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DOWNHOLE VERTICAL SLOTTING TOOL 
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Filed June 5,1963?Ser No.285,816 
7 Claims (Cl.166-55) 

This invention relates to a tool for making vertical 
Slots in the sidewalls of either cased or uncased well 
boreholes. - 

In the drilling and production of oil and gas wells a 
Vertical Slotting tool has many useful applications most 
of which relate to the completion ofthe well for produc 
tion. 

Wells are sometimes completed by setting and cement 
ing casing into the top portion of the producing horizon 
and leaving the pay Zone as“open hole." In most cases 
the casing extends through all or a major portion of the 
productive interval and cement fills the space between 
the casing and the wall of the borehole The casing and 
the cement sheath are then perforated opposite the select 
ed interval to permit flow of fiuid from the formation 
into the wellbore. 
Common perforating techniques in commercialuse to 

day involve the use of perforating“guns" which employ 
high explosivesto“fire" steel projectiles through the cas 
ing and cement sheath and into the surrounding forma 
tion or which develop hightemperature high velocity jet 
Streams from “shaped” charges which penetrate the cas 
ing and cement sheath and a portion of the surrounding 
formation These methods have certain disadvantages, 
one of the more notable ones being that the guns fre 
quently misfire and sometimes the projectiles failto pene 
trate the casing Either occurrence notonly failsto pro 
vide the proper perforation but also leaves in the well 
metallic debris which may seriously interfere with subse 
quentoperations Moreover?theuse ofconventionalper 
forating guns Orjets results in the formation of a limited 
number of relatively small perforations at spaced points 
which particularly in dense formations of low perme 
ability may substantially restrict the rate of production 
of the well And further the spent bullets andjet cases 
remainin the formation directly opposite the perforations 
and interfere?in varying degrees, with flowinto the perfo 
rations. No positive measure of the adequacy or in 
adequacy ofthe penetration made bythe perforatingguns 
can be made Thus itis extremely difficult to determine 
whether the ultimate production rate is limited by the 
Surrounding formation or by the inadequacy of the perfo- ' 
ration. 

Large perforations and Slots are also sometimes made 
by means of abrasive jet tools whereby a high velocity 
stream of abrasive particles in a liquid medium is direct 
ed against the Surface to be penetrated. Major disad 
vantages of this procedure are thatitrequires the running 
of pipe to conduct the abrasive fiuid requires Special 
pumping equipment to develop required jet velocity pro 
vides no indication of degree of penetration and leaves 
abrasive material in the hole for removal by expensive 
II1831S? - 

Stillanotherway of providing perforated casingforthe 
purpose of well completion is to pre-perforate sections 
of casing at the surface andincorporate themin the cas 
ing string at the desired point Although this method 
has the advantage of makingit possible to provide larger 
openings and even slots of any desired length itis obvi 
ously relatively expensive and troublesome Moreover, 
it is extremely difficult to place the perforated section 
of casing at exactly the desired horizon in the well and 
an error in its placement will result in opening?up the 
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wellat the wrong point eithermissingthe desired forma 
tion altogether or excluding part ofthe desired formation 
while opening up adjacent formations which may admit 
water into the well seriously limiting or even efectively 
destroyingitsuseful oil production capacity. 
Another important use of casing perforations is in 

connection with squeeze cementing operations such asare 
performed in an attempt to shut off the flow of water 
from lower Zones close the perforations used in drill 
Stem testing and improve the bond or Seal between the 
casing and the formation These cementing operations 
normally involve forcing a cement slurry through the 
casing perforations. Where the perforations are formed 
by a perforating gun orjet as described above the limit 
ed flow capacity of the relatively small spaced perfora 
tions mayrestrictthe eficacy ofthe operation. 

Casing perforations are also used for such operations 
as hydraulic fracturing While the fracturing fluid can 
be injected through the multiple spaced perforations 
created by a perforating gun orjet current technology 
favors injection of the fracturing fluid through a single 
linear openingto concentrate the fluid and achieve greater 
penetration of the fracture into the surrounding forma 
tion Although Such single entry fracturing is usually 
performed through a horizontal opening under certain 
circumstances beneficial results may be achieved by in 
jection through verticalslotsinthe casing. 

