
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)

(19)
E

P
2 

18
8 

81
3

B
9

TEPZZ _888_¥B9T
(11) EP 2 188 813 B9

(12) CORRECTED EUROPEAN PATENT SPECIFICATION

(15) Correction information: 
Corrected version no   1     (W1 B1)
Corrections, see
Claims EN 1

(48) Corrigendum issued on: 
23.10.2013 Bulletin 2013/43

(45) Date of publication and mention 
of the grant of the patent: 
03.07.2013 Bulletin 2013/27

(21) Application number: 08756577.6

(22) Date of filing: 30.05.2008

(51) Int Cl.:
B01D 29/23 (2006.01) B01D 29/72 (2006.01)

(86) International application number: 
PCT/US2008/065433

(87) International publication number: 
WO 2008/151090 (11.12.2008 Gazette 2008/50)

(54) APPARATUS AND METHOD FOR INCREASING FILTER CAPACITY USING ULTRASONIC 
REGENERATION

VORRICHTUNG UND VERFAHREN ZUR ERHÖHUNG DER FILTERKAPAZITÄT MITTELS 
ULTRASCHALLREGENERIERUNG

APPAREIL ET PROCÉDÉ PERMETTANT D’AUGMENTER UNE CAPACITÉ DE FILTRATION PAR 
RÉGÉNÉRATION ULTRASONORE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR

(30) Priority: 30.05.2007 US 940928 P

(43) Date of publication of application: 
26.05.2010 Bulletin 2010/21

(73) Proprietor: Dominion Engineering, Inc.
Reston VA 20191 (US)

(72) Inventor: Gross, David J
Reston, VA 20190 (US)

(74) Representative: Andersson, Björn E. et al
Ström & Gulliksson AB 
P.O. Box 4188
203 13 Malmö (SE)

(56) References cited:  
EP-A1- 1 785 178 WO-A1-01/38744
WO-A1-92/11923 DE-A1- 3 335 127
US-A- 5 171 433 US-A1- 2001 050 095
US-B1- 6 251 294  



EP 2 188 813 B9

2

5

10

15

20

25

30

35

40

45

50

55

Description

PRIORITY STATEMENT

[0001] This application claims priority under 35 U.S.C.
§ 119(e) from U.S. Provisional Patent Appl. No.
60/940,928, which was filed in the U.S. Patent & Trade-
mark Office on May 30, 2007.

BACKGROUND

[0002] Radioactive particulate waste, such as that gen-
erated during ultrasonic fuel cleaning of irradiated nucle-
ar fuel assemblies, may be difficult and costly to dispose
of. The radioactive aspect of such particulate waste
presents unique filtration cost considerations relative to
more conventional filtration applications as a result of the
various rules and regulations governing handling, ship-
ment, and disposal of the spent or loaded filters. Often,
the cost of filtration is dominated by the disposal cost of
the contaminated filters.
Accordingly, increasing the particulate holding capacity
of each filter will tend to reduce the total filtration cost.
[0003] The particulate holding capacity of a mem-
brane-type filter is dependent upon a number of factors
including, for example, the available differential pressure
across the media, the available area of filter media and
the flow rate through the filter. Accordingly, the particulate
holding capacity may be increased by using a variety of
techniques including, for example, providing additional
differential pressure, increasing the amount of media in
the filter and/or by reducing the flow rate through the filter.
WO 92/11923 A1 discloses a filtration system and meth-
od according to the preamble of the attached independ-
ent claims. A similar filtration system and method in dis-
closed in DE 33 35 127 A1.

SUMMARY

[0004] Example embodiments of the new filter system
and associated methods of filtering utilize a combination
of ultrasonically enhanced backwashing and a modified
filter media configuration for increasing the specific load-
ing on a portion of the filter media, thereby tending to
increase the total particulate holding capacity of the im-
proved filter. Depending on factors such as the filter con-
figuration, the particulate size distribution and the avail-
able pressure drop that can be maintained across the
filter, it is expected that the particulate holding capacity
can be more than doubled relative to a conventional filter
having similarly configured filter media.
[0005] The primary applications for the improved filter
are expected to be in both boiling water reactor (BWR)
and pressurized water reactor (PWR) fuel cleaning ap-
plications although those skilled in the will appreciate that
increasing the effective filter capacity may be useful in a
wide range of applications. It is expected that in the BWR
and PWR applications, the filter assembly will be pack-

