
1 6 6 -*3 0 a 

Feb. 27, 1968 c. F. KNUTSON ETAL 3,370,887 
HOLE PREPARATION FOR FRACTURING SOLUTION MINING WELLS 

Filed April 5, 1966 2 Sheets-Sheet l 

;» ~ A» 

~|o ' 

/ 

OVERBURDEN g 

ORE BED 1 

CAVERN 
8 

ZONE OF INTEREST “1§ 

SUB SOIL 3 

w ' GARROLFXWQ'M 
F/G' / BRUCE 6f BRA)’ 

HARRY A. WAHL, JR. 

A 7' TOR/V5 Y 



Feb. 27, 1968 c. F. KNUTSON ETAL 3,370,887 
HOLE PREPARATION FOR FRACTURING SOLUTION MINING WELLS 

Filed April 5, 1966 2 Sheets-Sheet 2 

OVER BURDEN g 

ORE BED 1 

N 

N CAVERN |_@ p’ 

ZONE OF INTEREST |_§ 

g 

sue son. 5; 

F/G' 3 INVENTORS 
CARROLL E K/VUTSO/V 
BRUCE 6‘. BRA)’ 
HARRY A. WAHL , JR. 

BY MWW/ 
A 77' ORNE Y 



3,370,887 
Patented Feb. 27, i968 ice 

3,370,887 
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This invention relates. broadly to solution mining. one aspect, this invention relates to a novel method of 

initiating fracture in ‘far-‘mixed salt bed in the area cor}. 
centrated in the desired1 salt. In another aspect, this in= 
vention relates to a novel notching tool. ,1 

In recent years, solution mining of soluble salts and 
ores has become widespread. Such salts at potassium ch15 
ride, trona, potassium? sulfate and the like can be re? 
covered by circulatin'giwater through a subterranean de 
posit of such salts. Sulfur is recovered by introducing 
steam and water to melt the sulfur and the molten sul 
fur pumped to the surface. However, many of these 
deposits are more often than not associated with other 
salts which it is not de'sriable to recover, especially sodi 
um chloride. Therefore, saturated brine is frequently 
employed as the solvent, the brine dissolves the desired 
salt which can be recovered by suitable methods and the‘ 
brine recirculated. Frequently, the strata salt is compara 
tively thin and for effective recovery, hydrofracturing is 
frequently employed.‘ ‘Fracturing between wells is often 
employed in order to, optimize the exposed surface to 
solvent. It has been proposed to fracture at interface 
between salts and protect either the roof or ?oor of the 
cavern by use of inert‘s which are nonmiscible with the 
solvent. However, this has the disadvantage of cutting 
off solvent contact with desirable salts when the frac 
ture deviates from the‘ desired position. 

It is also di?icult to initiate the fracture at the optimum 
level with respect to the desired salt since all of this is 
performed many feet" below the earth’s surface. 

In preparing the bed for fracturing, typically a. well is 
drilled into or through the salt bed and a casing is 
cemented in place. A notching tool, typically a tube with 
an ori?ce lined with an abrasive-resistant liner is set in 
the tube, and the bottom of the tube is sealed. The notch 
ing tube is lowered in the casing to the desired level and 
the ori?ce oriented in the direction to be notched. A 
highly abrasive ?uid, such as sand~laden water, is forced 
through the nozzle at high velocity, preferably while the 
tube is being reciprocated vertically and rotated. The 
high velocity abrasive ?uid then cuts a notch into the 
salt bed. After the notch is formed, the top of the tube 
is capped or sealed and suf?cient pressure is applied until 
the fracture is initiated. This is determined by a sudden 
drop in pressure and usually requires a surface pressure 
in pounds per square inch equal to about one-half of the 
depth of the hole in feet. Thus, to fracture 800 feet below 
the earth’s surface about 400 psi. pressure is required. 

After the fracture has been initiated, it is ofen de 
sirable to utilize the notching tube to introduce solvent 
into the hole. However, since the notching ori?ce is neces 
sarily small in diameter, it is ‘necessary to pull the tubing 

. and enlarge the hole in the notching tubing. This in 
volves considerable time and labor. 

It is an object of this invention to provide a method 
to initiate a fracture in a salt bed comprising both a 
desired salt and an undesired salt in that portion of the 
bed having a high concentration of the desired salt. 

It is another object of this invention to provide a novel 
method of notching and fracturing a salt bed. 

It is still another object of this invention to provide a 
novel notching tool. 
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In one aspect, this invention comprises contacting a salt 

bed with anonsolvent with respect to an undersired salt 
and solvent ‘with respect to the desired salt; thereby ere? 
ating a ‘small cavity in said salt bed at the zone of highest 
concentration of desired salt, and thereafter initiating a 
fracture by application of hydraulic pressure. 

