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(57) Abrege/Abstract:
An ejector or Jet pump Is provided for use In the drilling of wells to prevent the total fluid pressure at the bottom of the borehole from
reaching a level which constitutes a risk of cracking the rock or sediment being drilled, thus resulting in leakage and circulation
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(57) Abrege(suite)/Abstract(continued):
fallure. The pump Is placed between the drill bit and the drill string and provided with nozzles directed Iin such a way that low

pressure Is established externally at the drill bit. The pump Is operated by the drilling fluid which Is supplied In the normal way
through the drill string. The pressure difference across the pump Is used to draw a secondary flow of drilling fluid from the borehole
through internal bores In the pump to the nozzles in the drill bit. This fluid flow provides necessary cleaning of the drill bit and drilling

surface.
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Abstract

An ejector or jet pump is provided for use in the drilling of wells to prevent the total fluid pressure at
the bottom of the borehole from reaching a level which constitutes a risk of cracking the rock or
sediment being drilled, thus resulting in leakage and circulation failure. The pump is placed between
the drill bit and the drill string and provided with nozzles directed in such a way that low pressure 1s
established externally at the drill bit. The pump is operated by the drilling fluid which is supplied in the
normal way through the drill string. The pressure difference across the pump is used to draw a
secondary flow of drilling fluid from the borehole through internal bores in the pump to the nozzles in
the drill bit. This fluid flow provides necessary cleaning of the drill bit and drilling surface.
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PUMP POSITIONED AT A DRILL BIT

This invention relates to a pump positioned at a drill bit.
It relates, more particularly, to a pump which aim 1t i1s to
clean the drill bit and at the same time limit the fluid
pressure that i1is acting against the abutment surface and that
may cause leakage of drilling fluid into the rock during the
drilling of wells, for example such as those drilled for the

exploration and production of oil or gas.

During the drilling of wells in the underground, ripped rock,
usually called cuttings, 1s washed away and up from the
drilling surface by means of drilling fluid which is pumped
down inside the drill string and flushed out through nozzles
in the drill bit in order then to flow up the annulus formed
between the drill string and the established borehole. In ad-
dition to the hole cleaning which 1s described above, through
its adapted specific weight, the drilling fluid is to hold
back inflow from possible pressurized layers 1n the under-
ground. However, the specific weight of the drilling fluid
together with the reactive circulation pressure acting
against the drilling surface must not exceed such a value
that the drilling fluid leaks 1nto, or even breaks open,
fractures 1n the rock that 1s being drilled. If such leakages
should occur, the drilling fluid will disappear and lead to
circulation failure with subsequent impaired hole cleaning

and risk of inflow from pressurized lavyers.
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It 1s not unusual for geological layers and pressures in the
underground to be such that it is necessary to drill with
specific weights and circulation rates that give a total flu-
1d pressure relatively close to a value that could be suffi-
cient to break up the rock. The risk of breaking open frac-
tures 1s usually greatest at the drilling surface where new
rock 1s being exposed and where the hydrostatic pressure col-
umn together with the reactive circulation pressure is at its
highest. At the same time, more unpredictable pressure compo-
nents from turbulence and high velocities are also acting in
this surface. An optimum solution to reduce the risk of forc-
ing open fractures has such properties that it limits the to-
tal fluid pressure against the drilling surface to a value
equal to the fluid pressure that i1s acting in the established
borehole. In this way, the fluid pressure against new rock or
sediment will not exceed a level approximately equal to the
one that has been found bearable so far in the drilling proc-
ess and that, by means of known techniques, may be read con-

tinuously through transponders and telemetry.

In US patent number 5775443 and the corresponding WO applica-
tion 2008/055349 an ejector pump to be built into a drill bit

for the purpose of i1mproving the cleaning of a drill bit is

described. The purpose 1s achieved by directing a side flow

from the internal bore of the drill string to ejector pumps

placed externally on the drill bit whereas the main flow is

carried to the ordinary nozzles of the drill bit. Thus, by

passing drilling fluid at high pressure through the nozzles
of the drill bit in the ordinary way, no restriction is es-

tablished 1n the pressure acting against the drilling sur-

face, and thereby the solution has no effect in relation to

limiting the fluid pressure against the drilling surface.

Further, the solution has the considerable drawback of being

integrated in the drill bit and not being connected to the
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drill bit through a standard coupling. The range of drill
bits 1s thereby restricted, which is critical in relation to
the value of being able to select a drill bit on the basis of
acquired local experience and change the type of drill bit

according to changes in the nature of the rock.

The 1nvention has for i1ts object to remedy or reduce at least

one of the drawbacks of the prior art.

