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(57) ABSTRACT 

Amethod and system for the doWnhole separation of a Water 
and oil mixture and disposal of separated Water utilizing a 
hydrostatic pressure head is disclosed. Aseparator apparatus 
is located in a Wellbore at a depth substantially above a Water 
disposal formation. A mixture of oil and Water is received 
from an oil producing formation and delivered to the sepa 
rator apparatus. The oil and Water mixture is separated into 
separated Water and separated oil by the separator apparatus. 
The separated oil is delivered to the Well surface. The 
separated Water is discharged from the separator apparatus 
into the Wellbore creating a column of Water above the Water 
disposal formation. The hydrostatic pressure created by the 
column of Water is ideally sufficient to cause the separated 
Water to dissipate into the Water disposal formation. Alter 
natively, an auxiliary disposal pump may also be used to 
augment the hydrostatic pressure in the Wellbore to further 
cause dissipation of the separated Water into the Water 
disposal formation. 
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METHOD AND SYSTEM FOR OIL AND WATER 
SEPARATION UTILIZING A HYDROSTATIC 
PRESSURE HEAD FOR DISPOSAL OF WATER 

FIELD OF INVENTION 

[0001] This invention relates generally to oil Well produc 
tion, and more particularly, to systems and methods for 
separating oil and Water in Wellbores so that substantially 
only oil is produced to Well surfaces. 

BACKGROUND OF THE INVENTION 

[0002] During the production of hydrocarbon ?uids from 
an oil Well, separation of Water from hydrocarbons is typi 
cally done after the Water and hydrocarbons are produced to 
a Well’s surface. The separated Water must then be disposed 
of in accordance With standard oil?eld practices and local 
regulations. In many areas, this involves re-injecting the 
produced Water into a dedicated injection Well. This method 
not only requires an additional Well, but large amounts of 
costly surface mounted separation and injection equipment. 

[0003] One manner of addressing draWbacks associated 
With surface separation and disposal of Water is to separate 
hydrocarbon ?uids from Water, and other contaminants, 
doWn in the Wellbore of a Well. Ideally, the desired hydro 
carbons are produced to the Well’s surface While the con 
taminants are reinjected into formations adjacent the Well 
bore. As the contaminants are disposed of Without ever 
coming to the surface of the earth, or to an offshore platform, 
or even to an ocean ?oor, environmental concerns associated 

With the disposal of the contaminants are substantially 
reduced. Similarly, large expenditures related to the surface 
separation and disposal of these contaminants is avoided. 

[0004] An example of such a doWnhole separation system 
is described in US. Pat. No. 4,241,787 to Price. This 
separation system is placed in a Wellbore adjacent to a 
producing formation containing an oil and Water mixture. 
This mixture is received in the Wellbore and passed to the 
separation system. The separation system includes a mem 
brane separator, a crude oil pump and a brine pump. The 
membrane alloWs Water to readily permeate there through 
While inhibiting the passage of oil. The crude oil pump is 
used to pump separated oil to a Well surface. Concurrently, 
the brine pump is utiliZed to drive Water into a disposal 
formation in ?uid communication With the Well bore. 

[0005] This particular separation system has a number of 
draWbacks. First, the separation system is quite complex as 
it contains both a brine pump and an oil pump. Substantial 
plumbing is required to interconnect the passages of this 
separation system. Consequently, the separation system is 
expensive to manufacture and is more prone to failure than 
a simpler system. Further, as the brine pump is disposed 
adjacent to the oil producing formation, the brine pump must 
provide the primary force to dissipate the separated salt 
Water into the disposal formation. Moreover, as the separa 
tion system is disposed deep doWn in a Wellbore, great 
expense and time is needed to WithdraW and reinstall the 
separation system When servicing is required. 
[0006] Accordingly, there is a need for a simpli?ed sepa 
ration system Which overcomes many of the aforementioned 
shortcomings of previous doWnhole separation systems. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present to provide a doWnhole 
separation system and method of using the same Which 
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utiliZes a separator apparatus Which is located in a Wellbore 
above a Water disposal formation Whereby separated Water 
may be disposed of into the disposal formation substantially 
under the in?uence of gravity or hydrostatic pressure. 

