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Description

[0001] The technology described herein relates to
boreholes In the ground, and to injecting pressurised liq-
uid very rapidly out from the borehole into the surrounding
ground formation.
[0002] In utilising such technologies as are described
in patent publication US-6,241,019, it is apparent that
different types of waves or pulses are sometimes needed
in the ground. For example, surge-pulsing (as described
in that publication) can be very effective in homogenising
the ground around a borehole, and thus maximising the
ground’s conductivity. In surge-pulsing, a large charge-
volume (e.g. several litres) of liquid is injected into the
ground, per stroke, and the liquid surges or sloshes out
and back with respect to the borehole, each pulse. The
liquid/ground homogenising effect can be radiated large
distances (e.g scores of metres) away from the borehole
during a surge-pulsing operation.
[0003] Effective though surge-pulsing is, It has been
recognised that the procedure can be enhanced (i.e. the
liquid/ground homogenising effect can be made to extend
even further, radially, from the borehole) by adding a seis-
mic component to the surges. This can be done conven-
iently at the very start of the pulse, by storing up a large
hydraulic pressure head in the borehole, and then open-
ing a valve to release the charge-volume into the ground
very suddenly and rapidly. The resulting pressure pulse
or seismic wave radiates through the ground carrying the
injected charge-volume, and it may be regarded that the
seismic pulse "prepares the way" for the successive seis-
mic pulses.
[0004] A high-energy seismic-pressure pulse can
cause the porosity of the ground to increase momentarily.
That is to say, at a particular point in the ground formation,
as the seismic waves approach and pass, the sudden
increase in pressure lifts the ground slightly, at that point.
If the ground has a porosity of, say, thirty percent, the
passing wave can increase the porosity of the ground in
the order of as much as a tenth of a percent. The seismic
(pressure) wave can thus also be regarded as a porosity
wave. As pressure increases, so conductivity increases,
with the result that a larger charge-volume of liquid can
be injected greater distances into the ground, per pulse.
The above is not intended as a complete and accurate
account of how/why adding a seismic component can
enhance bulk-volumetric pulses: suffice it to say that in
many instances that is what happens.
[0005] US 5 836 393 relates to oil well production, par-
ticularly to a method and apparatus for downhole stimu-
lation of oil production from a well by generating cyclic
shock waves in and around the wellbore according to
claims 1 and 15.
[0006] It is a design aim to provide an apparatus that
is capable of injecting a charge-volume of pressurised
liquid out through the perforations in the well-casing, and
into the surrounding ground formation, and is capable of
injecting at least a portion of the charge-volume at a flow-

rate that changes quickly enough to induce a significant
seismic (porosity) wave to propagate through the ground
formation around the borehole. Another aim is to provide
an apparatus that can provide such injection of liquid on
a continuous cycling basis. Cycle rates will vary within
the range, typically, from three cycles per second to two
cycles per minute. Typically, the kind of cycling which
benefits from introducing a seismic component to the cy-
cle is continued for a few hours or a few days (and for
much longer in some cases).
[0007] It may be noted that cycling having a seismic
component is usually only carried out when the ground
is already fully saturated with liquid, and indeed over-
saturated, and the in-ground liquid is at a substantial
pressure. Furthermore, the in-ground liquid around the
borehole should have been transformed (e.g by a period
of surge-pulsing) into a coherent body.
[0008] The benefit of introducing the seismic compo-
nent into the surge-pulses, at such time, is that the extent
of the coherent body can be engineered to extend a few
(or several) more metres radius away from the borehole.
Furthermore, it may be expected that as the body be-
comes more coherent, so "fingering" of the injected liquid
tends to be reduced, in that the ground between the fin-
gers gradually, in turn, becomes saturated with liquid.
[0009] Thus, in a typical liquid injection operation, at
first liquid is simply injected into the ground under a static
pressure. Then, once the ground has become saturated,
the technicians commence surge-pulsing, the effect of
which is that, even though the ground is already saturat-
ed, large extra volumes of liquid can be injected into the
ground. Gradually, the coherent body of liquid is created,
around the borehole, which surges out and back, as a
body, every cycle.
[0010] After a period of surge-pulsing, the technicians
determine that the ground has now become saturated
(i.e now over-saturated) once again (that is to say: no
more (or almost no more) liquid can be injected into the
ground per cycle). Now, this is the time when introducing
a seismic component to the surge-pulsing cycle can be
effective to extend the coherent body still further away
horizontally radially (and vertically) from the borehole.
[0011] The seismic surge-pulsing might comprise, say,
100,000 cycles In a typical application. The number of
cycles of course varies a great deal from site to site, but
it will be understood that there is a heavy requirement
for the apparatus to be engineered for a prolonged serv-
ice life.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0012] By way of further explanation exemplary appa-
ratuses will now be described with reference to the ac-
companying drawings, in which:

Fig 1 is a partial cross-section of an injector appara-
tus, shown In an open condition.
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Fig 2 is a section on line 2-2 of Fig 1.
Fig 3 is a section on line 3-3 of Fig 1.
Fig 4 is a view of an injector apparatus installed in a
borehole in the ground.
Fig 5 is a cross-section of a portion of an injector
apparatus, shown in a closed condition.
Fig 6 is a cross-section showing some of the movable
components of the apparatus of Fig 1.
Fig 7 is a graph showing flowrate of liquid through
the apparatus over time.
Fig 8 is the graph of Fig 7, shown over a number of
cycles, over a period of time.
Figs 9-11 show graphs corresponding to Fig 8, but
under different conditions.
Fig 12 is a cross-section of another downhole injector
apparatus.
Fig 13 is a cross-section of a portion of a further
injector apparatus, shown in a closed condition.
Fig 14a is a cross-section of a portion of another
injector apparatus, shown in a closed condition.
Fig 14b is the same section as Fig 14a, but shows
the apparatus in an open condition.
Fig 15 is a cross-section of a double-acting downhole
injector apparatus.
Fig 16a is a diagrammatic cross-section of yet an-
other downhole injector apparatus, shown in a
closed or sealed condition.
Fig 16b is a close up of a portion of the view of Fig
16a, shown in an open condition.
Fig 17 is a diagrammatic cross-section of a further
downhole injector apparatus.

[0013] The apparatuses shown in the accompanying
drawings and described below are examples. It should
be noted that the scope of the patent protection sought
is defined by the accompanying claims, and not neces-
sarily by specific features of exemplary apparatuses.
[0014] In the injector apparatus 20 of Figs 1-3, pres-
surised liquid is fed into the apparatus from above, and
occupies the chamber 23. When the slider 24 is down,
as shown in Fig 1, the liquid passes out from the Interior
chamber 23, through the gap 25.
[0015] The injector apparatus of Figs 1-3 is used in the
manner indicated in Fig 4. Here, a borehole 26 has been
made in the ground, and the borehole is lined with a well-
casing 27. Perforations 28 have been made in the well-
casing 27 at a pre-determined depth. The intent is to inject
water or other liquid into the surrounding ground forma-
tion, at the desired depth, out through the perforations 28.
[0016] Once the injector apparatus 20 is at the correct
depth, an inflatable packer 29 is positioned above the
injector apparatus, which seals off the annular space 30
between the well-casing 27 and the rod 32 upon which
the injector 20 is supported.
[0017] The rod 32 is hollow, and serves to convey liquid
down from a reservoir at the surface to the injector as-
sembly. A pump and other facilities are provided at the
surface.

[0018] The injector apparatus includes the valve mem-
ber or slider 24. When the slider is in the UP position (as
in Fig 4), the (male) conical sealing face 34 of the slider
24 engages the (female) conical seat face 35 of the body
36. When the slider 24 is in the DOWN position (Fig 1),
liquid can flow out through the open gap 25, into the an-
nular space 30, and thence out through the perforations
28 into the ground formation around the borehole.
[0019] When getting ready to operate the injector ap-
paratus, the gap 25 is full-open, i.e the slider 24 is DOWN,
while liquid is pumped from the surface down into the
borehole, and out into the formation. This continues until
the ground around the borehole is saturated. The sole-
noids 37,38 would not normally be operated during this
preliminary phase. The slider 24 adopts the DOWN po-
sition when neither solenoid is energised.
[0020] Once the ground is saturated, now the pulsing
phase commences. Operating the solenoids 37,38 in se-
quence first raises the slider 24, thereby closing off the
gap 25, and then drives the slider forcefully downwards,
thereby opening the gap 25. The solenoids are triggered
from the surface, either by the engineer manually or in
accordance with a cycling program.
[0021] As mentioned, one of the desired effects of
surge-pulsing is to make the ground more saturated. This
may be explained as follows. When the ground is simply
pressurised, a point is reached at which no further liquid
can be forced into the ground at a given applied pressure
(more liquid can be forced into the ground if the steady
pressure is increased, of course). After surge-pulsing has
been carried out, now more (often, a lot more) liquid can
be forced into the ground at the applied pressure. Surge-
pulsing effectively increases the sizes of the pore spaces.
The saturation that arises from a steady applied pressure
may be termed staticsaturation, and the greater satura-
tion that arises from pulsed applied pressure may be
termed dynamic-saturation.
[0022] If neither solenoid is energised, the biassing
springs 39 urge the slider 24 to the full-open or DOWN
position. Prior to pulsing, when the slider is DOWN, the
(upper) closing-solenoid 37 has to exert enough force to
overcome the springs 39, and to overcome seal-friction
in the dynamic balance-seal 40. As there is no pressure
differential across the balance-seal 40 when the gap 25
is open, seal-friction at this time is minimal.
[0023] After the valve has closed, and the pressure
inside the chamber 23 has been charged up to e.g 5 MPa,
now there is a pressure differential across the balance-
seal 40, and it can be expected that the seal-friction,
which now opposes the downwards (opening) motion of
the slider 24, at this time will be high. The (lower) opening-
solenoid 38, assisted by the springs 39, must overcome
this friction, and must do so with an over-excess of force,
such that the slider is driven downwards forcefully and
very rapidly. Preferably, the slider should move from
closed to full-open in a time period, typically, of less than
fifty milliseconds, and preferably about fifteen millisec-
onds, and the (lower) opening-solenoid 38 should be de-
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signed to supply enough force to accomplish this.
[0024] The operating diameter of the balance-seal 40
preferably should be made slightly less than the operat-
ing diameter at which the seal-face 34 engages with the
seat-face 35. If the two operating diameters were equal,
any hydraulic pressure differential across the seal would
exert no net biassing force on the slider. When the bal-
ance-seal 40 diameter is made a little smaller than the
seat 35 diameter, a hydraulic pressure differential now
exerts a net force tending to urge the slider towards the
open condition, and that is preferred. (That is to say, the
pressure differential assists the springs 39 in biassing
the slider towards the open condition.) On the other hand,
the difference between the seal diameters should not be
large, in that the force resulting therefrom has to be re-
sisted by the closing-solenoid 37. A difference In diam-
eter of about half a millimetre Is typical, in a case where
the overall diameter of the injector apparatus 20 is thir-
teen centimetres, and the hydraulic pressure differentials
are 5 MPa or more.
[0025] Liquid from the surface enters the chamber 23
via the port 47. The housing component 48 is open-
spoked (see Fig 2), whereby the space 49 is included in
chamber 23. The slider 24 is also open-spoked (see Fig
3), whereby the space 50 is also included (hydraulically)
in the chamber 23. The coil housing 46 has slots 54 to
accommodate the spokes of the slider 24.
[0026] An electric cable 42 leads down from the sur-
face. Leads (not shown) convey power to the opening-
solenoid 38 and the closing-solenoid 37. Other items
electrically connected to the surface include Instruments
(not shown), such as pressure transducer, etc.
[0027] When the upper closing-solenoid 37 is ener-
gised, the core 43 is urged upwards. The slider 24 is
operationally unitary with the core 43 to form a core/slider
45 (Fig 6). Most of the components of the apparatus are
of stainless steel; however, the core 43 itself Is of a mag-
netic material. The core Is free-sliding inside the coil
housing 46. Solenoids work by creating a force urging
the core to move, axially, to a position where the magnetic
material is evenly disposed between the two ends of the
solenoid; thus, the core -- that is to say, the magnetisable
portion of the core -- should be disposed well off to one
side, axially, of the coil. This is simple to provide, in re-
spect of both solenoid coils, when the coils are disposed
end to end, as seen in Fig 1. That is to say, a core passing
through both solenoids is well off-centre with respect to
either coil individually.
[0028] In operation, the solenoids 37,38 are so oper-
ated as to reciprocate the core/slider unit 45. A typical
reciprocating cycle is in the region of one to three Hertz.
For the apparatuses as depicted herein, cycling at
speeds faster than about 0.5 Hz would not be advisable.
The slowest rate, beyond which the apparatuses as de-
picted herein would hardly offer any advantage, would
be, say, once every thirty seconds. Reciprocation con-
tinues for periods that are measured in hours or days.
[0029] As mentioned, in order for the reciprocations to

