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(57) ABSTRACT 

The EVRU is essentially an eductor, con?gured and 
designed, to capture and recover hydrocarbon ?uids (gases 
and/or liquids) and/or other vapors and recombine and 
reinject into the system so that all the ?uids are combined 
into a closed system to reduce or eliminate emissions 

(Greenhouse gases, VOC’s, HAP’s, CO, NOX and any other 
air pollutants). A measured, knoWn volume of higher pres 
sure ?uid is fed into the eductor Which draWs measured, 
knoWn volumes of loWer pressure, hydrocarbon ?uids and/ 
or other vapors from emission (Greenhouse gas, VOC, HAP, 
CO, NOX and any other air pollutant) sources, combining 
the higher pressured ?uids With the loWer pressured ?uids to 
an intermediate pressured combination ?uid that is injected 
back into existing process equipment to close the system and 
prevent or minimiZe harmful emissions (greenhouse gases, 
VOC’s, HAP’s, CO and any other air pollutants). 
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EDUCTOR SYSTEM AND METHOD FOR VAPOR 
RECOVERY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to a system and 
method for the recovery and reintroduction of atmospheric 
vented gases and more particularly to the recovery and 
reintroduction of gases and ?uids generally discharged into 
the environment from hydrocarbon separation systems used 
in production, process and transmission systems. 

[0003] 2. General Background 

[0004] Eductors or jet pumps have been in use for many 
years in different applications as a means of pumping, 
vacuuming, and mixing in a great many applications. Educ 
tors are simple to build and operate With essentially no 
mechanical parts to break doWn. The Eductor operates on 
the principle of a venturi, through Which an energiZed ?uid 
is directed causing a differential pressure across an ori?ce 
situated in a mixing chamber. The mixing chamber has a port 
to alloW ?uids or gases at a static or loWer pressure than the 
energiZing ?uid pressure to be draWn into the chamber due 
to the created differential betWeen the energiZed or pressur 
iZed line and the static or loWer pressure inlet lines. The 
?uids or gases being draWn into the chamber mix With the 
energiZed ?uid or gases resulting in a mixture of both ?uids 
and or gases as result of the pressure differential betWeen the 
energiZed ?uid or gases and the ?uid or gas being draWn into 
the mixing chamber from the static or loWer pressure inlet 
line. The pressure and volume of the mixed ?uids may be 
adjusted by controlling the energiZed and static inlet ?uid 
volume and pressure With a restricting device installed in the 
inlet lines to the Eductor. The mixed ?uid departs the 
chamber at a reduced pressure less than the inlet energiZed 
?uid, but greater than the static or loWer pressure ?uid or gas 
being draWn into the mixing chamber. 

[0005] Although various systems using such Eductors 
have been developed for vapor recovery in handling volatile 
liquids Which emit toxic gas, such as those disclosed by US. 
Pat. Nos. 3,817,265, 5,135,360, 5,139,390, 5,195,587, 
5,207,249, 5,325,896, 5,651,389 and 5,957,665. Even closed 
loop systems such as that disclosed by US. Pat. No. 5,516, 
119 have proven effective in controlling gas emission HoW 
ever, Eductors are primarily used as mixing and stripping 
systems such as is disclosed by US. Pat. Nos. 3,648,434 and 
5,209,762. Other systems utiliZe various methods for cap 
turing vapors emitted from gas dehydrators, oil storage tank, 
and catalytic cracking processes While still others utiliZe a 
venturi type apparatus for capturing vapors emitted from 
gasoline being transferred into tanks. 

[0006] A system utiliZing the eductor, or jet pump, 
although not neW to the art, has not been utiliZed in the 
manner taught herein for use in gas/oil production, process 
ing or transmission systems for collectively recovering 
hydrocarbon ?uids and gases, including greenhouse gases 
such as methane, ethane, and hydrocarbon compounds, 
VOC’s, Volatile Organic Compounds that react and produce 
oZone in the loWer atmosphere, HAP, HaZardous Air Pol 
lutants including benZene, toluene, ethybenZene, xylene, 
n-hexane, 2-2-4 trimethyl pentane, and CO and NOX, gas 
produced from combustion and/or released from natural gas, 
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as Well as many other air pollutants currently being vented 
into the atmosphere from the various stages of a hydrocar 
bon separation processing systems for reinjection and recir 
culation Within the processing system Without the use of any 
external energy or poWered mechanical pumps etc. 