[0008] It is another object to provide a separation system 
that is simpli?ed compared to previously used doWnhole 
separation systems. 
[0009] It is yet another object to provide a doWnhole 
separation system Wherein only a single primary pump is 
required to provide suf?cient lift to a Water and oil mixture 
to lift the mixture to a separator apparatus, induce separa 
tion, and then further convey the separated oil to a Well 
surface. 

[0010] A further object is to provide a separation system 
for Wellbore separation of hydrocarbons from Water in a 
Wellbore using a separator apparatus that is easily accessible 
for maintenance and repair. 

[0011] The present invention is directed to a method and 
system for separating Water and oil in a Wellbore and 
disposing of the separated Water into an underground Water 
disposal formation. The Wellbore extends from a Well sur 
face to a Water disposal formation and to an oil producing 
formation. A packer in the Wellbore separates the Water 
disposal formation and the oil producing formation. A sepa 
rator apparatus is ideally placed in the Wellbore at a height 
substantially above the Water disposal formation and pref 
erably, also above the oil producing formation. Aproduction 
string disposed Within the Wellbore includes a ?rst segment 
that receives the Water and oil mixture from the oil produc 
ing formation and transports the mixture to the separator 
apparatus. A second segment of the production string is used 
to transport the separated oil from the separator apparatus to 
the surface of the Well. The separator apparatus substantially 
separates the Water and oil mixture into separated Water and 
separated oil. The separated Water ideally passively ?oWs 
from the separator apparatus to create a column of Water in 
the Wellbore above the disposal formation. The hydrostatic 
pressure created by the column of Water helps the Water 
dissipate into the Water disposal formation. MeanWhile the 
separated oil is passed through the second segment of the 
production string to the Well surface for treatment or storage. 
Ideally, the separator apparatus includes a membrane to 
separate the Water and oil mixture. Preferably, only a single 
conventional pump disposed near the oil producing forma 
tion is needed to provide suf?cient lift to pump the Water and 
oil mixture to the separator apparatus and further to lift the 
separated oil to the Well surface. 

[0012] The invention also includes forming a sealed Water 
disposal chamber in the Wellbore. The sealed Water disposal 
chamber preferably includes the column of Water to create a 
hydrostatic pressure head. An auxiliary pump may be used 
to augment the pressure in the Water disposal chamber When 
there is not suf?cient hydrostatic pressure to dissipate the 
separated Water into the Water disposal formation. 

[0013] This invention further includes the separating of a 
Water and oil mixture into separated Water and separated oil 
on the surface of a Well from Which the mixture Was 
produced. Separated Water and contaminants are then dis 
posed of doWn into the same producing Wellbore. Hydro 
static pressure, and possibly auxiliary pressure provided by 
a pump, is then utiliZed to dissipate the separated Water into 
a doWnhole disposal formation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other objects, features and advantages of 
the present invention Will become better understood With 
regard to the following description, pending claims and 
accompanying draWings Where: 

[0015] FIG. 1 is an exemplary schematic sectional vieW of 
a separation system, made in accordance With the present 
invention, Which utiliZes a separator apparatus to separate 
Water and oil in a Wellbore and Which disposes of the 
separated Water utiliZing a column of Water to create a 
hydrostatic pressure head; 

[0016] FIG. 2 is an exemplary schematic sectional vieW of 
one type of separator apparatus that may be used With the 
system of FIG. 1; 

[0017] FIG. 3 is an exemplary schematic sectional vieW of 
a second embodiment of a separation system similar to the 
system of FIG. 1 Which is augmented With an auxiliary 
disposal pump to assist in the disposal of separated Water; 
and 

