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SQLlUTlON MINING 0F POTASSIUM CHLORIDE 

Edward Phelps I-Ielvenston, Corpus Christi, Tex, James 
Bowen Dahms, New Martinsville, W. Va., and Byron 
Priestly Edmonds, Regina, Saskatchewan, Canada, as 
signors to Pittsburgh Plate Glass Company, Pittsburgh, 
Pa, a corporation of Pennsylvania 

Filed May 17, 1965, Ser. No. 456,120 
15 Claims. (Cl. 299—4) 

This application is a continuation-in-part of commonly 
assigned ‘co-pending application Serial No. 283,482, ?led 
May 27, 1963 and now abandoned, and its parent applica 
tion Serial No. 123,916, ?led May 26, 1961, now U.S. 
Patent 3,096,969. 

This invention relates to a novel method of mining 
potassium chloride. It more particularly relates to a 
method of extracting, with water, subterranean deposits 
containing potassium chloride. 

Potassium chloride usually occurs in mineral deposits 
closely associated with sodium chloride. In many cases, 
potassium chloride exists in admixture or in combination 
with sodium chloride in the form of potassium chloride 
rich strata. Often, a potassium chloride rich stratum, 
i.e., a stratum containing from about 15 to 60 percent by 
weight of potassium chloride, based on the total weight of 
potassium and sodium chlorides in the stratum, is disposed 
immediately above another stratum lean as to potassium 
chloride, i.e., containing less than 15 percent by weight 
potassium chloride on the aforesaid basis or which con 
tain no substantial amount of potassium chloride but 
which are preponderantly sodium chloride. These min 
eral deposits usually contain varying amounts of other 
minerals such as clay, calcium chloride, calcium sulfate, 
magnesium chloride, and magnesium sulfate. 
The aforedescribed deposits of potassium chloride and 

sodium chloride are frequently located very deep. For 
example, Canadian deposits of this character typically 
occur 3,000 feet or more below the surface of the ground. 
In the United States, such deposits are sometimes disposed 
from less than about 1,000 feet to 3,000 feet or more, 
typically at least 2,500 feet, below the surface of the 
earth. 

Historically these deposits have been mined by shaft, 
room and pillar type mining techniques. The aforesaid 
U.S. Patent 3,096,969 discloses a method whereby they 
are extracted with water, including unsaturated aqueous 
solutions. Such extraction is accomplished by ?rst devel 
oping a suitable cavity in the mineable deposit. Water is 
then circulated through the cavity, thereby dissolving the 

. . . . . O 

deposrts to form an aqueous solution richer in potassium 
chloride than is the feed ‘water. The enriched solution is 
then withdrawn from the cavity and the potassium chloride 
values are recovered therefrom. 

Both the solubility of potassium chloride and the rate 
of dissolution of potassium chloride in aqueous solution 
increase with increasing temperatures. Thus, in solution 
mining potassium chloride in subterranean deposits, it is 
of decided bene?t to maintain the aqueous solution in the 
cavity at as high a temperature as practicable. It is 
known that potassium chloride absorbs a considerable 
amount of heat when it is dissolved in aqueous solutions. 

. It is therefore bene?cial to feed water into the cavity at a 
temperature hotter than the aqueous solution within the 
cavity so that undue cooling of the cavity solution is pre 
vented. Sometimes heating of the cavity solution is 
achieved although according to the preferred embodiment 
of this invention, the cavity solution is maintained at 
about, i.e., plus or minus about 5° C., preferably plus or 
minus about 3° C. of the natural formation temperature. 
By “natural temperature of the formation” is meant 

the temperature which exists in a subterranean formation 
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prior to the formation’s being disturbed by mining ac 
tivities. This temperature can be determined by lowering 
a thermometer down a bore hole and allowing it to remain 
undisturbed in place until the temperature recorded by 
the thermometer is constant over an appreciable time. 
Normally, less than ?ve hours residence of the thermom 
eter in the bore hole is required to determine the natural 
formation temperature. If the formation has been dis 
turbed by mining or other activities so that the natural 
formation temperature can no longer be directly meas 
ured, this temperature can be calculated from the geother 
mal gradient in accordance with recognized procedures. 
See, for example, the book Geology of Petroleum, Levor 
sen (W. H. Freeman and Co., 1954), p. 398 et seq. 

