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DOWNHOLE GAS-LIQUID SEPARATOR FOR 
PRODUCTION WELLS 

TECHNICAL FIELD 

[0001] The present invention relates to the doWnhole 
separation of gas and liquid from an oil-gas production 
stream and in one aspect relates to separating a portion of the 
gas from a gas-oil production stream doWnhole in a Wellbore 
While recovering increased amounts of valuable condensate 
to the surface along With the liquids in the remaining 
production stream. 

BACKGROUND 

[0002] It is Well knoWn that in many oil Wells, extremely 
large volumes of gas are produced along With the crude oil 
and other formation ?uids, e. g. Water. In such Wells, it is not 
unusual to experience gas-to-oil ratios (GOR) as high as 
20,000 standard cubic feet per barrel (scf/bbl.) or greater. 
Since the gas and oil are commingled and are produced to 
the surface as a single production stream, large and eXpen 
sive equipment is required at the surface to separate this gas 
from the liquids in the production stream before either can 
be further processed and/or sent on to market. In fact, the 
amount of gas in some production streams may be so large 
that the available surface equipment can not handle the load 
and production may have to be cut back or the Well shut-in 
at signi?cant eXpense. 

[0003] To reduce the siZe of the equipment and the related 
costs normally involved in separating such large volumes of 
gas from a production stream, various methods and systems 
have noW been proposed Wherein some of the separating/ 
handling steps normally required at the surface are carried 
out doWnhole before the production stream is brought to the 
surface. These methods all basically involve separating at 
least a portion of the gas from the production stream 
doWnhole and then handling the separated gas and the 
remainder of the production stream (i.e. liquids) separately. 

[0004] For eXample, one such method involves the posi 
tioning an “auger” separator doWnhole Within a production 
Wellbore Which separates a portion of the gas from the 
production stream as the stream ?oWs upWard through the 
auger separator; see US. Pat. No. 5,431,228, issued Jul. 11, 
1998. Both the remainder of the production stream and the 
separated gas are ?oWed to the surface through separate 
?oWpaths Where each is individually handled. 

[0005] This type of auger separator noW form an integral 
part of several different doWnhole gas-separation systems 
Which are sometimes called “Subsurface Processing And 
Reinjection Compressor systems” or “SPARC”. For 
eXample, in one such system, an auger separator is used to 
separate at least a portion of the gas from the production 
stream Which, in turn, is then recompressed doWnhole and 
injected into a subterranean formation Without ever produc 
ing the separated gas to the surface; see US. Pat. No. 
5,794,697, issued Aug. 18, 1998. Another SPARC system 
utiliZing an auger separator is disclosed in US. Pat. No. 
6,189,614, issued Feb. 20, 2001 When a SPARC separates 
and compresses a portion of the gas in the production stream 
basically in the same manner as described above, but instead 
of re-injecting the compressed gas, both the compressed gas 
and the remainder of the production stream are produced to 
the surface through separate ?oWpaths. 
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[0006] While such doWnhole auger separators can sepa 
rate relatively large volumes of gas from a production 
stream, unfortunately, they may also separate With the gas, 
a substantial amount of any condensate (i.e. volatile liquids) 
Which may be present in the production stream. As Will be 
understood in this art, it is much more desirable to recover 
this valuable condensate as part of the liquid stream rather 
than “lose” it into the separated gas stream. As used herein, 
“liquid stream” is intended to mean the production stream 
Which remains after the separated gas has been removed. 

[0007] Recently, a doWnhole SPARC system has been 
proposed Which is adapted to increase the amount of con 
densate Which can be recovered With the liquid stream; see 
copending and commonly-assigned US. patent application 
Ser. No. 09/351,483, ?led Jul. 13, 1999. In this system, the 
amount of recovered condensate is increased by ?oWing 
both the separated gas stream and the liquid streams through 
a restrictive passage after they pass through the auger 
separator and before the gas is ?oWed into a doWnhole 
compressor. 

