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ABSTIRACTT OF THE DSCLOSURE 
This disclosure relates to methods of Solution mining 

Of Soluble Salt deposits With a suitable solvent and is char 
acterized by a particular method of Well formation and 
by afternating cycles of selective and nonselective dis 
Solution of the Sait. 

This in Vention relates to the mining of Soluble minerals 
-particularly, to the Solu ?from underground Strata and 

tion mining of a Soluble Sait. More particularly, the in 
Vention is concerned with the recovery of potassium chlo 
ride from Sylvinite by a particular method of solution 
rhining. Most particularly, the invention is concerned with 
the recOVery Of pOtaSSium chloride from Sylvinite by a 
method of Solution mining characterized by a particular 
method of Well formation and by alternating cycles of 
Selective and nonselective dissolution of the salt. 

Sylvinite is a physical mixture of Sylvite (KC1) and 
halite (NaCl) which occurs in natural deposits in various 
places throughout the World. The ratio of KCl to NaCl 
in the Sylvinite deposits Varies widely. Not only does the 
ratiO Of Sy1 Vite to halite Vary froma one geographic loca 

but the ratio of the two salts may vary ?tion to another 
at different depths in the same deposit. 
A Sylvinite deposit Sufficiently rich in KCl can be 

Selectively Solution mined with a saturated sodium chlo 
ride brine. The dissolved potassium chloride may be re 
COVered at the Surface Simply by cooling the Saturated 
-Collecting the precipitated potassium chloride crys ?brine 

?With or with ?tals and recycling the Supernatant brine 
Out the addition of makeup Water. However, in the case 

Once the surface crystals of potassium ?Of KC-lean Ores 
no further potassium chloride is ?chloride are dissolved 

exposed Since the Sodium chloride crystals do not drop 
a Way from the Solution face. Thus, the lean deposits re 

or with unsaturated ?quire nonselective mining with Water 
Whereby the salt formation is dissolved completely ?brine 

producing Solutions Which are usually Saturated with 
SOdium chloride at cavity temperature and which contain 
pOtaSSium and Sodium chlorides dissolved in the naturally 
Occurring ratio of the formation. 

Various methods have been used ?Heretofore in the art 
to mine Sylvinite. The usual method for mining Sylvinite 
in order to obtain KCl was to drill from the surface 
down into the bed of the Sylvinite and then inject Water 

returning it ? into the drilled hole, dissolving the sylvinite 
.and separating the KCl from the NaCI ?to the surface 

This procedure required the use of extensive separating 
means at the Surface and added to the cost of the KCl. 
Another method is that Set forth in U.S. Patent No. 
3,096,969 for the mining of Sylvinite ore which contains 
KCl in a concentration of at least 15 Wt. percent. This 
method comprised drilling from the Surface into the bed 

? of the sylvinite down to a layer which was rich in NaCl 
utilizing controlled mining in order to remove the Syl 
Vinite laterally from the bottom of the drilled Welt and 
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2 
then mining the KCl-rich layer containing more than 15 
Wt. percent Of KCl by filling the lateral excavation with 
Water (Or an aqueous Solution dilute in NaCl and KC1) 
and then mining the KCl-rich layer by gradually allow 
ing the Water to rise Vertically into the KCl-rich layer. 

It is the object of the present invention to provide a 
proceSS Of Solution mining which comprises a particular 
method of mining a Soluble Sait. 

It is the object of the present invention to provide an 
?improved method of roof control of the cavity in solu 
tion miring by forming a blanket of oil above the solu 
tion and by correlating the blanket thickness with the 
diameter of the cavity as it is being formed. 

It is an object of the present invention to provide a 
process Of Solution mining which is especially suited for 
the exploitation of a Sylvinite deposit wherein the ratio 
of Sylvite to halite Varies considerably. It is a further ob 
ject of the in Veration to provide a process of solution min 
ing for the efficient recovery of potassium chloride from 
Sylvinite deposits wherein the Selective dissolution of 
potassium chloride is only partially feasible. 
A great many Sylvinite deposits are not rich enough in 

Some ?KC to be selectively mined completely. However 
of these deposits contain rich bands of KCl which can 
be mained Selectively. The present invention is based in 

Sylvinite Ores ?in general ?part upon the discovery that 
containing less than about 35% sylvite cannot be selec 
tively mined Since the removal of potaSSium chloride does 
not cause the remaining Sodium chloride crystads to drop 

