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BACKGROUND QOF THE INVENTION

FIELD OF THE INVENTION

10 [0002] In one of its aspects, the present invention relates to a fluid treatment system. In another
of its aspects, the present invention relates to a cleaning apparatus. In yet another of its aspects,
the present invention relates to a radiation source module containing the cleaning system. In
another of its aspects, the present invention relates to a method of removing fouling materials
from an exterior surface of a radiation source assembly. Other aspects of the invention will

15  become apparent to those of skill in the art upon reviewing the present specification.

DESCRIPTION OF THE PRIOR ART

[0003] Fluid treatment systems are known generally in the art.

[00604] For example, United States patents 4,482,809, 4,872,980 and 5,006,244 [all in the name
of Maarschalkerweerd and hereinafter referred to as the Maarschalkerweerd #1 Patents] all

20  describe gravity fed fluid treatment systems which employ ultraviolet (UV) radiation.

[0005] Such systems include an array of UV lamp frames which include several UV lamps each
of which are mounted within sleeves which extend between and are supported by a pair of legs
which are attached to a cross-piece. The so-supported sleeves (containing the UV lamps) are
immersed into a fluid to be treated which is then irradiated as required. The amount of radiation

25  to which the fluid is exposed is determined by the proximity of the fluid to the lamps, the output
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o il e[%temat%%al%%canon NurggeSr'WO 2004/000735 [Traubenberg et al.];

International Publication Number WO 2008/055344 [Ma et al.];
International Publication Number WO 2008/019490 [Traubenberg et al.];
United States patent 7,408,174 [From et al.]; and

United States provisional patent application S.N. 61/193,686 [Penhale et al.], filed
15  December 16, 2008.

[0007] Depending on the quality of the fluid which is being treated, the sleeves surrounding the
UV lamps periodically become fouled with foreign materials, inhibiting their ability to transmit
UV radiation to the fluid. For a given installation, the occurrence of such fouling may be
determined from historical operating data or by measurements from the UV sensors. Once
20  fouling has reached a certain point, the sleeves must be cleaned to remove the fouling materials

and optimize system performance.

[0008] Regardless of whether the UV lamp modules are employed in an open channel system
(e.g., such as the one described and illustrated in Maarschalkerweerd #1 Patents) or a tranverse to
flow system as described above, one or more of the modules may be removed while the system

25  continues to operate, and the removed frames may be immersed in a bath of suitable cleaning
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[0011] The cleaning system described in the Maarschalkerweerd #2 Patents represented a

15  significant advance in the art, particularly in that it facilitated in situ cleaning of the radiation

source assembly without the need to remove the module(s) during operation of the fluid
treatment system. However, when it becomes necessary to replace or replenish the cleaning fluid
in the chamber of the cleaning sleeve, it is necessary to remove the module ot radiation sources
assemblies to which the cleaning sleeves are engaged and then manually fill the chamber of the

20  cleaning sleeve with cleaning fluid.

[0012] Accordingly, it would be desirable to have a cleaning system in which it is possible to
replace or replenish the cleaning fluid without the need to remove the module or radiation

sources assemblies to which the cleaning sleeves are engaged.

SUMMARY OF THE INVENTION

25 [0013] It is an object of the present invention to obviate or mitigate at least one of the above-

mentioned disadvantages of the prior art.
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10 a first conduit element for conveying the cleaning fluid to the cleaning sleeve inlet, the
first conduit element being configured such that a distal portion of the first conduit element is in
fluid communication with the cleaning sleeve inlet and a proximal portion of the first conduit

element is disposed outside of fluid being treated in the fluid treatment system.

[0017] The invention also relates to a radiation source module and to a fluid treatment system

15  incorporating this cleaning apparatus.

[0018] Thus, in another of its aspects, the present invention provides a radiation source module
for use in a fluid treatment system, the module comprising:
a frame having a first support member;
at least one radiation source assembly extending from the first support member, at least
20  one radiation source assembly comprising a radiation source; and
the present cleaning system, the cleaning sleeve being in contact with at least a portion of

an exterior of the at least one radiation source assembly.

