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. 

3,370,887 s 
HOLE PREPARATION FOR FRACTURNG " 

SOLUTION MINING WELLS 
Carroll F. Knutson, Bruce G. Bray and Harry A. 

Wahl, Jr., Ponca City, Okla., assignors to Con 
tinental Oil Company, Ponca City, Okla., a cor. " 
poration of Delaware 

Fied Apr. 5, 1966, Ser. No. 540,234 - 
10 Claims. (C. 299-4) 

This invention relates broadly to solution mining. In 
one aspect, this invention relates to a novel method of 
initiating fracture, in a mixed salt bed in the area co 
centrated in the desired salt. In another aspect, this ill 
vention relates to a novel notching tool. 

In recent years, solution mining of soluble salts and 
ores has become widespread. Such salts at potassium chlö 
ride, trona, potassium sulfate and the like can be re 
covered by circulating water 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 desiriable 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 floor of the 
cavern by use of inerts 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 difficult 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 orifice 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 orifice oriented in the direction to be notched. A 
highly abrasive fluid, 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 fluid then cuts a notch into the 
salt bed. After the notch is formed, the top of the tube 
is capped or sealed and sufficient 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 p.s. i. 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 orifice 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 a nonsolvent with respect to an undersired salt 
and solvent with respect to the desired salt, thereby cre. 
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 
desired salt in said salt bed as the carrier fluid for a 
notching composition, notching said salt bed with said 
fluid using a notching tool having an orifice under a pres. 
sure differential across the notching orifice below a pre 
determined maximum until a small cavern is formed in 
said salt bed, increasing the differential pressure above 
said predetermined maximum to blow said orifice out of 
the notching tool, thereby increasing the orifice size and 
thereafter fracturing said salt bed by hydraulic pressure 
applied to the said solvent, 

In a third aspect, this invention comprises a notching 
tool containing an orifice member in a tube; so that said 
notching orifice member remains in place below a certain 
predetermined pressure and said member is 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 an undesired 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 known that NaCl solubility in water is only partially 
affected by temperature, whereas KCl is much more solu 
ble in hot water than in cool water. Therefore, by cir 
culating a saturated hot NaCl solution into a mixed salt 
bed, the brine will pick up KCl. The brine is taken td 
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 fluid composition. The 
notching orifice 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. 

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

in a salt bed, 
FIGURE 2 shows a notching tube with the orifice in 

place and means for blowing the notch out of the tube, 
and 
FIGURE 3 shows anotching tube arranged for notching 

directly into the ore bed. 
Referring to FIGURE 1, salt bed lying between over 

burden 2 and underlying strata 3 is drilled, forming well 
4. Casing 5 is set and cemented in place with cement 6. 
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 
KCI. 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 cavern 
8 is formed along the level of greatest KCl concentration, 
Usually a cavern of 2 to 10 cubic feet will suffice. 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 

  

  



3,378,887 
into he sat bed it intersect the fracture, and hot brine 
will circulate from the first well, dissolving ..., and be 
removed from the second weti. However, it is within the 
scope of the invention te: insert a second tube or utilize 
the notching tube in the easing 5 and withdraw solution 
from the bottom of the input well of at a second notched 
position. Such solution mining methods are well known to 
the art. 

Referring to FGURE 2, a heavy tube it has a rutch 
ing member a containing orifice 2 inserted in to its waii 
so as to stay it place below a predeterinited greSSlire, 
This riotching member can be driven in place, threaded, 
welded, etc. The nature of the metai, frictional coeffi 
cients, tensile strengths. etc. wili dietermine the exact de 
sign to obtain the desired slow cut pitsstie. Such pres 
sure tow out plugs are well known in the art of pres 
stre vessels, and it is within the skill of the art is design 
the plug for a desired blow out pressure. The orifice 12. 
mist be abrasive resistant as previousiy Inertioned. Pref 
erably, the surface of the nozzle it inside the casing will 
be slightly concave for reasons which will become ot 
Viots later. 