produce seismic pulses, in addition to the out-and-back
bulk-volumetric surge-pulses, the gap 25 should move
from closed to full-open violently, i.e in the shortest pos-
sible time. It is recognised that this time can be as small
as the desired fifteen milliseconds, in an injector that func-
tions reliably over a long service life, if the apparatus is
designed as described herein.
[0030] To this end, the gap 25 preferably is structured
as axially-short / diametrally-large. The alternative, i.e
axially-long/diametrally-small, is much less preferred,
from the standpoint of rapidly creating a very large open-
ing. One reason for preferring a gap that is axially-short/
diametrally-large, Is that only a small magnitude of move-
ment of an axially-moving component Is needed to rap-
idly create a very large opening. Maximising the diameter
of the gap 25 minimises the axial movement of the slider
24 that is needed in order to achieve the desired flowrate.
Another reason is that solenoids are more efficient when
exerting their forces over a small working travel. The
valve should be designed such that the gap 25 is of the
maximum diameter that can reasonably be accommo-
dated within the casing of the wellbore,
[0031] In the illustrated apparatus, the outside diame-
ter of the slider 24 is slightly less than the outside diameter
of the outer body 36, in order that the (movable) slider
24 may be protected from being banged against the cas-
ing 27 walls as it goes down the borehole. But apart from
that, the slider 24 and the gap 25 are as diametrally close
to the overall diameter as possible.
[0032] The slider 24 is driven downwards quite force-
fully when the valve is opened, and the core/slider 45
thus strikes hard against a stop plate 53. Hydraulic or
mechanical cushions (not shown) can be arranged to sof-
ten that impact, if that is a problem.
[0033] It is intended that a plurality of injector appara-
tuses may be mounted one above the other in the well-
bore 26. The several injectors are positioned at appro-
priate depths relative to respective perforated zones of
the casing 27. The Injectors are fed with pressurised liq-
uid, all from the same source at the surface, the liquid
being transferred through the respective hollow cham-
bers 23 from injector to injector. To prevent the pressure
surges in one injector from interfering with another injec-
tor, a choke in the form of a small orifice 56 is provided.
Liquid can pass through the choke, and slow changes in
pressure can therefore gradually equalise, but rapid
changes in pressure cannot pass through the choke. A
check valve 57 enables liquid under pressure to be fed
down to the injectors below, but prevents pressure surg-
es from travelling upwards.
[0034] As mentioned, a major reason for desiring a rap-
id opening of the gap 25 is to create a seismic pulse,
having enough energy to propagate a pulse of increased
porosity a significant distance out Into the surrounding
formation. It is the rate of increase of flowrate over a
(short) period of time that dictates the energy of that seis-
mic or porosity wave. Given that the flowrate is (more or
less) directly proportional to the width of the gap (for a
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constant pressure differential), therefore, the designer’s
aim should be to move the slider from closed to full-open
in as short a time as possible.
[0035] Fig 7 is a graph showing the flowrate through
the gap 25 over a period of time. At first, the gap is held
closed, and the flowrate is zero. The gap starts to open,
and the rate at which the gap opens, i.e the speed of the
slider in millimetres per second, accelerates from zero.
At time 60, the slider has reached its top speed, and now
the slider moves at constant (high) speed for the rest of
its travel. At time 62, the slider starts to decelerate, as
the gap becomes full-open, and then the slider remains
stationary in the full-open condition.
[0036] The gap 25 Is increasing during the period be-
tween 60 and 62, and the flowrate is correspondingly
increasing. When the gap is full-open, the flowrate re-
mains constant, as at 63. Most of the bulk of the charge-
volume is injected or discharged out into the formation
after the gap has reached this full-open stage, whereas
the seismic wave, i.e the dynamic flow component of the
whole wave, is created at the start of the period of open-
ing, between 60 and 62, while the slider is moving. The
more rapidly the gap opens, the greater the rate at which
the charge-volume is injected into the formation. In other
words, the faster the flowrate increases, i.e the steeper
the slope of the ramp portion 64 of the graph, the greater
the energy of the ensuing porosity wave.
[0037] Thus the designer’s aim is to create a valve in
which the valve goes from full-closed to full-open in the
shortest possible time.
[0038] The graph embodies the assumption that the
flowrate (in litres per second) is a constant multiple of the
gap (in millimetres). The linearity is idealised, but it is
suggested that the actual graph will be close enough to
the true linear for the idealisation not to matter. In a real
case, the slider will not accelerate smoothly, as shown,
and then maintain a constant speed of opening -- but it
can be expected to do so approximately. The engineer
could take account of the non-linearities, Inertia effects,
and other departures from the assumed ideal, but it Is
considered unlikely that doing so would lead to signifi-
cantly better results than taking the simple ideallsed
case, as shown. Thus, the graph of changing flowrate vs
time (in litres per second per second), as shown in Fig
7, can equally be regarded as a graph of changing gap
size vs time (in millimetres per second). (Of course, the
flowrate vs gap relationship only remains linear so long
as the pressure differential across the gap remains con-
stant, as discussed below.)
[0039] For present purposes, the slope of the ramp por-
tion is defined as follows. The full-open gap, termed G-
100%, is first ascertained. (In the illustrated apparatus,
it was 7.62 mm). The full-closed gap is zero. Now, two
more dimensions of the gap are ascertained. The first 65
of these is the one-fifth gap, G-20%, which in the illus-
trated apparatus would be 1.52 mm. The second 67 is
the four-fifths gap, G-80%, which in the illustrated appa-
ratus would be 6.10 mm. Thus, the dimension 68, meas-

ured as a change in the gap dimension, is the difference
in mm between G-80% and G-20%. The dimension 68
also corresponds to a change in the flowrates; that is to
say, the dimension 68 also is the difference between the
flowrate (in litres/sec) when the gap was G-80% and the
flowrate when the gap was G-20%.
[0040] The ramp slope that is of interest in determining
the energy of the seismic or porosity wave Is defined as
the difference 68 between the G-80% flowrate (in litres
per second) and the G-20% flowrate, divided by the time
69 taken for the slider to move from the G-20% gap to
the G-80% gap. As mentioned, the ramp slope that is
actually measured is the difference between the G-80%
gap (in millimetres) and the G-20% gap, divided by the
time 69.
[0041] The steeper the ramp portion 64 of the graph,
the more energy is contained in the seismic wave. The
portion of the graph between G-20% and G-80% has
been selected because it is between those values that
the slope of the ramp is at its steepest. If the slope were
measured over the whole range, from G-0% to G-100%.
the figure for the slope would then be misleadingly small-
er. From the standpoint of creating an energetic seismic
wave, it is the maximum slope, not the overall slope, that
counts, assuming the maximum Is sustained over a sub-
stantial period of time -- such as the period between G-
20% and G-80%, for example. In a particular case, if it
were known that the maximum slope was already present
at a gap of G-10%, for example, that could be used in-
stead, in determining the slope of the ramp.
[0042] It is recognised, as a preferred practical feature,
that the time 69, being the time period between G-20%
and G-80%, should be no more than about fifty millisec-
onds (and preferably no more than about fifteen millisec-
onds). It is recognised that if the period 69 is longer than
that, the pressure pulse might not have enough energy
to create a useful porosity wave in the surrounding for-
mation. There is no preferred lower limit to the period,
expect that of the mechanical engineering demands a
shorter period would impose on the apparatus.
[0043] As shown in Fig 7, beyond the time 70 the gap
remains full-open, and liquid pours through the gap, and
out of the borehole, at a constant rate until the gap is
once more closed. The intent is that the apparatus be
used for injecting the liquid in pulses, over a prolonged
period of time. Fig 8 is a graph of flowrate vs time, and
shows a typical pulsing configuration, over several puls-
ing cycles. In this case, it will be noted that the slider
closes (almost) as quickly as it opened. The sudden re-
duction in flowrate, if rapid enough, can also cause a
seismic wave to propagate out into the formation.
[0044] As shown in Figs 7,8 the flowrate remains at a
maximum so long as the gap remains full-open. Of
course, flowrate is proportional, not just to the size of the
gap, but also to the pressure differential across the gap.
In many cases, this pressure differential would not be
maintained constant throughout the cycle, but would start
to decrease as liquid is injected, leading to a correspond-
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ing reduction in flow rate. This condition is shown in Fig
9. (Note that in Fig 9, the pressure differential not being
constant, the graph of flowrate vs time now no longer
corresponds to a graph of gap-size vs time.)
[0045] Depending upon how the pressure is generat-
ed, It might be the case that the pressure differential, and
hence the flowrate, drops off rapidly as liquid is injected.
It might even be the case that the flowrate drops to zero,
i.e no more liquid is Injected, per cycle -- for the reason
that no more pressurised liquid is available rather than
because the slider has been closed. Fig 10 shows the
approach of this condition. Once the slider has been
closed, and the gap is once more zero, now the pressure
in the liquid upstream of the (now closed) gap can once
more be pressurised. It might take some time to re-pres-
surise the upstream liquid to the magnitude required for
an energetic seismic wave. Thus, the closed portion, be-
tween cycles, might not be very small, as in Figs 8,9, but
might need to be a longer proportion of the whole cycle,
as in Fig 10.
[0046] It is important to have enough pressurised liquid
stored upstream of the closed gap. The reservoir in which
the pressurised liquid is stored should be, not only of high
volume, but also should be connected to the gap by a
conduit of large cross-sectional area -- there would be
no point in providing a large gap if the conduit leading to
the gap were restricted. The conduit in this case includes
the annular passageway 72 leading from the reservoir.
In the apparatus as illustrated in Fig 1, the gap 25 is forty
cm in circumference, and the gap, when fully open, is
7.62 mm axially. Thus, when the gap is full-open, the
area available for conveying flow is around thirty sq.cm.
The conduits leading to the gap should have a greater
flow-conveying area than that, preferably by a large mar-
gin.
[0047] In Fig 11, now the pulses are carried out at a
greater frequency, such that the gap starts to close even
before it has fully opened. Still, the slope of the ramp
portion determines the seismic component. The higher
cycling frequency usually is done when the ground is
reaching its limits of saturation, i.e when not much more
volume of liquid can be forced into the formation, per
cycle - which is likely to be when the high-energy seismic
component can be most advantageous, i.e when the en-
suing porosity wave suffers the least attenuation, and
hence propagates a further distance.
[0048] It will be noted that, in all the Figs 7-11, the slope
of the ramp 64 is the same. In all the illustrated variations,
it is the steepness of the slope of the ramp portion 64
that determines the energy of the seismic wave. Thus,
all the variations can be expected to create seismic
waves of about the same energy. The variations may be
regarded as resulting from the situational and mechanical
compromises in an apparatus that has been designed to
maximise the steepness of that slope.
[0049] It is not essential that the flow rate be completely
cut off, down to zero, between cycles. The energy of the
seismic wave depends on the slope of the ramp portion