[0008] In doWnhole gas separation systems such as those 
discussed above, the auger separator, itself, is basically 
designed to separate as much gas from the production stream 
as is practical in a given situation Without any real concern 
being given to the amount of condensate Which is also 
separated With the gas. Again, it Will be understood that it is 
much more desirable from an economic standpoint to retain 
as much of the condensate as possible in the liquid stream as 
the production stream passes through the doWnhole auger 
separator. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method and sys 
tem for producing a miXed gas-oil stream to the surface from 
a production Zone through a Wellbore Wherein at least a 
portion of said gas is separated from said miXed gas-oil 
stream doWnhole While the amount of condensate in the 
remaining gas-oil stream is increased over What it normally 
Would be. Basically, at least a portion of the gas is separated 
from the miXed gas-oil stream doWnhole as the miXed 
stream ?oWs upWard through a converging restrictive pas 
sage Within a separator Which is positioned in the Wellbore. 

[0010] As the stream ?oWs through the restrictive passage 
in the separator, the velocity of the gas-oil stream is 
increased Which, in turn, reduces the temperature and pres 
sure of the gas-oil stream to thereby increase the amount of 
condensate Which Will remain in the liquid or remaining 
miXed gas-oil stream. The separator is mounted at the loWer 
end of a tubing string Wherein the liquid stream is produced 
to the surface through the tubing. The separated gas stream 
is then ?oWed through a diverging passageWay in the 
separator to thereby recover at least a portion of the pressure 
lost When the gas Was separated Within the restrictive 
passageWay Within said separator and is either produced to 
the surface through the Well annulus or is fed to the 
compressor of a SPARC unit for injection in a doWnhole 
Zone. 

[0011] More speci?cally, the present invention provides a 
system for producing a miXed gas-oil stream from a pro 
duction Zone to the surface through a Wellbore Wherein the 
system comprises a string of tubing Which is positioned 
Within the Wellbore Wherein an annulus is formed betWeen 
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said tubing and said Wellbore. The tubing string carries an 
auger separator at its loWer end Which is adapted to separate 
at least a portion of the gas from the remainder of the gas-oil 
stream doWnhole as the gas-oil stream ?oWs upWard through 
the Wellbore. 

[0012] The auger separator has a housing Which is 
mounted in the tubing Whereby an annular passage is formed 
betWeen the housing and the tubing. An auger is mounted in 
the housing and has an upstream section and a doWnstream 
section. The upstream section has a tapered core (e.g. 
conical-shaped) Whose diameter increases upwardly from 
the bottom toWards the top thereof Whereby the passageWay 
formed betWeen the core of the upstream section and the 
Wellbore converge upWardly throughout the upstream sec 
tion. An auger ?ight is secured to and along the core of the 
upstream section and extends outWard substantially to the 
Wall of the tubing. 

[0013] The doWnstream section of said separator is 
adapted to be secured in the loWer end of the tubing string 
and has a tapered core (e.g. conical-shaped) Whose diameter 
decreases upWardly from the bottom toWards the top thereof 
Whereby the passageWay formed betWeen the core of the 
doWnstream section and the tubing diverge upWardly 
throughout the upstream section 

[0014] In operation, the mixed gas-oil stream ?oWs 
upWard through the converging passageWay in the upstream 
section of the doWnhole separator Where the auger causes 
the mixed stream to rotate With the heavier liquid compo 
nents moving outWard While gas remains near the core of the 
separator. FloW through the converging or restrictive pas 
sageWay in the upstream section increases the velocity, 
hence loWers the temperature and pressure, of the stream. By 
reducing the temperature and pressure of the stream, more of 
the desired condensate in the mixed stream remains in the 
liquid stream Which is forced outWardly from the gas stream 
by the centrifugal forces imparted by the auger separator. 
The liquid stream is then produced to the surface through the 
tubing string. Where the doWnhole system includes a 
SPARC unit, the liquid stream ?oWs through the turbine 
section thereof to thereby drive the turbine Which, in turn, 
rotates the compressor of the unit. 