Vertical Slots are also uSeful to a lesser degree in 
connection with other types of well operations such as 
water injection with or without tracers ripping of pipe 
for fishing or other remedial operations, and so on. 
The present invention provides a simple inexpensive, 

and practical downhole toolfor forming vertical slots in 
casing orin the sidewall of uncased holes. The toolis 
capable of forming one or more continuous verticalslots 
of any desired length This notonlygives excellent com 
munication between the borehole and the surrounding 
formation either for purposes of well production or for 
purposes of injection of cement Slurries fracturing or 
treating liquids and the like but also insures positive 
penetration not only of the casing but of the cement be 
hind the casing and even the adjacent portion of the 
Surrounding formation if desired and obviates the leav 
ing in the borehole any metallic debris or other“junk" 
which might interfere with Subsequent operations. 

Since the slotting tool of the present invention may 
be loweredinto the borehole on a wire line and does not 
involve one or more round trips into the hole with pipe, 
as in the case of most prior slotting tools its operation 
is rapid and inexpensive Moreover itis possible to posi 
tion the slots with extreme accuracy For example the 
slotting tool may be lowered into the borehole on the 
Same wire line apparatus which was employed in making 
the usual downhole electrical or radioactivity logs so 
that even though there is an indeterminate error in the 
absolute depth indication of the wire line depth gauge, 
so long as its indications are reproducible the slotting 
tool can be positioned at a depth corresponding to any 
selected point on the downhole log Alternatively the 
electrical or radioactivity detector sonde may be lowered 
into the borehole simultaneously with the slotting tool, 
with the two in predetermined spatial relation on the 
same wire line so that the electrical or radioactivity plot 
may be traced or retraced until the desired point is 
reached. 

In addition the downhole radioactivity logmay be cor 
related with a surface log of radioactivity made on core 
samples as the Surface of the ground according to the 
method disclosedin U.S. Patent No.3,025,398, to insure 
that the slotting toolis positioned to perforate the casing 
opposite the formation from which any selected core 
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sample or group of samples was taken Similarly the 
downhole radioactivity log from the wellin question may 
be correlated with downhole radioactivity logs made in 
adjacent wells to position the slotting tool adjacent a 
selected formation which is thus clearly identified from 
WeII to Well. 
The invention also provides?in conjunction with the 

slotting tool an orienting device of conventionaltype So 
that the casing may be selectively perforated at any de 
sired side or the Slots may be equally Spaced around the 
casing?if desired. 

Inthe drawings: 
FIGURE 1 is a foreshortened vertical Sectional view 

through a cased borehole containing a vertical slotting 
toolembodying features of the presentinvention?with the 
tool being Shown partly broken away and partlyin phan 
tom to revealitsinner construction. 
FIGURE 2 is a view similarto FIGURE 1, but show 

ing the slotting toolfixed in position atthe desired depth 
in the borehole and in the process of forming a vertical 
slotin the casing. 
FIGURE 3 is a vertical sectional view through the 

borehole at reduced scale?showing the toolafterthe cut 
ting of the vertical slot has been completed and the tool 
has been released for removal from the borehole. 
FIGURE 4 is a transverse Sectional view through the 

tool takengenerally along the line 4-4 of FIGURE 1. 
FIGURE 5 is an enlarged side elevational view of one 

Vertical Segment of the tool with certain of the internal 
parts beingshownin phantom. 
FIGURE 6 is a fragmentary longitudinalsectionalview 

takengenerally along the line 6?6 of FIGURES4 and 5. 
FIGURE 7 is a schematic diagram of the hydraulic 

circuit for controlling the operation of the tool. 
In FIGURE 1?the reference numeral 7 identifies the 

sidewall of the borehole which is lined with a steel cas 
ing 8?with cement 9 filling the annular Space between 
the casing8 and the sidewal17. 
Shown in the borehole is an illustrative vertical slot 

ting tool which is enclosed in a tubular housing10 and 
is adapted to be loweredinto the borehole on a wire line 
12. Running along the line 12 is an electrical cable (not 
separately identified) for supplying electrical power to 
the unit for controlling its operation and for carrying 
back to the Surface electrical signals from a conventional 
direction sensing device?generally designated 13, which 
is used if desired for orienting the toolin the borehole. 
Such inStruments may incorporate either a compass or a 
gyroscope and photographic means for recording the posi 
tion thereof or electrical means Such as a selsyn for 
transmitting such positional information to the surface 
of the ground Representative instruments are available 
from the Eastman Oil Well Surveying Company and the 
Sperry-Sun Well Surveying Company and are described 
more completely in the Eastman Directional Drilling In 
strumentation Manual and the Sperry-Sun Well Survey 
ing Instruments and Services Manual reSpectively. 
Shown in phantom within the housing 10 are the ma 