The object 1s achieved 1n accordance with the i1nvention
through the features which are specified in the description

below and in the claims that follow.

A pump 1s provided, which 1s positioned at a drill bit con-
nected to a drill string of the kind that i1s common for
drilling a borehole in the underground for the production of
oil and gas, for example, the pump being characterized by the
entire fluid flow of the drill string being carried to at
least one ejector nozzle which has 1ts outlet directed away
from the drill bit i1n an annulus between the drill string and
the borehole, and at least one cut-out extending between the
annulus on the outlet side of the ejector nozzle to the noz-

zles of the drill bit.

Thus, a very good solution 1s achieved in that an element
with the properties of an ejector or jet pump may be arranged
between a commonly applied drill bit and drill string. The
characteristic of the i1nvention i1s achieved by directing the
entire flow of drilling fluid from the drill string through
the ejector nozzles which may be positioned in suitable cut-
outs 1n the longitudinal direction externally around the
unit, the nozzles being directed backwards towards the estab-
lished borehole, so that high pressure from the drill string
does not act against the drilling surface but, on the con-

trary, brings about a pressure drop at the drill bit.
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The invention 1i1s further characterized by open internal bores
being arranged, directing fluid from the annulus i1n the es-
tablished borehole through the drill bit to the low-pressure
side of the ejector pump. Thus, the pump drives a continuous
circulation of drilling fluid over the drill bit and drilling
surface, providing the necessary cleaning. With this, the
central distinctive character of the invention 1i1s achieved
also by the pressure out of the drill bit, and thereby on the
drilling surface, which cannot exceed the pressure in the an-
nulus, the established borehole, that 1s. This 1s 1n contrast
to the prior art, in which the high-energy flow from the
drill string is directed directly against the drilling sur-
face and i1n which the pressure may reach values that are con-
siderably higher than those sufficient for breaking open

fractures in the rock.

By said high-energy fluid flow from the drill string being
carried 1in its entirety through the ejector nozzles, the pump
will have high capacity. On the other hand, the drilling flu-
1d drawn by the pump through the bores from the annulus and
through the drill bit will have few restrictions, and thereby
such a high-volume and low-pressure flow that i1s optimal for

hole cleaning i1s achieved.

Therefore, by the described operation, the invention will
both limit the pressure on the drilling surface and ensure
sufficient hole cleaning. As exemplification 1t may be 1mag-
ined that a space between two cutting elements becomes
clogged by cuttings. In such a situation, the pressure
against the drilling surface would not rise beyond a feed
pressure taken from the annulus while an underpressure 1is
created downstream of the clogging, so that the fluid rate
adjacent to the clogging increases, causing erosion and dis-

solving of the clogging. This manner of operation for clean-
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ing possesses considerable advantages in relation to flushing
and 1s a technique known from vacuum cleaners and mud suction
dredgers among other things. Ejector pumps are also prior art

in connection with the cleaning of o0il and gas wells.

A bore extending between the pipe bore of the drill string
and the ejector nozzle, and also the cut-out of the drill
bit, may be arranged with wvalves allowing alternative flow

directionsg and restrictions.

The pump may be integrated in drilling equipment which, addi-
tionally, has other known functions. Other drilling equip-
ment, too, may be arranged between the pump and the drill

bit.

The ejector nozzles may be placed in cut-outs extending en-

tirely or partially inside a main unit.

Accordingly, in both application and embodiment, the inven-
tion has advantages and characteristics that make it substan-

tially different from the prior art.

In the following, an example of a preferred embodiment 1i1is de-

scribed, which 1s visualized i1in the accompanying drawings, in

which:

Figure 1 shows a pump 1n accordance with the invention

placed between a drill bit and a drill string;

Figure 2 shows a longitudinal section with i1nternal cut-outs

and indications of flow directions; and

Figure 3 shows a cross section of the pump with cut-outs

placed along the circumference of the pump.

In the drawings the reference numeral 1 indicates a main ele-

ment 1 1n the form of an elongated cylindrical part arranged
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between a drill bit 5 and a drill string 6. The main element
1 is provided with external cut-outs 2 in the circumference
of the element 1 oriented in the longitudinal direction of
the element. Nozzles 4 are placed centrally in the cut-outs 2
so that the cut-outs 2 together with the nozzles 4 work as
ejector or jet pumps having their low-pressure side or suc-
tion side towards the drill bit 5. At the opposite end of the
main element 1, the drill string 6 is connected. The main el-
ement or the pump has internal bores 7 directing the fluid
flow 3 from the drill string 6 to the ejector nozzles 4. Fur-
ther, the main element 1 has additional separate bores 8

leading from the annulus 15 on the pressure or outlet side of

the main element 1 to the connecting point 9 for the drill
bit 5. When fluid jets out of the nozzles 4, a pressure dif-
ference arises across the main element 1, so that fluid will
flow from the annulus 15 on the pressure side and through the
bores 8 to the drill bit 5 and further out through the ordi-
nary nozzles 11 of the drill bit 5 to the low-pressure side
of the main unit 1 for the purpose of keeping the cutting el-

ements 12 of the drill bit 5 and the drilling surface 13

clean.

