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i e l c , 

'I'his invention relates to a method of recov 
ering desirableI liqueiiable hydrocarbons I from 
the iiow vof high pressure natural gas wells where 
it is both necessary and desirable to return the 
`residue gas to the producing iormation'to main 

' ‘ "f7 oisans. (cnet-_1755) 

Vof this general type indicate that this optimum 
 liquefaction pressure is` definitely fixed by the 

tain formation pressure orïto repressure a pro’l ‘ 
ducingformatiom and v>has ~for its `principal ob~ 
ject-to provide for recovery of such hydrocar 
bons at. approximatelythe flowing pressure of s 
the producing well. n ,  , 

Under present conditions a great volume‘of 
high pressure` natural» gas contains profitable 
quantities of desirable hydrocarbons or distil 
late, and in order to produce and recover the 
desired hydrocarbon fractions, the residue gas 
is returned to theproducing formation to pre 
vent its waste, to conserve formation energy and 
to prevent condensation and subsequent loss of 
the' desirable _heavier hydrocarbon components 
of the reservoir fluid which inevitably results 
from declining pressures in gas reservoirs of the 
genera1 type under consideration. SuchV con 
densation, caused .byl declining pressure, is com 

` monly termed “retrograde condensation,” be 
cause it is contrary to normal reactions where 
in a pressurel decrease is accompanied by va 
porization. Processes which recover these de 
sirable hydrocarbons have been carried on at 
relatively low >pressures well within the normal 
condensation limits of> these gas-liquid mixtures. 
To return the residue gas to the formation, it 
is then necessary to provide expensive compres 
sor equipment'to raise the pressure of the gas 
to the required injection pressure. Extensive 
studies ofthe phenomena of retrograde vapo 
rization and condensation have resulted in proc 
‘ess improvements which permit these hydrocar 
bons to be recovered at substantially high pres 
sures, thereby greatly lowering the differential 
pressure between the denuded gas and the pres 
sure required to inject the denuded gas into the 
producing formation. Consequently smaller and 
less expensive compressor equipment may be 
used and operated with less power consumption. 
The fact remains, however, that` the operating 
pressures or these improved processes are lim 
ited by the pressure at which normal conden 
"sation ceases and retrograde vaporization takes 
eiîect, and this pressure is denoted by a maxi 

v mum liquid volume condensed from a unit vol 
urne of the gaseous well iiow when condensed 
under constant ntemperature conditions This 
pressure may :be termed “optimum liquefaction 
pressure." Extensive studies of the reservoir 

‘ fluids produced vby the 'numerous known gas nelds 
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composition of the hydrocarbon mixture com 
prising the reservoir fluid and that the varia 
tion in this optimum liquefaction pressure is 
coniìned, ̀ with but few exceptions, >to the range 
of 800 to 1200 pounds per square inch. More 
over, these studies indicate that there is no re 
lationship between the reservoir pressure and 
the optimum liquefaction pressure exhibited by 
the reservoir fluid, so that it is not uncommon 
to find that the gaseous flow from a well at 3500 
pounds pressure‘exhibits an optimum liquefac 
tion pressure of 1000 pounds per square inch. 
'I’he compressor equipment incorporated into 
present day condensation type distillate recovery 
systems therefore remains exceedingly costly 
land requires great power consumption. 

As pointed out above, I have provided a method 
of recovering the liqueñable hydrocarbonrcon 
tents of said gaseous reservoir iiuids at pressures 
substantially near the well head pressure, there 
by greatly reducing the required compressor 
horsepower and cost required to return the resi 
due gas to the producing formation, 
In carrying out my invention I utilize the re 

