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‘ABSTRACT: A method and apparatus for producing a gas 
well wherein gas is produced through a well bore and the well 
bore passes through a permafrost zone. The method and ap 
paratus prevent solid hydrate from forming in the gas while 
passing through the permafrost zone toward the earth's sur 
face. 
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GAS PRODUCING METHOD 

BACKGROUND OF THE INVENTION 

Heretofore in the drilling of wells in the North Country 
where either continuous or discontinuous permafrost existed, 
it was thought that the portion of the well bore which passed 
through the permafrost zone would have to be insulated, 
refrigerated, and the like. 

This is generally true in the case of oil wells where thawing 
of the permafrost is to be avoided, but it has now been found 
not to be as applicable to gas wells. 

SUMMARY OF THE INVENTION 

It has been found that natural gas or other hydrocarbon 
containing gas being produced through a well bore which 
passes through a permafrost zone can be sufficiently cooled 
while passing through the permafrost zone to cause the forma 
tion of a hydrate which is a solid icelike material containing 
both water and hydrocarbon which can form at temperatures 
substantially above 32° F. 

It has been found that this hydrate can be formed in the 
produced gas in such quantity that plugging of the tubing 
through which the gas is produced and/or pipes for carrying 
the gas over the earth's surface can occur. The plugging is par 
ticularly troublesome wherever the ?ow path of the gas has to 
change directions such as when passing through valves, T‘s, 
and L's in the pipe system. 
According to this invention there is provided a method for 

producing a gas well through a permafrost zone and avoiding 
the problem of plugging due to hydrate formation in the 
produced gas by producing the gas through the well bore in a 
?rst conducting zone, heating the gas in the ?rst conducting 
zone during at least part of the length of the well bore, and 
controlling the heating step so that the gas is not cooled suffi 
ciently while passing through the permafrost zone to cause the 
formation of substantial amounts of hydrate. 
There is also provided according to this invention apparatus 

for producing gas from a well in an area of permafrost utilizing 
a ?rst conduit means in the well bore for transmitting gas 
through the well bore to the earth's surface, heater means for 
heating at least part of the ?rst conduit means, and means for 
supplying energy to the heater means. 

It is unusual to apply heat to a well bore which passes 
through a permafrost zone, but in the situation wherein a 
hydrocarbon-containing gas which also contains water is 
produced through a permafrost zone, controlled heating of 
that gas is generally necessary to prevent substantial hydrate 
formation and to prevent hydrate plugging of the production 
tubing and/or surface piping associated with the well. 

Accordingly, it is an object of this invention to provide a 
new and improved method for producing a gas well in per 
mafrost areas. it is another object to provide a new and im~ 
proved method for preventing the formation of solid hydrate 
when producing gas through a permafrost zone. It is another 
object to provide new and improved apparatus for gas well 
production in a permafrost area. It is another object to provide 
new and improved apparatus for the prevention of hydrate 
formation while producing a gas through a permafrost zone. 
Other aspects, objects, and advantages of this invention will 

be apparent to those skilled in the art from this disclosure and 
the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The drawing shows one apparatus setup employing this in 
vention, 

More particularly, the drawing shows a well bore 1 which 
can be lined with conventional casing or not, as desired, and 
which is drilled in the earth 2 in a permafrost area so that well 
bore 1 penetrates a zone of surface tundra 3 which overlies a 
much thicker zone of permafrost 4. Under the permafrost 
layer is unfrozen rock and the like from which gas is produced 
in a conventional manner from formation 9. The well contains 
a surface wellhead 5 which contains a ?rst conduit (?rst con‘ 
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ducting zone) 6, a second conduit (second conducting zone) 
7, and a return conduit or zone 8. 