aged or configured in a form compatible with a conven-
tional fuel assembly location that can, in turn, be cleaned
using an appropriate ultrasonic fuel cleaning fixture. For
other applications, those skilled in the art will appreciate
that a wide range of filter assemblies and ultrasonic fix-
tures may be adapted to achieve equipment configura-
tions consistent with the disclosed embodiments and for
practicing the disclosed methods.
[0006] Equipment and methods consistent with the dis-
closed embodiments are expected to provide one or
more advantages over conventional filtration assemblies
and methods. It is expected, for example, that equipment
and methods consistent with the disclosed embodiments
may include one or more advantages including reducing
the cost of  the filter media by reducing the volume of
filter media required for capturing a given quantity of par-
ticulates, increasing the life of the filter assembly by re-
ducing the effective filling rate, reducing the number of
contaminated filters that will be stored onsite, reducing
the number of filters for disposal and the associated costs
and/or may allow for the use of existing ultrasonic clean-
ing equipment thereby reducing the associated equip-
ment expenses and maintenance.
[0007] While filtration of the particulate waste generat-
ed during ultrasonic fuel cleaning waste is expected to
be one of the more common uses of the disclosed meth-
ods and apparatus, those skilled in the art will appreciate
that the disclosure and application are not so limited. For
example, it is expected that the disclosed methods and
apparatus may have particular utility in other applications
including, but not limited to, local filtration of miscellane-
ous radioactive and non-radioactive waste in spent fuel
pools, reactor cavities and other vessels or regions that
tend to collect, or be particularly sensitive to, particular
contamination. Example embodiments may include,
without limitation, underwater vacuuming of swarf and/or
other machining debris that could be generated and/or
removed during plant maintenance activities or plant de-
commissioning. Other example embodiments may in-
clude, without limitation, underwater vacuuming as part
of general pool/cavity cleanup, and local area filtration to
improve water clarity and/or area dose rates, large scale
filtration to reduce or eliminate number of filters used in
fuel pool and reactor cavity filtration systems, any other
filtration application where the required filter particulate
holding capacity is beyond that which can be achieved
using traditional membrane filters and/or those applica-
tions in which it is desirable to contain all of the captured
material within the original filter for ultimate disposal.
[0008] Even other example embodiments may include,
without limitation, regeneration of filter pre-coat layers.
For example, some filtration applications include a pre-
coat layer that is applied to the media before use in the
primary filtration application. The apparatus and methods
disclosed herein could be utilized for removing the spent/
clogged pre-coat layer from the active filtration region,
allowing the application of a new pre-coat on the cleaned
filter layer without needing to dispose of the removed pre-
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coat media separately.
[0009] Prior art methods include various sequences
and configurations for cleaning and backwashing filter
media including some in which backwashing, with or with-
out the application of ultrasonics, is used in regenerating
filtration media by removing the particulates from the me-
dia so that it can be disposed of elsewhere (e.g., dis-
charged to a waste water system). The example appa-
ratus and methods disclosed herein, however, provide
means for increasing filter capacity through periodic re-
location of particulates within a filter assembly. The re-
location of the particulates within the filter assembly onto/
into a designated collection region allows another region
of the filter assembly to be "regenerated" to provide a
renewed filter region. The availability of this regeneration
region, in turn, allows the filter assembly to continue pro-
viding useful filtration function well beyond the point
where conventionally arranged and operated filters
would require replacement to maintain normal operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Example embodiments described below will be
more clearly understood when the detailed description
is considered in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates an example embodiment of an ap-
paratus suitable for practicing the methods detailed
in the detailed disclosure;

FIGS. 2-5 illustrate an example embodiment of a fil-
tration method as detailed in the disclosure below;

FIG. 6 illustrates another example embodiment of
an apparatus suitable for practicing the methods de-
tailed in the detailed disclosure;

FIG. 7 illustrates pressure and particulate capture
data generated practicing an embodiment of the
methods described on an example embodiment of
a suitable apparatus for practicing the method;

FIG. 8 illustrates an example embodiment of steps
that could be utilized in practicing an example em-
bodiment of the method as illustrated in FIGS. 2-5;
and

[0011] It should be noted that these Figures are intend-
ed to illustrate the general characteristics of methods,
structure and/or materials utilized in certain example em-
bodiments and to supplement the written description pro-
vided below. These drawings are not, however, drawn
to scale and do not precisely reflect the precise structural
or performance  characteristics of any given embodiment
and should not, therefore, be interpreted as defining or
limiting the range of values or properties encompassed
by example embodiments.

Further, the drawings have been simplified by omitting
peripheral structure including, for example, piping,
valves, pumps, power supplies, cables, controllers and
other equipment, with the understanding that those
skilled in the art would be able to determine and construct
the peripheral structure necessary for the full range of
embodiments disclosed herein and obvious variations
thereof.