64, and a small residual leakage would not affect that.
On the other hand, at pressure differentials of 1000 psi,
even a tiny residual gap can let through a sizeable flow-
rate, and the leakage should not be so large as to interfere
with the ability of the apparatus to create and sustain a
high pressure upstream of the slider, just before the slider
Is opened.
[0050] It can be expected that the gap 25 will crack
open, first, at one particular point on the circumference
of the gap, while other points on the circumference of the
gap are still touching. Then, the other points around the
circumference of the gap will open progressively, until
finally no part of the circumference is touching. With rea-
sonably precise manufacturing accuracy, it can be ex-
pected that the progressive or gradual opening is com-
pleted well before the G-20% gap (point 65 in Fig 7) Is
reached.
[0051] As mentioned, the balance-seal 40 diameter
should be equal to, or only slightly larger or smaller than,
the sealed diameter of the gap-seal 73, i.e the diameter
at which the sealing face 34 makes contact with the seat
face 35. When the gap-seal diameter is about twelve cm,
of course the solenoid 38 cannot be expected to supply
enough force to open the gap against the force resulting
from that pressure applied to the whole area of the slider.
The solenoids can be expected to supply no more than
about 1000 N, typically, whereas the force generated by
a pressure differential in the region of 5 MPa, acting over
a twelve-cm-diameter area is several tonnes. That is why
the slider is mounted between diameter-balanced seals.
Thus, the seal 40 is a balance-seal, which balances, or
almost balances, the gap-seal 73. The space 50 is part
of, or communicates with, the chamber 23, whereby the
hydraulic pressure differential is the same across the
gap-seal 73 as across the balance-seal 40.
[0052] If the balance-seal 40 and the gap-seal 73 were
of equal diameter, the hydraulic pressure would exert no
net biassing force on the slider. If the balance-seal 40
diameter is slightly smaller than the gap-seal 73 diame-
ter, the hydraulic pressure exerts a net force tending to
urge the slider towards the open condition; if the balance-
seal 40 diameter is made a little larger than the gap-seal
73 diameter, the hydraulic pressure exerts a net force
tending to urge the slider towards the closed condition.
As mentioned, biassing the slider towards the open con-
dition is preferred.
[0053] Even though the force on the slider 24 is small
when the balance-seal 40 and the gap-seal 73 are (al-
most) balanced, still the balance-seal exerts a large seal-
friction opposing movement of the slider. The magnitude
of the seal friction, at the larger pressure differentials,
can be expected to be of the order of a few kN (the seal-
friction being proportional to the applied pressure).
Therefore, the magnitude of the out-of-balance biassing
force (attributable to the difference in diameter between
the gap-seal 73 and the balance-seal 40) can advanta-
geously be arranged to overcome the seal friction inher-
ent in the balance-seal 40 at high pressure differentials,
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or to contribute substantially to overcoming the seal-fric-
tion, bearing in mind that the springs 39 also contribute
towards overcoming the seal-friction. A key function of
the apparatus as described herein is to provide that the
slider 24 opens very rapidly, and the large friction forces
attributable to the balance-seal 40 count against that
function.
[0054] The designer might prefer to take measures to
reduce seal friction. For example, the balance-seal can
be made of low-friction material, such as PTFE. It can be
difficult to ensure that such materials make an absolutely
tight seal at very low pressure differentials, but that is not
too important in this case, In that the balance-seal, like
the gap-seal, is not required to seal absolutely, when
closed.
[0055] A seal that is forced to move, under pressure,
even through a short distance such as seven or eight
mm, every few seconds, might be expected to have a
reduced service life. The life of the balance-seal 40, ar-
ranged in the manner as shown, however, can be ade-
quate, given that the seal does not heat up, the seal being
flushed with incoming (cold) liquid every stroke.
[0056] Further measures that reduce seal friction may
be considered by the designer. Apart from the use of low
friction materials, another measure is that illustrated in
Fig 12. Here, the balance-seal takes the form of a tight
clearance between a sleeve 74 of the moveable slider
75, and a corresponding diameter 76 of the fixed com-
ponent 78 of the apparatus. The tight clearance extends
over a long axial distance. Such a seal is not, of course,
capable of sealing one hundred percent -- but that is not
required. The requirement is to enable a pressure differ-
ential of e.g 5 MPa to obtain for a period of a second or
two -- and a long, tight clearance can be expected to
accomplish that.
[0057] Another difference between the apparatus
shown in Fig 12 and that shown in e.g Fig 1 is that, in Fig
12, the solenoid coils 79 move with the slider while the
core 80 remains stationary. The portion 82 of the core
between the coils is made of magnetic iron, while the
portions of the core 80 outside the portion 82 are, like
the rest of the metal components of the apparatus, of
(non-magnetic) stainless steel.
[0058] A disadvantage of having the coils move is that
the leads and cables conveying electricity to the sole-
noids have to cope with the movement. However, the
movement is not large. An advantage is that there is no
need for the spoked construction, as in Figs 1,3, wherein
radial spokes are required to form a structural bridge,
through the moving slider, between the stationary central
core 43 and the annular stationary components 48,50.
[0059] In the apparatus shown in Fig 12, the choke and
the check valve as illustrated in Fig 1 are not present.
Thus, the Fig 12 injector would not be not suitable for
use in tandem with other devices in the same borehole,
where liquid to be injected is passed through from injector
to injector.
[0060] In another alternative (not shown), the designer

may prefer to arrange the solenoids inside-cut, i.e with
the coils thereof located inside a tubular magnetic core:
in that case, not only are bridging spokes not needed,
but also the electrical wires do not need to cope with
movement.
[0061] In a further alternative apparatus, It is arranged
that both the seal-face and the seat are on components
that both move axially, relative to the non-moving housing
of the apparatus. Thus, upon the valve being triggered
to open, the seal-face is driven downwards, while the
seat Is driven upwards (or vice versa). It may be arranged
that one component is attached to and moves with the
solenoid core, and the other component Is attached to
and moves with the solenoid coil. Alternatively, and as
shown in the apparatus 100 depicted in Fig 15, four so-
lenoids are used: upper opening solenoid 101, upper
closing solenoid 103, lower opening solenoid 105; and
lower closing solenoid 107. The intent in this case is that
the total movement between closed and full-open is
shared between two moving components, whereby the
overall time needed to go from the closed condition to
the full-open condition might, at least theoretically, be
halved. However, the structure of the apparatus in this
case is somewhat more complex and more vulnerable
to being damaged. It may be noted that, in Fig 15, no
springs are provided, i.e the movements of the valve-
seat 109 and the valve-face 110 are controlled solely by
the solenoids. Both the upper and lower movable com-
ponents 109,110 are furnished with balance-seals
112,114. Electrical leads for the two bottom solenoids
105,107 pass through a central bore 116 (as must other
service connectors, if required). (Fig 15 is not to scale
diametrally.)
[0062] Another measure that is aimed at enabling the
slider to move from closed to open conditions very rapidly
will now be described. This measure involves a lost-mo-
tion connection between the component that responds
directly to the magnetic forces created by the solenoids
and the slider itself. In Fig 13, the moveable core 83 Is
not fixedly attached to the slider 84; rather, a boss 89 of
the slider 84 can move between upper and lower abut-
ment faces 85,86 on the core. Fig 13 shows the position
when the upper closing solenoid is energised and is hold-
ing the slider in the closed condition, the gap-seal 87
being closed.
[0063] Now, when the solenoids are switched over to
DOWN, at first it is only the core 83 that moves down-
wards -- the movement of the core being driven by both
by the open-solenoid, and by the biassing springs. At this
time, the movement of the core 83 is not impeded by
seal-friction on the balance-seal 40, so the core 83 can
accelerate downwards very rapidly. However, at first, the
seal-friction is enough to keep the slider 84 from moving
downwards; the only force driving the slider downwards
at this time is the out-of-balance force attributable to the
difference between the diameter of the balance-seal 40
and the diameter of the gap-seal 87, and the designer
can easily see to it that this force Is smaller than the seal-
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friction.
[0064] Thus, because of the lost-motion connection,
the slider 84 does not start moving downwards until the
abutment face 85 strikes the boss 89 of the slider 84. At
this point, now the core is already up to full speed, and
therefore adds its momentum to the force available from
the lower opening solenoid 88, and from the springs, to
drive the slider. The result is that the slider now acceler-
ates very smartly indeed from the closed to the open
position. One benefit of the Fig 13 arrangement is that
the heavy components have started to move, and are
already travelling very fast, by the time they strike the
slider, and jerk the balance-seal free. That is to say, such
acceleration-inhibiting factors as inductive-hysteresis of
the coils, slack take-up, inertia of heavy parts, low-rate
elasticities, and the like, are all overcome already, before
the seal Itself starts to open.
[0065] As shown in Fig 1, when the slider 24 is moved
upwards to the closed condition, the slider contacts the
gap-seat 35 on a metal-to-metal basis. This contact is
likely to be quite forceful, and, since the hammering con-
tact is repeated, typically, every few seconds (and will
likely include bouncing/rebounding), it might happen that
the contacting faces become worn, over a long period of
service. Figs 14a,b show the use of an elastomeric seal-
block 90. When the slider closes against the seat face
35, much of the hammer impact is absorbed, given the
elastomeric nature of the material.
[0066] It will be noted in Figs 14a,b that, again, there
is a lost motion connection between the solenoid core 92
and the seal-block 90, although now the slider 93 remains
fixed to the core 92 (by means of the roll-pin 94), and
only the seal-block 90 Itself slides relative to the core 92.
Thus, the main mass of the core 92 and slider 93 is al-
ready in motion and up to speed before the slider 93
slams into, and picks up, the seal-block 90. Again, given
that there is a lost-motion connection, in which the seal
itself remains closed for a moment after the core has
started to move, the diameter of the balance-seal 40
should now be slightly larger than the diameter of the
gap-seal, to ensure that the gap-seal remains closed until
the seal-block 90 is picked up and slammed downwards
by the slider 93.
[0067] As mentioned, it is a major function of the ap-
paratuses as disclosed herein to provide a very rapid
increase in flowrate of the injected liquid. The steeper
the slope of the graph of Fig 7, the more energy there is
In the seismic wave that is projected out of the borehole
and into the surrounding formation, and it has been de-
scribed how the various factors can enhance this steep-
ness. In order to make high speed opening, not just pos-
sible, but reliably repeatable every few seconds over a
prolonged cycling period, It Is recognised that the valve
gap preferably should be as large diametrally as possible,
in order to maximise the flow-conveying area for a given
axial travel.
[0068] For this reason, preferably, there should be no
functional components of the injector apparatus that lie