[0007] Some current systems use compressors to produce 
condensation for dilution, While others use ?ares or mix the 
exhaust gases and ?uids With other fuel gases to produce fuel 
to be burned in engines or heater burners utiliZed With the 
hydrocarbon processing system itself. These existing pro 
cesses create combustion emissions (CO & NOX) them 
selves Which must also be exhausted. In some cases these 
systems use outside energy sources such as electricity or 
natural gas to operate and are therefore more costly than the 
process disclosed herein utiliZing the EVRU. 

[0008] Therefore, there is a need for an e?icient, economi 
cal system capable of capturing hydrocarbon emissions from 
the various vented exhaust ports Within separation systems 
used for production, processing and transmission of oil and 
gas and reintroducing the vented contaminates in a closed 
loop system back into the system Without interrupting or 
using any additional 

SUMMARY OF THE INVENTION 

[0009] The disclosed EVRU or Eductor Vapor Recovery 
Unit disclosed herein serves to collect, contain and recycle 
emissions generally exhausted or otherWise emitted into the 
atmosphere from hydrocarbon separation systems used in 
processing hydrocarbons chemicals etc., including the pro 
duction and transmission process of such hydrocarbons and 
chemicals through sales lines etc. in a manner resulting in a 
closed loop system. The vapor recover process herein taught 
is directed primarily to the recovery of vapors emitted from 
hydrocarbon separation and reactor processes and the rein 
troduction of such vapors With no external energy source and 
not to eductor type units used for vapor recovery used in 
external fuel tank vapor recovery for fuel distribution or fuel 
blending systems and the like. The EVRU is considered far 
superior to other methods and processes presently in service 
Within the hydrocarbon separation processing systems as 
discussed above. 

[0010] The EVRU essentially includes an eductor or jet 
pump operating on the venturi principle as its core element. 
The system further includes ?oW safety valves, ?oW mea 
suring elements, a ?oW control mechanism, pressure sensing 
devices, and temperature sensing and indicating devices. 
Pressure and temperature isolating valves are also installed 
in the energiZed ?uid line entering the eductor for replacing 
or repairing of these devices. 

[0011] In operation, the eductor inlet or energiZed ?uid or 
gas inlet receives the energiZed ?uid Which passes through 
the venturi ori?ce, thereby creating the desired differential 
pressure determined by the controlled energiZed ?uid pres 
sure and volume regulated by the inlet ?oW control mecha 
nism. The energiZed EVRU ?uid or gas volume is propor 
tional to the volume of the ?uids or gases being draWn from 
the loWer pressure emission vents of the static hydrocarbon 
process system to Which the EVRU is attached, as a result 
of the pressure differential created by the EVRU jet pump 
venturi. The static or loW pressure emissions (greenhouse 
gases, VOC’s, HAP’s, CO and any other air pollutants) line 
entering the eductor further includes a directional ?oW valve 
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to prevent back pressure from over-pressuriZing the vessel. 
Also included are a ?oW measuring element to measure the 
volume of ?uids being recovered from the vessel, a pressure 
sensing device to determine the emission (greenhouse gases, 
VOC’s HAP’s, CO2 and any other air pollutants) ?uid 
pressure entering the eductor, as Well a temperature sensing 
and indicating device to assist With the control of the 
emissions ?uid entering the eductor. Pressure and tempera 
ture isolating valves are also installed in the emission ?uid 
line entering the eductor for replacing or repairing of these 
devices. The eductor emissions ?uid inlet receives vapor 
emissions and/or liquids and miXes these ?uids With the 
energiZed ?uid in the miXing chamber. The miXed ?uids 
converge and ?oW through the eductor outlet and through 
the outlet line. The outlet line consists of a pressure sensing 
device to determine the miXed ?uid pressure departing the 
eductor and a temperature sensing and indicating device to 
assist With the control of the miXed ?uid departing the 
eductor. Pressure and temperature isolating valves are 
installed in the miXed ?uid line departing the eductor for 
replacing or repairing of these devices. The miXed ?uid 
outlet also contains a ?oW safety device to prevent back ?oW 
and over-pressuriZing of all components upstream of the 
?oW safety device. The ?nal destination of the miXed ?uids 
(energiZed ?uid and emissions (greenhouse gases, VOC’s, 
HAP’s, CO and any other air pollutants)) is a compatible 
hydrocarbon processing vessel having an operating pressure 
less than the energiZed ?uid, greater than the emissions ?uid, 
and slightly less than or equal to the miXed ?uid pressure 
Which closes the system by recycling the emissions back 
into the processing system and ultimately out through the 
gas or oil sales pipe lines and/or the Water disposal lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a further understanding of the nature and 
objects of the present invention, reference should be made to 
the folloWing detailed description taken in conjunction With 
the accompanying draWings, in Which, like parts are given 
like reference numerals, and Wherein: 