A gas, such as natural gas, other hydrocarbon-containing 
gas, carbon dioxide, and the like, is produced from gas 
producing formation 9 into the bottom 6’ of conduit 6 up the 
well bore through permafrost zone 41 into'the earth’s surface 
for further processing, use, and the like. 
The gas passing from conduit 6 at the earth's surface nor 

mally passes through a piping system for further processing 
such as dehydration, sulfur and sulfur compound removal, and 
the like. Because of this, the gas passes through a large 
number of pipes and changes direction by way of pipe T5 and 
L's a large number of times shortly after it leaves conduit 6. 
Conduit 7 terminates in the well bore at a position above 

end 6' of conduit 6 and preferably terminates in or near per 
mafrost zone 4. Ends 6' and 7’ of conduits 6 and 7 are physi 
cally isolated from one another by a conventional single 
completion packer l0. 

Conduit 8 has a conventional valve means 12 therein for 
regulating the ?ow of ?uid from well bore 1 above packer l0 
and into conventional heater 13. 

Heater 13 heats a ?uid received from conduit 8 and passes 
the heated ?uid into conduit 14 by way of pump 15. From 
pump 15 the heated ?uid passes into conduit 7 and back down 
well bore 1. 

In the apparatus of the drawing, at least part of the length of 
conduit 6 in the permafrost zone 4 can be heated to above the 
temperature at which hydrate would form in the gas passing 
through conduit 6. The heating is accomplished by way of a 
heated ?uid emitting from end 7' of conduit 7. The heated 
?uid contacts at least part of conduit 6 as it rises toward the 
earth‘s surface for removal from well bore 1 by way of conduit 
8. 

The length of conduit 7 can vary widely so that end 7’ can 
emit the heated ?uid therefrom at a [point below the lowest 
level of permafrost zone 4, at about the lowest level of per 
mafrost zone 4, above the lowest level of permafrost zone 4, 
and any desired combination thereof so long as the gas passing 
through conduit 6 is sufficiently heated so that hydrate does 
not form in the gas as it passes through permafrost zone 4. 
Conduit 7 can also be employed concentrically with respect 

to conduit 6 or either the interior or exterior or both of con 
duit 6. Thus, the heated ?uid ?ows downwardly in inner 
and/or outer concentric contact with conduit 6 and the ?uid 
emitted from end 7' rises in the annulus of the well bore to the 
earth’s surface for removal through conduit 8. 
The heating ?uid employed could be gaseous or liquid but is 

preferably liquid because of a liquid‘s normally higher thermal 
capacity and conductivity. Any liquid used should be of an an- , 
tifreeze typeso that it will not freeze when exposed to the per 
mafrost nor freeze in conduits 8 and 14 should the system be 
shut down and exposed to ambient freezing conditions for pro 
longed periods. For example, alcohol, particularly glycols 
such as ethylene glycol, can be used alone or in any combina~ 
tion with each other or with water (fresh or salt water). 
The antifreeze material preferably has a freezing point of at 

least —60° F. The antifreeze can be composed of from about , 
10 to about 90 volume percent water with the remainder being 
essentially one or more alcohols, and the like. Of course, ‘ 
heated air or any other readily available heated gas can be em 
ployed if desired although better heat transfer results are 
achieved using a liquid heat exchange medium. 

Well bore 1 is preferably lined with casing and the casing ‘ 
should be adapted to either prevent thawing of the permafrost ‘ 
in those areas of the well bore which are: heated by way of con- . 
duit 7, e.g., by insulating the casing and/or refrigerating the 
casing, or to accept some subsidence of ‘the permafrost such as r 
by the use of slip joints spaced periodically along the length of 
the casing in at least part of the permafrost zone. 
Other heating means can be employed such as by the use of 

electric downhole heaters and the like, so long as the gas ‘ 
passing through conduit 6 is heated sufficiently that it is not 
cooled by exposure to permafrost zone: 4 to the point where 
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substantial amounts of hydrate will form. Thus, substantially 
any heater means for heating at least part of conduit 6 over at 
least part of its length in the well bore can be employed in 
combination with means for supplying energy to that heater 
means. 

According to the method of this invention the gas contain 
ing hydrate forming water and hydrocarbon is initially above 
the temperature and pressure at which substantial amounts of 
hydrate form. By “initially" it is meant that gas as produced 
from formation 9 into the lower portion of well bore 1 ad 
jacent end 6’. 