or extend radially outside the diameter of the gap. This
preference may be qualified and explained as follows. In
the illustrated apparatuses, the outside diameter of the
slider 24 is only slightly less than the overall diameter of
the outer body 36 -- being slightly less in order that the
(movable) slider 24 may be protected from striking
against the casing 27 walls as it goes down the borehole.
But apart from that, the slider 24 and the gap 25 are as
diametrally large as possible. Thus, where the injector
apparatus has an overall diameter e.g of thirteen centi-
metres, the gap seal/seat engagement diameter should
preferably be not less than about twelve cm. Of course,
there must be metal diametrally outside the seal diame-
ter, to provide structure for the seal surfaces, but the pref-
erence Is that the designer should see to it that there is
nothing else outside the seals, and in particular that no
relative-moving functions performed by components, or
portions of components, that lie diametrally outside the
seals.
[0069] Thus, the gap 25 preferably should be as large,
diametrally, as possible, given the mechanical con-
straints of the structure. If the designer is aiming to make
the seals as large as possible within the apparatus, and
within the limits imposed by unavoidable structural re-
quirements, it Is simple enough to provide that the seal
diameters would be less than ten millimetres Inside the
overall diameter of the downhole apparatus. (Usually,
the seal diameter can be within five millimetres of the
overall diameter.) Thus, where the overall diameter is
thirteen cm, the seal diameters can be twelve or 12© cm.
At such diameters, an adequate axial opening of the gap
can be achieved if the slider moves axially about seven
or eight millimetres.
[0070] As mentioned, either of the two seal diameters
(i.e the valve-gap-seal and the balance-seal) may be the
larger, depending on whether the designer wishes to bias
the slider open or closed. Preferably, in the structure of
the injector apparatus, there should be nothing outside
the diameter of the larger seal other than the minimum
physical structure needed to support the seal itself. Thus,
where the balance-seal is the larger, and the balance-
seal is such as to require a seal-groove to house the seal
itself, the seal-groove should be cut in the male compo-
nent, not in the female component. If the seal-groove
were cut in the female component, the female compo-
nent, which lies outside the seal diameter, would have
to be radially thicker, which would limit the seal diameter
of the balance-seal.
[0071] As a generality, the difference between the di-
ameter of the valve-gap-seal and the diameter of the bal-
ance-seal will be less than one millimetre. Even that dif-
ference might be too large, in that, at twelve cm diameter,
and over an annular width of one millimetre, a pressure
differential of five MPa represents a force of 1885 N --
which might be greater than the force that can conven-
iently be brought to bear by the opening-solenoid --
whereby, at least at the higher pressure differentials,
preferably, the difference in effective-seal-diameter be-
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tween the gap-seal and the balance-seal should rather
be not more than about ©mm. The designer must, of
course, provide an opening solenoid of enough force ca-
pacity as to open the valve under the conditions likely to
be encountered during use; either that, or the designer
should taylor the conditions of use to the force available
from the solenoid.
[0072] Figs 16a,16b show another variant. In the ap-
paratus depicted in these drawings, the slider 120 is driv-
en to move by the solenoid motor 121. In the closed con-
dition illustrated in Fig 16a, the solenoid 121 holds the
slider 120 in its UP position. Now, the valve-face 123 on
the slider 120 is in sealing engagement with the valve-
seat 125 on the housing 127. An O-ring 129 is provided
to make sure of the efficacy of the whole valve-seal 130.
[0073] The slider 120 also includes a balance-seal 132,
comprising a balance-face 134 on the slider 120 and a
balance-seat 136 on the housing 127. Again, an O-ring
138 is provided to make sure of the efficacy of the bal-
ance-seal 132.
[0074] At the moment the valve-seal 130 opens, the
balance-seal 132 also opens, more or less simultane-
ously. Therefore, the balance O-ring 138 will not be sub-
jected to being dragged over a metal surface. Over a long
service period, this reduces abrasive wear and seal fric-
tion.
[0075] The drawings of Figs 16a,16b are diagrammat-
ic, and do not show details of the actual structures. Ob-
viously, the designer must see to it that the structures
are manufactured in separate components which can be
assembled together. However, it will be understood that
the valve-seat 125 and the balance-seat 136, even if it
were possible to produce these seats in the same single
piece of material as diagrammatically shown (which of
course is not physically possible), are likely to run into
problems of manufacturing tolerances, and into problems
of ensuring the concentricity and squareness of the var-
ious faces and seats. It should be noted that these prob-
lems will or might arise in some of the other design var-
iants, and equivalent measures can then be taken, as
will now be described.
[0076] The valve-face 123 and the valve-seat 125 of
the valve-seal 130 lie nominally In a plane perpendicular
to the axis of the cylindrical housing 127. It is important
that the valve-face 123 and the valve-seat 125 touch
properly together around the whole circumference. If the
face and the seat were to touch at the north side of their
circumference, and yet leave a gap at the south side, due
e.g to a build-up of small misalignments, the function of
the valve-seal 130 will be compromised; perhaps to the
extent of making it impossible to build up enough pres-
sure differential across the valve-seal to ensure a strong
high-energy seismic wave. To obviate this possibility, in
the position shown in Fig 16a, the slider 120 takes its
concentricity from the balance-seal 132; the slider 120
can rock (slightly) angularly within the balance-seal 132,
and thus the slider 120 can come to rest, when urged
upwards into the closed position, with the valve-face 123

perfectly flat-against-flat onto the valve-seat 125. The
slider 120 should be loose enough upon the core 140 of
the housing 127 that it can rock sufficiently to accommo-
date all the mismatches and misalignments likely to be
encountered. Given that the metal faces can be truly flat-
to-flat, the designer might decide to dispense with the O-
ring 129, although it would be prudent to retain it. Equally,
the O-ring 138 in the balance-seal 132 might be dis-
pensed with, but it would be prudent to retain it. For the
reasons as mentioned above, the balance-seal 132
should have the same, or almost the same, seal-diameter
as the valve-seal 130.
[0077] A shock-absorber in the form of O-ring 141 is
provided, to absorb some of the impact of the slider 120
being hurled against the housing 127. Alternatively, an
hydraulic cushion may be provided, e.g of the traditional
kind as used in conventional hydraulic or pneumatic rams
to absorb the shock of the piston slamming solidly against
the end of the cylinder.
[0078] In the downhole environment, diametral space
is at a premium, but usually the designer is free to take
whatever axial space is desired. Thus, if the designer
wished to increase the forcefulness of the solenoid, for
example, there is a very strict diametral limitation beyond
which the solenoid cannot be increased in diameter, but
the solenoid can be increased in axial length (or further
solenoids can be added, lengthwise) almost at will.
[0079] The manner in which the designer can make
the best use of the shape of the available space will now
be described with reference to Fig 17. Again, this drawing
is a diagrammatic view of an injector, from which much
of the practical detail has been omitted.
[0080] It is recognised, when seeking to maximise the
magnitude of the energy that can be focussed into the
seismic waves, that the designer should seek to make
the best use of the confines imposed by the geometry of
the downhole shape. Radial or diametral space is at a
strict premium, and has to accommodate everything, in-
cluding mechanical structure, pipes, wires, conduits, and
all. The shape of the borehole, in which the downhole
structure must fit, of course is a long/narrow right-cylin-
der, perhaps with some distortions.
[0081] The designer of an apparatus that is to be low-
ered down the borehole will generally see to it that the
apparatus 145 is right-cylindrical, of a smaller overall di-
ameter OD than that of the borehole casing BCD. Within
that confine, the designer will wish to maximise the outer
diameter OD of the apparatus. Often, an apparatus will
not be quite circular, in that it might have protruding
screw-heads or the like. In Fig 17, the overall diameter
OD cm should therefore be regarded as the diameter of
the cylinder that circumscribes the apparatus 145. This
circumscribing circle has a circumference OC cm, and
the area enclosed within the circle has an area of OA
sq.cm.
[0082] Liquid is fed down from a pressure source or
reservoir at the surface (not shown in Fig 17) to a near-
valve reservoir 147. The reservoir is charged with the
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pressure due to a body of compressed nitrogen in an
accumulator 149, which also is supplied and controlled
from the surface. The near-valve reservoir has a (com-
paratively large) cross-sectional area RA sq.cm.
[0083] From the near-valve reservoir 147, liquid travels
via a conduit 150 to the valve-gap 152. Usually, the con-
duit 150 will not be of constant uniform cross-sectional
area, in that the conduit might include the open-spoked
configuration, with windows and passages of various pro-
files and sizes as described in relation to the other design
variants. The conduit cross-sectional area CA sq.cm
should be measured as the minimum through-flow-con-
veying cross-sectional area that Is encountered by the
liquid as it passes along the length CL of the conduit,
between the (larger) reservoir area RA sq.cm and the
valve-gap 152. Preferably, the conduit should be short,
i.e being less than ten times the overall diameter OD of
the downhole-structure.
[0084] At the valve-gap 152, the valve-face 154 on the
slider 156 and the valve-seat 158 on the housing 160 are
complementarily conical. It will be understood that, in the
closed condition, the valve-face 154 and the valve-seat
158 make touching, sealing contact over an annular con-
tact-area. The locus of the mid-points of the annular con-
tact-area, at each radius around the annular contact-ar-
ea, defines a valve-gap-seal-circumference VGSC cm,
having a diameter VGSD cm, and an area VGSA sq.cm.
[0085] No balance-seal is shown in Fig 17, but a bal-
ance-seal will usually need to be provided, as in the other
apparatuses depicted herein. The balance-seal has a
seal-diameter and a seal-area BSA, which is computed
in a similar way.
[0086] In the open condition, as shown In Fig 17, the
slider 156 has moved down an axial valve-gap length of
VGL cm. The resulting full-open gap has a valve-gap-
throat-opening VGTO cm. The throughflow-conveying
area of the valve gap throat VGTA is defined as VGTA
= VGTO x VGSC sq.cm.
[0087] The values of the above parameters, and the
relationships between them, when the apparatus has
been engineered for adding a high-energy seismic com-
ponent to a bulk-volumetric pulse, will now be discussed.
[0088] The relationship between the valve-gap-seal-
circumference VGSC cm and the circumference of the
circumscribing circle OC cm is important. The designer
should aim to make VGSC as large as possible, given
the strictures of the overall cylindrical shape. It is usually
easy enough to design the apparatus such that VGSC is
more than 90% of OC. If VGSC is less than 85% of OC,
that is less preferred. And if the designer has made VGSC
less than about 75% of OC, that is an indication that the
designer is not seeking to make the best and most effi-
cient use of the available geometry to provide an ener-
getic seismic component. To illustrate these percentages
by way of example: in an apparatus having an OD of
127mm (OC=399mm), the valve-gap-seal-diameter
VGSD should be 75% or more, i.e should be 71mm (VG-
SC=223mm) or more. Preferably, VGSD should be 85%