, lationship between the composition 0f the _res 
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ervoir fluid and the optimum liquefacticn pres 
sure cited above, and by means of admixing defi 
nite quantities of high molecular weight hydro 
carbon liquid with the well stream, I alter the 
composition of the hydrocarbon mixture flowing 
into the recovery system and thereby adjust the 
optimum liquefaction pressure upward to that 
pressure which, when considered to be the pres 
sure at the compressor suction, will permit the 
compressor equipment to operate at maximum 
efilciency and minimum compression ratio. Not 
only does this enable compressor equipment to 
deliver a maximum volume of gas per brake' 
horsepower developed by reducing compression 
ratio to a minimum, but also it increases the vol 
umetric capacity of the compressor equipment 
by taking greater advantage of the supercom 
pressibility characteristics exhibited by all gases 
at high pressures since this deviation from the 

~ ideal gas laws increases directly with the pres 
sure up to approximately 3000 pounds per square 
inch. The remainder of the process utilizes the 
established principles of condensation and ab 
sorption, one method of which is practiced as 
illustrated in the accompanying drawings, 
wherein: ` 

Fig. 1 is a ñowdiagram of a high pressure 
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condensate recovery and absorption system em 
bodying the-features of my invention. 

Fig. 2 is a graph showing the approximate re 
lation between molecular weight of well fluids 
and the optimum lique'faction. or so-called retro 
grade point, which relationship has been derived 
from extensive tests in different high pressure 
gas fields of the Texas-Louisiana-Gulf area. 
Referring more in detail to the drawings: 
I designates a sub-surface formation contain 

ing a petroleum hydrocarbon under high pres 
sure and temperature, and 2 designates a pro 
ducing well drilled into the formation and where 
through the formation fluid is discharged in a 
gaseous flow containing the desirable hydrocar 
bon fractions. The discharge from the well is 
taken from the well casing 3 and/or from the 
Well tubing 4,‘through branches 5 and 6 of a 
-flow line 1, preferably without any substantial 
reduction in pressure, and passed through a 
cooler 8. 
The cooler 8 may be of any suitable type; 'for 

example, a shell having a plurality of tubes for 
the passage of the well ñow, and around which 
is circulated a stream of water as a cooling me 
dium, the water being admitted through a pipe 
9 and discharged through a connection I0. The 
discharge line I I from the cooler is connected 
with a pipe I2 discharging into the base of an 
absorbing tower I3 through a pressure regulat 
ing valve I4. 

Since the critical region, i. e., the optimum 
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accumulation pressure, in which retrograde phe- ' 
nomena are observed is found to exist at pro 
gressively higher pressures as the molecular 
weight of the mixture of the hydrocarbons in 
the vapor-liquid system increases, I therefore ele 
vate the liquefaction pressure by increasing the 
molecular weight of the hydrocarbon mixture 
through the continuous addition of definite 
quantities of high molecular weight hydrocarbon 
liquid, thereby altering the chemical and physical 
characteristics of the original well stream. The 
extent to which the optimum liquefaction pres 
sure is elevated is dependent upon the molecular 
weight of the original well stream and the molec 
ular weight and quantity of the extraneous hy 
drocarbon liquid that is mixed with each unit 
volume of the Well stream. For example, a well 
flowing at 2800 pounds per square inch produces 
a fluid having molecular weight of 20.2. Refer 
ring to Fig. 2, it is seen that the optimum lique 
faction pressure exhibited by this reservoir fluid 
is 1200 pounds per square inch and in order to 
>reduce the compressor requirements to a mini 
mum it is desired to process this gas at 1900 

. pounds per square inch in order to return the 
residue gas to the formation at 2850 pounds per 
square inch input well head pressure, represent 
ing a compression ratio of 1.5. Again ̀ referring 
to Fig. 2, it is seen that it will be necessary to 
increase the molecular weight of the well stream 
to 26.5 in order to obtain maximum condensation 
at 1900 pounds per square inch. A readily avail-,_ 
able liquid hydrocarbon is selected, for example 
a medium gas oil having a molecular weight of 
220. A calculated material balance shows that 
it will be necessary to mix 2.7 gallons of this 
heavy hydrocarbon liquid with each thousand 
standard cubic feet of gaseous iluid produced 
from the well in order to raise the molecular 
weight of the mixture to 26.5. The high molec 
ular weight liquid hydrocarbon may be either 
straight-run or cracked naphtha, kerosene, gas 
oil, lube oil, lube distillate, topped (or skimmed) 
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4 
crude oil, and/or crude petroleum oil. It is also 
possible to use refined or crude coal-tar products 
and similar high molecular weight hydrocarbon 
liquids. 
The heavy molecular weight liquid selected may 