in operation, the assemble tube at is iowered inty 
casing S and the nozzle oriented in the desired direction, 
Saturated brine containing abrasive particles such as 
silica sand is pumped into the tube is say at 3000 p.s. i.g. 
The tube is reciprocated across the area 7 of casing 5 
until a notch has been opened and caverri is is partially 
opened. At this time, the piesstre increased to the pres 
sure wherein the numbe SS will blow, say 4000 p.s.i.g. 
This can be conveniently cine by dropping a stet ball 
i4 down the tube St. The flowing fiuid will cause the ball 
to seat agains the opening of the nozzle which is slightly 
concave and allow build up of press'. The ball can rest 
Uri the botton f the tube Eli or a support 3 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 
iozzles that when the pressare build up catases the nozzle 
is blow, the bail will follow and the entire asseinbiy 
(nozzle and ball) will be blown through notch in casing 
5 and into cavea s. The tube ESB can the 1 be lowered to 
fire botton of casing 5 and a botton hole put np placed 
therein. Fresh solvent would then be passed down the 
annulus between tube les and casing 5 and passed into the 
caver via notch 7. When the cavern solvent has dissolved 
the KCI, the fiew will be reversed and satirated brine will 
pass back through nutch 7 and the opening made by blow. 
ing the nozzle and will be pumped to the surface to re 
&:ver S.C. Alteriatively, a second nois in can be put in 
feasiliig 5 pisi to blowing the Fozzle and a packing ring 
Sui beiween the two notches. in this mainer, the solvent 
flow will be cyntinuous. In still anothe: ethod of opera. 
tion particularly applicable is dual well mining, the notch 
7 would be cut vertically over a large surface if the salt 
tied. The tute 9, with nuzzle blown, would be recipro. 
Caiei Vertically across this face thus piroviding for a 
afge ?essing it fit cavitin, 

fieferring to Ficit.JRF 3, a casing is is set either in 
iii) anhydrite stratura or in the salt fed and cemented in 
place by cente?t (5. The hole A7 is then drilled through the 
2One of interest is and the notching to of FIGURE 2 
is lowered into well 7 to the zone of interest is, The 
tool is siowly. rotated aid vertically reciprocated, forming 
a caverfi is around the well 7. After the cavern is 
formed, the plug Ad is blown as previously described and 
the forfiiation fractured racially in the zone of interest. 
The advantage of preparing a cavern by the method if 

this invention prior a fractising is two-fold First, the 
caven will initiate the facture where the desired salt is at 
its highest concentratin. Secundly, the cavera provides 
a large S. fact area for application, if pressure, thus 
facilitating facturing 
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The invention thus described, we cairs: 
S. in fracturing a sat bed with hydraulic press tire cyl 

prising a mixture of salts wherei ai ieast one of the salts 
is to be recovered and at least one sat is not desired, the 
improvement comprising contacting said salt bed with a 
liquid solvent for the desired saits and noissolvent for the 
undesired salts to for an initial cavity in the Sait bed 
and thereafter applying sufficient pressure to said cavity 
to fracture said salt bed, 
: 2. The improvement of claim wherein said sover 
is water saturated with respect to the Lindesired Salts are 
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 sodius 
chloride. 

4. In hydrofracturing a salt bed and recovering soluble 
salt from said bed by cirilling a well into said salt bed, 
introducing hydrostatic pressure into said salt bed through 
said well and thereafter utilizing said well in passing Soi 
went through the resulting fracture, the improvement Con 
prising first notching said salt bed by passing a notching 
fiuid at high velocity through an orifice member set is 
the side of a tube in said we' at the level of desired notch 
ing thereby forming a notched cavity, said orifice ren 
ber being set by means which will release said nozzle 
member from said tube at a predetermined press: re, 
thereafter increasing the differential pressure across said 
nozzle member to said predetermined pressure thus forc 
ing said member from said tube and thereafter applying 
sufficient pressure to the said notched cavity to fract2: 
said salt bed. 

5. The improvement of clairn 4 whereirs said sat bed 
comprises a desired sait and a ti desirable sat. 

6. The improvement of clair 5 wherein said notching 
filiid is saturated with respect to the undesired salts and is 
andersaturated with respect to the sat desired to be re 
covered. 

7. The improvement of clai 6 whereira said fracturing 
is from said well bore to a second well bore and sabse 
quent to fracturing and forcing said nozzle ?eaber fron 
said tube, a solvent for the salt to be recovered is stro 
duced through said tube and the opening therein resulting 
from forcing said nozze member out and solvent having 
sai dissolved therein is recovered from said second well 
bore. 

3. A tool for notching within a well bore corrising 
in combination an elongated tube, an orifice member in 
serted in the wall of said tube in such a manate that 
said orifice membe will be expelled from the walls of 
said tube when the pressure across said member exceeds 
a predetermined maximum, said orifice member having a 
bore therethrough and the outer periphery of said orifice 
is substantially greater than the diameter of said orifice 
ineber bore 

9. She toul of cairn 8 wherein said suter periphery is 
of approximately the sare cross sectional area as the cross 
Sectional area of said tube. 

(b. The tool of claim 9 wherein said tube contains 
means for closing the bore through said orifice Enenber 

s 
Referestices (Cisted 

NTF) SEATES PATENTS 
Bf 1956 Destrow --...- ... 166-32 X. 
3/958 Standridge ... -- - A66-224 BC 
6/1958 Clark et al. ......... 165-42 
9/1958 Hansors ------ ... 299-4 
4/964 Brown et al. ...------ 66-42, X 

ERNES. R. PURSER, Printury Eleaniner. 

2,758,653 
2,825,412. 
2,838, 17 
2,850,270 
3, 30,786. 

  


