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ABSTRACT

A jet assisted drill system which uses a high pressure
intensifier, positioned in a down hole drill assembly. Drill
fluid from a drill stem is directed into the drill assembly. and
in one mode this drill fluid is passed through the pressure
intensifier to cause a piston assembly of the intensifier to
reciprocate, with high pressure pistons of the piston assem-
bly delivering high pressure drill fluid to a discharge jet in
the drill bit assembly. The lower pressure fluid which drives
the low pressure pistons is discharged into a downstream
annular passageway and to the drill bit assembly. In a
by-pass mode, a sclector valve directs drill fluid from an
upstream main passageway portion directly to a downstream
main passageway portion to pass out the drill bit assembly.
This flushes out debris which is carried upwardly out of the
drill hole. There is a control valve to operate the piston
assembly and a trigger valve operated by the piston assem-
bly to direct fluids selectively to the control valve.
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40 Claims, 20 Drawing Sheets
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DOWN HOLE PRESSURE INTENSIFIER AND
DRILLING ASSEMBLY AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the priority date of
U.S. Provisional Application 60/001.859. filed Aug. 3. 1995,
entitled “DOWN HOLE PRESSURE INTENSIFIER AND
DRILLING ASSEMBLY™. and also claims the benefit of the
priority date of U.S. Provisional Patent Application 60/010.
849, filed Jan. 30, 1996. entitled “DOWN HOLE PRES-
SURE INTENSIFIER AND DRILLING ASSEMBLY AND
METHOD”.

BACKGROUND OF THE INVENTION

a) Field of the Invention

The present invention relates to a method and apparatus
for drilling in an earth strata, and particulasly for drilling oil
and gas wells. More specifically. the present invention
relates to a pressure intensifier and drilling assembly having
a down hole pump to provide for jet assisted drilling.

b) Background Art

In the drilling of deep holes, such as in drilling oil and gas
wells, it has long been recognized that the rate of penetration
can sometimes be substantially enhanced by using a high
pressure (15.000 PSI or greater) jet assisted drilling, par-
ticularly where the rock strata is harder or more difficult to
drill. One prior art method to accomplish this is to provide
the drill stem with an inner concentric tube in which very
high pressure fluid is transmitted from a surface location
downwardly through the inner tube to flow out one or more
high pressure jet openings. Then the drill mud at lower
pressure is transmitted through the annular passageway
between the drill casing and the inner high pressure tube,
with the drill mud flushing out the debris in the hole being
drilled and carrying this to the surface in an upward flow
path between the drill casing and the wall of the hole being
drilied.

Because of the problems related to directing the ultra high
pressure fluid in the center pipe over long distances which
occur when deep wells are being drilled, it has been pro-
posed in the past to use the drill fluid itself to drive a pressure
intensifier pump to provide the very high pressure fiuid for
the jet cutting at the location of the lower end of the drill
stem. This approach aiso involves a number of technical
challenges, with regard to designing and arrange of the
apparatus to accomplish this task efficiently and reliably, and
also have the apparatus fit within the confined space of the
drill hole.

The present invention is directed toward providing such a
drill assembly where jet assisted drilling is accomplished by
a pressure intensifier at a down hole location, and providing
the drill assembly with a combination of features which
effectively address the problems such as those noted above.
Also the present invention can be used for other down hole
applications. such as scouring, perforating, and stimulating
oil and gas wells, or used in other environments having
similar problems.

SUMMARY OF THE INVENTION

In the apparatus and method of the present invention,
there is a pump and drilling assembly for drilling into an
earth formation. This assembly comprises an elongate hous-
ing structure having a longitudinal axis, an upstream end
adapted to be connected to a drill string and to receive drill
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2

fluid therefrom, and also a downstrcam end. The housing
comprises a tubular outer housing and an ipner housing
positioned within the outer housing.

There is a drill bit assembly connected to the downstream
end of the housing structure. This drill bit assembly has a
high pressure fluid jet discharge means.

There is a pressure intensifier means positioned in the
inner housing. This pressure intensifier comprises low pres-
sure piston means mounted for reciprocating motion in low
pressure chamber means within the inner housing. There is
also high pressure piston means connected to the low
pressure piston means and mounted for reciprocating motion
in high pressure chamber means within the inner housing.

There is a longitudinally extending main fluid passageway
means having an inlet end at an upstream location to receive
fluid flow of the drill fluid from the drill stem. and an outlet
end at a downstream location. At least a portion of the main
fluid passageway means is adjacent to the pressure intensi-
fier means and positioned between the inner housing and the
outer housing. The main fluid passageway means has an
upstream passageway portion and a downstream passage-
way portion.

A valve section means is positioned in the housing
structure between the upstream and downstream ends. The
valve section means comprises a control valve means to
receive fluid flow from the upstream passageway portion
and selectively direct the fluid flow to the low pressure
chamber means to cause the low pressure piston means to
reciprocate and cause the high pressure piston means to
reciprocate. The control valve means directs fluid from the
low pressure chamber means to the downstream passageway
portion.

There is provided pressure intensifier valve and passage-
way means arranged to direct low pressure drill fluid into the
high pressure chamber means and to direct higher pressure
drill fluid from the high pressure chamber means to the high
pressure fluid jet discharge means.

In the preferred form, the assembly comprises a selector
valve means operatively connected between the upstream
passageway portion and the downstream passageway por-
tion of the main fluid passageway means. The selector valve
means has a first position where the drill fluid is permitted
to pass from the upstream passageway portion of the main
fluid passageway means to the downstream portion of the
main fluid passageway means in a path by-passing the
pressure intensifier means. The selector valve means also
has a second position where drill fluid from the upper
passageway portion is caused to flow through the control
valve means and thence back to the downstream passageway
portion to cause the pressure intensifier means to operate.

The selector valve means is responsive to volumetric flow
of drill fluid through the upstream passageway portion to
move between its first and second position. The selector
valve means comprises means to define a by-pass passage-
way leading from the upstream passageway portion to the
downstream passageway portion, and a selector valve ele-
ment having a first position where the by-pass passageway
is open, and a second position ciosing the by-pass passage-
way. Spring means urges the selective valve element toward
its first open position, and the valve element is responsive to
volumetric flow of the drill fluid from the upstrcam pas-
sageway portion to be urged against the spring means to
move the selector valve element to the second position.

