
1                  EP 0 541 609 B1                     2 Description
The use of explosive or mechanical underwater acoustical generators has
foundered due to the in- TECHNICAL FIELD
ability of researchers working with these devices to solve one or several
problems involving repeatability, This invention relates to a method and
apparatus   5   controllability, cost, complexity, bulkiness, efficiency
for inhibiting or reducing the build up of Incrustation  and general
effectiveness. For instance, the one-inch of aquatic organisms in an
underwater environment.  airgun which is used to generate acoustical pulses
re- In particular, the invention relates to a method and ap-  quires a
floating platform equivalent to a tug. This paratus for Inhibiting or
reducing undesirable incrus-  makes it vulnerable to the hazards of weather
and the tations of zebra mussels over a defined area by  10  seawhile
limiting how near it can be broughttotheun- means of acoustical pulses
produced by a plasma   derwater target area. The pulses it produces are
also sparking device sometimes also referred to as a   spread over a broad
band of frequencies thereby lim- "sparker", "plasma gun" or "plasma jet".
iting the energy available to those frequencies that may be found to have
the optimum deleterious effect BACKGROUND ART
15  on the target organisms. Electrically operated underwater acoustical
gen- The propensity of certain marine organisms like  erators, however,
have existed for many years. They mollusks to affix themselves to man-made
under-   were developed to provide variable sound sources for water objects
has long been a difficult and expensive  the seismic exploration of bodies
of water and their problem for organizations engaged in marine opera-  20
underlying sediments. One category of these devices tions. The most
well-known aspect of the problem is  involves the creating of an electric
arc between two the fouling of ships' hulls by marine organisms which
electrodes which, in effect, closely resembles a tiny can materially retard
the progress of a vessel through  explosion of TNTwhich breaks down the gas
orwater water. Recently, a more celebrated aspect of the  at the electrodes
(creating a "plasma") and generates problem has occurred with the invasion
of the Great  25  an acoustical pulse. Known as sparkers or plasma Lakes by
a non-indigenous mollusk known as the ze-  guns, early versions of these
devices have required bra mussel.
high voltages when submerged to ionize the water At maturity, the zebra
mussel Is only a few inches  and create the arc, or mechanical techniques
to pro- long but it proliferates at a tremendous rate, forming  vide a
conductive passage between the electrodes. massive colonies on underwater
objects. Of most im-  30  Recent improvements in plasma gun design have
mediate concern has been the way in which these col-  made it a much more
efficient and practical source of onies have collected around water Intake
pipes for hy-  acoustical energy. Canadian Patent 1,268,851 by Re-
dro-electric projects and municipalities, retarding the  ginald Clements et
al involves feeding gas to the cav- flow of water and even threatening to
block it.    ity where the arc is to occur and a means whereby the So far
the only proven method for controlling the   35  cavity can be enlarged or
diminished to control the growth of the mussels at water intakes has been
the  size of the plasma plume created at discharge. This use of chemicals,
particularly chlorination. This, how-  makes it possible to control the
wavelength of the ever, has proved to be clumsy, expensive and of some
acoustic pulse generated by the spark which is also potential hazard to the
underwater environment    controlled by the voltage and current supplied to
the Also, on the Great Lakes there has been growing   40  electrodes.
concern, resulting in the introduction of controls,   A plasma gun can be
likened to an automobile about the use of chemicals in anti-fouling paints
for  spark plug In which the nature of the spark can be the hulls of
vessels. It has been concluded that some  controlled by the separation of
the electrodes and the of the most effective chemicals used in these paints
amount of current and voltage that is supplied to may be having an adverse
effect on the marine envir-  45  them. In an underwater application, water
may be ex- onment and water quality.                         pelled from
around the electrodes and replaced by a Much thought, therefore, has been
given to the  gas before the arc or spark is created. Alternatively,
development of a practical means of generating    sufficiently high voltage
may be applied to the elec- acoustical pulses to kill or control unwanted
aquatic  trodes from a separate trigger circuit to overcome the animals
like zebra mussels in specifiable or highly lo-  50  high breakdown voltage
of fresh orsaltwater. And like calized areas. It is well known that the
acoustical  a spark plug, a plasma gun can be fired repeatedly at shock
wave of an underwater explosion can locally kill  a high rate, e.g. one
pulse per second. or stun aquatic animals. An acoustical pulse, gener-  The
plasma gun is attractive for underwater ated by similar or other mechanical
or electrical  acoustical imaging or seismic exploration because it means,
can have the same local effect.       55  can be operated at will over a
broad range of acoust- Finding a practical and controllable method of  ical
frequencies with pulses on far narrower band generating acoustical energy
that will adversely af-  widths than available from mechanical acoustical
fect unwanted aquatic organisms has been difficult.  generators like air
guns. It can also generate acoust- 2  



3                   EP 0 541 609 B1                 4 ical pulses at high
amplitudes and specific wave-  voltages (0.8 to 5 Kv) and at fairly modest
energy lev- lengths. This has many advantages in terms of      els (up to
1x[err] Joules). Discharge at these voltages acoustical and seismic
imaging.                    is assisted by a trigger spark across the gap
gener- ated by a separate electrical circuit (a "trigger circuit"
DISCLOSURE OF THE INVENTION                   5   rather than the main
storage circuit) of high voltage (10s of Kv) and low energy (<1 Joule).
(See Canadian The plasma sparking device or plasma gun was    Patent No.
