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This invention relates to improved methods for 
recovering from wells gaseous hydrocarbon fluids, 
particularly natural gas, and to improved sys 
tems for receiving, handling and treating such 
gases. 
Among the problems encountered in the re 

covery of gaseous hydrocarbon fluids, such as 
natural gas, from the earth and placing the gas 
in usable form are the diñiculties encountered in 
protecting from corrosion the recovery apparatus 
and particularly the‘casing elements of the well 
and the pipe or tube through which the gas is 
withdrawn from the well. Another problem en 
countered is the provision of eflicient `means by 
which the gas maybe "‘driedf’ i. e., stripped of 
its moisture content. Since the corrosion dif 
ñculties just referred -to are inlarge part caused 
bythe moisture carried by the gas, these problems 
are, in a sense, related. Natural gas as it is re 
covered from the earth usuallyfbears consider 
able moisture. As the gas moves upwardly from 
the relatively warm subterranean levels to the 
relatively cool levels, this moisture condenses 
upon the well casing and the gas carrying tube 
disposed therein and causes thecorrosion ̀ herein 
referred to. When'the natural gas also bears 
acidic components the corrosion effect may be 
considerably increased. 
An important object of this invention is `the 

provision of methods by which such corrosion 
may be minimized or substantially eliminated. 
Another object of the> invention is ‘to provide an 
efficient gas handling and treating system by 
which the ñrst mentioned object may be realised. 
A further object of the invention is provision ̀ of « 
an improved gas handling and drying system 
having new and novel features including an ef 
ficient combination of means for drying the gas 
by use of a sorbent and means for reactivating 
said sorbent. Yet ̀another object is the provision 
of an efficient gas handling system in which the 
pressure of the recovered gas is utilized to effect 
certain operations in said system. These and 
further objects of the invention, as well as the 
advantages and benefits obtainable bythe prac~ . 
tice thereof, will more particularly appear from 
the following description.. The drawing, which 
will be referred to insa-id description, illustrates 
in diagrammatic form a preferred system ern 
bodying the principles of this invention. 

Referring to the drawing, the well illustrated 
therein consists> of a conventional casing lll, 
which, extends into the producing formation Il. 
Casing head (l2 is likewise conventional and 
through it passes the ̀ tubel I3 which collects the » 
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gas .and delivers the same to the gas handling 
and treating system. It is on the surfaces of 
the tube, the casing and the` casing head that 
much of the corrosion difficulties occur. As the 
moisture-bearing gas passes .from the earth _to 
the relatively cool conditions existing abovethe 
surface of the earth, moisture .condenses on ,the 
casing and particularly on the inner surface of 
tube t3. The resultant corrosion `limits the 
useful life of ̀ tube I3 and, often, the lifeof casing 
I0. The method of this. invention designed t0 
minimize or eliminate these corrosion effects con 
sists in mixing «with the gas at the bottom` _of 
the casing and prior to its travel to the` surface 
of the ground, ofsuch amounts ,of ̀ a dry gas ̀ as 
are calculated `to reduce the moisture content 