DETAILED DESCRIPTION

[0012] An example embodiment of an apparatus 100
for practicing the disclosed methods is illustrated in FIG.
1 and includes a filter housing 102 having a primary inlet
104 for introducing contaminated fluid in an inlet direction
108 into the filter assembly that, in turn, includes a re-
generation region 106a and a collection region 106b. Flu-
id passing through the regeneration region and collection
region of the filter assembly is then removed from the
filter housing through associated conduits 110a, 110b.
In order to provide for differential flows through the re-
generation region and collection region, the filter assem-
bly and/or the filter housing includes a flange 112 or
equivalent structure for separating the flows and defining
first and second flow paths. These flow paths include
corresponding plenum regions 114a, 114b between ex-
ternal filter assembly surfaces and interior surfaces of
the filter housing. As will be appreciate by those skilled
in the art, additional structure may be provided in the
plenum for supporting the filter assembly to allow for high-
er differential pressures to be maintained while reducing
the risk of damage to the filter assembly.
[0013] As will be appreciated by those skilled in the art,
the filter assembly may comprise a unitary structure, i.e.,
one single filter element, or may comprise a plurality of
filter elements that cooperate to form a complete assem-
bly. As will also be appreciated by those skilled in the art,
embodiments including a plurality of filter elements may
utilize a plurality of filter housing sub-units that cooperate
to form a complete filter housing, thereby increasing the
range of apparatus configurations that may be utilized to
practice methods consistent with those detailed below.
For example, a parallel structure would allow for alter-
nating filtration and regeneration operations between two
or more corresponding flow paths to allow for off-line re-
generation while maintaining the filtration function of the
apparatus.
[0014] As illustrated in FIGS. 2-5, during a filtration op-
eration a layer of particulates or "filter cake" 116 may be
formed on the surfaces of the regeneration and collection
regions of the filter assembly as a particulate containing
fluid is fed into the filter assembly and passed through
the filter assembly. The filtrate may then been removed
from the filter housing through conduits 110a, 110b in a
first flow direction 118 as illustrated in FIG. 2. When re-
generation is desired including, for example, when the
pressure drop across the filter assembly exceeds an up-
per pressure target or the filter cake in the regeneration
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region exceeds a target thickness, the regeneration proc-
ess can be initiated. During the regeneration process, as
illustrated in FIG. 3, the portion of the filter cake in the
regeneration region of the filter assembly is reduced or
removed through a combination of a reversed fluid flow
in a second flow direction 118a, e.g., a backwash flow
and ultrasonic agitation provided by one or more ultra-
sonic transducers 120 that are configured for applying
ultrasonic energy to at least a portion of the regeneration
region.
[0015] As illustrated in FIG. 4, the removed portions of
the filter cake 116a are then drawn into the collection
region of the filter assembly by fluid passing through the
filter assembly in direction 118b to form an additional filter
cake layer 116a’ on the remaining portion of the initial
filter cake 116b. The flow rate and inlet positions of the
backwash flow during the regeneration process may be
reduced relative to that utilized during the filtration proc-
ess and configured to reduce the tendency of fines to be
removed entirely from the filter assembly. The filter as-
sembly may also be oriented in such a manner that the
desired redistribution of the removed particulates is as-
sisted by gravity, e.g., by arranging the regeneration re-
gion above the collection region within the filter assembly.
As illustrated in FIG. 6, additional flow paths 118c and/or
mechanical baffle or barrier means (not shown) may also
be utilized for suppressing the migration of fines out of
the filter assembly during the backwash operation.
[0016] It is believed that the low flow rate during the
regeneration process allows for increased specific area
loading on the collection region filter elements than would
otherwise be possible at normal operating flow rates. It
is anticipated that ultrasonic agitation during at least a
portion of the regeneration process will improve the re-
generation process and increase the portion of the filter
cake that is removed from the regeneration region, par-
ticularly at lower flow rates.
[0017] After regeneration, the regeneration region of
the filter assembly will tend to be sufficiently unloaded to
permit resumption of the filtration the higher flow rates
desired during normal filtration operation. As illustrated
in FIG. 5, resumption of the filtration process will result
in the formation of an additional layer of filter cake 116c
at which point the regeneration process may be repeated.
As will be appreciated by those skilled in the art, the ex-
ample embodiments of the apparatus disclosed may be
adapted to provide for the incremental backwashing of a
number of separated filter elements and/or filter regions
of the filter assembly during normal operation.
[0018] For those filtration systems intended for use in
conjunction with nuclear fuel cleaning applications, the
filter assembly and filter housing may be configured in a
manner that allows a portion of the filtration system to be
handled and stored using equipment and techniques
adapted for the handling of a similarly configured nuclear
fuel assembly in use at the intended site. By utilizing a
common configuration, the ultrasonic agitation utilized
during the regeneration process may be provided by an

