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OIL WELL FLOW CONTROLMETHOD 

CROSS-REFERENCE TO RELATED APPLICATION 

This is a division of application Ser. No. 732,460, 
filed May 27, 1968, and now U.S. Pat. No. 3,578,077. 

BACKGROUND OF THE INVENTION 

This invention relates to the control of multiphase 
fluid streams, and more particularly to a method and 
apparatus for controlling flow of a multiphase fluid 
stream from a partially depleting supply source such as 
a pumping oil well so that the flow rate of the liquid 
phase thereof is maintained substantially constant. 

In producing an oil or gas well, it is often desirable to 
test the well to determine certain characteristics of the 
producing formation. In order to make such tests, it is 
sometimes necessary to control the flow rate of the 
produced fluids within close tolerances for a specified 
time while at the same time obtaining pressure data for 
the well. Such pressure-rate-time data is then used to 
compute desired formation characteristics, such as 
permeability and the skin effect or damage to the for 
mation which may have occurred during completion or 
production of the well. 

Since most produced fluids from a well contain both 
liquid and gas phases, difficulty is involved in accurate 
ly measuring and controlling the flow rate thereof. 
Several high quality positive displacement meters and 
mass flow rate meters are available which accurately 
measure single phase flow but these devices have dif 
ficulty in measuring multiphase fluid flow with the high 
degree of accuracy required for well testing. 
To overcome this difficulty of measuring multiphase 

flow, separating systems have been devised wherein the 
multiphase fluids are first separated into gas and liquid 
phases. Then the flow of the liquid phase is controlled 
and measured through the use of a dump meter. How 
ever, a dump meter which is normally comprised of a 
tank which "dumps' a known quantity of liquid at 
periodic intervals measures liquid flow in increments 
and accordingly does not provide the continuous flow 
rate data desirable in well testing. 
One control system which is capable of controlling a 

multiphase fluid stream from a producing well and at 
the same time providing the continuous flow rate data 
necessary for accurate well testing is that disclosed by 
the present inventors in their copending U.S. Pat. appli 
cation Ser. No. 555,369, filed June 6, 1966, and now 
U.S. Pat. No. 3,416,547. The system described there 
utilizes a separator to separate the produced fluid into 
liquid and gas phases. The liquid phase is then 
withdrawn from the separator at a controlled rate by 
means of a constant volume pump. The inlet to the 
separator is controlled by a float-actuated valve so that 
a desired level of liquid is maintained in the separator 
at all times. This insures that sufficient liquid is always 
present to supply adequately the constant volume 
pump. However, due to its operating procedure, this 
system is restricted primarily to use with a naturally 
flowing well, i.e., a well which has sufficient formation 
pressure to cause the flow of fluids without the aid of 
additional equipment. 
As is well known, a great number of wells are not 

capable of flowing under their own pressure and must 
be produced by the use of pumping means. Typical 
pumping means are comprised of a barrel and plunger 
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which are placed in the wellbore at the level of the 
production formation. The plunger is reciprocated by a 
cable or sucker rods which extend up the wellbore to 
mechanical equipment at the surface. Each stroke of 
the plunger is designed to produce a set volume of fluid 
from the wellbore. Therefore, if fluid is entering the 
wellbore from the production formation at a volume 
rate less than that of the pump or, in other words, if the 
source of fluid is being depleted at a rate faster than it is 
being replaced, the pump will "pump-off" and deliver 
fluid to the surface at an irregular rate. This further 
complicates the accurate controlling of the fluid stream 
even where a separator and constant volume pump are 
used since there is no assurance that there will be an 
adequate level of liquid maintained in the separator to 
supply the constant volume pump. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided a new and improved method and apparatus 
for controlling flow of a multiphase fluid stream 
produced from a partially depleting fluid source such as 
a pumping oil well wherein the flow of the liquid phase 
thereof is maintained at substantially a constant rate. 
The invention allows continuous flow rate data to be 
obtained from the well without the necessity of altering 
the rate of the well pump. 

