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The invention relates to hydraulic jetting and particu 
larly to down hole hydraulic jetting in earth wells. 

It has been known to perforate casing, cut into the 
earth formation adjacent to bore holes and clean forma 
tions by means of hydraulic jets employing water, oil and 
abrasive slurries. One of the problems encountered in 
Such operations is the rapid wearing of the jetting orifice 
through which the fluid is pumped. When the individual 
jetting orifices become worn to such a degree that an 
imperfect jet is formed, the cutting or cleaning efficiency 
of the stream passing through the orifice rapidly decreases 
and in many cases soon becomes impractical for con 
tinued usage in a well treatment. Previously it has been 
necessary to withdraw the jetting tool, usually attached 
at the lower end of a string of tubing, from the well bore 
and replace worn jet orifices with new ones. Such pro 
cedure is expensive both from a treating time stand 
point and because of the fact that the well must be dis 
turbed each time the tubing is withdrawn. 

Accordingly, a principal object of this invention is to 
Evide an improved jetting tool for use in treating earth 
WeS. 

Another object of this invention is to provide an im 
proved jetting tool in which the jetting can be switched 
selectively to different jetting orifices without drawing 
the tool from the bore hole. 
A further object of this invention is to provide an im 

proved, simple, economical to use jetting tool. 
In accordance with this invention, there is provided a 

jetting tool comprising a hollow cylindrical body having 
a plurality of jet orifices disposed in substantially planar 
arrays which are perpendicular to the longitudinal axis of 
the tool. In a two array type of tool sleeve or slide cyl 
inder means having a seat for a ball valve at its upper end 
is telescoped into the tool body above the lowest array 
of jet orifices and held in place by a shear pin which ex 
tends inwardly from the wall of the tool. When the ex 
posed orifices become worn, a ball is pumped down the 
tubing to which the tool is attached, the ball seating in 
the aforementioned seat. Pressure is applied to break 
the shear pin and force the sleeve downwardly to block 
the flow of fluid to the previously exposed orifices and 
to expose an array of orifices which had previously been 
covered by the sleeve. Arrangements of more than one 
set of sleeves disposed along the tool body are provided 
if more than two arrays of jet orifices are included in the 
tool. 
The above and related objects and advantages of this 

invention will best be understood when the following de 
tailed description is read in connection with the accorn 
panying drawing, in which: 

FIG. 1 is a side elevational view, partly broken away 
and in section, of a jetting tool made in accordance with 
this invention; 

FiG. 2 is a sectional view taken along the line 2-2 
of FIG. 1; 

FIG. 3 is a sectional view taken along the line 3-3 of 
FIG. 1; 

FIG. 4 is a fragmentray view of the tool shown in FIG. 
1 showing the lower jets covered by the internal sleeve; 
FIG. 5 is an enlarged side elevational view, in Section, 

of an individual jet insert of the type used in the tool 
in FIG. 1, and 
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FIG. 6 is a sectional view taken along line 6-6 of 
F.G. 5. 
Referring to FIG. 1, there is shown a jetting tool, in 

dicated generally by the numeral 10, comprising a hollow 
tubular upper body section 2, a hollow tubular middle 
body section ié, and a hollow tubular lower section 26, 
the upper and middle sections each having a threaded 
female connector 18, 26 respectively at their upper ends 
and a threaded male connector 22, 24 at their lower 
ends. The upper end of the lower section has a threaded 
male connector 26 by means of which it is connected 
through a coupling 28 to the male lower end connector 
of the middle section. The lower end 30 of the lower 
Section 6 has a bore 32 extending therethrough and a 
valve seat 34 at the upper end of the bore. - 

