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DESCRIPTION

Introduction

[0001] Invention relates to a water-oil-sludge separation plant. More specifically, the invention
relates to a water-oil-sludge separation plant having a vertical separator that coarsely
separates oil in an upper outlet, oil-polluted water in a middle section and heavier sludge in a
lower outlet leading to a decanter centrifuge. The oil-polluted water from the middle section is
led into a membrane filtration plant where permeate water is so pollution-free that it may be
dumped and the retentate may be separated as separated oil or transported back, directly or
indirectly, to the vertical separator. The sludge including oil, water and heavier constituents
such as mud, cement residues, cuttings and metal particles is through an automatic control
valve transported to a separator/decanter and creates a solid dehydrated matter that may be
destroyed, and oil-polluted water or oil and water that each may be transported back to the
slop tank in order to eventually be transported through the vertical separator and after that
mainly to the membrane filtration plant.

State of the Art

[0002] State of the art comprises centrifuge/decanter that centrifuges all material arriving from
the slop tank and transports the separated, oil-polluted water to a membrane-based filtration
plant. Drawback associated with such a plant is the centrifuge needs to be dimensioned for
operation to separate all liquid with the sludge from the slop tank. This is not an efficient
solution.

[0003] CN107043204 describes a system for processing of oil sludge comprising a control
reservoir for mixing and stirring the oil sludge with water in order to obtain an emulsion
consisting of water and oil sludge. It comprises a first step, three-phase separator for cold, i.e.
at normal temperature, three-phase separation of said emulsion in order to obtain a first step
sand, a first step waste water and a first step waste oil. It further comprises a second step,
three-phase separator for warm three-phase separation of the waste water of the first step in
order to obtain a second step oil sludge sand, a second step waste water, a second step waste
oil and an organic gas mixture. It also comprises an oil-water separator for separating the first
step waste oil from the second step waste oil in order to obtain separated waste water and
mixed sludge waste. In addition, it comprises a sedimentation dam for precipitation caused by
flocculation of the second step waste water to obtain a sludge and a supernatant. Finally, it
comprises a sintering plant and a sludge incineration plant. According to the system for
processing of the oil sludge, two-step, three-phase separation is obtained such that heat is
generated by means of incineration, coal briquettes are created and sintered materials as well
as a technical system having low emissions of oil sludge.
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[0004] WO1999/42218 "Jet pump treatment of heavy oil production sand” discloses a plant
with a high pressure treatment of sand slurry in order to separate particles in the bottom of a
cylindrical tank having a conical bottom section to a jet pump and wherein the plant separates
slop oil over a slurry level at approximately 90 % of the tank height. The tank has a conical top
at which organic gas is exhausted.

[0005] GB patent specification GB1570429 describes an apparatus for continuously
mechanically separating oil-water emulsions and for recovering their constituent parts,
comprising a collecting/storage tan k for containing the emulsion and connected to an ultrafilter
unit including a membrane which allows passage of water and surfactants from the emulsion
whilst not allowing passage of oil, an after-sedimentation tank with an overflow outlet for
separated oil, a mechanical separation column the lower part of which is formed as a
hydrocyclone provided with tangentially arranged inlet apertures and a discharge pipe for
heavier liquids separated in the hydrocyclone while its upper part has a flow-connection with
the hydrocyclone for lighter liquids separated in the hydrocyclone, the said upper part being
also connected to said after-sedimentation tank, the ultrafilter unit having an outlet on the
filtrate side thereof and being by-passably connected in a recirculation ducting that is
connected between the said discharge pipe and the said inlet apertures of the hydrocyclone.