be obtained from any available extraneous source 
or it may be derived from the recovered con 
densate by means of fractionation. In the first 
instance a pipe line I5' carrying the high molec 
ular weight liquid may be connected with the 
pipe I5 which carries the well stream to the 
absorber I3 with the volume of ñow regulated in 
accordance with the calculated amount so that 
the admixture has the predetermined molecular 
weight of 26.5. The high molecular weight liquid 
is preferably thoroughly mixed with the well 
stream by mechanical means, such as an atom 
izer I6, prior to admission into the absorber. 
The majority of the liquid content of the mix 
ture is separated from the gaseous phase in the 
absorber by means of retrograde condensation 
at the assumed pressure of 1900 pounds. 
other stream of the high molecular weight liquid 
is preferably introduced through a branch line 
I1 leading to the upper tray I8 of the absorber 
column so that it descends through the respec 
tive trays of the column in counter-current flow 
with respect to the ascending gas stream, thereby 
removing any remaining desirable liqueñable 
componentsy from the gaseous phase introduced 
through the pipe I2 and moving, upwardly 
through that part of the absorber which con 
tains the respective trays. The enriched liquid 
collects in the base of the column together with 
the condensate and is discharged from the ab 
sorber through a pipe I9 under control of a valve 
20. Since the molecular Weight of the injected 
hydrocarbon is sufficiently high to raise liquefac 
tion pressure of the admixture to approximately 
the desired well head pressure, the denuded gas 
is delivered through a, pipe 2l at the pressure of 
approximately 1900 pounds, so that only a small 
amount of compression is required to return the 
gas to the formation. The gas is, therefore, de 
livered to a relatively small compressor unit 22 
having a discharge connected by a return line 
23 leading to an injection well 24 wherethrough 
the gas is returned to the formation for ñow toward 
the well 2, thereby maintaining the formation 
pressure, and vaporizing any recoverable liquid 
hydrocarbons which may exist in the formation 
so that they may be carried to the well 2. 

In the latter instance, the heavy molecular 
weight liquid is obtained by fractionation of the 
recoverable condensate as hereinafter described, 
the desired fraction being admitted to the ab 
sorber through the pipes I 2 and I‘I to effect de 
sired condensation. In both instances the lcon 
densed and enriched liquid is discharged from 
the absorber through a pipe I9 into a separator 
25. When dissolved gas and/or readily vaporiz 
able components are separated from the liquid 
and discharged through a line 26 under control 
of a pressure regulator '21, the discharge from the 
line 26 is collected in a suitable vessel 28 and is 
vented through aline 29. This vented gas may be 
delivered to the compressor unit for fuel purposes, 
processed for its natural gasoline content, com 
pressed and injected into the formation, or other 
wise suitably disposed of. The separated liquids 
are discharged from the base of the separator 
through a pilot control valve 30, by way of a pipe 
line 3| discharging to storage tanks 32 and 33. 
When the heavy molecular weight naphtha is 

used a portion of, the relatively stable liquid is 
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drawn from'the storage tanks through a line 14 
connected with the bottom of the storage tanks 
by a pump 36, circulated through a heat ex 
changer It. and delivered through a pipe`31 into 
a fractionator tower 38.4 . 
The high molecular weight liquid is produced 

in the fractionator by stripping the tower bottom 
product to the desired initial boiling point, proba 
bly 300 to 400 degrees F., by circulating through 
a reboiler 30. This liquid is withdrawn continu 
ously from the base, oi the fractionator tower 38 
through a pipe 40, and circulated in heat ex 
change relation with' the liquid being pumped to 
the' fractionator. The cooled liquid is delivered 
from the heat exchanger through a pipe 4|. 
passed through a refrigerating cooler l2, and de 
livered into the weil stream through the pipe l5 
and into the absorber through the branch’ line i1 ~ 
under the pressure of a pump II, as above de 
scribed. 
The overhead ,cut from the iractionator -is Y 