In carrying out the present invention, a multiphase 
fluid stream from a producing well is pumped from the 
well into a gas-liquid separator. The stream is separated 
therein into its liquid and gas phases. A first portion of 
the liquid phase is produced from the separator at a 
constant rate by means of a constant volume pump. 
This rate data can be accurately recorded for use in 
certain well tests as described above. A second portion 
of the liquid from the separator is returned to the well 
in a controlled manner. By returning a portion of the 
fluid from the separator to the wellbore and adjusting 
flow rates accordingly, it is possible to maintain the 
liquid level in the wellbore at a sufficient value to allow 
the pump to pump its capacity on every stroke. This 
eliminates the possibility of the pump "pumping-off" 
and provides fluid from the well to the separator at a 
predictable rate which in turn allows an adequate level 
of liquid to be maintained in the separator to supply the 
constant volume pump. 
A first embodiment of the invention is adapted to be 

used with a pumping well wherein the pressure within 
the separator is greater than the pressure within the 
casing annulus of the wellbore, e.g., a well which 
produces substantial quantities of gas. In this embodi 
ment the fluid is returned from the separator to the 
wellbore by means of gravity or pressure-assisted flow. 
A second embodiment is adapted to be used wherein 
the pressure within the wellbore is greater than the 
pressure within the separator, e.g., a well which 
produces little or no gas. In this modification an auxilia 
ry means must be used in order to force the liquid from 
the separator back into the wellbore. 

Structurally, the first embodiment is comprised of a 
separator which has an inlet conduit adapted to be con 
nected to the tubing of a pumping well. Fluid produced 
by the well pump flows directly into the separator 
where it is separated into gas and liquid phases. The 
separator has an upper outlet conduit through which 
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the gas phase flows. A meter is provided in the upper 
outlet conduit to measure the quantity of gas which 
flows from the separator. A back pressure regulator is 
also provided in the upper outlet conduit to allow a 
desired operating pressure to be maintained in the 
separator. A lower outlet conduit is connected to the 
separator to allow liquid collected in the bottom 
thereof to be withdrawn. A first portion of the liquid is 
withdrawn from the separator at a constant, specified 
rate by means of a constant volume pump means which 
is connected to said lower or liquid outlet conduit. A 
liquid return conduit is connected either to the liquid 
outlet conduit at a point upstream of the constant 
volume pump means or to the bottom of the separator 
and extends from the lower outlet or the bottom of the 
separator back to the well. A valve is provided in the 
liquid return conduit which is operated by a liquid 
sensing means located in the separator so that as the 
liquid in the separator rises above a desired level, the 
valve opens to allow a second portion of the liquid to 
flow back into the wellbore. When the liquid drops 
below a desired level in the separator, the valve closes 
to maintain the liquid within the separator at the 
desired level. 
The second embodiment of the invention, as men 

tioned above, is adapted to be used with a well wherein 
the pressure within the separator is less than the pres 
sure within the well. This embodiment is comprised of a 
separator connected to the pumping well in the same 
manner as that in the first embodiment. The gas outlet 
from the separator is identical to that of the first em 
bodiment; however, the construction of the liquid out 
let varies slightly. The liquid outlet has a constant 
volume pump means connected therein which func 
tions to withdraw a first portion of the liquid from the 
separator at a constant rate in the same manner as the 
constant volume pump means in the first embodiment. 
A liquid return conduit is connected to the liquid outlet 
conduit at a point upstream of the constant volume 
pump means or to the bottom of the separator and ex 
tends from the liquid outlet conduit or the bottom of 
the separator back to the well. A valve is positioned in 
the liquid return conduit and is controlled by a liquid 
sensing means positioned within the separator. In this 
embodiment, however, the valve closes as the liquid 
level rises in the separator and opens as the liquid level 
falls. A bypass line having a positive displacement 
pump therein connects a point upstream of the valve in 
the liquid return conduit to a point downstream of the 
valve in the liquid return conduit. A check valve is also 
provided in the liquid return conduit downstream of 
the point where the bypass line re-enters the liquid 
return conduit. 

