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The present invention relates to a method of prevent 
ing hydrate formation and/or sulfur deposition in the 
production tubing strings of deep wells, such as are 
used, for example, in the production of underground 
oil and gas formations rich in sulfur-containing mixtures 
of hydrogen sulfide and hydrocarbons. More particular 
ly, the present invention relates to the recovery of sul 
fur from underground formations in which substantial 
amounts of elemental sulfur are dispersed in the hydro 
gen sulfide rich hydrocarbon production zone and at 
the same time preventing hydrate formation and sul 
fur depositions in the production tubing string of the 
producing wells. 

It is well recognized by those familiar with oil well 
production techniques that as the produced fluid flows 
upwardly through the tubing string certain pressure-tem 
perature conditions may occur such that a phenomenon 
known as fluid “flashing' results. The phenomenon of 
fluid flashing is accompanied by a severe temperature drop 
and pressure decrease which cause the sudden formation 
of hydrates that plug the tubing string to the extent 
that production is Substantially reduced, or in many cases, 
completely prevented. 

In most wells the aforementioned hydrates form only 
at the lower temperatures reached at the upper end of 
the tubing string. Consequently, in the past, the preven 
tion of hydrate formation has been controlled by the 
application of heat to the upper end of the tubing string 
thereby keeping the temperature above the critical level. 
However, hydrates occur at much higher temperatures in 
fluids containing hydrogen sulfide than in the production 
of “normal’ hydrocarbon fluids and, as a result, may 
plug the tubing string at great depths. For example, 
hydrates can occur at 120 F. in a fluid containing 70 
80% hydrogen sulfide. Accordingly, prior art methods, 
such as the application of heat to prevent hydrate plugging, 
are impractical and ineffective in the production of 
fluids containing substantial amounts of hydrogen sul 
fide since there is no effective and economical way to 
transmit the amount of heat required to the great depths 
at which such plugging occurs. The problem becomes 
even more critical when elemental sulfur is present in 
fluids such as hydrogen sulfide-hydrocarbon mixtures con 
taining above 50% and generally between 70% and 95% 
hydrogen sulfide. With fluids of this type their recovery 
from a producing zone and to the Surface is additional 
ly complicated by the tendency of Sulfur to deposit 
throughout the length of the tubing string irrespective 
of the aforementioned hydrate problems associated with 
the production of these fluids. As a Sulfur-containing hy 
drogen sulfide-hydrocarbon fluid flows upwardly through 
the tubing string the pressure on the fluid decreases due 
to the reduction of the static head in the fluid column. 
The temperature also tends to decrease. Under these 
changed pressure-temperature conditions the solubility of 

O 

30 

35 

4. 

5 5 

GO 

2 
Sulfur in the fluid decreases markedly and tends to come 
Out of Solution and crystallize along the tubing string 
casing, thus causing plugging of the tubing string. Plug 
ging of the tubing string in the production well by hy 
drate formation and/or sulfur deposition can become so 
Severe as to cause stoppage of the recovery of fluids from 
the production well, serious economic losses due to work 
Stoppage, replacement of equipment damaged by these 
formations and loss of recovery of the production fluid 
or components and derivatives thereof. 
An object of the present invention is to produce fluids 

from underground recovery zones rich in hydrogen sul 
fide containing water and having dissolved therein sul 
fur without causing plugging of the tubing string in the 
production well. Still another object of the present in 
vention is to recover sulfur from producing fluids from 
underground formations which fluids are hydrogen sul 
fide rich hydrocarbons containing sulfur and possibly 
Water, without causing plugging of the equipment used 
in the recovery system. Another object of the present 
invention is to separate from the recovery fluid without 
plugging the equipment, and after the sulfur has been 
removed, other components from said fluids, namely the 
hydrogen sulfide and hydrocarbons and using a portion 
of said components under specific conditions as anti 
plugging injection agents in the tubing string of the pro 
ducing well. Other objects of the present invention will 
be apparent from the description of the present invention. 