Whereas deposits containing ?away from the Solution face 
about 35% or more of KCl can be selectively Solution 
mined because the remaining Sodium chloride crystals 

-thereby con ?drop away freely from the Solution face 
tinuously exposing additional potassium chloride. In cer 

the critical concentration of ?tain deposits of Sylvinite ore 
KCl required for selective maining will deviate from be 

--ores which con ?tween about 30 to 40%) - For example 
tain more than the usual amount of inSoluble impurities 
are more amenable to selective mining and may require 

Whereas certain other ? %35 a KCl content of only 30 to 
deposits containing less impurities are not as amenable 
to selective mining and may require a KCl content of 
-The exact percentage required for the selec" . ?%40 to 36 

tive mining of a given ore is readily determinable, as Wil1 
appear from later discussion. The usual percentage of 
KCl in sylvinite which affords the selective maining Of 
KCl in accordance with the instant invention is about 35% 
based on the total amount of KCl and NaCl in the Sy1 
Vinite. However, the selective mining of this invention can 
be carried out when the weight percent of KCl is aS 1OW 
as 30% - 

In accordance with one embodiment of the present in 
–nonselective mining is carried out by the CO11 ?Vention 

tinuous injection of water during the contact of Sylvinite 
followed ?ore containing less than about 30 to 40% KCl 

by periods of selective Solvation of an Ore containing 
KCl in concentrations of 35% or more carried out by 
the injection of sodium chloride brine. During the latter 

crystals of potassium chloride will be selectively ? cycles 
dissolved from the ore face leaving the sodium chloride 
crystals to fail to the bottom of the cavity together with 
some displaced sodium chloride originally present in the 
injected brine. When the rich ore band containing more 
than 30 to 40 % KCl has been removed, as determined 
by analysis of brine sampled from near the top of the 
?nonselective Solution minning t{Sing Water injec ?cavity 
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?tion is again resumed until another rich KCi band is en 
countered. 

In accordance With a further embodiment of the in Ven 
nonselective mining is also carried out initially by ?tion 

the continuous injection of water during the contact of 
Sylvinite ore containing less than about 30 to 40 % KCl. 
When analysis of the sampled brine indicates that a Stra 
tum containing at least about 30% KCl by Weight haS 
been encountered, the Water injection is converted from 
continuous to Semicontinuous floW. Between the periodS 

the cavity is Shut in to allow SucceSSi Ve ?of Water injection 
batches of Water to become Saturated with both Sodium 
and potassium chloride. 
Each batch of water first becomes Saturated with Sodi 

um chloride and also diSSolves an amount of potaSSium 
chloride corresponding to the naturally occurring ratio of 

because of the high concentration ?the formation. Them 
Crystals of potaSSium ?of potaSSium chloride in the Ore 

chloride are selectively dissolved. When this occurs Sodium 
?chloride crystals drop away from the face of the ore for 
mation and fall to the bottom of the cavity. At the Same 
-Some Sodium chloride Will be displaced from Sou ?time 

tion by potassium chloride and also fall to the bottom of 
the cavity. The KCl content of the produced Solution is 
thus increased. The Sodium chloride crystais falling to the 
?bottom of the cavity remain in a layer of Saturated Solu 
tion throughout the life of the cavity and are not redis 
Solved. 
A more complete understanding of the in Wention may be 

Obtained from the accompanying drawings. 
FIGURE 1 illustrates the preferred well completion 

assembly for practicing the method of the in Veration. It 
also shows the conditions which exist in the Sait deposit 
after the initial stages of the process are carried out. 
FIGURE 2 illustrates the geometry of the cavity created 

during the intermediate Stages of the process. 
FIGURE 3 illustrates the cavity profiles characteristic 

of latter Stages of the process. 
FIGURE 4 is a Schematic diagram of a surface process 

ing System for use in connection with alternating cycles of 
nonselective mining With Water and Selective mining with 
Sodium chloride brine. It is also useful in connection with 
intermittent Water injection. 

borehole 11 is drilled ? 1 Referring now to FIGURE 
from the Surface of the earth through the various layers 

-the lower ?12 of the Salt deposit to the bottom of Zone 
most KCl-containing Stratum to be mained. Casing 13 is set 
in the hole to the uppermost level of the Salt deposit. 
Three tubing Strings are then Howered into the casing. 
The lower end of tubing 14 is for brine removal and 

is inserted to a level near the lower boundary of the 
potash containing ore. The lower end of tubing 15 is for 
Water injection and is positioned about 5 to 10 feet above 
the brine removal tubing. Tubing 16 is for blanket level 
control (gas or oil) and is inserted to a level about 1 foot 
higher than the level of water injection tubing 15. 

