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ABSTRACT 

A system for reservoir control. The system alloWs segre 
gated production of ?uids, eg Water and oil, to control the 
?uid-?uid interface. DoWnhole sensors are utilized in pro 
viding data about the location of the interface. This permits 
the proactive monitoring and control of the interface prior to 
unWanted interrningling of ?uids, e.g. oil and Water, during 
production. 
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SYSTEM FOR SEPARATELY PRODUCING WATER 
AND OIL FROM A RESERVOIR 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the pro 
duction of oil and Water from a reservoir to limit the 
Watercut or Water coning effects, and particularly to a system 
that utiliZes an array of sensors for sensing the oil and Water 
interface to permit better control over the movement of that 
interface. 

BACKGROUND OF THE INVENTION 

[0002] In some oil reservoirs, the oil production rate has 
been limited by the inability to produce oil devoid of Water. 
In vertical Wells, the upper limit of oil production rates has 
been limited by Watercutting, sometimes referred to as Water 
coning, Where Water is draWn into the oil Zone perforations. 

[0003] Water coning is caused by a hydraulic potential 
difference betWeen the ?uid in the perforations and in the 
aquifer. Basically, the radial pressure drop due to oil ?oW 
causes Water to rise toWards the oil perforations. The rise of 
Water to the oil perforations may be limited by reducing the 
rate of oil production but this, of course, greatly limits the 
“clean” oil production rate. 

[0004] Attempts have been made to produce both oil and 
Water from appropriately located oil perforations and Water 
perforations to prevent the draW of Water into the oil 
perforations. The Water perforations are formed through the 
Wellbore casing, and Water is removed from the aquifer 
through the perforations at a rate that is estimated to reduce 
Water coning. One problem in eXistent systems is the diffi 
culty of controlling the production rates of oil and Water to 
ensure that neither Water coning nor oil coning into the Water 
perforation occurs. Because there is no dependable Way to 
determine the advent of Water coning or oil coning, the 
production rates of oil and/or Water are adjusted only When 
Water is found in the produced oil or oil in the produced 
Water. Once this occurs, hoWever, the produced oil or Water 
is no longer clean, and sometimes the coning effect is 
di?icult to reverse. 

SUMMARY OF THE INVENTION 

[0005] According to the present technique, a sensor array 
is utiliZed at a doWnhole location across the oil-Water 
interface. The sensors are designed to output signals from 
Which the presence of oil or Water may be determined. The 
outputs generated are used, for instance, either directly or in 
a model based on reservoir characteristics. The sensors 
permit detection of movement in the oil-Water interface 
Which, in turn, alloWs the production rate of oil and/or Water 
to be changed in a manner that Will compensate for the 
movement in the oil-Water interface. Thus, the effects of 
Water coning or oil coning can be detected and limited or 
reversed at an early stage of development. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention Will hereafter be described With 
reference to the accompanying draWings, Wherein like ref 
erence numerals denote like elements, and: 

[0007] FIG. 1 is a front elevational vieW of an exemplary 
dual completion used for the production of oil and Water; 
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[0008] FIG. 2 is a front elevational vieW of an alternate 
dual completion production system similar to FIG. 1; 

[0009] FIG. 3 is another alternate embodiment of the dual 
completion production system illustrated in FIG. 1; 

[0010] FIG. 4 is an alternate embodiment of an oil and 
Water production system in Which the Water is reinjected at 
a separate subterranean location; 

[0011] FIG. 5 is a front elevational vieW of a system for 
producing liquids from tWo separate production Zones; 

[0012] FIG. 6 is a ?oW chart illustrating an exemplary 
methodology for utiliZing data from sensors disposed 
through the interface betWeen the produced ?uids; 

[0013] FIG. 7 is an illustration similar to FIG. 5 shoWing 
additional parameters of an interface formed betWeen the 
produced liquids; 

[0014] FIG. 8A is a graphical representation of changes in 
the sensor output relative to changes in the oil-Water inter 
face; and 

[0015] FIG. 8B is another graphical representation of 
changes in the oil-Water interface relative to changes in 
sensor output. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] In the folloWing description, dual completions are 
used to produce tWo liquids from a subterranean location. 
The differing types of liquid are detected and the production 
rate of each liquid is selected to control the interface formed 
betWeen the liquids. In a typical application, the system is 
utiliZed to enhance the production of “clean” oil When an 
oil-Water interface is formed betWeen oil at a high subter 
ranean Zone and Water at a contiguous, loWer subterranean 
Zone. Although the folloWing discussion focuses on the 
production of oil and the oil-Water interface commonly 
found in certain reservoirs, the system is not limited to use 
With those speci?c liquids. 