[0019] Thus, in yet another of its aspects, the present invention provides a fluid treatment system
comprising a fluid treatment zone for receiving a flow of fluid and at least one radiation source
25 module defined above, wherein the at least one radiation source module is configured such that

the one radiation source assembly is disposed in the fluid treatment zone.
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fluid to a cleaning sleeve, which conduit portion is configured to have a proximal portion that
emanates from the fluid being treated in the fluid treatment system. In other words, the
dimension of the conduit portion is chosen such that, on the one hand, it is connected to the
15 cleaning sleeve (or sleeves) while, on the other hand, it is accessible while the radiation source

assembly or module containing it is in an active operational position in the fluid treatment

system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the present invention will be described with reference to the

20  accompanying drawings, wherein like reference numerals denote like parts, and in which:

Figure 1 illustrates an enlarged top view of a radiation source module incorporating a first

embodiment of the present cleaning apparatus;

Figure 2 illustrates an enlarged perspective view of a portion of the cleaning apparatus

illustrated in Figure 1;

25 Figure 3 illustrates a side elevation, in partial cross-section, of the radiation source

module illustrated in Figure 1;
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Figure 10 illustrates a modified version of the remote filling assembly element illustrated

15  in Figure 9;

Figure 11 illustrates a side elevation, in partial cross-section, of the radiation source

module illustrated in Figure 7; and

Figure 12 illustrates a perspective view of a radiation source module incorporating a third

embodiment of the present cleaning apparatus.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] In one of its aspects, the present invention relates to a cleaning apparatus. Preferred
embodiments of the cleaning system may include any one or a combination of any two or more

of any of the following features:
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positi on;wbRbpures4é illustrates a perspective view of tireTr@adiritiooR7source
nmodul e illustrated in Figure 1 wherein the cleaning apparatus is in the
ext ended position; Figure 7 illustrates an enl arged perspective view

of the top portion of a radiation source nodule incorporating a second
enmbodi m&ntthgfcleanang, ApRAARS cnay (FORPTSH Faserond Fondui celpments Ere Bonys¥Ing; on;

10Fi gure 8,LJ.t at f ye wvi «at adiat 1 oF dul e as
11 uet ot AHEER 6y, HEERACGLE PR Big cBpehiBithRl RnRgY aERaP

i1l ustrat esneashambt@r ged cross-sectional view of alternate enbodi nents of
the renote filling assenbly el ement useful in the cleaning apparatus used
in Figures 7 and 8; Figure 10 illustrates a nodified version of
the rengt ek isbdond GoRBFEIBhYntShE R onkiblindd Sh@H Bigk al@iktl Frflbh 6f fhe second Figure
11 illustrates a side elevation, in partial cross-section, of the radiation
sour ce nodednduit lelepmnt mag deiim flBidyeonemication with the ckiagimgesleege philleisndat es a

ti ' f. iati dul e i . ing.a thir.
Ebooi ment gt o BRI HoaER FMTFREHL Sab SRR PRGN o T
PREFERRED @\ﬁé@é&(&{\{ﬁ&hégg%@ea{xﬁe@%t% its aspects, the present invention
r

relates to a cl eani ng appar at us. ef erred enbodi nents of the cleaning
system may i nclude any one or a conbination of any two or nore of any of

the fol lowngfg S&"firog%f the second conduit may be disposed with the first conduit;

o the combination of the first conduit and the second conduit may define a reservoir for

10 the cleaning fluid,

e the combination of the first conduit and the second conduit may define a substantially

annular reservoir for the cleaning fluid;

¢ the first conduit portion and the second conduit portion may be secured with respect

to one another;

15 o the first conduit poriton and the second conduit portion may combine to define an

actuation portion that may be moveable with respect to the radiation source assembly;

e the actuation portion may comprise a handle portion for manual movement of the

actuation tube;

o the cleaning sleeve may be moveable between a retracted position and an extended

20 position;
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being treated in the fluid treatment system when the cleaning system is in the
retracted position; and (ii) submersed in the fluid being treated in the fluid treatment

10 system when the cleaning system is in the extended position;
o the cleaning apparatus may further comprise a tube portion for receiving the proximal
portion of the first conduit element when the cleaning system is in the retracted

position;

o the tube portion may comprise a cover element removable to gain access to the

15 proximal portion of the first conduit portion;
o the cleaning sleeve may comprise an annular ring portion;

o the cleaning apparatus may comprise a cleaning carriage comprising a plurality of

cleaning sleeves;

e cach cleaning sleeve may be configured to be engaged to an exterior of a radiation

20 source assembly;

o the plurality of cleaning sleeves may be in fluid communication with each other to

define a cleaning fluid fill line in fluid communication with the first conduit portion;



the proximal portion of the first conduit elenent may be submersed in the
fluid being Streated in the fluid treatnent system when the cleaning system
is in thewextamded4position; the proxinmal portion of tireTidazsto/oondui t

el ement may be: (i) disposed outside of fluid being treated in the fluid
treatment system when the cleaning systemis in the retracted position; and
(i1) subrmersed in the fluid being treated in the fluid treatnent 10system
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plurality of cleaning sleeves; each cl eaning sl eeve may be

cdnf i gur edpartiolje engaged to an exterior of a radiation 20source assenbly;
the plurality of cleaning sleeves may be in fluid conmunication with each

other to define a cleaning fluid fill line in fluid communication with the
first cendphits di@idaniig slecVés 2di be Gl AN ESTAM A2 IY WIH 2dch other to define a

cleaning fluid return line in fluid communication with the second conduit portion;

o the cleaning carriage may comprise a plurality of cleaning sleeves disposed in a

substantially annular relationship with respect to the first conduit portion;