1,268,851, patented 90/05/08 by R.M. developed for underwater exploration
but I have dis-  Clements et al.) covered it to be the embodiment of a
novel method for  It should be noted that existing plasma sparking
inhibiting or reducing incrustation of aquatic animals  10  source designs
intended for underwater acoustical like zebra mussels, or other aquatic
organisms, over  applications usually have as one of their objects (ex-
limited and previouslydefined areas without adverse-  pressed or implied)
provision as necessaryforenergy ly affecting the larger underwater
environment orwa-  discharge sources of high voltage (15 to 30 Kv) at low
ter quality. It has advantages over all mechanical de-  currents (100
milliamps) or comparatively lower vol- vices for generating acoustical
energy in that it may  15  tages (upto 5 Kv) at somewhat highercurrents
(1,500 have a high rate of repeatability, efficiency, and op-  amps). Those
designs employing high voltage at low erates over a broad range of
energies. Two or more  currents have done so where it has been seen to be
plasma guns operating in concert can also be made  necessary to overcome
the high breakdown voltage to produce acoustical pulses separated by time
inter-  of seawater. Much thought has been given to ways of vals adjusted
to the physical dimensions of the target  20  introducing more conductive
substances between organisms in order to maximize biological damage. In
the electrodes to permit sparking at lower voltages. other words, permanent
damage can be caused to an     In other words, a design motive of previous
plas- organism If it is struck by another acoustical pulse be-  ma sparking
devices intended for aquatic seismic ap- fore it has had a chance to
recover from the effects  plications has been to try to avoid incorporating
dis- of the preceding one. It may also be compact, light-  25  charge
circuits which specifically or of necessity weight, simple of construction
and of operation, can  combine high voltages and high current values. It be
installed underwater close to the target area, and  would appear, indeed,
that there is a perceived can be operated remotely.
(though undefined) spread of acoustical pulse ener- To achieve the desired
effect of killing or control-  gles that is adequate to meet mostof the
field require- ling aquatic organisms, the mechanical components  30  ments
of underwater acoustical range finders without of a plasma gun consisting
of the electrode or elec-  having to resort to building circuits capable of
the rap- trodes, insulator and outer casing can be installed un-  id
discharge of high energy sources (more than 1,000 derwater next to the
target area. These components  Joules) at moderate to high voltages (2-plus
Kv). will weigh at most only from two to a hundred pounds.  Where a plasma
sparking device is to be used to Gas and electricitycan be supplied tothe
unitremote-  35  generate locally destructive or lethal underwater ly,
either from shore or from a small floating platform  acoustical pulses,
however, the idea is to produce re- moored above. Where necessary due to
the mechan-   peatable acoustical pulses that are as powerful as ical
tunability of the device, achieved by varying the  possible. This is best
achieved if the plasma plume is size of thecavity where the arc occurs,
more than one  created by rapid-discharge energies which combine plasma jet
can be installed In the target area. Other-  40  high voltage and high
current. I have found that this wise, control of the wavelength, frequency
and ener-  requirement is best met by employing high current- gy of the
acoustical pulses from the plasma gun will  /high voltage capacitors in the
storage circuit of a be managed remotely.
plasma sparking device. I have also determined that In underwater
applications, the more successful  cryogenically cooled superconducting
field coils also plasma sparking device designs generally consist of  45
can be used for this purpose, although present de- a casing with a chamber
at one end in which the elec-  signs do not appear to be as practical in
this regard trodes are located. This chamber -- the spark dis-  as the high
voltage/high current capacitors employing charge cavity - has a port which
opens to the medium  liquid dielectric and generally known as "oil-filled".
(water, in this case) to allow egress of the plasma   The "oil" in
oil-filled capacitors may be a liquid di- plume when the device is fired by
activating the main  50  electric (polychloride biphenyl oralkylbenzene,
for in- storage circuit thereby creating the acoustical pulse.  stance)
which enables a capacitor to be constructed Hitherto, relatively low-energy
acoustical pulses  in such a manner for it to have large internal conduo-
have been adequate where plasma sparking devices   tors which optimize
energy storage (200-plus micro- have been intended for underwater
acoustical imag-  farads) and permit rapid discharge. The latter, which ing
or similar seismic applications. These have been  55  also vitally
contributes to the power of the resulting obtained in one of the more
recent designs by using  plasma plume, can be achieved by use of a thick
ni- a suitable number of storage capacitors to accumu-  chrome
(nickel-chromium)wire oflowresistance(pre- late electrical energy and
discharge It at rather low  ferably 0.2 to 0.8 ohms). The resulting
discharges can 



3    5                   EP 0 541 609 B1                    6 then be of
the order of 25,000-plus amps at 5-plus  economical, practical and flexible
means of dealing kilovolts. Currently available capacitors of a con-  with
unwanted aquatic organisms in an underwater struction otherthan oil-filled
are likely to be damaged  environment within a limited and specified area.
or destroyed by this method of discharge at these en- ergies.
