
Nov. 17, 1942. F. E. O'Neill 2,302,567 
METHOD AND MEANS OF PERFORATING WELL CASING AND THE LIKE 

Filed. Dec. 13, 1937 2. Sheets-Sheet 1 

SYSS N RE Evy 2-El 
S SN 

/a4/YA f.OWA//, 
INVENTOR 

ATTORNEY 

    

    

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  



Nov. 17, 1942. F. E. O'NELL- 2,302,567 
METHOD AND MEANS OF PERFORATING WELL CASING AND THE LIKE 

Filed Dec. 13, l937 2 Sheets-Sheet 2 

A Zai, 2 
Z2 1 a 's 2 |- 74 

3 A 23.I & 2\ Né 33N Sé 

J.E.2, B agaz 
S 

a 7. EYs / 9- E&-4-36 N see N 

22, 22 as N 
S 

ZS 53% 
W a z. 54 a 30 

% l N 

S Š?išEEEE O S2NEEEA NEEE4 
s NE E. 5 YEAZ 7 
26SSaxaz2, W- w 

t r ffga,267-4f 
S 1% 

N 
V. 

/2AWA AQA/4, INVENTOR. 

ty 2w. A. (142d, 
ATTORNEY 

ŽáS 

  

  

  

    

    

  

  

  

  

    

  

  

    

    

  

  

  

    

  

    

    

    

    

  

  

    

  

  

  

      



Patented Nov. 17, 1942 2,302,567 

UNITED STATES PATENT OFFICE 
2,302,567 

METHOD AND MEANS OF PERFORATING 
WELL CASNG AND THE LIKE 

Frank E. O'Neill, Glendale, Calif., assignor to 
r Edith L. O'Neill, Glendale, Calif. 
Application December 13, 1937, Serial No. 179,576. 

(C. 166-1) 19 Claims. 
This invention relates to oil well production 

operations, and particularly pertains to a method 
and means of perforating well casing and the 
like. . . . 
Heretofore the common methods of perforat 

ing well casing have been by the use of mechan 
ical perforating means and by the use of explo 
sive perforating means. In my Patent No. 
2,034,768, entitled Method and means of per 
forating casing, issued March 24, 1936, reissued 
as Re.21,085 on May 16, 1939, the released pres 
sure of well drilling fluid was utilized to directly 
or indirectly produce a perforating action 
through a well pipe. My present invention is 
concerned with the use of abrasive fluid forced 
downwardly into a well and directed laterally 
thereof against the Well casing to create an 
abrasive action which is continued until the well 
casing is perforated and a suitable depth of the 
surrounding geological formation is opened up to 
well fluid flow. It is the principal object of the 
present invention therefor to provide a method 
and means of perforating a well casing or treat 

the casing may be severed when the fluid under 
pressure is discharged therefron. 

It is to be understood in this specification that 
the terms abrading and eroding are being used 
interchangeably as referring to the action 
brought about by a jet of fluid, carrying sus 
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ing the same by the use of a fluid mixed with a 
chemical or containing suspended abrasive solids 
which will act to erode the wall of the well casing 
against which it impinges, and to clean the mud 
cake from the wall of the Well or to perforate the 
wall or casing, the said fluid being delivered to 
the ejecting nozzle under pressure and being 
directed against the area to be acted upon by 
means responsive to fluid pressure, whereby the 
eduction end of the ejecting nozzle will be dis 
posed in close proximity to the Surface to be 
acted upon by the eroding fluid, the said method 
and means acting to concentrate a perforating 
action in certain spots on the wall of the casing, 
or the like, whereby a direct perforation will be 
made through the casing, or in directing the 
abrading stream of material along a path of 
travel whereby the casing may be slotted or cut 
in tWO. 
The present invention contemplates the pro 

vision of a string of pipe in connection with 
which a pump or other Suitable means for deliv 
ering fluid under pressure thereto is provided, 
and whereby an abrading or eroding fluid may be 
forced down the string of pipes to suitable nozzle 
means, the nozzle means in one instance being in 
the form of a reciprocating element which will 
act under pressure of the fluid passing there 
through to be projected outwardly from its hous 
ing and into close proximity to the casing to be 
perforated thereby, the nozzle in another form of 
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pended particles or including a chemical agent, 
impinging against a surface in a well bore, 
whether that surface be the wall of a metal well 
casing or the mud sheath which forms upon the 
wall of a well bore and which must be removed to 
permit free flow of cognate fluid from the geolog 
ical formation. 
The invention is illustrated by way of example 

in the accompanying drawings in which: 
Figure 1 is a view in diagram illustrating one 

manner of installing the perforating structure 
within a well casing and operating the same. 