[0017] Avariety of dual completions designs may be used 
for the production of oil and Water, as knoWn to those of 
ordinary skill in the art noW and in the future. HoWever, a 
feW general applications are described herein to enhance an 
understanding of the system and method for controlling the 
production of oil and Water in a Way that limits the formation 
of Water coning or oil coning. 

[0018] Referring generally to FIG. 1, a production system 
10 for the controlled production of oil and Water is illus 
trated. System 10 includes a dual completion having a Water 
production completion 12 and an oil production completion 
14. The dual completion is deployed in a Wellbore 16 
typically lined by a Wellbore casing 18. 

[0019] Wellbore casing 18 includes a plurality of openings 
through Which production ?uids ?oW into Wellbore 16. For 
eXample, the plurality of openings may include a set of oil 
perforations 20 through Which oil ?oWs into Wellbore 16 for 
production along a ?uid ?oW path 22. Similarly, Wellbore 
casing 18 includes a plurality of Water perforations 24 
through Which Water ?oWs into Wellbore 16. 

[0020] In the illustrated embodiment, Wellbore 16 is 
formed in a geological formation 26 having an oil Zone 28 
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disposed generally above a Water Zone 30. Oil perforations 
20 are located Within oil Zone 28 to permit the in?oW of oil 
into Wellbore 16, and Water perforations 24 are disposed 
Within Water Zone 30 to permit the in?oW of Water into 
Wellbore 16. An oil-Water interface 32 forms the boundary 
betWeen the oil Zone 28 and the Water Zone 30 and is 
preferably maintained betWeen oil perforations 20 and Water 
perforations 24. As described above, in the event removal of 
oil from oil Zone 28 is at too great a rate relative to the 
production of Water from Water Zone 30, Water coning can 
occur in Which Water cuts into the production of oil and 
enters oil perforations 20. ContrariWise, if the relative pro 
duction rate of Water from Water Zone 30 is too great, oil 
coning can occur Where the oil-Water interface 32 is draWn 
toWards Water perforations 24 until oil is draWn through 
perforations 24. 

[0021] Within Wellbore 16, the in?oW of oil from oil Zone 
28 is separated from the inflow of Water through Water 
perforations 24 by a separation device, such as a packer 34. 
Packer 34 is deployed to permit the separate production of 
Water through Water completion 12 and oil through oil 
completion 14. Effectively, packer 34 divides the Wellbore 
16 into a loWer Water Zone and an upper oil Zone by 
preventing mixing of oil and Water after the liquids enter 
Wellbore 16. 

[0022] Changes in the position of the oil-Water interface 
32 are detected by a plurality of sensors 36 disposed along 
Wellbore 16 and across oil-Water interface 32. Individual 
sensors of the array of sensors 36 are designed to detect the 
presence of a given liquid. A signal is output from each 
sensor to indicate the presence of, for example, either oil or 
Water. Thus, movement of the oil-Water interface 32 can be 
detected as it moves vertically from one sensor to the next 
along Wellbore 16. 

[0023] One exemplary plurality of sensors 36 includes an 
array of electrodes. The array of electrodes permits real-time 
sensing and controlling of the production rates of oil and/or 
Water. Due to the conductivity contrast betWeen oil and 
Water, the electrodes provide direct information regarding 
the movement of the oil-Water interface. For example, the 
electrodes can be used as passive voltage measuring sensors 
able to output a signal indicative of the presence of oil or 
Water. In an exemplary embodiment, one or more of the 
electrodes are used for current transmission While the 
remaining electrodes are used as passive voltage measuring 
sensors. In the embodiment illustrated, the electrodes extend 
along the exterior of Wellbore casing 18 above, betWeen and 
beloW the oil perforations and the Water perforations. 

