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(57) ABSTRACT 

The volume of a Water strata in an oil production reservoir 

is controlled by reinjecting separated Water into that Water 
strata. A production string is extended into a portion of a 
Wellbore that extends laterally Within the oil strata of the 

reservoir. A liquid ?oW including a hydrocarbon phase and 
a Water phase is conducted from the oil strata into the 

laterally extending portion of the Wellbore at a production 
Zone. The Water phase is separated from the liquid hydro 
carbon phase Within the production string, and then rein 
jected back into the Water strata of the same reservoir from 

which it came, at a reinjection Zone disposed beloW the 

production Zone. 
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METHOD OF MAINTAINING WATER VOLUME IN 
AN OIL STRATA OF AN OIL PRODUCTION 

RESERVOIR 

FIELD OF THE INVENTION 

[0001] The invention relates to the separation of Water 
from liquid hydrocarbons recovered from a production for 
mation, and especially to a method of maintaining the 
volume of the Water strata of the formation. 

BACKGROUND OF THE INVENTION AND 
BRIEF DESCRIPTION OF THE RELATED ART 

[0002] Hydrocarbon gases and liquids have been recov 
ered from underground formations for over a hundred years. 
The recovery technology generally involves drilling a Well 
bore into the formation and WithdraWing the hydrocarbons 
under reservoir pressure or by arti?cial lifting. 

[0003] A typical production formation (see FIG. 1) con 
sists of a trapped reservoir R Which includes a gaseous 
hydrocarbon strata, a liquid hydrocarbon strata (oil), and a 
Water strata. Gas, being lighter than oil, tends to accumulate 
above the oil. Water, being heavier than oil tends to accu 
mulate beloW the oil, although the oil Will contain certain 
quantities of Water. 

[0004] The reservoir R is pressuriZed from above by an 
overburden, i.e., the Weight of rocks, soil, and ?uids present 
above the reservoir. The gas is thus compressed and forces 
the oil strata doWnWardly against the Water strata. The 
resulting pressure imposed on the oil strata drives the oil 
toWard a Wellbore W communicating With the oil strata. 
Thus, the presence of the Water strata is important as it 
provides a support against Which the oil strata is pressed by 
the gas strata to force the oil into the Wellbore. 

[0005] The oil leaving the oil strata through the Wellbore 
is accompanied by Water. The Water, regarded as a contami 
nant, must be separated from the oil. The current technology 
involves separating the contaminants (e.g., Water, carbon 
dioXide, nitrogen, hydrogen sul?de, helium, and other trace 
gases) from the hydrocarbon above ground, Which is costly. 
For eXample, in order to be able to dispose of the separated 
Water above the surface, the entire oil phase must be 
removed from the Water. HoWever, a more desirable solution 
is to reinject the separated Water back into the ground, 
thereby eliminating the need to remove the entire oil phase 
from the Water. 

[0006] Aparticular bene?t arises from returning the sepa 
rated Water/oil phase back to the same reservoir R from 
Which it Was WithdraWn. In that regard, during oil produc 
tion the Water strata disposed Within the reservoir R becomes 
gradually depleted. As a result, rather than being pushed by 
the gas out of the reservoir, the oil is pushed into voids 
created by the missing Water. Thus, the pressure imposed on 
the oil strata is reduced, as is the recovery of oil. Since the 
oil recovery Will terminate once the pressure becomes too 
Weak to push out the oil, the risk of the hole being perma 
nently unproductive is increased. Eventually, Water may 
naturally migrate to the reservoir from remote areas, to 
repressuriZe the oil, but that could take a considerable period 
of time. Therefore, it Would be desirable to maintain the 
Water volume and thus oil pressure Within a reservoir that is 
being depleted. That can be accomplished by pumping the 

Feb. 27, 2003 

separated Water/oil phase back into the Wellbore to a rein 
jection location Within the Water strata. 