ultrasonic fuel cleaning fixture including, for example, the
cleaning fixtures disclosed in U.S. Patent No. 6, 396,
892 , previously adapted for fuel cleaning. Alternatively,
another conventional or custom- designed ultrasonic ag-
itator may be utilized for applying sufficient ultrasonic en-
ergy to the filter assembly to separate a portion of the
accumulated particulates and/or filter cake from the re-
generation region (s) of the filter assembly when no ul-
trasonic fuel cleaning system is readily available.
[0019] Alternate embodiments of the filtration system
and filter assembly, include, but are not limited to, varying
the relative areas of the regeneration region and the col-
lection region, configuring the filter assembly to provide
a plurality of regeneration regions and/or collection re-
gions, providing a plurality of flow paths that allow for the
selective configuration of one or more regions as either
a regeneration region or a collection region, thereby al-
lowing modifications of the relative areas of the regener-
ation region and collection region during service.
[0020] Alternate embodiments of the filtration system
and filter assembly, also include, but are not limited to,
configuring a plurality of filter elements in parallel, series
or series/parallel configurations through the use of ap-
propriate conduit arrangements and cooperating valve
assemblies or equivalent devices. Example embodi-
ments of such configurations include, but are not limited
to, staged-filtration arrangements wherein successively
smaller particles are captured by each stage of filtration,
such as by using media with different effective "micron
ratings," pore sizes and/or media depth in a plurality of
filter stages.
[0021] Alternate embodiments of the filtration system
and filter assembly, also include, but are not limited to,
configurations that permit use of conventional filter pack-
aging. When using conventional filter packaging, the ex-
ample embodiments of the methods and apparatus can
be achieved using at least one of the conventional filter
packages as the regeneration region and at least one of
the filter packages as the collection region during back-
flush operations.
[0022] Alternate embodiments of the filtration system
and filter assembly, also include, but are not limited to,
variations wherein the effective length of the collection
region is extended by combining a porous section of the
collection region in series with a nonporous section (i.e.,
solid tube) and constructing the collection region using
media that is less suitable for backwashing (i.e., a filter
assembly construction configured for application of a
pressure differential in only a preferred direction).
[0023] Alternate embodiments of the filtration system
and filter assembly, also include, but are not limited to,
utilizing materials exhibiting enhanced resistance to high
radiation fields, utilizing packaging is designed to include
a permanent or remotely-operable  port, opening or pen-
etration that can be used to drain fluid from the filter by
the action of gravity when the filter is maintained in an
appropriate position, e.g., an upright position, utilizing
packaging that includes a check valve or equivalent
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structure configured for suppressing or preventing the
migration of captured particulates from a filter assembly
in the absence of a fluid flow and utilizing packaging de-
signed for the remote operation of valves or equivalent
structure that allow the flow path(s) to and from the var-
ious regions or sections of the filter assembly to be
aligned with various flow sources, conduits and sinks.
[0024] Alternate embodiments of the filtration system
and filter assembly, also include, but are not limited to,
utilizing packaging designed for integrating ultrasonic
transducers with the remainder of the filter package and
including means for monitoring various process param-
eters such as pressure and flow rate at one or more lo-
cations within the filter assembly, filter housing and/or
conduits.
[0025] As will be appreciated by those skilled in the art,
the features and elements of the alternative example em-
bodiments detailed above may be combined to produce
additional embodiments that would be suitable for prac-
ticing methods in accord with the example embodiments
disclosed.

Example 1

[0026] A laboratory scale test was performed to deter-
mine the extent to which the life/capacity of a filter could
be extended with a method and apparatus according to
the example embodiments disclosed herein. The test fix-
ture consisted of two 10 inch (25 cm) filter cartridges ar-
ranged as shown in FIG. 1, with the upper cartridge con-
figured as the regeneration region and the lower cartridge
configured as the collection region. The filter cartridges
were loaded with test dust as shown in FIG. 2 until the
differential pressure across the filter assembly reached
a prescribed end-of-life pressure limit of about 35 psi
(0.24 MPa).
[0027] The test fixture was then ultrasonically agitated
and a portion of the filter cake was backwashed from the
regeneration region into the collection region (FIGS. 3
and 4). The filter system was then run in the normal load-
ing configuration (FIG. 5) and the post-regeneration filter
differential pressure was recorded. This sequence of op-
erations was then repeated (see FIG. 8 and steps S100
to S112) until the filter assembly became sufficiently load-
ed that regeneration was not sufficient to reduce the dif-
ferential pressure sufficiently to reach a baseline value
of about 20 psi (0.14 MPa) at which point the test was
terminated. The differential pressure data and particulate
capture data are providing in graph 200 as illustrated in
FIG. 7. The backwashing process was found to have in-
creased the particulate holding capacity of the filter car-
tridges by a factor of approximately 3.3. Upon disassem-
bly of the test fixture, the lower filter cartridge was found
to be packed solid with test dust. The test data suggests
that the total particulate holding capacity could be in-
creased further by increasing the percentage of filter area
in the bottom region.
[0028] As will be appreciated by those skilled in the art,

the construction of the filter assemblies and, in particular,
the filtration media, must be configured to allow for the
reverse  flow associated with the backwashing process
and to provide sufficient mechanical strength to withstand
the ultrasonic agitation without damaging the media.
[0029] The example embodiments of the filter assem-
bly and methods of operating such filter assemblies may
include one or more features including, but not limited to
arranging the filter assembly so that a portion of the media
is used both for primary filtration (when the filter assembly
is new) and for capturing backwashed waste (during re-
generation processing). Such a configuration would re-
duce or eliminate the need to use additional media, flow
arrangements or structure to capture the backwashed
waste without substantially degrading the performance
of the filter assembly relative to a similar filter element
not incorporating the internal backwash capture config-
uration.
[0030] The filter regeneration process relocates waste
within the filter to increase the capacity of a disposable
filter element. Existing systems use ultrasound to remove
waste from the media so that it can be flushed out of the
filter element, with the waste stream either discharged
directly or filtered onto a secondary disposal media. In a
method according to an example embodiment, all or sub-
stantially all of the backwashed waste is maintained with-
in the filter element so that there is no need for additional
handling of the hazardous waste and the problems as-
sociated therein.
[0031] The combination of ultrasonic agitation and low
flow rate backwashing of clean region. Ultrasonic agita-
tion facilitates low flow rate backflushing, which in turn
permits internal capture of the backflushed waste on the
highly loaded region of the filter. Without the ultrasonic
agitation, it would be difficult, if not impossible, to gener-
ate a sufficiently high backflush flow rate through the re-
generation region to dislodge particulate  waste while
simultaneously filtering that high flow of fluid through the
more highly loaded collection region of the filter.
[0032] In the example embodiments, the filter assem-
bly can be packaged and configured to resemble a nu-
clear fuel assembly for ease of handling and storage, and
for compatibility with an existing ultrasonic fuel cleaning
system. As will be appreciated by those skilled in the art,
the filter assemblies according to the example embodi-
ments may be readily adapted to any conventional pack-
aging format including, for example, configurations used
by Westinghouse/ABB in the late 1990s in constructing
a system (FILDEC) that utilized filters housed in a fuel
assembly shaped structure.
[0033] While the disclosed inventions have been par-
ticularly shown and described with reference to examples
embodiments thereof, these inventions should not be
construed as being limited to the particular embodiments
set forth herein; rather, these example embodiments are
provided to convey more fully the concept of the invention
to those skilled in the art.
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Claims

