EP 0 757 758 B1

Européisches Patentamt
European Patent Office

(19) p)

Office européen des brevets

(11) EP 0 757 758 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
28.10.1998 Bulletin 1998/44

(21) Application number: 95916853.5

(22) Date of filing: 28.04.1995

(51) Intcle: FO4C 11/00, FO4C 2/16

(86) International application number:
PCT/NL95/00157

(87) International publication number:
WO 95/30090 (09.11.1995 Gazette 1995/48)

(54) AN INSTALLATION AND A METHOD FOR PUMPING UP FLUID FROM THE EARTH’S CRUST
VERFAHREN UND VORRICHTUNG ZUR FORDERUNG VON FLUIDEN AUS OLBOHRLOCHERN

INSTALLATION ET PROCEDE D’EXTRACTION PAR POMPAGE D'UN LIQUIDE A PARTIR DE LA
CROUTE TERRESTRE

(84) Designated Contracting States:
DE FRIT SE

(74) Representative: Land, Addick Adrianus Gosling
Arnold & Siedsma,
Advocaten en Octrooigemachtigden,
Sweelinckplein 1
2517 GK Den Haag (NL)

(30) Priority: 29.04.1994 NL 9400708

(43) Date of publication of application:
12.02.1997 Bulletin 1997/07 (56) References cited:

(73) Proprietor: Houttuin B.V.
3542 AR Utrecht (NL)

EP-A- 0 168 366
DE-A- 1 653 930
FR-A- 2 305 615
GB-A- 2 004 327
US-A- 4 828 036

EP-A- 0 280 294
DE-A-3 718 863
FR-A- 2 696 792
GB-A-2 152 145
US-A- 5 190 450

(72) Inventors:
* VAN DEN BOOGAARD, Engelbert, Josephus
NL-3515 XT Utrecht (NL) ¢ DESIGN ENGINEERING, April 1988 LONDON GB,
¢ BERKHOFF, Hendrik, Geert, Cornelis pages 20-24, XP 000021360 ’silicon carbide or
NL-3607 CD Maarssenbroek (NL) rubber-lined bearings: no lubrication is
necessary’

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It 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 0 757 758 B1 2

Description

Liquids from the earth's crust such as petroleum are
usually pumped up either with a suction pump (for in-
stance a so-called nodding donkey) or with a pump low-
ered into a drilled hole and having a screw-like member.
Such a pump for this purpose usually comprises a screw
member (rotor) of metal which is rotatably drivable rel-
ative to a statically arranged member (stator) of rubber
or plastic-like material.

In particular oil fields a viscous petroleum type
which may also be hot, for instance in the order of
150-300°C, can cause a high degree of wear, particu-
larly of the rubber or plastic-like stator. Since such a low-
ered pumping means can be situated at considerable
depth, for example up to 1000-2000 m into the earth's
crust, maintenance of such pumps is laborious, time-
consuming and therefore costly due to standstill losses
in petroleum production.

Known from the European patent application EP-A-
0168366 is an apparatus for pumping up oil wherein
both the pump and the drive means are immersed in the
oil or other liquids. When in this known apparatus main-
tenance of the drive means has to be carried out, the
whole apparatus must be raised from the bore hole to
above the ground surface, which is time-consuming and
whereby oil extraction must be interrupted. This appa-
ratus further makes use of balancing collars, whereby
the bearing construction will be subject to wear due to
sand ordirt occurring in the liquid, while this bearing con-
struction is also complicated and play can easily occur
therein.

Also known from the European patent application
EP-A-0280294 is a device, with which the earth's crust
can be inspected for test purposes. Contrary to the
above mentioned pumps, the pump contained in the de-
vice is located at the earth's surface. However in this
application use is made of a worm pump instead of a
screw pump that usually is employed for pumping up
(large amounts of) oil. The device according to this ap-
plication is therefore not suitable for pumping up oil or
other liquids from the earth's crust.

Further known from the German Offenlegungss-
chrift DE-A-3718863 is a screw pump for use in an au-
tomobile which, if only because of the dimensions, is not
suitable for pumping up oil or other liquids from the
earth's crust.