In two embodiments of the selector valve means there is
a pressure relief mechanism responsive to a pressure in the
drill fluid from the upstream passageway portion higher than
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a predetermined level to open the pressure relief mechanism
to permit flow from the upstream passageway portion to the
downstream passageway portion.

In the configuration of the pressure intensifier means, the
low pressure piston means comprises first and second low
pressure pistons, positioned in first and second low pressure
chamber sections, respectively. with each low pressure pis-
ton separating its related chamber section into first and
second chamber section portions. The valve section is posi-
tioned adjacent to the low pressure chamber means and has
a first valve passageway leading from the control valve
means to one of the first chamber section portions and a
second valve passageway leading to one of said second
chamber section portions. The control valve is arranged to
direct fluid from the upstream passageway portion alter-
nately to the first and second valve passageways. and to
withdraw fluid from the second and first chamber section
portions alternately.

In a preferred configuration, the valve section comprises
a valve section housing positioned between the first and
second low pressure pistons which are interconnected by a
piston rod extending through the valve section housing. The
piston rod is mounted in the valve section housing for
reciprocating movement in sealing relationship with the
valve section housing. The first valve passageway leads
from the control valve means to one side of the valve section
housing to communicate with one of first chamber section
portions, and the second valve passageway leads from the
control valve to an opposite side of the valve section housing
to communicate with the one of said second chamber section
portions.

The piston rod has first rod passageway means extending
longitudinally and opening to both of the first chamber
section portions. There is also a second rod passageway
means extending longitudinally in the piston rod and open-
ing to both of the second chamber section portions. In the
preferred form, the piston rod comprises a tubular inner rod
member and a tubular outer rod member. The first rod
passageway means is a passageway within the inner rod
member. and the second rod passageway means is an annular
passageway between the inner rod member and the outer rod
member.

In the configuration shown herein, the high pressure
piston means comprises two high pressure pistons. The two
high pressure pistons, the two low pressure pistons, and the
piston rod comprise a piston assembly. There is tension rod
means extending through the piston rod to the two high
pressure pistons. There are means interconnecting with the
ends of the tension rod means to place a tension load on the
tension rod means to apply a compressive load through the
high pressure pistons and into the piston rod.

In a preferred embodiment, there is at least a third low
pressure piston positioned in a third low pressure chamber
section. The third low pressure piston is comnected by a
piston rod section to the second low pressure piston. The
piston rod section has first and second additional rod pas-
sageway means interconnecting with the first and second rod
passageway means of the piston rods, to cause the first and
second chamber section portions of the third piston to
communicate with the first and second valve passageways.

The valve section further comprises pilot valve means
operatively connected to the control valve means to direct
fluid pressure against pressure control surface means of the
control valve means to cause the control valve means to
move between the first and second positions. The pilot valve
means has actuating members positioned at first and second
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chamber section portions on opposite sides of the valve
housing. Each of the actuating members is responsive to
operative engagement of an adjacent one of the low pressure
piston in a manner that when the low pressure piston comes
into operative engagement with its related actuating
member, the pilot valve means move to its other position.
This causes the pilot valve means to move the control valve
means from one of its first and second positions to the other
of its first and second positions.

The actuating members and the pilot valve means are
arranged relative to the two low pressure piston in a manner
that when either of the two low pressure piston engages one
of the actuating membess to shift the pilot valve means. the
low pressure piston has not come into engagement with the
valve section housing.

At least one of the upstream passageway portion and the
downstream passageway portion of the main fluid passage-
way means comprises an annular passageway portion
defined by the outer housing and the inner housing. The
valve section housing has an ocuter housing portion blocking
said annular passageway. In the preferred form. both of the
upstream passageway portion and the downstream passage-
way portion of the main fluid passageway means comprise
an annular passageway, with the valve housing having an
outer housing portion separating the two annular passage-
ways from one another.

The present invention further comprises filter means
which has a first filter surface located adjacent to the
upstream passageway portion so as to be in contact with drill
fluid in the upstream passageway portion. The filter means
has a second surface adjacent to a filter chamber. The filter
means is arranged so that drilt fluid flowing into the inlet end
of the main fluid passageway means has portion thereof
directed through the filter means into the filter chamber. The
pressure intensifier valve and passageway means comprises
inlet passageway means leading from the filter chamber to
inlet means of the high pressure piston means. Thus filtered
drill fluid passes into the high pressure chamber means and
is delivered to the high pressure jet discharge means.

Also, the control valve means has control fluid passage-
way means leading from the filter chamber to pressure
operating surface means of the control valve means.

Further, in a preferred form, the control valve passageway
means interconnecting the control valve passageway means
with the filter chamber connects with the pilot valve means,
and the pilot valve means interconnects with the pressure
operating surface means of the control vaive. The control
valve means and the pilot valve means have discharge
passageway means leading to a location outside of the outer
housing, so that the drill fluid from the filter chamber that is
directed to the control valve means and the pilot valve means
is discharged to a location outside of the outer housing.

In a preferred configuration, the filter means comprises a
planar filter screen means having a substantial alignment
component parallel to an adjacent flow path of drill fluid
passing through the upstream passageway portion. This is
accomplished so that the drill mud in the upsiream passage-
way portion has a substantial flow path component parallel
to the filter screen means, so that the drill fluid passing
adjacent to the filter screen means and through the upstream
passageway portion removes filtered particles from the filter
screen means. In a specific preferred configuration, the
portion of the upstream passageway portion adjacent to the
filter screen means is an annular passageway portion, and the
filter screen means extends in a curved configuration inside
of the annular passageway portion.
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Also. there is a second filter means positioned upstream of
the filter means. The second filter means is a more coarse
filter means and the filter means is a finer filter means.

In a preferred configuration of the control valve means.
there is a valve housing having a longitudinal axis and
defining chamber means comprising an inlet first chamber
section to receive fluid flow from the upstream passageway
portion, and an outlet second chamber section to deliver
fluid to the downstream passageway portion.

There is a longitudinally aligned valve element mounted
for reciprocating movement in the chamber means.

The valve housing has at the first chamber section a first
fluid inlet port and two first fluid outlet ports on opposite
sides of the first fluid inlet port. The first fluid inlet port has
a predetermined axial dimension.