In another aspect, this invention comprises utilizing a 
solvent saturated with respect to an undesired salt in sub. 
terranean salt bed and undersaturated with ‘respect to a 
desiredjsalt in said salt bed as the carrier ?uid for a 
notching composition, notching said salt bed with said 
?uid usijfig a notching tool having an ori?ce under a pres? 
sure differential across the notching ori?ce below a pre» 
determii‘ied maximum until a small cavern is formed ‘in 
said salt bed, increasing the differential pressure above 
said predetermined maximum to blow said ori?ce out of 
the notching tool, thereby increasing the ori?ce size and 
thereafter fracturing said salt bed by hydraulic pressure 
applied '1 to the said solvent. 

In a ‘third aspect, this invention comprises anotching 
tool containing an ori?ce member in a tube'iso that said, 
notching ori?ce member remains in place below afcertain 
predeteiitnined pressure and said member forced out 
of said" tube when said pressure is exceeded. 
As has been said, this invention is particularly appli 

cable to recovery of a desired salt such as potassium chlo 
ride, trona, potassium sulfate and the like in admixture 
with angundesired salt such as sodium chloride. However, 
the apparatus of this invention has use in solution mining 
generally, such as mining of sulfur or salts. 
The invention will be described in more detail with 

reference to recovery ‘of KCl from KCl-NaCl deposits. It 
is know'h that NaCl solubility in water is only partially 
atfectedi by temperature, whereas KCl is much more solu= 
ble in hot water than in cool water. Therefore, by cir» 
culatingi a saturated hot NaCl solution into a mixed salt 
bed, the brine will pick up KCl. The brine is taken to 
the surface, cooled (causing KCl to precipitate), reheated 
and circulated back to the bed. This process is known 
and is not a part of this invention. 

It is also known to notch a casing preparatory to hydro 
fracturing, utilizing an abrasive ?uid composition. The 
notching ori?ce can be case hardened, lined with an abra 
sive resistive liner or as an alternative a mechanical notch 
can be used. All of these are well known to the art and 
need no elaboration here. 

invention will best be understood by referring to 
the ?gures of which: 
FIGURE 1 shows a notched casing and initial cavern 

in a salt bed, 
FIGURE 2 shows a notching tube with the ori?ce in 

place and means for blowing the notch out of the tube, 
and _ 

FIGURE 3 shows a notching tube arranged for notching 
directly into the ore bed. 

Referring to FIGURE 1, salt bed 1 lying between over 
burden 2 and underlying strata 3 is drilled, forming well 
4. Casing 5 is set and cemented in place with cement Q, 
The casing is notched, preferably as hereinafter described, 
and hot saturated sodium ch'oride is passed through notch 
7 where it contacts the salt bed consisting of NaCl and 
KO. The KCl (zone 15) is concentrated, in this'case, 
slightly above the position of the notch. The hot brine 
picks up KCl and is pumped back to the surface by any 
convenient method. As the KCl is dissolved, the caveriiv 
8 is formed along the level of greatest KC] concentration. 
Usua'ly a cavern of 2 to 10 cubic feet will su?ice. At this 
point, the top of the casing 5 is capped and pressure ap 
plied until fracture is initiated along fracture line 9. As 
has been indicated, when the fracture is initiated, a sud 
den drop in pressure will be noted, and the applied pres 
sure is removed. Preferably, a second well will be drilled 
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into the salt bed to intersect the fracture, and hot brine 
will circulate from the tirsr well, dissolving Mill, and be 
removed from the second well. However, it is within the 
scope of the invention to insert a second tube or utilize 
the notching tube in the casing s and withdraw solution 
from the bottom of the input well or at a second notched 
position. Such solution mining. methods are well known to 
the art. 

Referring to FGURE 2, a heavy tube in has notch 
ing member ll containing ori?ce l2 inserted into its wall 
so as to stay in place below a predetermined pressure. 
This notching member can be driven in place, threaded‘ 
welded, etc. The nature of the metal, frictional coelll 
cients, tensile strengths, etc. will determine the exact de: 
sign to obtain the desired blow out pressure. Such pres 
sure blow out plugs are well known in the art of pres 
sure vessels, and it is ‘within the skill of the art to design 
the plug for a desired blow out pressure The ori?ce ‘112 
must be abrasive resistant as previously mentioned. Pref~~ 
erahly, the surface of the nozzle it inside the casing will 
be slightly concave for reasons which will become ob» 
vious later. 