In this second embodiment, a multiphase fluid 
stream is pumped from the well into the separator 
where it is separated into the gas and liquid phases. The 
gas phase is flowed from the upper outlet of the separa 
tor and its volume measured by appropriate means in 
the same manner as in the first embodiment. The con 
stant volume pump means withdraws a first portion of 
the liquid from the lower outlet conduit of the separa 
tor at a constant rate, also, in the same manner as that 
of the first embodiment. If the liquid in the separator 
drops below the desired level, the valve in the liquid 
return conduit opens and the positive displacement 
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pump in the bypass line recirculates liquid in the loop 
formed by the bypass line and that portion of the liquid 
return conduit above the check valve. No liquid is 
returned to the well during this time so that the liquid 
phase within the separator is allowed to build up. When 
the liquid in the separator exceeds the desired level, the 
valve in the liquid return conduit closes so that now the 
positive displacement pump, which continues to pump, 
builds up pressure in the liquid return conduit between 
the closed valve and the check valve until that pressure 
exceeds the pressure required to open the check valve. 
With the check valve open, a second portion of the 
liquid is pumped by the positive displacement pump 
back into the well thereby providing sufficient fluid in 
the well for the well pump to operate at capacity. 
The actual construction, operation, and the apparent 

advantages of the invention will be better understood 
by referring to the drawings in which like numerals 
identify like parts and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic illustration of one embodiment 

of the invention wherein the operating pressure within 
the separator of the invention is greater than the pres 
sure within the well; and 

FIG. 2 is a schematic illustration of a portion of a 
second embodiment of the present invention wherein 
the operating pressure within the separator of the in 
vention is less than the pressure within the well. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring more particularly to the drawings, FIG. 1 
discloses a flow control system 10 for controlling flow 
of a multiphase fluid adapted for use with a partially 
depleting supply source such as a pumping oil well in 
which the rate of fluid flow into the wellbore is less than 
the pumping rate of the well pump. Well 11 in FIG. 1 is 
illustrated as a typical oil well which has been 
completed in the earth 12. Only the upper portion of 
the well has been shown since only this part is necessa 
ry for an explanation of the present invention. Well 11 
is comprised of a casing string 13 which is secured in 
the wellbore by means of cement 14, as is well known 
in the art. A string of tubing 15 is positioned concentri 
cally in casing string 14 and extends from the surface of 
the well to a level near or adjacent a producing oil for 
mation (not shown). A standard, reciprocating well 
pump (not shown) is positioned or connected to the 
lower end of the tubing string 15 and is operable by 
means of a cable or sucker rod 16 which extends from 
the well pump pumping unit or other means (not 
shown) at the surface. 

Inlet conduit 20 fluidly connects the interior of tub 
ing string 15 to the inlet 21a of separating means 21. 
Separating means 21 is preferably a liquid-gas separa 
tor of the "flash separation" type in which a gas-liquid 
mixture expands upon entering the separator to 
liberate gas from solution in the liquid phase. The gas 
phase occupies the upper portion of separator 21 and 
the liquid occupies the lower portion thereof. An upper 
gas outlet 22 is connected to the top of separator 21 
and extends to production line 26. Gas outlet conduit 
22 is provided with gas metering device 23 which may 
be of any suitable type, such as (a) an orifice meter 
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which measures and records the gas flow rate through 
an orifice plate, or (b) a cumulative type meter which 
merely records a cumulative volume of gas withdrawn 
through outlet line 22. A typical example of a gas flow 
meter which may be used is of the type manufactured 
by The Foxboro Company, Foxboro, Mass., and is 
available as their Model No. 37. 
Downstream of meter 23 in gas outlet line 22 is back 

pressure control valve 24 which may be adjusted to 
control the operating pressure in separator 21 at any 
desired value within a suitable range, e.g., a range of 0 
psi gauge (atmospheric pressure) to 300 psi gauge. 
Although any back pressure valve of this type may be 
used, a typical example of such a valve is a Fisher 
Governor Company, Model No. 125P valve equipped 
with a Fisher Governor Company Model No. 4,100 
pressure sensor and controller. 
A liquid outlet conduit 27 is connected to the bottom 