[0018] FIG. 4 is an exemplary schematic sectional vieW of 
a third embodiment, made in accordance With the present 
invention, Wherein a Water disposal formation is located 
beneath an oil producing formation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] FIG. 1 shoWs a separation system 10 made in 
accordance With a ?rst exemplary embodiment of the 
present invention. System 10 includes a Wellbore 12 that 
extends doWnWardly from a Well surface 14 and ?uidly 
connects With a ?rst Water disposal formation 16 and a 
second oil producing formation 18. In this particular 
embodiment, Water disposal formation 16 is located above 
oil producing formation 18. Oil producing formation 18 
contains a mixture of oil and Water along With other con 
stituents and contaminants such as natural gas, particulates, 
hydrogen sul?de, carbon dioxide, etc. Apacker 20 is placed 
in Wellbore 12 to isolate oil producing formation 18 from 
Water disposal formation 16. Packer 20 is ideally equipped 
With a gas vent (not shoWn) to alloW free gas from oil 
producing formation 18 to pass upWardly into Wellbore 12. 
HoWever, a non-vented packer Will still alloW system 10 to 
operate. Wellbore 12 includes perforations 22 that alloW the 
Water and oil mixture from oil producing formation 18 to 
enter Wellbore 12. Similarly, Wellbore 12 has perforations 24 
that alloW separated Water to dissipate from Wellbore 12 into 
Water disposal formation 16. AWellhead 25 provides closure 
to the upper end of Wellbore 12. 

[0020] A separator apparatus 26 is interposed in a produc 
tion string 28 of tubing that is disposed Within Wellbore 12. 
An upper segment 30 of production string 28 extends from 
the Well surface 14 to separator apparatus 26. A second 
loWer segment 32 of production string 28 extends from 
separator apparatus 26 to a pump 34 Which is preferably 
located in Wellbore 12 adjacent to oil producing formation 
18. The Water and oil mixture that passes into Wellbore 12 
through perforations 22 enters segment 32 of production 
string 28 and travels to separator apparatus 26. Separator 
apparatus 26 separates the Water and oil mixture substan 
tially into separated Water and separated oil. The separated 
oil passes up upper segment 30 of production string 28 and 
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is stored in a storage vessel 36. Alternatively, the separated 
oil could pass along a pipeline (not shoWn) or otherWise be 
further processed by surface equipment (also not shoWn.) 
Concurrently, Water separated by separator apparatus 26 is 
ideally passively discharged from separator apparatus 26. 
That is, separator apparatus 26 preferably does not require a 
pump therein to expel separated Water from separator appa 
ratus 26. The discharged Water ?oWs under the force of 
gravity doWnWardly Within Wellbore 12 creating a column of 
Water above packer 20. 

[0021] Perforations 24 in Wellbore 12 adjacent Water dis 
posal formation 16 alloW the column of separated Water to 
dissipate into Water disposal formation 16. 

[0022] Pump 34 may not be needed Where there is suffi 
cient reservoir pressure in oil producing formation 18 to 
drive the Water and oil mixture to separator apparatus 26 and 
the separated oil to the Well surface 14 for collection. Where 
arti?cial lift is needed, it is preferred, although not required 
in this invention, that only a single pump 34 provide the 
necessary driving force to lift the Water and oil mixture to 
separator apparatus 26 and the separated oil to Well surface 
14. This simpli?es system 12 over other systems Which use 
a primary pump to lift an oil and Water mixture to a separator 
apparatus and still require additional pumps to pump the 
separated oil to a Well surface. HoWever, While not preferred, 
it is still Within the scope of this invention to use such an 
auxiliary oil pump, if necessary, to lift oil from the separator 
apparatus to the surface of the Well While still bene?ting 
from the use of a hydrostatic pressure head to dissipate Water 
into a Water disposal formation. In this exemplary embodi 
ment, the primary pump system includes a pump jack 38 and 
a string of sucker rods 40 to drive a reciprocating pump 34. 
By Way of example and not limitation, those skilled in the 
art Will understand that alternative lift systems may also be 
used, such as an electric submersible pump or a hydraulic 
pump, to lift the Water and oil mixture to separator apparatus 
26. 

