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4 Claims. 
My invention relates to improvements in 

method and means for mining a soluble such as 
Salt. The invention relates to that class of 
mining in which a solvent, such as water, is 
introduced into a well drilled into a bed of solu 
ble and the resulting solution is discharged there 
from, and in which a non-solvent, such as air, 
is also introduced into the mine cavity to form 
a protecting layer between the solvent and the 
roof of the cavity. 
The present invention is directed especially 

to the improved method and means for introduc 
ing and controlling the said non-Solvent, so as to 
control as required the level of the solvent, and 
whereby the means employed are greatly sim 

... plified and the efficiency increased. 
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The invention comprises the improved method 
and means whereby a definite and adjustable 
range of pressures of the introduced non-solvent 
is utilized for determining the body or volume 
of non-solvent in the cavity, for controlling the 
upward dissolving movement or action of the 
Solvent in the same. 
To this end, the invention comprises-the in 

troduction of a solvent into a cavity made in 
the soluble; the discharge from the cavity of 
the resulting solution; the introduction of non 
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Solvent into the cavity in volume sufficient to 
form a substantial separating and protecting 
layer between the solvent and the roof of the 
soluble above it; the volume of non-solvent being 
sufficient to maintain such separation of the 
Solvent from the soluble above it for an approx 
imately predetermined period of time; the in 
troduction of addition non-solvent prior to the 
complete absorption of the previously introduced 
non-solvent; utilizing the reduced pressure of 
the non-solvent in the cavity, prior to its com 
plete absorption, for automatically causing the 
introduction of addition non-solvent, and uti 
lizing a predetermined maximum pressure of 
non-solvent for interrupting said introduction. 
The range of said pressures, from minimum to 

maximum, is Such as to maintain the required 
bulk or volume of non-solvent, to control the 
level of the solvent in the cavity, and such range 
is adjustable, periodically to secure step by step 
upward dissolving from below. 

Referring to the drawings, which illustrate 
merely by way of example, suitable means for 
effecting the invention;- 

Fig. 1 is an elevation, partly in section, show 
ing a preferred embodiment. 

Fig. 2 is a horizontal section on line 2, 2 of 

(C1. 262-3) 
Fig. 1. In this view the deflector 35’ is omitted 
in order to show the bell in plan. 

Fig. 3 is a fragmentary view of the lower part 
of Fig. 1, showing the bell in a different. 
position. 

Fig. 4 is an elevation partly in section showin 
a modification, 

Fig. 5 is a horizontal section on line 5, 5 of 
Fig. 4. 
Similar numerals refer to similar parts 

throughout the several views. 
While in the drawings the relative diameters 

of the pipes and casings are indicated, it is ob 

O 

viously impossible to indicate their respective 
lengths relatively to such diameters. In the 
present example, it may be understood that the 
normal depth of the Well is about 1500 feet, and 
the depth of the bed of rock salt is about 100 
feet. The compressor and also the automatic 
control are also not to Scale. 
In the arrangement shown in Fig. 1, 7 indi 

cates a 10 inch drive pipe. The 8 inch casing 8 
extends downwardly within the drive pipe, and 
may terminate at any point in the Well below 
any water to be cased off. The four inch brine 
pipe 9 extends downwardly from the top of the 
well, through the casing 8 to the bottom of the 
well. A One inch air pipe O extends downwardly 
from the top of the well, through the casing. 8 
and terminates in the bell fl. The bell it is 
shown in Fig. 1 and Fig. 2 as crescent shape, and 
partly surrounds the brine pipe 9, and has its 
lower margin at about the level of the desired 
undercut. This bell may however be positioned 
at a considerable distance above the undercut, 
as shown in Fig. 3. . 
The air pipe O is connected at the top to pipe 

2, leading from air compressor f3. Pipe 2 is 
controlled by valvel 4. Pipe 2 is also connected 
to a branch pipe 5 leading to brine tube 9 and 
also to gage 6. Valve 7 is provided between 
branch 5 and pipe 9, and valve 8 is provided 
between branch f S and gage 6. A pressure cyl 
inder 19 is connected to pipe f2 having therein a 
piston for actuating the mercury switch 20, 
which, in the usual way controls the circuit of 
motor 2, which drives the compressor 3. The 
brine pipe 9 is provided near its upper end with a 
discharge pipe 22, also provided with a suitable 
controlling valve 23. The casing 8 is provided 
near its upper end with a water inlet pipe 24 con 
trolled by valve 25, and a discharge pipe 26 con 
trolled by valve 27. The brine pipe 9 is provided 
at its lower end with a number of inlet ports 28 
for the passage of brine or solution from near the 
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2 
bottom of the mine cavity 29, to the brine pipe. 
The top level of the water is indicated by the 