[0013] FIG. 1 is a schematic ?oW diagram of the EVRU 
system; 

[0014] FIG. 1B is a schematic ?oW diagram of EVRU 
systems connected in Parallel; 

[0015] FIG. 1C is a schematic ?oW diagram of EVRU 
systems connected in Series; and 

[0016] FIG. 2 is a schematic ?oW diagram of a typical 
oil/gas production, process and transmission system With 
EVRU headers leading to EVRU system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] As seen in FIG. 1 the EVRU or Eductor Vapor 
Recovery Unit 10 essentially includes an eductor or jet 
pump 12 as its core element. The eductor or pump 12 
operates on the venturi principle, Whereby an energiZed ?uid 
is directed though the eductor 12 causing a differential 
pressure across an ori?ce situated in a miXing chamber. The 
miXing chamber has a port to alloW ?uids at a static or loWer 
pressure to be draWn into the chamber due to the created 
differential betWeen the energiZed or pressuriZed line 14 and 
the static or loWer pressure inlet line 16. The static or loW 

Apr. 18, 2002 

pressure ?uids being draWn into the eductor 12 miXing 
chamber miX With the energiZed ?uid resulting in a mixture 
of both ?uids as a result of the pressure differential betWeen 
the energiZed ?uid and the ?uid being draWn into the miXing 
chamber from the static or loWer pressure inlet line 16. 
EnergiZed or pressuriZed ?uid With pressures above miXer 
discharge pressure may be derived from taping a number of 
sources generally present in typical hydrocarbon separation 
systems 13 used in the production, process or transmission 
phase such as the schematic diagram seen in FIG. 2. 
EnergiZing ?uid connection points, as illustrated by dash 
lines, are available by tapping into the Well-head’s-full ?oW 
stream line 18, the free-Water knockout-line 19 or gas line 
20, the liquid line heater-gas stream line 22, the HP. 
separator gas 24,and oil outlet lines 25, the LP. separator oil, 
gas and Water outlet lines 29.30,31, the gas sales pipeline 
contact toWer 32, and/or any compressor stage discharge or 
outlet lines 33,3435. The pressure sources may be selec 
tively attached to a manifold or header 36 Which is also 
attached to the EVRU inlet line 14. 

[0018] As seen in FIG. 1, the inlet line 14 to the EVRU 
eductor system 10 includes a ?oW valve 38, Which alloWs 
?oW only to the inlet of the jet pump eductor 12, a ?oW 
measuring element 56 for measuring the energiZed ?uid 
entering the eductor 12, a ?oW control valve 58 to control the 
pressure and volume of the energiZed ?uid entering the 
eductor, a pressure sensing device 60 to determine the 
controlled pressure entering the eductor, a temperature sens 
ing and indicating device 62 to assist With the control of 
?uids or gases entering the eductor. 