Fig. 2 is an enlarged view in section and eleva 
tion showing one form of the perforating unit as 
seen on line 2-2 of Fig. 1. 

Fig. 3 is an enlarged view in central section 
through Line form of the perforating unit as seen 
on the line 3-3 of Fig. 1, and discloses the struc 
tural details of a nozzle unit. 

Fig. 4 is an enlarged fragmentary view in cen 
tral section through one of the perforating 
nozzles indicating it in a retracted position and 
designating it extended by dotted lines. 

Fig. 5 is a view in vertical section and elevation 
showing a form of the invention in which a 
rotary nozzle is provided for severing the pipe 
transversely of its longitudinal axis. 

Fig. 6 is a view in transverse section through 
the cutting structure as seen on the line 6-6 of 
Fig. 5. 

Fig. 7 is a view in side elevation showing the 
modification of the means for holding the piston 
in a retracted position. 

Referring more particularly to the drawings 0 
indicates fluid pump, such for example as the 
mud pump in a well, said pump being provided to 
deliver fluid under pressure through a conduit 
to a head f2. The head f2 is mounted upon a 
string of tubing or drill pipe 3 which is led 
downwardly through a well casing 4 and with 
its lower end into the producing area of the well. 
This pipe may carry a liner 5 which is subse 
quently to be perforated. 
In the form of the invention shown in Figs. 2 

and 3 of the drawings this perforation is accom 
plished by producing and projecting lateral jets 
of fluid from a perforating head generally indi 
cated at 6, and which jets or fluid are directed 

the invention being a movable element by which 55 against the liner 5 or casing 4 to produce an 



2 
abrasive or eirosive action. The perforating head 
structure f 6 may be held in the well by slips 
which may be applied at the top of the well or 
may be 'carried by the perforating head itself as 
particularly indicated in Fig. 2 of the drawings. 
In Fig. 2 of the drawings it will be seen that the 
lower portion of the perforating head comprises 
a pointed member 7 which has threaded con 
nection with a fluid inlet sub 8. This inlet Sub 
is formed with a plurality of perforations 9 com 
municating with a central opening 20. Threaded 
into the upper end of the opening 20 of inlet sub 
8 is a valve seat element 2 having a threaded 

