EP 2 809 867 B1

(19)

(12)

(45)

Patent Office

Europdisches
Patentamt
0’ European

fesreves (11) EP 2 809 867 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: E21B 7/14 (2006.01)

28.12.2016 Bulletin 2016/52
(86) International application number:

(21) Application number: 12812412.0 PCT/SK2012/050015
(22) Date of filing: 31.10.2012 (87) International publication number:

WO 2013/066276 (10.05.2013 Gazette 2013/19)
(54) METHOD OF DISINTEGRATING ROCK BY MELTING AND BY SYNERGISM OF WATER STREAMS

VERFAHREN ZUR GESTEINSZERSETZUNG DURCH SCHMELZEN UND SYNERGIE VON
WASSERSTROMEN

PROCEDE DE DESINTEGRATION D'UNE ROCHE PAR FUSION ET PAR SYNERGIE DE JETS
D’EAU

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: * KOCIS, Dusan
AL AT BE BG CH CY CZDE DK EE ES FIFRGB 841 04 Bratislava (SK)
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR (74) Representative: Litvakova, Edita
Pluhova 78
Priority: 04.11.2011 SK 500452011 831 03 Bratislava (SK)
Date of publication of application: (56) References cited:
10.12.2014 Bulletin 2014/50 US-A- 2738 162
Proprietor: GA Drilling, a. s. e Zhiyue Xu ET AL: "Modeling of Laser Spallation
917 01 Trnava (SK) Drilling of Rocks for Gas and Oil Well Drilling”,
SPE Annual Technical Conference and
Inventors: Exhibition, 1 October 2005 (2005-10-01), pages
KOCIS, Igor 9-12, XP055101439, Dallas, Texas DOI:
841 04 Bratislava (SK) http://dx.doi.org/10.2118/95746-MS ISBN:
KOCIS, Ivan 978-1-55-563150-5 Retrieved from the Internet:
841 04 Bratislava (SK) URL:https://www.onepetro.org/download?id=c
KRISTOFIC, Tomas onference-paper/SPE-95746-MS [retrieved on
841 07 Bratislava (SK) 2014-02-11]

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 809 867 B1 2

Description
Technical Field

[0001] Theinventionrelatestoamethod of disintegrat-
ing rock by synergism of melting and water streams and
it is designed to be used especially in the drilling process,
particularly of hard rocks.

Background Art

[0002] The interaction of natural melt (magma or lava)
in nature is known for thousands of years as one of the
most monumental natural phenomenon - volcanic erup-
tion accompanied by huge outpouring of hot ash.
[0003] This natural phenomenon, called hydro-mag-
matic explosion, has been a subject of scientific study,
of explanation of its physical background, but also a sub-
jectofiintensive creation of hypotheses, theories, models,
mathematical descriptions and comprehensive theoreti-
cal systems, in the last half century.

[0004] Butthese works were aimed at obtaining more
knowledge about physical process of interaction of water
and melt, so that model of natural phenomenon could be
specified. Several comprehensive works explaining and
mathematically describing beginning and course of ex-
plosion or detonation, were created.

[0005] Experimental works of volcanologists, by which
the rock melt is injected into larger volume of water or
water stream is injected into melt, are described in liter-
ature.

[0006] All mechanisms of hydro-magmatic explosion,
morphology of particles being formed, and conditions un-
der which these processes occur, are described in detail
in the mentioned literature. This professional literature
also shows, that ongoing processes can be utilised for
the benefit of drilling technique utilizing the interaction of
plasma/rock/water.

[0007] In these publications, the authors describe the
mechanisms of explosive interaction of water with melted
rock.

[0008] Wohletz KH, 1986, Explosive magma-water in-
teractions: Thermodynamics, explosion mechanisms,
and field studies, Bulletin of Volcanology 48, 245-264.
[0009] Wohletz KH and Zimanowski B, Physics of
phreatomagmatism, part I: explosion physics, Terra Nos-
tra 2000/6, 515-523.