broken line 30, and the top level of the air by the 
broken line 3, so that the protecting layer or 
blanket of air or non-solvent occupies the space 
between the broken lines 30 and 3, during under 
cutting. The broken line 32 indicates approxi 
mately the top level of the brine. The broken 
lines 33 are intended to indicate the approximate 
shape of the cavity forming around the lower end 
of the brine pipe 9 by the action of the water 
which descends around the brine pipe and which 
falls, like rain, through the air which is delivered 
beneath the bell and rises to fill said space 34 
Within the lines 33. 

In this Fig. 1 is shown diagrammatically, a mo 
tor driven air pump or compressor 3, in associ 
ation with which is arranged an automatic pres 
Sure actuated switch 20 for making and breaking 
the circuit of the motor. This device is adjust 
able, as for example, by moving the elements 35, 
So that predetermined maximum and minimum 
preSSures are established, and whereby the cirn 
cuit of the motor is closed upon the occurrence 
of minimum pressure and opened upon the occur 
rence of maximum pressure. By any such con 
Ventional means, Well known in the art, the pres 
Sure of non-Solvent in the cavity miay be auto 
matically maintained between said maximum and 
minimum. The adjustment of the regulator may 
be such as to require the operation of the pump 
Or compressor at periods for example, of twelve or 
twenty-four hours. 

In Operation-In accordance with the ar 
rangement shown in Fig. 1, the well will be started 
with Solvent, such as Water, in the casing 3, and 
Solution, such as brine, discharging from brine 
tube 9, with valve 25 closed and the valve 2; open, 
but with the space between 8 and 9 full of solvent. 
The valve 23 on brine tube outlet 22 is then closed, 
and the valve 7 on air pipe branch 5 opened, 
whereupon a non-solvent, such as air under pres 
Sure is forced into brine pipe 9, and gradually 
increases in pressure until air bubbles out of the 
bottom of pipe 9, and the pressure of the air, 
which then fills pipe 9, then becomes constant. 
This pressure is noted or recorded on a suitable 
gage, such as 6. The valve on air pipe branch 
5 is then closed, and the valve 4 on the air line 
2 is opened, whereupon compressed air is intro 
duced through f' air pipe O, until the pressure 
of the air rises to two and a half pounds less than 
the pressure first recorded, as above stated. The 
Supply of air is continued for a time until the 
pressure starts to rise, it is then interrupted. The 
water valve 2 is then closed, and the water valve 
25 is opened, and the valve 23 on brine discharge 
pipe 22 is opened gradually until normal flow is 
resumed. The pumping of air into pipe O is not 
intended to determine the difference in pressure, 
but only to pump enough air into the cavity to 
give the difference in pressure desired. This 
method will supply an air cushion at the level of 
five feet from the bottom of the Salt bed. The 
introduction of compressed air will have to be 
repeated as soon as the pressure in the cavity 
decreases to a predetermined minimum. 
This procedure eliminates any question of fric 

tion in the piping. 
The volume of air which must be pumped into 

the cavity should equal the volume absorbed by 
the Solution which is forced out of the cavity. 
This volume is calculated upon the pressure in 
the cavity. Enough air should be introduced at 
one time to increase the thickness of the air cush 
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ion sufficiently to compensate for the amount 
absorbed between the intervals of intermittent in 
troduction. It will have to be supplied more fre 
quently at first because the weak brine will Con 
ta1n more air than strong brine, and the inter 
vals may be increased as the brine is more satu 
rated with salt, as saturated brine will not absorb 
more than One-third as much air as Water. The 
amount of air required to compensate for the 
amount absorbed, will depend on the degree of 
Saturation and the volume of brine forced out of 
the Well, 

If the Well is, for example, to produce 200 gal 
lons perminute with a four inch brine tube, which 
will equal 27 cu. ft. of brine, the amount of air 
required for saturated brine will be 4 cu. ft. per 
minute, or 5760 cu. ft. once a day. If the Soiu 
tion is half saturated, which is the best condition 
during the period of undercutting, it would require 
6 cu. ft. per minute or 8600 cu. ft. Once a day. 
As the Water descends is casing 8, that is, 