portion 2' extending upwardly into a valve sub 
22. A fluid duct 23 is formed through the valve 
seat element 2 and is normally closed by a valve 
ball 24 disposed in an opening 22 of valve sub 22. 
This valve ball is held on its seat by a spring 25 
and is adapted to be lifted from its seat when 
external fluid pressure is applied for a purpose 20 
to be hereinafter explained. The Sub 22 has a 
central passageway 26 through it leading from 
opening 22' and is in Communication with a tube 
27. Mounted upon the tube 2 as illustrated in 
Fig. 1 of the drawings is a lower collar 28 to which 
bow springs 29 are secured at their lower ends. 
These springs are secured at their upper ends to 
a sleeve 36 which is slidable upon the tube 27 and 
which carries a pin 3 operating in a bayonet slot 
32 by which the sleeve 30 is normally held in its 
uppermost position. Pivotally mounted to the 
sleeve 3 are arms 33 which carry slips 34. The 
slips engage an Operating cone 35 by which the 
slips may be moved outwardly upon relative 
movement of the cone with relation to the slips, 
At the upper end of the cone structure is a thread 
ed pin 35 which engages a barrel section 37 of 
the perforating unit. This barrel section car 
ries a plurality of nozzle units, one of which is 
particularly disclosed in Fig. 3 of the drawings. 
Here it will be seen that upper and lower longi 
tudinally extending ducts 38 are formed through 
the barrel 38 and they communicate with cylin 
der bores 39 disposed transversely of the barrel. 
Each of these cylinder bores is fitted with a pis 
ton structure 40 carrying a nozzle 4. The nozzle 
extends longitudinally of the bore and has a 
tubular portion 42 terminating in an outwardly 
flared conical end portion 43. An outwardly tap 
ered throat 44 is formed in the conical end 43 of 
the nozzle 4 and communicates with a central 
cylindrical passageway 45 which extends through 
the tubular portion 42. 
tubular portion 42 is formed with projecting lugs 
46 which are adapted to bear against the wall of 
the casing when the nozzle 4 is in its extreme 
Outermost position, and will provide a flow space 
outwardly through which the fluid may flow after 
it has impinged against the casing surface. The 
Outer end of the tubular portion 42 of the nozzle 
4 is guided through a threaded disc 47 which 
Substantially closes the rightward end of the 
cylinder bore 39. This threaded disc may be 
formed with perforations 48 which would allow 
circulation of fluid through the disc. The conical 
end 43 of nozzle 4 is mounted with a seat mem 
ber 49 of the piston 40. The seat member has a 
hub 50 through which the tubular portion 42 of 
nozzle 4f extends and a disc portion 5 agree 
ing Substantially in diameter with the diameter 
of the bore 39. A reduced threaded portion 52 
receives a packing ring 53 and a piston ring 54. 
The ring 54 holds the packing in a compressed 
condition so that it will form a fluid tight seal 
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ternal threaded portion 54 of the ring 54 also 
receives a strainer plate 55. This plate is formed 
with a plurality of ducts 56 therethrough which 
are preferably disposed at an angle relative to 
the longitudinal axis of the bore 45 of the nozzle 
4. So the fluid under pressure which is forced 
through the ducts 56 of plate 55 and into the 
nozzle 4 will be controlled in its direction of 
flow and will not create eddy currents in the 
throat 44 of the nozzle which would tend to 
abrade the nozzle 4. It is to be understood that 
the nozzle is made of alloy metal of relatively 
great hardness and toughness and that the de 
sign and the arrangement of the throat 44 of the 
nozzle member 4 and the ducts 56 through the 
plate 55 will be such as to conduct fluid into the 
passageway 45 with the least amount of fluid dis 
turbance. A stop shoulder, or other limiting 
means, such as an internal sleeve 57 may be used 
to limit the leftward or retracted position of the 
piston 40 and the nozzle 4. The piston assembly 
40 is held in retracted position by a spring 58 
which is interposed between the disc 47 and the 
front face of the disc portion 5 of the piston or 
may be held in its retracted position by a spring 
59 secured at One end to a bracket 59' on the 
piston and at its opposite end to a closing disc 
60 which is threaded into the rear opened end 
of the cylinder bore 39 as shown in Fig. 3. It is 
to be understood that the nozzle 4 and the pis 
ton assembly 40 here described may be duplicated 
throughout the length of the barrel section 37 
and that the cylinder bores 39 may be arranged 
with their longitudinal axes in different radial 
directions with reference to the longitudinal cen 
ter of the barrel, thus making it possible to cut a 
number of perforations simultaneously at dif 
ferent points around the circumference and in 
the length of a casing or tubing. 

Referring particularly to Fig. 5 of the drawings, 
it will be understood that a sub structure, in 
cluding the hook wall mechanism as substantial 
ly the same as that shown and described with 
reference to Fig. 1 may be used. In this par 
ticular device it is intended to utilize the abrasive 
or erosive fluids in severing the pipe entirely. 
The structure includes a sub 6f which is thread 
ed onto the upper end of the hook wall unit 82. 
Mounted within a longitudinal bore 6' this sub 
is the lower shaft portion 63 of a nozzle unit 64. 
The nozzle unit 64 is provided with an upwardly 
extendingshaft portion 65 which is mounted in 
a longitudinal bore 65' within a cylinder, member 
66 carried by the well string or other support 
for the structure. Suitable stuffing glands 6 are 
provided to pack the shaft members 63 and Bs 
and retaining collars 68 and 69 are mounted upon 
the ends of shaft sections 63 and 65, respectively. 
These collars 68 and 69 are adapted to hold the 
entire structure in assembled relation and permit 
the nozzle 64 to revolve on the central vertical 
axis of the structure. The rotating nozzle 64 
as shown in Fig. 6 is formed with a plurality of 
radially disposed arms TO which are curved at 
their ends so as to provide jet elements T1, which 
are disposed at a tangent to the rotating axis 
of the nozzle unit 64 and will act under fluid 
impulse to cause the nozzle structure 64 to rotate 
and direct the fluid from the nozzle jets 7 
against the inner wall of the casing as the nozzle 
64 pursues a circumferential path of travel. . It 
will be evident that by this method the cutting 
action of the fluid will eventually sever the casing 
Completely. 