According to this method the substantially hydrate free gas 
is produced through well bore 1 in a ?rst conducting zone 6 
and the gas is heated in the ?rst conducting zone during at 
least a part of the length of well bore 1 in a controlled manner 
so that the gas in conducting zone 6 is not cooled sufficiently 
while passing through permafrost zone 4 to cause substantial 
hydrate formation. 
The hydrate itself is a complex combination of hydrocar 

bons and water. The chemical composition of the hydrate is 
presently unknown. The hydrate is formed through the 
mechanism of water vapor in the gas condensing and freezing 
in a manner which ties hydrocarbon molecules in with the 
frozen water. The hydrate is solid like ice but has a substantial 
hydrocarbon content. The hydrate forms at temperatures 
above 32° F. and can form at temperatures up to about 80° F. 
and higher in some situations. 
Any water present in the gas produced is a potential hydrate 

former so that there is substantially no minimum amount of 
water in a hydrocarbon containing gas below which the 
hydrate formation potential is nonexistent. Normally, the gas 
produced from a formation is saturated with water so that 
there normally is a very substantial potential for the formation 
of large amounts of hydrate. 
The formation of a hydrate and its pipe plugging propensi 

ties are signi?cant in the production of gas wells through a 
permafrost zone. The problem of hydrate formation is not 
presently considered signi?cant in the production of oil wells. 
This is so because there is a smaller amount of gas associated 
with the liquid oil and the liquid oil ?owing through the con 
duits and pipes carries the hydrate out rather than allowing the 
hydrate to build up in the piping as was discovered to be the 
case with gas wells. 

In an exemplary situation, the gas is, as initially produced, 
above about 80~ F. and above about 100 p.s.i.g. In this situa 
tion the hydrate normally forms in the gas at less than 80° F. 
and less than 10,000 p.s.i.g. In this situation the gas in conduit 
6 is heated to maintain a temperature of that gas greater than 
80° F. while in permafrost zone 4. Of course, pressure plays 
some role in the determination at which temperature hydrate 
formation will occur. Generally. however, there is a tempera 
ture such as 80° F. for most natural gases, above which sub 
stantially no hydrate will form at any practical pressure, i.e., 
less than about 10,000 p.s.i.g. 
The heating of the gas in conducting zone 6 can be carried 

out in any part of well bore 1 but is preferably carried out in at 
least part of the length of permafrost zone 4. 

in the method of this invention the heating can be carried 
out in any manner disclosed hereinabove with respect to the 
apparatus and therefore includes, inter alia, passing a heated 
?uid down the well bore in a second conducting zone such as 
conduit 7, contacting the ?rst conducting zone 6 with the 
heated ?uid, and raising the heated ?uid at least part way to 
the earth's surface while in contact with the ?rst conducting 
zone. The heated liquid is preferably raised while in concen 
tric contact with the interior or exterior or both of the ?rst 
conducting zone. 
The heating can also be carried out by passing the heated 

liquid down the well bore in the second conducting zone 7, the 
second conducting zone being substantially concentric with 
the interior and/or exterior of the ?rst conducting zone 6 so 
that the heated liquid passes down the well bore in contact 
with the ?rst conducting zone 6 and is removed from the ?rst 
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4 
conducting zone at the lower end of the second conducting 
zone for retrieval upward in the well bore to conduit 8. 

EXAMPLE 

A natural gas well in northern Alaska was produced using 
substantially the apparatus shown in the drawing. The per 
mafrost zone 4 was about 1,800 feet thick and the natural gas 
produced at the bottom of the production conduit 6 was at a 
temperature of about 175° F. and a pressure of about 4,000 
p.s.i.g. This gas contained about 170 pounds of water per mil 
lion cubic feet of gas. The average temperature of well bore 1 
in permafrost zone 4 was l0° F. and hydrate formation started 
in the gas when cooled to a temperature in the range of 75° to 
80° F. 