between casing 8 and tube 9,-and passes below 
the lower end of casing 8, it first comes in Con 
tact with the Wall of the Well, and, when it 
reaches the Wall of the rock salt, the water Will 
dissolve away a portion of the rock salt, so 
that the Space 34 is formed around the bell, and 
the top of this space assumes a dome-shape. 
This dissolving action of the water upon the sur 
rounding wall of rock salt will depend upon the 
nonentum of the Water and the deflection of 
the water by the bell , or by a special de 
flector, such as 35. By adjusting the position 
of the bell or defiector, this dissolving action can 
be modified. The air, discharging beneath the 
bottom of the bell, rises in the dome-shaped 
cavity 36, and the Water coming down within the 
casing 8, falls as rain through the air. 
The dilution of the strong brine at the bottom 

of the cavity will be prevented if the solvent 
is not allowed to plunge directly downward into 
the shallow layer of Solvent and mix with the 
strong solution below. Ef it is undisturbed, the 
lighter solvent will float on the heavier solution; 
that is, provided the downward flow of the sol 
vent from above is checked by a suitable de 
fiector. 
The bell 8A, with its inclined top wall may 

be used as such deflector, when positioned near 
the discharge end of the annular space, as in 
Fig. 3, or a Special deflector. may be used, such 
as 35' adjustably supported on the pipe f), as in 
Fig. 1, or on pipe 9, as in Fig. 4. The deflector 
may be formed in any suitable way, with its 
upper wall inclined to break the downward flow 
of the Solvent and deflect the same toward the 
outer wall of the surrounding cavity. This out 
Ward deflection of the water descending through 
the annular space causes the dissolving of the 
Surrounding salt and the formation of cavity 34 
With the dome-shaped roof. The deflector also 
Serves to restrict or throttle the passage between 
the annular space and the cavity 34, as and for 
the purpose herein described. 
When a well is put into operation, the water, 

entoring through pipe 24, will pass down the an 
nular space, between brine pipe 9 and the Sur 
rounding pipe 8, until the well is full. The weight 
and pressure of the Water will cause the brine 
forming at the bottom of the well cavity to rise 
in the pipe 9, and out through the pipe 22. 
The pressure of the water entering through 

pipe 24 must be sufficient to raise the heavier 
solution to the top of pipe 9, which will depend 
upon the strength of the solution or brine, 
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2,009,535 
In other words the brine is forced upwardly 

in pipe 9 by the combined pressures of the air 
and water in the cavity. , 
When fresh water is permitted to act upon 

the upper part of the salt bed, it will dissolve 
faster there, and a cavity will be formed in the 
shape of a cone with the point down. As soon 
as the sides of this conical cavity become so 
flat that the mud from the impurities will not 
slide down to the bottom of the tube 9, the dis 
Solving is retarded and the capacity of the well 
is diminished. 
To overcome this objection, in accordance with 

the present invention, air is pumped through 
pipe fo and bell f, until the cavity is filled 
with air, and the water is forced down to within 
four or five feet of the slots 28 in tube 9. This 
water will then dissolve horizontally, undercut 
ting a shallow cavity at the bottom of the salt, 
which may be extended to a diameter of five 
hundred feet without caving of the rock salt. 
The pressure is maintained exactly sufficient to 

lift the brine at the velocity required. When this 
pressure is slightly decreased, the water will rise 
and attack the roof of the undercut from below, 
the impurities falling away to the bottom of the 
cavity. 
The efficiency of operation is thereby mate 

rially increased, since a large fresh Surface of 
soluble is always exposed to the action of fresh 
Solvent. 

If, when the air is pumped in to fill this cavity 
34, the annular space between pipes 8 and 9 
is filled with water, the pressure required to force 
the water through the annular space will be de 
creased by the weight of the height of the water 
above the cavity. If the weight of this height 
of water is diminished by air bubbling up into 
this annular space, the pressure required to pump 
the Water in, will be increased, 
To prevent this upward bubbling of the air, 

means are provided for restricting the cross 
Sectional area of the passage between the annul 
lar space and the cavity 34. A bell is shown 
in Fig. 2, or the deflector 35’ shown in Figs, -1 
and 4 may serve this purpose. 
The water which is being forced into the top 

Of the annular space, will be held back by the 
pressure of the air in the cavity and the de 
crease in area of the passage at the bottom of 
the annular space will cause the velocity of the 
water entering the cavity to be increased, which 
will prevent the entrance of air into said annular 
space, and the water will fall like rain through 
the air in cavity 34. 