In figure 1 the main element 1 is shown to be placed between
a drill bit 5 and a drill string 6. Further, the cut-outs 2
in the longitudinal direction externally along the main ele-
ment 1, and the ejector nozzles 4 that are placed in the cut-
outs 2 so that a jet pump effect is achieved are shown. In
this connection, the main element 1 is connected to the drill
bit 5 by threaded connections of such a type that is standard
for drilling equipment, so that between the drill bit 5 and
the main element 1, other necessary drilling equipment, such
as systems for directional control, measuring and stabiliza-

tion, for example, may be arranged whenever required.

RECTIFIED SHEET (RULE 91)
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In figure 2, a longitudinal section of the main element 1
with the bores 7 directing the fluid flow from the drill
string 6 internally to the ejector nozzles 4 1s shown. Fur-
ther, the separate bores 8 extending from the main element 1
externally at the annulus 15 around the drill string 6 and
leading to the drill bit 5 and further out through the noz-
zles 11 are shown. In connection with the bores 7 and 8, it
1s conceilivable to have valves arranged, allowing remote-

controlled opening and closing, so that the pump may be

started and stopped, or adjusted according to conditions and

needs.

In figure 3, a cross section through the main element 1 with
cut-outs 2 and ejector nozzles 4 placed around the circumfer-

ence of the main element corresponding externally to the di-

ameter 14 of the borehole is shown. It 18 also conceivable to

place the ejector nozzles 4 and cut-outs 2 inside, or partly

inside, the main element 1.
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CLAIMS

What 1s claimed is:

1. A pump apparatus comprising a pump positioned at a drill bit
connected to a drill string having a pipe bore for receiving
fluid flow wherelin at least one ejector nozzle has an outlet
directed away from the drill bit in an annulus between the
dri1ll string and a borehole, at least one first bore
separate and spaced from the at least one ejector nozzle and
the pipe bore extends between the annulus at the outlet of
the at least one ejector nozzle and a set of nozzles on the

drill bit, and at least one second bore separate and spaced
from the at least one first bore extends between the pipe
bore and the at least one ejector nozzle, the pump being
configured to define a flow path directing an entire fluid
flow through the pipe bore of the drill string and through
the at least one second bore to the at least one ejector
nozzle i1nto the annulus and then through the at least one

first bore for delivery to the set of nozzles.

2. The apparatus 1n accordance with claim 1, wherein the at
least one second bore and the at least one first bore are
adapted to be arranged with valves allowing alternative flow

directions and restrictions.

3. The apparatus 1n accordance with claim 1, wherein the pump

1S 1ntegrated in drilling equipment.

4. The apparatus 1n accordance with claim 1, wherein there is
other drilling equipment adapted to be formed as systems for
directional control, measuring and stabilization arranged
between the pump and the drill bit.

5. The apparatus in accordance with claim 1, wherein the at

least one ejector nozzle includes ejector nozzles that are
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placed in cut-outs located inside or outside a maln element
arranged between the drill bit and the drill string.

The apparatus in accordance with claim 1, wherein the pump
is configured such that the entire fluid flow through the
drill string jets out of the at least one ejector nozzle
into the annulus creating a pressure difference 1n the pump
so that the fluid flow is drawn into the at least one first
bore and delivered to the set of nozzles.

The apparatus 1n accordance with claim 6, whereilin the pump
1is further configured such that the entire fluid flow
through the drill string and the at least one ejector nozzle
is directed away from the drill bit towards an inlet end of
the at least one first bore to prevent fluid pressure on a

drilling surface at a bottom of the borehole from causing

cracking of the drilling surface, and, at the same time, the
fluid flow delivered to the set of nozzles cleans the
drilling surface and the drill bit.



CA 02805845 2013-01-17
WO 2012/018261 PCT/NO2011/000213

1/3

FIGURE 1

AN

WAL O
“'lz \ 12

11

RECTIFIED SHEET (RULE 91)



- CA 02805845 2016-06-10 ... . ..

PCT/NO2011/000213

WO 2012/018261

2/3

FIGURE 2
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FIGURE 3
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