletion of the more 
permeable strata, and to Saintain the desired 
rate of recovery of the producing Wells. These 
and other features, all of which will be apparent 
from the disclosure hereign, endoW the present in 
vention with substantial advantages over the 
methods and apparatus of the same generic chair 
acter hitherto known to the art. 
Although two specific forms of apparatus en 

bodying the invexation have been described and 
illustrated in the accompanying drawings, it will 
be obvious that the invention is not limited to 
the particular structures shown, but is capable 
of a variety of mechanical embodiments. For 
example, the fittings which are connected to the 
tubing strings may vary in their details of con 
struction from those specifically illustrated in the 
drawings, and may be detachably connected to 
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the tubing in other ways than by the threaded 
connections shown. Similarly, the particular ar. 
rangement of valves and connections at the Well 
head which enable the port plugs to be raised by 

O 

5 

30 

fluid pressure alone may be varied somewhat 
from the embodiment illustrated. It should also 
be clearly understood that it is not necessary that 
plugs be used with all of the ported fittings at 
all times, since, when unrestricted flow through 
any particular port or ports is desired, that fit 
ting may be used without a plug without, in any 
way interfering with the herein described method 
by which Whatever plugs are used may be raised 
and lowered from and to their respective Seats. 
Various other changes, which will now suggest 

themselves to those skilled in the art, may be 
made in the procedural steps of the method, and 
in the form, details of construction and arrange 
ment of the parts of the apparatus, without dee 
parting from the spirit of the invention. Ref 
erence is therefore to be had to the appended 
claims for a definition of the limits of the inven 
tion. 
What is claimed is: 
1. In gas or oil well apparatus of the character 

described, the combination of a string of tubing 
through which fluid may be injected into or re 
moved from the well, means connected to said 
tubing at a plurality of vertically spaced points 
below the surface of the ground providing ports 
of fixed size through which fluid may pass from 
or to the interior of said tubing, means including 
plug members associated with said ports for re 
stricting the flow of fluid through the latter, and 
means for producing an upward flow of fluid from 
said well of sufficient force to raise said plug 
members from their flow restricting positions to 
the well head by fluid pressure alone. 

2. In gas or oil well apparatus of the character 
described, the combination of a string of tubing 
through which fluid may be injected into or re 
moved from the Well, means connected to said 
tubing at a plurality of vertically spaced points 
below the surface of the ground providing ports 
of fixed size through which fluid may pass from 
or to the interior of said tubing, a tapered seat 
associated with each of said ports, a plug having 
a tapered lower end adapted to engage each of 
said Seats and to obstruct the flow of fluid 
through the associated port, the maximum ex 
ternal diameter of each of said plugs being less 
than the minimum internal diameter of each of 
said tapered seats above that with which said 
plug is adapted to cooperate, and means for pro 
ducing an upward flow of fiuid from said. We of 
Sufficient force to unseat said plugs and aise 
them to the well head by fiuid pressure alone. 

3. In gas or oil well apparatus of the character 
described, the combination of a single string of 
tubing having therein a plurality of vertically 
Spaced ports of fixed size through which fluid may 
be injected into or removed from the we at a 
plurality of different levels, and means for con 
trolling the flow of fluid through said ports coin 
prising a tapered seat associated with each of said: 
ports and a plurality of plug members having 
tapered lower ends adapted to engage said seats, 
Said plug members being so constructed and ar 
ranged as to offer resistance to the flow of fluid 
through said ports when in engagement with said 
seats, the minimum internal diameters of said 
Seats decreasing in order toward the bottom of 
the tubing string and each of said plug members 
having a maximum external diameter which is 
Smaller than the minimum internal diameter of 

2,227,539 
each of the seats located above that with which 
said plug member is adapted to cooperate. 

4. The combination according to claim 3 
wherein said tapered seats are coaxial with the 
tubing, string and each of Said plug members 
has an axial bore therethrough of a diameter 
which is smaller than the minimum internal di 
ameter of the tapered seat With which it is 
adapted to cooperate. 

5. The combination according to claim 3 
wherein said tapered seats are coaxial with the 
tubing string and each of Said plug members has 
an axial bore therethrough of a diameter which 
is smaller than the minimum internal diameter 
of the tapered seat with which it is adapted to 
cooperate, and including means for producing a 
flow of fluid upwardly through Said tubing string 
of sufficient force to raise Said plug members 
from their seats to the upper end of Said tubing 
by fluid pressure alone. 

6. The combination according to claim 3 
wherein said tapered seats are coaxial with the 
tubing string and each of said plug members has 
an axial bore therethrough of a diameter which 
is smaller than the minimum internal diameter 
of the tapered seat with which it is adapted to 
cooperate, the bore of each plug member except 
that adapted to cooperate with the lowermost 
seat in the tubing string being Sufficiently large 
to offer no substantial resistance to the flow of 
fluid downwardly to those ports which are located 
below that with which said plug member is 
adapted to COOperate. 