In operation of the form of the invention shown 
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in Figs. 1 to 4, inclusive, the structure is assen 
bled as there disclosed and may be lowered into 
8. well to a desired depth. When thus lowered the 
springs 29 of the hook wall structure will fric 
tionally engage the casing 4. When a suitable 
depth has been reached the drill string structure 
is rotated to move the pin 3 out of the hooked 
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end of the bayonet slot 32 and to allow the weight 
of the drill string to act to move the cone 35 
downward with reference to the slipS 34 as a 
pin 3 travels downward in bayonet slot 32, thereby causing the slips to engage the casing 
and become set. Fluid under pressure is then 
forced downwardly through the drill string 3 
from the pump O. This fluid may be the fluid 
present in wells at the time of drilling and known 
as drilling fluid, which would have certain abra 
sive characteristics due to the suspended solids 
carried from the well, or it may be a specially 
prepared fluid, including a liquid within which 
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special abrasive material in finely divided form 
is placed. Such a material may be clean beach 
or river sand. In some instances it may be 
deemed desirable to use a fluid within which 
erosive material is mixed, such for example as 
suitable acids in liquid form in which cases these 
materials may be used for directly cleaning the 
mud cake from the walls of the well or cleaning. 
perforations in the Well Casing, as well as form 
ing perforations in the wall or through the 
casing. In any event the pressure fluid is forced 
downwardly through the pipe 3 by the pump 
0 and eventually it is forced into the passage 
way 38 which communicates with the various 
cylinder bores 39. The pistons 40 at such times 
are in their rearmost positions with the tubular 
nozzle portions 42 retracted within the discs 47 
until their forward ends are within a shielded 
position. As the fluid pressure is delivered the 
fluid will act upon the end face of the piston 40 
and specifically against the face of the piston 
ring 54 and the strainer disc 55. This will force 
the piston with the tubular jet 42 longitudinally 
of the cylinder bore 39 against the compression 
action of spring 58 or the tension of spring 59. 
This action will move the tubular stem of the 
nozzle outwardly until the lugs 46 on its end 
face abut against the inner surface of the Casing 
or liner or until the shoulder 50 on the piston 
abuts against the disc 47. In the event that the 
space between the inner face of the casing, or 
liner, is sufficiently narrow to cause the end of 
the nozzle jet 4 to rest against this face the 
lugs 86 will provide a space through which the 
fiuid may flow radially as it produces its abra 
sive action. This will insure that a perforation 
80 will be formed having a diameter somewhat 
greater than the diameter of the tubular portion 
42 of the nozzle so that the nozzle. 4 will follow 
into the opening 80 and will thus maintain in 
timate relationship between the end of the nozzle 
and the metal being abraded. The point of the 
nozzle may also be forced through the perfora 
tion 80 so as to form an opening in the surround 
ing formation. It will also be evident that di 
rectly at the end of the nozzle 4f a crater 8 
will be cut which will be of smaller diameter and 
which will be formed in advance of the larger 
recess 80. If the abrading or eroding action is 
continued the cavities 80 and 8 will be extended 
through the piece of metal being acted upon and 
a perforation will be formed. Further continu 
ation of this action will cause fluid to pass 
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formation of the well bore, thus opening up 
the bore and insuring satisfactory production. 

It is evident that suspended granular solids 
of a degree of fineness may be used in making 
an abrasive fluid which would be suitable for 
packing the area of the well around the Casing 
or liner being perforated so that when this ma 
terial is carried through the perforations made 
by the abrasion the granular material will tend 
to pack the cavity and act as a filter for the 
fluids which pass from the formation of the well 
bore and through the perforations into the cas 
ing or lining. 

In the form of the invention shown in Figs. 
5 and 6 of the drawings, the fluid is used to 
Sever the casing. The structure is set within 
the casing in the usual manner and is then sup 
plied with abrasive fluid under pressure, as pre 
viously described, which fluid is ejected from the 
nozzle tips 7 of the arms 70 and will give an 
impulse rotation to the structure 64. The fluid 
will then impinge against the casing as the struc 
ture 64 revolves. 