The present invention provides an installation for
pumping up liquids from the earth's surface, comprising:

- ascrew pump lowered into the earth which is pro-
vided with a first screw member and a counter-
screw member, the liquid being transported or
pumped up upwardly between helical grooves and
helical ridges there between, characterized by

- drive means arranged on or close to the surface and
spaced from the screw pump, and for driving the
screw member which in turn drives the counter-
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screw member;

- mechanical transmission means for mechanically
transmitting the driving force produced by the drive
means, which mechanical transmission means ex-
tend from the drive means on or close to the earth's
surface to the lowered screw pump; and

- one or more axial and or radial ceramic slide bear-
ings for bearing mounting of the first screw member
and/or the counter-screw member which are both
lowered to a level substantially below the earth's
surface.

Because the drive means are disposed close to the
earth's surface and the driving movement is transmitted
to the lowered screw pump via transmission means,
maintenance of the drive means can be performed eas-
ily and large standstill losses can be avoided.

The screw member and/or the counter-screw mem-
ber are preferably provided with slide bearings, wherein
lubrication can take place by the liquid for pumping up.
This also prevents the screw member and/or the coun-
ter-screw member from lying against the housing of the
pump, so that wear is limited to a minimum. It is antici-
pated that the lifespan of a screw pump according to the
present invention will amount to a minimum of 10,000
hours before maintenance thereon has to be carried out.

Two or more screw pumps are preferably lowered
into the earth in series. If in this preferred embodiment
both screw pumps are designed to produce a pumping
pressure of 30 bar, in total 60 bar, it may occur that due
to small differences in dimensioning of each of the screw
pumps one of the two screw pumps produces in the first
instance a pressure greater than 30 bar. After atime the
pressure build-up by this first screw pump will decrease
slightly due to a certain degree of wear, wherein this de-
crease is however compensated by the second screw
pump, so that the total required 60 bar is maintained.

The present invention further provides a method for
pumping liquids from the earth's crust, wherein one or
more screw pumps, each comprising a screw member
and a counter-screw member, is lowered into a hole
drilled in the earth's surface, wherein the first screw
member is driven close to or above the earth's surface
and the counter-screw member is driven by the screw
member and wherein the liquid is pumped up between
the screw member and the second screw member.

Further advantages, features and details of the
present invention will become apparent in the light of the
following description with reference to the annexed
drawings, in which:

fig. 1 shows a sectional view under the earth's sur-
face of a first preferred embodiment of an installa-
tion according to the present invention for perform-
ing the method according to the present invention;
fig. 2 shows a side view along line Il-1l of the instal-
lation of fig. 1;

fig. 3 is a sectional view above the lower screw
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pump of a second preferred embodiment of the in-
stallation according to the present invention;

fig. 4 shows a view in cross section of detail IV of
fig. 1;

fig. 5 shows a view in cross section of detail V of fig.
1; and

fig. 6 is a view along line VI-VI in fig. 5.

Afirst preferred embodiment of an installation 1 ac-
cording to the present invention (fig. 1, 2, 5 and 6) con-
tains drive means 8 disposed on the ground S and pro-
vided with a connecting flange 2 for connection to adrain
pipe 3 for the pumped-up oil. Driven by drive means 8
is a tube, rod or shaft 4 which transmits the drive power
to a depth of for instance 1000 or 2000 metres in the
ground to an assembly of two screw pumps 5 and 6.
Each of the screw pumps, for instance screw pump 6,
comprises a driven screw member 7 and a counter-
screw member 9 which is driven by the associated
screw member. Screw member 7 and counter-screw
member 9 are mutually adapted such that the liquid is
transported between the helical grooves and helical
ridges, while the counter-screw member follows pre-
cisely the movement of the screw member.

The screw member and the counter-screw member
are preferably manufactured from hardened stainless
steel which can withstand temperatures of 300°C and
is little subject to wear. It can further be seen, particularly
in fig. 1, 2 and 6, that the drive rod 4 and the screw
pumps 5 and 6 can be received in a closed housing
which has for instance a largest diameter d of about 15
cm so that the installation can be applied in a bore hole
with such a dimension which may or may not be provid-
ed with a cemented casing.

At a length in the order of magnitude of 1 metre a
pressure of about 30-40 Bar can be produced by the
above described screw pump shown in the figures, so
that the petroleum can be pumped from a considerable
depth, for instance 1000-3000 metres. When a number
of screw pumps are placed in series in the manner
shown it is possible to work at still greater depth.