_ ofthe «mixture thus formed below the point ,at 
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which substantial condensation will „occur in 
the gas carrying tube, i..e„ below the dew point of 
the gas-dry gas mixture. The amount of drygas 
necessary to this purpose will, of course, depend 
upon the original moisture content of the gas .to 
be recovered and thetemperature conditions pre, 
vailing during passage of that gas from the.earth 
to the surface ,or to the next step of the gas 
handling operati-ons, but is readily.. calculated 
when these conditions, which .are easily ascer 
tainable, are known. The naturev of the .dry gas 
is~not important to this invention, in so far as 
concernsthe reduction of the dew ̀ point of ,the 
gas’being recovered. However, it is preferable „to 
use as the dry gas aportion of the recovered gas 
which has been previously dried and, in „ any 
event, the dry gas should Abe substantially .non 
reactive with the materialsfrom which the .gas 
handling apparatus is formed and should. pref 
erably »be a type which does not form explosive 
mixtures with the recovered gas. The manner 
in which the mixture »between „drygas and the 
moisture-bearing gas is `formed may vary with 
the choice of the operator, butconveniently the 
dry gas is merely forced Aunder pressure` .downf 
wardly to the ̀ bottom of the casing. Forthis 
purpose the dry gas-‘may Ibe furnished through 
the casing headby, a pipe or tube,l such as tube 
lli shown in the drawing. AThe gas handling and 
treating apparatus which is particularly useful 
in the practice of the aforestated method of‘this 
invention ‘is shown 'inthe drawing Aand-will now 
be specifically described. The general purpose rof 
the system is to prepare a‘natural' gasforH-deà 
livery toa consumer orto storageffor later use. 
A ̀ specific purpose is to deliver to the' ywell ‘a 
quantity of dry gas for' the purpose 'above stated. 
The> general function "of f the 1 system is‘fto ’ dry 1and 



2,588,296 
3 

I purify the gas, the principal drying means being 
a sorbent, such as adsorbent alumina, silica gel, 
or other known sorbent which is capable of being 
revived or reactivated. The adsorbent corn-mer 
cially availabe as “Activated Alumina” is particu 
larly suitable. The preparation of such mate 
rial is described in U. S. Patents 1,868,869 and 
2,015,543. To these ends the specìñc system 
shown includes three identifiable but mutually 
interdependent circuits, viz., a receiving and 
treating circuit, a sorbent reactivating circuit, 
and a feed circuit designed to furnish dry gas 
under pressure to the well casing. Each of these 
circuits will now be described. 

The receiving and treating circuit 

The circuit is fed by gas issuing from the well 
through tube I3. The gas passes through heat 
exchanger I5, tube I6 and separator I'I. From 
separator I'I the bulk of the gas moves through ~ 
tube I8 and thence through one of the drying 
towers I9 or 20 for treatment with a sorbent. 
From the tower the gas flow continues through 
pipe 2I, the bulk of the gas then passing through 
expansion motor 22, pipe 23, heat exchanger I5, 
and then through pipe 24 to the consumer or to 
storage. It will be noted that during the time 
the natural gas is being puriiied and dried, it 
is under substantially the pressure at which it 
entered the system, subject, of course, to changes 
in temperature and incidental losses. However, 
when the gas iiow reaches expansion motor 22, 
the gas is expanded to cool it and the energy thus 
released is used to operate motor 22 to drive a 
compressor 34 for purposes later described. To 
this end the motor is any conventional device 
adapted to expand the gas and permit the ex 
pansion to operate a piston or like driving part. 
As the unpuriiied natural gas iiows through heat 
exchanger I5, its temperature is reduced by the 
cooling action of the dried and puriñed gas 
which, having been expanded at expansion 
motor 22, passes through tube 23 to and through 
said heat exchanger. The unpuriñed and un 
dried natural gas, now partially cooled by the . 
action of the heat exchanger I5 just described, 
next is subjected to the action of separator I‘I. 
Here the condensate which may have resulted 
from the cooling action is collected and dis 
charged through pipe 40 to a suitable place, 
while the gas passes to the drying tower. While, 
for convenience of illustration, only two dry 
ing towers are shown, it will be realized that any 
number of such towers may be used, the prin 
ciple being that at any given time one or more , 
of said towers are available for use, while one 
or more towers previously used are being re 
conditioned i’or future use. Thus, in the de 
vice shown, by manipulation of valves 4I and 42, 
one of the towers I9 and 20 may be placed in 
circuit with separator I'I and expansion motor 
22, while the other tower is excluded from said 
circuit. For the purposes of drying, the tower 
contains a sorbent of the type above described. 