In practice, it may be impractical to measure the tem 
perature of the aqueous solution within the cavity. When 
a normal rate of withdrawal to the surface is maintained, 
e.g., in excess of 100 gallons per minute, it may be as 
sumed that little or no heat transfer occurs between the 
ascending solution and the ground. Thus, under normal 
operating conditions of the process herein described, the 
temperature of the e?iuent, i.e., the aqueous solution as 
it reaches the surface of the earth, may be considered, 
in the absence of other factors which could in?uence its 
temperature, to approximate the temperature of the aque 
ous solution within the cavity. Of course, it is possible 
to heat from an external source the solution on its way 
up to the surface so that it is warmer as it reaches the 
surface than when it left the cavity. 

References herein and in the accompanying claims to 
the effluent and feed temperatures may be assumed to be 
the temperatures of the ef?uent and feed, respectively, 
measured at the surface of the earth when heat is neither 
added to nor removed from the aqueous solution as it 
ascends from the cavity. When heat is added to or re 
moved from the ascending solution, the temperatures 
stated herein must be adjusted accordingly. 
In the practice of the invention herein contemplated, a 

plurality of cased bore holes is brought into communica 
tion with a suitable cavity in a subterranean potassium 
chloride deposit. Water, including unsaturated aqueous 
solutions of either or both sodium chloride or potassium 
chloride, is then fed to the cavity through one or more in 
let holes. The water is fed at a temperature below its 
normal boiling point. The water dissolves the deposit to 
form an aqueous solution richer than the feed with respect 
to potassium chloride. Enriched aqueous solution is then 
withdrawn from the cavity through one or more outlet 
holes. 
The inlet hole or holes are thermally isolated, typically 

by lateral separation, from the outlet hole or holes. In 
such an arrangement, the solution ascending from the cavi 
ty avoids heat transfer with the descending feed. If the 
contents of the inlet pipe were in heat exchange relation 
ship with the contents of the outlet pipe, as, for example, 
in a concentric pipe arrangement, considerable heat trans 
fer would occur between the incoming and outgoing 
streams. Mineable deposits are normally located at suffi 
cient depth so that heat transfer in such a system occurs 
along a pipe length of up to several thousand feet. In 
?owing along this long pipe length, the streams come in in 
direct heat exchange relationship across a very large sur 
face area. Thus, where the inlet is not thermally insulated 
from the outlet, the feed enters the cavity at approximately 
the temperature of the solution within the cavity. Heat 
added to the feed under these conditions of heat exchange 
relationship between the feed and the effluent is readily 
transferred to the ascending solution. 

According to this invention, the feed is maintained at 
a hotter temperature than the effluent. Because the inlet 
piping is disposed so as not to be in heat transfer relation 
ship with the outlet piping, the solvent enters the cavity 
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at a temperature above the temperature of the solution 
within the cavity. Under normal conditions of operation, 
it may be assumed that the temperature differential be 
tween the feed and the effluent approximates closely the 
temperature differential between the water entering the 
cavity and the bulk of the solution within the cavity. 
Some of the heat in the feed is absorbed by the potas 

sium chloride dissolved from the deposit, thus cooling the 
solution in the cavity. To offset too great a cooling ef 
feet on the cavity solution by the dissolution of KCl by 
the solvent, the feed is introduced at an elevated tempera 
ture. Cooling is evidenced by decreasing e?‘luent tem 
perature. By raising the feed temperature still higher, the 
cavity solution temperature is caused to increase. This 
fact is evidenced by an increased effluent temperature. 
The ‘most advantageous temperature differential be 

tween the feed and the e?luent depends upon the nature 
and depth of the deposit, residence time of the solution 
in the cavity, the cavity solution temperature desired, flow 
rates, and other factors. Typically, this temperature dif 
ferential is no greater than 30° centigrade. 