[0024] The signals output by sensors 36 are transferred to 
a receiving station 38 that preferably also functions as a 
controller for controlling the flow rates of liquid through one 
or both of the Water completion 12 and the oil completion 
14. Speci?c use of the data received from sensor array 36 
may vary depending on the speci?c environment and appli 
cation. For example, the data of voltages/currents, pressures 
and flow rates may be used in conjunction With a reservoir 
model. In this application, a reservoir model is constructed 
to compute values for various production and formation 
parameters, eg given the flow rates and reservoir param 
eters, saturation levels, conductivities, pressures and the 
electrode potentials may be computed. The computed values 
are compared to the observed data, and the reservoir model 
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is iteratively updated. The ?uid production rates are adjusted 
according to neW optimiZation calculations for the model. 

[0025] In another exemplary application, the data output 
from sensors 36 is used directly rather than in conjunction 
With a reservoir model. In this approach, an estimate for the 
desired electrode sensor values or interface locations is 
made and a control algorithm is determined to adjust the 
How rate(s) of the oil and/or Water in a manner that main 
tains the electrode sensor values or the estimated oil-Water 
interface at a desired level. This approach alloWs direct 
observation of the formation rather than carrying out reser 
voir model updates. This latter approach may be called 
observation-based control. 

[0026] Regardless of Whether the sensor data is used 
directly or in conjunction With a reservoir model, the receiv 
ing station/controller 38 utiliZes the data output by sensors 
36 to adjust one or both of the flow rates of Water and oil. 
For example, in one type of production application, control 
ler 38 is coupled to an oil control valve 40 and a Water 
control valve 42, shoWn schematically in FIG. 1. Control 
valves 40 and 42 can be adjusted to permit increased or 
decreased How of oil and/or Water. 

[0027] Receiving/control station 38 can be constructed 
according to a variety of designs. The station could be 
constructed to present information from sensors 36 to an 
operator Who Would then, based on this information, adjust 
the oil and/or Water flow rates. Alternatively, receiving 
station 38 can utiliZe a computer programmed to appropri 
ately analyZe the data received from sensors 36 and auto 
matically adjust one or both of the oil and Water flow rates, 
as Would be understood by one of ordinary skill in the art. 

[0028] Also, a variety of sensors 36 can be used to detect 
the oil-Water interface 32. HoWever, When sensors, such as 
electrodes are utiliZed, the sensors preferably are deployed 
along Wellbore 16 external to Wellbore casing 18. This 
permits direct contact of sensors 36 With the surrounding oil 
or Water. 

[0029] In FIG. 1, a representative system for producing 
oil and Water is illustrated, but a variety of systems may be 
utiliZed. For example, rather than control valves, an electric 
submersible pumping (ESP) system 44 may be utiliZed, as 
illustrated in FIG. 2. In this embodiment, an ESP system 
pumps or produces Water along a Water flow path 46. 
Receiving/control station 38 is utiliZed in selecting the 
appropriate operating speed of electric submersible pumping 
system 44 to control the How of Water based on the output 
from sensors 36. Depending on the type of formation and the 
natural pressure acting on oil Zone 28, the production of oil 
along oil flow path 22 may be controlled by, for example, a 
control valve or another electric submersible pumping sys 
tem. Electric submersible pumping systems are used, for 
instance, When the natural Well pressure is not sufficient to 
raise the liquid to the surface of the earth. 

[0030] One example of a dual completion having dual 
electric submersible pumping systems is illustrated in FIG. 
3. In this embodiment, Water is produced along Water flow 
path 46 by electric submersible pumping system 44, and oil 
is produced along oil flow path 22 by a second electric 
submersible pumping system 48. By Way of example, Water 
may be produced through a tubing string 50, and oil may be 
produced through a second tubing string 52. The pump 
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speed of either or both electric submersible pumping sys 
tems 44 and 48 may be adjusted to control one or both of the 
oil and Water production rates and consequently the oil 
Water interface proximate Wellbore casing 18. 

