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The present invention is concerned with earth borehole 
drilling, and more particularly, with a method and ap 
paratus for earth borehole drilling wherein there is eroded 
a pilot hole and sections of the formation between the 
pilot hole and earth borehole are removed by hydrostatic 
pressure propagated fractures. 

One conventional method of drilling earth boreholes 
involves the use of a rotary drill bit mounted on the 
end of a hollow drill string which extends down the bore 
hole from the ground's surface. The drill string is ro 
tated at the earth's surface and this rotary motion is 
transmitted to the drill bit by way of the drill string. 
The earth cuttings removed by the bit are circulated out 
of the borehole by pumping a drilling liquid downward 
ly through the drill string and openings in the bit and 
upwardly in the annulus between the drill string and the 
borehole. Primarily, to prevent plugging of the outlet 
Openings of the bit and to increase the washing action 
of the drilling liquid, it became common practice to re 
place the openings in the bit with nozzles. It was later 
decided that drilling rate of the bit might be improved 
if an abrasive material was added to the drilling liquid 
and the jets from these nozzles used to abrade, peen, 
chip and cut the formation. This in turn led to attempts 
to invent an efficient drilling tool that used only abrasive 
materials to cut the formation. 
One object of this invention is to provide an earth 

borehole drilling method and apparatus which utilizes a 
single jet stream in a novel, highly efficient manner to 
drill an earth borehole. Such a drilling system does not 
require expensive rotary drive mechanisms used in con 
ventional rotary drilling systems. 
Another object of this invention is to provide a novel 

jet erosion drilling tool which is employed with a rotary 
drill bit to produce as a unitary result the drilling of a 
single borehole with greater speed and efficiency than 
can be obtained by either tool by itself. 

Still another object of this invention is to provide a 
combination drilling system wherein drilling of the bore 
hole is alternated between a rotary drill bit and a jet 
erosion drilling tool with the drill bit being used some 
of the time and the jet erosion drilling tool used at other 
times to speed and reduce the cost of drilling through 
a series of different formations. 
These and other objects and advantages of this inven 

tion will become apparent in the following description 
when read in conjunction with the accompanying draw 
ings, in which: 
FIGURE 1 is a diagrammatic view partially in section 

showing a high pressure source of drilling liquid, a drill 
string, a drill collar, a drill bit and pilot member placed 
in operational position in a subterranean borehole; 
FIGURE 2 is a partial longitudinal sectional view of 

a pilot member and part of a drill collar; and 
FIGURE 3 is a transverse view taken along the line 

3-3 of FIGURE 2, 
This invention utilizes the energy contained in a jet 

stream of abrasive laden liquid to erode a pilot hole 
in the bottom of a borehole. Flow of liquid from the 
pilot hole is restricted and momentarily interrupted caus 
ing the energy in the flowing stream to exert a water ham 
mer effect on the lower end of the drill string and on 
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the formation between the pilot hole and borehole, there 
by calising that part of the formation intermediate the 
pilot hole and borehole to fracture and separate from 
the rest of the formation. The separated segments of 
the formation thus loosened are broken up and car 
ried off by the jet stream. A new pilot hole is formed 
and the sequence of events is repeated. 

Referring now to the drawings and specifically to 
FIGURE 1, one embodiment of the invention is shown 
in drilling position in the borehole wherein the conven 
tional rotary earth drilling arrangement is comprised of 
high pressure pump which is a pump capable of 
delivering abrasive laden liquid at a pressure high enough 
to effect the results hereinafter set forth, which pres 
sure will normally exceed 3000 pounds per square inch 
and which liquid is pumped into inlet conduit 13 which 
is connected to swivel head 15 by which hollow drill 
string 7 is raised and lowered into subterranean bore 
hole 19. The drill string is a substantially rigid flow 
conduit extending downwardly from the earth's surface 
into the borehole and receives high pressure abrasive 
laden liquid from pump E by way of inlet conduit 13 
and swivel head 15. The drill string is rotated by rotary 
drive table 2. 
The lower end of the drill string is connected to drill 

collar 23 which is provided with flow passage 25 there 
through having a cross-sectional area of flow at least 
as large as that through the drill string. The length, 
L., of the drill collar should be at least twenty feet and 
the ratio of the outside diameter of the drill collar to 
the diameter of the borehole, d/D, should at least be 
0.9. . 
The drill collar is connected to bit 27 which is any 

sort of rotary drill bit suited for rotary drilling and 
also provided with a flow passage of at least the same 
size as the drill string. The drill collar and bit are 
connected in any standard fashion. As shown, for con 
venience, the bit is screwed into the lower end of the 
drill collar. 