20 about 10 to ?for example ?17 Cylindrical chimney 
feet in diameter is then Washed out between the bottom 
and the top of the potash formation by Simply passing 
Water down tubing 15 at a rate of about 500 to 5,000 
barrels per day and removing the produced brine by way of 
tubing 14. When the top of chimney 37 reaches the up 

-as in ?permost level of the potash-containing formation 
as well as ?dicated by conventional logging techniques 

the chimney is ?by a reduced rate of KCl production 
Which is injected into the casing by ?filled with Oil or gas 

Way of tubing 18 and is maintained at a level about one 
foot above the end of the water injection turbing. 
The development of chimaney 17 during the initial Stages 

Of the operation allows a relatively large vertical area for 
diSSolution of the potash at the beginning of the under 
cutting Stage of the Overall operation, Hit also serves as a 
reServoir for the blanket control fluid (oil or gas) Sup 
plied from the Surface, enSuring an adequate oil supply 
at a desired level during the Subsequent mining Stages of 
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4 
-during the latter Stages of the Opera ? the operation. Thus 

Jittle or no blanket fluid need be Supplied from the ?tion 
Surface. 
With the blanket fluid in place, the Washing out of an 

undercut is begun as shown in FIGURE 2. This Stage in 
?and the remOVa ? Volves the continued injection of water 

of the resuiting potash Solution from the cavity White 
maintaining the level of the oil blanket constant by the 
injection of oil around the casing and the removal of 
excess oil from the blanket level control tubing. In many 
cases, the use of the blanket level controi tubing may be 
omitted and oil added at a rate sufficient to maintain an 
oid blanket thickness of up to two inches during under 

Such a method of controlling the Oil ?cutting. However 
|blanket thickness has certain disadvantages as the diam - 
eter of the undercut is increased. According to the preSent 

the blanket level control tubing 16 is lowered ?invention 
at Heast about one inch and preferably from 1 to 2 inches 
for every 50 feet of increasing cavity diameter during the 
Washing out of the undercut. Concurrently with each loW 

an additional ?ering of the blanket level control tube 
amount of blanket fluid is introduced through the casing 
Sufficient to insure an underflow of blanket fluid into heVe 
control tubing 16. Solution of the potaSSium chloride Oc 
ctirs at the circumference of the cavity below the oil 
|blanket and above the brine outlet tube. This causes tunder 

its shape being ?cut 19 to grow in a horizontal direction 
?approximately that of a circular disc 5 to 15 feet in height 
depending upon the distance between the oil blanket and 
bottom of the brine removal tube 14. "The undercutting is 
carried on until the diameter becomes greater than 300 
feet at which time the oil blanket is raised about 5 to 15 
?feet by lifting the oil control tubing. In normal operation 
the preferred height of the circular disc and also the dis 
tance the oil control tubing is raised is about 10 feet. HoW 

that is, either the ?ever, if the particular layer of Sylviraite 
is either more or less than ?rich layer?KCl or the NaCl 

-then the oil control tubing is moved a corre ?feet thick 10 
Sponding distance thereby providing for cutting Substan 
tially within the KCl or NaCl layer. 
FIGURE 2 shows a sketch of the cavity configuration at 

the end of the undercutting period. In order to maintain 
it is important that ?an undercut of fairly uniform depth 

?a high flow rate (at least 4,000 to 6,000 barrels per day 
preferably 5,000 barrels per day) be used to prevent the 
produced brine from becoming Saturated. If this is not 
?an almost Saturated Solution Will be produced caus ?done 

ing the floor of the undercut to rise as the diameter is 
increased. 