jor mechanical components of the tool including a cir 
cular cutting wheel14 which is fixed on a shaft 16 ro 
tatably journalled in a gear box 18 which is secured at 
the lower end of an electric motor 20. Attached to the 
upper end ofthe motor 20 and projecting upwardlythere 
from is a piston rod 22?the upper end of whichis con 
nected to the piston 24 of an hydraulic cylinder26 whose 
upper endis pivotally attached near the upperend of the 
housing12 on a clevispin27. 
As may be seen in FIGURES 4-6, the drive shaft 16, 

on which the cutting wheel14is fixed has keyed thereon 
a worm gear 50 which meshes with a worm S2 fixed at 
the lower end of the motor shaft 54. Thus the cutting 
wheel 14 is driven by the motor 20 whenever electrical 
power is supplied thereto The cutting wheel14 may, 
for example be of the diamond type for readily cutting 
through the steel casing 8 and the cement 9 behind it. 
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FIGURE 1 shows the various parts of the toolin the 

positions which they occupy as the toolis lowered into 
the borehole prior to the start of a slotting operation. 
The piston 24 is atthe extreme lower end of the cylinder 
26 and the piston rod 22?motor 20 and cutting wheel14 
are in their extreme lower positions?with the cutting 
wheel14fully retractedwithinthe housing10. 
Whenthe tool reaches the desired depth the movement 

of the hoisting cable 12 is stopped and by actuating a 
switch on the control panel 32 at the surface of the 
ground electrical currentis Supplied through the cable to 
drive the electric motor 20 to rotate the cutting wheel14. 
In addition? and simultaneously therewith the current 
energizes a solenoid valve 25 (FIGURE 7) to open a line 
from a pair of hydraulic cylinders 28 (FIGURE 1) to 
a dump chamber 29 which contains only air at normal 
surface atmospheric pressure Since the rear face of 
the piston ofeach ofthe cylinders28is always exposed to 
the formation fluid at elevated downhole pressures this 
permits the pistons of the cylinders to be pressed out 
wardly moving the hydraulic fluid ahead of the pistons 
into the dump chamber 29?and compressing the air 
therein This movement of the pistons causes a pair of 
presserfeet30 to which they are respectively connected 
by piston rods 31?to move from their normal retracted 
positions flush with the side wall of the housing in which 
positions they are shown in FIGURE 1, outwardly 
against the casing at one side of the borehole as shown 
in FIGURE 2. This forces the housing 1{} of the tool 
against the innerwall of the casing 8 at the opposite side 
ofthe borehole. 
Also simultaneously a second Solenoid valve 33 (FIG 

URE 7) is energized opening a line between the upper 
end of the cylinder 26 and the dump chamber 29 per 
mitting the high-pressure formation fluid to which the 
lower end of the piston 24 is exposed to drive the piston 
24 upwardly forcing the hydraulic fiuid in the cylinder 
26 above the piston into the chamber29. As the piston 
24 moves upwardly?the piston rod 22 motor 20?gear 
box 18 and cutting wheel14 are moved upwardly withit. 
As shown in FIGURES 4-6, the lower end of the gear 

box18 has projecting from each side a crossbar36 which 
extends across the full width of the housing and is pro 
vided atits opposite ends with cam follower pin portions 
38 of reduced diameter These cam follower pins38are 
slidably received in elongated cam slots 40 extending 
through Cam plates 42 weldedin conforming rectangular 
openings 10ain the housing10. 
As best shown in FIGURE 5 the lowerportion of the 

cam slot 40 is provided with an outwardly and upwardly 
inclined portions 40a so that at the commencement of 
the upward movement of the gear box 18 and cutting 
wheel 14, the cam follower pins 38 riding along the 
Slots40 cause the cutting wheel to move obliquely out 
wardly and to project through an elongated longitudinal 
slot10bin the housing 10 into cutting-engagement with 
the casing 8 After the cutting wheel has cutits way 
through the casing 8, and continues its upward and out 
ward movement?it cuts through part or all of the cement 
9 between the casing and the side wall7 of the borehole 
and perhaps for a short distance into the surrounding 
formation asshownin FIGURE2. 
As shown in FIGURE 5 the elongated central portion 