[0010] Zimanowski B and Wohletz K. H., Physics of
phreatomagmatism, part Il: eruption physics, Terra Nos-
tra 2000/6, 535-544.

[0011] Wohletz, K.H., Zimanowski, B., and Buttner, R.,
2008, Magma-Water Interactions, Los Alamos National
Laboratory Report LA-UR-08-0921, 41 pp.

[0012] The mentioned publications contain also more
detailed description of morphology of forming particles.
[0013] Sheridan, M.F.; Wohletz, K.H. Hydrovolcanism:
Basic Considerations and Review, Jour. Volcanol. Geo-
therm. Res., vol. 17, 1983
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[0014] Wohletz, K.H., Mechanisms of hydrovolcanic
pyroclast formation: grain-size, scanning electron micro-
scopy, and experimental studies, J. Volcanol. Geotherm.
Res., Sep 1983. Mechanism of formation of fine ash in
volcanic explosions: Zimanowski, B.; Wohletz, K.; But-
tner, R.: The Volcanic Ash Problem, Jour. Volcanol. Ge-
otherm. Res., Vol. 122, 2003 Experiments on
phreatomagmatic explosions: S Kurszlaukis, R Blttner,
B Zimanowski, V Lorenz: On the first experimental
phreatomagmatic explosion of a kimberlite melt, Journal
of Volcanology and Geothermal Research Volume 80,
Issues 3-4, February 1998, Pages 323-326.

[0015] Research of basic physical aspects of
phreatomagmatic explosions:: Bernd Zimanowski,
Georg Frohlich, Volker Lorenz, Quantitative experiments
on phreatomagmatic explosions, Journal of Volcanology
and Geothermal Research, Volume 48, Issues 3-4, De-
cember 1991, Pages 341-358

[0016] Research of explosions by interaction of water
with silicate melts: Bernd Zimanowski, Georg Frohlich,
Volker Lorenz, Experiments on steam explosion by in-
teraction of water with silicate melts, Nuclear Engineering
and Design, Volume 155, Issues 1-2, 2 April 1995, Pages
335-343.

[0017] Phreatomagmatic explosions of rhyolitic mag-
ma: A. Austin-Erickson, R. Bittner, P. Dellino, M. H. Ort,
B. Zimanowski, Phreatomagmatic explosions of rhyolitic
magma: Experimental and field evidence, JOURNAL OF
GEOPHYSICAL RESEARCH, VOL. 113, B11201, 12
PP., 2008.

[0018] Research of the surface features of ash grains
as an indicator of dynamic interaction of liquid water and
magma: Ralf Bittner, Pierfrancesco Dellino & Bernd Zi-
manowski, [dentifying magma-water interaction from the
surface features of ash particles, Nature 401, 688-690
(14 October 1999) |doi:10.1038/44364; Received 6 May
1999; Accepted 23 August 1999. Phenomenological
model of interaction of water with melt: Ralf Biittner and
Bernd Zimanowski, Physics of thermohydraulic explo-
sions, Phys. Rev. E 57, 5726-5729 (1998). The paper
Modeling of Laser Spallation Drilling of Rocks for Gas
and Oilwell Drilling by Z. Xu et al. describes and theoret-
ically analyzes the spallation ofthe rock by laser delivered
energy. There is no interaction with water and there is
no plasma generation.

[0019] US Patent no. 2738162 by Robert B. Aitchison
describes one of the first heat generation for spallation
of the rock by chemical plasma. There is no interaction
with water and there is no melted phase of the rock.
[0020] The utilisation of this phenomenon in technical
application is known neither in professional nor patent
literature. No application for disintegrating rock and for
the purposes of drilling in technical or geological forma-
tions is known. Patents related to the given field: US
6319434, US 5667147, US 6660223, US 2533633, US
3594142, US 4286647, US 6349548, US 5987899 are
related to interaction of melt and water for production of
fine granules or powders.
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[0021] The aim of the present invention is to increase
the efficiency of drilling process considerably, particularly
of hard rocks, as process of synergism of thermal proc-
esses and water action.