[0015] The separated gas ?oWs upWard through the 
diverging passageWay formed betWeen the tapered core of 
the doWnstream section and the tubing string Where the gas 
regains at least a portion of the pressure lost during ?oW 
through the converging passageWay in the upstream section 
of the separator. The separated gas is then either produced to 
the surface through the Well annulus or is fed into the 
compressor of the SPARC unit, if present, Where it is 
compressed for injection into a doWnhole Zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The actual construction, operation, and apparent 
advantages of the present invention Will be better understood 
by referring to the draWings Which are not necessarily to 
scale and in Which like numerals refer to like parts and in 
Which: 

[0017] FIG. 1 is a sectional vieW of the doWnhole auger 
separator of the present invention When in an operable 
position Within a production Wellbore; 

[0018] FIG. 2 is a cross-sectional vieW of the auger 
separator taken Within line 2-2 of FIG. 1; 
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[0019] FIG. 3 is a cross-sectional vieW of the auger 
separator taken Within line 3-3 of FIG. 1; and 

[0020] FIG. 4 is a sectional vieW of a SPARC system in 
Which the auger separator of the present invention is incor 
porated. 

[0021] While the invention Will be described in connection 
With its preferred embodiments, it Will be understood that 
this invention is not limited thereto. On the contrary, the 
invention is intended to cover all alternatives, modi?cations, 
and equivalents Which may be included Within the spirit and 
scope of the invention, as de?ned by the appended claims. 

BEST KNOWN MODE FOR CARRYING OUT 
THE INVENTION 

[0022] Referring more particularly to the draWings, FIG. 
1 discloses a doWnhole section of production Well 10 having 
a Wellbore 11 Which extends from the surface (not shoWn) 
into and/or through a production Zone 13. As illustrated in 
FIG. 1, Wellbore 11 is cased With a string of casing 14 Which 
is perforated With perfs 15 or otherWise completed (e. g. open 
hole) adjacent the production Zone 13 to alloW ?oW of ?uids 
(i.e. production stream, arroWs 16) from the production Zone 
into the Wellbore as Will be fully understood by those skilled 
in the art. 

[0023] As shoWn, the doWnhole auger separator 20 of the 
present invention is assembled Within the loWer end of a 
string of production tubing 17 and loWered thereWith into 
the Wellbore 11 to a position above production formation 13 
Wherein a Well annulus 40 is formed betWeen the tubing 17 
and casing 14. Auger separator 20, as shoWn, is comprised 
of a housing 18 having an auger 19 mounted to the loWer end 
thereof by any appropriate means (eg “spider” or central 
iZer having a plurality of legs 19a Which center auger 19 
Within housing 18). Also, as Will be understood in the art, in 
some instances, auger separator 20 could be loWered doWn 
the production tubing 14 by a Wireline, coiled tubing string, 
etc. after the production tubing has been run into the 
Wellbore 11 and seated Within a landing sub or the like (not 
shoWn) Within the loWer end of tubing 17. Cross-over ports 
25 ?uidly connect the inside of housing 18 to annulus 40 for 
a purpose described later. Further, as understood in the art, 
a tubing packer 20a or the like is set to block ?oW from 
formation 13 into Well annulus 40. 

[0024] Auger 19 is comprised of a central element or core 
21 Which, in turn, is comprised of tWo distinct conical or 
tapered sections; i.e. doWnstream or loWer section 22 and 
doWnstream or upper section 23. These sections may be 
joined directly together (as shoWn) or they may be spaced a 
short distance from each other and joined by an intermediate 
section (not shoWn). The upstream section 22 tapers out 
Wardly (i.e. diameter of section 22 increases) from the 
bottom of core 21 to approximately the midpoint of core 21 
Where upstream section 22 meets and becomes doWnstream 
section 23 Which, in turn, tapers inWardly (i.e. diameter of 
section 23 decreases) from approximately the midpoint of 
core 21 to the top of the core. It can be seen that the 
passageWay 22p surrounding upstream section 22 converges 
as it approaches the midpoint of core 21 While the passage 
23p surrounding doWnstream section 23 diverges as it 
moves aWay from the midpoint of core 21, the purpose of 
Which Will be explained beloW. 
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[0025] A helical-Wound, auger-like ?ight 24 is secured to 
and along upstream section 22 and extends outwardly from 
the core 21 substantially across the diameter of tubing 18. 
Auger separators of this type are Well knoWn in the art and 
are disclosed and fully discussed in US. Pat. No. 5,431,228 
Which issued Jul. 11, 1995, and Which is incorporated herein 
in its entirety by reference. Also, for a further discussion of 
the construction and operation of such separators, see “New 
Design for Compact-Liquid Gas Partial Separation: DoWn 
Hole and Surface Installations for Arti?cial Lift Applica 
tions”, Jean S. Weingarten et al, SPE 30637, Presented Oct. 
22-25, 1995 at Dallas, Tex. 