Broadly stated, the invention resides in preventing 
plugging of the tubing string of a production well by 
sulfur and/or hydrate formation which comprises in 
jecting, through an injection tubing string in communi 
cation with the production tubing string, into the tubing 
string of the producing well at a predetermined level 
above the producing zone, an essentially elemental sul 
fur-free and water-free hot fluid at an elevated pressure 
and temperature so as to blend the injection fluid with 
the upward flow of the recovery fluid in the tubing 
string thereby keeping the sulfur in solution and pre 
venting plugging of the production tubing string by Sul 
fur precipitation or hydrate formation. Specifically, the 
hot injecting fluid is injected into the tubing string column 
containing the recovery fluid at a depth and heat-in 
jection rate that are correlated with the temperature 
gradient in the columnar stream so as to maintain a 
minimum temperature of above 100 F., to maintain sul 
fur in a fluid soluble state, to aid in dissolving any Sul 
fur precipitated below the point of injection and to main 
tain conditions which inhibit hydrate formation. The 
injecting fluid is one which is miscible with the recovery 
fluid flowing up the tubing string and is obtained from 
the reservoir fuid in the producing zone after it has 
passed through the tubing string of the production well 
to a surface location at a pressure exceeding atmospheric 
pressure by dehydrating it, if necessary, thermally con 
verting the dehydrated fluid to a hot fluid from which 
sulfur is wholly or in part removed. The hot fluid thus 
obtained, which is essentially a 70-95% hydrogen sulfide 
rich hydrocarbon mixture, can be used as the injecting 
anti-plugging fluid or such a fluid can be further processed 
by enriching the hydrogen sulfide content of the mix 
ture or converting the hydrogen sulfide fluid to suitable 
derivatives such as hydrogen persulfides or to carbon di 
sulfide and these fluids used as the injecting fluids to 
prevent plugging of the tubing String. 



3. 
The elemental sulfur can be recovered from the pro 

duction fluid at a surface location by various suitable 
means and the sulfur-free fluid separated therefrom can 
be heated, compressed and injected into the production 
stream as described, or the hot sulfur-free fluid can be 
treated in various ways such as by physical and/or chem 
ical separation and/or modification and these fluids when 
heated are used as the anti-plugging injection fluids. Thus, 
the sulfur-containing hydrogen sulfide-hydrocarbon fluid 
from the reservoir production zone can be pumped to 
a surface location, where, if necessary, it is dehydrated 
by flowing the produced fluid through a moisture ab 
Sorber containing drying agents Such as calcium chlo 
ride, copper sulfate and the like. The dehydrated fluid 
is passed through a preheater so as to prevent Sulfur 
separation and passed to a separator wherein the pres 
sure and temperature are so controlled as to cause sepa 
ration of the sulfur from the fluid, recycling the sulfur 
free or sulfur-reduced fluid to the preheater, where it 
is compressed and thereafter injected into the tubing 
string at a depth and heat-injection rate correlating with 
the temperature gradient in the columnar stream So that 
the temperature is above about 100 F. and the sulfur 
is kept in a dissolved state. Instead of recycling the 
essentially sulfur-free fluid directly to the preheater and 
compressor and into the tubing string, the essentially 
Suifur-free fluid can be either sent to a heat exchanger 
maintained between 450 and 700 F. wherein any sul 
ful in the fluid reacts with hydrogen sulfide to form hy 
drogen persulfides which may be used as the anti-plug 
ging injection fluid or the essentially sulfur-free fluid 
can be sent to a scrubber to recover the hydrocarbons 
from the hydrogen sulfide using conventional scrubbing 
liquids, e.g., aqueous amine Solutions and the hydrogen 
sulfide fluid sent to a flasher to separate the scrubbing 
solutioi from hydrogen sulfide which can be converted 
wholly or in part to carbon disulfide and used as the 
hot anti-plugging injection fluid. 
The accompanying drawings are Supplied for the pur 

pose of illustrating and not limiting the invention. FIG 
URE 1 shows a vertical section of a production well and 
tubing string into which is injected anti-plugging injection 
fluid and a flow diagram for a sulfur recovery system. 
FIGURE 2 relates to solubility of sulfur in reservoir 
fluid relative to temperature conditions in the reservoir, 
and FIGURE 3 relates to the tendency of sulfur to pre 
cipitate in tubing strings relative to the bottom hole 
pressure. 