5   MODES OF CARRYING OUT THE INVENTION Oil-filled capacitors (and
cryogenically cooled superconducting field coils) do not have many indus-
Embodiments of the invention will now be descri- trial applications as few
electrical or electronic devic-  bed by way of example with reference to
the drawings es require the very large energy pulses that they are  in
which: capable of. They are more likely to be found in the   io  Figure 1
isa block diagram of a submersible plas- electrical systems of nuclear or
high-energy research  ma sparking device which may be used in a proc-
installations. They are not necessary for the success-  ess according to
the present invention; ful operation of a plasma sparking device when used
Figure 2 is a view of one more detailed plasma for underwater acoustical
ranging or imaging. Conse-  sparking device according to the invention;
quently, when plasma sparking devices are intended   15  Figure 3 is a
schematic of the apparatus in use for underwater use, their storage systems
utilize non  in a water tank; oil-filled capacitors which have fairly
modest energy  Figure 4 is a schematic view of feed mechanism storage and
discharge capabilities.                   for replenishing the electrodes;
It has been further found, by experiment with      Figure 5 is
anotherviewfrom the top of the mech- plasma sparking devices, that when the
spark dis-  20  anism for replenishing the electrodes; charge occurs
between aluminum or aluminum alloy      Figure 6 is a view of one type of
high voltage/high electrodes, the power of the resulting plasma plume
current switching apparatus; and is considerably enhanced. It appears that
by vaporiz-  Figure 7 is a view of another form of high voltage- ing, the
aluminum becomes part of the ionized gas of  /high current switching
apparatus. the plume which otherwise would consist mainly of  25  In the
drawings, a plasma sparking device for hydrogen and oxygen. To compensate
for the metal   submerged operation comprises a main storage cir- the
electrodes lose with each discharge, they are  cuit 14 and a triggercircuit
12. When activated, an ini- made as "feeding electrodes" whereby the
aluminum  tial high voltage/low current discharge and then a wire for each
of them can be continuously advanced  high current discharge at a lower
voltage occur at the into the discharge cavity of the device or directly
into  30  electrodes. Both a plasma plume of high temperature the water
medium.                                  ionized gas and an acoustical
pulse result. The plas- When the technological Innovations described    ma
plume produces UV radiation. above are incorporated into a liquid-immersed
plas-   In the drawings, Figure 1 Indicates a simplified ma sparking
device, the very powerful acoustical   system in which a plasma sparking
device comprises pulses so obtained have a variety of novel applica-  35
a power supply 10, a discharge circuit 15 having a tions. These including
killing, damaging or otherwise  main storage circuit 14 and nichrome wire
81, a trig- controlling unwanted marine organisms like zebra   ger circuit
12, and a high voltage/high current switch mussels, sterilizing fluids,
separating liquids and sol-  18. When activated by the switch, the trigger
circuit ids in suspension, and the breaking up of submerged  supplies a
high voltage (but low current) discharge to solids like sewage sludge.
40  the electroces 50 sufficient to cause a breakdown of The fact that a
plasma gun installed underwater  the medium (in this case, water or air)
between them can be controlled from the surface will enable an op-  and an
initial spark occurs. This, in turn, enables the erator to determine by
experimentthe optimum wave-  high voltage/high current discharge from the
main length, amplitude and frequency of acoustical pulse  storage circuit
(also activated by switch 18) to bridge needed to achieve the desired
effect of killing or con-  45  the gap at the electrodes and create a
plasma plume. trolling specific aquatic animals in the target area. It  The
result is a shock wave (acoustic pulse) and the should also be possible to
find an optimum pulse fre-  provision of UV light below water level 22.
quency, wavelength and amplitude at which mechan-     In practice, the
power supply may be connected ical damage is inflicted on the targetanimal
atvarious  to a step up transformer 32 which may include a vol- stages in
its growth (or possibly even aquatic plants  50  tage divider and rectifier
so that appropriate DC pow- and single-cell organisms) within a distance
from the  er may be directed to each of the trigger circuit 12 and
electrodes determined by the amount of energy sup-  the main storage
circuit 14. plied. Also, the operatorwill have the choice of having
Storage circuits in plasma guns intended for op- one or more of the devices
fire at low energy at a high  eration under water usually include a number
of stor- rate of repetition if this is found to be a suitable way  55  age
capacitors to accumulate  electrical energy for in which to deter aquatic
animals from colonizing the  discharge. Such a plasma gun Is described for
use for 



target area.                                       profiling the ocean
floorin an article by Pittetal in Ge- Thus, the plasma sparking device
embodies an   ophysical Prospecting 36, 523-536,1988. 4    7
EP 0 541 609 B1                  8 The process of the present invention is
for a dif-  meter high and from 8 to 16 inches in diameter. Only ferent
purpose to that described by Pitt et al and mod-  one sparker was used but
it is envisaged that several if ications to Pitt's apparatus may be
appropriate. At  sets of electrodes might be provided round the diam- least
in preferred embodiments of greater effectivity,  eterof a tank such as
tank 40 or around the perimeter the apparatus of the Invention should
produce acous-   5   of a water inlet or outlet. For experimental purposes,
tic pulses as powerful as possible. Thus, the plasma  the dwell time of
water in the tank was in the region plume should be created by the use of
high voltage  of one minute. and high current from the main storage circuit
14      Energy from the trigger circuit 12 and main stor- which includes
banked capacitors or other reactants.  age circuit 14 was transmitted to
the electrodes 50 Thus the storage facility of the main storage circuit 14
10  through transmission line 34. The shielding 35 on should be as high as
possible. The storage facility  transmission line 34 may be of any
conventional ma- may be provided by banked capacitors. Such capac-  terial
and may be earthed as shown in Figure 4. itors should have a capacity as
high as possible and   Figures 4 and 5 show one suitable electrode feed
thus, oil filled capacitors having a capacity at least as  mechanism for
the plasma sparking device. The feed high as 200 microfarads may be used.
Alternatively,  15   mechanism may be utilized with any material of elec-
cryogenically cooled superconducting field coils may  trode but it has been
found that aluminum or alumi- be used. Other storage means may be possible.
num alloy electrodes are particularly beneficial. The Whatever the storage
means, a suitable dis-     electrode feed mechanism is wholly set in a
block of charge from the storage means to a high voltage/high  plastics
material to protect it from water. It may be current switch 18 is
controlled by use of a relatively  20  positioned on the outside of tank 40
so that electro- low resistance wire 81 which may, as illustrated in  des
50 project into the tank. Electrodes 50 may be Figure 2 be a nichrome wire
and have a resistance in  formed of aluminum wire drawn from spools 71 by
the region of 0.6ohm. Nichrome may be a preferred  means of a co-operating
drive wheel 63 and idler material due to Its thermal characteristics. A
general  wheel 64. Drive wheel 63 is provided with a rough- range of
suitable resistance may be in the region of  25  ened surface to engage
electrode 50 and idler wheel from 0.2 to 0.8ohm. A high voltage trigger
pulse from  64 is provided with a groove 65 to position electrode trigger
circuit 12 under control of computer 24 is sup-  50. Idler wheel 64 is
mounted on a shaft 73, the pos- piled to switch 18.