Brief Summary of the Invention

[0006] The present invention is defined in the accompanying claim set. The invention is A
water-oil-sludge separation plant comprising:

« a slop tank (0) for water/oil/sludge, with an outlet for slop water;

e a vertical separator (1) comprising a vertical, substantially cylindrical tank (11) having a
tangential intake (12), an upper oil outlet (27) at the top of the vertical tank (11), a
middle, horizontal, tangential outlet (22) for oil-polluted water, and a lower pipe (44) for a
sludge outlet at the bottom of the vertical tank (11), wherein an upwards-tapering conical
frustum (2) is provided in the interior of the vertical tank (11) and the tangential outlet
(22) is at a lower end of the conical frustum (2);

» a membrane filtration plant (6);

« a control valve (3) for the sludge outlet;

e a sensor (4) for sensing the density of the sludge in a lower portion of the vertical
separator (1);

« a control unit (41);

wherein the -water-oil-sludge separation plant is arranged in such a way that:

e the slop water is directed from the outlet of the slop tank (0) to the vertical separator (1)
and enters through a wall (20) of the vertical separator (1) and subsequently through the
tangential intake (12), horizontally in the interior of the upwards-tapering conical frustum
(2) surrounded by the vertical tank (11),

« water with oil exits via the top (21) of the conical frustum (2), whereas the sludge is
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separated by the conical frustum (2) and subsides in the interior down to the lower pipe
(44),

+ oil and possibly air are led out through the upper oil outlet (27),

» oil-polluted water continues to flow downwards, externally with respect to the conical
frustum (2), to the tangential outlet (22) and then to the membrane filtration plant (6);

e the membrane filtration plant (6) is arranged to let out the permeate comprising
cleansed water and to lead the concentrated retentate back to the vertical separator (1)
or to the slop tank (0) or to remove it from the process;

wherein the water-oil-sludge separation plant further comprises a decanter centrifuge (5)
arranged to separate dehydrated solids and to lead water treated in the decanter centrifuge (5)
back to the vertical separator (1) or the slop tank (0);

« the control valve (3) is controlled by the control unit (41) that, based on the input of the
sensor (4) continuously adjusts outlet of sludge to the decanter centrifuge (5).

[0007] Beneficial embodiments of the invention are defined in the dependent claims.

Advantages of the Invention

[0008] A first advantage of the invention is that the vertical separator provided between the
slop tank and the membrane separator effects a coarse separation and effectively separates
lighter oil to an upper oil outlet. This light oil would otherwise need to pass through the
decanter centrifuge and its separation would consume a lot of energy. In contrast to the oil
separation process by means of membrane filtration plant, it is much more efficient to separate
an oil retentate where a large portion of the oil is separated earlier in the process by means of
the vertical separator according to the invention.

[0009] Another advantage of the invention is that the amount of liquid and solid entering the
decanter centrifuge is significantly less compared to the methods of the prior art since a
significant portion of the oil may be collected via top of the vertical separator.

[0010] A further advantage of the invention is that the oil-polluted water entering the
membrane filtration plant is less polluted and includes significantly fewer particles than the
methods of the prior art.

[0011] Yet another advantage of the invention is that the concentrated retentate, mainly
consisting of oil, may be transferred back to the tank via a control valve and further into the
vertical, cylindrical tank. As a consequence, there is no need to constantly monitor the amount
of retentate and the oil fraction of the concentrated retentate is let out through the outlet at the
top of the vertical, cylindrical tank jointly with the oil that is directly separated in the vertical,
cylindrical tank.



DK/EP 3914372 T3

[0012] An advantage of the invention is that anionic polymers in bore liquid that otherwise
might clog the membrane may be flocked out using for instance lime CaOH; and convert these

to solids that may be let out via the strainer.

[0013] The result is a continuous and efficient process to separate oil-polluted mud and water.
Using the present method, old mud, i.e. waste material, may be separated and circulated out
of the well in a plugging-and-abandonment operation employing polluted bore liquids with
cuttings, cement, spacer fluid, waste and water.

Short Description of the Drawings

[0014] The invention is illustrated in the accompanying drawings, wherein:

Fig. 1 is a perspective view of the separation plant with a slop tank, a vertical separator, a
membrane filtration plant and a decanter centrifuge.

Fig. 2 shows a simplified drawing of a vertical separator for use in the system according to the
invention. The wall of the cylindrical tank is shown as being transparent.