or more of OD, i.e should be 96mm (VGSC=302mm) or
more. In a particular example, the VGSC was 98mm.
[0089] Another relationship of importance is that be-
tween the valve-gap-throat-area VGTA sq.cm and the
conduit area CA sq.cm. Given that the liquid has to pass
along the conduit 150 on its way to the valve-gap 152,
there is no point in designing the valve-gap to have a
throat area larger than CA sq.cm. Indeed, if the actual
physical valve-gap-throat-area is larger than CA, for the
purposes of these relationships the VGTA is deemed to
be equal to CA -- that is to say, if VGTA exceeds CA, the
excess is ignored. (It is noted that the discussion, above,
of the G-20% to G-80% time period relates the G-20%
and G-80% figures to a valve-gap-throat-area of G-
100%. In that computation, the valve gap G-100% equals
the actual full-open valve-gap, unless the valve-gap-
throat-area at that full-open condition exceeds the con-
duit-area, in which case the full-open valve-gap G-100%
is deemed to be the gap at which the valve-gap-throat-
area is equal to CA.)
[0090] But rather, given the fact that the conduit length
CL is longer than the length of the valve-throat (and given
that frictional resistance to liquid flow is proportional to
conduit length), the designer preferably should make CA
somewhat larger than VGTA, and it is suggested that the
valve-gap and the conduit area should be engineered,
together, so that CA sq.cm is about 20% larger than VG-
TA sq.cm. Thus, the designer should seek first to max-
imise the conduit area CA sq.cm, and then design VGTA
to suit. If the conduit has to be long and tortuous, then
CA should be closer to 30% larger than VGTA. If the
conduit is short and straight and open (as it is shown
diagrammatically in Fig 17), then the designer preferably
would make CA about 10% larger than VGTA.
[0091] The designer should not make the valve-gap-
throat-area too small, of course, as then full advantage
could not be taken of the hard-won ability of a large con-
duit to convey large flowrates of liquid. Thus, VGTA
should not be less than 40% CA as a lower limit, and
preferably VGTA should not be less than 50% of CA
sq.cm.
[0092] Another relationship of importance is that be-
tween the valve-gap-throat-area VGTA sq.cm and the
overall area OA sq.cm inside the circumscribing circle.
A designer who is seeking to maximise the energy of the
seismic components of the pulse cycles should be able
to make VGTA larger than about 20% of OA. If VGTA is
below that, that is an indication that the apparatus has
not been designed to make the best use of the cylindrical
shape of the downhole environment to produce high-en-
ergy seismic waves.
[0093] It will be understood that, if VGTA is more than
20% of OA, then the conduit should also be designed to
be of a correspondingly high area CA sq.cm -- as men-
tioned, there is no point in VGTA being greater than CA
(and again, for the purpose of calculating the flow-con-
veying cross-sectional area relationships, if the actual
full-open valve-gap is larger than CA, the VGTA in the
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calculation is deemed to be equal to CA sq.cm).
[0094] This leads to consideration of another relation-
ship of importance, namely that between the conduit area
CA sq.cm and the overall area OA sq.cm inside the cir-
cumscribing circle. With all the design constraints as to
what has to be accommodated within the overall area of
the apparatus, it is sometimes not possible for the de-
signer to provide a conduit area CA sq.cm that is more
than about 50% of OA sq.cm. While taking into account
the need to meet all the other mechanical requirements
of the apparatus, however, the designer should aim for
a conduit area CA of more than about 30% of OA sq.cm.
If the designer provides a conduit of area CA less than
about 20% of OA, that would be an indication, again, that
the designer was not seeking to make the best use of
the geometry of the available space envelope for the pur-
pose of maximising the seismic energy.
[0095] To illustrate these percentages by way of ex-
ample: in an apparatus with an OD of 127mm, OA is
127sq.cm. A conduit area CA of 25% of OA is 31.7sq.cm,
and a CA of 35% of OA is 44.3sq.cm. In a 95mm OD
apparatus, OA is 71 sq.cm. A CA that is 25% of OA is
17.7sq.cm, and a CA that is 35% of OA is 24.8 sq.cm.
[0096] Again, the designer should stay within the
above relationships in order to achieve an energetic seis-
mic component. It is of little use to provide a valve that
opens very rapidly if, due to other compromises, that ra-
pidity of opening turns out not to be the critical factor in
determining the flowrate at which the liquid can be inject-
ed out. Thus, the conduit 150 should be engineered to
ensure that the liquid can flow out of the valve-gap 152
at the highest possible speed.
[0097] Also, the near-valve reservoir 147 should be
large enough, and the accumulator 149 should be resil-
ient enough, to maintain adequate pressure differentials
throughout the whole period while liquid is being dis-
charged. In other words, the rapid-opening valve-gap is
not functional in Itself -- it has to be backed up by an
apparatus that has ability to convey large volumes
through the open valve-gap at large flow rates. It is sug-
gested that the near-valve-reservoir should have a ca-
pacity of at least half a litre (for use in boreholes in the
90mm to 130mm diameter range), as will now be dis-
cussed.
[0098] An apparatus that is capable of doing surge-
pulsing will typically be able to inject several litres of liq-
uid, per pulse (i.e per cycle). Typically, that charge-vol-
ume of liquid is fed down from a pressure source or res-
ervoir at the surface (i.e a reservoir other than the near-
valve reservoir 147). But the conduits that lead down from
the surface typically are too narrow and too long to permit
a large enough throughflow velocity to create much of a
seismic pulse - - which is why the near-valve reservoir is
provided. (Of course, if the conduit from the surface res-
ervoir is in fact wide enough, the near-valve reservoir
may be dispensed with.) In most instances, the liquid that
is to be injected very rapidly, for creating the seismic com-
ponent, at the start of the outflow portion of the surge-

pulsing cycle, will need to be stored close to the valve,
and will need to be connected to the valve by a wide
conduit. Thus, in a case where there is a near-valve con-
duit, the computations mentioned above that refer to the
various dimensions of the conduit apply to the short con-
duit that connects the near-valve reservoir to the vaive-
gap.
[0099] As mentioned, the volume of liquid that is to be
stored in the near-valve reservoir need not be the whole
several litres of the whole per-cycle charge-volume. The
volume stored near the valve need only be enough to
power the seismic wave. The rest of the litres required
for the charge-volume can be fed down, relatively slowly,
from the surface, in the usual way. Thus, the near-valve
reservoir preferably should have a capacity of at least
half a litre.
[0100] The purpose of the gas-charged accumulator
149 is to maintain the high pressure of the near-valve
reservoir 147 during the rapid injection. If desired, once
the near-valve reservoir has received a full volume of
liquid, the nitrogen can be given a boost of still-higher
pressure, from the surface, just prior to opening the valve.
Then, after the wave has been created, the nitrogen pres-
sure can be released, e.g during the backflow portion of
the cycle, to allow the near-valve reservoir once more to
be recharged. For a good high-energy seismic wave, the
pressure in the near-valve reservoir should be at least
one (preferably two) MPa above the in-ground pressure.
The reservoir/ accumulator can be charged up during the
backflow portion of cycle, so the stored liquid at high pres-
sure is once more ready to create a new seismic wave
at the commencement of the next outflow portion of the
cycle.
[0101] In the drawings, solenoids are shown as drive-
motors for driving the valve-member or slider, but other
types of forceful drive-motors can be used instead. In
general, also, the featured details of the various designs
illustrated herein may be advantageously interchanged
in the other illustrated designs; that is to say, designers
should regard the different features as being inter-
changeable between the various designs, unless other-
wise indicated.
[0102] The apparatuses as described herein are de-
signed for use (when suitably scaled) in boreholes In the
range in the range 30cm down to 3 cm. The on-site en-
gineers must of course be aware of the depth at which
the borehole perforations are located, and must see to it
that the valve-gap is located very close to that depth when
it opens. If the valve is too far from the perforations, the
seismic waves might be attenuated too much to be useful.
It is important, too, that the volume of water inside the
borehole, but outside the down-hole-structure, be kept
small. If that volume is large, too much of the energy of
the pulse might be dissipated inside the borehole, without
passing through the perforations and out into the forma-
tion around the borehole. Thus, the size of the down-hole
structure should be chosen to almost fill the borehole,
and the packers should be located just above the down-
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hole-structure (and just below the downhole-structure If
that, too, needs to be closed off).
[0103] The expressions seismic waves, and seismic
components of waves and pulses, and similar, have been
used herein. In this specification, it is intended that these
expressions be understood to refer to the type of wave,
or rather to the type of wave profiles, that are induced in
the ground around a borehole when a stored volume of
high pressure liquid is released into the ground very rap-
idly.
[0104] In order for these waves to be effective to im-
prove the conductivity of the ground, and to allow more
liquid to be injected into the ground, it is recognised that
the waves should have a large enough energy content
to be detectable or measurable a distance of at least five
metres radially away from the borehole. It is expected
that the waves will be detectable much further away than
that in many cases: but if the waves cannot be detected
at the stated minimum of five metres, it is considered that
the wave is too weak to provide any worthwhile contri-
bution to improving the conductivity and liquid-injectabil-
ity of the ground. For example, if the ground is not fully
saturated with liquid, or if the liquid is not coherent over
a large volume around the borehole, the induced waves
might not propagate in a worthwhile and effective man-
ner. Similarly, if the speed of opening the valve-gap is
too slow, or the induced pressure differential that is re-
sponsible for forcing liquid out of the borehole is too small,
again the induced seismic wave might not propagate in
a worthwhile and effective manner.

Claims

1. Apparatus for superimposing a seismic wave onto a
flow of liquid being injected into the ground around
a borehole (26), characterised by the following
combination of features:

the apparatus includes a reservoir (23) for stor-
ing, under pressure, the liquid to be injected into
the ground;
the apparatus includes a downhole-structure
(20), which is suitable for lowering down into the
borehole (26);
the downhole-structure (20) has an overall-cir-
cumference, being the circumference that cir-
cumscribes all portions of the down-hole struc-
ture,
the overall-circumference measures OC cm in
length, measured in a plane at right angles to
the axis of the borehole (26);
the downhole-structure (20) includes a valve,
comprising a valve-face (35, 110, 123, 154) on
a valve-member, and a valve-seat (34, 109, 125,
158) which is movable relative to the valve-
member;
the valve is operable between a closed condition

and a full-open condition;
in the full-open condition, the valve-face (35,
110, 123, 154) lies separated from the valve-
seat (34, 109, 125, 158) and lies spaced there-
from by a valve-gap (25);
in the closed condition, the valve-face (35, 110,
123, 154) and the valve-seat (34, 109, 125, 158)
make sealing contact over an annular contact-
area;
a valve-gap-seal-contact-line is defined as the
locus of the mid-point of the said annular con-
tact-area at each radius around the valve-gap-
seal-contact-line;
the valve-gap-seal-contact-line has a valve-
gap-seal-circumference (VGSC) that measures
VGSC cm; and
VGSC (valve-gap-seal-circumference) is larger
than seventy-five percent of OC (overall circum-
ference) and in that the downhole-structure (20)
includes a fixed housing (46, 127, 160), and the
valve-member comprises a slider (24, 75, 84,
93, 120, 156) that can slide axially within the
housing (46, 127, 160), between the open and
closed conditions, and the apparatus includes
an operable valve-activation motor which is ef-
fective, when operated, to so move the slider
(24, 75, 84, 93, 120, 156).

2. The apparatus of claim 1, wherein the VGSC (valve-
gap-seal-circumference) is larger than eighty-five
percent of OC (overall circumference).

3. The apparatus of claim 1 or claim 2, further charac-
terised in that:

the downhole-structure (20) is structurally capa-
ble of being lowered down into a borehole (26)
in that the down-hole structure has a cross-sec-
tional profile, taken at right-angles to the axis of
the borehole (26), that fits within a circumscrib-
ing right-cylinder of smaller diameter than the
borehole (26); and
the overall-circumference OC cm is the circum-
ference of that right-cylinder, which has a diam-
eter that measures OD cm, and an enclosed ar-
ea that measures OA (cm2).