ition of which may be adjusted by adjustment screws Afterleaving the HV/HC
switch, currentfromeith-  66 to provide an appropriate amount of friction
on er the trigger circuit or the main storage circuit arrives  30
electrode 50 between wheels 63 and 64. Drive wheel first at the electrode
feed mechanism 20 and then at  63 may be driven through a ratchet assembly
61 by one of the electrodes 50, the other being ground. The  means of a
solenoid 69. Transmission line 34 enters resulting plasma plume may be
optionally enhanced  the plastic block 60 complete with its shielding 35 by
intensifier 30 which can be a non-imaging concen-  forming a water-tight
entry point into block 60. Once trator used as a reflector (see
"Non-imaging Optics"  35  inside the block 60, the shielding 35 ends and
the in Scientific American, March, 1991) or a nozzle   transmission line 34
has a bare wire end engaging a made of heat resistant material and having a
suitable  contact leverfor electrode 50. The contact lever 68 is
geometrical configuration similar to such used on jet  biased into contact
with both the transmission line or rocketengines. The overall device is to
be operated  and the electrode 50 by means of spring 67. The en- from
process control 26 which may be supplied with  40  tire plastic block 60 Is
shielded by metal shield 70 ex- data from sensors 28 located on the
submerged por-  tending there around, although, for simplicity, only a tion
of the device to control the feeding electrodes or  portion of metal shield
70 is shown. some distance therefrom to monitor the acoustic puls-  The
high voltage/high current switch 18 may be es.
a conventional air spark gap as shown in Figure 6. In In practice, the
apparatus may be laid out as   45  this case, the spark gap mechanism of
the switch 18 schematically shown in Figure 3. The power supply  comprises
an incoming high voltage pulse line 82 10, the trigger circuitry 12, the
storage circuit 14, and  from trigger circuit 12 and low resistance wire 81
en- the high voltage/high current switch 18, together with  tering a
sparking cavity 85 via insulation 83. Trans- the transformer 32 and
nichrome wire 81 may be lo-  mission line 34 leaves the sparking gap cavity
shield- cated above the water level and remote from the elec-  50  ed with
co-axial double shielding 35 to provide protec- trodes 50 and the feeding
mechanism 20 therefor.   tion from radiation. The electrodes 50 and feeding
mechanism therefor      An alternative switching mechanism  is also may be
located, when used for zebra mussel control,  shown in Figure 7. This
involves the use of ceramic on a conduit for water where zebra mussels tend
to  blocks 84 in the gap. Blocks 84 are fed down a chan- 



congregate. For experimental purposes, an electrode  55   nel 85 by means
of piston 94 activated by solenoid 96. feed and electrodes were arranged to
operate in awa-  Each ceramic block 84 is utilized fora chosen number ter
tank 40 having a water inlet 42 and a water outlet  of pulses before it is
replaced by another block. Gen- 44. The tank 40 provided a column of water
about 1  erally, each ceramic spark gap 84 may lastforseveral 5    9
EP 0 541609 B1                  10 hundred thousand pulses. The control of
solenoid 96  6. A method as claimed in any one of claims 1 to 4, and piston
94 for the movement of blocks 84 and        in which the aquatic organisms
are plants. channel 85 may be under the control of control panel 26.
7. A method as claimed in any one of claims 1 to 4, Sensors 28 may be
provided to position the elec-   5  in which the aquatic organisms are
single-cell or- trode idler wheel 64. These sensors may be fibre op-
ganisms. tic sensors or any other suitable sensors. Embodiments of the
invention are envisaged of   8. A method as claimed in claim 1 or claim 2,
in being of practical use in the provision of clean, at least  which the
plasma sparking device (16) is used to partially sterilized water by means
of treating water  10  sterilize water or other liquids. with both acoustic
radiation and UV light by means of a plasma sparking device discharging
directly into the  9. A method as claimed in claim 8, in which the plas-
water. Such a process may also be used for treating    ma sparking device
sterilizes a liquid bydischarg- other liquids.
ing said device directly into the liquid and gener- 15      ating an
ionised plasma plume of said liquid with both resultant UV radiation and
acoustic pulses Claims                                                 of a
frequency detrimental to organisms, the presence of which is undesirable in
the liquid. 1. A method of inhibiting or reducing the build up of aquatic
organisms within a submerged locality,  20   10. A method as claimed in any
one of claims 1 to 9, comprising generating submerged acoustical
whereby the spark discharge occurs in a spark pulses within the locality by
repeatedly discharg-  discharge cavity in the device which is vented at ing
a plasma sparking device (16) over a period    one end to allow egress of
the plasma plume. of time in the submerged locality to produce acoustical
pulses such that the combined energy   25  11. A method as claimed in any
one of claims 1 to 10, discharge is in the order of 25,000-plus Amps at
in which a plasma sparking device (16) is operat- 5,000-plus Volts DC.
ed remotely. 2. Amethod as claimed in claim 1, inwhichthe plas-  12.