[0007] As pointed out earlier, the separation of Water from 
hydrocarbons has traditionally been performed at the sur 
face. HoWever, the need to raise the Water to the surface 
along With the hydrocarbons before separating the Water 
increases the cost and complexity of the recovery operation. 
For that reason, beloW-surface separation techniques have 
been proposed Wherein the Water Would be separated from 
the hydrocarbons at a location beloW the surface, and the 
separated Water then reinjected (e.g., see US. Pat. No. 
4,241,787). For eXample, as depicted in the accompanying 
FIG. 2, an oil/Water miXture entering the Wellbore W from 
a production Zone 2 is conducted through a separator 3 
located in the production string. The separated oil is con 
ducted to the surface, and the separated Water is reinjected 
into a disposal formation 4 at a reinjection Zone 5 located 
directly beneath the production Zone. 

[0008] As noted earlier, it Would be desirable to reinject 
the separated Water into the Water strata of the same reser 
voir from Which the Water came, in order to shorten, as much 
as possible, the distance that the Water must be conducted, 
and to maintain the Water volume Within the reservoir so that 
hydraulic pressure acting on the oil strata is not excessively 
Weakened. HoWever, there could occur a tendency for the 
reinjected Water to be draWn upWardly directly from the 
reinjection Zone into the production Zone (along phantom 
lines 6 in FIG. 2), rather than being dissipated Within the 
disposal formation. That is, a so-called “coning” action 
caused by the pressure draWdoWn at the production Zone 
tends to draW the reinjected Water directly upWardly. The 
intensity of the coning action on the reinjected Water Would 
vary, depending upon various factors such as, for eXample, 
the density of the produced ?uids, the formation’s relative 
permeability to oil, Water, and gas, the height of the reservoir 
R, the Wellbore radius, the drainage radius, the distance 
betWeen the Wellbore perforations and the gas/oil interface 
and the oil/Water interface. If the reinjected Water Were 
draWn directly to the production Zone, then the ?uids enter 
ing the Wellbore Would be heavily diluted With the reinjected 
Water, thereby reducing production. 

[0009] On the other hand, by locating the reinjection Zone 
so far beloW the production Zone that coning Would not 
present an appreciable problem, a deeper and more costly 
Wellbore must be drilled, and could result in the reinjection 
Zone being spaced beloW the Water strata and thus unable to 
maintain the Water volume therein. 

[0010] Therefore, it Would be desirable to be able to 
separate Water from oil at a subsurface location, and to 
reinject the separated Water back into the Water strata of the 
same reservoir from Which it came, Without the reinjected 
Water being draWn directly back to the production Zone by 
a coning action. 

SUMMARY OF THE INVENTION 

[0011] The present invention solves the above-described 
problem and involves a method of controlling the volume of 
a Water strata of an oil production reservoir having a gas 
strata, a Water strata, and an oil strata disposed beloW the gas 
strata and above the Water strata. The method comprises the 
steps of: 



US 2003/0037923 A1 

[0012] A. extending a production string into a portion 
of a Wellbore that extends laterally Within the oil 
strata; 

[0013] B. conducting a liquid ?oW including a liquid 
hydrocarbon phase and a Water phase from the oil 
strata into the laterally extending portion of the 
Wellbore and the production string at a production 
Zone; 

[0014] C. separating the Water phase from the liquid 
hydrocarbon phase Within the production string; and 

[0015] D. reinjecting the separated Water phase back 
into the Water strata of the same reservoir from 
Which it came, at a reinjection Zone disposed beloW 
the production Zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The objects and advantages of the invention Will 
become apparent from the folloWing detailed description of 
a preferred embodiment thereof in connection With the 
accompanying draWings in Which like numerals designate 
like elements and in Which: 

[0017] FIG. 1 is a schematic vieW of an oil production 
reservoir; 
[0018] FIG. 2 is a vieW of a conventional Wellbore 
adapted to reinject Waste Water beloW a production Zone; 

[0019] FIG. 3 is a schematic vieW of a production Zone 
and a Water reinjection Zone of an oil production reservoir, 
according to the invention; 

[0020] FIG. 4 is an enlarged schematic vieW of the 
depicted in FIG. 3; 

[0021] FIG. 5 is an enlarged sectional vieW taken through 
an oil/Water separation section of a production string dis 
posed in the Wellbore; and 

[0022] FIG. 6 is an enlarged sectional vieW through one of 
the separating elements depicted in FIG. 5. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0023] Schematically depicted in FIG. 3 is a Wellbore 
lined With a Well casing 12. The Well casing 12 is bifurcated, 
i.e., a so-called dual lateral completion, into a main casing 
12a and a secondary casing 12b extending laterally into an 
oil strata and a Water strata, respectively, of a reservoir or 
production formation R. Aproduction string 14 is suspended 
Within the Well casing and extends through the main casing 
12a and laterally (i.e., non-vertically—preferably horiZon 
tally) into the oil strata. 