Nature of technical solution

[0022] The aim of the present invention is utilization of
thermal processes with synergism of water and with uti-
lization of conversion of thermal energy into kinetic en-
ergy of particles of disintegrated rock in the drilling proc-
ess, particularly of hard rocks, in order to increase effi-
ciency of drilling process.

[0023] Nature of method of disintegrating rock by melt-
ing and by synergism of water streams according to the
present invention consists in that:

- the heat or energy flow source acts on the rock at
least until its local phase transition into the melt oc-
curs,

- atleast one water stream is directed into the locally
created melt,

- physical explosion occurs in the melt, on which the
water stream acts.

[0024] Itis preferable if the water stream is interrupted
in dependence on heat balance of heating process and
in the time of realization of rock heating process by the
energy flow.

[0025] Physical explosion, fragmentation process and
conversion of heatenergy into kinetic energy of fragment-
ed particles movement occurs in the rock melt. The frag-
mented particles, that have been formed, create the ec-
centric flow of the particles, which undergo the reverse
phase transition into the solid phase.

[0026] The eccentric flow of particles empties the ac-
tion area of the heat flow, and the disintegrated rock by
melting and by synergism of the water streams and pre-
pares it for new action of the heat flow.

[0027] The water streams are directed into one direc-
tion or they are directed parallely with the direction of the
heat flow action or they are directed tangentially around
the area of the heat flow action or they are directed ec-
centrically from the area of the heat flow action, so that
they disintegrate the rock by synergism of the water
streams and local acting of heat flow, until phase transi-
tion of it into the melt occurs.

[0028] Heat flow and synergism of at least one water
stream acts on the rock and the melt along the abscissa
(linearly).

[0029] The action of the water streams, which act on
the created melt along one side or from all sides of the
created melt, is being interrupted in dependence on heat
balance of heating process causing melting of the rock.
[0030] By repeating of process of disintegrating the
rock by melting, the sphere of action extends into the
depth of the rock.

[0031] By repeating of process of disintegrating the
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rock by melting successive on different rock area, the
sphere of action extends sideways next to the original
area.

[0032] Main advantage of solution according to the
present invention is increasing the efficiency of drilling
processes, particularly of hard rocks.

Examples of embodiment

[0033] Fig. 1 shows the device consisting of the heat
flow source 1, which produces the thermal plasma flow
2. The plasma flow acts on the rock 3 and on its surface
melts the rock into the melt 4. After some time, the water
stream 6 is injected into the melt 4 by nozzle 5.

[0034] Fig. 2 shows a state after injecting water stream
6 into the melt 4, where the explosive stream 7 of the
fragmented particles of melt is formed, and the particles
convert into the solid phase again and fly away from the
area of interaction of the water stream 6 and the melt 4.
The stream 7 of particles of melt has kinetic energy from
the heat energy supplied to the melt 4.

Claims

1. Method of disintegrating rock in the drilling process
by melting and by synergism of water streams, com-
prising action of the heat flow source on the rock (3),
action of the water stream source (6) on the melted
rock (3), characterized in that:

- the heat flow source (1) or the energy flow
source acts on the rock (3) at least until its local
phase transition into the melt (4) occurs,

- at least one water stream (6) is directed into
the locally created melt (4), on which it acts,

- by action of water stream (6) on the melt (4)
by physical explosion, a rock melt (4) fragmen-
tation process is realized,

- simultaneously with the fragmentation proc-
ess, a process of conversion of heat energy into
kinetic energy of fragmented particles move-
ment occurs,

- fragmented particles undergo the reverse
phase transition into the solid phase.

2. Method of disintegrating rock according to claim 1,
characterized in that the water stream (6) is inter-
rupted in dependence on heat balance of heating
process and in the time of realization of rock heating
process by the energy flow.

3. Method of disintegrating rock according to claims 1
and 2, characterized in that fragmented particles
create the eccentric stream (7) of the particles.

4. Method of disintegrating rock according to claims 1
to 3, characterized in that the eccentric stream (7)
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of particles empties the heat flow area and prepares
it for new action of the heat flow.