With reference to FIGURE 1, there is shown a ver 
tical section of strata 11 penetrated by production well 
12 at ground level 22 passing through producing zone 
13. The producing zone 13 is not limited to being sand 
wiched between spaced layers of impermeable strata 14 
but may be contained by other types of layers which 
form effective confining barriers for producing Zone 13. 
The well bore 12 of a typical well bore construction 

is shown having well casing 15 positioned in the bore 
and secured with cement 16. Producing well casing 15 
is closed with gland 17 and is provided with a tubing 
string 18 extending down casing 15 to a point adjacent 
the producing zone 13. A conventional sealing packer 
19 is positioned in the lower end of casing 15 to close 
the casing-tubing annulus and stabilize the lower end 
of the tubing string 18 which extends through the packer 
19 to the lower portion of casing 15 which has perfora 
tions 20 to allow fluids from producing zone 13 to enter 
casing 15 and flow upwards through tubing string 18. 
The Sealing packer 19 is preferably positioned at or near 
the upper level of the producing zone to prevent fluid 
communication between fluid being produced from the 
producing Zone and the interior portion of the casing 15 
located above the packer 19. Tubing string 21 extends 
downwardly from above the casing cover member or 
gland 17 to a location generally slightly above packer 
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19 where it communicates with the interior of produc 
ing tubing string 18. The hot miscible injecting fluid is 
introduced into producing tubing string 18 through in 
jection tubing String 21 at a point slightly above packer 
19 at a temperature above about 100 F. and pressure 
sufficiently high to drive the production fluid upward 
and keep the sulfur in the production fluid dissolved 
therein. 
The hot miscible injection fluid used to prevent plug 

ging of tubing string 18 is derived from the fluids ob 
tained from the production zone 13 on reaching ground 
level 22 through tubing string 18. One system for dis 
tributing and using these fluids is the following. These 
injection fluids are pumped from tubing string 13 through 
valved lines 23, 23a and 23b (while closing valved line 
24) and through a moisture absorber 26 into valved 
line 25 in communication with a preheater 27 or, alter 
natively, by closing valved line 23 and passing the hot 
fluid directed to preheater 27 through valved line 24 if 
the producing fluids are essentially devoid of moisture. 

However, if the producing fluid contains moisture 
it is preferable that it be first dehydrated by passing 
the fluids through valved lines 23, 23a and 23b through 
a moisture absorber or dehydration unit 26 containing 
conventional drying agents such as calcium chloride, 
copper Sulfate and the like, and the dehydrated fluids 
are then passed through line 25 into preheater 27. Vapors 
are recovered through line segments 23a, 23b and valved 
line 54. The preheated dehydrated fluids pass through 
valved line 28 at about 100 F. into a separator 29 
wherein the sulfur is separated from the hydrogen sulfide 
hydrocarbon mixture by suitable means such as using 
a cyclone separator or dropping the pressure in separator 
29 to below 2000 p.s. i. while raising the temperature 
from about 100 F. to 200° F. or higher. 
The sulfur is removed through line 30 and the hy 

drogen sulfide-hydrocarbon mixture is passed through 
open valved lines 31 and 31a while keeping the valve 
31b closed to the preheater 27 where the fluid mixture 
is heated to above 100 F. and through valved line 32 
to compressor 33 and injected into injection tubing string 
21 which is in communication with compressor 33 through 
line 34. The elemental sulfur-free fluid injected into tub 
ing string 18 is injected at a temperature above 100 
F. and at a minimum pressure of 50-200 p.s.i. 
The temperature-pressure conditions to insure maxi 

mum efficiency for the producing fluids from recovery 
Zones without sulfur plugging can be determined by ref 
erence to FIGURE 2 which shows the solubility of sulfur 
at different pressures and temperatures in a reservoir 
fluid containing about 80% hydrogen Sulfide and if the 
reservoir fluid is initially saturated with elemental sulfur, 
then the amount of sulfur which will precipitate in the 
tubing String can be determined by the graph curves 
shown in FIGURE 3 when the wellhead is kept at 2000 
p.s. i. and 100°F. 