This invention is further illustrated in the accompany 
ing drawings: 
FIG. 1 illustrates two small cavities undergoing initial 

development in the mineable strata. 
FIG. 2 is a diagrammatic view of a typical cavity and 

pipe arrangement. Identical numbers indicate identical 
features in the two drawings. 
As illustrated in FIG. 2, a cavity 28 is developed in a 

subterranean deposit containing potassium chloride. 
Cavity 28 can be developed in accordance with any suit 
able technique. The preferred technique is that disclosed 
in the copending application, Serial 277,853, ?led May 3, 
1963, the disclosure of which is hereby incorporated by 
reference. Thus, ‘as illustrated in FIG. 1, two cavities 8 
and 18 are developed near the bottom of the mineable 
strata. These cavities are developed horizontally until 
they communicate to form cavity 28 (FIG. 2). 

Typically, the mineable deposit is located at a depth 
of 3,000 feet or more. This invention is useful in ex 
tracting from a subterranean cavity at any depth. Usual 
ly, such cavities will be at least 1,000 feet below the sur 
face of the earth. They often will be located more than 
5,000 feet deep and will sometimes be at considerably 
greater depths, i.e., 10,000 feet or more. 
A typical mineable deposit will have the following ap 

proximate composition: 
Composition: Percent by weight 

Potassium chloride __________________ __ 15-60 

Water insoluble clay _________________ __ 1-5 

Calcium sulfate _____________________ __ 1-2 

Water soluble calcium and magnesium salts, 
such as MgClz, MgSO4 and CaClz ____ About 2 

Sodium chloride __________________ __ Remainder 

The development of cavities 8 to 18 is accomplished by 
?rst sinking cased bore holes 1 and 11 down into the 
mineable strata. Inner pipes 2 and 12 are located con 
centrically in their respective casings. Water (i.e., water 
per se or unsaturated aqueous solutions of either or both 
sodium chloride and potassium chloride) is fed to the de 
posit near its base through the casings 1 and 11. The 
deposit is dissolved by the water to form cavities 8 to 18. 
As water is fed into the cavity, the resulting aqueous 
solutions are withdrawn by pipes 2 and 12, thereby de 
veloping cavities 8 and 18. 
The horizonal growth and ultimate communication of 

cavities 8 and 18 is typically encouraged by the formation 
of protective layers 6 and 16 at the roof of the cavities. 
These protective layers are formed by injecting along with 
the feed to the cavities an inert ?uid lighter than, and 
mutually insoluble with, water at the temperature of the 
cavity solution. The ?uid may be a gas but is prefer 
ably a liquid. Typical liquids suitable for this purpose 
include mineral oil, re?ned and non-re?ned petroleum oil 
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4 
and similar liquid hydrocarbons. Even after cavities 8 
and 18 have interconnected, a protective layer of inert 
fluid 26 is often maintained at the roof of cavity 28. In 
this fashion, the cavity is encouraged to enlarge in a hori 
zontal direction. When vertical growth is desired, the 
quantity of inert ?uid introduced to the feed is reduced. 
Thus, the water is allowed to extract from the roof of 
the cavity. 

During the initial development of cavities 8 and 18, 
casings 1 and 11 are typically located about 25 feet apart 
at the surface of the earth. They may be spaced at con 
siderably greater distances, up to several thousand feet. 
Usually, casings 1 and 11 will be separated by distances 
of about 50 to about 500 feet. 
The initial diameter of cavity 28 will rarely be less 

than 25 feet. Typically, its initial diameter will be con 
siderably larger. As the cavity grows, the inlet and out 
let casings or pipes are frequently located at greater 
lateral separations from each other. It is believed that 
the major diameter of a cavity can be essentially in?nite. 
Typically, however, because of the difficulty in maintain 
ing proper roof control in larger cavities, maximum 
cavity size rarely exceeds about 400 to about 1,000 feet 
in diameter. 

After cavity 28 has been developed, pipes 2 and 12 
are removed from casings 1 and 11 respectively. Casings 
1 and 11 are thermally insulated from each other because 
of their lateral separation. The descending feed is there 
by kept out of heat exchange relationship with the 
ascending solution. The inlet casing 1 is adjusted so that 
the water enters near the top of the cavity. The outlet 
casing 11 terminates at a level below the termination 
level of inlet 1, usually near the ?oor of the cavity. Out 
let 11 terminates above the level where crystals and in 
soluble material tend to accumulate to an appreciable 
degree. 