[0026] In operation, a mixed gas-oil, production stream 16 
flows from production Zone 13 into casing 14 and flows 
upWard therethrough. As Will be understood in the art, most 
mixed oil-gas streams Will also include some produced 
Water so as used herein, “production stream” is intended also 
to include streams having some produced Water therein. 

[0027] As the production stream 16 ?oWs upWard through 
the upstream section 22 of separator 20, auger ?ight 24 Will 
impart a spin on the stream Wherein the liquids (e.g. oil, 
Water, etc., arroWs 16a) in the stream are forced to the 
outside of the auger by centrifugal force While at least a 
portion of the gas (arroWs 16b) is separated from the stream 
and remains near the Wall of core 21. Due to the taper of 
upstream section 22, the flow passage 22p surrounding 
section 22 converges and becomes more restrictive as it 
approaches the midpoint of core 21. 

[0028] Due to converging passage 22p, the velocity of 
both the separated gas stream and the remaining production 
(i.e. gas-oil) stream increase as they flow through this 
restrictive passage. This increased velocity causes a reduc 
tion in both the static pressure and the temperature of these 
streams due to the conservation of energy. The colder 
temperature and loWer pressure of the gas stream result in 
larger amounts of any condensate in the production stream 
condensing and remaining in the mixed gas-oil stream 16a. 
As stream 16a With the increased condensate therein reaches 
the end of upstream section 22, it flows into annular passage 
30, Which is formed betWeen housing 18 and production 
tubing 17, and is produced through tubing 17 to the surface. 
[0029] As the separated gas stream 16b flows from the top 
of upstream section 22 and into doWnstream section 23, it 
enters and flows upWard through the diverging passageWay 
23p Which surrounds doWnstream section 23. Passage 23p 
functions as a diffuser passage Which is designed to recover 
a substantial portion (eg from about 50% to about 70%) of 
the pressure that Was lost by the production stream When it 
passed through the restrictive passage 22p surrounding the 
upstream portion 22. The separated gas 16b then flows 
through cross-over ports 25 into Well annulus 40 through 
Which it can produced to the surface. 

[0030] FIG. 4 illustrates a SPARC system 50 Which 
includes the auger separator 20 of the present invention. The 
auger separator 20 is constructed and operates basically the 
same as described above. In the embodiment of FIG. 4, a 
turbine-compressor unit 51 is secured to the top of housing 
18a. Unit 51 is basically comprised of a turbine 52 and a 
compressor 53. The mixed gas-oil stream 16a With addi 
tional condensates therein flows from auger 19, through 
annular passage 30, and directly into the inlet 31 of turbine 
52. As the stream 16a passes through turbine, it drives the 
turbine Which, in turn, rotates compressor 53. 
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[0031] The separated gas stream 16b flows from auger 19 
upWard through housing 18a and into the inlet 32 of com 
pressor 53 Which, in turn, compresses the gas before passing 
it into annulus 40a. As shoWn, packers 20a, 20b isolate a 
section of Well annulus 40 adjacent an injection Zone (e.g. 
gas cap 13) Which lies along the Wellbore 11. As Will be 
understood in the art, casing 14 is perforated With perfs 14a 
so that the compressed gas 16b can be injected into Zone 
13a. SPARC systems, such as that described, are knoWn in 
the art; for example see US. Pat. 5,794,697 and 6,189,614, 
both of Which are incorporated in their entireties by refer 
ences. 

[0032] The doWnhole auger separator 20 of the present 
invention, Whether used separately or in combination With a 
SPARC system Will increase the amount of condensate 
Which can be recovered With the liquids from a production 
stream and, at the same time, recover at least a portion of the 
pressure lost by the separated gas stream as it Was being 
separated from the production stream. 