The screw members and counter-screw members
are preferably provided in each case with axial and ra-
dial bearing elements 30, 31, respectively 32, 33, 34 and
35 (fig. 5) of ceramic material which are lubricated by
the petroleum for pumping up.

Fig. 3 shows a second preferred embodiment of an
installation for performing the method according to the
present invention, wherein a first pump 10 is lowered to
great depth while a second screw pump 11 is situated
close to the surface at ground level S. If maintenance
has to be carried out on this second screw pump 11 the
drive rod 4' does not have to be withdrawn completely
from the bore hole.

The rights applied for are not limited by the above
described preferred embodiments, but are defined in the
first instance by the following claims. It is recommended
that two or more screw pumps are lowered along the
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bore hole in interspaced manner, wherein the upper
screw pump is situated at a minimum of for instance 300
metres below ground level and no pressures higher than
30 bar will occur in the installation.

Claims

1. An installation (1) for pumping up liquid from the
earth's crust, comprising:

- a screw pump (5, 6) lowered into the earth
which is provided with a first screw member (7)
and a counter-screw member (9), the liquid be-
ing transported or pumped up upwardly be-
tween helical grooves and helical ridges there
between, characterized by

- drive means (8) arranged on or close to the sur-
face and spaced from the screw pump, and for
driving the screw member (7) which in turn
drives the counter-screw member (9);

- mechanical transmission means (4) for me-
chanically transmitting the driving force pro-
duced by the drive means (8), which mechani-
cal transmission means extend from the drive
means (8) on or close to the earth's surface to
the lowered screw pump (5, 6); and

- one or more axial and or radial ceramic slide
bearings (30 -35) for bearing mounting of the
first screw member and/or the counter-screw
member which are both lowered to a level sub-
stantially below the earth's surface.

2. An installation (1) according to claim 1, character-
ized in that the transmission means comprise one
or more shafts (4).

3. An installation (1) according to claim 1 or 2, char-
acterized in that the first screw member (7) and/or
the counter screw member (9) are manufactured
from heat resistant and hard material.

4. An installation (1) according to claim 3, character-
ized in that the material is hardened stainless steel.

5. Aninstallation according to claim 1, 2 or 3, charac-
terized in that two or more screw pumps are placed
in series under the earth's surface.

6. A method for pumping liquid from the earth's crust
wherein one or more screw pumps (5, 6), each com-
prising a screw member (7) and a counter screw
member (9), is lowered into a hole drilled in the
earth's surface, wherein the first screw member (7)
is driven close to or above the earth's surface, and
the counter screw member (9) is driven by the screw
member (7), wherein the liquid is pumped up be-
tween the screw member (7) and the counter screw
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member (9) and wherein bearings for the screw
member and the counter screw member (9) are lu-
bricated by the pumped liquid.

Patentanspriiche

Eine Vorrichtung (1) zum Heraufpumpen von Flis-
sigkeit aus der Erdkruste, die aufweist:

- eine Schraubenpumpe (5, 6), die in die Erde
abgesenkt ist und mit einem ersten Schrauben-
element (7) und einem Gegenschraubenele-
ment (9) versehen ist, wobei die Flussigkeit
zwischen deren Schraubennuten und Schrau-
benricken nach oben transportiert oder herauf-
gepumpt wird, gekennzeichnet durch

- Antriebsmittel (8), die auf oder nahe der Ober-
flache und von der Schraubenpumpe beab-
standet, angeordnet sind und das Schrauben-
element (7) antreiben, das wiederum das Ge-
genschraubenelement (9) antreibt;

- mechanische Ubertragungsmittel (4) zum me-
chanischen Ubertragen der durch die Antriebs-
mittel (8) erzeugten Antriebskraft, wobei sich
die mechanischen Ubertragungsmittel von
dem Antriebsmittel (8) auf oder nahe der Erd-
oberflache zu der abgesenkien Schrauben-
pumpe (5, 6) erstrecken und

- ein oder mehrere axiale und/oder radiale, ke-
ramische Gleitlager (30, 35) zur gelagerten
Montage des ersten Schraubenelementes und/
oder des Gegenschraubenelementes, die bei-
de auf ein Niveau im wesentlichen unterhalb
der Erdoberflache abgesenki sind.