Referring to FIGS. 2, 3 and 4, as well as to FIG. 1, 
there is disposed within the upper body section 12 and 
middle body section 14 a slide cylinder 36 or 38 respec 
tively. Each of the slide cylinders has an outer diameter 
small enough to slidably fit within the cylindrical inner 
wall 37, 39 respectively of its body section and con 
tains a pair of grooves near its upper end and a pair of 
grocves (40) near its lower end which each contain an 
O ring seal 42. 
The upper end 44, 46 respectively of each of the slide 

cylinders 36, 38 has a valve seat 48, 50 respectively 
therein which is adapted to seat a ball valve (ball 5A is 
shown seated in FIG. 4). The throat of the seat 48 and 
inner wall diameter in the upper cylinder 36 is larger 
than the throat diameter of the seat 50 in slide cylinder 
38. Correspondingly, the throat diameter of the seat 50 
and the bore below it is larger than the throat of the 
valve seat 34 in the lower body section 6. 
The middle body section 14 has an upper array of jet 

ting apertures 52 and a lower array of jetting apertures 
54 disposed along its length. Each aperture of each array 
1ies in substantially the same plane which is generally per 
pendicular to the longitudinal axis of the section. A jet 
ting orifice element 58, shown in detail in FIGS. 5 and 
6, which presents a curved surface to the interior of the 
section, is secured within each aperture. Each jetting 
orifice element 58 is made of an abrasion resistant Sub 
stance such as tungsten carbide or boron carbide, for 
example. Each orifice, while presenting a curved Sur 
face to the interior of the body section, has a blunt, 
sharply cornered outer end 56. 
The arrays of apertures are spaced apart along the body 

section 14 a distance such that when the slide cylinder 
38 is held in place (by shear pin 63) with the array of 
apertures 52 disposed between the pairs of O rings 42, the 
array of apertures 54 is below the cylinder 38. Similarly, 
therefore, when the slide cylinder 38 is in its lower posi 
tion as shown in FIG. 4, the array of apertures 52 are 
exposed to the interior of the body section and the array 
54 is disposed between the pairs of O rings 42. The 
limit of downward movement of the cylinder 38 is con 
trolled by the inwardly extending seat 56 near the lower 
end of the body section 14, although other position limit 
ing means, such as a bolt extending inwardly through the 
body wall, may be used, for example. 
The upper body section 12 has a single array of jetting 

apertures 53 which, like the previously mentioned arrays, 
lie substantially in a plane which is generally perpendicul 
lar to the longitudinal axis of the body section. The aper 
tures 53 are disposed along the body section in Such a 
position that they lie between the O ring pairs 42 of the 
slide cylinder 36 when it is held in place by its shear pin 
62 which extends into the cylinder from the Wall of the 
body section. The body section 2 is long enough, how 
eyer, to permit the jetting apertures 58 to be entirely ex 
posed to the open interior of the section and not covered 



3. 
by the cylinder 35 when the cylinder is at its lower posi 
tion (not shown) abutting against the inwardly extending 
surface 63 near the lower end of the body section 2. 

he outer surface of each of the body sections 2, 4 
adjacent to the jetting apertures comprises a sleeve 54a, 
63.b of specially hard abrasion resistant composition Stich 
as tungsteia carbide, for example. The sleeves 64 are 
necessary in order to prevent excessive wear on the body 
of the too because of jetted fluid or slurry which is re 
flected back onto the tool from the surface being treated. 

in operation the tool it is lowered into the well at the 
lower end of a string of tubing 65 (for example). When 
the tool i3 is in position adjacent to the formation or part 
of the casing to be acted upon by the jets, clear (usually) 
fluid is pumped down the tubing, through the tool and out 
through the aperture 32 in the lower end of the lower 
body section ió. This pumping of fluid tends to drive 
loose scale or other particulated material large enough 
to plug the jet orifices through the tool is before actual 
jetting is begun. 
When it is considered that the scale has been removed, 

a ball 56 which is small enough to pass through the tool 
and seat against the seat 34 is dropped into the fluid being 
pumped down the tubing and slowly pumped down the 
tubing uintil it is seated and cuts of the flow of fluid 
through the tool except through the jatting array 54 of 
apertures in the middle body section 4. Slow purnping 
of fluid as the ball seats is desired in order to prevent 
possible rupturing of the tubing due to water hammer 
effects when the bail seats. 
The abrasive is then added to the fluid (in the event 

it had not already been done) and the abrasive containing 
iiid or slurry is pumped down the tubing and out through 
the orifices of the array 54 mentioned above. While the 
array may contain various numbers of orifices (3, 4, or 6, 
for example), the orifices are preferably symmetrically 
disposed around the body section A4 is a mailiner to bai 
aice the forces of reaction when fluid or slurry is jetting 
through the orifices 58. 
When a substantial pressure drop at the surface pump 