The valve element has a first spool mounted in the first
chamber section for reciprocating movement across the first
fluid inlet port. The first spool member has an axial dimen-
sion less than the axial dimension of the first inlet port in a
manner that when the first spool element is centrally posi-
tioned relative to the first inlet port, there is fluid flow from
the first inlet port to both of said first outlet ports.

The valve housing has at the second chamber a second
fiuid outlet port and two second fluid inlet ports on opposite
sides of the second fluid outlet port. The second fluid outlet
port has a predetermined axial dimension.

There is a second spool element mounted for reciprocat-
ing motion in the second chamber section. The second spool
element has an axial dimension less than the axial dimension
of the second outlet port. in a manner that when the second
spool element is centered in the second outlet port. the
second outlet port communicates with both the second inlet
ports.

The effect of this is that each spool element has an
intermediate position where fluid flow from the first inlet
port is divided to the first outlet ports, and fluid flow from
the second inlet ports flows simultaneously through the
second outlet ports.

In a preferred form. each of the first inlet port and second
outlet port has axial end portions having a transverse dimen-
sion which increases in a direction toward a center portion
of the first inlet port and the second outlet port.

There is a high pressure downstream passageway leading
from the high pressure chamber means to the high pressure
fluid jet discharge means, this high pressure downstream
passageway having check valve means positioned therein.
This prevents reverse flow from entering into the high
pressure fluid jet discharge means. Also, the high pressure
downstream passageway has an additional filter to prevent
particies or debris flowing into the high pressure down-
stream passageway and through the high pressure fluid jet
discharge means.

Also, in the assembly of the present invention, there is a
force transmitting means positioned at one of a downstream
end and an upstream end of the inner housing, and arranged
to transmit a compression load along said inner housing, and
to react said load into an adjacent one of a downstream end
portion and an upstream end portion of the outer housing.
Thus, the compression load is reacted in the inner housing
to the other end portion of the inner housing and into the
other end portion of the outer housing.

The pressure intensifier means comprises a pressure inten-
sifier housing defining the low pressure means and the high
pressure means. The pressure intensifier housing comprises
a portion of the inner housing, with other components of the
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inner housing being axially aligned with the pressure inten-
sifier housing. Thus, the force transmitting means places the
pressure intensifier housing and the other components axi-
ally aligned therewith into compressive loading. In a pre-
ferred form., the force transmitting means comprises a
mounting block engaging the outer housing, and a bearing
member engaging an adjacent portion of the inner housing.
The force transmitting means comprises axially adjustable
force transmitting means which can be moved in an axial
direction to press against the bearing member from the
mounting block and thus impart the compression load to the
inner housing.

In a preferred configuration, the mounting block com-
prises an annular block member, and the bearing member is
an annular bearing member. The block member and the
bearing member define a portion of a through passageway
through which drill fluid can pass.

In the preferred form. the force transmitting means is
located at the downstream end portions of the inner housing
and outer housing. The drill bit assembly is removably
mounted at the downstream end of the assembly. The
adjustable force transmitting means has adjustable head
means at a downstream location in the force transmitting
means. Thus, the operating head means are accessible from
a downstream location with the drill bit assembly removed.

In a specific configuration, the adjustable force transmit-
ting means comprises a plurality of bolt means mounted in
the mounting block. The boat means have downstream
positioned bolt head means which can be engaged to move
the bolt means axially against the bearing member.

In the method of the present invention, the drill bit
assembly is provided as described above. The drill fluid
passes into the main fluid passageway means, and in the
operating mode is directed through the control valve to the
pressure intensifier means to pressurize a portion of the drill
fluid to a very high pressure and direct this to the jet
discharge nozzle of the drill bit assembly. To by-pass the
pressure intensifier means. the fluid pressure in the upstream
passageway portion is lowered to cause the selector to move
to its bypass position to direct the flow from the upstream
passageway portion directly into the downstream passage-
way portion to flow to the drill bit assembly. The drill fluid
that passes through the low pressure chamber or which
passes directly from the upstream passageway portion to the
downstream passageway portion flows to the drill bit assem-
bly to pass into the hole being drilled to flush debris from the
hole being drilled.

Other features will become apparent from the following
detailed description

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a semi-schematic longitudinal sectional view of
the first embodiment of the present invention;

FIG. 1A is a view similar to FIG. 1 showing a second
embodiment, but only showing the central portion of the
apparatus;

FIG. 1B is a third embodiment, and as in FIG. 1A only
shows the central portion thereof;

FIG. 1C is a simplified flow circuit diagram of the main
components of the present invention;

FIGS. 2 through 5 are semi-schematic drawings, which
show in sequence the operating cycle of the present
invention, these showing only the central portion of the
apparatus of the second embodiment of FIG. 1A;

FIGS. 6A and 6B are longitudinal views, partly in section,
of the selector valve in two different operating modes;
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FIGS. 7A and 7B are semi-schematic drawings showing
a first modified version of a selector valve in two different
operating modes;

FIGS. 8A. 8B and 8C are three semi-schematic drawings
showing a second modified version of the selector valve in
three different operating modes;

FIG. 9 is a semi-schematic view of a third modified
version of the selector valve;

FIG. 10 is a semi-schematic longitudinal view showing
the trigger valve somewhat schematically;

FIG. 11 is another semi-schematic view of only the trigger
valve and the control valve;

FIG. 12A is a longitudinal sectional view showing some-
what schematically the valve element and the housing
structure of the control valve;

FIG. 12B is a longitudinal sectional view showing a
portion of the control valve where one of the valve spools is
passing by the center port of one side of the valve;

FIG. 12C is a view similar to FIG. 12B, showing the valve
portion of FIG. 13B, but with the central port and spool
being worn away to some extent;

FIG. 13A is a longitudinal sectional view of one version
of a fine mesh filter at the upstream end of the assembly;

FIG. 13B is a sectional view taken at line 13B—13B of
FIG. 13A;

FIG. 14A is a somewhat schematic longitudinal sectional
view of one version of the piston assembly of the present
invention;

FIG. 14B is a view similar to FIG. 14A which shows a
modified version of the piston assembly;

FIGS. 15A, 15B and 15C are longitudinal sectional views
showing, respectively, an end portion. a middle portion, and
an opposite end portion of the apparatus of the present
invention, this being shown in more detail;

FIGS. 16. 17. 18 and 19 are sectional views taken at lines
16, 17. 18, and 19 of FIGS. 15A through 15C.