[0023] Separator apparatus 26 is ideally, although it is not 
required to be, positioned near Well surface 14. The posi 
tioning of separator apparatus 26 near Well surface 14 serves 
tWo purposes. First, only a relatively short ?rst or upper 
segment 30 of production string 28 need be WithdraWn from 
Wellbore 12 to gain access to separator apparatus 26. This 
alloWs for quick and inexpensive servicing if separator 
apparatus 26 must be taken to the surface 14 for repair or 
replacement. Second, by maintaining separator apparatus 26 
generally near the Well surface 14 of Wellbore 12, the height 
differential betWeen separator apparatus 26 and Water dis 
posal formation 16 is maximiZed. Accordingly, the hydro 
static pressure head betWeen Water leaving separator appa 
ratus 26 and Water entering disposal formation 16 is likeWise 
maximiZed. While it is not preferred, separator apparatus 26 
could be positioned at or above the Well surface 14 With 
separated Water again being disposed doWn Wellbore 12 thus 
still enjoying the disposal advantages provided by this 
invention. Separated oil Would again be delivered to a 
storage facility such as tank 36 or otherWise processed or 
transported aWay from Wellbore 12. 

[0024] The respective depths to the top of separator appa 
ratus 26 and to the top of Water disposal formation 16 are 
identi?ed in FIG. 1 as d1, and d2. Ideally, the ratio d2/d1 of 
the depth of the top of Water disposal formation 18 compared 
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to the depth of the top of separator apparatus 26 is at least 
2:1. More preferably, the ratio of d2/d1, is at least 10:1 and 
most preferably at least 50:1 or more. Another Way of 
expressing this creation of a hydrostatic pressure head is that 
the depth of separator apparatus 26 should be less than 50% 
more preferably less than 10%, and most preferably less 5% 
of the depth to the top of Water disposal formation 16. By 
Way of example, and not limitation, in this exemplary ?rst 
embodiment the top of separator apparatus 26 may be 
positioned at a depth of 50 feet and the top of Water disposal 
formation 16 might be at 5000 feet. Consequently, a column 
of separated Water of almost 5000 feet creates hydrostatic 
pressure to help dissipate separated Water into Water disposal 
formation 16. 

[0025] Separator apparatus 26 used in this ?rst exemplary 
embodiment may be any separator apparatus that satisfac 
torily separates Water and oil from a Water and oil mixture. 
For example, oil containing less than 2% Water is deemed to 
be pipeline quality oil. Separator apparatus 26 may be 
chosen to meet this or other desired standards of separation. 

[0026] Ideally, separator apparatus 26 is simple, economi 
cal, reliable and easily serviced. FIG. 2 illustrates a sche 
matic cross-section of such a separator apparatus 26. Sepa 
rator apparatus 26 includes a perforated steel outer 
cylindrical housing 42 that supports a radially disposed 
interior hydrophilic membrane 44. SandWiching about mem 
brane 44 are inner and outer protective porous layers of 
polypropylene, polyethylene or nylon 46 and 48. Apolypro 
pylene mesh inner layer; ie a pre-?lter, 50 prevents the 
entry of particulates to membrane 44. Annular molded end 
caps 52 and 54 are sealed adhesively or via a hot melt 
process about layers 44, 46, 48 and 50. A pair of steel end 
caps 56 and 58 are engaged by threads With molded end caps 
52 and 54. Upper and loWer elastomeric O-rings 60 and 62 
provide ?uid sealing betWeen molded and steel end caps 52, 
54, 56 and 58. 