of separator 21 and has therein a constant volume, vari 
able speed pump 28 preferably of the positive displace 
ment type, which functions to control the withdrawal of 
liquid from the separator at any specified rate within a 
suitable range. As will be explained hereinafter, the 
pump 28 may be calibrated in terms of output versus 
pump speed in order to provide a metering function as 
well as a control function. An example of a pump that 
may be used is a variable-displacement, rotary, posi 
tive-displacement pump capable of pumping a constant 
volume at given rate and which is available from 
Blackmer Pump Company, Grand Rapids, Mich., and 
identified as Model VX. The prime mover for the pump 
may be a variable speed electric motor. 
At a point downstream of pump 28, liquid outlet con 

duit 27 has connected thereto a standpipe 30 which in 
turn leads to a vessel 31 which is adapted to contain 
fluid, thereby imposing a back pressure on pump 28 
and minimizing the pressure drop across said pump. 
Vessel 31 is provided with the means for varying the 
gas pressure therein directly with a change in the gas 
pressure within the gas separator 21. As shown in the 
drawing, this preferably takes the form of a gas line 32 
interconnecting the gas zone of separator 21 and the 
gas zone of vessel 31 so that the same gas pressure is 
maintained in both separator 21 and vessel 31. The ves 
sel 31 also is provided with suitable means 33 for main 
taining a substantially constant level of liquid therein. 
This means as shown in FIG. 1 comprises a liquid level 
sensing device 33 with a float 33a and a float regulating 
diaphram valve 34 positioned in the discharge line of 
the pump 28 at a point downstream of the innerconnec 
tion of the discharge line and the standpipe 30. One 
typical example of a valve that can be used is one ob 
tained from Fisher Governor Company, Marshalltown, 
Iowa, Model No. 125P. A typical level sensor including 
the float and attendant pilot valve are available from 
the W. C. Norris Division, Dover Corporation, 
Houston, Texas, as their series 1,000-level controls. 

Before utilizing the system in FIG. 1 in the control 
monitoring of a fluid stream such as in the testing of an 
oil well, it will be desired to calibrate the pump 28 on 
the basis of pump speed and flow rate. This may be ac 
complished by manually closing valve 34 and then 
pumping liquid from the separator 21 to vessel 31 and 
measuring the time required for a known amount of 
liquid to accummulate within the vessel 31. 
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6 
Connected to liquid outlet conduit 27 at a point up 

stream of the pump 28 is a liquid return conduit 40. 
Return conduit 40 extends from liquid outlet conduit 
27 back to the well and is fluidly connected to the in 
terior of casing 13. Connected in liquid return conduit 
40 is a flow control valve 41 which is of the same type 
as that described in relation to valve 34. A liquid level 
sensing means 44 is mounted on separator 21 and has a 
float means 44a which extends into separator 21 as a 
part thereof. This liquid level sensing device is of the 
same basic type as liquid level sensing device 33. 
Liquid level sensing means 44 is operably connected to 
valve 41 so that as the liquid level within the separator 
rises, float 44a will actuate valve 41 to open said valve 
and allow fluid to flow from liquid outlet conduit 27 
through liquid return conduit 40 into casing 13 in the 
well and to close said valve when the liquid level falls to 
allow a desired level of liquid to be maintained in 
separator 21 at all times. Although liquid return con 
duit 40 is shown as being connected to liquid outlet 
conduit, it could also be directly attached to the bottom 
of the separator without affecting its operation. 
The operation of control system 10 shown in FIG. 1 

is as follows. A multiphase fluid stream is pumped from 
the tubing 15 of well 11 through inlet conduit 20 into 
separator 21. As the gas entrained in the oil expands 
upon entry into the separator 21, it is liberated 
therefrom and occupies the upper portion of the 
separator. The separate gas phase flows from the 
separator 21 through gas outlet conduit 22 and passes 
through metering device 23 and back pressure regulat 
ing valve 24. Back pressure valve 24 is set to allow the 
gas phase to collect in the separator until a desired 
operating pressure within the separator 21 is 
established. This pressure should be a pressure equal to 
or preferably greater than the pressure existing in cas 
ing 13 of well 11. This pressure in the separator assists 
the return of liquid to the well as will be explained 
below. A first portion of the liquid phase which accu 
mulates in the bottom of separator 21 is removed 
through liquid outlet conduit 27 at a controlled rate by 
means of constant volume pump 28. As noted previ 
ously, the constant volume pump 28 may be calibrated 
such that the operation of said pump at known speed 
will produce a known flow rate so that the pump func 
tions to meter as well as to control the withdrawal of 
liquid from separator 21, This constant rate will be set 
at a value which allows a desired liquid level to be 
maintained in separator 21. 
As the liquid level within the separator 21 rises, float 