DESCRIPTION OF THE PREFERRED
EMBODIMENT
A. General Description of the Present Invention

The pump and drilling assembly 10 of the present inven-
tion is shown somewhat schematically in FIG. 1. This
assembly 10 comprises a drill stem (only the lower end of
which is shown at 12 in FIG. 1), a drill bit assembly 14, an
outer tubular housing 16 extending between and connecting
the drill stem 12 with the drill bit assembly 14, and a
pressure intensifier section or system 18 positioned in the
housing 16.

The overall configuration of the pump and drilling assem-
bly 10 is that of an clongate cylinder of relatively small
diameter. The drill stem 12 delivers drilling mud into the
pressure intensifier system 18. The intensifier section 18 has
an operating mode and a non-operating mode. In the oper-
ating mode, the intensifier section 18 receives the drilling
mud at a moderately high pressure (e.g. 3,000 PSI) and
utilizes this mud to raise the pressure of a relatively small
portion of this drilling mud to a relatively high pressure (e.g.
20.000 to 50.000 PSI). This very high pressure drilling mud
is in turn delivered to the drill bit assembly to be emitted as
very high pressure fluid jets that assist in the drilling
operation. The remaining larger portion of the mud is
delivered to the drill bit assembly and is discharged through
a flush nozzle or nozzles to perform its usual function of
flushing out the various rock fragments and debris that have
been removed in the drilling operation. These fragments and
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debris are carried by the mud upwardly in the annular space
between the housing 16 and the bore hole and further
upwardly around the drill stem to the surface.

In the non-operating mode of the intensifier section 18,
the intensifier section 18 is bypassed. The drilling mud flows
out the drill bit assembly 14 and upwardly through the
annular space between the bore hole and the drill stem 12.

The drill stem 12 is. or may be, of conventional design,
and as shown herein the lower end 20 of the bottom end of
the lowermost section of the drill stem 12 is threadedly
connected to a stem adapter 22. The drill stem has a central
through flow passage 24 which leads to a passage 26 in the
adapter 22 to deliver the drilling mud into the upper end of
the intensifier section 18.

The drill bit assembly 14 is. or may be. of conventional
design. and would commonly have cutters (not shown for
convenience of illustration) on its operating face. The entire
drill stem 12 is rotated to cause the cutters to travel a rotary
path to engage and remove the rock or other material that is
being drilled. In the non-operating mode of the intensifier
section, these cutters operate unassisted by the ultra-high
pressure cutting jets. In the operating mode of the intensifier
section 18, the ultra-high pressure jets assist the cutters to
enhance the drilling operation.

In the following description, the term ‘*‘upper” or
“upward” shall denote proximity to, or a direction toward
the stem adapter 22 and drill stem 12, while the term “lower”
or “downward” shall denote a direction toward or proximity
to the drill bit assembly 14. Also, the term *‘upstream™ shall
denote proximity to the upper end of the assembly 16, while
the term “downstream” shall denote proximity to the drill bit
assembly 14.

The design of the present invention uniquely solves a
number of critical challenges or problems. It must be rec-
ognized that in many drilling operations, the drill stem 12
could extend several miles into the earth strata, and the
remoteness of the pumping and drilling assembly 10 from
the above ground control location magnifies the usual oper-
ating problems. First, there is the problem of reliability and
durability. If the pressure intensifier 18 in the drilling
assembly 10 becomes damaged or nonfunctional so that it
must be withdrawn up to the surface location for repair, this
can be extremely costly.

Another significant problem is that the drilling mud which
is commonly used in a drilling operation (this drilling mud
usually comprising a carrier fluid with small particles sus-
pended therein) is highly abrasive. As will be disclosed later
in this description, in addition to performing its usual
function of clearing out the debris that is being drilled and
raising it to the surface, the drilling mud is used in the
present invention not only as the fluid that forms the
ultra-high pressure jet, but is also used as the lower pressure
operating fluid in the high pressure intensifier section. This
results in a number of challenges in designing the systems to
minimize the effect of the abrasion that could result from the
drill mud.

Yet another consideration is the configuration and sizing
of the assembly 10. For the ultra-high pressure liquid jet
cutting to be effective, it is necessary not only to raise the
pressure to a relatively high level (e.g. 20.000 to 50,000
PSI), but also to provide the ultra-high pressure jet cutting
fluid at a sufficiently high volumetric rate.

The manner in which the present invention solves these
various problems will be discussed in more detail as we
continue through the description of the invention.

With further reference to FIG. 1, the pressure intensifier
section 18 comprises a piston assembly 28 and a pump
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housing 30 in which the piston assembly 28 reciprocates.
The piston assembly 28 comprises a central portion 31
comprising a plurality of low pressure pistons 32, each
having a relatively large diameter, and two ultra-high pres-
sure plungers 34 positioned on opposite ends of the central
section 31 comprising the lower pressure pistons 32. The
pump housing 30 has a central larger diameter chamber 36
in which the larger pistons 32 reciprocate. At cpposite ends
of the central chamber 36 are smaller diameter ultra-high
pressure chambers 38 in which the respective plungers 34
reciprocate.

In the schematic drawing of FIG. 1, there are shown only
two low pressure pistons 32. These two pistons 32 are
connected by a center rod 40. As will be disclosed later, there
can be three or four low pressure pistons or more. Where
there are more than two low pressure pistons 32, there are
additional rods or rod sections interconnecting each adjacent
pair of low pressure pistons 32.

Positioned within the outer housing 16 at a location
between the two low pressure pistons 32 is a valve section
42. This valve section 42 separates the assembly 10 into an
upstream section 44 and a downstream section 46. In the
upstream section 44, there is an outer annular upstream
passage 48 defined by the inner surface S0 of the outer
tubular housing 16. and the outer surface 52 of the pump
housing 30. The pressurized drilling mud received from the
drill stem 12 and the stem adapter 22 flows through the
passageways 24 and 26 and through a passageway sche-
matically shown at 54 into the annular passageway 48 to
flow to the valve section 42. The manner in which this flow
through the passage 54 is (for convenience of illustration)
indicated only schematically in FIG. 1, but will be described
more fully later in this text where a filter system and other
components will be described.