in operationv the assembled tube ill is lowered into 
casing 5 and the nozzle oriented in the desired direction. 
Saturated brine containing abrasive particles such as 
silica sand is pumped into the tube ill say at 3000 p.s.i.g. 
The tube is reciprocatcd across the area 7 of casing 5 
until a notch has been opened and cavern ii is partially 
opened. At this time, the pressure increased to the pres» 
sure wherein the number ill will blow, say 4000 psuig. 
‘This can be conveniently done ‘by dropping a steel ball 
in down the tube ill. The tlowing fluid will cause the ball 
to seal: against the opening of the nozzle which is slightly 
concave and allow build up of pressumv The hall can rest. 
on the bottom of the tube ill or a support l3 can be sup 
plied for supporting the ball at the proper level. The steel 
ball will have a diameter slightly less than that of the 
nozzle so that when the pressure build up causes the nozzle 
to blow, the ball will follow and the entire assembly 
(nozzle and ball) will be blown through notch 7 in casing 
5 and into cavern it, The tube ill can then be lowered to 
the bottom of casing 5 and a bottom hole pump placed 
therein. Fresh solvent would then be passed down the 
annulus between tube lb and casing 55 and passed into the 
cavern via notch 7. When the cavern solvent has dissolved 
the Kalil, the How will be reversed and saturated brine will. 
pass back through notch 7 and the opening made by blow» 
ing the nozzle and will be pumped to the surface to re 
cover Kill. Alternatively, a second notch can be put in 
casing s prior to blowing the nozzle and a packing ring 
set between the two notches. in this manner, the solvent 
?ow will be continuous. in still another method of opera 
tion particularly applicable- to dual well mining, the notch 
“I would be cut vertically over a large surface of the salt 
hid. ‘the tube- illl. with nozzle blown, would he recipro 
caied vertically across this time thus providing for a 
large opening to the cavern. 

Referring to FlGlJRE '3, a casing ‘it? is set either in 
an anhydrite stratum or in the salt bed and cemented in 
place by cement iii. The hole i’? is then drilled through the 
zone of interest l5 and the notching tool of .iFtlGlJRH 2 
is lowered into well K“? to the zone of interest till he 
tool is slowly, rotated and vertically reciprocated, forming 
a cavern in around the well It’? Alter the cavern is 
formed, the plug ‘ill is blown as previously described and 
the formation fractured radially in the zone ot interest‘ 
The advantage of preparing a cavern by the method oi" 

this invention prior [\1 fracturing two-fold First, the 
cavern will. initiate the ‘fracture where the desired salt is at. 
its highest concentration. Secondly, the cavern provides 
a large surface area. for application‘ of pressure, thus 
facilitating fracturing 
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The invention thus described, we claim: 
‘ ii. in fracturing a salt bed with hydraulic pressure com» 
prising a mixture of salts wherein at least one of the salts 
is to be recovered and at least one sa‘t is not desired, the 
improvement comprising contacting said salt bed with a 
liquid solvent for the desired salts and nonsolvent for the 
undesired salts to iiorm an initial cavity in the salt bed 
and thereafter applying sutlicient pressure to said cavity 
to fracture said salt bed, 

23. The improvement of claim it wherein said solvent 
is water saturated with respect to the undesired salts and 
undersaturated with respect to the desired salts. 

3. The improvement of claim 2 wherein the desired 
salt is potassium chloride and the undesired salt is sodium 
chloridev 

. Ill. in hydrofracturing a salt bed and recovering soluble 
salt from said bed by drilling a well into said salt bed, 
introducing hydrostatic pressure into said salt bed through 
said well and thereafter utilizing said well in passing sol-v 
vent through the resulting fracture, the improvement com» 
prising ?rst notching said salt bed by passing a notching 
?uid at high velocity through an ori?ce member set in 
the side of a lube in said we‘l at the level of desired notch~ 
ing thereby forming a notched cavity, said ori?ce mem 
her being set by means which will release said nozzle 
member from said tube at a predetermined pressure, 
thereafter increasing the differential pressure across said 
nozzle member to said predetermined pressure thus torc 
ing said member from said tube and thereafter applying 
su?icient pressure to the said notched cavity to fracture 
said salt bed. 

5. The improvement otf claim 4i wherein said salt bed 
comprises a desired salt and an undesirable salt. 

ii. The improvement of claim 5' wherein said notching 
fluid is saturated with respect to the undesired salts and is 
undersaturated with respect to the salt desired to be re 
covered. 

‘7. The improvement of claim a wherein said fracturing 
is from said well bore to a second well bore and subse 
quent to fracturing and forcing said nozzle member lirom 
said tube, a solvent for the salt to be recovered is intro 
duced through said tube and the opening therein resulting 
from forcing said nozzle member out and solvent having 
salt dissolved therein is recovered from said second well 
bore. 

ll. A. tool for notching within a well bore comprising 
in combination an elongated tube, an ori?ce member in» 
scrtcd into the wall of said tube in such a manner that 
said ori?ce- member will be expelled from the walls or‘ 
said tube ‘when the pressure across said member exceeds 
a predetermined maximum, said ori?ce member having a 
bore therethrough and the outer periphery of said ori?ce 
is substantially greater than the diameter of said ori?ce 
member bore 
9 The tool 0t claim ti wherein said outer periphery is 

of approximately the same cross sectional area as the cross 
sectional area of said tube. 

ill. The tool of claim 9 wherein said tube contains 
means for closing the bore through said ori?ce member 
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