Fig. 3 is a system drawing corresponding to the drawing of Fig. 1 and including a slop tank, a
vertical separator, a strainer, a balance tank, a membrane filtration plant and a decanter
centrifuge. In the embodiment shown in Fig. 3, it is shown a density sensor for sludge
accumulating in the lower, funnel-shaped portion of the vertical separator. The sensor
comprises a radioactive source for radiating through the funnel-shaped portion and an
oppositely arranged radioactive sensor measuring radiation that penetrates while being
attenuated depending on the density (and the material composition) of the sludge precipitated
in the funnel. The signal captured by the radioactive sensor is sent into a control unit of the
control valve that opens so that an even, desired flow from the funnel is achieved and an even
inflow of slop from the slop tank to the vertical separator, and an even flow of sludge from the
funnel to the decanter centrifuge.

Figs. 4a-4d shows variants of the embodiment showing density sensors and strainers.

Fig. 4a illustrates an embodiment having an automatic "back flush strainer” for oil-polluted
water at the outlet. In this embodiment it is also provided a radioactive source and a density
sensor for sludge accumulating in the lower, funnel-shaped portion of the vertical separator.

The sensor comprises a radioactive source for radiating through the funnel-shaped portion and
an oppositely arranged radioactive sensor measuring radiation that penetrates while being
attenuated depending on the density (and the material composition) of the sludge precipitated
in the funnel. This embodiment is also shown in Figs. 2 and 3.

Fig. 4b shows another embodiment with manually operated, double strainers for alternate use,
and the density sensor measures Coriolis-based instrument (also measuring flow speed) and
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providing a signal to the control unit controlling the control valve.

Fig. 4c illustrates another embodiment with a back flush strainer and a Coriolis-based density
measurement device and a flow measurement device used to provide a signal for controlling
the control valve.

Fig. 4d illustrates another embodiment with a manually operated strainer and a radioactive
sensor to provide a signal for controlling the control valve.

Description of the embodiments of the invention

[0015] The invention provides a water-oil-sludge separation plant comprising a slop tank (0)
for water/oil/sludge having an outlet for slop water to a vertical separator (1). The slop water
tangentially enters the interior of a vertical bushing (20) underneath an inner cone (2) open in
the bottom, wherein the cone tapers upwardly, see Fig. 2.

[0016] The vertical separator (1) leads to three outlets:
An upper oil outlet (27) that lets out air and oil that are easily separated in a cyclone separation
motion that arises in the vertical inner cone (2), see Fig. 1.

[0017] A middle, horizontal tangential outlet (22) for oil-polluted water to a membrane filtration
plant (6).

[0018] Oil-polluted water is separated via the top of the cone (2) and subsides externally with
respect to the cone and enters a lower funnel (13) with a lower pipe (44) for sludge outlet to a
decanter centrifuge (5).

[0019] The decanter centrifuge (5) is arranged to separate the slurry in two components:
Firstly, to separate dehydrated solids that may subsequently be stored or destroyed.

Secondly, to transfer water treated in the decanter centrifuge back to the vertical separator (1)
or to the slop tank (0).

[0020] The membrane filtration plant (6) is also a part of the invention and is arranged for two
main functions:

Firstly, to separate a concentrated retentate and directly remove it from the process, or
transport it, directly or indirectly, via the slop tank (0) to the vertical separator (1).

Secondly, wherein the permeate that comprises cleansed water is dumped or let out or
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recirculated if the need exists.

[0021] In accordance with the invention, the separation plant is arranged such that the slop
water enters through a vertical cylindrical sleeve-shaped wall (20) in the vertical separator (1)
and thereafter tangentially, horizontally into an upwards-tapering cone (2) surrounded by the
vertical, cylindrical tank (11) wherein water with oil exits via the top (21) of the cone (2).

[0022] Oil and possibly air are let out through an oil outlet (27) at the top of the vertical,
substantially cylindrical tank (11). This oil mat be let out/processed/recovered/stored.

[0023] Oil-polluted water continues to flow downwards from the top (21), externally with
respect to the cone (2), to a tangential outlet (22) at a lower end (24) of the cone (2), and
generally to the membrane filtration plant (6).

[0024] In accordance with another embodiment of the invention of the separation plant, the
cone (2) separates the slurry that subsides in the interior down to a funnel (13) with the pipe
(44) for sludge outlet from the bottom of the vertical, substantially cylindrical tank (11).

[0025] In accordance with another embodiment of the separation plant, an inclined gutter (25)
is provided at the lower end (24) of the cone (2) such that the inclined gutter (25) leads to the
tangential outlet (22). In this way, sedimentation of particles present in the water at the lower
end of the cone upstream of the outlet (22) may be avoided.