44a will actuate valve 41 to open said valve and allow a 
liquid from the separator to flow through liquid return 
conduit 40 back into casing 13 of the well. This allows a 
second portion of the liquid within separator 21 to be 
returned to well 11 and assures that the volume of fluid 
available in the well is sufficient to allow the well pump 
(not shown) to operate continuously at its capacity. 
The pressure in the separator, being equal to or greater 
than that in casing 13, will allow the liquid to return to 
the well by means of gravity or pressure assisted flow. If 
fluid is returned to the well at too great a rate, the 
liquid level within the separator will fall, which in turn 
causes float 44a to close valve 41 to allow the liquid in 
separator 21 to be maintained at a desired, reference 
level. 
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Vessel 31 and its attendant control equipment func 
tion to maintain a substantially constant and, if desired, 
a relatively minimum pressure drop across the pump. 
This allows constant volume pump 28 to operate at a 
relatively competent and high level efficiency and as 
sures that for any given constant pump speed the flow 
rate through the pump will be constant within a very 
low tolerance range. Liquid level control means 33 may 
be set to maintain the liquid within the vessel 31 at any 
desired level, although preferably the level within ves 
sel 31 will be maintained at a level not greater than that 
within the separator 21. Thus, the hydrostatic heads 
imposed upon the inlet and outlet sides of pump 28 will 
be substantially the same. It will be recognized, how 
ever, that if it is desired to increase the pressure dif 
ferential across pump 28, liquid level control means 33 
may be positioned such as to maintain a liquid within 
vessel 31 at some level below the level in the separator 
21. 
As noted previously, gas flow line 32 functions to 

equalize gas pressure within separator 21 and vessel 31. 
That is, the gas pressure within vessel 31 will be the 
same as the operating pressure within separator 21, 
neglecting the pressure loss due to the gas flow through 
line 32. 

In some instances, gas flow line 32 may be unneces 
sary. For example, where separator 21 is operating at a 
very low pressure, the pressure exerted on the input 
side of the pump will be due largely to the hydrostatic 
head of liquid within separator 21. In this case, gas flow 
line 32 may be dispensed with. 

Conversely, where the separator is operating under a 
very high pressure, e.g., on the order of 300 pounds or 
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more, most of the pressure exerted on the input side of 35 
pump 28 will be due to the gas pressure within separa 
tor 21. In this case, level control means 33 in vessel 31 
may be eliminated since the hydrostatic pressure on 
pump 28 is only a very small part of the total pressure 
exerted thereon. It will be recognized, however, that in 
this case some gas will flow through line 32 and stand 
pipe 30 and then to the outlet line 27, thus bypassing 
metering device 24. For this reason, it will usually be 
preferred to maintain a level of liquid within vessel 31 
such as shown. 
Turning now to FIG. 2, there is shown a second em 

bodiment of the control system in which the operating 
pressure within the separator of the system is at a pres 
sure less than that present in the casing of the pumping 
well. The system shown in FIG. 2 is in many respects 
similar to that shown in FIG. 1 and like elements will be 
identified by the reference numerals used in FIG. 1. 
Flow control system 110 is comprised of separating 

means which is connected to partially depleting supply 
source such as the pumping well shown in FIG. 1 by 
means of an inlet conduit 20. Separating means 21 
which is identical to that of FIG. 1 has a gas outlet con 
duit 22 with metering means 23 and back pressure 
valve 24 connected to the top thereof to measure the 
gas phase as it flows from separator 21. These com 
ponents function as they did in the first embodiment. 
Outlet conduit 27, constant volume pump 28, back 
pressure maintenance vessel 31, and flow control valve 
34 also are identical in structure and function to those 
shown in FIG. 1 so no further description in regards 
thereto is considered necessary. 
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Flow controller 110 differs from flow controller 10 in 