[0027] Membrane 42 is preferably made of a modi?ed 
polyacrylonitrile Which is generally selectively permeable to 
Water but much less so to oil. Other, Well knoWn hydrophilic 
membranes may also be used Which are knoWn for their 
ability to separate Water and oil. Examples of such mem 
brane materials include modi?ed polyethersulphones, alpha 
alumina, and Zirconia. 

[0028] The mixture of Water and oil is received from 
second segment 32 of production string 28 and introduced 
through bottom end caps 54 and 58 into separator apparatus 
26. Membrane 44 alloWs Water to readily permeate radially 
outWardly through membrane 44, exit porous housing 42 
and return to Wellbore 12. MeanWhile, oil cannot substan 
tially permeate membrane 44 and becomes increasingly 
concentrated Within separator apparatus 26 until passing out 
of upper end caps 52 and 56 and passing into segment 30 of 
production string 28. Separator apparatus 26 operates more 
ef?ciently as the relative concentration of Water to Which 
membrane 44 is exposed increases and the concentration of 
contacting oil decreases. As shoWn in FIG. 2, a ?uid 
directing element, such as a spiral auger 64, may be attached 
to a portion of a sucker rod 40. Auger 64 may be releasably 
clipped (not shoWn) to a segment of sucker rod 40 or 
permanently af?xed such as by Weld joints. As sucker rod 40 
rises and falls, spiral auger 64 moves relative to separator 
apparatus 26 and the Water and oil mixture. The relative 
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movement betWeen the Water and oil mixture and auger 64 
induces a spinning or spiraling How in the Water and oil 
mixture passing through separator apparatus 26. Heavier 
Water droplets are displaced radially outWardly While a core 
of less dense oil is formed adjacent to sucker rod 40. The 
movement of auger 64 relative to membrane 44 is believed 
to also help in limiting the accumulation of contaminants on 
membrane 44 and subsequent failure due to fouling. Con 
sequently, auger 64 enhances the exposure of membrane 44 
to Water and the removal of Water from the Water and oil 
mixture passing by membrane 44. 

[0029] It is also Within the scope of this invention to use 
a stationary auger located Within separation apparatus 26. In 
this case, the auger Would ideally be af?xed as a part of 
separator apparatus 26. Sucker rod 40 Will be alloWed to 
pass through the center of the stationary auger. The How of 
the Water and oil mixture through the stationary auger Will 
again cause the mixture to spiral and create at least a partial 
separation of Water and oil. 

[0030] Further, the present invention also Will Work if no 
auger 64 is utiliZed. In fact, this is the preferred mode of 
operation of system 10. An advantage to using no auger 64 
is that there Will be less resistance to How and head loss of 
?uid passing through separator apparatus 26. In this case, the 
length of membrane 44 may be increased to overcome the 
lack of turbulence or spiraling motion created in the Water 
and oil mixture. Alternatively, a series of these membrane 
separators 26 may be arranged in Wellbore 12 to increase the 
overall separation capacity of the separation system. 

[0031] While in this ?rst exemplary embodiment separator 
apparatus 26 is of a membrane type, those skilled in the art 
Will appreciate that other types of separator apparatus Will 
also Work in this invention. By Way of example, and not 
limitation, the separator apparatus may include hydrocy 
clones, centrifugal separators, vaned separators, etc. Also, 
rather than using a single stage separator, separator appara 
tus may include a plurality of separator devices or mem 
branes arranged in series and/or in parallel. Additionally, the 
separator apparatus may be designed With radially inWard 
How of Water rather than the radially outWard ?oW as 
illustrated in FIG. 2. Furthermore, those skilled in the art 
Will appreciate that a separator apparatus may be used With 
a hydrophobic membrane Which permeates oil from the oil 
and Water mixture rather than using a hydrophilic membrane 
that permeates Water. Again, Water Will ideally be passively 
discharged into Wellbore 12 While separated oil Will be 
transported to Well surface 14 for storage. Membrane 44 also 
may be pleated or else be formed into holloW ?bers for use 
in a membrane separator. Such pleated or holloW ?ber 
membranes generally provide much more surface area for 
exposure to the passing Water and oil mixture. 