[0031] Alternatively, Water may be produced to a subter 
ranean location 54, as illustrated in FIG. 4. In this exem 
plary embodiment, electric submersible pumping system 44 
directs the Water doWnWardly along Water ?oW path 46 
through a tubing 56. Tubing 56 extends through a loWer 
packer 58 that separates the Water intake portion of Wellbore 
16 from the Water injection portion of Wellbore 16. As 
illustrated, Water is discharged beneath loWer packer 58 into 
Wellbore 16 through a discharge end 60. The Water is then 
forced or injected into formation 26 through a plurality of 
perforations 62. Again, the production rates of oil and/or 
Water can be controlled based on data received from sensors 
36, eg electrodes disposed along the exterior of the Well 
bore casing above, betWeen and beloW perforations 20, 24 
and 62. Thus, a variety of oil and Water production systems 
can be utiliZed in controlling oil-Water interface 32. 

[0032] The data output from sensors 36 can be utiliZed in 
a variety of Ways to observe and control the oil-Water 
interface 32. Accordingly, the model based control and 
observation based control methods discussed herein are 
merely exemplary utiliZations of the data provided. For 
purposes of this discussion, it may be assumed that sensors 
36 comprise an electrode array disposed on the outside of 
Wellbore casing 18. 

[0033] In the model based control example, geological 
formation 26 is initialiZed With available knoWledge, such as 
seismics, the knoWn geology and Wellbore logs. Properties, 
such as permeabilities, capillary pressures and relative per 
meabilities are estimated, often based on core data obtained 
for the speci?c geological formation, as knoWn to those of 
ordinary skill in the art. 

[0034] Based on this available knoWledge, a reservoir 
simulation program (e.g. ECLIPSETM, available from Geo 
quest) is run to determine optimal completion distances ZO 
and ZW, as illustrated in FIG. 5. The distance ZO represents 
the distance betWeen oil perforations 20 and the original 
oil-Water interface 32. Similarly, the distance ZW represents 
the desired distance betWeen Water perforations 24 and the 
oil-Water interface 32. Based on formation properties, the 
estimated ?oW rates of Water (qW) and oil (qW) out of 
formation 26 also are estimated. When Water completion 12 
and oil completion 14 are operated to achieve the estimated 
?oW rates, a full ?oW simulation may be carried out based 
on the How rates and the formation properties. For example, 
saturation and concentration data may be used to estimate 
current/voltages at the various electrode sensor locations. 
Typically, the saturation and concentration data is converted 
into conductivity values through suitable petrophysical 
transformations to facilitate comparison of the estimated 
current/voltages at the sensor locations With the actual data 
provided by sensors 36. All of the accumulated data at 
various time points may be compared With the actual mea 
sured values from sensors 36 to update parameters of the 
model and predict optimal production values on an iterative 
basis, e.g. according to the least squares method. 

[0035] The general reservoir model approach is illustrated 
best in FIG. 6. As discussed above, How and formation data 
62 from a How control device 63, eg a pump or valve, are 
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utiliZed in creating a model of the reservoir 64. From this 
reservoir model, petrophysics (block 66) can be utiliZed to 
convert saturation and salinity distribution data 68 into 
estimated conductivity distributions 70 across electrode 
array 36. The conductivity distributions are applied to an 
electromagnetics model 72, and compared With actual out 
put from electrodes 36. The actual electrode responses 73 
are used With other data 74, eg pressure and voltage data, 
to initialiZe and update ?oW rates (see reference numeral 75) 
and, consequently, the How data 62 used by reservoir model 
64. Typically, the electrode responses 73, data 74, and 
computed data 77, eg computed pressures, are compared 
and used to update ?oW rates on an iterative basis (see block 
76). Based on the continuously updated reservoir model, the 
production rates of oil (qO) and/or Water (qW) are adjusted to 
maintain a desired oil-Water interface at a location that 
mitigates or reduces Water coning. As recogniZed by those of 
ordinary skill in the art, the actual reservoir model and the 
data utiliZed in constructing and updating the model may 
vary betWeen reservoirs and applications. 