-the pro ?After the undercutting Stage of the operation 
- there ?about 10 feet for example ?tective blanket is raised 

by exposing an extremely large horizontal area for dis 
Solution of the potassium chloride. 
FIGURE 3 illustrates Successive changes in the croSS 

Section of the cavity during the mining of layer 20 and of 
Subsequent Stages of mining in accordance with the alter 
nating cycles of the invention. To prevent dilution of the 

the water ? exit brine With Water injected at high rates 
injection tube 15 is raised such that its outlet end is just 
below the oil blanket. The Separation between the bot 
tom of the injection tubing and the bottom of the brine 
Or Water removal tubing is thereby kept at a maximum. 
The oil level is raised in Successive stages of about 10 

during which the cycling of nonselective ?for example ? feet 
and selective Solution maining is continued until a cavity 
haVing a height corresponding to the entire Salt formation 
iS Obtained having a diameter of Several hundred feet. 

Here it should be noted that periodic samples of brine 
Should be obtained from near the top of a cavity and 
analyzed for NaCl and KC} in order to determine when 
to change from a nonselective to a selective period of 
SOlution mining or Vice Versa. This can readily be accom - 
plished by flowing a small quantity of brine up through 
the oil level control tube in between periods of oil injec:- 
tion into the cavity. This procedure is necessary to 
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eliminate the long residence time of the produced brine 
in a large diameter cavity. 
FIGURE 4 is a Schematic diagram of the surface 
?processing operation used in connection with the afternat 
ing nonselective and selective cycles described above. 
Stream 31 containing brine from a nonselective cycle of 
the maining process is passed together with recycle Stream 
32 into a battery of conventional multiple effect 
evaporators 33. Feed Stream 31 contains produced brine 
in which Sodium and potaSSium chloride are dissolved 
in the naturally occurring formation ratio. The brine 
is Saturated with respect to the Sodium chloride. En the 

sodium chloride crystals ?33 multiple effect evaporators 
are Selectively precipitated from the brine and removed 

evaporated Water is recovered ?at 34. During this proceSS 
and recycled through line 35 to the Sait cavity on a con 

depending upon the ?tinuous or Semicontinuous basis 
Stage of the process being carried out as described above. 
A brine Solution Saturated with respect to both potaS 

Sium and Sodium chlorides is passed from Zone 33 
through line 36 to conventional crystallization Zone 37. 
The produced brine from a cycle of selective maining is 
passed by Way Of line 38 to crystallizers 37 along with 
the Saturated brine from evaporators 33. The brine of 
line 38 is that produced from either of the above 
described embodiments of the invention. That is, it may 
be produced from a cycle of continuous Sodium chloride 

or it may be produced after a Shut-in ?brine injection 
period of Semicontinuous water injection. In crystalliza 

the combined brines are cooled whereby ? 37 tion Zone 
pOtaSSium chloride is Selectively precipitated and re 
moved through line 39. The resulting Solution is recycled 
in part through line 32 to evaporators 33. The remainder 
of the recycle stream is returned by way of line 40 to 
?One or more cavities being operated On a cycle of Selec 
tive mining by injection of a Saturated Sodium chloride 
brine. 
As described earlier the brine Samples obtained 

periodically from Oil level Control tubing are analyzed 
in order to detect the exposure of a KCl-rich Stratum 
in the cavity or cavities being nonselectively mined. Since 
these brine Samples contain Sodium and potassium 

the ?chloride in the naturally occurring formation ratio 
analysis ratio NaCl/KCl gives a direct indication of 

When ?Ore quality currently being mined. Thus, in general 
preferably 1.9, or. ?2.4 the analysis ratio falls to about 

below, the nonselective cycle is interrupted and a selec 
?a Selective cycle is inter ? tive cycle is begin. ConverSely 

?rupted when the analysis ShoWS that the Solution is be 
-and nonselec ?coming unSaturated with respect to KCi 

tive mining is resumed. 
A critical ratio of 2.4 to 1.9 will not always be Satis 

factory in the mining of certain Ores. As mentioned 
Some deposits are more amenable to Selective ?earlier 

mining than others. Thus, at the beginning of a selective 
if the KCl content of the sampled brine fails ?cycle 

monselective mining is resumed ?to approach Saturation 
for ?1.8 until the NaCl/KCl ratio of the ore falls to 

?at Which time Selective mining is again at ?example 
tempted. If the mining Solution is not Saturated at this 

nonselective mining is again resumed ?NaCl/KC1 ratio 
?until Selective mining can be conducted. In this manner 
a Satisfactory ratio of from 2.4 to 1.6 is readily deter 
mined for a given ore. 