(at constant pumping rate) or a substantial increase in 
pumping rate (at constant pressure) is noted, this indi 
cates that the orifices have become enlarged (often egg 
shaped) and are no longer working efficiently. To 
change from using the array 54 to the array 52, a bal 
or plug 55 which is small enough to pass through the 
upper body section 2 but large enough to be retained on 
the seat 59 of the slide cylinder 38 is inserted in the fluid 
streatin while fluid is pumped at a slow rate in order to 
prevent undue physical shock along the tubing. 
When the ball 5 seats, the pumping pressure is in 

creased to cause the breaking of the shear pin 65, permit 
ting the fluid pressure to drive the cylinder 33 down 
wardly to the limit of its movement, covering the array 
54 and uncovering the upper array 52 of orifices in the 
middle body section 4. With the ball 55 seated and the 
O rings providing seals to prevent fluid passage between 
the cylinder 38 and the inner wall 39 of the section, fluid 
or slurry is then pumped through the array 52 to con 
tinue the treating of the casing or earth formation. It is 
assumed that the tubing is displaced downwardly a dis 
tance equal to the spacing between the previous and pres 
ently operating arrays of orifices. In addition, the tubing 
may be rotated to the extent necessary to achieve 360 (or 
other amounts) of cutting action around the well casing 
or well bore wal. 
When it becomes apparent, as discussed before, that 

the orifices of the array 52 are becoming excessively en 
larged, a ball 63 of Such diameter that it will pass into 
the upper body section 2 but be retained on the valve 
seat 43 of the cylinder 36 is passed down the tubing (with 
the fluid being pumped at a slow rate), the ball valve 
seated, and the slide cylinder 36 forced downwardly after 
pressure is increased to break its retaining shear pin 62. 
With the slide cylinder in its lower position, the orifices 
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4. 
of the array 57 are exposed to fiuid flow through the tool 
and the treatment continued through the array of orifices 
5. 

It is recognized that jetting tools having more or less 
than three arrays of orifices may be made. However, the 
tooi described herein shows that additional body sections 
(it is easier to machine separate body sections but this 
is not essential to the invention) may be added providing 
the throat diameters of the valve seats and the inner di 
ameter of the slide cylinders are enlarged in the slide 
cylinders which are disposed in the tool successively near 
er to the tubing attachment end of the tool. 
With respect to the types of abrasive which may be 

used with the tool F.), it has been found that sand over the 
range of mesh size from 10 to 80 has been found to be 
satisfactory. Sand of 20-40 mesh size (as measured on a 
standard sieve) is most commonly used. It has been 
folind that jet crifices last longer when round sand grains 
are used in the slurry. 

Carrying fluids such as water, oil and acids (coin 
monly hydrochloric) have all been used, both thickened 
and unthickened. With regard to concentration of sand 
in the fuid, 1.0 to 1.5 pounds per gallon is an optimum 
range. Jetting is also done using fluid without abrasives 
being added. Acid jetting into limestone is an example 
of such use of this invention. The use of excessive 
amounts of sand is believed to erode the jets out of pro 
portion in comparison to the amount of cutting accom 
plished. Successful treatments, however, have been per 
formed using about 0.25 to 2.5 pounds of abrasive ma 
terial e.g. sand per gallon. 
A differential pressure across the jets of about 2500 

p.s. i. appears to be optimum. In some tests pressure 
as high as 3,000 p.si. have been used and show that pro 
portionately more rapid cutting of dense formations can 
be accomplished at this higher pressure. Further tests 
show that little is to be gained by increasing the pressure 
above 3,000 p.s. i. While several jet orifices may be used 
in any of the arrays, the number of orifices is limited, 
in the final analysis, by the pumping capacity available 
to achieve the desirable pressure differential across the jet 
orifices in order that they may work effectively. 
As an example of how the tool () may be used to 