[0032] FIG. 3 illustrates a second alternative separation 
system 110 Which includes slight modi?cations to system 10 
described above With respect to FIG. 1. Like components 
from system 10 have been incremented up by 100 in their 
reference numerals. In the event that the hydrostatic head 
created by the difference in height betWeen a separator 
apparatus 126 and Water disposal formation 116 is insuf? 
cient to cause the dissipation of separated Water into a Water 
disposal formation 116, system 110 may be used. This event 
may occur Where the original Water pressure in Water 
disposal formation 116 is greater than that of the hydrostatic 
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head produced by the height differential between separator 
apparatus 126 and Water disposal formation 116. Or else, 
after a suf?cient amount of separated Water has been dis 
charged into Water disposal formation 116, the resisting 
Water pressure in Water disposal formation 116 may rise to 
a suf?cient level Wherein additional pressure may be nec 
essary to continue to dissipate Water into Water disposal 
formation 116 from a Wellbore 112. 

[0033] Modi?ed system 110 includes a second packer 172 
located beneath separator apparatus 126 in Wellbore 112. A 
pressuriZed Water disposal chamber 174 is thus formed in 
Wellbore 112 betWeen a ?rst packer 120 and a second packer 
172. An auxiliary pump 176 receives separated Water from 
a disposal conduit 180 that is in ?uid communication With 
Wellbore 112 above packer 172. Auxiliary pump 176 injects 
separated Water into Water disposal chamber 174 at a pres 
sure suf?cient to cause the dissipation of separated Water 
into Water disposal formation 116. While disposal conduit 
180 is shoWn opening into Wellbore 112, a disposal conduit 
could also be directly connected With separator apparatus 
126 to receive separated Water for disposal. Again, ideally 
only a single primary pump 134 is required to effect the 
transport of the Water and oil mixture to separator apparatus 
126 and separated oil to a Well surface 114. Consequently, 
system 110 enjoys many of the advantageous features of the 
system 10 including the use of a hydrostatic pressure head 
to at least partially assist in the dissipation of Waste Water 
into Water disposal formation 116. Also, system 10 may 
employ the simple but effective separator apparatus 26 of 
FIG. 2 that utiliZes a hydrophilic membrane to perform 
separation. Again, other types of separators could also be 
used in this embodiment to separate Water and oil. 

[0034] An alternative third separation system 210, also 
made in accordance With the present invention, is illustrated 
in FIG. 4. Like components to those of system 10 and FIG. 
1 are incremented by 200 in their reference numerals. In 
system 210, a Water disposal formation 216 is located 
beneath an oil producing formation 218. A packer 220 
separates Water disposal formation 216 from oil producing 
formation 218. A second packer 272 is used to isolate a 
separator apparatus 226 from oil producing formation 218. 
A Wellhead 225 seals off the top of Wellbore 212. 

[0035] Again, a separator apparatus 226 is used to separate 
Water and oil from a Water and oil mixture. Production string 
228 receives a Water and oil mixture from oil producing 
formation 218 through perforations 222 in Wellbore 212. 
The mixture of Water and oil is then delivered to separator 
apparatus 226. A Water disposal conduit 280 alloWs sepa 
rated Water discharged from separator apparatus 226 to pass 
through Wellbore 212 adjacent to oil producing formation 
218 and reach a Water disposal chamber 274 formed Within 
Wellbore 212. Separator apparatus 226 is again located at a 
substantial height above Water disposal formation 216 to 
create a large hydrostatic pressure head to assist in the 
disposal of separated Water into Water disposal formation 
216. While Water disposal conduit 280 is shoWn running 
outside production string 228, Water disposal conduit 280 
can also be routed Within tubing 228. n this instance, 
disposal conduit 280 ideally Would be ?uidly connected to 
separator apparatus 226 to receive separated Water from 
separator apparatus 226 for disposal. If disposal formation 
216 is suf?ciently close to producing formation 218, the 
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injection of separated Water may also help in maintaining the 
?uid pressure in oil producing formation 218. 