Without employing the heating concept of this invention the 
natural gas removed from conduit 6 at the earth 's surface was 
less than 75° F. and about 3,000 p.s.i.g. at a ?ow rate of about 
3 million cubic feet per day and contained sufficient solid 
hydrate that the three-inch inside diameter piping employed 
for carrying the natural gas to and through additional 
processing steps was readily plugged in a plurality of places by 
a buildup of hydrate. 
Employing the heating concept of this invention, a direct 

?red heater 13 having a capacity of 4,000,000 B.t.u. per hour 
was utilized to heat a mixture composed of 60 volume percent 
ethylene glycol and 40 volume percent water to about l80° F. 
The heated glycol-water mixture was then pumped 
downwardly through conduit 7 at a maximum rate of 75 gal 
lons per minute, the interior casing diameter for the well bore 
in permafrost zone 4 being 20 inches. By following this 
procedure the natural gas in conduit 6 was maintained at a 
temperature greater than 80° F. as it passed through per 
mafrost zone 4 and no hydrate plugging problems were en 
countered in piping the thus heated natural gas over the sur 
face of the earth through various subsequent processing 
plants. 

Reasonable variations and modi?cations are possible within 
the scope of this disclosure without departing from the spirit 
and scope of this invention. 
We claim: 

1. In a method of producing a gas well wherein gas is 
produced through a well bore which passes through a per 
mafrost zone, said gas containing hydrate forming water and 
hydrocarbons but initially being at a temperature suf?ciently 
elevated so that hydrate is not present, the improvement com 
prising producing said gas through said well bore in a ?rst con 
ducting zone, heating said gas while in said permafrost zone, 
said heating being conducted so that said gas'is not cooled suf 
?ciently while passing through the permafrost zone of said 
well bore to cause the formation of substantial amounts of 
hydrate in said gas while in said ?rst conducting zone and so 
that thawing of the permafrost due to said heating is substan 
tially prevented. 

2. A method according to claim 1 wherein said gas is satu 
rated with water as it enters said ?rst conducting zone. 

3. A method according to claim 1 wherein said gas is natural 
gas and is initially above about 80° F. and 100 p.s.i.g. hydrate 
forms in said gas at less than 80° F. and 10,000 p.s.i.g. and said 
gas is heated to maintain a temperature greater than 80° F. 
while in the permafrost zone of said well bore. 

4. A method according to claim 1 wherein said heating is 
carried out by passing a heated liquid down said well bore in a 
second conducting zone, contacting said ?rst conducting zone 
with said heated liquid, and raising said heated liquid at least 
part way to the earth's surface while in contact with said ?rst 
conducting zone. 

5. A method according to claim 4 wherein said heated liquid 
is raised while in concentric contact with at least one of the in 
terior and exterior of said ?rst conducting zone. 

6. A method according to claim 1 wherein said heating is 
carried out by contacting at least a portion of said ?rst con 
ducting zone in at least part of the length of said permafrost 
zone with a heated liquid antifreeze. 
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7. A method according to claim 6 wherein said antifreeze 
has a freezing point of at least —60° F. 

8. A method according to claim 6 wherein said antifreeze is 
composed of from abut 10 to about 90 volume percent water, 
the remainder being essentially ethylene glycol. 

9. A method for producing a gas well wherein natural gas is 
produced through a well bore which passes through a per 
mafrost zone, said gas containing hydrate forming water and 
hydrocarbons, said hydrate forming in said gas at less than 80° 
F. and 10,000 p.s.i.g., said gas initially being above about 80° 

- F. and 100 p.s.i.g., the steps comprising producing said gas 
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through said well bore in a ?rst conducting zone, passing a 
heated ?uid down said well bore in a second conducting zone, 
contacting said first conducting zone with said heated ?uid 
near the bottom of said permafrost zone, raising said heated 
?uid at least part way to the earth's surface while in contact 
with said ?rst conducting zone, controlling said heated fluid so 
that said gas is maintained at a temperature greater than 80° F. 
while in said permafrost zone, and preventing substantial 
thawing of the permafrost during passage of said heated ?uid 
through said conducting zones. 
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