Amethod as claimed in anyone of claims 2 to 11, ma sparking device (16)
comprises at least one   30  in which the electrodes (50) of the plasma
spark- high voltage/high current capacitor connected in   ing device (16)
are made of aluminum or alloys series or in parallel in a main storage
circuit (14)  thereof. producing the combined energy discharge, and
comprises a discharge wire (81) having a resis-  13. A method as claimed in
any one of claims 2 to 12, tance from 0.2 to 0.8 ohms and leading to paired
35  whereby the discharge wire (81) used is nickel- submersible sparking
electrodes (50) separated      chromium wire. by a sparking gap. 14. A
method as claimed in any one of claims 1 to 13, 3. A method as claimed in
claim 1, in which the plas-  whereby the acoustical pulses so generated are
ma sparking device (16) comprises at least one   40  intended to serve to
sterilize a liquid, separate high voltage/high current cryogenically cooled
solids or liquids in colloidal suspensions or to superconducting field coil
connected in series or   break up solids and liquids immersed In liquids.
in parallel in a main storage circuit (14) producing the combined energy
discharge, and comprises a  15. A method as defined in any one of claims 1
to 14, discharge wire (81) having a resistance from 0.2  45  whereby two or
more plasma sparking devices to 0.8 ohms and leading to paired submersible
are made to produce acoustical pulses such that sparking electrodes (50)
separated by a spark      the time intervals between them are adjusted to
gap.                                               the physical dimensions
of the target organisms In order to maximize biological damage. 4. A method
as claimed in any one of claims 1 to 3,  50 In which the acoustical pulses
are effective to kill  16. A plasma sparking device (16) for generating or
damage the aquatic organisms or otherwise to     acoustical pulses in a
liquid medium character- control them by limiting their ability to grow or
co-  ized by including at least one high voltage/high 



ionize a defined area.                              current capacitor
connected in series or in paral- 55      lel in a main storage circuit (14)
producing a com- 5. A method as claimed in any one of claims 1 to 4,
bined energy discharge in the order of 25,000- in which the aquatic
organisms are zebra mus-      plus Amps at 5,000-plus Volts DC, and
including sels.                                              a discharge
wire (81) having a resistance from 6    9                   EP 0 541 609 B1
10 hundred thousand pulses. The control of solenoid 96  6. A method as
claimed in any one of claims 1 to 4, and piston 94 for the movement of
blocks 84 and       in which the aquatic organisms are plants. channel 85
may be under the control of control panel 26.
7. A method as claimed in any one of claims 1 to 4, Sensors 28 may be
provided to position the elec-   5  in which the aquatic organisms are
single-cell or- trode idler wheel 64. These sensors may be fibre op-
ganisms. tic sensors or any other suitable sensors. Embodiments of the
invention are envisaged of  8. A method as claimed in claim 1 or claim 2,
in being of practical use in the provision of clean, at least  which the
plasma sparking device (16) is used to partially sterilized water by means
of treating water  10  sterilize water or other liquids. with both acoustic
radiation and UV light by means of a plasma sparking device discharging
directly into the  9. A method as claimed In claim 8, In which the plas-
water. Such a process may also be used for treating   ma sparking device
sterilizes a liquid bydischarg- other liquids.
Ing said device directly Into the liquid and gener- 15      ating an
ionised plasma plume of said liquid with both resultant UV radiation and
acoustic pulses Claims                                                of a
frequency detrimental to organisms, the presence of which Is undesirable in
the liquid. 1. A method of inhibiting or reducing the build up of aquatic
organisms within a submerged locality,  20  10. A method as claimed in any
one of claims 1 to 9, comprising generating submerged acoustical
whereby the spark discharge occurs in a spark pulses within the locality by
repeatedly discharg-  discharge cavity in the device which is vented at ing
a plasma sparking device (16) over a period    one end to allow egress of
the plasma plume. of time in the submerged locality to produce acoustical
pulses such thatthe combined energy   25  11. A method as claimed in any
one of claims 1 to 10, discharge is in the order of 25,000-plus Amps at  In
which a plasma sparking device (16) is operat- 5,000-plus Volts DC.
ed remotely. 2. Amethod as claimed in claim 1, in which the plas-  12. A
method as claimed in any one of claims 2 to 11, ma sparking device (16)
comprises at least one   30  In which the electrodes (50) of the plasma
spark- high voltage/high current capacitor connected in  Ing device (16)
are made of aluminum or alloys series or in parallel in a main storage
circuit (14)  thereof. producing the combined energy discharge, and
comprises a discharge wire (81) having a resis-  13. A method as claimed in
any one of claims 2 to 12, tance from 0.2 to 0.8 ohms and leading to paired
35  whereby the discharge wire (81) used is nickel- submersible sparking
electrodes (50) separated     chromium wire. by a sparking gap. 14. A
method as claimed in any one of claims 1 to 13, 3. Amethod as claimed in
claim 1, in which the plas-  whereby the acoustical pulses so generated are
ma sparking device (16) comprises at least one   40  intended to serve to
sterilize a liquid, separate high voltage/high current cryogenically cooled
solids or liquids in colloidal suspensions or to superconducting field coil
connected in series or  break up solids and liquids immersed in liquids. in
parallel in a main storage circuit (14) producing the combined energy
discharge, and comprises a  15. A method as defined in anyone of claims 1
to 14, discharge wire (81) having a resistance from 0.2  45  whereby two or
more plasma sparking devices to 0.8 ohms and leading to paired submersible
are made to produce acoustical pulses such that sparking electrodes (50)
separated by a spark     the time intervals between them are adjusted to
gap.                                              the physical dimensions
of the target organisms In order to maximize biological damage. 4. A method
as claimed in any one of claims 1 to 3,  50 in which the acoustical pulses
are effective to kill  16. A plasma sparking device (16) for generating or
damage the aquatic organisms or otherwise to    acoustical pulses in a
liquid medium character- 



controlthembylimitingtheirabilitytogroworco-      ized by including at
least one high voltage/high ionize a defined area.
current capacitor connected in series or in paral- 55     lel in a main
storage circuit (14) producing a com- 5. A method as claimed in any one of
claims 1 to 4,   bined energy discharge in the order of 25,000- in which
the aquatic organisms are zebra mus-      plus Amps at 5,000-plus Volts DC,
and including sels.                                              a
discharge wire (81) having a resistance from    11                 EP 0541
609 B1                 12 0.2 to 0.8 ohms and leading to paired submersible
ladung im Bereich von 25000 und mehr Ampere sparking electrodes (50)
separated by a spark     bel 5000 und mehr Volt Glichspannung liegt. gap.