[0019] Pressure and temperature isolating valves 64 are 
installed in the supply line 14 entering the eductor for 
replacing or repairing of these sensing devices. In operation, 
the eductor inlet or energiZed ?uid inlet receives the ener 
giZed ?uid Which passes through the venturi ori?ce, Which 
creates the desired differential pressure determined by the 
controlled energiZed ?uid pressure and volume regulated by 
the ?oW control mechanism. The energiZed volume is pro 
portionally higher than the volume and pressure of the 
emitted (greenhouse gases, VOC’s, HAP’s, NOX and any 
other air pollutants) ?uids from the hydrocarbon process 
system 13 being draWn into the miXing chamber by the 
pressure differential created by the venturi, through the static 
or loW pressure line 16. 

[0020] It should be noted that ratio betWeen pressure and 
volume of the miXed ?uids may be adjusted to some degree 
by controlling the energiZed and static inlet ?uid volume and 
pressure With the ?oW control valve 58 installed in the inlet 
lines to the eductor 12. HoWever, additional eductor jet 
pumps 12 may be installed in the EVRU system 10 and 
selectively connected as necessary to the various line taps 
though out the processing system 13 or simply connected in 
parallel as seen in FIG. 1B, With each pump having a 
different ?oW characteristic. The system may also be con 
nected in series as seen in FIG. 1C in Which case the outlet 
line 66 is connected to the emissions inlet line 16 of a 
seceding EVRU system prior to discharge back into the 
header 70. In some cases each additional jet pump may have 
its oWn directional control valve 38, ?oW measuring element 
56, ?oW control valve 58, and temperature and pressure 
meters as necessary to monitor the ?oW though each addi 
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tional pump 12. Diverter valves and secondary headers may 
also be added to the headers 36,54, to direct ?oW to 
individual jet pumps 12. 

[0021] The emissions (greenhouse gases, VOC’s, HAP’s, 
CO and any other air pollutants) entering the eductor system 
10 via manifold or header 54 and loW pressure line 16 also 
includes a directional ?oW valve 38 to prevent back pressure 
from over-pressuriZing the vessel, a ?oW measuring element 
56 to measure the volume of ?uids being recovered from the 
vessel, a pressure sensing device 60, a temperature sensing 
and indicating device 62. Pressure and temperature isolating 
valves 64 are also installed in the emission ?uid line entering 
the eductor for replacing or repairing of these devices. 
Emissions inlet ?oW line 16 is also connected to a Vessel 
Vacuum safety line 17 also containing a relief valve 38 and 
a recirculating system 100 (not shoWn) for sensing the 
vacuum on any given vapor emitting vessel and protecting 
the emitting ?uid or gas vessels in the system from collaps 
ing under excessive vacuum. The loW pressure or static 
?uids may be selectively connected to a central manifold or 
header 54, illustrated by dash lines seen in FIG. 2, acquired 
from lines and vents though out the processing system 13 
from such sources as the LoW Pressure separator gas outlet 
line 40, the Water skimmer vent 42, the heater treater vent 
44, the oil storage tank vent 46, the produced Water tank vent 
48, the Glycol/gas separator vent 50, and/or Glycol reboiler 
still column 52. 

[0022] The eductor emissions ?uid inlet line 16 and its 
connected manifold 54 receives the emissions ?uids and 
gases and mixes these ?uids and gases With the energiZed 
?uid and/or gases ?oWing through the eductor in line 14 in 
the mixing chamber. The mixed ?uids converge and ?oW out 
through the eductor outlet line 66. The outlet line 66 also 
includes a pressure sensing device 60 to determine the 
mixed ?uid pressure departing the eductor, a temperature 
sensing and indicating device 62 to assist operators With the 
control of the mixed ?uid departing the eductor. Pressure 
and temperature isolating valves 64 are provided here as 
Well and installed in the mixed ?uid line departing the 
eductor 12 for replacing or repairing of the sensing devices. 