Extending below the bit is substantially cylindrical 
pilot nozzle member 29, hereinafter referred to as the 
pilot member or nozzle. The pilot member is rigidly 
connected to the drill bit or drill collars in any suitable 
fashion, and as shown in FIGURE 1, the upper end of 
pilot member 29 is threaded and is screwed into bit 27. 
The pilot member is coaxially aligned with the lon 
gitudinal axis of the drill string and drill collar. The 
pilot member is sturdy enough to withstand without ma 
terial deformation forces applied to the end thereof of 
at least 60,000 pounds per square inch of cross-sectional 
area, and greater. The outside diameter of the pilot men 
ber is substantially smaller than the diameter of the bore 
hole cut by the drill bit and substantially smaller than 
the outside diameter of the drill collar above the pilot. 
Centrally traversing the length of the pilot member is 
convergent nozzle passage 3i which directs and focusés 
a jet stream of the abrasive laden liquid issuing there 
from against the bottom of the borehole ahead of the 
pilot member. The nozzle has a sufficient cross-sectional 
area of flow to allow the abrasive laden liquid to reach 
a predetermined flow velocity sufficient to carry out the 
purposes hereinafter made apparent and to flush cut 
tings from the borehole. The diameter of the outlet of 
the nozzle is substantially less than the outside diameter 
of the lower end of the pilot member and generally will 
be less than one-half the outside diameter of the rim 
of the lower end of the pilot member. The inlet to the 
nozzle will provide a cross-sectional area of flow sub 
stantially less than the cross-sectional area of flow of 
the flow passage which extends through the drill string, 
drill collar and drill bit. 
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Referring now to FIGURE 2, there is shown a similar 
drilling system as that shown in FIGURE 1 except for 
the fact that the drill bit and rotary table are no longer 
needed. FIGURE 2 is an enlarged section of the lower 
end of the drilling system illustrating a system wherein 
the borehole is drilled solely by the jet erosion drilling 
tool of this invention. As shown in FIGURE 2, pilot 
member 29' is screwed into the lower end of drill collar 
23' So that the pilot member is rigidly connected thereto. 
The pilot and drill collar system of FIGURE 2 is best 
Suited for use in extending an existing borehole. In 
FIGURE 3, the relationship between the diameter of the 
outlet of the nozzle passage and the outside diameter of 
the end of the pilot member is shown. As shown, and 
as stated previously, the outlet of nozzle passage 3 has 
a diameter less than one-half the diameter of the end of 
the pilot member. It should also be noted that in 
FIGURE 3 the periphery of pilot member 29 nearest 
the walls of the borehole is equipped with arcuate cutout 
portions 33 which provide flow passages for the drilling 
fid. 