Instead of passing the sulfur-free hydrogen sulfide-hy 
drocarbon mixture from the separator 29 back to the 
preheater 27 and thereafter compressing the fluid mix 
ture and using it as the anti-plugging injection fluid, the 
Sulfur-free hydrogen sulfide-hydrocarbon fluid can be 
passed from separator 29 through valved line 35 into 
Scrubber 36 where the sulfur-free fluid mixture is scrubbed 
by conventional means, such as treating with aqueous 
amine solutions, to remove acid gases from the hydro 
carbon gases, which gases are removed through line 37 
for conventional processing, such as sweetening, and the 
acid gases are removed through valved line 38 into a 
flash chamber 39 where hydrogen sulfide is passed 
through line 40 and valved line 4.0a while keeping valved 
line 40b closed. Alternatively, the acid gases can be re 
cycled from the flasher 39 through line 40 and valved 
line 40b while keeping valve 40c closed through com 
pressor 39ct and into line 33b and then forcing the re 
cycled Sour gas through flasher 39, lines 40, 40 at into 



3,393,733 
5 

compressor 41 where a portion of the compressed hy 
drogen sulfide is recovered by being passed through line 
42 to storage or sulfur recovery not shown. Another 
portion of the compressed hydrogen sulfide is passed 
through valved line 43, keeping valved line 45 closed, 
into heater 44 where the hot compressed hydrogen sul 
fide is passed directly to injection line 34 through valved 
line 48 and line 35, while keeping valve 48a closed, or 
indirectly through compressor 33 which is in communi 
cation with heater 44 by valved lines 48 and 32 in which 
case the valve 32a in line 32 and valve 35a should be 
closed. Injection line 34 is in communication with in 
jection tubing string 21 and the hot hydrogen sulfide-con 
taining fluid is thereby injected into tubing string 18. 
Also a portion of the compressed hydrogen sulfide from 
compressor 41 can be by-passed through valved line 45 
into carbon disulfide convertor 46 and blended with hy 
drogen sulfide from line 43 which is in communication 
with valved line 47 connected to carbon disulfide con 
vertor 46 and the mixture passed through heater 44 and 
into lines 48, 32 or through lines 48 and 35 to line 34 
connected directly or indirectly to injection tubing string 
21. Also the hydrogen sulfide valved line 43 can be by 
passed by closing valve 43a and the carbon disulfide 
formed in convertor 46 passed directly to heater 44 and 
into line 34 directly through line 35 or indirectly through 
lines 48 and 32 and compressor 33 and into injection 
tubing string 21 and used as the hot anti-plugging fluid 
injected under pressure into tubing string 18. Still an 
other injection fluid can be obtained by directing the es 
sentially sulfur-free hydrogen sulfide fluid from the sep 
arator 29 into heat exchanger 49 maintained between 
450 and 700 F. which is in communication with sepa 
rator 29 by valved line 31, keeping valved line 35 closed 
wherein hydrogen persulfides are formed and the hot hy 
drogen persulfide injected into the injection tubing string 
21 through valved line 51 in communication with com 
pressor 33 and line 34. Also heat to separator 29 can 
be supplied from the heat exchanger 49 by closing valve 
51a and passing the hot gas through lines 51 and valved 
line 52 in communication with valved line 28. 
The separation of elemental sulfur from the recovery 

mixture can be accomplished by various other means such 
as by absorption, water quenching and the like and the 
elemental sulfur-free recovery fluid heated and used as 
the anti-plugging injection fluid as described. 
The method of preventing plugging of tubing strings 