40b of the cam slot40 is straight and vertical so thatas 
the gear box 18 and cutting wheel 14 continue their up 
ward movement the cutting wheel14 cuts straight up 
wardly through the casing 8 and cement 9 forming an 
elongated vertical slot therein The upper end 40c of 
the slot 49 is inwardly and upwardly inclined as partial 
1y shown in FIGURE 5 and fully shown in FIGURE 3, 
So that as the gear box 18 and cutting wheel 14 near 
the upper end of their vertical movement they are moved 
inwardly to retract the cutting whee114 within the hous 
ing asshownin FIGURE3. 
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As the cutting wheel reaches the upper end ofits move 
ment the upper end of the motor 20 actuates a Switch 
42 opening the electrical circuit to the motor 20 and 
stopping the driving of the cutting whee114. The actu 
ation of the switch 42 also deenergizes the solenoid valve 
25 which is connected in the line ahead of the pistons 
of the hydraulic cylinders 28?and actuates the valves So 
that instead of connecting the cylinders 28 to the dump 
chamber 29?they vent the cylinders to the formation 
fluid within the tool Thus both sides of the pistons are 
now exposed to the formation fiuid at the same pressure, 
permitting the Springs 44 to retractthe presserfeet30 out 
of engagement with the casing 8 and fiush against the 
sides of the housing 10 This allows the toolto hang 
freely within the borehole as shown in FIGURE 3, so 
that the tool may be withdrawn from the borehole. 

It will be readily understood that although the illustra 
tive toolshown and described has only one cutting wheel, 
the Same principles could be applied to provide a tool 
having two or more cutting wheels for simultaneously 
cuttinga number ofverticalslots. 

It will also be understood thateven a tool having only 
One cutting wheel can be adapted to cut more than one 
slot on each trip into the well by providing means for 
returning the cutting wheel downwardly to its starting 
position at the end of itsupward stroke For example, 
the hydraulic cylinder26 could be replaced by an electric 
motor driving a lead screw with either the lead screw or 
the motor being reversible to drive the motor 20?gear 
box 18 and cutting wheel14 back downwardly Such a 
tool could be arranged to cut on both the upward and 
downward Strokes or only on the upward strokes with 
the tool hangingfree of the sidewalls and being rotated to 
a new orientation during the downward strokes of the 
cuttingwheel. 
From the forgoing description?it will be apparent that 

the present invention provides a practical tool whichis 
capable of forming elongated vertical slots at desired 
Iongitudinal positions in cased boreholes. However it 
should be emphasizes thatthe particularembodiments of 
the invention which are described herein and shown in 
the accompanying drawings areintended as merelyillus 
trative of the principles of the invention rather than as 
restrictive thereof and that various modifications may be 
made therein without departingfrom the principles ofthe 
invention and thatthe scope of the inventionis therefore 
intended to be limited only by the appended claims In 
the claims the term “sidewaI" is intended to include 
either the sidewall of uncased boreholes orthe casingin 
cased boreholes. 
We claim: 
1. A down-hole vertical slotting tool comprising a 

housing adapted to be lowered into a well borehole on 
a wire line and having an elongated longitudinally 
extending opening in the wall thereof a motor within 
said housing means for supplying power to said motor, 
a cutter mounted for movement in a vertical plane and 
mechanically coupled to Said motor to be driven thereby, 
means for moving Said cutter longitudinally of Said 
housing and means for moving said cutter transversely 
of Said housing to cause itto project through Said open 
ing and into cutting relation with the sidewall of said 
borehole at the first portion of Such longitudinal move 
ment then to cause it to move longitudinally of Said 
housing while projecting through Said opening and cut 
ting a vertical slot in Said sidewall and finally to cause 
it to retract into Said housing at the latter portion of 
Such longitudinal movement. 

2. A down-hole vertical Slotting tool comprising a 
housing adapted to be lowered into a well borehole on 
a wire line and having an elongated longitudinally ex 
tending opening in the wall thereof a motor within Said 
housing means for Supplying power to said motor a 
cutter mounted for movement in a vertical plane and 
mechanically coupled to said motor to be driven thereby, 
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6 
means for moving Said cutter longitudinally of said 
housing and cam means on Said housing engaging fol 
1ower means associated with Said cutter for moving Said 
cutter transversely of Said housing to cause Said cutter 
to project through said opening into cutting relation with 
the sidewall of Said borehole during the first portion of 
such longitudinal movement then to move longitudinally 
of said housing while projecting through Said opening 
and cutting a vertical Slot in Said sidewall and finally 
to retract Said cutterinto Said housing during the latter 
portion of such longitudinal movement. 

3. A down-hole vertical Slotting tool comprising a 
housing adapted to be lowered into a well borehole on 
a wire line and having an elongated longitudinally eX 
tending opening in the wall thereof a motor within Said 
housing means for Supplying power to Said motor a 
circular disc-type cutter mounted for rotation about a 
horizontal axis which is in fixed spatial relationship to 
said motor and driving means connecting Said cutter 
to Said motor to be driven thereby means for moving 
the motor and cutter assembly longitudinally of Said 
housing and cam means on Said housing engaging fol 
lower means associated with said cutter for moving Said 
cutter transversely of said housing to cause Said cutter 
to project through said openinginto cutting relation with 
the sidewall of Said borehole during the first portion of 
such longitudinal movement then to move longitudinally 
of said housing while projecting through Said opening 
and cutting a vertical Slot in Said Sidewall and finally 
to retract said cutterinto Said housing during the latter 
portion of such longitudinal movement. 