in operation, the abrasive laden liquid is pumped into 
the upper end of the drill string at a pressure sufficient 
to accomplish the purposes hereinafter shown and gen 
erally greater than 3000 pounds per square inch. The 
drill string conducts the abrasive laden liquid to single 
nozzle passage 3 in pilot member 29' where the abrasive 
particles and liquid are accelerated to form a high velocity 
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unitary jet stream which is jetted from the nozzle and im 
pinges against the bottom of the well bore. The high 
kinetic energy of the jet stream erodes a pilot hole in the 
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approximate center of the bottom of the borehole when 
the jet stream impinges against the formation. Parts of 
the formation cut from the bottom of the pilot hole are 
very quickly removed from the pilot hole by the high 
velocity jet stream so as to not interfere with the drilling 
efficiency and cutting action of the jet. These particles 
are carried upward to the earth's surface by way of the 
restricted annulus between the drill collar and the walls 
of the borehole, and by way of the enlarged annulus be 
tween the drill string and borehole walls. The operator 
lowers the drill string in increments at a rate sufficient 
to cause the pilot member to enter the pilot hole and re 
strict flow of the drilling liquid from the pilot hole. As 
the pilot member enters the pilot hole, the restriction in 
flow of the liquid increases rapidly until flow is essen 
tially completely cut off. The pump, however, continues 
to stipply high pressure liquid to the upper end of the 
drill string at a fairly constant rate and pressure and the 
operator maintains the pressure of the abrasive laden 
liquid at a level sufficient to fracture the earth formation 
at the bottom of the borehole between the pilot hole and 
borehole when flow of the liquid from the pilot hole is 
rapidly interrupted. As stated, the rate of change in 
the rate of liquid flow is rapid. There is a large amount 
of energy change when the rate of liquid flow is sud 
denly reduced from a maximum rate to - almost zero. 
This large amount of energy change creates a water 
hammer effect which results in two rapidly and almost 
simultaneously occurring phenomena. First, as the pilot 
member moves downard into the pilot hole restricting 
flow of the liquid from the pilot hole and nozzle, there 
is a quick increase in hydraulic pressure in the drill collar 
and a sharp decrease in pressure exterior of the drill 
collar. These pressure changes cause rapid elastic elon 
gation of the drill string, thus rapidly increasing the 
downward force of the drill string on the pilot member 
causing the rim of the lower end of the pilot member to 
impact against the walls of the pilot hole initiating out 
wardly extending pancake-like cracks in the formation 
and completely shutting off flow of liquid from the pilot 
hole. Second, at almost the same time that the pilot 
rember is impacted against the formation, there is a 
rapid build-up of pressure in the sealed pilot hole and a 
rapid decrease in pressure at the bottom of the borehole 
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Surrounding the sealed pilot hole. There is, therefore, 
a large pressure differential between the inside of the 
pilot hole and the borehole immediately above the pilot 
hole. This pressure difference is sufficient to fracture 
the formation intermediate the pilot hole and borehole. 
Fracturing of this part of the formation is facilitated by 
the downward force of the pilot member which also 
initiates and directs the hydraulic fractures caused by 
the large pressure differential. The fractures quickly 
propagate upward to the walls of the borehole thereby 
Separating this part of the formation from the remainder 
of the formation. When the fracture breaks through, 
the pressure of the liquid in the drill collar and pilot hole 
return to normal as the rate of flow from the nozzle re 
Sumes unrestricted. The drill string quickly elastically 
recovers its original length lifting the pilot member above 
the separated formation fragments loosened by the frac 
turing pressure and the jet stream breaks up these frag 
ments which are flushed from the borehole by the flowing 
liquid stream. The jet stream once more erodes a cen 
traily located pilot hole and by lowering the drill string 
in increments the pilot member again enters the pilot 
hole repeating the above sequence of events. 
From the above description of how the pilot member 

of this invention is used to carry out a new drilling 
method wherein a unitary jet of abrasive laden liquid 
is employed to drillian earth borehole, it should be ap 
parent how this same type of pilot member is especially 
suited for use with a rotary drill bit to combine the drill 
ing action of both members. 
The principles and structures of this invention may be 

used over a wide variation in type of abrasive laden 
liquid velocities and liquid pressures. In a typical situa 
tion, the diameter of the borehole will be 6 inches, the 
outside diameter of the drill collar 5.5 inches for a dis 
tance of at least 20 feet, the diameter of the flow passage 
above the nozzle 4.5 inches, the volume rate of flow of 
0.5 cubic feet per second, the drilling fluid 70 pounds per 
cubic foot and the pressure drop across the nozzle 3000 
pounds per square inch. 

While this invention has been described in connection 
with certain specific embodiments, the principle involved 
is susceptible of numerous other applications that will 
readily occur to persons skilled in the art. The invention 
is, therefore, to be limited only as indicated by the scope 
of the appended claims. 