[0023] The mixed ?uid outlet line 66 contains a ?oW 
safety device 38 to prevent back ?oW and over-pressuriZing 
of all components upstream of the ?oW safety device. The 
mixed ?uid departs the mixing chamber of the eductor 12 at 
a pressure less than the inlet energiZed ?uid but greater than 
the static or loWer pressure ?uid or gas being draWn into the 
mixing chamber through static or loW pressure line 16. The 
mixed ?uids (energiZed ?uid and emissions (greenhouse 
gases) VOC’s, HAP’s, CO and any other air pollutants 
Which may be present in the system exiting the EVRU 
system 10 are returned to the processing system 13 by Way 
of line 66 and manifold or header 70, illustrated in FIG. 2 
With dash lines, having distribution points though out the 
system, as further illustrated With dash lines. 

[0024] As seen in FIG. 2, the mixed ?uids may be 
selectively discharged into the inlet of the LP. separator line 
72, the inlet to the Water skimmer tank 26, the inlet to the 
heater treater tank 74, and/or to the inlet of the ?rst stage 
compressor scrubber line 40 or successive stages inlet lines 
33,34. By reintroducing the diluted emission pollutants 
mixed With the energiZed ?uids into the processing system 
13, the vapors are recovered, reinjected and/or recirculated 
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or otherWise processed and distributed doWn stream or out 
through the sales lines or further diluted and disposed of in 
the Water disposal system. 

[0025] Because many varying and different embodiments 
may be made Within the scope of the inventive concept 
herein taught, and because many modi?cations may be made 
in the embodiments herein detailed in accordance With the 
descriptive requirement of the laW, it is to be understood that 
the details herein are to be interpreted as illustrative and not 
in any limiting sense. 

What is claimed is: 
1. A vapor recovery and recirculation unit for separation 

systems used in the production, process and transmission of 
oil and gas, comprising: 

a) at least one eductor having a ?rst inlet line, a second 
inlet line, an outlet line, and venturi means Within said 
eductor for vacuuming ?uids from said second inlet 
line and mixing ?uids ?oWing through said ?rst and 
second inlet lines prior to discharge through said outlet 
line; 

b) a directional ?oW valve connected ?uidly Within said 
?rst and second inlet lines and said outlet line; 

c) a ?oW measuring element connected ?uidly Within said 
?rst and said second inlet lines mesial said directional 
?oW valve and said eductor; 

d) a ?oW control valve connected ?uidly Within said ?rst 
inlet line located mesial said ?oW measuring element 
and said eductor; 

e) a means for selectable connecting at least one of a 
plurality of energiZed ?uid ports Within said systems to 
said ?rst inlet line 

g) a means for selectively connecting at least of a plurality 
of vessel emission ports Within said separation system 
to said second inlet line; and 

h) a means for selectively connecting at least one of a 
plurality of loW pressure ports Within the separation 
system to said outlet line. 

2. The vapor recovery and recirculation unit according to 
claim 1 Wherein said unit further comprises means for 
determining pressure and temperature of ?uids ?oWing 
through said ?rst and second inlet lines. 

3. The vapor recovery unit according to claim 1 Wherein 
said unit further comprises a ?oW control valve located 
?uidly Within said second inlet line. 

4. The vapor recovery unit according to claim 1 Wherein 
said unit further comprises a plurality of eductors having 
different ?oW characteristics. 

5. The vapor recovery unit according to claim 1 Wherein 
said unit further comprises a plurality of eductors connected 
in parallel. 

6. The vapor recovery unit according to claim 1 Wherein 
said unit further comprises a plurality of eductors connected 
in series. 

7. The vapor recovery unit according to claim 1 Wherein 
said unit further comprises a means for sensing excessive 
vacuum on vessels connected to said second inlet line. 

8. The vapor recovery unit according to claim 1 Wherein 
said separation system contains a plurality of line taps for 
selective connection to said eductor. 
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9. The vapor recovery unit according to claim 1 wherein 
said means for selectively connecting is a header having a 
plurality of port connections and ?oW control valves at each 
said connection port. 