The downstream section 46 has (in a manner similar to the
upstream section 44) an annular passageway 56 defined by
the downstream inner surface portion 50 of the outer hous-
ing 16 and the downstream outer surface portion 52 of the
pump housing 30. This downstream annular passageway 56
receives drilling mud from the valve section 42 and delivers
this mud in a downstream direction.

The valve section 42 comprises a valve housing 58 which
fits against the inner surface S0 of the outer main housing 16
to form a seal at this surface 50. Mounted within the valve
housing 50 is a selector valve 60 and a control valve 62. In
addition to the valves 60 and 62, there is mounted in the
valve housing 58 a trigger valve 64 (not shown in FIG. 1, but
shown in other drawings herein and later described herein)
which operates in response to the back and forth movement
of the piston assembly 28 to cause the proper shifting of the
control valve 62.

It is believed a clearer understanding of the operation of
the present invention will be obtained by referring also to
FIG. 1C which is a simplified diagram of the main compo-
nents showing more clearly the flow patterns in the assembly
10.

As mentioned previously herein, the selector valve 60 has
two operating modes. namely a by-pass mode and a pump-
ing mode. In the by-pass mode, the selector valve 60 permits
the flow of drill mud from the upstream annular passageway
48 through the outlet passageway 144 of the selector valve
60 directly into the downstream annular passageway 56
from which the drill mud flows into the drill bit assembly 14.
This drill mud then flows out the flush nozzle or nozzles 66
to perform the usual function of the drill mud of flushing the
fragments and debris from the drill surface of the ground
strata and carry these upwardly in the annular space between
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the surrounding surface of the drill hole and the outer surface
of the drill stem 12 and housing 16. There is also one or more
ultra-high pressure discharge nozzles 68, through which the
very ultra-high pressure fluid from the intensifier section 18
is received in the pumping mode. However. in this by-pass
mode. little or no fluid is discharged from the one or more
high pressure nozzles 68.

When the selector valve 60 is in the pumping mode of
operation, the pressurized drilling mud from the drill stem
12 is directed into sections of the central chamber 36 in an
alternating fashion (due to the action of the control valve 62)
to cause the piston assembly 28 to reciprocate back and
forth. This reciprocating motion of the piston assembly 28,
causes each of the plungers 34 to reciprocate sequentially on
an intake stroke and discharge stroke to supply a portion of
the drill fluid (i.e. drill mud) at ultra-high pressures to flow
to the drill bit assembly 14 to pass into a passageway 70
defined by an ultra-high pressure discharge tube 72 that in
turn delivers the ultra-high pressure jet through the ultra-
high pressure nozzle or nozzles 68.

There is provided at the upstream end of the pumping
system 18 an ultra-high pressure attenuator 74 which
receives the outflow from the upstream and downstream
ultra-high pressure chambers 38. The chamber 76 of the
attenuator 74 connects with both of the discharge passage-
ways 77 leading from the high pressure chambers 38 via a
tubing (not shown in FIG. 1 but shown and described later
herein) to provide a more constant ultra-high pressure flow
to the nozzle or nozzles 68. The two ultra-high pressure
chambers 38 are each provided with an inlet check valve 78
and an outlet check valve 80 connecied to a related outlet
tube 77 to accomplish the proper inlet and outlet fiows from
each ultra-high pressure chamber 38.

As indicated above, there can be three. four or more low
pressure pistons 32 to increase the total force exerted on the
piston assembly 28 to cause its reciprocating motion, with-
out increasing the diameter of the pumping system 18. FIG.
1A shows only the pumping section of the assembly 10, with
the modification that there are three low pressure pistons 32
instead of two low pressure pistons 32, as shown in FIG. 1.
The third low pressure piston 32 is simply added onto one
side of the upstream low pressure piston 32 and there is a
stationary partition 82 separating the chamber portions
between the two upstream low pressure pistons 32.

In FIG. 1B. there is shown another embodiment of the
assembly 10 of FIG. 1, where there are four low pressure
pistons 32, two of the pistons 32 being positioned upstream
of the central valve section 42 and two of these pistons 32
at a downstream location from the valve section 42. Another
partition 82 is added on the downstream side to separate the
chamber portions between the two downstream low pressure
pistons 32. FIG. 1C shows a simplified diagram of the major
mechanical components, and their relationships in the over-
all fluid flow schematic.

It is to be understood that FIGS. 1, 1A, 1B and 1C are
rather schematic and are intended to describe the main
components of the present invention in a simplified form.

To complete the general description of the overall
apparatus, reference is now made to FIGS. 2. 3. 4 and 5
which are somewhat schematic and illustrate in sequence
one half cycle of the back and forth reciprocating motion of
the piston assembly 28. There will now be a further descrip-
tion of the apparatus, and then the mode of operation will be
discussed in the following section with further reference to
FIGS. 2-5. Tt should be noted that in FIGS. 2 through 5, the
upstream and downstream locations are reversed relative to
FIGS. 1. 1A, and 1B. Accordingly, the upstrecam side in
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FIGS. 2 through § is at the left hand of FIGS. 2-8, and the
downstream side at the right side of FIGS. 2-5. Also, FIGS.
2-5 shows three low pressure pistons 32, as illustrated in
FIG. 1A.

It will be noted that in FIGS. 2-S the control valve 62 has
been shown more completely than in FIG. 1 (but still
somewhat schematically). More specifically, it can be seen
that the control valve 62 comprises a reciprocating valve
element 84 which comprises a central piston 86 and end
spools 88, each of which is connected by a rod 90 to the
central piston 86. The upstrecam annular passageway 48
leads into an upstream inlet port 92, and the downstream
annular passageway 56 leads from a downstream outlet port
94. (The control valve 62 is shown in more detail in FIGS.
10. 12A. 12B and 12C, and will be described more fully later
herein.)