that a different liquid return system is utilized to return 
liquid from separator 21 to the casing of the well. 
Liquid return conduit 140 is connected to liquid outlet 
27 and extends from the liquid outlet to the casing of a 
pumping well similarly as shown in FIG. 1. A flow con 
trol valve 141 is mounted in the liquid return conduit 
and is of the same basic type as valve 41 in FIG. 1 with 
the exception that its mode of operation is reversed, as 
will be explained below, Liquid level sensing means 
144 is mounted on separator 21 and has a float 144a 
extending into the separator. This control is designed 
so that as the liquid level in separator 21 falls, the valve 
141 will be opened and as the liquid level rises in the 
separator the valve 141 will be closed. 
A bypass line 142 is provided in the liquid return 

conduit 140 and connects a point upstream of valve 
141 to a point downstream of the valve 141 thereby 
bypassing valve 141. Mounted in bypass line 142 is a 
positive displacement pump 143 for a purpose 
described below. A check valve 145 is provided in 
liquid outlet conduit 140 downstream of the bypass line 
142 and is adapted to open to allow flow from separa 
tor 21 to the casing in the well when pressure exerted 
by the liquid in outlet conduit 140 exceeds a predeter 
mined value. Again, liquid return conduit 140 is shown 
as being connected to liquid outlet line 27 but it could 
be connected directly to the bottom of separator 21 
without affecting the operation thereof. 
The general operation of the embodiment of FIG. 2 

is basically the same as that in FIG. 1 except for the 
liquid return mechanism of FIG. 2 which is necessitated 
when the operating pressure in separator 21 cannot be 
maintained equal to or greater than the pressure in the 
casing of the well. The operation of the embodiment of 
FIG. 2 is as follows. Fluid is pumped from a pumping 
well (not shown) through inlet 20 into separator 21 
where it breaks into its liquid and gas phases. The gas 
phase passes through outlet 22 and is metered by the 
appropriate measuring means 23. Constant volume 
pump 28 withdraws and meters liquid from the lower 
portion of separator 21 in the same manner as previ 
ously described. If the liquid level in separator 21 drops 
a desired value, float 144 actuates valve 141 to open 
said valve 141. This allows positive displacement pump 
143 to circulate fluid in liquid return conduit 140 
around the loop formed of bypass line 142 and that 
portion of return conduit 140 connecting the ends of 
bypass line 142 through the valve 141. Check valve 145 
is set so that it remains closed whenever valve 141 is 
open. If the liquid level in the separator begins to rise, 
float 144a will actuate valve 141 to move same toward 
a closed position so that pump 143 no longer circulates 
liquid therethrough. With valve 141 closed, pressure 
builds up in the portion of the bypass line and liquid 
return conduit between closed valve 141 and the posi 
tive displacement pump 143 until the pressure is suffi 
cient to open check valve 145 which in turn allows 
liquid to be returned by pump 143 from separator 21 
back to the well. 
Although the embodiments of the present flow con 

trol system have been described in connection with a 
pumping oil well, it should be realized that these em 
bodiments could be used in other environments where 
a multiphase fluid flow is being controlled from a par 
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tially depleting fluid source where it is desirable to cir 
culate part of the liquid phase of the multiphase fluid 
back to said source. The foregoing disclosure relates 
only to the preferred embodiment of the invention and 
is intended to cover all changes and modifications 
therein which do not constitute departure from the 
spirit and scope of the invention. 
What is claimed is: 
1. A method of testing a pumping oil well by produc 

ing liquid therefrom at a constant rate, the steps com 
prising: 
pumping produced fluids from the well to a point 

positioned from said well; 
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10 
separating said fluids at said point into liquid and gas 

phases; 
withdrawing a first portion of said liquid phase from 

said point at said constant rate; and 
returning a second portion of said liquid phase from 

said point to said well. 
2. The method of claim 1 wherein: 
said second portion of said liquid phase is returned 
from said point to said well by gravity flow. 

3. The method of claim 1 wherein: 
said second portion of said liquid phase is pumped 
from said point to said well. 
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