The sorbent reactiuating or 
reconditioning circuit 

The purpose of this circuit is to divert from 
the receiving and treating circuit a portion of 
gas which is then heated to a proper tempera 
ture and passes through the inactive tower to re 
condition or reactivate the sorbent held therein. 
Thereafter this gas is returned to the receiving 
and treating circuit of the system. Referring 
now to' that point in the receiving and treating 
circuit where the gas leaves separator I‘l, a 

C11 

70 

4 
portion of the gas is diverted through tube 25 
to heater 21, the amount diverted being con 
trolled by valve 26. Heater 2'I is conventional. 
It is, of course, desirable, all other conditions 
being equal, to use as a reactivating gas a gas 
which has at least been partially dried. It is 
for that reason that it is preferred to take the 
reactivating gas from the circuit after the gas 
has passed through separator I'I. Fuel for the 

\ heating is delivered thereto from any convenient 
source (including a point in the system) by pipe 
4l. The temperature of the heater is regulated 
to deliver therefrom gas at reconditioning or re 
activating temperature. These temperatures 
are known and depend upon the sorbent used in 
the drying tower. For instance, when adsorbent 
alumina is the sorbent used, the temperature of 
the gas as it leaves the heater should preferably 
be in the range of 350 to 600 degrees Fahrenheit. 
On leaving the heater, the diverted and now 
heated gas passes through tube 28 to a drying 
tower and thence from the tower through tube 
29, then through heat exchanger 30, where the 
gas is somewhat cooler, then through separator 
SI and tube 32, which directs the gas iiow into 
the drying tower then being used in the receiv 
ing and treating circuit, at which point the 
diverted gas rejoins the receiving and treating 
circuit and becomes a part thereof. The func 
tion of heat exchanger 30 will be later described. 
The function of separator 3| is to separate con 
densate, which condensate passes through pipe 
48 to a suitable place. It Will be noted that by 
manipulation of valves 43 and 44 this sorbent 
reactivation circuit is diverted through and in 
cludes the drying tower which is not, at that 
moment, a portion of the receiving and treating 
circuit, while the gas diverted to the sorbent re 
activation circuit is finally returned to the re 
ceiving and treating circuit through tube 32 and 
dried in the other drying tower. 

The feed circuit which delivers 
dry gas to the well circuit 

This circuit begins at a point in the receiving 
and treating circuit between the drying tower 
and expansion motor 22 and terminates when it 
delivers the dried gas to the well casing for 
mixture there with the moisture-bearing natural 
gas being recovered. Thereafter the dried gas 
is returned to the receiving and treating circuit 
in said mixture subject, of course, to incidental 
losses which may occur at the bottom of the well 
casing. The dried gas enters this circuit through 
tube 33, the amount so diverted from the prin 
cipal circuit being controlled by valve 46. The 
gas then passes through compressor 34, where 
it is compressed to a pressure desirable or neces 
sary for its subsequent entry into the well. From 
the compressor 34 the compressed dry gas passes 
through tube 35 to and through heat exchanger 3U 
and thence through pipe I4 to the Well. In heat 
exchanger 30 the temperature of the dried gas 
is raised by the heat loss of the heated gas from 
the reactivation circuit which, as above described, 
likewise passes through said exchanger. The 
heating of the dry gas prior to the time it enters 
the well is desirable as additional assurance that 
corrosion condensate will not form on the walls 
of the well elements. The amount of gas di 
verted to this circuit will depend, as above de 
scribed, on the temperature conditions existing 
in the well and at the surface and the moisture 
content of the natural gas being recovered. 
From the above description of the illustrated, 

and preferred, form of gas handling system, it will 
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bez-_amiarentîthat,V „viewedtas af, who1e;_the systemA 
includes, in combination. at least; two drying 
towers or. means;V containing-sorbent, algas ̀ drying 
circuit including at‘leasttoneoi` saidîtowers and` 
in whichnatural gasfdelivered-from a». gas well» 
is rdried=` at substantially ̀ the pressure ofi delivery, 
a` reactivating` circuit‘frcceiving undried gas from` 
îthe 'drying circuit, including - at- least oneof .said 
towers and also including means for heating the. 
undriedgas prior toits entry into said tower, this 
reactivatirrgî circuitA terminating; in: the- drying 
circuit at a point prior toiñna‘l drying,-v anda feed 
circuit i adapted , to f divert'. a f portion of ». the` dried 