_ passed through a pipe 44 and circulatedv through 
’ a condenser I5, the condensate being collected in 
an accumulator I6: A part of the liquid collect 
ing in the accumulator is withdrawn through a 
pipe 6l by a pump 65, disch'arging through a pipe 
66 into the top of the i'ractionator to reflux the 
vapors rising in the Iractionator tower. 'I‘he 
stock collecting in the accumulator may com 
mand the market price for light, straight run 
gasoline, or possibly natural gasoline, andi is 
circulated by a pump 41 through a preheater I8, 
for discharge through a pipe 49 into a stabilizer 
column 50. In the stabilizer the bottom product 
is circulated through' a reboiler 51, and is con 
tinuously drawn on’ through a. line 58, passed 
through a, heat exchanger 59, and delivered to a 
stabilized gasoline storage tank 60 through a. 
line 6I. i 

Stock from the storage tanks 32 and 33 is cir 
culated through the heater 59 by connection 
therewith of a pipe 62, having connection through' 
aline 63 with the pump 41 where the liquid is dis 
charged to the preheater 48 and to the stabilizer. 
The overhead cut from the stabilizer is discharged 
through a pipe 61 leading from the top of the sta 
bilizer tower, and passed through a condenser 88 
from where the condensate is delivered into an 
accumulator 69. 'I‘he condensed liquid collecting 
in the accumulator is recirculated through a pipe 
10, under pressure of a pump 1 I , back into the top 
of the stabilizer column through a, pipe 12 as re 
flux. The iixed gas collecting in the accumulator 
may be discharged through a pipe 13 under con 
trol of a pressure regulator 14, into a storage tank 
15, which gas may be used ̀ for fuel or otherwise 
suitably disposed of. ‘ 

From the foregoing it is obvious that I have 
provided a system wherein the desirable hydro 
carbon fractions are readily separable and recov 
erable at the desired high pressures, so that the 
denuded gas may be returned to the formation 
i'or pressure maintenance purposes with a rela 
tively small increase in pressure, and that the 
high molecular weight hydrocarbon is readily 
manufactured by fractionation of a part of the 
recovered hydrocarbons. It is, therefore, possible 
to produce condensate from high pressure ,sub 
terranean formations at the highest possible pres 
sures in order to avoid> high compression ratio be 
tween the intake and discharge sides of the com 
pressors used in returning the denuded gas to th'e 
formation. 
What I claim and desire to secure by Letters 

Patent is: 
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1. The method of recovering desirable liqueiia 
ble constituents from distillate well gas initially 
'at a pressure at least as high as a pressure within 
the retrograde condensation range oi’ said con 

5 _ stituents which comprises, expanding the gas to 
a pressure within the retrograde condensation v 
range of said constituents, separating the result 
ing condensed constituents from the uncondensed 
gas, fractionating said condensed constituents 
into a relatively low boiling gasoline fraction and 
`a relatively heavy liquid fraction, and contacting 
the expanding gas fwith at least a portion of said 
relatively heavy liquid fraction and thereby rais 

stituents. 
2. 'I'he method of recovering desirable liquefia 

ble constituents from a distillate gas mixture hav 
ing an initialI pressure at least asï'high as a pres 
sure within the retrograde condensation range 
of said mixture, which comprises contacting the 
distillate gas mixture with a heavy liquid hydro 
carbon fraction for forming a mixture having a 
higher normal condensation pressure than the 
original gas mixture to condense said- liqueiiable 

` constituents from the gas mixture, separating the 
resulting condensed constituents into a relatively 
low boiling gasoline fraction and a relatively 
heavy liquid fraction for forming said contacting 
liquid, and conveying said heavy liquid 'fraction 
to the place of contact. 