[0036] Alternatively, an observation based control meth 
odology may be used to limit oil and Water incursion into the 
Water and oil completions, respectively. Control of the oil 
and/or Water production can be accomplished based either 
directly on the sensor voltages/currents or through the 
estimated interface location. Production control, based 
directly on the sensor voltages/currents, relies on the differ 
ence betWeen measured sensor values and the desired sensor 
values determined from knoWledge of the sensor physics 
and output relative to surrounding environment. If, on the 
other hand, the control is based on estimated interface 
location, a control algorithm is utiliZed to maintain the 
oil-Water interface 32 at a speci?c location to limit mingling 
of ?uids in the production stream. By Way of example, 
oil-Water interface 32 is observed either directly or through 
inference based on computations as discussed herein. 

[0037] In an exemplary application, a control algorithm is 
used to drive the oil-Water interface 32 to a desired interface 
location. In this example, it can be assumed that the reservoir 
in the region of interest is homogeneous. Also, the array of 
electrodes 36 is disposed on the outside of Wellbore casing 
18, as illustrated in FIG. 7. Exemplary sensors 36 include 
one (or tWo) current providing (return) electrodes (80). 
These current electrode(s) are rotated among sensors 36 so 
that the remainder of the sensors function as voltage elec 
trodes. When one current electrode operates as an injector, 
the return is at in?nity, and the other electrodes function as 
voltage measuring electrodes. By de?nition, the voltage 
electrodes draW negligible current. In another mode, volt 
ages can be maintained at the electrodes, and measured 
currents can be injected. 

[0038] Any substantial change in formation resistivity 
betWeen the voltage electrodes 82 is easily detected, because 
the leakage current from the Wellbore to the formation 
changes. Because the formation current is proportional to 
the gradient in the potential along the Wellbore, any change 
in the formation current is re?ected in terms of a jump in the 
derivative of electrical potentials along the Wellbore. The 
electrodes that straddle this particular region are sufficient to 
indicate the region of saturation change and a marker for this 
region may be established. In a situation Where the elec 
trodes are kept at a constant potential (and current injected 
is measured instead), a jump in the current injected is the 
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position of the region of saturation change at the Wellbore. 
Thus, in this situation, it is straightforward to detect the 
nominal position of the Water encroachment based on the 
voltage or current measurements of electrodes at the region 
of saturation change. Accordingly, the production rate of oil 
and/or Water can be adjusted to maintain the oil-Water 
interface 32 at a desired location. 

[0039] HoWever, in some environments, a hump or an 
anomalous rise of oil-Water contact 84 develops in addition 
to the oil-Water interface surrounding Wellbore casing 18, as 
illustrated in FIG. 7. The hump may develop aWay from the 
Wellbore at distances comparable to the thickness of the 
formation being produced. Computations have shoWn that 
for a ?xed ratio of oil to Water production, the rise-height of 
the hump 84 is governed predominantly by the oil produc 
tion rate. Thus, in such environments, increasing the oil rate 
increases the Water hump Which, upon reaching a certain 
siZe, can lead to breakdoWn of the dual production system. 

[0040] It has been determined that the production rates can 
be controlled not only for the oil-Water contact close to the 
Wellbore but also for control of hump 84. If a hump is 
formed by the advancing Water, the rise height of the hump 
may be an important factor in observation based control. 
HoWever, the height of the distant hump 84 can be obtained 
through data provided by sensors 36. (See FIGS. 8A and 
8B). 
[0041] In this particular example, We can assume that the 
height of the Water-oil contact close to the Wellbore is equal 
to Zn and that the height of the hump 84 is Zf. Based on prior 
simulations, the desired position of Zn and Zf, i.e., the set 
points, can be labeled as ZSn and ZSf, respectively. The errors 
in the near and far rise are established by the equations 

€t=Zf_Zsf. 

[0043] If submersible pumps are used for the production 
of Water and oil as With the electric submersible pumping 
systems 44 and 48 of FIG. 3, the pumps may be operated to 
produce a How rate on the basis of 

= kbbEn + kbIEj 

[0044] Where the kbt term is expected to be small com 
pared to the ?rst. 