[0024] Extending Within the secondary casing 12b is a 
secondary line Which comprises a tubing 17 extending 
laterally into the Water strata to a location beloW the pro 
duction string 14. 

[0025] A mixture of liquid hydrocarbon phase, Water 
phase and solids phase enters the production string 14 at a 
production Zone 24 de?ned by suitable perforations formed 
in the main casing 12a. The mixture travels uphole to a 
separation section 40 Which separates the Water phase from 
both the liquid hydrocarbon phase and the solid phase (see 
FIG. 5). The separated hydrocarbon phase, together With the 
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solid phase, travels to the surface Within the production 
string, to be recovered. The separated Water phase emerges 
from the production string through a permeable segment 26 
thereof and enters a collection Zone 28 formed in the casing 
12 betWeen packers 22 and 30 (see FIG. 4). That Water 
phase is transported at higher pressure doWnWardly through 
tubing 17 by a pump 32 and is injected back into the Water 
strata of the reservoir R at a reinjection Zone 27 de?ned by 
perforations formed in the secondary casing 12b. 

[0026] The present invention stems from a realiZation that 
a lateral Wellbore requires a substantially smaller pressure 
draWdoWn to produce at the same rate as a vertical Wellbore. 
The smaller pressure draWdoWn enables the reinj ection Zone 
to be located closer to the production Zone Without the 
reinjected Water being draWn directly thereto by the Weaker 
pressure draWdoWn. Thus, it is less likely that the reinj ection 
Zone Will have to be located so far beloW the production 
Zone that it may lie beloW the Water strata of the reservoir in 
question. In other Words, the reinjection Zone can be located 
closer to the production Zone of a lateral Wellbore than to the 
production Zone of a vertical Wellbore. Consequently, the 
required depth of the reinjection Wellbore is shorter, making 
it more likely that the separated Water can be reinjected into 
the Water strata of the same reservoir R from Which it Was 
removed, thereby helping to maintain the Water volume and 
the oil pressure. 

[0027] The reinjection Zone is located beloW the produc 
tion Zone, but it need not be disposed directly beneath, i.e., 
in vertical alignment With, the production Zone as shoWn. 
Instead, the reinjection Zone but could be spaced horiZon 
tally from a vertical plane passing through the production 
Zone. 

[0028] The separation section 40 comprises separators in 
the form of identical holloW tubular membrane units 42, 44, 
46, etc. arranged longitudinally in series Within an outer 
separator casing 39 (see FIGS. 5, 6). As shoWn in FIG. 6, 
the membrane unit 42, for example, includes a perforated 
tube 42B and front and rear end caps 42C, 42D, each end cap 
having screW threads at both ends. Thus, the front end cap 
42C has an external front screW thread 42E and an internal 
rear screW thread 42F. The rear end cap 42D has front and 
rear internal screW threads 42G, 42H. the perforated tube 
42B has external screW threads at its opposite ends Which are 
secured to the female screW threads 42F, 42G of the end caps 
42C, 42D. 

[0029] At least one cylindrical membrane 42] is disposed 
Within the perforated tube 42B, and an inner perforated tube 
42K is positioned inside of the membrane 42]. Thus, the 
membrane 42] is protected and reinforced on its inner and 
outer sides. 