in a producing well through which a recovery fluid con 
taining elemental sulfur dissolved in about 75-80% hy 
drogen sulfide, 13-18% hydrocarbons and the remain 
ing constituents being moisture, carbon dioxide, etc., is 
illustrated by the following example. From a producing 
zone a recovery fluid of the composition indicated was 
forced upwardly through the perforations in the produc 
tion well casing and up the tubing string by the bottom 
hole pressure at the producing Zone. Into the tubing 
string at a point slightly above the packer which is posi 
tioned in the upper portion of the producing Zone a sul 
fur-free miscible fluid obtained from the production zone 
after the sulfur has been removed and comprising a com 
pressed mixture of about 80% hydrogen sulfide and 
about 20% hydrocarbons was injected into the recovery 
fluid at about 100-120 F. and at a pressure of about 
2000 p.s. i. and at a rate so as to blend readily with the 
upward recovery fluid stream. The sulfur was removed 
from the recovery fluid by heating said fluid to above 
100 F. and forcing said fluid into a separator where the 
temperature is kept at about 200 F. and the pressure 
dropped to about 1600 p.s. i. causing essentially all of 
the sulfur to separate out of solution. The sulfur-free 
hydrogen sulfide-hydrocarbon mixture was reinjected un 
der pressure into the production tubing string. Success 
ful operation of a production well under these condi 
tions was accomplished without hydrate formation or sul 
fur plugging of the tubing string or other equipment in 
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6 
the recovery system. Also, when the hydrocarbons are 
separated from the hydrogen sulfide-hydrocarbon mix 
ture in scrubber 36 and flasher 39 and the compressed 
hydrogen sulfide and/or carbon disulfide used as the 
anti-plugging injection fluid, the rate of injection can be 
cut considerably due to the greater solubility of sulfur 
in such hot fluids. Vaporous components in the recovery 
fluid are removed through line 54 to storage, not shown. 
We claim as our invention: 
1. In a method of preventing hydrate formation and 

Sulfur plugging in tubing string of a production well 
which extends from ground level to an underground pro 
ducing Zone for the production of a sulfur-containing 
fluid from said Zone, said method comprising: 

(a) flowing said sulfur-containing fluid from the pro 
ducing Zone upwardly through said production tub 
ing string; and, 

(b) injecting into said production tubing string, through 
an injection tubing string in communication with 
said production tubing string, at a point where sul 
fur and hydrate deposition in the tubing string tend 
to form due to temperature and pressure drop in 
the tubing string, a hot sulfur-free fluid miscible with 
sulfur, said fluid being at a temperature above 
about 100 F. and at a pressure sufficient to prevent 
sulfur precipitation and solidification on the tubing 
string Wall. 

2. The method of claim 1 wherein the hot injection 
fluid is a sulfur-free compressed hydrogen sulfide-hydro 
carbon fluid mixture of which 70-80% of said mixture is 
liquid hydrogen sulfide. 

3. The method of claim 1 wherein the hot injection 
fluid is a sulfur-free carbon disulfide-hydrocarbon mix 
ture miscible with the sulfur-containing fluid flowing up 
wardly through the production tubing string to ground 
level. 

4. The method of claim 1 including the step of separat 
ing above ground level sulfur and water from the remain 
ing production recovery fluid. 

5. In a method of preventing hydration formation and 
sulfur plugging in tubing string of a production Well which 
extends from ground level to an underground producing 
Zone and is in communication with a sulfur-containing 
hydrogen sulfide-hydrocarbon fluid and recovering sepa 
rately the sulfur and a mixture of hydrogen sulfide and 
hydrocarbon fluid, said method comprising: 

(a) flowing a sulfur-containing hydrogen sulfide-hy 
drocarbon fluid mixture of which 70-80% is hy 
drogen sulfide from the producing Zone upwardly 
through the production tubing string while main 
taining pressure and temperature in the producing 
zone sufficient to accomplish this; 

(b) dehydrating and then heating said fluid mixture 
at above ground level to above 100 F.; 

(c) forcing said heated fluid mixture into a separator 
where the temperature and pressure are maintained 
at about 200 F. and 1600 p.s.i. thereby causing the 
Sulfur to precipitate and separate from the fluid mix 
ture and separating the precipitated sulfur from the 
hydrogen sulfide-hydrocarbon mixture; 

(d) reheating and compressing the sulfur-free hydro 
gen sulfide-hydrocarbon mixture; and 

(e) injecting a hot sulfur-free fluid selected from the 
group consisting of the hydrogen sulfide-hydrocar 
bon mixture and the compressed hydrogen sulfide 
fluid into the sulfur-containing fluid stream flowing 
upwardly in the production tubing string, said sulfur 
free mixture being injected, through an injection tub 
ing string in communication with the production tub 
ing string at above about 100 F. and under pres 
sure sufficient to keep the sulfur in the sulfur-con 
taining fluid in solution. 

6. The method of claim 5 wherein a portion of the 
Sulfur-free hydrogen sulfide in the hydrogen sulfide-hy 
drocarbon mixture is converted to carbon disulfide and 



the resulting sulfur-free carbon disulfide-containing fluid 
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is used as the hot injecting fluid. 
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