Having thus described the various features of the 
invention, 

claim: 
... An apparatus for earth formation borehole drilling 

comprising a substantially cylindrical rigid pressure tight 
unrestricted flow conduit having an upper and lower end 
and being longer than the length of said borehole, said 
upper end of said flow conduit connected at the earth's 
surface to a source of liquid under pressure, an earth drill 
ing means near said lower end of said flow conduit and 
adapted to drill a cylindrical borehole in said formation 
Surrounding said flow conduit, a pilot-like nozzle member 
extending below said drilling means in coaxial alignment 
with said flow conduit and having an outside diameter 
Substantially smaller than the diameter of said borehole 
cut by said drilling means, said pilot-like nozzle mem 
ber having a circular cross section, said pilot-like nozzle 
member being a single convergent nozzle passage being 
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centrally located in said pilot-like nozzle member and 
adapted to direct and focus a jet stream of fluid issuing 
therefrom against the bottom of said borehole ahead of 
said pilot-like noZZle member, said convergent nozzle pas 
Sage forming a solitary outlet to said lower end of said 
flow conduit, said outlet being less than one-half the out 
side diameter of the lower end of said pilot member, and 
the ratio of the outside diameter of said flow conduit to 
the diameter of said borehole being at least 0.9 for a dis 
tance of at least twenty feet immediately above said pilot 
like nozzle member. 
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2. A method for drilling an earth borehole comprising 
establishing a first flow passage from the earth's surface 
to the formation to be drilled and a second flow passage 
from the formation to be drilled to the earth's surface, 
the lower end of said first flow passage being surrounded 
by a rotary drill and terminating in a solitary pilot-like 
convergent nozzle having a solitary nozzle passage there 
through which communicates with said second flow pas 
sage, at least the lower twenty feet of said second flow 
passage having a smaller cross-sectional area of flow than 
the remainder of said second flow passage, rotating said 
first flow passage to drill a borehole, pumping an abrasive 
laden liquid under pressure into said first flow passage at 
the earth's surface thereby forcing a unitary jet of said 
liquid to issue from said nozzle passage and erode a pilot 
hole in the bottom of said borehole, lowering said pilot 
like convergent nozzle at a rate to maintain said pilot 
hole smaller than said borehole and to maintain the cross 
sectional area of said jet at a value less than the cross 
sectional area of the lower end of said pilot-like con 
vergent nozzle, continuing to lower said pilot-like con 
vergent nozzle whereby said pilot-like convergent nozzle 
enters said pilot hole and restricts the flow of said liquid 
from said pilot hole, maintaining the pressure of said 
liquid in said first flow passage at a level sufficient to 
fracture the section of said earth formation between said 
bottom of said borehole and said pilot hole when flow 
of said liquid from said pilot hole is rapidly interrupted, 
and thereafter lowering said pilot-like convergent nozzle 
to a point whereby said pilot-like convergent nozzle con 
tacts the walls of said pilot hole and the flow of said liq 
uid from said pilot hole is rapidly interrupted thereby 
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causing fracturing of said section of said earth formation. 

3. The method of claim 2 wherein the pressure of the 
abrasive-laden liquid at the earth's surface is maintained 
at a pressure greater than 3000 pounds per square inch. 

4. The method of claim 2 wherein the pilot-like con 
vergent nozzle is lowered at a rate to maintain the cross 
Sectional area of the jet at a value less than one-half the 
cross-sectional area of the lower end of said pilot-like con 
vergent nozzle. 

5. The method of claim 2 wherein the method in addi 
tion includes the step of periodically impacting said pilot 
like convergent nozzle against the walls of the pilot hole. 

6. The method of claim 3 wherein the volume rate of 
flow of the abrasive-laden fluid at the earth's surface is 
at least 0.5 cubic foot per second. 

7. The method of claim 6 wherein the pilot-like con 
vergent nozzle is lowered at a rate to maintain the cross 
sectional area of the jet at a value less than one-half the 
cross-sectional area of the lower end of said pilot-like 
convergent nozzle. 
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