Vorrichtung (1) nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Ubertragungsmittel einen oder
mehrere Schéfte (4) aufweisen.

Vorrichtung (1) nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daf3 das erste Schraubenelement
(7) und/oder das Gegenschraubenelement (9) aus
hitzebestédndigem oder hartem Material hergestellt
sind.

Vorrichtung (1) nach Anspruch 3, dadurch gekenn-
zeichnet, daB das Material geharteter, rostfreier
Stahl ist.

Vorrichtung nach Anspruch 1, 2 oder 3, dadurch ge-
kennzeichnet, daB zwei oder mehrere Schrauben-
pumpen in Reihe unter der Erdoberflache angeord-
net sind.
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6.

Verfahren zum Pumpen von Flussigkeit aus der
Erdkruste, wobei eine oder mehrere Schrauben-
pumpen (5, 6), von denen jede ein Schraubenele-
ment (7) und ein Gegenschraubenelement (9) auf-
weist, in ein in die Erdoberflaiche gebohrtes Loch
abgesenkt ist/sind, wobei das erste Schraubenele-
ment (7) nahe oder oberhalb der Erdoberflache an-
getrieben wird und das Gegenschraubenelement
(9) durch das Schraubenelement (7) angetrieben
wird, wobei Flussigkeit zwischen dem Schrauben-
element (7) und dem Gegenschraubenelement (9)
heraufgepumpt wird und wobei Lager fir das
Schraubenelement und das Gegenschraubenele-
ment (9) durch die gepumpte Fllissigkeit ge-
schmiert werden.

Revendications

Installation (1) destinée & pomper un liquide prove-
nant de la cro(te terrestre, comprenant:

- une pompe avis (5,6) descendue dans la terre,
laquelle est munie d'un premier élément (7) for-
mant vis et d'un élément (9) formant contre-vis,
le liquide étant transporté ou pompé vers le
haut entre des rainures et des arétes hélicoi-
dales passant entre les rainures, caractérisée
par:

- des moyens d'entrainement (8) placés sur ou
prés de la surface et distants de la pompe a vis,
et destinés a entrainer I'élément (7) formant vis,
lequel & son tour entraine I'élément (9) formant
contre-vis;

- des moyens de transmission mécanique (4)
destinés a transmettre mécaniquement la force
d'entrainement produite par les moyens d'en-
trainement (8), lesquels moyens de transmis-
sion mécanique s'étendent depuis les moyens
d'entrainement (8) placés sur ou prés de la sur-
face de laterre jusqu'a la pompe avis (5,6) des-
cendue; et

- unou plusieurs paliers (30 & 35) en céramique
a glissement de sens axial et/ou radial, pour
monter a l'aide de paliers le premier élément
formant vis et/ou I'élément formant contre-vis
qui sont tous deux descendus a un niveau sen-
siblement en-dessous de la surface de la terre.

Installation (1) selon la revendication 1, caractéri-
sée en ce que les moyens de transmission com-
prennent un ou plusieurs arbres (4).

Installation (1) selon la revendication 1 ou 2, carac-
térisée en ce que le premier élément (7) formant vis
et/ou I'élément (9) formant contre-vis sont fabriqués
dans un matériau dur et résistant.
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Installation (1) selon la revendication 3, caractéri-
sée en ce que ledit matériau est un acier inoxydable
trempé.

Installation selon la revendication 1, 2 ou 3, carac- 5
térisée en ce que deux ou plusieurs pompes a vis
sont placées en série sous la surface de la terre.

Procédé pour pomper un liquide & partir de la crolte
terrestre, dans lequel une ou plusieurs pompes a 10
vis (5,6), chacune comprenant un élément (7) for-
mant vis et un élément (9) formant contre-vis, est
(sont) descendue(s) dans un trou foré dans la sur-
face la terre, le premier élément (7) formant vis
étant entrainé prés ou au-dessus de la surface de 75
la terre, et I'élément (9) formant contre-vis étant en-
trainé par I'élément (7) formant vis, le liquide étant
pompé entre I'élément (7) formant vis et I'élément

(9) formant contre-vis, et des paliers pour I'élément
formant vis et I'élément (9) formant contre-vis étant 20
lubrifiés par le liquide pompé.
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