[0026] In an embodiment of the separation plant, a cylindrical sleeve (26) is provided, said
sleeve extending concentrically from the lower end (24) of the cone (2) and providing a back
wall within the inclined gutter (25). This extends downwards to create a channel for the inlet
water to the tank such that it doesn't flow into the cone immediately. Heavier fractions and
particles and water are led downwards towards the lower, funnel-shaped portion (13) of the
tank.

[0027] In a two-phase separator embodiment of the invention, the decanter centrifuge (5) may
be arranged to jointly separate water and oil and lead separated oil and water, directly or
indirectly, back to the vertical separator (1). In a three-phase separator embodiment of the
invention, the decanter centrifuge (5) is arranged to lead separated oil so that it is recovered
and separated water back to the slop tank or the vertical separator.

[0028] In one embodiment of the invention, a back flush strainer (23) is provided between the
vertical separator (1) and the membrane filtration plant (6), wherein the back flush strainer (23)
is provided between the tangential outlet (22) and the membrane filtration plant (6), said back
flush strainer (23) being arranged to filter and remove particles and wherein the permeate
water that is free from particles and oil-polluted is led to the membrane filtration plant (6). In an
embodiment of the invention, a strainer (23') may be used between the vertical separator (1)
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and the membrane filtration plant (6), wherein a strainer (23) is provided between the
tangential outlet (22) and the membrane filtration plant (6), said strainer (23) being arranged to
filter and remove particles, and wherein the permeate water that is still oil-polluted, but free
from particles is transported back to the membrane filtration plant (6). Such embodiments are
shown in Figs. 4b and 4d wherein the back one is hidden by the front one. In these drawings, it
is provided two strainers (23') connected in parallel wherein it is possible to alternate between
letting the outlet (22) lead to the one strainer (23") for normal operation with outlet to the
membrane filtration plant (6), while the other strainer (23') is shut off and emptied from
particles, or the other way around.

[0029] In one embodiment of the invention, the back flush strainer (23) is arranged to transport
the separated, heavy particles back to the slop tank (1) and further to the vertical separator (1)
and preferably end up in the lower, funnel-shaped portion (13) and eventually in the sludge
outlet (44) for further separation in the decanter centrifuge (5).

[0030] In one embodiment of the invention, a balance tank (28) is provided between the
tangential outlet (22) and the membrane filtration plant (6), wherein the balance tank (28) is
arranged to ensure that the membrane filtration plant (6) receives sufficient amounts of feed
water, and possibly even to dose detergent when "Cleaning-In-Place" is performed. The oil-
polluted water is led via a feed pump (29) to the membrane filtration plant (6), see Figs. 1 and
3. When the level in the balance tank (28), said level being controlled by a level sensor and a
control valve, drops to a low level, the membrane filtration plant (6) is controlled so that it
recirculates polluted and clean water back into the tank such that the level in the balance tank
(28) doesn't drop even more and the pumps experience problems and suck in air into the
membrane filtration plant (6). The recirculation is actually an important property of the plant as
it is not desirable to stop the recirculation pumps (62) of the membrane filtration plant (6) every
time the flow out of the tangential outlet (22) of the vertical separator (1) must be stopped in
consequence of high density measured by the density sensor (4, 49, 48) in the funnel (13), the
bottom of the vertical separator (1).

[0031] In an advantageous embodiment of the invention, the membrane filtration plant (6) is a
tangential membrane filtration plant with a circulation pump (62), i.e. not a so-called "dead-
end" membrane filtration plant. The water with the retentate is circulated and the permeate is
transported tangentially out through the membrane. In the preferred embodiment, the
membrane comprises pipes made of ceramics.