The deflecting and restricting actions of the 
top of the bell or of the special deflector may be 
further explained as follows:-Where the nor 
mal cross-sectional area of the said annular space, 
between pipes 8 and 9, is 15.7 sq. in. and there is 
no restriction in the passage between this space 
and the cavity 34, when 200 gals, of water are 
pumped in per minute, which equals 46,200 cu. 
in., the velocity will be nearly 300 ft. per minute 
or 5 ft. per second. This would be sufficient to 
prevent a bubble of air from rising through the 
descending water, without any decrease in the 
area of said passage. But if the quantity of wa 
ter is reduced to 100 gals. per minute, to obtain 
the velocity of 5 ft. per minute, we must decrease 
the area of said passage into the cavity. This 
method has been found entirely satisfactory in 
actual practice. 
By a proper control of the air volume, the 

water is permitted gradually or periodically to 

rise in the cavity 34, and the step by step dis 
solving proceeds in stages, as indicated by the 
broken lines 39. 
This control may be effected in any suitable 

way, for example by closing valve 4 whereby 
the volume of air in space 34 will be reduced 
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until the solvent rises to the level of the first 
broken line 39 and the air at this level will be 
maintained while the outward horizontal dis 
solving proceeds to the diameter of the undercut. 
This procedure will be repeated, stage after stage, 
until the dissolving of the entire bed is accom 
plished. . 
After completion of the undercutting the 

amount of air absorbed will be reduced because 

O 

5 
the area of contact of air with Water will be 
much less within the space 34, than if the air 
cushion extended the whole size of the undercut. 
By operating in this way the water remains in 
contact with the salt all the time, and it would 
be eating upwardly continuously, the roof in the 
space 34 being still protected by the air. The 
roof of the entire cavity eventually becomes dome 
shaped. The undercut should be made the maxi 
mum diameter, before the level is raised more 
than ten feet above the top of the openings 28, 
in the brine pipe 9. 
In accordance with the arrangement shown in 

Fig. 4, a 5' pipe or casing 36 is provided to Sur 
round the 4' brine pipe 9, and is provided at its 
lower end with the bell 37, to which it delivers. 
The bell 37 surrounds the pipe 9. The pipe or 
casing 36 is connected at the top with an air 
supply pipe 38. The air, descending in pipe 36, 
acts in a way similar to the air passing down 
in the 1’’ pipe O in Fig. i. That is the opera 
tion of the device shown in Fig. 4, is similar to 
that shown in Fig. 1. 
As in Fig. 1, the space between the broken lines 

30 and 3, is filled with air, while the space be 
tween the broken lines 30 and 32, is filled with 
solvent, during the undercutting. 
In accordance with the arrangement shown in 

Fig. 4, the bell entirely surrounds the brine tube 
9. While it will have a similar deflecting action; : 
this action will be more symmetrical, than when 
the bell is crescent shaped, as shown in Fig. 1. 

. The special deflector 35’ may be so located and 
adjusted as to control or modify the action of 
the water upon the adjacent wall of the well, and 
also to reduce the interference between the down 
wardly moving water and the air within the 
cavity. 

In the above description, the word soluble is 
used to mean salt or other mineral capable of be 
ing dissolved, the word solvent to mean any fluid 
medium capable of dissolving the Soluble, and 
the word non-solvent any fluid medium, gas or 
liquid which will float upon the Solvent and which 
Will not dissolve the Soluble. 
What I claim is:- 
1. In the operation of dissolving a soluble by 

introducing a solvent into a cavity made in the 
soluble, and discharging the resulting solution 
therefrom, the method which consists in intro 
ducing a non-solvent into the cavity and in de 
flecting the down flowing solvent outwardly as it 
enters the top of the cavity. 

2. In a system for dissolving a soluble in a well 
and discharging the Solution therefrom, the 
combination of means for introducing a Solvent 
into the mine cavity, means for discharging the 
solution therefrom and means for introducing a 
non-solvent into the mine cavity for controlling 
the action of the Solvent and a formation ad 
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4 
jacent the point of discharge of the solvent into 
the cavity, for throttling said discharge as and 
for the purpose described. 

3. In the operation of dissolving a soluble by 
introducing a solvent into a cavity made in the 
Soluble, introducing also a non-solvent for con 
trolling the action of the solvent, and discharg 
ing the resulting solution therefrom, the method 
which consists in utilizing predetermined maxi 
mum and minimum pressures of the non-solvent 
in the cavity, automatically to regulate its intro 
duction and thereby control the action of the 
solvent. 
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4. In the operation of dissolving a soluble by 

introducing a solvent into a cavity made in the 
soluble, introducing also a non-solvent for con 
trolling the action of the Solvent, and discharg 
ing the resulting solution therefrom, the method 
which consists in throttling the flow of solvent 
approximate the point of entrance to the cavity 
to prevent non-solvent passing upwardly through 
Said entrance. 

EDWARD N. TRUMP. 
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