[0036] While in the foregoing speci?cation this invention 
has been described in relation to certain preferred embodi 
ments thereof, and many details have been set forth for 
purpose of illustration, it Will be apparent to those skilled in 
the art that the invention is susceptible to alteration and that 
certain other details described herein can vary considerably 
Without departing from the basic principles of the invention. 

What is claimed is: 
1. Asystem for separating Water and oil from a Water and 

oil mixture received from an oil Well, the system compris 
ing: 

a) a Wellbore extending from a surface of a Well to, and 
in ?uid communication With, a Water disposal forma 
tion and an oil producing formation, the oil producing 
formation supplying a mixture of Water and oil to the 

Wellbore; 
b) a separator apparatus for separating Water and oil from 

the Water and oil mixture, the separator apparatus being 
disposed in the Wellbore at a height above the Water 
disposal formation and above the oil producing forma 
tion; 

c) a ?rst packer disposed Within the Wellbore Which 
isolates the Water disposal formation from the oil 
producing formation; and 

d) a production string disposed Within the Wellbore and 
having a ?rst segment Which transports the mixture 
from the oil producing formation to the separator 
apparatus; 

Wherein the separator apparatus may separate Water and 
oil from the mixture With the separated Water being 
discharged from the separator apparatus and into the 
Wellbore to create a hydrostatic column of Water above 
the Water disposal formation With the separated Water 
being dissipated into the Water disposal formation. 

2. The system of claim 1 Wherein the separator apparatus 
includes a separator membrane Which substantially alloWs 
one of the oil and Water to permeate through the membrane 
While substantially inhibiting the passage of the other of the 
oil and the Water. 

3. The system of claim 1 Wherein the separator apparatus 
includes at least one of a hydrocyclone, a separator mem 
brane, a centrifugal separator, and a vane separator. 

4. The system of claim 1 further comprising a primary lift 
pump disposed Within the Wellbore that provides arti?cial 
lift to lift the Water and oil mixture to the separator appa 
ratus. 

5. The system of claim 4 Wherein the primary lift pump 
provides suf?cient lift to the mixture to also lift the separated 
oil to the surface of the Well Without need for an additional 
oil lift pump. 

6. The system of claim 4 Wherein the primary lift pump is 
disposed in the Wellbore adjacent to the oil producing 
formation. 

7. The system of claim 1 further comprising a sWirl 
inducing member to induce a sWirling ?oW of the mixture 
Within the separator apparatus such that heavier sWirling 
Water is placed in contact With the membrane so as to 
permeate out of the separator apparatus and into the column 
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of Water While the lighter oil continues to pass upwardly 
through the production string. 

8. The system of claim 7 Wherein the sWirl inducing 
member is a generally spiral shaped vane. 

9. The system of claim 1 Wherein the separator apparatus 
includes a plurality of separation devices connected together 
in series Within the Wellbore. 

10. The system of claim 1 Wherein the depth to the top of 
the separator apparatus in the Wellbore is less than 50% of 
the depth to the top of the Water disposal formation. 

11. The system of claim 1 Wherein the depth to the top of 
the separator apparatus in the Wellbore is less than 10% of 
the depth to the top of the Water disposal formation. 

12. The system of claim 1 Wherein the depth to the top of 
the separator apparatus in the Wellbore is less than 5% of the 
depth to the top of the Water disposal formation. 

13. The system of claim 1 Wherein the separator apparatus 
is disposed beneath and generally adjacent to the surface of 
the Well. 