4. The apparatus of claim 3, further characterised in
that:

the apparatus includes a conduit (49) for con-
veying liquid from the reservoir (23) to the valve;
the conduit (49) has a cross-sectional conduit-
area that measures CA (cm2); the conduit-area
CA is defined as the smallest cross-sectional
area available for conveying liquid, as measured
along the whole length of the conduit (49) from
the reservoir (23) to the valve-gap (25); and
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CA (cm2) is larger than twenty-five percent of
OA (cm2); the valve-gap (25) has a valve-gap-
throat-area VGTA (cm2), being the minimum
cross- sectional area of the valve-gap (25)
through which liquid flows when passing from
the conduit (49), from inside the valve-gap (25),
to outside the valve-gap (25); and
the smaller of CA and VGTA is larger than twenty
percent of OA, and preferably is larger than thirty
percent of OA.

5. The apparatus of claim 5, further characterised in
that the conduit area CA is larger than VGTA and
preferably is larger than 110% of VGTA.

6. The apparatus of 1 or claim 2, further characterised
in that:

in the closed condition of the valve, the axial
length VGL (valve-gap-length) of the valve-gap
(25) is zero, or G-0% cm;
G-100% is the smaller of: either (a) the axial
length of the valve-gap (25) when the valve is in
its full-open condition; or (b) the axial length of
the valve-gap (25) in a partially-open condition
at which the valve-gap-throat-area is equal to
the conduit-area CA (cm2); at intermediate
openings of the valve-gap (25), the valve-gap
(25) has an axial length of G-X%, where X is a
percentage of the opening between G-0% and
G-100%;
the valve-activation motor is operable to drive
the slider (24, 75, 84, 93, 120, 156) with such
rapidity that the valve-gap (25) changes from a
G-20% gap to a G-80% gap (67) in a time period
T-20-80 that measures less than fifty millisec-
onds.

7. The apparatus of claim 1 or claim 2, further charac-
terised in that:

the downhole-structure (20) includes a fixed
housing (46, 127, 160);
the valve-gap-seal-circumference VGSC en-
closes an area that measures VA (cm2); the
downhole-structure (20) includes a balance-
seal (132), comprising a balance-face (40) and
a balance-seat (136), one of which is included
in the housing (46, 127, 160), and the other of
which is included in the valve-member;
in the closed condition of the valve, the balance-
face (40) touches the balance-seat (136) over
an annular balance-seal-contact-area;
a balance-seal-contact-line is defined as the lo-
cus of mid-points of the annular balance-con-
tact-area at each radius around the balance-
seal-contact-area;
the balance-seal-contact-line has a circumfer-

ence, and the area enclosed within that circum-
ference and exposed to liquid pressure from the
reservoir (23) measures BA (cm2); the balance-
seal-contact-line is exposed to, and supports,
the same pressure differential as the valve-seal-
contact-line; and
the area BA is within five percent of the area VA;
whereby
the valve-member, in the closed condition of the
valve, is subjected to a net force arising from the
difference in area between BA and VA in the
direction of movement of the valve between the
closed and the full-open conditions, of no more
than five percent of the force of the said pressure
differential acting on the area VA.

8. The apparatus of claim 7, further characterised in
that the apparatus is so structured that, when the
valve condition changes from closed to full-open, the
balance-face (40) remains in contact with the bal-
ance-seat (136).

9. The apparatus of claim 7, further characterised in
that the apparatus is so structured that, when the
valve condition changes from closed to full-open, the
balance-face (40) breaks contact with the balance-
seat (136), substantially simultaneously as the
valve-face (35, 110, 123, 154) breaks contact with
the valve-seat (109, 125, 158).

10. The apparatus of claim 1 or claim 2, further charac-
terised in that:

the valve-activation-motor includes an opener-
solenoid (38, 101, 105), of such structure that,
when energised, the opener-solenoid (38, 101,
105) urges the valve-member from the closed
to the open condition; and
the valve-actuation-motor includes a closer-so-
lenoid (37, 103, 107), of such structure that,
when energised, the closer-solenoid (37, 103,
107) urges the valve-member from the open to
the closed condition.

11. The apparatus of claim 10, further characterised in
that:

the solenoid is fixed inside the fixed housing (46,
127, 160);
the valve-activation-motor includes a core (43,
80), located radially inside the solenoid, and the
core (43, 80) is movable axially relative to the
fixed housing (46, 127, 160).

12. The apparatus of claim 3, further characterised in
that:

the apparatus includes a conduit (49) for con-
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veying liquid from the reservoir (23) to the valve;
the conduit (49) has a conduit-length that meas-
ures CL cm;
CL cm is shorter than ten times OD (outer diam-
eter) cm.

13. The apparatus of claim 11, further characterised in
that;
the conduit (49) is formed inside the fixed housing
(46, 127, 160) of the downhole-structure (20);
the slider (24, 75, 84, 93, 120, 156) includes an outer
portion that lies radially outside the conduit (49) and
an inner portion that lies radially inside the conduit
(49);
the inner and outer portions of the slider (24, 75, 84,
93, 120, 156) are joined by spokes; and
the spokes lie in respective openings in the fixed
housing (46, 127, 160), through which liquid in the
conduit (49) can pass freely between the inner and
outer portions of the slider (24, 75, 84, 93, 120, 156).

14. The apparatus of claim 1 or claim 2, wherein the
annular contact area is a conical annular contact-
area; and
wherein the valve-gap-seal-contact-line is defined
as the locus of the mid-point of the said conical an-
nular contact-area at each radius around the annular
surface area.

15. Procedure for injecting liquid into the ground around
a borehole (26), characterized by:

providing an apparatus as claimed in any of
claims 1 to 14;
carrying out the following cycle at a frequency
between three times per second and twice per
minute :

- in an outflow portion of the cycle, creating
a positive pressure differential in the appa-
ratus, in which the pressure differential acts
in the direction to urge liquid Inside the bore-
hole (26) to pass out of the borehole (26)
and into the ground, and in which the posi-
tive pressure differential is large enough,
and the outflow portion of the cycle lasts
long enough, that a surge-volume of at least
one litre of the liquid passes out of the bore-
hole (26) and into the ground, per cycle;
- in a backflow portion of the cycle, reducing
the pressure in the apparatus enough to cre-
ate a negative pressure differential in the
liquid outside the borehole (26), which acts
in the direction to urge liquid outside the
borehole (26) towards the borehole (26);
- storing liquid upstream of the aperture, un-
der a high pressure, with the aperture
closed, and, at the commencement of the

outflow portion of the cycle, suddenly open-
ing the aperture, thereby releasing the
stored liquid through the aperture and
thence into the ground around the borehole
(26);
- where the magnitude of the high pressure,
and the speed of release of the pressurised
liquid through the aperture, are sufficient to
cause a seismic wave to be propagated into
and through the ground around the bore-
hole (26), being a wave of sufficient energy
that a disturbance attributable to the wave
can be measured a radial distance of at
least five metres out from the borehole (26).

Patentansprüche

1. Vorrichtung zum Aufsetzen einer seismischen Welle
auf einen Flüssigkeitsstrom, der in den Boden um
ein Bohrloch (26) herum eingespritzt wird, gekenn-
zeichnet durch die folgende Kombination an Merk-
malen:

die Vorrichtung beinhaltet einen Behälter (23),
um die in den Boden einzuspritzende Flüssigkeit
unter Druck zu speichern;
die Vorrichtung beinhaltet eine Untertagestruk-
tur (20), die dazu geeignet ist, hinab in das Bohr-
loch (26) gesenkt zu werden;
die Untertagestruktur (20) weist einen Gesamt-
umfang auf, der der Umfang ist, der alle Ab-
schnitte der Untertagestruktur begrenzt,
der Gesamtumfang misst eine Länge von OC
cm, gemessen in einer Ebene in rechten Win-
keln zu der Achse des Bohrlochs (26);
die Untertagestruktur (20) beinhaltet ein Ventil,
umfassend eine Ventilfläche (35, 110, 123, 154)
an einem Ventilelement, und einen Ventilsitz
(34, 109, 125, 158), der relativ zu dem Ventile-
lement bewegbar ist;
das Ventil ist zwischen einem geschlossenen
Zustand und einem vollständig offenen Zustand
betätigbar;
in dem vollständig offenen Zustand liegt die Ven-
tilfläche (35, 110, 123, 154) getrennt von dem
Ventilsitz (34, 109, 125, 158) und liegt davon
durch eine Ventillücke (25) beabstandet;
in dem geschlossenen Zustand kontaktieren
sich die Ventilfläche (35, 110, 123, 154) und der
Ventilsitz (34, 109, 125, 158) dichtend über ei-
nen ringförmigen Kontaktbereich;
eine Ventillückendichtungskontaktlinie ist als
der Ort des Mittelpunkts des ringförmigen Kon-
taktbereichs an jedem Radius um die Ventillü-
ckendichtungskontaktlinie herum definiert;
die Ventillückendichtungskontaktlinie weist ei-
nen Ventillückendichtungsumfang (VGSC) auf,
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der VGSC cm misst; und
der VGSC (Ventillückendichtungsumfang) ist
größer als fünfundsiebzig Prozent des OC (Ge-
samtumfangs) und
dass die Untertagestruktur (20) ein befestigtes
Gehäuse (46, 127, 160) beinhaltet und das Ven-
tilelement einen Schieber (24, 75, 84, 93, 120,
156) umfasst, der axial innerhalb des Gehäuses
(46, 127, 160) zwischen dem offenen und ge-
schlossenen Zustand verschoben werden kann
und die Vorrichtung einen betätigbaren Ventil-
betätigungsmotor beinhaltet, der, wenn er betä-
tigt wird, wirksam ist, um den Schieber (24, 75,
84, 93, 120, 156) zu bewegen.

2. Vorrichtung nach Anspruch 1, wobei der VGSC
(Ventillückendichtungsumfang) größer als fünfund-
achtzig Prozent des OC (Gesamtumfangs) ist.

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, fer-
ner dadurch gekennzeichnet, dass:

die Untertagestruktur (20) strukturell dazu in der
Lage ist, hinab in ein Bohrloch (26) gesenkt zu
werden, dass die Untertagestruktur ein Quer-
schnittsprofil aufweist, in rechten Winkeln zu der
Achse des Bohrlochs (26) genommen, das in-
nerhalb eines begrenzenden rechten Zylinders
mit kleinerem Durchmesser als das Bohrloch
(26) passt; und
der Gesamtumfang von OC cm der Umfang die-
ses rechten Zylinders ist, der einen Durchmes-
ser aufweist, der OD cm misst, und einen ein-
geschlossenen Bereich, der OA (cm2) misst.

4. Vorrichtung nach Anspruch 3, ferner dadurch ge-
kennzeichnet, dass:

die Vorrichtung eine Leitung (49) beinhaltet, um
Flüssigkeit von dem Behälter (23) zu dem Ventil
zu leiten; die Leitung (49) einen Querschnitts-
leitungsbereich aufweist, der CA (cm2) misst;
der Leitungsbereich CA als der kleinste Quer-
schnittsbereich definiert ist, der zum Leiten von
Flüssigkeit verfügbar ist, wie entlang der gesam-
ten Länge der Leitung (49) von dem Behälter
(23) zu der Ventillücke (25) gemessen; und CA
(cm2) größer als fünfundzwanzig Prozent von
OA (cm2) ist; die Ventillücke (25) einen Ventil-
lückenhalsbereich VGTA (cm2) aufweist, der
der Mindestquerschnittsbereich der Ventillücke
(25) ist, durch den Flüssigkeit strömt, wenn sie
von der Leitung (49) von innerhalb der Ventillü-
cke (25) zu außerhalb der Ventillücke (25) ver-
läuft;
und das kleinere von CA und VGTA größer als
zwanzig Prozent von OA ist, und vorzugsweise
größer als dreißig Prozent von OA ist.