What is claimed is: 
1. A system for producing a mixed gas-oil stream from a 

production Zone to the surface through a Wellbore said 
system comprising: 

a string of tubing positioned Within said Wellbore and 
extending from said production Zone to said surface 
Wherein an annulus is formed betWeen said tubing and 
said Wellbore; 

a separator positioned doWnhole Within said Wellbore and 
adapted to separate at least a portion of said gas from 
the remainder of said gas-oil stream as said gas-oil 
stream ?oWs upWard through said Wellbore, said sepa 
rator having an upstream section and a doWnstream 
section, said upstream section comprising: 

a tapered loWer core having a diameter Which increases 
upWardly from the bottom thereof Whereby the pas 
sageWay formed betWeen said loWer core and said 
Wellbore converges upWardly throughout said 
upstream section; and 

an auger secured to and along said upstream section of 
said separator, said auger extending outWard from 
said tapered loWer core substantially across said 
tubing string. 

2. The system of claim 1 Wherein said doWnstream section 
of said separator comprises: 

a tapered upper core positioned and secured Within the 
loWer end of said tubing string, said tapered upper core 
having a diameter Which decreases upWardly from the 
bottom thereof Whereby the passageWay from betWeen 
said upper core and said tubing string diverges 
upWardly throughout said doWnstream section. 

3. The system of claim 2 Wherein said at least a portion of 
said gas separated from the remainder of said gas-oil stream 
is produced to the surface through said tubing string and said 
remainder of said gas-oil stream is produced through said 
annulus. 

4. The system of claim 2 including: 

a turbine-compressor unit positioned Within said tubing 
string above said separator Wherein said the gas sepa 
rated from said gas-oil stream is passed through said 
compressor and said remainder of said gas-oil stream is 
passed through said turbine. 
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5. A system for producing a mixed gas-oil stream from a 7. The system of claim 6 Wherein said at least a portion of 
production Zone to the surface through a Wellbore said said gas separated from the remainder of said gas-oil stream 
system comprising: is produced to the surface through said Well annulus and said 

a String of tubing positioned Within Said Wellbore and remainder of said gas-oil stream is produced through said 
extending from said production Zone to said surface tubmg' 
Wherein a Well annulus is formed betWeen said tubing 8' The System of Claim 6 including: 

and Said Wellbofe; a SPARC unit positioned Within said tubing string above 
a separator positioned doWnhole Within said Wellbore and said separator, said SPARC comprising: 

adapted to separate at least a portion of said gas from 
. . . . . a com ressor 

the remainder of said gas-oil stream as said gas-oil p ’ 
stream ?oWs upWard through said Wellbore, said sepa- a turbine for rotating said compressor and Wherein said 
rator comprising: the gas separated from said gas-oil stream is passed 
a housing mounted in the loWer end of said tubing and through Said Compressor and Said remainder of Said 

forming an annular passage therehetweeh; gas-oil stream is passed through said turbine. 
9. A auger separator for separating at least a portion of the 

gas in a gas-oil production stream, said auger separator 
comprising: 

an auger secured Within said housing and extending 
from the loWer end thereof, said auger having an 
upstream section and a doWnstream section, said 
upstream Section Comprising? an upstream section, said upstream section comprising: 
a tapered loWer core having a diameter Which 

increases upWardly from the bottom thereof 
Whereby the passageWay formed betWeen said 
loWer core and said Wellbore converges upWardly 

a tapered core having a diameter Which increases 
upWardly from the bottom thereof toWards the top 
thereof; and 

throughout said upstream section; and an auger secured to and along said tapered core of said 
an auger ?ight secured to and along said upstream upstream Sectlon; and 

Secnon of Sald s_eparator> Sald auger extendlng a doWnstream section, said doWnstream section compris 
outWard from said tapered loWer core substan- ing. 
tially across said tubing string. _ _ 

6. The system of claim 5 Wherein said doWnstream section a tapered Core havlng a bottom attached to Sald top of 
Of Said Separator Comprises; said upstream section, said tapered upper core hav 

ing a diameter Which decreases upWardly from said 
a ta ered u er core connected to said u stream section 

p pp p bottom thereof toWards the top thereof. and positioned Within and secured Within the loWer end 
of said tubing string, said tapered upper core having a 10~ The_ auger separatorpf Claim wherein Said taperffd 
diameter Which decreases upwardly from the bottom core of said upstream section and said tapered core of said 
thereof whereby the passageway from between Said doWnstream section are substantially conical-shaped. 
upper core and said tubing string diverges upWardly 
throughout said doWnstream section. * * * * * 


