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ANNULUS PLUGGING DETECTION USING A 
PRESSURE TRANSMITTER IN GAS-LIFT OIL 

PRODUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is based on and claims the 
bene?t of US. provisional patent application Ser. No. 
60/542,185, ?led Feb. 5, 2004, the content of Which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is related to gas-lift oil 
production operations. More particularly, the present inven 
tion is related to improved annulus plugging detection in 
such operations. 

[0003] The gas-lift method of lifting crude oil is used in 
many of the World’s oil Wells. Indeed, in ?elds Where 
signi?cant quantities of associated gas are present and 
produced solids are involved, it is the preferred method of 
augmenting the natural reservoir pressure and thus increas 
ing production. 
[0004] Because the technique involves comparatively 
compact equipment at the Well head, it is especially attrac 
tive Where space is at a premium, such as offshore, and 
Where access for maintenance is restricted. 

[0005] FIG. 1 is diagrammatic vieW of a typical gas-lift oil 
Well. Central pipe 10 de?nes a passageWay 12 through 
Which crude oil ?oWs in the direction of arroW 14 up to the 
ground and ultimately to one or more collection stations. 
The middle section includes middle conduit 16 disposed 
preferably, concentrically, about pipe 10 to de?ne an inner 
annulus 17 betWeen conduit 16 and pipe 10. PressuriZed gas 
is injected into inner annulus 17 and travels doWn, in the 
direction of arroW 18, to the bottom of the piping. The 
pressuriZed gas then enters the middle section that contains 
the crude oil through a special section. This creates lift for 
the crude oil to ascend via pipe 10 to the surface. By the 
nature of this process, inner annulus 17 is highly pressuriZed 
and often has temperatures exceeding that of ambient. An 
outer shell 20 de?nes an outer annulus 22 betWeen shell 20 
and conduit 16. Outer annulus 22 and shell 20 help protect 
the environment against leaks and any thermal impacts of 
the pumping operation. In an ideal situation, the pressure 
Within outer annulus 22 is slightly beloW atmospheric pres 
sure and Would not have any materials, such as oil or gas, 
disposed therein. HoWever, in actual operations, outer annu 
lus 22 may become pressuriZed due to leaks from inner 
annulus 17 or cracks in conduit 16 de?ning the barrier 
betWeen inner annulus 17 and outer annulus 22. The pres 
sure Within outer annulus may sometimes reach levels on the 
order of 2000 pounds per square inch. In these cases, a 
special permit may be required from the state, or other 
suitable regulatory authority, to operate the Well. In such 
situations, the pressure Within outer annulus 22 must be 
monitored to comply With regulations. 

[0006] One factor that complicates monitoring the pres 
sure Within outer annulus 22 is material disposed Within 
annulus 22, Which may become ?lled (partially or fully) With 
materials such as Water, mud, oil from the surroundings or 
from the reservoir. The presence of these materials can 
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create a signi?cant problem for pressure measurement 
because they may freeZe at relatively high temperatures due 
to the signi?cant pressures involved. As illustrated in FIG. 
1, a pressure transmitter, such as transmitter 24 is sometimes 
operably coupled to outer annulus 22 in order to monitor the 
pressure therein. 

[0007] During normal oil pumping operations, the Well 
temperature may be around 160° E, which is induced by the 
relatively high-pressure gas injection to the system. Due to 
various reasons, the Well may stop operation occasionally. In 
this case, the Well temperature close to ground and Well head 
above ground Will drop in temperature to that of ambient. In 
these cases, the material inside outer annulus 22 can freeZe 
creating a plug in annulus 22 and/or instrument piping 26. 
When this happens, pressure measurements taken using 
transmitter 24 Will no longer re?ect the actual pressures in 
outer annulus 22. When the Well starts to operate again, the 
temperature in the Well starts to rise. This temperature rise 
Will cause expansion of the material in the bottom sections 
of annulus 22. Since there may be a froZen plug at the top 
section, signi?cant increases in pressure in annulus 22 beloW 
the plug can occur. Outer annulus pressures exceeding 4000 
pounds per square inch have been observed during this 
process. Due to the froZen plug at the top of annulus 22, 
pressure measured using transmitter 24 Will not indicate this 
severe pressure rise. Therefore, routine pressure monitoring 
at the Well head may not help detect the issue. If the pressure 
in the Well rises too much, it may cause an explosion at the 
top With leakage to the environment and potentially serious 
injury or even death. 

[0008] Accordingly, it is extremely important to determine 
Whether the outer annulus is becoming, or has become 
plugged. Further, in order to ensure that additional costs are 
not required in this monitoring process, it Would be bene? 
cial if such monitoring could be done Without adding 
signi?cant hardWare, or technician time. 

SUMMARY OF THE INVENTION 

[0009] Outer annulus plugging detection is provided for 
gas-lift oil Wells. The outer annulus detection is effected 
using a pressure transmitter. The pressure transmitter pro 
vides an indication of pressure Within an outer annulus of the 
oil Well. Aparameter related to a plurality of outer annulus 
pressure readings is used to provide an indication of annulus 
plugging. Examples of the statistical parameter include 
mean and standard deviation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 
Well. 