Solvent is introduced to cavity 28 through inlet 1. It 
enters near the top of the cavity and is thought to flow 
radially outward and down along the sides of cavity. 
The solvent dissolves the deposit, thereby forming an aque 
ous solution richer than the feed with respect to potassium 
chloride. Enriched aqueous solution is withdrawn through 
the outlet 11. The feed is maintained at a temperature 
hotter than the temperature of the effluent. 

For economic reasons as well as to facilitate handling, 
the feed is introduced at a temperature under its boiling 
point, typically between about 50 and about 100° C. The 
preferred temperature range for solvent feed to a cavity 
located about 2,500 feet or more beneath the surface of 
the earth is between about 65 to about 80° C. The pre 
cise temperature differential which is maintained between 
the feed and the effluent depends in large measure on the 
cavity solution temperature which is desired. The cavity 
solution temperature, as hereinbefore explained, is con 
sidered to approximate the effluent temperature. In gen 
eral, the higher the effluent temperature, the higher the 
productivity of the cavity in terms of dissolving rate and 
potassium chloride content of the effluent. However, sig 
ni?cantly more economical operations result when the 
effluent temperature approximates, i.e., is within about 
5° C., preferably 3° C. of the natural formation tempera 
ture. For typical cavities located, at least about 2,500 
to 3,000 feet beneath the earth, the effluent temperature 
should usually be in the range of 40 to 90° C. Effluent 
temperatures between about 50 and about 60° C. are 
preferable in such cavities. It is generally undesirable 
for the e?luent temperature to vary from the natural for 
mation temperature by more than about plus or minus 
10° C. Where the cavity is located in a shallow deposit, 
i.e., signi?cantly less than 2,500 feet deep, the effluent 
may sometimes be plus or minus 15° C. from the natural 
formation temperature although a smaller variation is 
preferred. 

According to this invention, it has been found of signi? 
cant economic bene?t to maintain the feed temperature up 
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to about 30 degrees or more hotter than the ef?uent tem 
perature. Normally this temperature differential will ex 
ceed about 2° C. Preferably, the differential between the 
feed and the e?luent temperatures will range from about 
5° to about 20° C. 
By the practice of this invention, the quality of the 

solution produced from the cavity at a given rate is sig 
ni?cantly improved over the quality obtained by methods 
heretofore practiced. The residence time of the aqueous 
solution in the cavity at typical flow rates, i.e., 200 to 300 
‘gallons per minute, is usually sufficient to produce e?lu 
ents which contain from about 10 to about 24 p.p.h. 
(parts by weight per hundred parts of Water) potassium 
chloride and from about 25 to about 35 p.p.h. sodium 
chloride. 

It is apparent that this invention may be practiced in 
a variety of situations. For example, more than two 
cavities may be interconnected as hereinbefore described. 
Geological considerations may make a special arrange 
ment or spacing of bore holes desirable in a particular 
case. The number of inlets to a cavity need not corre 
spond to the number of outlets. An abandoned cavity 
may be made economically productive by the practice 
of this invention. 
Although the present invention has been described with 

reference to speci?c details of certain embodiments there 
of, it is not intended that such details should be regarded 
as limitations upon the scope of the invention, except in 
sofar as they are included in the accompanying claims. 
We claim: 
1. A method of mining potassium chloride from a 

subterranean sodium chloride containing deposit which 
contains at least 15 percent by weight potassium chloride 
which comprises bringing a plurality of cased bore holes 
thermally isolated from each other into communication 
with a cavity in the deposit, feeding solvent at less than 
100° C. through at least one of the cased holes to the 
cavity, dissolving potassium chloride and sodium chloride 
from the deposit to form an aqueous solution richer in 
both potassium chloride and sodium chloride than the 
solvent and withdrawing enriched solution through at least 
one of the remaining cased holes while maintaining the 
temperature of the solvent hotter than the effluent and 
maintaining the temperature of the effluent Within about 
15° C. of the natural formation temperature thereby 
avoiding undue cooling of the cavity solution. 

2. The method of claim 1 wherein the temperature of 
the e?luent is maintained within about 3° C. of the 
natural formation temperature. 