[0045] The oil rate is controlled by 

[0046] Where the ktb term is again expected to be small. All 
of the k terms are control constants that Will vary depending 
on the application and formation but are best obtained by 
direct How and electromagnetics simulation of the reservoir. 
The k values do not need to be optimiZed strictly but rather 
k values can be selected that appear to produce a reasonable 
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response. An alternative to the above equations for control 
ling the ratio of Water to oil rates, involves directly choosing 
to control Water rates based on the errors C. Also, depending 
the formation characteristics and the devices used for pro 
ducing Water and oil (e.g. control valves), additional or 
different terms may be required to better approximate the 
How rates required to adequately control the oil-Water inter 
face. 

[0047] Referring to FIGS. 8A and 8B, examples of actual 
electrode array responses are provided that re?ect Water rise 
height near the Wellbore (Zn) and rise height of the hump 84 
(Zf). In this example, the original oil-Water interface Was at 
approximately 1,120 feet and has moved up to 1,115 feet at 
the Wellbore during production. This change, Zn, is seen as 
a discontinuity in the derivative of voltages output by 
electrodes 82. The computation of Zn is straightforWard 
based on the output from sensors 36, as best illustrated in 
FIG. 8A. 

[0048] In this same example, the movement of the hump 
is detected (and therefore inverted) from the electrode array 
data, as illustrated in FIG. 8B. In this sample, the difference 
in the computed response based on output from sensors 36 
provides an estimated hump height change of 5 feet. 

[0049] HoWever, it should be noted that the discussion 
above is merely of exemplary uses of the data provided by 
sensor array 36. The actual calculation of a hump height may 
or may not be necessary, depending on the particular for 
mation and the production rates. Additionally, the produc 
tion equipment, conductivity of the liquids being produced, 
formation characteristics, type of sensor array 36, etc. all 
affect the formulas, models or direct usage of the output 
data. HoWever, the data can readily by adapted to aid in the 
real time monitoring and control of ?uid production for 
preventing intermingling of liquids due to Water coning or 
oil coning. 

[0050] It Will be understood that the foregoing description 
is of exemplary embodiments of this invention, and that the 
invention is not limited to the speci?c forms shoWn. For 
example, variety of sensors may be utiliZed, eg a distribu 
tion of pressure sensors or acoustic sensors. Similar to 

segregated oil/Water production, it is to be understood that a 
gas/oil interface may be detected (by, for example, acoustic 
sensors) and controlled by adjusting gas and oil rates similar 
to adjustment of the oil and Water rates based on the 
equations given above for the oil/Water system. Also, the 
procedure described above can be further extended to 
include segregated three phase production of gas, oil and 
Water. Furthermore, different types of completions and 
arrangements of completions can be utiliZed to remove oil 
and Water from the formation; and the models or algorithms 
used in estimating any changes in liquid production rates 
may be adjusted according to the environment and speci?c 
application. These and other modi?cations may be made in 
the design and arrangement of the elements Without depart 
ing from the scope of the invention as expressed in the 
appended claims. 

What is claimed is: 

1. A method for reducing Watercut during the production 
of a desired production ?uid from a Well having a Wellbore 
lined by a Wellbore casing, comprising: 
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perforating the Wellbore casing proximate a production 
?uid Zone and a Water Zone to permit ingress of a 
production ?uid and Water into the Wellbore; 

producing the production ?uid from the production ?uid 
Zone; 

removing the Water from the Water Zone to reduce Water 
cut into the production ?uid Zone; 

sensing the location of an interface betWeen the produc 
tion ?uid and the Water via a sensor array deployed 
external to the Wellbore casing; and 

adjusting the rate at Which at least one of the production 
?uid and the Water moves into the Wellbore based at 
least in part on the location of the interface. 

2. The method as recited in claim 1, Wherein producing 
comprises producing a petroleum product. 

3. The method as recited in claim 2, Wherein sensing 
comprises utiliZing an electrode sensor array. 

4. The method as recited in claim 3, further comprising 
obtaining a plurality of output values from the electrode 
sensor array and utiliZing those values in a reservoir model 
to determine Whether a change in the ?oW rate of the 
petroleum product or the Water is desired. 

5. The method as recited in claim 3, Wherein adjusting is 
based directly on a plurality of output values from the 
electrode sensor array. 