1. A filtration system (100) for filtering fluid containing
radioactive particulate waste, the filtration system
having a filtration mode and a regeneration mode,
the filtration system comprising:

a filter housing (102);
a filter assembly arranged in the filter housing,
the filter assembly comprising a regeneration re-
gion (106a) and a collection region (106b);
a flange (112) or equivalent structure defining
first and second plenum regions (114a, 114b)
between external filter assembly surfaces and
interior surfaces of the filter housing for providing
differential flows through the regeneration re-
gion (106a) and the collection region (106b); and
an ultrasonic transducer (120) configured for ap-
plying energy to the regeneration region of the
filter assembly in the regeneration mode of said
filtration system,
said filter housing having:

a primary inlet (104) for introducing a fluid
containing radioactive particulate waste in-
to the filtration system in the filtration mode
of said filtration system;
a regeneration region conduit (110a) fluidly
connected with the first plenum region
(114a) and the regeneration region (106a)
of the filter assembly; and
a collection region conduit (110b) fluidly
connected with the second plenum region
(114b) and the collection region (106b) of
the filter assembly,

wherein the filtration system is configured, in the
filtration mode, to pass the fluid from the primary
inlet (104) through the regeneration region
(106a) as well as the collection region (106b) of
the filter assembly to the regeneration region
conduit (110a) and collection region conduit
(110b) in a first flow direction (118), so as to form
a layer (116) of radioactive particulates from said
fluid on a surface of said regeneration and col-
lection regions of the filter assembly while re-
moving the filtrate from said filter housing
through said regeneration region conduit (110a)
as well as said collection region conduit (110b),
and
wherein the filtration system is configured, in the
regeneration mode, to pass a reversed fluid flow
from the regeneration region conduit (110a)
through the regeneration region (106a) in a sec-
ond flow direction (118a), opposite said first flow
direction, while agitating said ultrasonic trans-
ducer (120), such that the reversed flow then
continues through said collection region (106b)

of the filter assembly in said first flow direction
(118b) to said collection region conduit (110b),
so as to cause relocation of at least portions of
said layer of radioactive particulates from the
surface of said regeneration region (106a) to the
surface of said collection region (106b) of the
filter assembly.

2. The filtration system according to claim 1, wherein:

the filter assembly utilizes a unitary construction.

3. The filtration system according to claim 1, wherein:

the filter assembly utilizes a modular multi-part
construction.

4. The filtration system according to claim 1, further
comprising:

a first pressure sensor and a second pressure
sensor arranged for sensing a pressure drop
across the filter assembly.

5. The filtration system of claim 1, wherein:
the collection filter region (106b) is configured for
collecting and retaining particulates released from
the regeneration filter region (106a).

6. A method of filtering fluid containing radioactive par-
ticulate waste, the  method involving:

providing a filtration system being operable in a
filtration mode and a regeneration mode, and
comprising:

a filter housing (102);
a filter assembly arranged in the filter hous-
ing and having a regeneration region (106a)
and a collection region (106b);
a flange (112) or equivalent structure defin-
ing first and second plenum regions (114a,
114b) between external filter assembly sur-
faces and interior surfaces of the filter hous-
ing for providing differential flows through
the regeneration region (106a) and the col-
lection region (106b); and
an ultrasonic transducer (120) configured
for applying energy to the regeneration re-
gion of the filter assembly in the regenera-
tion mode of said filtration system,
wherein said filter housing has:

a primary inlet (104);
a regeneration region conduit (110a)
fluidly connected with the first plenum
region (114a) and the regeneration re-
gion (106a) of the filter assembly; and
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a collection region conduit (110b) fluidly
connected with the second plenum re-
gion (114b) and the collection region
(106b) of the filter assembly;

introducing, in the filtration mode, a fluid con-
taining radioactive particulate waste into the fil-
tration system through the primary inlet (104);
passing, in the filtration mode, the fluid from the
primary inlet (104) through the regeneration re-
gion (106a) as well as the collection region
(106b) of the filter assembly to the regeneration
region conduit (110a) and collection region con-
duit (110b) in a first flow direction (118), so as
to form a layer (116) of radioactive particulates
from said fluid on a surface of said regeneration
and collection regions of the filter assembly
while removing the filtrate from said filter hous-
ing through said regeneration region conduit
(110a) as well as said collection region conduit
(110b); and
passing, in the regeneration mode, a reversed
fluid flow from the regeneration  region conduit
(110a) through the regeneration region (106a)
in a second flow direction (118a), opposite said
first flow direction, while agitating said ultrasonic
transducer (120), such that the reversed flow
then continues through said collection region
(106b) of the filter assembly in said first flow di-
rection (118b) to said collection region conduit
(110b), so as to cause relocation of at least por-
tions of said layer of radioactive particulates
from the surface of said regeneration region
(106a) to the surface of said collection region
(106b) of the filter assembly.