2. Verfahren nach Anspruch 1, bel welchem die 17. A plasma sparking device
(16) for generating   5  Plasmafunkenvorrichtung (16) zumindest einen
acoustical pulses in liquid mediums character-
Hochspannungs-lHochstromkondensator  auf- ized by including at least one
high voltage/high  weist, der In Reihe oder parallel in einer Haupt-
current cryogenically cooled superconducting      speicherachaltung (14)
angeschlossen ist, wel- field coil connected in series or in parallel in a
che die gesamte Energie erzeugt, und einen Ent- main storage circuit (14)
producing a combined  io  ladungsdraht (81) mit einem Widerstand von 0,2
energy discharge in the order of 25,000-plus      bis 0,8 Ohm aufweist, der
zu einem Paar Unter- Amps at 5,000-plus Volts DC, and including a dis-
wasser-Z0ndelektroden (50) fuhrt, die durch ei- charge wire (81) having a
resistance from 0.2 to  nen ZfIndspalt getrennt sind. 0.8 ohms and leading
to paired submersible sparking electrodes (50) separated by a spark  15  3.
Verfahren nach Anspruch 1, bei welchem die gap.
Plasmafunkenvorrichtung (16) zumindest eine kyrogekflhite, supraleitende
Hochspannungs- 18. A plasma sparking device as defined in claim 16,
/Hochstromfeldspule aufweist, die in Reihe oder in which the capacitors in
the main storage circuit  parallel In einer Hauptspelcherschaltung (14) an-
(14) are liquid dielectric capacitors.    20      geschlossen ist, welche
die gesamte Energleent- ladung erzeugt, und einen Entladungsdraht (81) 19.
A plasma sparking device as defined in any one    mit einem Widerstand von
0,2 bis 0,8 Ohm auf- of claims 16 to 18, in which the electrodes (50)
weist, derzu einem PasrUnterwasser-Zfindelek- are comprised of aluminum or
aluminum alloy.      troden (50) fuhrt, die durch einen Zundspalt ge- 25
trennt sind. 20. A plasma sparking device as defined in any one of claims
16 to 19, in which the electrodes (50)  4. Verfahren nach elnem
derAnsprflche 1 bis 3, bel are In a discharge cavity vented at one end to
al-  welchem die akustischen Impulse in der Hinsicht low egress of a plasma
plume.                     wirksam sind, daB sie die Wasserorganismen ab-
30     toten oderzerstoren, oderauf andere Weise kon- 21. A plasma sparking
device as defined in any one   trolileren, indem deren Fahigkeit, zu
wachsen of claims 16 to 20, in which the discharge wire   oder einen
bestimmten Bereich zu besiedein, be- (81) is of nickel-chromium alloy.
grenzt wird. 22. A plasma sparking device as claimed in any one   35  5.
Verfahren nach einem derAnspruche I bis 4, bel of claims 16 to 21, in which
means (20) are pro-  welchem die Wasserorganismen Zebramuschein vided to
replenish electrodes (50) as they are    sind. consumed. 6. Verfahren nach
einem derAnsprfuche 1 bis 4, bei 23. A plasma sparking device as claimed in
claim 22,  40  welchem die Wasserorganismen Pflanzen sind. in which the
means (20) to replenish the electro- des (50) comprises a spool (71) of
wound elec-  7. Verfahren nach einem derAnsprflche I bis 4, bei trode wire,
sensors (28), and a control panel     welchem die Wasserorganismen
einzellige Orga- means (26) to feed wire from the spool to replen-  nismen
sind. ish consumed electrodes.                  45 8. Verfahren nach
Anspruch I oder 2, bel welchem die Plasmafunkenvorrichtung (16) zur
Sterilisie- PatentansprOche                                       rung von
Wasser oder anderen Flissigkeiten ver- wendet wird. 1. Verfahren zur
Verhinderung oder Reduzierung   5o der Ansammiung von Wasserorganismen
inner-     9. Verfahren nach Anspruch 8, bei welchem die halb eines
Bereiches unterWasser, mitfolgenden    Plasmafunkenvorrichtung dadurch elne
FlRssig- 



Schritten: Erzeugung von akustischen Impulsen     keit sterilisiert, daB
die Vorrichtung direkt In die unterWasser innerhalb des Bereiches durch
eine    Flflsslgkeit entladen wird und so elne lonisierte wiederholte
Entladung elner Plasmafunkenvor-  ss  Plasmasaule der Flisslgkeit erzeugt
wird, mit richtung (16) uber einen Zeltraum in dem unter    sich daraus
ergebender UV-Strahlung und aku- Wasserliegenden Bereich, um akustische
Impul-     stischen Impulsen einerFrequenz, die fOr die Or- se zu erzeugen,
so daf die gesamte Energieent-    ganismen schadlich ist, deren
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oder parallel In sine Hauptspepcherschaltung (14) geschaltet ist, welche
eine gesamtb Energie- 10. Verfahren nach einom derAnsprflche I bis 9, be!
entladung in der GrBlenordnung von 25000 oder welchem die Funkenentladung
In einem Funken-      mehr Ampere bel 5000 oder mehr Volt Gleich-
entladungshohiraum in der Vorrichtung stattfin-   5  spannung erzeugt, und
sin Entladungsdraht (81) det, der an einem Ends sine Lfftungsbffnung
mit einem Widerstand von 0,2 bis 0,8 Ohm vorge- aufwelat, um den Austritt
der Plasmasaule zu or-  sehen let, der zu einem Paar Unterwasser-ZOnd-
lauben.                                           elektroden (50) ffhrt,
die durch einen Zundspalt getrennt sind. 11. Verfahren nach einem der
Anspr~che 1 bla 10,  10 bei welchem die Plasmafunkenvorrichtung (16)  18.