perforate casing, a test was run in a section of 5/2 inch 
J-55 casing cemented between a 12 inch limestone block 
and a 12 inch sandstone block. The jetting fluid was Water 
carrying one pound of 40-60 mesh Sand per gallon. 
Pumping pressure was 2500 p.s. i. through two 346 inch 
jetting nozzles. The casing was penetrated in only 23 
seconds. In 7 minutes and 58 seconds the cement and 
the 12 inch sandstone block were penetrated and the 
limestone block was penetrated to a depth of 9% inches 
in the same length of time. 

While, as mentioned previously, tools having more than 
three arrays of jet orifices may be used, the treating life 
of three arrays is long enough to permit most wells to 
be treated without serious loss of jetting efficiency. 

It should also be noted that the lower body section 16 
is not essential to the basic operation of the invention, 
but is very desirable, from a practical standpoint, to as 
sure that jet orifices will not become clogged during a 
treatment. 
The invention thus provides a simple, easy to assemble 

tool which is positive acting and can be used for rather 
long treating times without pulling the casing string 
and replacing individual jet orifices. 
What is claimed is: 
1. A hydraulic jetting tool comprising an elongated 

hollow tubular body section having coupling means at its 
upper and lower ends an outer surface and having a 
uniform minimum inner cross-sectional configuration ex 
tending a substantial distance intermediate its ends, said 
body section having at least an upper and a lower spaced 
apart array of jetting apertures disposed intermediate of 
its ends, the jetting apertures of each of said arrays lying 
Substantially perpendicular with respect to the longi 
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tudinal axis of said body section, an elongated tubular 
slide cylinder having an upper and lower end, said slide 
cylinder being disposed within said body section and hav 
ing an outer configuration which fits closely and slidably 
within said uniform inner configuration of the body Sec 
tion, said cylinder being shorter than the spacing between 
said arrays, said cylinder having a valve seat across its 
open inner diameter, releasable retaining means respon 
sive to a predetermined pressure exerted upon it for tem 
porarily holding said cylinder adjacent to said upper ar 
ray of jetting apertures, and movement liniting means 
for holding said cylinder opposite said lower array of 
jetting apertures when said pressure retaining means is 
inactivated on application of said predetermined pressure. 

2. A hydraulic jetting tool in accordance with claim 1, 
wherein said slide cylinder has a pair of O ring Seals ad 
jacent to each end, said seals circumscribing said cylinder. 

3. A hydraulic jetting tool in accordance with claim 1, 
wherein said body section is provided with valve closure 
means at its lower end. 

4. A hydraulic jetting tool in accordance with claim 1, 
wherein said jetting apertures of each array are dispersed 
symmetrically around said body section. 

5. A hydraulic jetting tool in accordance with claim 1, 
wherein said valve seat in said cylinder is near its upper 
end and is shaped to receive a ball valve. 

6. A hydraulic jetting tool in accordance with claim 1, 
wherein a lower end section having a ball valve closure 
seat therein is coupled to the lower end of said body sec 
tion. 
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7. A hydraulic jetting tool in accordance with claim 1, 

wherein more than two arrays of apertures are disposed 
along said body section and there are one less of said 
side cylinders disposed in said body section than there 
are arrays of apertures, said slide cylinders each having 
a longitudinal bore, the longitudinal bore of each side 
cylinder being larger in diameter than the diameter of the 
longitudinal bore of the slide cylinder next nearest to the 
lower end of the body section, and releasable retaining 
means for individually holding said cylinders in position 
whereby all the arrays of jetting apertures above the array 
closest to the lower end of the body section are covered 
until said retaining means are released. 

8. A hydraulic jetting tool in accordance with claim 1, 
wherein said body section is composed of at least two 
tubular elements joined in end to end relationship. 

9. A hydraulic jetting tool in accordance with claith 1, 
wherein said jetting apertures extend through said body 
section in the part thereof which has a uniform minimurn 
inner cross-sectional configuration. 
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