14. The system of claim 1 Wherein the Water disposal 
formation is located above the oil producing formation. 

15. The system of claim 1 Wherein the oil producing 
formation is located above the Water disposal formation. 

16. The system of claim 1 further comprising: 

a) a second packer disposed Within the Wellbore Which 
cooperates With the ?rst packer to create an isolated 
Water disposal chamber Which is in ?uid communica 
tion With the Water disposal formation; and 

b) an auxiliary disposal pump Which pumps separated 
Water into the Water disposal chamber to increase the 
pressure Within the Water disposal chamber over and 
above the hydrostatic pressure head created by the 
column of Water to enhance Water disposal into the 
Water disposal formation. 

17. A method of separating Water and oil from a Water and 
oil mixture received from an oil Well having a Wellbore 
extending betWeen, and in ?uid communication With, a 
Water disposal formation and an oil producing formation, the 
method comprising the steps of: 

receiving a Water and oil mixture from an oil producing 
formation into a Wellbore; 

passing the Water and oil mixture up the Wellbore to a 
separator apparatus located Within the Wellbore; 

separating the Water and oil mixture into separated Water 
and separated oil; 

passing the separated Water to the Wellbore Wherein a 
column of Water is created above the Water disposal 
formation; and 

disposing of the separated Water into the Water disposal 
formation at least partially under the hydrostatic pres 
sure created by the column of Water. 

18. The method of claim 17 further comprising providing 
additional pressure to the column of Water to assist in the 
disposal of the separated Water into the disposal formation. 

19. The method of claim 18 Wherein the additional 
pressure is provided by an auxiliary pump disposed in the 
Wellbore. 
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20. The method of claim 17 Wherein a primary lift pump 
is employed to lift the Water and oil mixture to the separator 
apparatus. 

21. The method of claim 20 Wherein the primary lift pump 
provides suf?cient lift to lift the mixture to the separator 
apparatus and to lift the separated oil to the surface of the 
Well Without need for an additional oil pump. 

22. The method of claim 17 Wherein the separator appa 
ratus has no moving parts. 

23. The method of claim 17 Wherein the separator appa 
ratus includes a membrane separator. 

24. The method of claim 17 Wherein the depth to the top 
of the separator apparatus is less than 50% of the depth to the 
top of the Water disposal formation. 

25. The method of claim 17 Wherein the depth to the top 
of the separator apparatus is less than 10% of the depth to the 
top of the Water disposal formation. 

26. The method of claim 17 Wherein the depth to the top 
of the separator apparatus is less than 5% of the depth of the 
top of the Water disposal formation. 

27. The method of claim 17 Wherein the separator appa 
ratus is disposed beneath and adjacent the surface of the 
Wellbore to maximiZe hydrostatic head and ease of replace 
ment of the separator apparatus from the Wellbore. 

28. Asystem for separating Water and oil from a Water and 
oil mixture received from an oil Well, the system compris 
ing: 

a) a Wellbore extending from a surface of a Well to, and 
in ?uid communication With, a Water disposal forma 
tion and an oil producing formation, the oil producing 
formation supplying a mixture of Water and oil to the 

Wellbore; 

b) a ?rst packer disposed Within the Wellbore Which 
isolates the Water disposal formation from the oil 
producing formation; 

c) a separator apparatus for separating Water and oil from 
the Water and oil mixture, the separator apparatus being 
disposed in the Wellbore at a height above the Water 
disposal formation and above the oil producing forma 
tion and including a membrane separator; 

d) a production string disposed Within the Wellbore and 
having a ?rst segment Which transports the mixture 
from the oil producing formation to the separator 
apparatus and a second segment Which transports sepa 
rated oil from the separator apparatus to the surface of 
the Well; 

e) a lift pump to lift the mixture of Water and oil to the 
separator apparatus and the separated oil to the surface 
of the Well; and 

f)an auxiliary pump to provide additional pressure to the 
column of Water to assist in the disposal of Water into 
the Water disposal formation. 