Patentansprüche

1. Ein Filterungssystem (100) zur Filterung von Flüs-
sigkeiten, die teilchenförmigen radioaktiven Abfall
enthalten, das Filterungssystem weist einen Filte-
rungsmodus und einen Regenerationsmodus auf,
das Filterungssystem umfasst folgendes:

Ein Filtergehäuse (102);
eine Filteranordnung, die im Filtergehäuse an-
geordnet ist, wobei die Filteranordnung einen
Regenerationsbereich (106a) und einen Sam-
melbereich (106b) umfasst;
einen Flansch (112) oder eine äquivalente
Struktur, die einen ersten und einen zweiten
Zwischenraum (114a, 114b) definiert zwischen
den externen Oberflächen der Filteranordnung
und den internen Oberflächen des Filtergehäu-
ses, um differentielle Durchflüsse im Regenera-
tionsbereich (106a) und Sammelbereich (106b)
bereitzustellen; und

einen Ultraschallschwinger (120) konfiguriert,
um Energie auf den Regenerationsbereich der
Filteranordnung des Filterungssystems im Re-
generationsmodus des genannten Filterungs-
systems zu applizieren,
genanntes Filtergehäuse besteht aus:

Einem primären Zulauf (104), um eine teil-
chenförmigen radioaktiven Abfall enthal-
tende Flüssigkeit in das Filterungssystem
während des Filterungsmodus des Filte-
rungssystems einzuleiten;
einer Regenerationsbereichsleitung
(110a), die durch einen Flüssigkeitsan-
schluss mit dem ersten Zwischenraum
(114a) und dem Regenerationsbereich
(106a) der Filteranordnung verbunden ist;
und
einer Sammelbereichsleitung (110b), die
durch einen Flüssigkeitsanschluss mit dem
zweiten Zwischenraum (114b) und dem
Sammelbereich (106b) der Filteranordnung
verbunden ist,

wobei das Filterungssystem konfiguriert ist, um
im Filterungsmodus die Flüssigkeit vom primä-
ren Zulauf (104) durch den Regenerationsbe-
reich (106a) und auch den Sammelbereich
(106b) in die Regenerationsbereichsleitung
(110a) und die Sammelbereichsleitung (110b)
in einer ersten Flussrichtung (118) fließen zu
lassen, so dass eine Schicht mit radioaktiven
Teilchen aus besagter Flüssigkeit auf der Ober-
fläche des Regenerations- und Sammelbe-
reichs der Filteranordnung geformt wird, wäh-
rend das Filtrat aus dem Filtergehäuse durch
die genannte Regenerationsbereichsleitung
(110a) und die genannte Sammelbereichslei-
tung (110b) entfernt wird, und
wobei das Filterungssystem konfiguriert ist, um
im Regenerationsmodus einen umgekehrten
Flüssigkeitsfluss aus der Regenerationsbe-
reichsleitung (110a) durch den Regenerations-
bereich (106a) in einer zweiten Flussrichtung
(118a) entgegen der ersten Flussrichtung flie-
ßen zu lassen, während der genannte Ultra-
schallschwinger(120) angeregt wird, so dass
der umgekehrte Fluss dann durch den Sammel-
bereich (106b) der Filteranordnung in der ge-
nannten ersten Flussrichtung (118b) zur ge-
nannten Sammelbereichsleitung (110b) fließt,
um zumindest Teile der genannten Schicht aus
radioaktiven Teilchen von der Oberfläche des
genannten Regenerationsbereichs (106a) zur
Oberfläche des genannten Sammelbereichs
(106b) der Filteranordnung umzulagern.

2. Ein Filterungssystem nach Anspruch 1 die Filteran-
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ordnung einen einheitlichen Aufbau verwendet.

3. Ein Filterungssystem nach Anspruch 1 dadurch ge-
kennzeichnet, dass die Filteranordnung einen mo-
dularen mehrteiligen Aufbau verwendet.

4. Ein Filterungssystem nach Anspruch 1, das zusätz-
lich umfasst:

einen ersten Drucksensor und einen zweiten
Drucksensor angeordnet zur Erkennung von
Druckabfällen über die Filteranordnung hinweg.

5. Ein Filterungssystem nach Anspruch 1 dadurch ge-
kennzeichnet, dass,
der Sammelbereich des Filters (106b) konfiguriert
ist zur Aufnahme und Fixierung von Teilchen gelöst
aus dem Regenerationsbereich des Filters (106a).