[0032] In an embodiment of the invention, the tangential membrane filtration plant (6) is
arranged to lead the permeate water to be let out or to be dumped in a body of water, and
return the concentrated retentate back to the slop tank (0) and to the tangential intake (12) for
continuous separation occurring in the vertical separator (1), see Fig. 3, wherein the separated
oil is led back for new processing wherein oil may be let out via outlet (27) in the top of the
vertical separator or otherwise be led back into the circuit of the membrane filtration plant (6).
In a situation where a risk of the liquid in the balance tank having too low level, the permeate
water may be temporarily led back into the balance tank.
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[0033] The sensor (4) for density of sludge may be of different types. In one embodiment, the
sensor for density of sludge is a radioactive, absorption-based sensor comprising:

a radiation source (49) provided on a first outer face of the funnel (13) for radiating a

liquid, possibly including slurry, in the funnel (13),

» a radiation detector (48) provided on the opposite face of the funnel (13) and arranged
to receive beams from the radiation source (49);

+ wherein the degree of absorption of the radiation indicates a calibrated measurement of
the quantum of slurry present in the funnel (13);

« wherein the control unit (41), based on the measurement of the quantum of slurry

present in the funnel (13) opens the control valve (3). The control unit (41) holds the

control valve (3) open until the quantum of slurry present in the funnel is below a given

limit value. The control unit (41) may control the control valve (3) to open fully or partially

depending on the quantum present and the capacity downstream.

[0034] In one embodiment of the invention, the density sensor (4) comprises a mass-flow
meter measuring density and flow towards the decanter centrifuge (5). Such a density sensor
may be based on ultrasound measurement of density and flow. The flow may be measured by
means of an ultrasound-Doppler instrument. In another embodiment, the density sensor (4)
may be a density sensor of the Coriolis type as shown in Figs. 4b and 4c. In one embodiment
of the invention, the Coriolis-based density sensor will also be arranged to provide signal
regarding mass flow through the outlet (44). The density signal from the density sensor (4) or
the Coriolis-based density sensor (4') and preferably also the signal regarding mass flow may
be used as input to the control unit controlling the control valve (3) at the outlet (44) such that
the level of sludge and its density in the funnel-shaped portion are maintained at an acceptable
level such that a continuous process may be established.

[0035] In another embodiment, the plant is programmed to run in the following way: the
density sensor/mass flow meter (4, 4') and the control valve (3) are connected to the sludge
outlet (44) of the vertical separator (1). The control unit (41) is programmed so that a constant
flow is flowing through the outlet (44) of the vertical separator (1) towards the decanter
centrifuge (5). This flow is determined based on the capacity of the decanter. The density
sensor/mass flow meter (4, 4") will, in addition to the constant flow, also measure the
density/weight of the slurry/flowing mass. When this density becomes higher than desirable,
the control valve (3) is controlled to let out equal amount or more liquid flow than before, while
the horizontal outlet (22) of the vertical separator towards the balance tank is closed by means
of a valve (46) such that this heavy slurry/liquid doesn't spread out throughout the cone and
towards the membrane filtration plant (6) where it is undesirable to have any slurry.

[0036] In one embodiment of the invention, the control unit (41), in addition to controlling the
control valve (3) for slurry from the funnel (13), also controls another control valve (46) for
complete or partial closure of the tangential outlet (22) to the strainer (23) while the control
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valve (3) is completely or partially open, in order to avoid imbalance in the vertical separator
(1) or lack of liquid in the balance tank (28) while the funnel (13) is being drained from sludge.
The valve (46) is closed to prevent heavy liquid/sludge from spreading upwards in the cone
and the membrane system. It may occur a situation where non-polluted bore liquid is started to
be pumped into the vertical separator (1) and that the flow towards the membrane system is
no longer desirable for a certain time period. The flow towards the balance tank (28) will then
be reduced and the membrane filtration plant (6) will be circulated into this tank such that said
tank is at least partially full and the circulation pumps need not be stopped in this phase.

[0037] One may imagine an alternative of the presently claimed invention. Under certain
circumstances, a system may operate without decanter centrifuge. The sludge is instead let
out of the outlet pipe (44) and led to a separate, smaller tank for heavier slurry, or to a
separate separator, for instance a filter press. Such a water-oil-sludge separation plant has the
following features:

* a slop tank (0) for water/oil/sludge having an outlet for slop water to a vertical separator
(1);
« the vertical separator (1) leads to three outlets:
o an upper oil outlet (27) that lets out air and oil that are easily separated in a
cyclone separation motion that arises in the vertical inner cone (2), see Fig. 1;
o a middle, horizontal tangential outlet (22) for oil-polluted water to a membrane
filtration plant (6);
o a lower pipe (44) for sludge outlet to a separate tank or process for separate
treatment of the sludge;
» a membrane filtration plant (6) is in this alternative system arranged for two main
functions:

Firstly, to separate a concentrated retentate and directly remove it from the process, or
transport it, directly or indirectly, via the slop tank (0) to the vertical separator (1).