In the event that for any reason it is neces 
sary to establish circulation within the well bore, 
such for example as when an emergency might 
arise due to the fact that the accumulation of 
abrasive material within the casing and around 
the perforating device had caused the structure 
to be lodged in place, then circulation could be 
established through the valve structure 2. This 
is done by delivering fluid pressure to the upper 
end of the casing 4 and around the drill string 
f3, and then forcing the fluid downwardly and 
inwardly through the passageways 9 to the duct 
23. The upward force will then lift the valve 
24 allowing the fluid to pass upwardly through 
the passageway 26 and then through the passage 
ways 38 to the drill string. Normally it will be 
recognized that the valve 24 is seated so that 
the force of fluid within the drill string must 
act against the pistons 40 and move the jets 4 
outwardly and deliver the force of the fluid 
through the nozzles. A length of casing repre 
sented by the length of the perforating head may 
be perforated at one time after which the head 
may be moved to another position and other per 
forations cut until the desired length of casing 
is perforated. 

It is to be understood that the valve 24 may 
be eliminated in some instances and then the 
fluid pressure within the casing and around the 
perforating structure may be utilized to force 
the nozzles back to their retracted positions. 

It will thus be seen that the present invention 
provides suitable means, and a suitable method, 
whereby a well casing or the like may be per 
forated by the use of fluid under pressure and 
that this fluid will have a direct abrasive action 
which will perforate the casing without depositing 
objectionable material in the well bore and mak 
ing it possible for the structure to be used in 
cutting off pipe, perforating the same, condition 
ing the well, by perforating or removing the mud 
cake on the walls of the well bore, treating it 
with chemicals and supplying it with filter pack 
ing materials. 
While the apparatus is here shown as used 

with abrasive fluid it is evident that a suitable 
a rid solution might be used at high velocity and 
pressure as a solvent and eroding agent to clean 
the perforations or to clean the walls of the well 
and open up the formation. 
While I have shown the preferred form of the 
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invention, and the preferred method of prac 
ticing the same, it is to be understood that vari 
ous changes might be made in the combination, 
construction, and arrangement of parts, and in 
the steps of the method, without departing from 
the spirit of the invention as claimed. 

Having thus described my invention, what I 
claim and desire to secure by Letters Patent is: 

1. A method of conditioning a well which con 
sists in placing a casing in a well, thereafter low 
ering a string of tubing into the well, said string 
of tubing carrying a laterally projecting nozzle, 
then forcing a liquid carrying abrasive solids 
downwardly through said string of tubing and 
outwardly through said nozzle whereby the ab 
rasive liquid will erode an opening through the 
wall of the casing and then continuing the flow 
of said abrasive liquid outwardly through the 
nozzle and the opening in the casing thus formed 
until the abrasive elements in the liquid have ac 
cumulated within the well bore around the casing 
to form a filter pack through which fluid from 
the geological formation may be filtered as it 
flows into the casing through the eroded perfo 
rations. 

2. A device for perforating well casing and the 
like, comprising a string of tubing adapted to be 
lowered into the casing and connected with a 
source of abrasive liquid under pressure, and a 
nozzle carried by and in communication with 
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said string of tubing whereby a jet of fluid un 
der pressure may be directed downwardly 
through said string of tubing and outwardly 
through said nozzle to impinge against the Sur 
rounding wall of the Well. 

3. A device for perforating casing and the like, 
comprising a string of tubing to be lowered into 

* a well casing, friction means carried by the string 
of tubing for holding said tubing in set position 
relative to said casing, a perforating unit carried 
by said string of tubing adjacent to said friction 
means and communicating with the string of 
tubing and mounted to project a stream of fluid 
laterally from the string of tubing against the 
wall of the casing, and means for forcing liq 
uid downwardly through the string of tubing and 
outwardly through said perforating unit, where 
by said liquid will erode an opening through the 
casing against which it impinges. 

4. A device for perforating casing and the like, 
comprising a string of tubing to be lowered into 
a well casing, friction means carried by the string 
of tubing for holding said tubing in a selected 
position relative to said casing, a perforating unit 
carried by the string of tubing, adjacent to the 
friction means and communicating with the 
string of tubing and mounted to project a stream 
of fluid laterally from the string of tubing against 
the wall of the casing, and means for forcing a 
liquid downwardly through the string of tubing 
and outwardly through said perforating unit, 
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whereby said liquid will erode an opening through . 
the casing against which it impinges, said perfo 
rating unit including a laterally disposed nozzle. 