[0030] The membrane may comprise polymeric mem 
branes or inorganic membranes, preferably combinations of 
both. Polymeric membranes are more applicable for ?ner 
separation, Whereas inorganic membranes are more com 
monly used for micro?ltration applications (i.e., separating 
particles that are larger than 0.1 micron). Examples of 
suitable polymeric membrane materials include materials 
sold by Amicon under the designations YM30 (regenerated 
cellulose) and XM50 (acrylic copolymer), and those sold by 
Hoescht/Celanese under the designations PES20H (PES 
blend), and PA20 (polyamide), and PS100HM (PS blend). 
Examples of suitable inorganic membranes include those 
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sold by Alco (U.S. Filters) under the designation Membralox 
(alpha A1203), and those sold by Pall Filter under the 
designation Rigimesh (sintered metal composite). 
[0031] In practicing the present invention, the production 
string 14 is positioned in the Well casing 12, the production 
string including a plurality of the membrane units 42, 44, 46, 
etc. arranged longitudinally in series Within the outer casing 
39. The membrane units are shoWn as attached directly to 
one another, but it Would be possible to connect other 
elements betWeen successive membrane units, if desired, as 
long as those elements Were able to transmit ?uid from one 
membrane unit to the next. 

[0032] A ?oWing mixture of liquid hydrocarbon phase, 
solid phase, and Water phase is forced from the production 
formation into the production string at the production Zone 
24. The mixture ?oWs uphole through a holloW center of an 
initially-encountered membrane unit 42, Whereby the liquid 
hydrocarbon phase and the solid phase remain in the holloW 
center, and the Water phase passes radially outWardly 
through the membrane unit and into the collection Zone 28. 
Any Water phase remaining in the mixture as the mixture 
exits the initially-encountered membrane 42, passes into the 
next membrane 44 Where the above-described operation is 
repeated. Eventually, virtually all of the Water phase is 
caused to separate from the hydrocarbon and solid phases, 
Which remain in the holloW centers of the membranes. The 
remaining liquid hydrocarbon phase and solid phase are 
conducted uphole Within the production string to be recov 
ered at the surface. 

[0033] The Water phase is pumped doWn-hole from the 
collection Zone 28 through the tubing 17 and is reinjected 
back into the Water strata of the same reservoir R from Which 
it came. As a result, the Water volume is not materially 
reduced, so the pressure on the oil strata is generally 
maintained. Furthermore, since the Water reinjected back 
into the Water strata is the same Water originally present 
therein, there is no risk of changing the chemistry (e.g., 
salinity) of the Water strata. 

[0034] Importantly, the production Zone is de?ned by a 
lateral Wellbore, Which generates a Weaker pressure draW 
doWn than a vertical Wellbore, so the reinj ection Zone can be 
located closer to the production Zone, i.e., Within the Water 
strata of the same reservoir from Which it Was removed. 
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[0035] Although the present invention has been described 
in connection With a preferred embodiment thereof, it Will be 
appreciated by those skilled in the art that additions, dele 
tions, modi?cations, and substitutions not speci?cally 
described may be made Without departing from the spirit and 
scope of the invention as de?ned in the appended claims. 

What is claimed is: 
1. Amethod of controlling the volume of a Water strata of 

an oil production reservoir having a gas strata, a Water strata, 
and an oil strata disposed beloW the gas strata and above the 
Water strata, the method comprising the steps of: 

A. extending a production string into a portion of a 
Wellbore that extends laterally Within the oil strata; 

B. conducting a liquid ?oW including a liquid hydrocar 
bon phase and a Water phase from the oil strata into the 
laterally extending portion of the Wellbore and the 
production string at a production Zone; 

C. separating the Water phase from the liquid hydrocarbon 
phase Within the production string; and 

D. reinjecting the separated Water phase back into the 
Water strata of the same reservoir from Which it came, 
at a reinjection Zone disposed beloW the production 
Zone. 

2. The method according to claim 1 Wherein step D 
comprises conducting the separated Water phase through a 
secondary casing emanating from the Wellbore and extend 
ing laterally into the oil strata to the reinjection Zone. 

3. The method according to claim 1 Wherein step D 
comprises reinjecting the separated Water phase into the 
reinjection Zone disposal substantially beneath the produc 
tion Zone. 

4. The method according to claim 1 Wherein step D 
comprises reinj ecting the separated Water into the reinj ection 
Zone Which is spaced horiZontally from a vertical plane 
extending through the production Zone. 

5. The method according to claim 2 Wherein step C 
includes conducting the liquid ?oW Within the Wellbore past 
a location Where the secondary casing emanates from the 
Wellbore and then through a separator Wherein the Water 
phase is separated from the liquid hydrocarbon phase. 
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