3. The method of recovering desirable liqueña 
ble constituents from a distillate gas mixture hav 
ing an initial pressure at least as high as a pres 
sure within the retrograde condensation range 
of said mixture, which comprises expanding the 
gas mixture to a pressure within the retrograde 
condensation range of said constituents, contact 
ing the expanding distillate gas mixture with a 
relatively heavy liquid hydrocarbon fraction for 
forming a mixture having a higher normal con 
densation pressure than the original gas mixture 
to condense said liqueñable constituents from the 
gas mixture, separating the resulting condensed 
constituents from the residue gas, processing the 

45 resulting condensed constituents to obtain a heavy 
liquid hydrocarbon fraction for forming said con 
tacting liquid, and conveying said heavy liquid 
fraction to the place of contact. 

4. The method of recovering desirable liqueiia 
50 ble constituents from a distillate gas mixture hav 

ing an initial pressure at least as high as 'a pres 
sure within the retrograde condensation range of 
said mixture, which comprises contacting the dis 
tillate gas mixture while at said pressure with a 

55 relatively heavy liquid hydrocarbon fraction for 
forming a mixture having a higher normal con 
densation pressure than the original gas mixture 
to condense said liquenable constituents from the 
gas mixture, separating the resulting condensed 

50 constituents from the residue gas, processing the 
resulting condensed constituents to obtain a rela 
tively heavy liquid hydrocarbon fraction for form 
ing said contacting liquid, and conveying said 
heavy liquid fraction to the place of contact. 

65 5. The method of recovering desirable liqueiia 
ble constituents from a distillate gas mixture hav 
ing an initial pressure at least as high as a pres 
sure within the retrograde condensation range of 
said mixture, which comprises contacting the dis 

70 tillate gas mixture with a heavy liquid hydrocar 
bon fraction for forming a mixture having a 
higher normal condensation pressure than the 
original gas mixture to condense said liqueiiable 
constituents from the gas mixture, contacting the 

76 residual gas with a relatively heavy liquid hydro 
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ing the normal condensation pressure of said con- 
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carbon fraction .to absorb portions of the desirable 
hydrocarbons which remain in the vapor phase 
at said pressure, separating the resulting con 
densed constituents from the residual gas, proc 
essing the condensed constituents to obtain the 
relatively heavy liquid fraction for forming said , 
contacting liquids, and conveying said heavy 
liquid fraction to the places of contact. 

6. The method of recovering desirable liquefia 
ble constituents from a distillate gas mixture hav 
ing an initial pressure at least as high as a pres 
sure within the retrograde condensation range of 
said mixture, which comprises contacting the dis 
tillate gas mixture while at said pressure with a 
heavy liquid hydrocarbon fraction for forming a 
mixture having a higher normal condensation 
pressure than the original gas mixture to con 
dense sald liqueflable constituents from the gas 
mixture, separating the resulting condensed con 
stituents from the residual gas, contacting the 
residual gas with relatively heavy liquid hydro 
carbon fractions to absorb portions of the desira 
ble liqueñable constituents which remain in the 
vapor phase at said higher condensation pressure 
of said mixture, processing said liquids to obtain 
the heavy liquid hydrocarbon fraction for form 
ing said contacting liquid, cooling the heavy liquid 
hydrocarbon fraction. and conveying said cooled 
heavy liquid hydrocarbon fraction to the places 
of contact. 

7. The method of recovering desirable liqueña 
ble constituents from distillate well gas initially 
at a pressure at least as high as a pressure within 
the retrograde condensation range of said con 
stituents which comprises, expanding the gas to 
a pressure within the retrograde condensation 
range of said constituents, separating the result 
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ing condensed constituents from the uncondensed 
gas, fractionax'ng said condensed constituents 
into a relatively low boiling gasoline fraction and 
a relatively heavy liquid fraction, contacting the 
expanding gas with at least a portion of said rela 
tively heavy liquid fraction and thereby raising 
the normal condensation pressure of said con 
stituents, and contacting the uncondensed gas 
with another portion of said heavy liquid fraction 
to absorb portions of desirable liqueñable con 
stituents remaining in vapor phase at said higher 
condensation pressure. 
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