Secondly, wherein the permeate comprises cleansed water that is dumped or let out or
recirculated if the need exists.

[0038] In accordance with the invention, the lower pipe (44) for sludge outlet from the vertical
separator (1) comprises a control valve (3) controlled by a control unit (41) that, based on a
sensor (4, 4") for density of sludge in a lower portion of the vertical separator (1), continuously
adjusts outlet of sludge to the decanter centrifuge (5).

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1. Vand-olie-slam-separationsanlaeg omfattende:

10

15

20

25

30

- en sloptank (0) til vand/olie/slam, med et udlgb til slopvand;
- en vertikal separator (1) omfattende en vertikal, i alt vaesentligt
cylinderformet tank (11) med et tangentialt indlgb (12), et gvre olieudlgb
(27) ved toppen af den vertikale tank (11), et midterste, horisontalt,
tangentialt udlgb (22) til olieforurenet vand, og et nedre rgr (44) til et
slamudlgb ved bunden af den vertikale tank (11), hvor en opad tilspidset
keglestub (2) er tilvejebragt i den vertikale tanks (11) indre, og det
tangentiale udlgb (22) er ved en nedre ende af keglestubben (2);
- et membranfiltreringsanlaeg (6);
- en styreventil (3) til slamudlgbet;
- en sensor (4) til at detektere densiteten af slammet i et nedre afsnit af
den vertikale separator (1);
- en styreenhed (41);
hvor vand-olie-slam-separationsanlaegget er indrettet saledes, at:
- slopvandet ledes fra udlgbet af sloptanken (0) til den vertikale
separator (1) og kommer ind gennem en vaag (20) af den vertikale
separator (1) og efterfglgende gennem det tangentiale indlgb (12),
horisontalt i det indre af den opad tilspidsede keglestub (2) omgivet
af den vertikale tank (11),
- vand med olie Igber ud via toppen (21) af keglestubben (2),
hvorimod slammet separeres af keglestubben (2) og synker i det
indre ned til det nedre rgr (44),
- olie og muligvis Iuft ledes ud gennem det gvre olieudlgb (27),
- olieforurenet vand fortsaetter med at stramme nedad, udvendigt i
forhold til keglestubben (2), til det tangentiale udlgb (22) og
derefter til membranfiltreringsanlaegget (6);
- membranfiltreringsanlaegget (6) er indrettet til at udlede
permeatet omfattende renset vand og til at lede det koncentrerede
retentat tilbage til den vertikale separator (1) eller til sloptanken (0)
eller til at fjerne det fra processen;
hvor vand-olie-slam-separationsanleegget er kendetegnet ved, at:



10

15

20

25

30

35

DK/EP 3914372 T3

2

- det omfatter en dekantercentrifuge (5) indrettet til at separere
dehydrerede faststoffer og til at lede vand behandlet i
dekantercentrifugen (5) tilbage til den vertikale separator (1) eller
sloptanken (0);

- styreventilen (3) styres af styreenheden (41) som baseret pa
inputtet fra sensoren (4) kontinuerligt tilpasser udledning af slam til
dekanter-centrifugen (5).

2. Separationsanlaegget ifglge krav 1, hvor den vertikale tank (11) har en tragt
(13), sdledes at slammet separeret af keglestubben (2) synker i tragten (13) mod
det nedre rgr (44) til slamudledning fra bunden af den vertikale, i alt vaesentligt
cylinderformede tank (11).

3. Separationsanlagget ifglge et hvilket som helst af de foregdende krav, hvor en
skranende rende (25) er tilvejebragt ved den nedre ende (24) af keglestubben
(2), hvor den skranende rende (25) fgrer til det tangentiale udlgb (22).