Method of disintegrating rock according to claims 1
to 4, characterized in that the water streams (6) are
directed into one direction.

Method of disintegrating rock according to claims 1
to 5, characterized in that the water streams (6) are
directed parallely with the direction of the heat flow
action.

Method of disintegrating rock according to claims 1
to 6, characterized in that the water streams (6) are
directed tangentially around the area of the heat flow
action.

Method of disintegrating rock according to claims 1
to 7, characterized in that the water streams (6) are
directed eccentrically from the area of the heat flow
action.

Method of disintegrating rock according to claims 1
to 8, characterized in that the heat flow acts on the
rock (3) along the abscissa (linearly).

Method of disintegrating rock according to claims 1
to 9, characterized in that the water streams (6) act
on the melt (4) along one side or from all sides in-
wards the created melt.

Method of disintegrating rock according to claims 1
to 10, characterized in that by repeating of process,
the sphere of action extends into the depth of the
rock (3).

Method of disintegrating rock according to claims 1
to 11, characterized in that by repeating of process
in successive steps on differentrock area, the sphere
of action extends sideways next to the original area.

Patentanspriiche

1.

Verfahren zur Gesteinszerstérung wahrend des
Bohrvorgangs durch Schmelzen und durch Synergie
von Wasserstromen, umfassend Einwirkung einer
Warmestromquelle auf das Gestein (3), Einwirkung
einer Wasserstromquelle (6) auf das geschmolzene
Gestein (3), dadurch gekennzeichnet, dass:

a. die Warmestromquelle (1) oder eine Energie-
stromquelle auf das Gestein (3) zumindest so-
lange wirkt, bis sein lokaler Phaseniibergang zu
einer Schmelze (4) auftritt,

b. mindestens ein Wasserstrom (6) in die lokal
gebildete Schmelze (4) gerichtet ist, auf die er
wirkt,
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10.

c. ein Fragmentierungsprozess der Schmelze
(4) des Gesteins durch die Einwirkung des Was-
serstroms (6) auf die Schmelze (4) aufgrund ei-
ner physikalischen Explosion stattfindet,

d. ein Umwandlungsprozess der Warmeenergie
zurkinetischen Energie der Bewegung von frag-
mentierten Teilchen gleichzeitig mit dem Frag-
mentierungsprozess stattfindet,

e. die fragmentierten Teilchen Uber einen Re-
verse-Phase-Ubergang in eine feste Phase
Ubergehen.

Verfahren zur Gesteinszerstérung nach Anspruch 1,
dadurch gekennzeichnet, dass der Wasserstrom
(6) in Abhangigkeit von der Warmebilanz des Erwar-
mungsprozesses und wahrend der Realisierungs-
zeit des Gesteinserwarmungsprozesses durch En-
ergiefluss unterbrochen wird.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 und 2, dadurch gekennzeichnet, dass die
fragmentierten Teilchen einen exzentrischen Strom
(7) von Teilchen bilden.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 3, dadurch gekennzeichnet, dass der
exzentrische Strom (7) von Teilchen den Warme-
strombereich rdumt und ihn fir eine neue Einwirkung
des Warmestroms vorbereitet.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 4, dadurch gekennzeichnet, dass die
Wasserstréme (6) in eine Richtung gerichtet sind.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 5, dadurch gekennzeichnet, dass die
Wasserstréme (6) parallel zur Wirkungsrichtung des
Warmestroms gerichtet sind.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 6, dadurch gekennzeichnet, dass die
Wasserstréme (6) tangential um den Wirkungsbe-
reich des Warmestroms gerichtet sind.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 7, dadurch gekennzeichnet, dass die
Wasserstréme (6) exzentrisch von dem Wirkungs-
bereich des Warmestroms gerichtet sind.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 8, dadurch gekennzeichnet, dass der
Warmestrom auf das Gestein (3) entlang einer Ab-
szisse (linear) einwirkt.