3. A method of mining potassium chloride from a 
subterranean sodium chloride containing deposit which 
contains at least 15 percent by weight potassium chloride 
and is located at least 2,500 feet beneath the surface of 
the earth which comprises bringing a plurality of cased 
bore holes thermally isolated from each other into com 
munication with a cavity in the deposit, feeding water 
at less than 100° C. through at least one of the cased 
holes to the cavity, dissolving potassium chloride and 
sodium chloride from the deposit to form an aqueous 
solution richer in both potassium chloride and sodium 
chloride than the feed Water, and withdrawing enriched 
solution through at least one of the remaining cased holes 
while maintaining the temperature of the feed water up 
to 30° C. hotter than the temperature of the effluent 
thereby avoiding undue cooling of the cavity solution and 
while maintaining the e?luent between 40° C. and 90° C. 

4. A method of mining potassium chloride from a 
subterranean sodium chloride containing deposit which 
contains at least 15 percent by weight potassium chloride 
and is located at least 3,000 feet beneath the surface of 
the earth which comprises bringing a plurality of cased 
bore holes thermally isolated from each other into com 
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6 
munication wth a cavity in the deposit, feeding water 
at less than 100° C. through at least one of the cased 
holes to the cavity, dissolving potassium chloride and 
sodium chloride from the deposit to form an aqueous 
solution richer in both potassium chloride and sodium 
chloride than the feed water, and withdrawing enriched 
solution through at least one of the remaining cased 
holes while maintaining the temperature of the feed 
water up to 30° C. hotter than the temperature of the 
e?iuent thereby avoiding undue cooling of the cavity 
solution and while maintaining the effluent between 40° 
C. and 90° C. 

5. The method of claim 3 wherein two cased bore holes 
are brought into communication with the cavity, water 
is fed to the cavity through one of these cased holes, 
and the solution is withdrawn from the other of said 
cased holes. 

6. The method of claim 3 wherein the temperature 
of the feed Water is maintained in the range of 2 to 30° 
C. hotter than the temperature of the ef?uent. 

7. The method of claim 3 wherein the temperature of 
the feed water is maintained in the range of 5 to 20° 
C. hotter than the temperature of the effluent. 

8. The method of claim 3 wherein feed water is fed 
at a temperature less than 80° C. through at least one of 
the cased holes to the cavity. 

9. The method of claim 3 wherein the residence time 
of the aqueous solution in the cavity is su?icient to pro 
duce effluent containing from 25 to 35 p.p.h. (parts by 
weight per hundred parts of water in the solution) sodium 
chloride and from 10 to 24 p.p.h. potassium chloride. 

10. The method ‘of claim 3 wherein the access holes 
are thermally insulated from each other by being laterally 
separated from one another at the surface of the earth. 

11. A method of mining potassium chloride from a 
subterranean sodium chloride containing deposit which 
contains at least 15 percent by weight potassium chloride 
and is located at least 5,000 feet beneath the surface of 
the earth which comprises feeding water to a cavity in 
the deposit through an inlet hole, dissolving potassium 
chloride and sodium chloride from the deposit to form 
an aqueous solution richer in both potassium chloride 
and sodium chloride than the feed and withdrawing 
enriched solution from the cavity through an outlet hole 
laterally separated at the surface of the earth from the 
inlet hole, while maintaining the temperature of the 
effluent from the outlet hole at from 50 to 60° C. and 
while maintaining the temperature of the feed Water from 
5 to 20° C. hotter than the effluent thereby avoiding 
undue cooling of the cavity solution. 

12. The method of claim 11 wherein the residence time 
of the aqueous solution within the cavity is sut?cient to 
produce an e?luent containing from 25 to 35 p.p.h. sodium 
chloride and from 10 to 24 p.p.h. potassium chloride. 

13. The method of claim 11 wherein the feed water 
is maintained at a temperature ranging from 65 to 80° C. 

14. The method of claim 1 wherein the temperature 
of the e?luent is maintained within about 5° C. of the 
natural formation temperature. 

15. The method of claim 1 wherein the temperature 
of the effluent is maintained Within about 10° C. of the 
natural formation temperature. 
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