6. Ein Verfahren zur Filterung einer Flüssigkeit die teil-
chenförmigen radioaktiven Abfall enthält, das Ver-
fahren beinhaltet:

Bereitstellung eines Filterungssystems, das in
einem Filterungsmodus und einem Regenerati-
onsmodus betrieben werden kann, und umfasst:

Ein Filtergehäuse (102);
eine Filteranordnung, die im Filtergehäuse
angeordnet ist und einen Regenerationsbe-
reich (106a) und einen Sammelbereich
(106b) besitzt;
einen Flansch (112) oder eine äquivalente
Struktur die einen ersten und einen zweiten
Zwischenraum (114a, 114b) definiert zwi-
schen den externen Oberflächen der Filter-
anordnung und den internen Oberflächen
des Filtergehäuses, um differentielle
Durchflüsse durch den Regenerationsbe-
reich (106a) und den Sammelbereich
(106b) bereitzustellen; und
einen Ultraschallschwinger konfiguriert, um
Energie auf den Regenerationsbereich der
Filteranordnung des Filterungssystems im
Regenerationsmodus des genannten Filte-
rungssystems zu applizieren,

wobei das Filtergehäuse besteht aus:

Einem primären Zulauf (104);
einer Regenerationsbereichsleitung
(110a), die durch einen Flüssigkeitsan-
schluss mit dem ersten Zwischenraum
(114a) und dem Regenerationsbereich
(106a) der Filteranordnung verbunden ist;
und
einer Sammelbereichsleitung (110b), die
durch einen Flüssigkeitsanschluss mit dem

zweiten Zwischenraum (114b) und dem
Sammelbereich (106b) der Filteranordnung
verbunden ist;

im Filterungsmodus wird eine teilchenförmigen
radioaktiven Abfall enthaltende Flüssigkeit in
das Filterungssystem durch den primären Zu-
fluss (104) eingeführt;
im Filterungsmodus fließt die Flüssigkeit vom
primären Zulauf (104) durch den Regenerati-
onsbereich (106a) und auch den Sammelbe-
reich (106b) der Filteranordnung in die Regene-
rationsbereichsleitung (110a) und in die Sam-
melbereichsleitung (110b) in einer ersten Fluss-
richtung (118), um eine Schicht mit teilchenför-
migem radioaktivem Abfall aus genannter Flüs-
sigkeit auf einer Oberfläche des Regenerations-
und Sammelbereichs der Filteranordnung zu
formen, während das Filtrat aus dem genannten
Filtergehäuse durch die genannte Regenerati-
onsbereichsleitung (110a) und auch die ge-
nannte Sammelbereichsleitung (110b) entfernt
wird; und
im Regenerationsmodus fließt ein umgekehrter
Flüssigkeitsfluss aus der Regenerationsbe-
reichsleitung (110a) durch den Regenerations-
bereich (106a) in einer zweiten Flussrichtung
(118a) entgegen der genannten ersten Fluss-
richtung, während der Ultraschallschwinger
(120) angeregt wird, so dass der umgekehrte
Fluss dann durch den genannten Sammelbe-
reich (106b) der Filteranordnung in der genann-
ten ersten Flussrichtung (118b) zur genannten
Sammelbereichsleitung (110b) fließt, um zu-
mindest Teile der genannten Schicht aus radio-
aktiven Teilchen von der Oberfläche des ge-
nannten Regenerationsbereichs (106a) zur
Oberfläche des genannten Sammelbereichs
(106b) der Filteranordnung umzulagern.

Revendications

1. Système de filtration (100) pour filtrer un fluide con-
tenant des déchets de matières particulaires ra-
dioactive, le système de filtration comportant un mo-
de de filtration et un mode de régénération, le sys-
tème de filtration comprenant :

un logement de filtre (102) ;
un ensemble de filtre agencé dans le logement
de filtre, l’ensemble de filtre comprenant une ré-
gion de régénération (106a) et une région de
collecte (106b) ;
un rebord (112) ou une structure équivalente dé-
finissant des première et deuxième régions de
plénum (114a, 114b) entre les surfaces d’en-
semble de filtre externes et les surfaces inté-
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rieures du logement de filtre pour fournir des
écoulements différentiels à travers la région de
régénération (106a) et la région de collecte
(106b) ; et
un transducteur ultrasonore (120) configuré
pour appliquer une énergie à la région de régé-
nération de l’ensemble de filtre dans le mode de
régénération dudit système de filtration,
ledit logement de filtre comportant :

une entrée principale (104) pour introduire
un fluide contenant des déchets de matiè-
res particulaires radioactive dans le systè-
me de filtration dans le mode de filtration
dudit système de filtration ;
un conduit de région de régénération (110a)
relié fluidiquement à la première région de
plénum (114a) et à la région de régénéra-
tion (106a) de l’ensemble de filtre ; et
un conduit de région de collecte (110b) relié
fluidiquement à la deuxième région de plé-
num (114b) et à la région de collecte (106b)
de l’ensemble de filtre,