[0011] FIG. 2 is diagrammatic vieW of a pressure trans 
mitter operably coupled to an outer annulus in accordance 
With an embodiment of the present invention. 

FIG. 1 is diagrammatic vieW of a typical gas-lift oil 

[0012] FIG. 3 shoWs results from a test performed in 
accordance With an embodiment of the present invention. 

[0013] FIG. 4 shoWs the standard deviation as a function 
of time for the same test cases as that of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0014] FIG. 2 is diagrammatic vieW of a pressure trans 
mitter 100 operably coupled to outer annulus 22. Pressure 
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sensor 102 of transmitter 100 is ?uidically coupled to 
annulus 22 and has an electrical characteristic that varies 
With the pressure in annulus 22. Pressure sensor 102 can be 
a capacitive-type pressure sensor, a resistance-based strain 
gauge-type sensor, or any other suitable type of sensor. 
Pressure sensor 102 is electrically coupled to analog to 
digital converter 104. Converter 104 converts an analog 
signal from sensor 102 into a digital value that it provides, 
via line 106, to controller 108. Additionally, in accordance 
With one embodiment of the invention, converter 104 may 
provide an auxiliary output 110, illustrated in phantom, that 
simply re?ects a digital bitstream indicative of the analog 
reading. The use of a digital bitstream alloWs higher reso 
lution, Which is useful for some types of statistical process 
ing. For example, While a traditional analog to digital 
converter may provide digital conversions on line 106 at 
approximately 22 times per second, the frequency of the 
digital bitstream on line 110 may be over 100 kHZ. 

[0015] PoWer module 112 can include any suitable cir 
cuitry for receiving and conveying poWer to the components 
of transmitter 100. Module 112 is coupled to all components 
requiring poWer as indicated at line 114. Module 112 may 
include an energy storage cell, or may include suitable 
circuitry to couple to a source of energy. It is knoWn for 
some process industry standard protocols to provide oper 
ating poWer. Examples of such protocols include HART, and 
FOUNDATIONTM Fieldbus. PoWer module 112 may also 
include one or more suitable transducers for converting 

potential energy into electrical energy for transmitter 100. 
Thus, module 112 may include one or more solar cells, for 
example. 

[0016] Communications module 116 is coupled to con 
troller 108 and alloWs transmitter 100 to communicate to 
one or more external devices. In embodiments Where trans 

mitter 100 is expected to communicate using an industry 
standard process communication protocol, module 116 Will 
be suitably adapted. For example, if transmitter 100 is to 
communicate using the FOUNDATIONTM ?eldbus protocol, 
module 116 may include any suitable knoWn ?eldbus com 
munications circuitry. Transmitter 100, in some embodi 
ments, can provide a ?rst signal indicative of pressure Within 
annulus 22, and a second signal indicative of annulus 
plugging. KnoWn protocols alloW such signals to be pro 
vided over the same communication lines. For example, one 
signal could be provided in analog format, and the second 
signal could be a superimposed digital signal. 

[0017] Controller 108 is preferably a microprocessor. 
Controller 108 could be part of transmitter 100, or may 
reside in a remote location from transmitter 100. Controller 
108 may include internal memory (not separately illustrated) 
and/or may be coupled to external memory 120. Using 
internal memory, external memory 120, or any combination 
thereof, controller 108 Will store pressure measurement data 
related to readings from pressure sensor 102 over time. In 
accordance With embodiments of the present invention, it 
has been determined that secondary calculations based upon 
a plurality of temporally spaced readings related to pressure 
sensor 102 can reveal the plugging of annulus 22. Much of 
the remainder of the description Will focus upon the use of 
statistical parameters. HoWever, embodiments of the present 
invention can be practiced using other analytical techniques 
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such as fuZZy logic, neural netWorks, learning techniques, 
trend analysis, and any other suitable methods, or any 
combination thereof. 

[0018] In order to understand the effects of plugging, 
various simulations Were performed both on real oil Wells 
and on simulated laboratory rigs. In these simulations, 
various valves on instrument piping Were used to arti?cially 
induce a plugged annulus condition by isolating the mea 
surement device from the process. A commercially available 
pressure transmitter sold under the trade designation 3051 S 
T, available from Rosemount, Inc., of Eden Prairie, Minn., 
Was used as the pressure-measuring device. This transmitter 
Was equipped With an auxiliary data channel 110 for pro 
viding fast updating diagnostics for statistical calculations. 
The tWo statistical calculations used in the simulations Were 
mean and standard deviation of the pressure measurement. 
HoWever, embodiments of the present invention should not 
be considered to be limited to such statistical calculations. 