Plasmafunkenvorrichtung nach Anspruch 16, bei ferngestbuert wird.
welcher die Kondensatoren in der Hauptspei- cherschaltung (14)
Kondensatoren mitflflssigem 12. Verfahren nach sinem derAnsprulche 2 bis
11, bel  Dielektrikum sind. welchem die Elektroden (50) der Plasmafunken-
15 vorrichtung (16) aus Aluminium oder Aluminium-  19.
Plasmafunkenvorrichtung nach einem der An- legierungen hergestellt sind.
spr(Iche 16 bis 18 festgelegt, bei welcher die Elektroden (50) aus
Aluminium oder Aluminium- 13. Verfahren nach einem der Ansprfche 2 bis 12,
leglerungen bestehen. bei welchem der verwendete Entladungsdraht  20 (81)
aus Chromnickeldraht besteht.            20. Plasmafunkenvorrichtung nach
einem der An- sprrlche 16 bis 19, bel welcher die Elektroden 14. Verfahren
nach einem der Ansprilche I bis 13,    (50) in einem Entladungshohiraum
angeordnet bei welchem die auf die genanntb Weise erzeug-    sind, der an
einer Seibt sine Bel~ftungs&fnung ton akustischen Impulse dazu dienen
sollen, sine  25  aufwebst, um den Austritt elner Plasmasaule zu
Flfssigkeit zu sterilisieren, fesbt Tells oder FI0s-  erlauben. sigkeiten
In kolloldalen Suspensionen zu trennen oder feats Toile und Flfssigkoitsn,
die in Fl[ssig-  21. Plasmafunkenvorrichtung nach sinem der An- keiten
immergiert sind, aufzubrechen.            sprilche 16 bis 20, bei welcher
der Entladungs- 30      draht (81) aus Chromnickeldraht besatht. 15.
Verfahren nach einem der Ansprfche 1 bis 14, bel welchem zwei odor mehr
Plasmafunkenvor-   22. Plasmafunkenvorrichtung nach einem der An-
richtungen dazu veranla~t werden, akustische      sprfche 16 bis 21, bei
welcher sine Einrichtung Impulse zu erzeugen, so da% die Zeltintervalle
(20) zum NachfrlllenderElektroden (50)vorgese- zwischen den Impulsen an die
k6rperlichen Ab-  3S  hen ist, wahrend diese verbraucht worden. messungen
der Zielorganismen angepaflt sind, um den grOiltmoglichen biologischen
Schaden   23. Plasmafunkenvorrichtung nach Anspruch 22 zu erzielen.
festgelogt, bei welcher die Einribhtung (20) zum Nachf~llen der Elektroden
(50) sine Spule (71) &y.  16. Plasmafunkenvorrichtung (16) zur Erzeugung
4o  aus gewickeltom Elektrodendraht, Sensoren (28) akustischer Impulse in
sinem flussigen Medium,    und eine Bedienungskonsole (28) aufweist, um
dadurch gekennzelchnet, daB zumindest sin         den Draht von der Spule
zum Nachffllen ver- Hochspannungs-/Hochstromkondensator vorge-
brauchter Elektroden zuzuffhren. sehen ist, der in Reihe oder parallel In
einer Hauptspebcherschaltung (14) geschaltet ist, wel-  45 che sine gesamte
Energieentladung In der Gro-  Rovendlicatlons Senordnung von 25000 odor
mehr Ampere be! 5000 oder mehr Volt Gleichapannung erzeugt,   1. Proc6d6
pour entraver ou r5dulre l'accumulation 



und sin Entladungsdraht (81) mit elnem Wider-     dos organismes
aquatiqussa Al'int6rieur d'une r6- stand von 0,2 bis 0,8 Ohm vorgesshen
ist, der zu  5o  glon submerg6e, selon lequel des impulsions sinem Paar
Untbrwasser-Z~ndelektroden (50)        acoustiques submerghes sont g6n6rees
dans la f~hrt, die durch einen Z~ndspalt getrennt sind.   r6gion par la
d6charge rnpitis d'un dispositif d'allumage au plasma (16) pendant uno
p6riode 17. Plasmafunkenvorrichtung (16) zur Erzeugung       de temps
donn6e pour produire des Impulsions akustischer Impulse In einem flassigen
Medium,  55  acoustiques tellos quo la decharge d'energle dadurch
gekennzeichnet, dat zumindest sine        combinee soit de l'ordre de 25
000 amps a plus kyrogekfhlts, supraleitonde Hochspannungs-        de 5 000
Volts CC. JHochstromfeldspule vorgesehen ist, die in Reihe 8 c
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2. Procede selon la revendication 1, solon loquel Is  10. ProcdA salon lune
quelconque des revendica- dispositif d'allumage au plasma (18) est muni
tions I A 9, dans lequel la decharge de l'etincelle d'au moins un
compensatbur A haute ton-            se prodult dans une cavite de decharge
d'etincol- sion/courant de haute intensite relie on serie ou  le dens le
dispositif dont une extremite sat munle en parallele a un circuit de
stockage principal   5  d'un event pour permettre la sortie do la bouffe
(14), produisant la decharge d'energie combinee    de plasma. et comprend
un fil de decharge (81) ayantune re- sistance comprise entre 0,2 et 0,8
ohms et relie  11. Procede salon lune quelconque des revendica- A une pairs
d'electrodes d'allumage submersi-     tions1 A 10, dans lequel on pout
faire fonctionner bles (50) separes par une cavite d'allumage.  10  le
dispositif d'allumage au plasma (16) A distan- ce. 3. Procede solon la
revendlcation 1, selon loquel le dispositif d'allumage au plasma (16) est
muni   12. Procidi solon 'une quelconque des revendica- d'au moins une
bobine de champ supraconductri-     tions 2 A 11, dens loquel les
electrodes (50) du ce A haute tension/courant de haute Intbnsite re-  16
dispositif d'allumage au plasma (16) sont fabri- froidie A tres bass
temperature roelie en seris    quees en aluminium ou en alliage
d'aluminium. ou en parallele A un circuit de stockage principal (14),
produisantl'energie de decharge combinee,  13. Procedb solon I'une
quelconque des revendica- ot comprend un fil de decharge (81) ayant une re-
tions 2 A 12, dens lequel le fil de decharge (81) sistance comprise entre
0,2 et 0,8 ohms et WMli  20  utilise est un fil de nickel-chrome. A une
pair d'electrodes d'allumage submersi- bIos (50) separes par une cavite
d'allumage.   14. Procede solon l'une quelconque des revendica- tions I A
13, dans lequdl lea impulsions acousti- 4. Procede solon l'une quelconque
des revendica-      ques ainsi genereos ont pour but de steriliser un tion
1 A 3, solon lequel les impulsions acousti-  25  liquids, separer des
solides ou des liquides en ques sont capables de tuerou d'endommagerles
suspensions collodales ou decomposer des Hi- organismes aquatiques ou de
les contrOlerautre-    quides et des solides immerges dans des liqui- ment
en limitant leurcapacite de croltre ou de for-  des. mer une coloree dans
une reglon definle. 30 15. ProcdW solon l'une quelconque des revendica- 5.