dans lequel le système de filtration est configuré,
dans le mode de filtration, pour laisser passer
le fluide de l’entrée principale (104), à  travers
la région de régénération (106a) ainsi qu’à tra-
vers la région de collecte (106b) de l’ensemble
de filtre, jusqu’au conduit de région de régéné-
ration (110a) et au conduit de région de collecte
(110b) dans une première direction d’écoule-
ment (118), de manière à former une couche
(116) de matières particulaires radioactives pro-
venant dudit fluide sur une surface desdites ré-
gions de régénération et de collecte de l’ensem-
ble de filtre, tout en retirant le filtrat dudit loge-
ment de filtre à travers ledit conduit de région
de régénération (110a) ainsi qu’à travers ledit
conduit de région de collecte (110b), et
dans lequel le système de filtration est configuré,
dans le mode de régénération, pour laisser pas-
ser un écoulement de fluide inverse du conduit
de région de régénération (110a) à travers la
région de régénération (106a) dans une deuxiè-
me direction d’écoulement (118a), opposée à
ladite première direction d’écoulement, tout en
agitant ledit transducteur ultrasonore (120), de
sorte que l’écoulement inverse continue ensuite
à travers ladite région de collecte (106b) de l’en-
semble de filtre dans ladite première direction
d’écoulement (118b) jusqu’au dit conduit de ré-
gion de collecte (110b), de manière à provoquer
un déplacement d’au moins des parties de ladite
couche de matières particulaires radioactives
de la surface de ladite région de régénération
(106a) à la surface de ladite région de collecte
(106b) de l’ensemble de filtre.

2. Système de filtration selon la revendication 1, dans
lequel :

l’ensemble de filtre utilise une construction uni-
taire.

3. Système de filtration selon la revendication 1, dans
lequel :

l’ensemble de filtre utilise une construction à
parties multiples modulaires.

4. Système de filtration selon la revendication 1, com-
prenant en outre :

un premier capteur de pression et un deuxième
capteur de pression agencés pour détecter une
chute de pression à travers l’ensemble de filtre.

5. Système de filtration selon la revendication 1, dans
lequel :

la région de filtre de collecte (106b) est configu-
rée pour collecter et retenir les matières parti-
culaires libérées de la région de filtre de régé-
nération (106a).

6. Procédé de filtration d’un fluide contenant des dé-
chets de matières particulaires radioactives, le pro-
cédé impliquant :

la fourniture d’un système de filtration pouvant
fonctionner dans un mode de filtration et dans
un mode de régénération, et comprenant:

un logement de filtre (102) ;
un ensemble de filtre agencé dans le loge-
ment de filtre et comportant une région de
régénération (106a) et une région de col-
lecte (106b) ;
un rebord (112) ou une structure équivalen-
te définissant des première et deuxième ré-
gions de plénum (114a, 114b) entre les sur-
faces d’ensemble de filtre externes et les
surfaces intérieures du logement de filtre
pour fournir des écoulements différentiels à
travers la région de régénération (106a) et
la région de collecte (106b) ; et
un transducteur ultrasonore (120) configuré
pour appliquer une énergie à la région de
régénération de l’ensemble de filtre dans le
mode de régénération dudit système de fil-
tration,

dans lequel ledit logement de filtre comporte :

une entrée principale (104) ;
un conduit de région de régénération (110a)
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relié fluidiquement à la première région de
plénum (114a) et à la région de régénéra-
tion (106a) de l’ensemble de filtre ; et
un conduit de région de collecte (110b) relié
fluidiquement à la deuxième région de plé-
num (114b) et à la région de collecte (106b)
de l’ensemble de filtre ;

l’introduction, dans le mode de filtration, d’un
fluide contenant des déchets de matières parti-
culaires radioactives dans le système de filtra-
tion à travers l’entrée principale (104) ;
le passage, dans le mode de filtration, du fluide
de l’entrée principale (104), à travers la région
de régénération (106a) ainsi qu’à travers la ré-
gion de collecte (106b) de l’ensemble de filtre,
jusqu’au conduit de région de régénération
(110a) et au conduit de région de collecte (110b)
dans une première direction d’écoulement
(118), de manière à former une couche (116) de
matières particulaires radioactives provenant
dudit fluide sur une surface desdites régions de
régénération et de collecte de l’ensemble de fil-
tre, tout en retirant le filtrat dudit logement de
filtre à travers ledit conduit de région de régé-
nération (110a) ainsi qu’à travers ledit conduit
de région de collecte (110b) ; et
le passage, dans le mode de régénération, d’un
écoulement de fluide inverse du conduit de ré-
gion de régénération (110a) à travers la région
de régénération (106a) dans une deuxième di-
rection d’écoulement (118a), opposée à ladite
première direction d’écoulement, tout en agitant
ledit transducteur ultrasonore (120), de sorte
que l’écoulement inverse continue ensuite à tra-
vers ladite région de collecte (106b) de l’ensem-
ble de filtre dans ladite première direction
d’écoulement (118b) jusqu’au dit conduit de ré-
gion de collecte (110b), de manière à provoquer
le déplacement d’au moins des parties de ladite
couche de matières particulaires radioactives
de la surface de  ladite région de régénération
(106a) à la surface de ladite région de collecte
(106b) de l’ensemble de filtre.
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