6. The method as recited in claim 3, Wherein producing 
the petroleum product comprises producing the petroleum 
product through a completion. 

7. The method as recited in claim 6, Wherein removing the 
Water comprises removing the Water via a second comple 
tion. 

8. The method as recited in claim 7, Wherein the comple 
tion comprises an electric submersible pumping system. 

9. The method as recited in claim 8, Wherein the second 
completion comprises a second electric submersible pump 
ing system. 

10. The method as recited in claim 7, Wherein removing 
comprises removing the Water to a location at the surface of 
the earth. 

11. The method as recited in claim 7, Wherein removing 
comprises reinjecting the Water at a subterranean location. 

12. The method as recited in claim 7, Wherein the comple 
tion comprises a control valve. 

13. The method as recited in claim 12, Wherein the second 
completion comprises a second control valve. 

14. The method as recited in claim 3, Wherein utiliZing 
includes deploying at least one electrode of the electrode 
sensor array as a current emitter. 

15. A method for determining and controlling the location 
of a ?uid-?uid interface along a Wellbore used in the 
production of oil, comprising: 

deploying a plurality of sensors along an exterior of the 
Wellbore above and beloW the ?uid-?uid interface; and 

outputting a signal from each sensor to indicate the 
presence of a ?rst ?uid or a second ?uid. 

16. The method as recited in claim 15, Wherein outputting 
comprises outputting a signal indicative of oil as the ?rst 
?uid. 

17. The method as recited in claim 16, Wherein outputting 
comprises outputting a signal indicative of Water as the 
second ?uid. 
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18. The method as recited in claim 17, further comprising: 

adjusting at least one of an oil production rate and a Water 
production rate based on the signals output from the 
plurality of sensors. 

19. The method as recited in claim 18, Wherein deploying 
comprises deploying an electrode array having a plurality of 
electrodes able to output a voltage signal indicative of the 
presence of oil or Water. 

20. The method as recited in claim 19, Wherein deploying 
comprises deploying at least one electrode that is a current 
emitter. 

21. The method as recited in claim 19, Wherein deploying 
comprises locating the plurality of electrodes external to a 
Wellbore casing lining the Wellbore. 

22. The method as recited in claim 21, further comprising 
determining the height of a hump in the oil-Water interface 
remote from the Wellbore. 

23. The method as recited in claim 19, Wherein adjusting 
comprises pumping the oil via an electric submersible 
pumping system. 

24. The method as recited in claim 23, Wherein adjusting 
comprises pumping the Water via a second electric submers 
ible pumping system. 

25. The method as recited in claim 24, Wherein pumping 
the Water includes directing the Water to a subterranean 
injection location. 

26. The method as recited in claim 15, Wherein outputting 
comprises outputting a signal indicative of a gas as the ?rst 
?uid. 

27. A system for controlling an oil-Water interface dis 
posed about a Wellbore utiliZed in the production of an oil, 
comprising: 

a ?rst completion disposed Within the Wellbore for pro 
ducing oil; 

a second completion disposed Within the Wellbore for 
producing Water; and 

a sensor array disposed along the Wellbore across an 
oil-Water interface formed betWeen the oil and the 
Water, Wherein at least one of the ?rst and the second 
completions may be controlled to adjust the location of 
the oil-Water interface based on output from the sensor 
array. 

28. The system as recited in claim 27, Wherein the sensor 
array comprises a plurality of electrodes able to output 
signals that may be used to determine the presence of an oil 
or a Water. 

29. The system as recited in claim 28, Wherein the sensor 
array comprises at least one electrode that is a current 
emitter. 

30. The system as recited in claim 28, Wherein the 
Wellbore is lined by a Wellbore casing and the plurality of 
electrodes are positioned outside the Wellbore casing. 

31. The system as recited in claim 28, Wherein the ?rst 
completion comprises a control valve. 

32. The system as recited in claim 28, Wherein the ?rst 
completion comprises an electric submersible pumping sys 
tem. 

33. The system as recited in claim 28, Wherein the second 
completion comprises a control valve. 

34. The system as recited in claim 28, Wherein the second 
completion comprises an electric submersible pumping sys 
tem. 