Procede selon l'une quelconque des revendica-      tions I A 14, dans
loquel deux ou plus de deux tions I A 4, solon lequel les organismes
aquati-   dispositifs d'allumage au plasma sont utilises ques en jeu sont
des moules zebries.               pour produire des impulsions acoustiques
tales qu l'intervalle de tamps entre elles sont ajustees 6. Procidi solon
l'une quelconque des revendica-  35  aux dimensions physiques des
organismes ci- tions I A 4, solon lequel les organismes aquati-   bios afin
de maximiser les dommages biologi- ques en Jou sont des plantbs.
ques. 7. Procedi solon lune quelconque des revendica-    16. Dispositif
d'allumage au plasma (16) utilisi pour tions I A 4, solon lequel les
organismes aquati-  40  genirer des impulsions acoustiques dens un mi- ques
en jeu sont des organismes composes          lieu liquide caractirisi par
l'inclusion d'au moins d'une soule cellulo.
un compensateur A haute tbnsionlcourant de haute intensite relii en sirie
ou en parallele dans 8. Procide solon lune quelconque des revendica-
un circuit de stockage principal (14) produisant tions 1 ou 2, solon lequel
le dispositifd'allumage   45  une dicharge d'energie combinie de 25 000 au
plasma (16) est utilsi pour steriliser I'eau ou  amps et plus A 5 000 Volts
CC et plus, et incluant 



d'autres liquides.                                 un fil de dicharge (81)
ayant une resistance se chiffrant entre 0,2 et 0,8 ohms et relii A une
pairl 9. Procede solon la revendicatlon 8, dans lequel le   d'electrodes
d'allumage submersibles (50) sipa- dispositif d'allumage au plasma
stirilise un liqui-  5o  reos par un ecartement. do en dichargeant ledit
dispositif directement dans le liquids at en genirant une bouffie de   17.
Dispositif d'allumage au plasma (16) utilsis pour plasma lonisie dudit
liquide avec comme risultat   genirer des impulsions acoustiques dans des
une radiation UV at des impulsions acoustiques     milieux liquides
caractirisi par l'inclusion d'au dont la frequence est nocive pour les
organis-  55  moins une bobine de champ supraconductrice A mes, la presence
desquels eat Indisirable dans     haute tonsionicourant de haute intensiti
refroidie le liquids.                                        A de tres
basses tbmperatures, reliee en serle ou en parallele dans un circuit de
stockage principal I 1!11111 111111 HE1 111i 11 111    17
EP 0-541 609 B1                18 (14) produisant une d6charge d'enargie
combi- nee de 25 000 amperes et plus et a 5 000 Volts CC et plus, Incluant
un fil de decharge (81) ayant une r6sistance comprise entre 0,2 at 0,8 ohms
et relil a une paire d'6lectrodes do d6charge sub-   5 mersibles (50)
s6par6es par un 6cartement. 18. Dispositif d'allumage au plasma selon la
revendi- cation 16, dans lequel les condensateurs du cir- cuit de stockage
principal (14) sont de condensa-  fO tours di6lectriques liquides. 19.
Dispositif d'allumage au plasma selon l'une quel- conque des revendicatlons
IO a 18, dans laquel leas electrodes (50) sont compos6es d'aluminium   15
ou d'un alliage d'aluminium. 20. Dispositif d'allumage au plusma selon
l'une quel- conque des revendications 16 a 19, dans lequel les 6lectrodes
(50) sont dans une cavit6 de de-  20 charge munie d'un event a une
extr6mit6 pour permettre la sortie d'une bouffee de plasma. 21. Dispositif
d'allumage au plasma salon l'une quel- conque des revendications 16 a 20,
dans lequel  25 Is fil de d6charge (81) est compos6 d'un alliage de nickel
et de chrome. 22. Dispositif d'allumage au plasma selon l'une quel- conque
des revendications 16 a 21, dana lequel  3o des moyans (20) sont fournis
pour r6approvislon- ner lea electrodes (50) a mesure qu'elles sont
consomm6es. 23. Dispositif d'allumage au plasma selon la revendi-  35
cation 22, dans lequel les moyens (20) de r6ap- provisionnement des
electrodes (50) compren- nent une bobine (71) de fil d'electrode enroulee,
des d6tecteurs (28) et un moyen (26) d'alimentbr, par l'entremise d'un
panneau de commando, lefIl  40 de la bobina pour r6approvisionner leas
electrodes consommees. 45 50 55 10    