5. A device for perforating casing and the like, 
comprising a string of tubing to be lowered into 
a well casing, friction means carried by the string 
of tubing for holding said tubing in position 
relative to said casing, a perforating unit carried 
by the string of tubing adjacent to said friction 
means and communicating with the string of 
tubing and mounted to project a stream of fluid 
laterally from the string of tubing against the 
wall of the casing, means for forcing a liquid 
downwardly through the string of tubing and 
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outwardly through said perforating unit whereby 
said liquid will erode an opening through the 
casing against which it impinges, said perforating 
unit including a laterally disposed nozzle, and 
means within said perforating unit for Support 
ing said nozzle, whereby said nozzle will be moved 
outwardly from the side of the perforating unit 
to a projecting position relative to said casing. 

6. A device for perforating casing and the like, 
comprising a string of tubing to be lowered into 
a well casing, friction means carried by the string 
of tubing for holding said tubing in position rela 
tive to said casing, a perforating unit carried by 
said string of tubing adjacent said friction means 
and communicating with the string of tubing 
and mounted to project a stream of fluid lat 
erally from the string of tubing against the wall 
of the casing, means for forcing a liquid down 
wardly through the string of tubing and out 
Wardly through said perforating unit, whereby 
said liquid will erode an opening through the 
casing against which it impinges, said perforating 
unit including a laterally disposed nozzle, means 
within said perforating unit for supporting said 
nozzle, whereby the nozzle will be moved out 
wardly from the side of the perforating unit to 
a projecting position relative to said casing, and 
means for retracting the nozzle when fluid pres 
Sure is relieved. 

7. A perforating unit adapted to be lowered 
into a well casing on a string of pipe, at the 
upper end of which fluid under pressure is de 
livered, said perforating unit comprising a bar 
rel having a fluid passageway downwardly there 
through, a lateral opening in said barrel in com 
munication with said fluid passageway, and a 
nozzle mounted to reciprocate within said lateral 
opening and through which a pressure fluid is 
forced. w 

8. A perforating unit adapted to be lowered 
into a Well casing on a string of pipe, at the 
upper end of which fluid under pressure is de 
livered, said perforating unit comprising a bar 
rel having a fluid passageway downwardly there 
through, a lateral Opening in said barrel in com 
munication with said fluid passageway, a nozzle 
mounted to reciprocate within said lateral open 
ing and having a passageway through which a 
pressure fluid is forced, and a mounting for said 
nozzle acting to permit reciprocation of the noz 
zle, whereby the pressure of the fluid delivered 
to the nozzle will tend to force the nozzle Ott 
wardly toward the object against which its fluid 
jet impinges. 

9. A perforating unit adapted to be lowered 
into a well casing on a drill String, at the upper 
end of which fluid under pressure is delivered, 
said perforating unit comprising a barrel having 
a fluid passageway downwardly therethrough, a 
lateral opening in said barrel in communication 
with said fluid passageway, a nozzle mounted to 
reciprocate within said lateral opening and 
through which a pressure fluid is forced, a 
mounting for said nozzle acting to permit recipro 
cation of the nozzle whereby the pressure of the 
fluid delivered to the nozzle will tend to force 
the nozzle outwardly toward the object against 
which its fluid jet impinges, and means for hold 
ing said nozzle in a retracted pcsition. 

10. A perforating head for casing and the like, 
adapted to be mounted upon the lower end of a 
string of tubing and in communication there’ith, 
the upper end of said string of tubing being in 
communication with a source of fluid under pres 
sure, said head comprising a barrel having a 
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passageway therein in communication with the 
tubing, and a lateral bore therein in communi 
cation with the passageway within the barrel, 
closures for the opposite ends of said lateral bore, 
a piston leciprocating within said lateral bore, a 
nozzle carried by the piston and projecting 
through an opening in one of Said closures, 
whereby when fluid is forced into the cylinder 

5 

bore and through the nozzle the piston and the 
nczzle will be moved longitudinally of the bore 
to project the end of the nozzle outwardly and 
toward the surface of the object to be perforated. 