For convenience of description, the three low pressure
pistons 32 will be designated (by reading left to right in
FIGS. 2 through §) 32a, 32b. and 32¢. Also, the low pressure
chamber 36 will be considered as being separated into three
chamber portions 36a, 365 and 36¢. each having positioned
therein a related one of the pistons 32a. 326 and 32c,
respectively. Further, each chamber portion 36a. 365 and
36¢ shall be considered as having an upstream chamber
portion 96, b and c. respectively, and a2 downstream cham-
ber portion 984, b and c. respectively.

With the valve element 84 in the right hand position as
shown in FIG. 2, the port 92 connects to a left hand chamber
portion 965 which is upstream of the low pressure piston
32b. Also, it will be noted that the outlet port 94 connects to
a chamber portion 985 which is between the piston 32b and
the valve section 42.

It will be noted that each of the upstream chamber
portions 96a, 96b and 96¢, are interconnected with one
another through a related port 100a. 1006 and 100c,
respectively, all of which connect to a central passageway
102 extending the length of the connecting rod 40. Thus, it
can be recognized that when the drill mud from the upstream
section 44 passes through the annular passageway 48,
through the port 92 and into the chamber portion 96, it also
flows into the port 100b, through the passageway 102 and
out the ports 108a and 100c¢ into the other two chamber
sections 96a and 96¢. respectively.

In like manner. each piston 32a, b and c has a second port
1042, 1045 and 10dc, respectively, with each of these ports
being interconnected by another passageway 106 also
extending through the center rod 40, thus interconnecting
the downstream chamber portions 98a, b and c.

In FIGS. 2 through S, for convenience of illustration, the
selector valve 69 is not shown. On the other hand, the
aforementioned trigger valve 64 is shown somewhat sche-
matically. For clarity of illustration in the Figures, the
components of the trigger valve will not be given numerical
designations in FIG. 2, but these numerical designations will
be indicated in FIG. 3.

The trigger valve 64 comprises a trigger valve element
108 having two spools 110 and 112. Extending laterally
ocutwardly from each spool 110 and 112 are first and second
trigger fingers 114 and 116, with the left trigger finger 114
extending into the chamber 985, and the other trigger finger
116 extending into the chamber 96¢. There is a fluid outlet
line 118 which leads from two ports 120 and 122 positioned
at the end locations of travel of, respectively, the spool
clements 110 and 112, respectively and discharges to a
location outside the outer housing 16. The trigger valve 64
has its valve chamber 123 connecting to either of two outlet
lines 124 and 126 which connect to ported locations on
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opposite sides of a central valve chamber 128 of the control
valve 62. Also, there is an inlet passageway 130 which leads
from an upstream location to direct filtered drilling mud to
a central inlet port 132 at the middle of the trigger valve
chamber 123.

The two cutlet check valves 80 are interconnected with
one another through the passageway 134, and this passage-
way 134 also connects to the attenuator 74. The two inlet
check valves 78 conmect with one another through a line
136. The flow into this line 136 is from the line 138 that in
turn connects to the filtered inflow of the upstream drill flizid.

As will be described later herein. at a further upstream
location of the inlet 138, there is provided between the drill
stem adapter 22 and the pumping section 18 a filtering
section. where there is a first filter of a larger mesh size and
a second downstream filter having a finer mesh size. (These
are shown in FIG. 15A and will be described more fully later
herein.) The major part of the drill fluid passes only through
the first filter and thence downstream through the upstream
annular passageway 48. The drill fluid that passes through
the second filter flows through the tube 138 to flow into the
upstream located inlet check valve 78 and also through the
passageway 136 to the other inlet check valve 78. Thus. a
portion of the twice filtered drill fluid is part of that portion
of the drill fluid which is pressurized to an ultra-high
pressure level to flow through the ultra-high pressure nozzle
or nozzles 68.

Also, the twice filtered drill fluid is directed into the inlet
140 to flow to the passageway 130 to the center port of the
trigger valve 64.

To complete this section of the overall general description
of the assembly 10, reference is now made to FIG. 6A and
6B, which illustrate a presently preferred embodiment of the
selector valve 60. FIG. 6A shows the valve 60 in the bypass
mode where the drilling mud flows through the upstream
annular passageway 48 through the valve 60 and out a
passageway 144 leading to the downstream annular passage-
way 56. FIG. 6B shows the selector valve 60 in its operating
mode where it blocks the outlet passageway 144. In this
position, the main flow of drilling mud is compelled to flow
through the control valve 62 and through the intensifier
section 18 to cause the ultra-high pressure drilling fluid to
flow outwardly from the jet nozzles 68.

The selector valve 68 comprises a valve element 146, a
positioning spring 148 and a mounting member 150 that
positions the valve element 146 in a longitudinally aligned
position in the valve chamber 151. The valve element 146
comprises a plug element 152 which is connected to an
elongate cylindrical valve stem 154 slideably mounted in the
mounting member. A spring abutment member 156 (shown
herein as a pair of nuts threaded against each other in locking
engagement) is threaded onto the upstream end of the valve
stem 154. The positioning spring 148 is a compression
spring that bears against the aforementioned mounting ele-
ment 150 at one end and against the abutment member 156
at the other end. Thus, the valve element 146 is urged by the
spring 148 to its by-pass position shown in FIG. 6A where
the valve element 146 is spaced away from the valve seat
158. The mounting member 150 engages the inwardly facing
surface 160 that defines the valve chamber 151, and this
member 150 has a plurality of through openings 162 to
permit the flow of the drill mud through the mounting
member 150.

As indicated previously herein, the selector valve 60 is
responsive to the volumetric flow rate of the drilling mud
flowing through the drill stem 12. In the by-pass mode, the
volumetric flow of drill mud is at a sufficiently high pressure
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so that the drill mud is able to perform its usual function of
flushing out the fragmented rock and other debris from the
end of the bore hole and move the same upwardly in the
annular space between the bore hole and the stem 12.
However, the volumetric flow rate and pressure is not great
enough to overcome the force of the positioning spring 148
and force the valve element 146 into blocking engagement
with the valve seat 158.

To move the selector valve 60 into the operating mode, the
volumetric flow rate of the drilling mud moving down the
drill stem is raised to a higher level so that the volumetric
flow of the drill mud against the upstream surface 164 of the
valve plug 152 is sufficiently great to exert a force on the
valve element 146 that overcomes the force of the spring 148
to move the valve plug 152 into the blocking position of
FIG. 6B. As indicated above, this causes the drilling mud
flowing through the outer annular passageway 148 to flow
through the pressure intensifier section 18.