4. Separationsanlaegget ifglge krav 3, hvor en cylinderformet muffe (26) er
tilvejebragt, idet naevnte muffe straekker sig koncentrisk fra den nedre ende (24)
af keglestubben (2), og tilvejebringer en bagvaeg inden i den skranende rende
(25).

5. Separationsanlaegget ifglge et hvilket som helst af de foregaende krav, hvor
dekantercentrifugen (5) er en trefaseseparator indrettet til at lede separeret olie,
saledes at det udledes/genvindes.

6. Separationsanlaegget ifglge et hvilket som helst af kravene 1-4, hvor dekanter-
centrifugen (5) er en tofaseseparator indrettet til at lede separeret olie og vand
tilbage til sloptanken eller til den vertikale separator (1).

7. Separationsanlaegget ifglge et hvilket som helst af de foregdende krav, hvor en
returskylningssigte (23) er tilvejebragt mellem den vertikale separator (1) og
membranfiltreringsanlaegget (6), hvor returskylningssigten (23) er tilvejebragt
mellem det tangentiale udlgb (22) og membranfiltreringsanlaegget (6), idet
naevnte returskylningssigte (23) er indrettet til at filtrere og fjerne partikler, og
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hvor permeatvandet, som er fri for partikler og olieforurenet, ledes til membran-

filtreringsanlaegget (6).

8. Separationsanlaegget ifglge krav 7, hvor returskylningssigten (23) er indrettet
til at transportere de separerede, tunge partikler tilbage til sloptanken (1) til
yderligere behandling i den vertikale separator (1) til mulig yderligere separation i
dekantercentrifugen (5).

9. Separationsanlaegget ifglge et hvilket som helst af de foregdende krav, hvor en
udligningstank (28) er tilvejebragt mellem det tangentiale udlgb (22) og
membranfiltreringsanlaegget (6), hvor udligningstanken (28) er indrettet til at
sikre, at membranfiltreringsanlaegget (6) modtager tilstraekkelige maengder
fgdevand, og let olieforurenet vand ledes til en fadepumpe (29) og yderligere til
membranfiltreringsanlaegget (6).

10. Separationsanlaegget ifglge krav 9, hvor membranfiltreringsanlaegget (6) er et
tangentialt membranfiltreringsanlaag med en cirkulationspumpe (62).

11. Separationsanlaegget ifglge krav 10, hvor det tangentiale membranfiltrerings-
anlaeg (6) er indrettet til at lede permeatvandet, som skal udledes, eller som skal
dumpes i et vandomrade, og sender det koncentrerede retentat tilbage til
sloptanken (0) og til det tangentiale indlgb (12) i den vertikale separator til ny
bearbejdning, hvor olie kan udledes via det gvre udlgb (27).

12, Separationsanlaegget ifglge krav 2, og, eventuelt, ifglge et hvilket som helst
af kravene 3 - 11,
hvor sensoren (4) til densitet af slam er en radioaktiv, absorptionsbaseret sensor
omfattende:
- en stralingskilde (49) tilvejebragt pa en fgrste ydre side af tragten (13) til
at bestrale en vaeske, som muligvis inkluderer slam, i tragten (13),
- en stralingsdetektor (48) tilvejebragt pa den modsatte side af tragten
(13) og indrettet til at modtage straler fra stralingskilden (49);
- hvor stralingsabsorptionsgraden indikerer en kalibreret maling af
maengden af slam, som er til stede i tragten (13);
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- hvor styreenheden (41), baseret pa@ méalingen af mangden af slam, som
er til stede i tragten (13), 8bner styreventilen (3), indtil mangden af slam,

som er til stede i tragten, er under en given graenseveaerdi.

5 13. Separationsanlaegget ifglge kravene 2 og 7, eventuelt, ifglge et hvilket som
helst af kravene 3-6 eller 8- 12, hvor styreenheden (41), udover af styre
styreventilen (3) til slam fra tragten (13), ogsa styrer en anden styreventil (46)

til fuldstaendig eller delvis lukning af det tangentiale udigb (22) til
returskylningssigten (23) mens styreventilen (3) er fuldsteendig eller delvis

10 aben, for at undga ubalance i den vertikale separator (1) eller mangel pa
vaeske i udligningstanken (28), mens tragten (13) draenes for slam.
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