11. A perforating head for casing and the like, 
adapted to be mounted upon the lower end of a 
string of tubing and in communication theirew,ith, 
the upper end of said string of tubing being in 
communication with a Source of fluid under ples 
sure, said head comprising a barrel having a pas 
sageway therein in communication with the tub 
ing, and a lateral bore therein in communication 
with the passageway within the barrel, closures 
for the opposite ends of said lateral bore, a piston 
reciprocating within said lateral bore, a nozzle 
carried by the piston and projecting through an 
opening in one of said closures, whereby when 
fluid is forced into the cylinder bore and through 
the nozzle the piston and the nozzle will be moved 
longitudinally of the bore to project the end of 
the nozzle outwardly and toward the surface of 
the object to be perforated, and means for re 
tracting the piston and nozzle when the fluid 
pressure is relieved. 

12. A perforating head for casing and the like, 
adapted to be mounted upon the lower end of a 
String of tubing and in communication there 
with, the upper end of said string of tubing 
being in communication with a source of fluid 
under pressure, said head comprising a barrel 
having a passageway therein in communication 
with the tubing, and a lateral bore therein in 
communication with the passageway within the 
barrel, closures for the opposite ends of said 
lateral bore, a piston reciprocating within said 
lateral bore, a nozzle carried by the piston and 
projecting through an opening in one of said 
closures whereby when fluid is forced into the 
cylinder bore and through the nozzle the piston 
and the nozzle will be moved longitudinally of 
the bore to project the end of the nozzle out 
wardly and toward the surface of the object to 
be perforated, and spacing means on the end of 
the nozzle for contacting the Surface to be per 
forated and to hold the nozzle in spaced relation 
thereto whereby the flow of fluid may pass from 
the nozzle. 

13. A perforating unit adapted to be lowered 
into a well casing on a drill string, at the upper 
end of which fluid, under pressure is delivered, 
said unit including a barrel having a fluid pas 
sage extending downwardly therethrough, Walls 
forming a lateral opening in said barrel Com 
municating with said fluid passage, a piston 
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mounted to reciprocate in said lateral opening, 
and a nozzle carried by said piston and through 
which fluid under pressure is forced in a manner 
to move said nozzle relative to said Casing. 

66 
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14. A perforating unit adapted to be lowered 

into a well casing on a drill string, at the upper 
end of which fluid under pressure is delivered, 
said unit including a barrel having a fluid pas 
Sage extending downwardly therethrough, walls 
forming a lateral opening in said barrel Com 
municating with said fluid passage, a piston 
mounted in said lateral opening, a nczzle carried 
by said piston, and means for actuating said pis 
ton to cause said nozzle to move outwardly from 
said barrel and into different positions relative 
to said casing. 

15. A perforating unit adapted to be lowered 
into a well casing on a string of drill pipe at the 
upper end of which fluid under pressure is de 
livered, a barrel associated with said unit hav 
ing a fluid passageway in alignment with said 
drill pipe, walls forming a lateral opening in Said 
barrel communicating with Said fluid passage 
way, a piston adapted to reciprocate in said lat 
eral opening, and a nozzle carried by said piston 
and adapted to move outwardly from Said open 
ing under the pressure of fluid against said pis 
ton and deliver a flow of fluid against the Sur 
rounding wall of the well Casing. 

16. The method of cutting casing within a well 
bore which comprises; positioning a nozzle within 
the casing, adjacent the place where the cut is 
desired, and forcing abrasive material from the 
top of the well through the nozzle against the 
Casing. 

17. The method of perforating casing compris 
ing, lowering into the casing to be perforated a 
pipe string having outwardly opening nozzles 
therein, charging a circulating liquid with abra 
sive particles, and pumping the charged liquid 
downwardly within the pipe string and outwardly 
through the nozzles to abrade perforations in the 
casing and adjacent material. 

18. A well perforating device comprising a 
tubular member extending down into the well to 
the area to be perforated, means for closing the 
lower end of the member against downward flow 
of liquid therethrough, and nozzles in Said mem 
ber opening outwardly, therefrom to direct 
against localized areas of the casing and adjacent 
formation an abrading liquid pumped downward 
ly within the tubular member, said nozzles hav 
ing outwardly converging openings whereby the 
pressure head of the abrading liquid is converted 
to velocity head to increase the abrading action 
of the liquid. 

19. The method of severing casing within a 
bore hole comprising the steps of lowering into 
the casing a tubing string having an outwardly 
directed nozzle therein, charging a circulating 
fluid with abrasive particles, pumping the 
charged fluid downwardly within the tubing 
string and outwardly through such nozzle to im 
pinge upon a localized area of the casing, and 
rotating the tubing string so that the casing 
will be severed by the abrading action of the 
fluid. 
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