5. Vorrichtung nach Anspruch 5, ferner dadurch ge-
kennzeichnet, dass der Leitungsbereich CA größer
als VGTA ist und vorzugsweise größer als 110 %
von VGTA ist.

6. Vorrichtung nach Anspruch 1 oder Anspruch 2, fer-
ner dadurch gekennzeichnet, dass:

in dem geschlossenen Zustand des Ventils die
axiale Länge VGL (Ventillückenlänge) der Ven-
tillücke (25) Null ist oder G-0 % cm;
G-100 % das kleinere von Folgendem ist: ent-
weder (a) der axialen Länge der Ventillücke (25),
wenn sich das Ventil in seinem vollständig offe-
nen Zustand befindet; oder (b) der axialen Län-
ge der Ventillücke (25) in einem teilweise offe-
nen Zustand, in dem der Ventillückenhalsbe-
reich gleich dem Leitungsbereich CA (cm2) ist;
bei Zwischenöffnungen der Ventillücke (25) die
Ventillücke (25) eine axiale Länge von G-X%
aufweist, wobei X ein Prozentsatz der Öffnung
zwischen G-0 % und G-100 % ist;
der Ventilbetätigungsmotor betreibbar ist, um
den Schieber (24, 75, 84, 93, 120, 156) mit sol-
cher Geschwindigkeit zu treiben, dass sich die
Ventillücke (25) in einem Zeitraum T-20-80, der
weniger als fünfzig Millisekunden misst, von ei-
ner G-20 %-Lücke zu einer G-80 %-Lücke (67)
ändert.

7. Vorrichtung nach Anspruch 1 oder Anspruch 2, fer-
ner dadurch gekennzeichnet, dass:

die Untertagestruktur (20) ein befestigtes Ge-
häuse (46, 127, 160) beinhaltet;
der Ventillückendichtungsumfang VGSC einen
Bereich einschließt, der VA (cm2) misst;
die Untertagestruktur (20) eine Ausgleichsdich-
tung (132) beinhaltet, umfassend eine Aus-
gleichsfläche (40) und einen Ausgleichssitz
(136), wobei eines davon in dem Gehäuse (46,
127, 160) enthalten ist und das andere davon in
dem Ventilelement enthalten ist;
in dem geschlossenen Zustand des Ventils die
Ausgleichsfläche (40) den Ausgleichssitz (136)
über einen ringförmigen Ausgleichsdichtungs-
kontaktbereich berührt;
eine Ausgleichsdichtungskontaktlinie als der
Ort von Mittelpunkten des ringförmigen Aus-
gleichskontaktbereichs an jedem Radius um
den Ausgleichsdichtungskontaktbereich herum
definiert ist;
die Ausgleichsdichtungskontaktlinie einen Um-
fang aufweist und der Bereich, der innerhalb die-
ses Umfangs eingeschlossen und Flüssigdruck
von dem Behälter (23) ausgesetzt ist, BA (cm2)
misst;
die Ausgleichsdichtungskontaktlinie dem glei-
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chen Druckunterschied ausgesetzt ist wie die
Ventildichtungskontaktlinie und diesen unter-
stützt; und
der Bereich BA innerhalb von fünf Prozent des
Bereichs VA ist; wodurch
das Ventilelement in dem geschlossenen Zu-
stand des Ventils einer Nettokraft ausgesetzt ist,
die durch den Bereichsunterschied zwischen
BA und VA in die Bewegungsrichtung des Ven-
tils zwischen dem geschlossenen und dem voll-
ständig offenen Zustand entsteht, von nicht
mehr als fünf Prozent der Kraft des Druckunter-
schieds, der auf den Bereich VA einwirkt.

8. Vorrichtung nach Anspruch 7, ferner dadurch ge-
kennzeichnet, dass die Vorrichtung derart struktu-
riert ist, dass, wenn sich der Ventilzustand von ge-
schlossen zu vollständig offen ändert, die Aus-
gleichsfläche (40) in Kontakt mit dem Ausgleichssitz
(136) bleibt.

9. Vorrichtung nach Anspruch 7, ferner dadurch ge-
kennzeichnet, dass die Vorrichtung derart struktu-
riert ist, dass, wenn sich der Ventilzustand von ge-
schlossen zu vollständig offen ändert, die Aus-
gleichsfläche (40) den Kontakt mit dem Ausgleichs-
sitz (136) unterbricht, im Wesentlichen zu der glei-
chen Zeit, zu der die Ventilfläche (35, 110, 123, 154)
den Kontakt mit dem Ventilsitz (109, 125, 158) un-
terbricht.

10. Vorrichtung nach Anspruch 1 oder Anspruch 2, fer-
ner dadurch gekennzeichnet, dass:

der Ventilbetätigungsmotor ein Öffnersolenoid
(38, 101, 105) von derartiger Struktur beinhaltet,
dass, wenn es erregt wird, das Öffnersolenoid
(38, 101, 105) das Ventilelement von dem ge-
schlossenen in den offenen Zustand treibt; und
der Ventilbetätigungsmotor ein Schließersole-
noid (37, 103, 107) von derartiger Struktur be-
inhaltet, dass, wenn es erregt wird, das Schlie-
ßersolenoid (37, 103, 107) das Ventilelement
von dem offenen in den geschlossenen Zustand
treibt.

11. Vorrichtung nach Anspruch 10, ferner dadurch ge-
kennzeichnet, dass:

das Solenoid innerhalb des befestigten Gehäu-
ses (46, 127, 160) befestigt ist;
der Ventilbetätigungsmotor einen Kern (43, 80)
beinhaltet, der sich radial innerhalb des Soleno-
ids befindet, und der Kern (43, 80) axial relativ
zu dem befestigten Gehäuse (46, 127, 160) be-
wegbar ist.

12. Vorrichtung nach Anspruch 3, ferner dadurch ge-

kennzeichnet, dass:

die Vorrichtung eine Leitung (49) beinhaltet, um
Flüssigkeit von dem Behälter (23) zu dem Ventil
zu leiten;
die Leitung (49) eine Leitungslänge aufweist, die
CL cm misst;
CL cm kürzer als zehn Mal OD (Außendurch-
messer) cm ist.

13. Vorrichtung nach Anspruch 11, ferner dadurch ge-
kennzeichnet, dass:

die Leitung (49) innerhalb des befestigten Ge-
häuses (46, 127, 160) der Untertagestruktur
(20) gebildet ist;
der Schieber (24, 75, 84, 93, 120, 156) einen
Außenabschnitt, der radial außerhalb der Lei-
tung (49) liegt und einen Innenabschnitt, der ra-
dial innerhalb der Leitung (49) liegt, beinhaltet;
der innere und äußere Abschnitt des Schiebers
(24, 75, 84, 93, 120, 156) durch Speichen ver-
bunden sind; und
die Speichen in jeweiligen Öffnungen in dem be-
festigten Gehäuse (46, 127, 160) liegen, durch
die Flüssigkeit in der Leitung (49) frei zwischen
dem inneren und äußeren Abschnitt des Schie-
bers (24, 75, 84, 93, 120, 156) laufen kann.

14. Vorrichtung nach Anspruch 1 oder 2, wobei der ring-
förmige Kontaktbereich ein konischer ringförmiger
Kontaktbereich ist; und
wobei die Ventillückendichtungskontaktlinie als der
Ort des Mittelpunkts des konischen ringförmigen
Kontaktbereichs an jedem Radius um den ringförmi-
gen Kontaktbereich herum definiert ist.

15. Verfahren zum Einspritzen von Flüssigkeit in den Bo-
den um ein Bohrloch (26) herum, gekennzeichnet
durch:

Bereitstellen einer Vorrichtung nach einem der
Ansprüche 1 bis 14;
Durchführen des folgenden Zyklus in einer Fre-
quenz zwischen dreimal pro Sekunde und
zweimal pro Minute:

- in einem Ausflussabschnitt des Zyklus Er-
zeugen eines positiven Druckunterschieds
in der Vorrichtung, wobei der Druckunter-
schied in die Richtung wirkt, um Flüssigkeit
innerhalb des Bohrlochs (26) zu treiben, so-
dass es aus dem Bohrloch (26) und in den
Boden läuft, und wobei der positive Druck-
unterschied groß genug ist und der Aus-
flussabschnitt des Zyklus lange genug dau-
ert, dass pro Zyklus ein Anstiegsvolumen
von mindestens einem Liter der Flüssigkeit
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aus dem Bohrloch (26) und in den Boden
läuft;
- in einem Rückflussabschnitt des Zyklus
Reduzieren des Drucks in der Vorrichtung,
genug, um einen negativen Druckunter-
schied in der Flüssigkeit außerhalb des
Bohrlochs (26) zu erzeugen, der in die Rich-
tung wirkt, um Flüssigkeit außerhalb des
Bohrlochs (26) in Richtung des Bohrlochs
(26) zu treiben;
- Speichern von Flüssigkeit stromaufwärts
der Blende unter einem hohen Druck mit
geschlossener Blende und bei Beginn des
Ausflussabschnitts des Zyklus plötzliches
Öffnen der Blende, wodurch die gespei-
cherte Flüssigkeit durch die Öffnung und
damit in den Boden um das Bohrloch (26)
herum freigesetzt wird;
- wobei die Größe des hohen Drucks und
die Geschwindigkeit der Freisetzung der
unter Druck gesetzten Flüssigkeit durch die
Blende ausreichend sind, um zu bewirken,
dass sich eine seismische Welle in und
durch den Boden um das Bohrloch (26) he-
rum ausbreitet, wobei es sich um eine Welle
von ausreichender Energie handelt, sodass
eine Störung, die der Welle zugeschrieben
werden kann, in einem radialen Abstand
von mindestens fünf Metern außerhalb des
Bohrlochs (26) gemessen werden kann.

Revendications

1. Appareil pour superposer une onde sismique sur un
écoulement de liquide étant injecté dans le sol autour
d’un trou de sonde (26), caractérisé par la combi-
naison suivante de caractéristiques :

l’appareil comporte un réservoir (23) pour stoc-
ker, sous pression, le liquide à injecter dans le
sol ;
l’appareil comporte une structure de fond de trou
(20), qui est appropriée pour descendre dans le
trou de sonde (26) ;
la structure de fond de trou (20) a une circonfé-
rence globale, étant la circonférence qui cir-
conscrit toutes les parties de la structure de fond
de trou,
la circonférence globale mesure l’OC en cm de
longueur, mesurée dans un plan perpendiculai-
re à l’axe du trou de sonde (26) ;
la structure de fond de trou (20) comporte une
vanne, comprenant une face de vanne (35, 110,
123, 154) sur un élément de vanne, et un siège
de vanne (34, 109, 125, 158) mobile par rapport
à l’élément de vanne ;
la vanne est actionnable entre un état fermé et

un état complètement ouvert ;
dans l’état complètement ouvert, la face de van-
ne (35, 110, 123, 154) est séparée du siège de
vanne (34,109, 125, 158) et est espacée de ce-
lui-ci par un interstice de vanne (25) ;
dans l’état fermé, la face de vanne (35, 110, 123,
154) et le siège de vanne (34, 109, 125, 158)
établissent un contact d’étanchéité sur une zone
de contact annulaire ;
une ligne de contact de joint d’interstice de van-
ne est définie comme le lieu du point médian de
ladite zone de contact annulaire au niveau de
chaque rayon autour de la ligne de contact de
joint d’interstice de vanne ;
la ligne de contact de joint d’interstice de vanne
a une circonférence de joint d’interstice de van-
ne (VGSC), qui mesure la VGSC en cm ; et
la VGSC (circonférence de joint d’interstice de
vanne) est supérieure à soixante-quinze pour
cent de l’OC (circonférence globale) et de sorte
que la structure de fond de trou (20) comporte
un boîtier fixe (46, 127, 160), et l’élément de
vanne comprend un coulisseau (24, 75, 84, 93,
120, 156) qui peut coulisser axialement à l’inté-
rieur du boîtier (46, 127, 160), entre les états
ouvert et fermé, et l’appareil comporte un moteur
d’activation de vanne actionnable qui est effica-
ce, lorsqu’il est actionné, pour ainsi déplacer le
coulisseau (24, 75, 84, 93, 120, 156).