Verfahren zur Gesteinszerstérung nach den Anspri-
chen 1 bis 9, dadurch gekennzeichnet, dass die
Wasserstréme (6) auf die Schmelze (4) entlang einer
Seite oder von allen Seiten gerichtet in die gebildete
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Schmelze einwirken.

Verfahren zur Gesteinszerstérung nach den Ansprii-
chen 1 bis 10, dadurch gekennzeichnet, dass der
Wirkungsbereich sich durch die Prozesswiederho-
lung in die Tiefe des Gesteines (3) erweitert.

Verfahren zur Gesteinszerstérung nach den Ansprii-
chen 1 bis 11, dadurch gekennzeichnet, dass
durch die schrittweise Prozesswiederholung auf ei-
nem anderen Gesteinsbereich sich der Wirkungsbe-
reich neben dem urspriinglichen Bereich seitlich er-
weitert.

Revendications

1.

La méthode de la désintégration de roches pendant
le processus de forage par la fonte et en synergie
des cours d’eau comprenant I'action de la source du
flux de chaleur vers laroche (3), I'action de la source
(6) du cours d’eau vers la roche (3) fondue carac-
térisée en ce que:

- la source (1) du flux de chaleur ou la source
du flux d’énergie agis sur la roche (3) au moins
jusqu’a sa transition de phase locale a une cou-
lée (4),

- un cours (6) d’eau au moins est dirigé a la cou-
lée (4) crée localement a laquelle il agit,

- par I'action du cours (6) d’eau sur la coulée (4)
et par explosion physique se déroule le proces-
sus de la fragmentation de la coulée (4) de la
roche,

- simultanément, avec le processus de la frag-
mentation, I'énergie thermique se transforme a
I'énergie cinétique du mouvement des particu-
les fragmentées,

- les particules fragmentées interviennent dans
la transition de phase inverse en phase solide.

La méthode de la désintégration de roches selon la
revendication 1 caractérisée en ce que le cours (6)
d’eau est interrompu en fonction du bilan thermique
du processus de chauffage et au cours de la réali-
sation du processus de chauffage de laroche par le
flux d’énergie.

La méthode de la désintégration de roches selon les
revendications 1 et 2 caractérisée en ce que les
particules fragmentées créent un cours (7) excentri-
que des particules.

La méthode de la désintégration de roches selon les
revendications 1 a 3 caractérisée en ce que le cours
(7) excentrique vide la zone du flux thermique et la
prépare pour une nouvelle action du flux thermique.
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5.

10.

1.

12.

La méthode de la désintégration de roches selon les
revendications 1 a 4 caractérisée en ce que les
cours (6) d’eau sont dirigés en une direction.

La méthode de la désintégration de roches selon les
revendications 1 a 5 caractérisée en ce que les
cours (6) d’eau sont dirigés en parallele avec la di-
rection d’action du flux thermique.

La méthode de la désintégration de roches selon les
revendications 1 a 6 caractérisée en ce que les
cours (6) d’eau sont dirigés tangentiellement autour
du lieu de l'action du flux thermique.

La méthode de la désintégration de roches selon les
revendications 1 a 7 caractérisée en ce que les
cours (6) d’eau sont dirigés de fagon excentrique du
lieu de 'action du flux thermique.

La méthode de la désintégration de roches selon le
revendications 1 a 8 caractérisée en ce que le cour
d’eau agit sur la roche (3) le long de segment de
droit (linéairement).

La méthode de la désintégration de roches selon le
revendications 1 a 9 caractérisée en ce que les
cours (6) d’eau agissent surla coulée (4) le long d’'un
c6té oubien de tous cotés vers l'intérieur de la coulée
(4) crée.

La méthode de la désintégration de roches selon le
revendications 1 a 10 caractérisée en ce qu’en ré-
pétant le processus, I'espace de I'action s’étend en
profondeur de la roche (3).

La méthode de la désintégration de roches selon le
revendications 1 a 11 caractérisée en ce qu’en ré-
pétantle processus sucessivement sur différente zo-
ne de la roche, I'espace de l'action s’étend latérale-
ment a c6té de la zone d’originaire.
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