B. Overall Description of the Operation of the Present
Invention

As indicated previously herein, in addition to referring to
the specific drawings mentioned in the following text. it
would be helpful to refer also to FIG. 1C which shows the
flow pattern more clearly.

Reference is first made to FIG. 1. The drilling operation
is started in the usual manner at a surface location where the
drill bit assembly 14 is threaded onto the lower end of the
tubular housing 16 (containing the pressure intensifier sec-
tion 18) which in turn is threadedly connected to the stem
adapter 22 that connects to the lowermost section of the drill
stemn 12. Initially, the earth strata through which the drill bit
14 is boring may not be sufficiently hard to warrant the use
of the ultra-high pressure liguid jet that would be emitted
from the nozzles 68. Accordingly, in this mode, the drill mud
is pumped into the passageway 24 of the drill stem 12 at a
volumetric rate that is adequate to flush the fragmented
material from the bore hole and carry it upwardly around the
drill stem 12 to the surface where the fragmented material
can be screened out and the drill mud reused. However, the
volumetric rate is sufficiently low so that the selector valve
60 remains in its by-pass mode. as shown in FIG. 6A.

In the by-pass mode, the pressure of the drilling mud is
sufficiently low so that it either will not cause the piston
assembly 28 to reciprocate. or simply reciprocate the piston
assembly 28 at such a slow rate that any flow from the
ultra-high pressure chambers 38 is at a very low rate (and
also at a rather low pressure), so that the flow out the
ultra-high pressure nozzles 68 has no cutting effect (or at
most a very insignificant cutting effect), with this drill mud
that is flowing out the nozzles 68 simply being added to the
rest of the drill mud flowing out the flush nozzles 66 to
perform the flushing operation. During this by-pass mode,
the main flow of the drill mud is from the drill stem through
the upstream annular passageway 48, through the outlet
passageway 144 of the selector valve 60. and thence directly
into the downstream annular passageway 56 to flow out-
wardly through the flushing nozzles 66.

When the drill bit assembly 14 reaches an earth strata
which is of sufficient hardness to warrant the use of the
ultra-high pressured jet assisted cutting, the drill mud pamp
at the surface location is caused to operate at a higher
volumetric flow rate so that the mud flowing through the
selector valve 60 moves the selector valve 60 from the
position of FIG. 6A to the position of FIG. 6B to close off
the flow through the selector valve 60. This causes the entire
flow through the upstream annular passageway 48 to be
directed through the control valve 62 and into the high
pressure intensifier section 18.
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Reference will now be made to FIGS. 2-5 which illustrate
the pressure intensifier section 18 at four different stages of
its operating mode. As indicated above. in the operating
mode the selector valve 60 moves to its closed position of
FIG. 6B and remains closed until the time that the volumet-
ric flow rate of the drill mud is lowered to permit the valve
60 to move back to its open position for the by-pass mode.
Accordingly. the selector valve is not shown in FIGS. 2-5.
Rather, the trigger valve 64 and the control valve 62 are
shown somewhat schematically. but in sufficient detail to
explain the overall mode of operation of the ultra-high
pressure section 18. (Also, it should be kept in mind that the
left to right orientation in FIGS. 2-5 is reversed from that
shown in FIG. 1, so that in FIGS. 2-5 the upstream end is
at the left.)

In FIG. 2, the piston assembly 28 has just completed its
travel from a right hand position of FIG. 2 to the left hand
position shown in FIG. 2. and the right finger 116 of the
trigger valve 64 has already been engaged by the right hand
piston 32¢ to have moved the trigger valve element 108 to
its left hand position. This in turn has caused the valve
element 84 of the control valve 62 to move to a right hand
position. as shown in FIG. 2.

With reference to FIG. 2, with the piston assembly 28, the
control valve 62 and the trigger valve 64 in the positions
shown in FIG. 2, the piston assembly 28 is now beginning
its path of travel in a right hand direction. It is believed that
it would be helpful if at this point of the description of the
operation, a distinction is made between the main flow of
drill mud, which is once filtered, and the flow of the drill
mud which is twice filtered. As indicated previously herein,
upstream of the pressure intensifier section 18 there is a dual
filter system, which will be described later herein.

Stated briefly. there is a first filter through which the drill
mud travels to flow directly into the upstream annular
passageway 48. Then a portion of the drill mud that flows
through the first filter is redirected through a second filter of
finer mesh size to provide a flow of twice filtered drilt mud.
This twice filtered drill mud is directed into the tube inlet
138, and also through the inlet 140 for the tube 130.

The twice filtered mud flowing into the tube 138 is
directed to the inlet check valves 78 for the two high
pressure chambers 38. Thus, the flow of ultra high pressure
liquid (i.e. drill mud) which is discharged from the two
outlet check valves 80 and into the interconnecting line 134
which connects to both outlet check valves 80 is also twice
filtered drill mud. This line 134 also connects to the chamber
76 of the attenuator 74. Thus, the uitra high pressure drill
mud which flows into the ultra high pressure passageway
(indicated at 166) and to the ultra high pressure nozzles 68.
is drill mund which has been twice filtered.

In addition. the drill mud that flows into the inlet 140 is
also twice filtered, and this drill mud is directed into the
central port 132 of the trigger valve 64. This flow of twice
filtered drill mud which flows into the valve chamber of the
trigger valve 64 in turn flows alternately through the pas-
sageways 124 or 126 into the central chamber 128 of the
control valve 60. It is this flow into this chamber 128 that
acts against the central piston 86 of the control spool valve
element 84 to cause its reciprocating motion. The outflow
from the central chamber 128 of the control valve 62 is back
through either of the passageways 124 and 126 (this occur-
ring in an alternating fashion) so that this outflow passes
through the outlet tube 118.