2. Appareil selon la revendication 1, dans lequel la
VGSC (circonférence de joint d’interstice de vanne)
est supérieure à quatre-vingt-cinq pour cent de l’OC
(circonférence globale).

3. Appareil selon la revendication 1 ou la revendication
2, caractérisé en outre en ce que :

la structure de fond de trou (20) est structurel-
lement capable d’être abaissée dans un trou de
sonde (26) de sorte que la structure de fond de
trou a un profil transversal, pris perpendiculai-
rement à l’axe du trou de sonde (26), qui s’adap-
te à l’intérieur d’un cylindre droit circonscrit de
diamètre plus petit que le trou de sonde (26) ; et
la circonférence globale OC en cm est la circon-
férence de ce cylindre droit, qui a un diamètre
qui mesure l’OD en cm, et une zone fermée qui
mesure l’OA (cm2).

4. Appareil selon la revendication 3, caractérisé en
outre en ce que :

l’appareil comporte un conduit (49) pour trans-
porter le liquide du réservoir (23) à la vanne ; le
conduit (49) a une zone de conduit transversale
qui mesure la CA (cm2) ; la zone de conduit CA
est définie comme la zone transversale la plus
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petite disponible pour le transport du liquide, me-
surée sur toute la longueur du conduit (49) du
réservoir (23) à l’interstice de vanne (25) ; et
la CA (cm2) est supérieure à vingt-cinq pour cent
de l’OA (cm2) ; l’interstice de vanne (25) a une
zone de gorge d’interstice de vanne VGTA
(cm2), étant la zone transversale minimale de
l’interstice de vanne (25) à travers lequel le li-
quide s’écoule lors du passage à partir du con-
duit (49), depuis l’intérieur de l’interstice de van-
ne (25), vers l’extérieur de l’interstice de vanne
(25) ;
et la plus petite parmi la CA et la VGTA est su-
périeure à vingt pour cent de l’OA, et est de pré-
férence supérieure à trente pour cent de l’OA.

5. Appareil selon la revendication 5, caractérisé en
outre en ce que la zone de conduit CA est supé-
rieure à la VGTA et est de préférence supérieure à
110 % de la VGTA.

6. Appareil selon la revendication 1 ou 2, caractérisé
en outre en ce que :

dans l’état fermé de la vanne, la longueur axiale
VGL (longueur d’interstice de vanne) de l’inters-
tice de vanne (25) est nulle, ou G-0 % en cm ;
G-100 % est la plus petite des valeurs
suivantes : soit (a) la longueur axiale de l’inters-
tice de vanne (25) lorsque la vanne est dans son
état complètement ouvert ; soit (b) la longueur
axiale de l’interstice de vanne (25) dans un état
partiellement ouvert à laquelle la zone de gorge
d’interstice de vanne est égale à la zone de con-
duit CA (cm2) ;
à des ouvertures intermédiaires de l’interstice
de vanne (25), l’interstice de vanne (25) a une
longueur axiale de G-X %, où X est un pourcen-
tage de l’ouverture entre G-0 % et G-100 % ;
le moteur d’activation de vanne est actionnable
pour entraîner le coulisseau (24, 75, 84, 93, 120,
156) avec une telle rapidité que l’interstice de
vanne (25) passe d’un interstice G-20 % à un
interstice G-80 % (67) dans une période de
temps T-20-80 qui mesure moins de cinquante
millisecondes.

7. Appareil selon la revendication 1 ou la revendication
2, caractérisé en outre en ce que :

la structure de fond de trou (20) comporte un
boîtier fixe (46, 127, 160) ;
la circonférence de joint d’interstice de vanne
VGSC enferme une zone qui mesure la VA
(cm2) ;
la structure de fond de trou (20) comporte un
joint d’équilibrage (132), comprenant une face
d’équilibrage (40) et un siège d’équilibrage

(136), dont l’un est inclus dans le boîtier (46,
127, 160) et dont l’autre est inclus dans l’élément
de vanne ;
dans l’état fermé de la vanne, la face d’équili-
brage (40) touche le siège d’équilibrage (136)
au-dessus d’une zone de contact de joint d’équi-
librage annulaire ;
une ligne de contact de joint d’équilibrage est
définie comme le lieu de points médians de la
zone de contact d’équilibrage annulaire au ni-
veau de chaque rayon autour de la zone de con-
tact de joint d’équilibrage ;
la ligne de contact de joint d’équilibrage a une
circonférence, et la zone enfermée à l’intérieur
de cette circonférence et exposée à la pression
du liquide provenant du réservoir (23) mesure
la BA (cm2) ;
la ligne de contact de joint d’équilibrage est ex-
posée à, et supporte le même différentiel de
pression que la ligne de contact de joint de
vanne ; et
la zone BA se situe dans les limites de cinq pour
cent de la zone VA ; grâce à quoi
l’élément de vanne, dans l’état fermé de la van-
ne, est soumis à une force nette résultant de la
différence de zone entre BA et VA dans le sens
de déplacement de la vanne entre les états fer-
mé et complètement ouvert, d’au plus cinq pour
cent de la force dudit différentiel de pression
agissant sur la zone VA.

8. Appareil selon la revendication 7, caractérisé en
outre en ce que l’appareil est ainsi structuré de sorte
que, lorsque l’état de vanne passe de fermé à com-
plètement ouvert, la face d’équilibrage (40) reste en
contact avec le siège d’équilibrage (136).

9. Appareil selon la revendication 7, caractérisé en
outre en ce que l’appareil est ainsi structuré de sorte
que, lorsque l’état de vanne passe de fermé à com-
plètement ouvert, la face d’équilibrage (40) rompt le
contact avec le siège d’équilibrage (136), sensible-
ment simultanément à mesure que la face de vanne
(35, 110, 123, 154) rompt le contact avec le siège
de vanne (109, 125, 158).

10. Appareil selon la revendication 1 ou la revendication
2, caractérisé en outre en ce que :

le moteur d’activation de vanne comporte un so-
lénoïde d’ouverture (38, 101, 105), d’une struc-
ture telle que, lorsqu’il est excité, le solénoïde
d’ouverture (38, 101, 105) pousse l’élément de
vanne de l’état fermé à ouvert ; et
le moteur d’actionnement de vanne comporte
un solénoïde de fermeture (37, 103, 107), d’une
structure telle que, lorsqu’il est excité, le solé-
noïde de fermeture (37, 103, 107) pousse l’élé-
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ment de vanne de l’état ouvert à fermé.

11. Appareil selon la revendication 10, caractérisé en
outre en ce que :

le solénoïde est fixé à l’intérieur du boîtier fixe
(46, 127, 160) ;
le moteur d’activation de vanne comporte un
noyau (43, 80), situé radialement à l’intérieur du
solénoïde, et le noyau (43, 80) est mobile axia-
lement par rapport au boîtier fixe (46, 127, 160).

12. Appareil selon la revendication 3, caractérisé en
outre en ce que :

l’appareil comporte un conduit (49) pour trans-
porter le liquide du réservoir (23) à la vanne ;
le conduit (49) a une longueur de conduit qui
mesure la CL en cm ;
la CL en cm est inférieure à dix fois l’OD (dia-
mètre extérieur) en cm.

13. Appareil selon la revendication 11, caractérisé en
outre en ce que :

le conduit (49) est formé à l’intérieur du boîtier
fixe (46, 127, 160) de la structure de fond de
trou (20) ;
le coulisseau (24, 75, 84, 93, 120, 156) comporte
une partie extérieure qui se situe radialement à
l’extérieur du conduit (49) et une partie intérieure
qui se situe radialement à l’intérieur du conduit
(49) ;
les parties intérieure et extérieure du coulisseau
(24, 75, 84, 93, 120, 156) sont reliées par des
rayons ; et
les rayons se situent dans des ouvertures res-
pectives dans le boîtier fixe (46, 127, 160), à
travers lequel le liquide dans le conduit (49) peut
passer librement entre les parties intérieure et
extérieure du coulisseau (24, 75, 84, 93, 120,
156).

14. Appareil selon la revendication 1 ou la revendication
2, dans lequel la zone de contact annulaire est une
zone de contact annulaire conique ; et
la ligne de contact de joint d’interstice de vanne étant
définie comme le lieu du point médian de ladite zone
de contact annulaire conique au niveau de chaque
rayon autour de la zone de surface annulaire.

15. Procédure d’injection de liquide dans le sol autour
d’un trou de sonde (26), caractérisé par :

la fourniture d’un appareil selon l’une quelcon-
que des revendications 1 à 14 ;
la mise en oeuvre du cycle suivant à une fré-
quence comprise entre trois fois par seconde et

deux fois par minute :

- dans une partie de sortie du cycle, la créa-
tion d’un différentiel de pression positif dans
l’appareil, dans lequel le différentiel de pres-
sion agit dans le sens pour pousser le liqui-
de à l’intérieur du trou de sonde (26) pour
sortir du trou de sonde (26) et pénétrer dans
le sol, et dans lequel le différentiel de pres-
sion positif est suffisamment important, et
la partie de sortie du cycle dure suffisam-
ment longtemps pour qu’un volume de sur-
pression d’au moins un litre de liquide sorte
du trou de sonde (26) et pénètre dans le sol,
par cycle ;
- dans une partie de refoulement du cycle,
la réduction suffisante de la pression dans
l’appareil pour créer un différentiel de pres-
sion négatif dans le liquide à l’extérieur du
trou de sonde (26), qui agit dans le sens
pour pousser le liquide à l’extérieur du trou
de sonde (26) vers le trou de sonde (26) ;
- le stockage du liquide en amont de l’ouver-
ture, sous haute pression, avec l’ouverture
fermée, et, au début de la partie de sortie
du cycle, l’ouverture soudaine de l’ouvertu-
re, libérant ainsi le liquide stocké à travers
l’ouverture puis dans le sol autour du trou
de sonde(26) ;
- où l’amplitude de la haute pression et la
vitesse de libération du liquide sous pres-
sion à travers l’ouverture sont suffisantes
pour provoquer la propagation d’une onde
sismique dans et à travers le sol autour du
trou de sonde (26), l’onde étant une onde
d’énergie suffisante pour qu’une perturba-
tion attribuable à l’onde puisse être mesu-
rée à une distance radiale d’au moins cinq
mètres du trou de sonde (26).
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