4. A down-hole vertical slotting tool comprising a 
housing adapted to be loweredinto a borehole on a wire 
Iine and having an elongated longitudinally extending 
opening through the wall at one side thereof a shoe 
mounted at the opposite side of Said housing for move 
ment inwardly and outwardly means for moving Said 
shoe forcibly outwardly against the sidewall at one side 
of said borehole to press said housing against the side 
wallat the oppositeside ofsaid borehole a motorwithin 
said housing means for supplying power to Said motor, 
a cutter mounted for movementin a vertical plane and 
mechanicallycoupled to said motorto be driven thereby, 
means for moving Said cutter longitudinally of Said hous 
ing? and means for moving Said cutter transversely of 
said housing to cause itto project through Said opening 
and into cutting relation with Said sidewall at the first 
portion of such longitudinal movement then to cause 
it to move longitudinally of said housing while project 
ing through said opening and cutting a vertical Slot in 
said sidewall, and finally to cauSeit to retractinto Said 
housing at the latter portion of Such longitudinal 
movement. 

5. A down-hole vertical slotting tool comprising a 
housing adapted to be loweredinto a borehole on a Wire 
1ine and having an elongated longitudinally extending 
opening through the wall at one side thereof a shoe 
mounted at the opposite Side of Said housing for move 
ment inwardly and outwardly means for moving Said 
shoe forcibly outwardly against the sidewallat one side 
of said borehole to press said housing against the side 
wall at the opposite side of Said borehole a cutter 
mounted formovementin a vertical plane and mechani 
cally coupled to said motorto be driven thereby means 
for moving Said cutter longitudinally of Said housing, 
and cammeans on Said housingengaging follower means 
associated with Said cutter formoving said cutter trans 
versely of said housing to cause Said cutter to project 
through said opening into cutting relation with Said 
sidewall during the first portion of such longitudinal 
movement then to move longitudinally of Said housing 
while projecting through Said opening and cutting a verti 
cal slotin said sidewall and finally to retract Said Cutter 
into said housing during the latter portion of such longi 
tudinal movement. 
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6 A down-hole vertical slotting tool comprising a 
Inousing adapted to be loweredinto a borehole on a wire 
line and having an elongated longitudinally extending 
opening through the wall at one side thereof a shoe 
mounted at the opposite side of Said housing for move 
ment inwardly and outwardly means for moving said 
Shoe forcibly outwardly against the sidewallat one side 
of said borehole to press said housing against the side 
wallat the opposite side of said borehole a circular disc 
type Cutter mounted for rotation about a horizontal axis 
which is in fixed Spatial relationship to said motor and 
driving means connecting Said cutter to said motor to 
be driven thereby means for moving the motor and 
cutter assembly longitudinally of Said housing and cam 
means on Said housing engaging follower means associ 
ated with Said cutter formoving said cuttertransversely 
of Said housing to cause Said cutter to project through 
Said opening into cutting Telation with said sidewall dur 
ing the first portion of such longitudinal movement then 
to move longitudinally of said housing while projecting 
through Said opening and cutting a vertical slotin said 
sidewall and finally to retract said cutterinto said hous 
ing during the latter portion of such longitudinal 
InOVement. 

7. A down-hole vertical slotting tool comprising a 
housing adapted to be lowered into a well borehole on 
a wire line and having an elongated Iongitudinally ex 
tending Opening in the wall thereof a motor within said 
housing means for supplying power to said motor a 
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cutter mounted for movement in a vertical plane and 
mechanically coupled to Said motorto be driven thereby, 
means for movingsaid cutter longitudinally of said hous 
ing means for moving said cutter transversely of said 
housing to cause it to project through said opening and 
into cutting relation with the sidewall of said borehole 
at the first portion of Such longitudinal movement then 
to cause it to move longitudinally of said housing while 
projecting through Said opening and cutting a vertical 
Slot in Said Sidewall and finally to cause it to retract 
intosaid housingatthe latterportion ofsuch longitudinal 
movement means associated with said housing forsensing 
the orientation of Said housing in Said borehole and for 
tranSmitting information as to Said orientation to the 
Surface. 
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