Let us now return to FIG. 2 to analyze the operating cycle
of the intensifier section 18. As indicated above, in the
position of FIG. 2, the control valve 62, the trigger valve 64
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and the piston assembly 28 are all positioned so that the
piston assembly 28 is beginning its movement from a left
hand position to a right hand position. The main flow of
drilling mud through the upstream annular passageway 48
(which has been directed only through a coarse filter) passes
through the valve port 92 and thence directly into the
upstream chamber portion 96b of the central chamber por-
tion 36b. As indicated previously, the upstream chamber
portion 965 has a portion of this flow of drill mud which
flows into the upstream chamber 960 and passes through the
port 1005 into the passageway 102 formed in the rod 40.
This passageway 102 in turn communicates with the ports or
openings 1002 and 100c. which lead into the chamber
portions 96a and 96¢, respectively. The effect of this is that
the drilling mud is exerting pressure against the left working
surfaces of all three pistons 32a. 32 and 32c. This causes
the piston assembly 28 to move to the right.

At the same time, the right hand middle pressure chamber
98b communicates with the passageway that leads directly
to the outlet port 94, which in turn leads to the downstream
annular passageway 56. Also the drilling mud in the cham-
ber portions 98a and 98¢ flows through the ports 104z and
104b. respectively. into the passageway 106 and also out the
outlet port 94. As can be seen by looking back at FIG. 1. the
flow from the annular passageway S$6 flows through pas-
sageways 169 in the drill bit assembly 14 and outwardly
through the flush nozzles 66. The fluid flowing through the
exhaust port 94 is at a substantially lower pressure than the
fluid which is flowing through the inlet 92, so that there is
sufficient pressure differential to cause each of the three
pistons 324, 32b and 32¢ to exert a substantial force through
the right hand plunger 34 (in viewing FIGS. 2-5) so that the
pressure in the then pressurized chamber 38 is as high as, for
example, 20,000 to 50,000 PSL

The highly pressurized drilling mud in the right hand ultra
high pressure chamber 38 (viewed in FIGS. 2-5) passes
outwardly through its related exit check valve 80 and
through the passageway 166 to flow out the ultra-high
pressure nozzles 68. At the same time there is an inflow of
drill fluid through the inlet check valve 78 of the other
chamber 38.

Reference is now made to FIG. 3 which shows the piston
assembly 28 at the time it is just moved a little more than
half way through its path of travel from left to right. The
control valve 62 and the trigger valve 64 each still remain in
the same position, and (as indicated earlier) the selector
valve 60 remains in the same operating position (i.e. pump-
ing position), as it does throughout the entire operation of
the pressure intensifying section 18.

It will be noted that the piston 98b is just beginning to
engage the left trigger finger 114. The trigger valve 64 is
arranged so that it has a snap action. More specifically, the
trigger fingers 114 and 116 are each arranged with a com-
pression spring so that it is only after one of the trigger
fingers 114 or 116 is depressed so that its end tip is almost
to the trigger valve housing, that the spring action built into
the trigger valve 64 snaps the valve clement 108 lo the
opposite side very rapidly to immediately initiate the shift-
ing of the valve element 84 of the control valve 62. (This
will be described more fully later herein with reference to
FIG. 190.)

Reference is now made to FIG. 4, which shows the
situation where the piston assembly 28 has reached its limit
of ravel in the right hand direction, and where the valve
element 108 of the trigger valve 64 has moved to the right
hand position. It can be seen that in the position of FIG. 4,
the trigger valve inlet port 132 communicates now with the
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right chamber 122 of the trigger valve and thus there is a
flow of higher pressure fluid through the right control
passageway 126 which pressurizes the right surface of the
central piston 86 of the valve element 84 of the control valve
60 to cause the control valve clement 84 to immediately
begin moving to the left.

Reference is made of FIG. 5, which shows the situation
immediately after the shifting of the valve element 84 of the
control valve 60 to the left. A comparison of FIG. § with
FIG. 2 will promptly reveal that we have substantially the
same situation as in FIG. 2, except that the directions of flow
into and out of the piston chambers 96a—c and 98a—c have
been reversed. In this instance, the higher pressure fluid
flowing through the left annular passageway 48 and into the
port 92 now passes into the chamber 985 to pressurize that
chamber. The flow into the chamber 98b in turn flows
through the port 1045 and into the passageway 106 to flow
out the ports 104e and 104c to pressurize the chamber
portions 98« and 98¢.

In like manner, it can be seen that the piston chambers
96a. 96b and 96c are now connected to the exhaust port 94.
Thus. from the position of FIG. 5, the piston assembly 28
begins a pressure stroke to the left to cause an outflow of
ultra high pressure fluid from the left outlet check valve 80,
through the passageway 134 and out through the tube 166.
At the same time, the right hand inlet check valve 78 opens
to permit an inflow of the fluid into the right hand chamber
38 (as seen in FIGS. 2-5).

As indicated previously, the chamber 76 of the accumu-
lator 74 connects through the passageway 134 with both of
the outlet check valves 80. At the very high pressures
involved (i.e. 20,000 to 50,000 PSI) the drilling fluid is
compressible to some extent. With the rather rapid transition
in the trigger valve 64 and the control valve 62, the reverse
of flow in the chambers 36a, 365 and 36¢ is very rapid. and
the accumulator 74 is able to thus diminish the effect of any
significant drop in the pressure in the ultra high pressurized
fluid being discharged from the tube 166, limiting the drop
in pressure to about 10% or less of the average ultra-high
pressure discharge pressure.

C. Further Description of the Components of the Present
Invention and Modifications Thereof

In this section, there will be more detailed descriptions of
five of the main components of the present invention and/or
modifications of the same. These five main components are:

a. The selector valve 60;
b. the trigger valve 64;
c. the control valve 62;
d. the filter system, and

e. the piston assembly 28.

Each of these will be discussed under appropriate headings.
a. The selector valve 60

The selector vaive 60 shown in FIGS. 6A and 6B is a more
simple version of the selector valve, and in that version,
there is not provided a pressure relief mechanism in the
valve. Rather, there is provided a pressure relief mechanism
at a surface location. Thus, if there is some blockage in, for
example, the intensifier section 18, the potential over pres-
sure is alleviated by the opening of a relief valve or the like
at the surface location, thus avoiding damage to the assem-
bly 10 or to the drill stem 12 or the drill rig or mud pumps
on the surface.

In two of the three alternative selector valve embodiments
which are to be described in this sub-section, such a pressure
relief mechanism is incorporated in the selector valve itself,
this being in the second and third embodiments (shown in