[0019] FIG. 3 shoWs results from one of the test per 
formed. This plot presents the mean parameter as a function 
of time. In this particular case, the normal operating pressure 
in outer annulus 22 is approximately 426 pounds per square 
inch. Every time that a valve Was closed to simulate annulus 
plugging, the mean parameter pressure reading shoWed a 
signi?cant drop in value compared to normal operating 
pressure. It has been concluded that the temperature changes 
and pipe/valve leaks contribute to this change as a result of 
plugging. Accordingly, pressure transmitter 100 can be 
characteriZed, or otherWise calibrated to a knoWn non 
plugged condition. Then, if the mean of the pressure sensor 
readings deviates beyond an alloWable threshold from the 
baseline “good” condition, an alarm, or other suitable indi 
cation, is provided from pressure transmitter 100 indicating 
annulus plugging. 
[0020] FIG. 4 shoWs the standard deviation as a function 
of time for the same test cases of that of FIG. 3. The 
standard deviation parameter presents a signi?cantly more 
distinctive signature for plugging indications. Each time the 
system Was plugged, a peak Was observed in the standard 
deviation. As is apparent from the results illustrated in FIG. 
4, standard deviation may be used alone, or in combination 
With the mean to provide annulus plugging detection. 

[0021] Another challenging situation for annulus plugging 
detection is When a Well is stopped and started. In this case, 
the pressures in outer annulus 22 Will not be as high as 
during normal operation. HoWever, statistical process moni 
toring may still be used in this case. If training has been 
performed on the pressure transmitter before the pumping 
operation is shut doWn, then the outer annulus mean pressure 
and its standard deviation can be recorded as baseline. When 
the Well is started again, it is expected that the pressure 
measurements are expected to rise from its shutdoWn levels 
if there is no plugging. If there is plugging, the pressure 
measurements Will not signi?cantly rise, thus indicating 
plugged annulus. Thus, in accordance With one embodiment 
of the present invention, pressure transmitter 100 is provided 
With a noti?cation regarding pumping operations, either 
stopping, starting, or both. Thus, When pressure transmitter 
100 receives a noti?cation that pumping is starting again, it 
may Wait a pre-selected duration before expecting measure 
ments to be acceptable. 

[0022] While it is preferred that monitoring of a statistical 
parameter related to the outer annulus pressure be done 
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continuously, embodiments of the present invention can be 
practiced by accessing the outer annulus pressure at selected 
intervals, or even in response to technician requests. HoW 
ever, sufficient numbers of pressure measurements must be 
taken by pressure sensor 102 in order to provide statistical 
computations. 
[0023] Although the present invention has been described 
With reference to preferred embodiments, Workers skilled in 
the art Will recognize that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A system for detecting outer annulus plugging in a 

gas-lift oil Well, the system comprising: 

a pressure transmitter operably coupleable to the outer 
annulus of the gas-lift oil Well, the pressure transmitter 
being adapted to provide a signal related to pressure 
Within the outer annulus; and 

a controller con?gured to receive the signal and obtain a 
plurality of pressure measurements relative to the outer 
annulus, Which measurements are temporally spaced, 
the controller being con?gured to calculate a parameter 
indicative of annulus plugging based on the plurality of 
pressure measurements. 

2. The system of claim 1, Wherein the controller is a 
component of the pressure transmitter. 

33. The system of claim 1, Wherein the pressure transmitter 
is adapted to provide a ?rst signal indicative of pressure 
Within the outer annulus, and a second signal indicative of 
plugging. 

4. The system of claim 3, Wherein the pressure transmitter 
communicates over a digital process communication loop. 

5. The system of claim 1, Wherein the pressure transmitter 
is poWered by a digital process communication loop. 

6. The system of claim 1, Wherein the pressure transmitter 
further comprises an analog-to-digital converter providing 
digital conversions to the controller. 

7. The system of claim 1, Wherein the pressure transmitter 
further comprises an analog-to-digital converter providing a 
high-speed bitstream to the controller. 
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8. The system of claim 1, Wherein the parameter is a 
statistical parameter. 

9. The system of claim 8, Wherein the statistical parameter 
is mean. 

10. The system of claim 8, Wherein the statistical param 
eter is standard deviation. 

11. The system of claim 8, Wherein the statistical param 
eter is a combination of mean and standard deviation. 

12. The system of claim 1, Wherein the parameter is 
calculated using fuZZy logic. 

13. The system of claim 1, Wherein the parameter is 
calculated using a neural netWork. 

14. Amethod of determining Whether an outer annulus of 
a gas-lift oil Well is at least partially plugged, the method 
comprising: 

obtaining a plurality of temporally spaced pressure mea 
surements Within the outer annulus; 

calculating a statistical parameter using the plurality of 
measurements; and 

providing an indication of plugging based upon the sta 
tistical parameter. 

15. The method of claim 14, Wherein the method is 
performed by a pressure transmitter. 

16. The method of claim 14, Wherein the statistical 
parameter is mean. 

17. The method of claim 14, Wherein the statistical 
parameter is standard deviation. 

18. A gas-lift oil Well comprising: 

a ?rst pipe having a ?rst pipe Wall de?ning an interior 
adapted to convey pressuriZed crude oil; 

a second pipe having a second pipe Wall de?ning an inner 
annulus With the ?rst pipe Wall; 

an outer shell de?ning an outer annulus With the second 
pipe Wall; and 

means for detecting plugging of the outer annulus. 