7. The combination according to claim 3 
wherein said tapered seats are coaxial with the 
tubing string and each of said plug members has 
an axial bore therethrough of a diameter which 
is Smaller than the minimum internal diameter 
of the tapered seat with which it is adapted to 
cooperate, the lowermost port in said tubing 
string being located below its associated tapered 
seat and having a greater cross sectional area 
then the bore of the plug member adapted to 
cooperate with said seat, whereby the flow 
through said port is controlled by the size of the 
bore in said plug member, each of the other ports 
in said string intersecting the tapered inner sur 
face of the associated seat in such position as to be 
obstructed by the tapered lower end of the plug 
cooperating with the latter. 

8. In gas or oil well apparatus of the character 
described, the combination of a single main string 
of tubing having therein a plurality of vertically 
spaced ports of fixed size through which fluid 
may flow into or out of said tubing at a plurality 
of different levels, and means for controlling the 
flow of fluid through said ports comprising an 
auxiliary string of tubing paralleling S8id main 
string and into which said ports lead, & tapered 
seat formed in said auxiliary tubing String adja 
cent each of said ports, a secondary port 2.SSoa 
ciated with each of said seats providing corn 
munication between said auxiliary tubing string 
and the well, and a plurality of plug members 
having tapered lower ends adapted to engage said 
seats and to obstruct the flow of fiuid through 
said first named ports, the minimum internal 
diameters of Said seats decreasing in order to 
Ward the bottom of the auxiliary tubing string 
and each of said plug members having a maxi 
nun external diameter which is smaller than 
the minimum internal diameter of each of the 
seats located above that with which said plug 
Erember is adapted to cooperate. 

9, i.e. combination according to claim 8 in 
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cluding means for producing a flow of fluid up 
Wardly through said auxiliary tubing of sufficient 
force to raise said plug members from their flow 
obstructing positions to the upper end of said 
auxiliary tubing string by fluid pressure alone. 

10. The combination according to claim .. 8 
Wherein at least the lowermost one of said plug 
members is imperforate longitudinally and the 
lowermost secondary port in said, auxiliary tub 
ing string is positioned below its associated 
tapered seat in such position that the bottom end 
of said lowermost plug member may always be 
Subjected to the fluid pressure existing in the 
Well adjacent said secondary port. 

li. In gas or oil well apparatus of the char 
acter described, the combination of a string of 
tubing through which fluid may be injected into 
or removed from the well, a fitting connected 
to said tubing forming a tapered seat therein and 
having a port intersecting the tapered surface 
Of said seat through which fluid may pass from 
or to the interior of said tubing, and a plug hav 
ing a tapered lower end adapted to engage Said 
Seat and to obstruct at least a portion of said 
port. So as to restrict the flow of fluid there 
through, said plug also having a vertical bore 
therethrough of Smaller diameter than the mini 
nun internal diameter of said tapered seat. 

2. In gas or oil well apparatus of the char 
acter described, the combination of a main string 
of tubing through which fluid may be injected 
into or removed from the well, an auxiliary tub 
ing string associated With said main string, means 
connected to said tubing strings at a point a 
substantiail distance below the well head form 
ing a tapered seat in said auxiliary string and 
providing a port intersecting the tapered sur 
face of said seat through which fluid may pass 
between the interiors of Said main and auxiliary 
Strings, a secondary port associated with said 
seat, providing communication between said aux 
iliary string and the well, and a longitudinally 

imperforate plug member having a tapered lower 
end adapted to engage said Seat and to obstruct 
at least a portion of Said first named port So as 
to restrict the flow of fluid therethrough. 

13. In a pressure well, the combination of a 
single string of tubing through which a repres 
Suring fluid may be injected into the well, a con 
nection to the upper end of said string for Sup 
plying repressuring fluid thereto, a plurality of 
fittings connected to said string at vertically 
spaced points below the well head each having 
a port through which the repressuring fluid may 
flow from said string into the well, means for 
selectively regulating the flow of fluid through said 
ports including a removable plug member a SSo 
ciated with each of said ports and at least par 
tially restricting the flow therethrough, and 
means for producing a back fow of fluid from 
the well into and upwardly through said tubing 
string of sufficient force to raise said plug mem 
bers from their flow restricting positions to the 
well head by fluid preSSure alone. 

14. In a producing well, the combination of a 
main string of tubing through which the fluid to 
be recovered from the well may be raised to the 
well head, an auxiliary tubing string aSSociated 
with said main string and having a plurality of 
vertically spaced openings in the Wall thereof 
through which fluid may flow from the well, 
means providing communication between the in 
teriors of said main and auxiliary strings includ 
ing a port positioned at substantially the same 
level as each of said openings in the auxiliary 
string, means including a removable plug men 
ber associated with each of Said ports for 
restricting the flow of fluid through the latter, 
and means for producing a flow of fluid upwardly 
through said auxiliary string of sufficient force to 
raise said plug members from their flow restrict 
ing positions to the top of said auxiliary string by 
fluid pressure alone. 

HARVEY T. DORTON. 
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