gas from the drying circuit to the Well, this feed 
circuit including` means for compressing` the gas 
operable jby` expansion lof` the «dried‘z gas I.traveling 
through the=drying circuit « and also including 
heating rmeans »f or ' raising the temperature of the 
compressed gas;~ saidxl'ieating~ beingc» elîectedby 
transfer of heat from-the gas traveling` in the: 
reactivation circuit. 
Thus far the. above describedsystem has been 

considered as‘an improved meansi'or` carrying 
out the Apreviously described corrosion preventing` 
methods of the invention.. It will` betnotedthat 
even in thisform ̀the reactivation circuit may be 
eliminatedwithout destroying the system’s use 
fulness as applied to such methods. For instance, 
if the drying ̀ agent usedv in the dryingtower is 
of. a type which cannot be revived or` reactivated 
after use~ or inthe reactivationV force or fluid` is 
best furnished separately ofthe system, then the 
system described may be modified by removing 
the reactivation circuit or by shutting valves 2.?, 
«ill` andliâ, in whichcaseif heating of. thecom 
pressed gas in the dry gas feed‘system is desirable, i 
this heating may be. accomplished by separate 
means or, Where the gas. issuing. through: tube 
I3 is quitewarm, by heat exchange withdrying 
circuit. 

Likewise the. above described system may be. 
used solely as adryingsystemin casestwhere no, 
feed of dry gasto, the wellisdesirable or neces-i 
-sary or where dry gas ̀is fed; to the well froman~ 
other source. Inthiscase the feed circuit may` 
be eliminated or,. equivalently,.valve.46 may be 
closed. In such. case, if. cooling of the reactivat 
ing gas Ais desired, the cooling4 may be effected by 
other means or by heat exchange with a portion 
of the dried gas after> expansion. Likewise the 
expansion motor maybe eliminated, and` replaced. 
by a conventional expansion chamber, or the 
motor may be retainedand the expansion energy 
translated thereby into useful work of any kind. 
In a further modification of the system, 

whether used solely as a drying system or also 
as a means of furnishing dry gas to the well, the 
return of the gas in the reactivation circuit to 
the drying‘operationmay be eliminated. This 
case presupposes either that mixture of the re 
activationgas directly with the dried gas. will not 
unduly raise moisture content. ofy the mixture or 
thatthe reactivation gas isof. such small quan 
tity thatwastage thereof is of noimportance. In 
the ñrst case the valve ‘i5 may be closed and the 
gasA issuing from separator 3l delivered through 
a by-pass tube 36 to tube24, or tube 32 may be 
directly connected to the consumer line and its 
connections“ with the drying towers eliminated. 
In the second case the reactivation gas could be 
delivered to the atmosphere from separator 3! or 
delivered and burned at some convenient point. 
Another modiiication of my system now to be 

explained is particularly adapted to carry out a 
modified method of corrosion prevention in which 
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elimination of condensation` depends'iupon the 
heat of the gas fed into the-well ratherl than the 

In thepractice of“ 
this modification of my method there is fed into. 
the casing forl mixture with the natural gas a gas` 
heated to such temperature that when mixed. 

lack of moisture“ in the gas. 

with the natural gas inthe volume desired,` the 
total mixture will be at suchv temperature that“ no 
substantial condensation will occur during‘pas-` 
sageof the mixture from the‘earth to the‘han 
dling system. Thus, in this method the‘feed gas 
is preconditioned with respect to temperature 
rather than with respect to moisture content, the 
result being the same. The system above de 
scribed maïy‘fconveniently be used to achieve this 
result by bleeding a portion of the undried` heated 
gas from the heater 2.1 directly to tube I4, as 
through tube 50, in which case the valves Mi’would 
be closed or the dry feed circuit to the well, apart 
from tube I4, entirely eliminated. 
These and similar modifications will suggest 

themselves to those skilled in the art, in the 
practice of my improved methods, as will such 
details as the fact that the casing may be utilized 