With the beginning of each new stage of the opera 
the blanket level control tubing 16 is raised about ?tion 

for example, as mentioned above. After the lower ?feet 10 
level of the blanket control fluid is raised for the pur 

improved ?pOSe of beginning a new Stage of the proceSS 
-as before, by the Step of Iower ?roof control is obtained 

ing the end of blanket level control tubing 36 at least 
about 1 inch for every 50 feet of increasing blanket di 
ameter during the Washing Out Of layer 20 and each Stic 
cessive layer of the Salt deposit. Concurrently with each 

an additional ?lowering of the blanket level control tube 
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?amount of blanket fluid is introduced through the CaSing 
Sufficient to ensure a continuous underflow of blanket 
?fluid into level control tubing 16. In this Way a con 
tinuous driving force is obtained to promote oil (or gas) 

thereby reducing the ?movement in a horizontal plane 
danger of Vertical Solvent breakthrough into the cavity 
roof. 

While the present method of mining potaSSium 
chloride has been described with particular reference to 

it will be readily appreciated that ?a single-well operation 
a multiplicity of boreholes or Wells may alSO be utilized. 
For example, the process may be carried Out by Sinking 

establishing ? two boreholes to the base of the Salt depOSit 
injecting unSaturated ?communication between the holes 

Solution through one Welt and Withdrawing Saturated 
Solution from the other Well. 

In connection with Such a two-hole System of opera 
Serious difficulties sometimes arise. The removal of ?tion 

Saturated brine through the production tubing String fire 
quently results in a substantial cooling of the brine. CryS 
tallized potassium chloride is thereby caused to precipitate 
in sufficient quantities to cause plugging of the production 
tubing. 

In accordance with a further embodiment of the inven 
this problem is Solved by installing a Second tubing ?tion 

string in the same hole with the brine production tubing 
and passing heated Water or Steam therethrough at a rate 
which is just sufficient to keep the produced brine at Or 
above cavity temperatures thus preventing crystallization. 

Still injected ?of course ?The bulk of the solvent Water is 
into the cavity through the other hole. During the mining 

the water injected through both the holes will ?operation 
become Saturated at ?disSolve potassium chloride ore 

cavity temperature and be removed through the brine 
production tubing. The Stream used to heat the produced 
brine must be injected into the cavity at a level Which 
is high enough to prevent the production of an unSatu 
rated brine by means of dilution in the vicinity of the 
production borehole. 
There are two primary advantages for circulating hot 

Water or Steam in the production borehole as above de 
scribed. While it prevents the crystallization of potassium 

it nevertheless allows a ?chloride in the production tubing 
-be ?large diameter turbing to be used for brine production 

cause only a Small diameter line is necessary for the 
introduction of a Suficient quantity of hot Water or Steam 
to maintain the necessary temperature for the preven 
tion of crystal formation. This causes little or no increase 
in the horSepower requirements for pumping the total 
quantity of Water into the cavity. Since the brine produced 
from the cavity during nonselective Solutioning must be 
heated before it is processed in the Surface plant, the heat 
added to the Water to keep the produced brine hot may be 
considered useful as a preheat Step for Surface processing. 
Thus, the additional cost of employing the hot Water or 
Steam injection is Small and the heat exchange required 
in surface processing may accordingly be reduced in size. 
?During the nonselective mining period of the process 

large quantities of Sodium chloride are produced for which 
no adequate market usually exists. In accordance with a 

the surplus sodium ?further embodiment of the invention 
chloride is returned to the cavity during periods of selec 
tive Solution mining. A return of Sodium chloride to the 
Cavity amounts to more than a mere disposal or surplus 
by-product. Sodium chloride deposited in the Solution 
CaVity displaces a brine rich in potassium chloride which 
Otherwise WOuld remain trapped in the abandoned cavity. 
-the filling of the cavity with solid sodium chlo ?MOreover 

ride provides a significant measure of support for the 
cavity TOOf which contributes to the prevention of Serious 
Subsidence at the Surface. 
To Obtain a better distribution of suspended sodium 

chloride throughout the cavity, it is frequently desirable 
to provide brine slurry injection and brine Withdrawa1 
through separate Wells laterally Spaced some distance 