10. A method for recovering vapor emissions from sepa 
ration systems used in the production, process, and trans 
mission of oil and gas, and recirculating said emissions 
Within said systems for eventual distribution through sales 
pipe lines and contaminated Water disposal system compris 
ing the steps of: 

a) providing an eductor system; 

b) tapping a plurality of pressure sources Within said 
separation system to provide energiZed ?uid to said 
eductor system; 

c) capturing vapor emissions from a plurality of sources 
Within said separation system; 

d) mixing said vapor emissions With said energiZed ?uid 
Within said eductor system; and 

e) reinjecting said energiZed ?uid With said vapor emis 
sions back into said oil/gas separation system Without 
the need for any eXternal energy source. 

11. A method of recovering a plurality of vented vapors 
from separation systems used in the production, process and 
transmission of oil and gas and injecting and recirculating 
said vapors Within said system utiliZing system ?oW and 
pressure comprising the steps of: 

a) providing an eductor unit comprising: 

i) an eductor having a ?rst inlet line, a second inlet line, 
an outlet line, and means for draWing and miXing 
?uids ?oWing through said second inlet line With 
?uids ?oWing through said ?rst inlet line; 

ii) a directional ?oW valve connected ?uidly Within said 
?rst and said second inlet line and said outlet line; 

iii) a ?oW measuring element connected ?uidly Within 
said ?rst and said second inlet lines; 

iv) a ?oW control valve connected ?uidly Within said 
?rst inlet line; 

v) a means for determining pressure and temperature of 
?uids passing through said ?rst and second inlet lines 
attached ?uidly to said inlet and outlet lines; 

vi) a means for selectable connecting at least one of a 
plurality of energiZed ?uid ports Within said systems 
to said ?rst inlet line 
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vii) a means for selectively connecting at least one of 
a plurality of vessel emission ports Within said 
separation system to said second inlet line; and 

viii) a means for selectively connecting at least one of 
a plurality of loW pressure ports Within the separation 
system to said outlet line; and 

b) connecting at least one pressuriZable ?uid source 
Within said oil/gas separation system to said means for 
selectable connecting to said ?rst inlet line; 

c) connecting at least one vapor emission source Within 
said oil/gas separation system to said means for select 
able connecting to said second inlet line; 

d) connecting said outlet line to at least one loW pressure 
?uid inlet line Within said oil/gas separation system; 
and 

e) adjusting said ?oW control valve in a manner Whereby 
pressure on said ?rst inlet line is greater than pressure 
on said second inlet line and Whereby pressure on said 
outlet line eXceeds the pressure at said loW pressure 
port reentering said separation system. 

12. The method according to claim 11 Wherein said at 
least one pressuriZable ?uid source is selectively chosen 
from a group of sources comprised of: a Well-head full-?oW 
stream line, a free-Water knockout-Water line, a free-Water 
knockout-gas line, a liquid heater-gas stream line, a high 
pressure separator gas line, a high pressure separator oil 
outlet line, an LP. separator oil line, an LP. separator gas line, 
a I.P. separator Water outlet line, a gas sales pipeline contact 
toWer inlet line, and a compressor stage discharge line. 

13. The method according to claim 11 Wherein said at 
least one vapor emission source is selectively chosen from 
a group comprised of an LP. separator gas outlet line, a 
Water skimmer vent, a heater treater vent, an oil storage tank 
vent, a produced Water tank vent, a Glycol/gas separator 
vent, and a Glycol reboiler still column. 

14. The method according to claim 11 Wherein said ?uid 
inlet line used for reinjection into said oil/gas separation 
system is selectively chosen from a group of taps comprised 
of an inlet to the LoW Pressure separator line, the inlet to the 
system Water skimmer tank, the inlet to the system heater 
treater tank, and the inlet line of the system compressor 
scrubber. 

15. The method according to claim 11 Wherein said step 
of connecting to at least one vapor emissions source further 
includes the recovery of Greenhouse gases, VOC’s, HAP’s, 
CO, and NOX form said source. 

* * * * * 