. as the carrier for the up-coming gas in the well, 
while an auxiliary tube may be used to transmit 
conditioned incoming gas to the lower regions 
of the well, and all such modiñcations are with» 
in. the purview of this invention, except as limited 
by the terms of the appended claims. 
The advantages of the gas handling systems 

herein described are manifold. The preferred 
form described, comprising the three interde 
pendent circuits, eiiiciently utilizes the energy 
`inherent in the pressure of the gas issuing 
from the well and likewise cuts heat losses 
to a minimum, while at the same time condition 
ing the gas to be fed to the well. Considered 
as a drying system, and without reference to the 

i conditioning of gas for well use, my system allows 
the use and reuse of` sorbent drying means at a 
minimum of operating expense. Considered as 
a two-circuit gas drying system adapted to sup 
ply conditioned gas to a well, andA without refer 
ence to the reactivation circuit, my system of 
fers an economical means for carrying out the 
preferred phase of my method of preventing 
corrosion of the Well elements without material 
loss of gas during operation. 
Having thus described my invention, I claim: 
1. A system for receiving, handling and treat 

ing moisture bearing'gaseous hydrocarbon fluid 
issuing, under relatively high pressure, from a 
well, said system comprising, in combination, a i 
receiving and treating circuit comprising, in re 
cited sequence, means for receiving the gaseous 
fluid from said well, means for holdingV a mass 
of gas drying sorbent in the. path of.flow of 
said gaseous fluid, and means for expanding 
the dried` gaseous fluid prior to delivery thereof 
from the circuit, said circuit being adapted to 
maintain the gaseous iiuid. at the approximate 
pressure of its receipt, subject to changes in tem 
peratureand the herein recited diversions of fluid 
from. said circuit, until said gaseous fluid enters 
said expansion means, a sorbent reactivating cir 
cuit including, in recited` sequence, means for 
diverting thereto` a. portion of theY gaseousfluid 
flowing in. said. receiving and treating circuit, 
means. for heating the diverted gaseousnuid, 
means for holding a mass of sorbent in. the path 
of flow of the thus heated gaseous fluid and 
means for returning said gaseous flow to said 
receiving and holding circuit, and a feed circuit 
for feeding dried gaseous :duid from said receiv 
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ing and holding circuit into said well, said feed 
circuit including, in recited sequence, means for 
diverting thereto a portion of said dried gaseous 
fluid, means for compressing the diverted dried 
gas and means for delivering said compressed 
gas into said well, said compressing means being 
operable by the expansion means of the said 
receiving and treating circuit, and a heat ex 
changing means disposed in said system to trans 
fer a portion of the heat content of the gaseous 
fluid flowing through said returning means of 
the said reactivation circuit to the gaseous fluid 
flowing through said delivery means of the said 
feed circuit. 

2. A system for receiving, handling and treat 
ing moisture bearing gaseous hydrocarbon ñuid 
issuing, under relatively high pressure, from a 
Well, said system comprising, in combination, a 
receiving and treating circuit comprising, in re 
cited sequence, means for receiving the gaseous 
fluid from said well, means for holding a mass 
of gas drying sorbent in the path of flow of said 
gaseous ñuid, and means for expanding the dried 
gaseous fluid prior to delivery thereof from the 
circuit, said circuit being adapted to maintain 
the gaseous fluid at the approximate pressure 
of its receipt, subject to changes in temperature 
and the herein recited diversions of fluid from 
said circuit, until said gaseous fluid enters said 
expansion means, a sorbent reactivating circuit 
including, in recited sequence, means for divert 
ing thereto a portion of the gaseous ñuid nowing 
in said receiving and treating circuit, means for 
heating the diverted gaseous fluid, means for 
holding a mass of sorbent in the path of now 
of the thus heated gaseous fluid and means for 
returning said gaseous ilow to said receiving and 
holding circuit, and a feed circuit for feeding 
dried gaseous ñuid from said receiving and hold 
ing circuit into said well, said feed circuit in 
cluding, in recited sequence, means for divert 
ing thereto a portion of said dried gaseous fluid, 
means for compressing the diverted dried gas 
and means for delivering said compressed gas 
into said well, said compressing means being op 
erable by the expansion means of the said re 
ceiving and treating circuit, a heat exchanging 
means disposed in said system to transfer heat 
from gaseous fluid ñowing through the return 
ing means of said reactivation circuit t0 gaseous 
fluid flowing through the delivery means of said 
feed circuit and another heat exchanging means 
disposed in said system to transfer heat from 
gaseous fluid flowing through the receiving means 
of the receiving and treating circuit to gaseous 
fluid flowing from the expansion means of the 
same circuit. Y 

3. A system for receiving, handling and treat 
ing moisture bearing gaseous hydrocarbon fluid 
issuing, under relatively high pressure, from a 
Well, said system comprising, in combination, a 
receiving and treating circuit comprising, in re 
cited sequence, means for receiving the gaseous 
fluid from said well, means for holding a mass 
of gas drying sorbent in the path of flow of said 
gaseous fluid, and means for expanding the dried 
gaseous fluid prior to delivery thereof from the 
circuit, said circuit being adapted to maintain 
the gaseous fluid at the approximate pressure of 
its receipt, subject to changes in temperature and 
the herein recited diversions of ñuid from said 
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circuit, until said gaseous fluid enters said ex 
pansion means, and a feed circuit for feeding 
dried gaseous fluid frbm said receiving and hold 
ing circuit into said well, said feed circuit in 
cluding, in recited sequence, means for divert 
ing thereto a portion of said dried gaseous fluid, 
said means being positioned to divert said por 
tion prior to its entry into the expansion means i 
of the receiving and treating circuit, means for 
compressing the diverted dried gas and means for 
delivering said compressed gas into said well, said 
compressing means being operable bv the expan 
sion means of the said receiving and treating cir 
cuit. 

4. A system for receiving, handling and treat 
ine.r moisture bearing gaseous hydrocarbon fluid 
issuing, under relatively high pressure, from a 
well, said system comprising, in combination. a 
receiving and treating circuit, including gas dry 
ing sorbent and means for transmitting said gas 
from the well through a portion of said sorbent, 
a sorbent reactivating circuit, including a heater 
and means for transmitting a portion of the gas 
from said well through said heater and through 
another portion of said sorbent to reactivate the 
same, and thence to said receiving and` treating 
circuit, a feed circuit for feeding a portion of the 
dried gaseous iiuid from said, receiving and treat 
ing circuit into said well, and a heat exchanger 
disposed in said system to transfer heat from the 
heated gas flowing in the reactivating circuit to 
the gas flowing to the well through said feed cir 
cuit. 

5. A system for receiving, handling and treat 
ing moisture bearing gaseous hydrocarbon fluid 
issuing, under relatively high pressure, from a 
well, said system comprising, in combination, a 
receiving and treating circuit, including gas dry 
ing sorbent and means for transmitting said gas 
from the well through a portion of said sorbent, 
a sorbent reactivating circuit, including a heater 
and means for transmitting a portion of the gas 
from said well through said heater and through 
another portion of said sorbent to reactivate the 
same, and thence to said receiving and treating 
circuit, a feed circuit for feeding a portion of 
the dried gaseous fluid from said receiving and 
treating circuit into said well, and a heat ex 
changer disposed in said system to transfer heat 
from undried gas flowing from said well to dried 
gas discharging from said receiving and treating 
circuit. 

GEORGE FRANKLIN RUSSELL, J r.. 
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