10 e wherein each cleaning sleeve may comprise a seal for sealing engagement with the
portion of the exterior of the radiation source assembly, the seal removing at least a
portion of undesired materials from the exterior of the radiation source assembly

when the sleeve is moved;

e each cleaning sleeve may comprise a pair of seals for sealing engagement with the

15 portion of the exterior of the radiation source assembly, the seal: (i) removing at least
a portion of undesired materials from the exterior of the radiation source assembly

when the sleeve is moved, and (ii) substantially reducing or preventing leaking of

cleaning fluid from the chamber

e the cleaning apparatus may further comprise motive means (automatic or semi-

20 automatic) to move the cleaning sleeve between a first position and a second position.

[0023) The cleaning apparatus may be incorporated in a radiation source module that may

include any one, or a combination of any two or more, of the following features:
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acoarol s, et Balof BREbIoRGofee riuBl, Bt Bt iiealC e ARLAARUERLIRS, < 1 om

t he exteriguppéit nlefitbef;adi ation source assenbly when the sleeve is noved,
each cleaning sleeve may conprise a pair of seals for sealing engagenent
with the 15 portion of the exterior of the radiation source assenbly, the

L1 ) ORI L enfBu L hopSained R i oy

exterior atio rce asse en t eeve i s nove and
(i1) substspatédaloyn thedinct sgpport mesentthaigt leastk omeg radiatiohesonraegassémbly f rom

t he chamber, t he cl eani png apparatus may. further conprise notive
neans (aut%MSF@b%t?’Ve%?ﬁc-%Z’gi?ﬁ%‘ﬁhﬁ‘ipB?“W“ﬁ%ﬁ%“qt&f@ 5¢q08d SHRRTSNEBYY: bet ween a
first position and a second position. 100231 The cl eani ng apparatus may be
incorporated in a radiation source nodule that may include any one, or a
conbi nat*i ofle ofarapynaywbirdier gompriseop thisd stppdrbwemperf daferpoaectinghe first

2011/0 149454{1?)%&4 e a2t 4eond support member;

10 o the frame may further comprise a power supply for controlling the radiation source;

o the radiation source assembly may comprise a protective sleeve surrounding the

radiation source;
¢ the protective sleeve may comprise a quartz sleeve;

e the protective sleeve may have an open end in sealed engagement with an opening in
15 the first support member and a closed end supported by the second support member;

and
¢ the open end may be sealed to prevent fluid contact with the radiation source.

[0024) The radiation source module may be incorporated in a fluid treatment system that may

include any one or a combination of any two or more any of the following features:

20 o the fluid treatment zone may be comprised in an open channel for receiving the flow
of fluid;
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the radi ati on source nodule may further conprise neans to position the

radi ati on source nodule in the fluid treatnent system the at |east one
radi ati orwecorica4mssenbly nmay be in sealing engagenent WCTICA2b®/01143t
support nenber; 5 the franme further nmay conprise a second support nenber
opposed to and laterally spaced fromthe first support nenber, the at |east
one radiatjon source assenbly disposed. between each ?f the first _support
menber Andhe ReidsEagRentzope B1aY beerpwrised inrpeclpsed pbanagl for rreqivipe o Vse a
third suppgig,qenber interconnecting the first support nmenber and the
second support 'nenber; 10 the frame may further conprise a power supply for
controlling the radiation source; the radiation source assenbly nmay

conpri se rotective sl eeve surrounding the radiati sourge;.. i.h

o o ect tvanEREIGE ontyradisfEy Salth bl et I8 AR ffihaiB A BRI ceve
may have agxi9BRPoRAUrdmdveSa kS theefgRUSART UM tidva threBANtHROfHIA tHéathient! | r st
support nenber and a cl osed end supported by the second support nenber; and

t e open etvtenay be sealed to prevent fluid contact with the radiation
source. 100241 The radi ati on source nodule may be incorporated in a fluid
treatment systemthat may include any one or a conbination of any two or

nmore any othe tahéeakodheomidigion 8aiinde assembly tag el dlorbater aak hsrta agiudmyl be
conprised in an open channel for_receiving the flow .
axis disposed substantially parallel to the diréction of fluid flow through the fluid

treatment zone;

o the at least one radiation source assembly may be elongate and have a longitudinal
10 axis disposed orthogonal to the direction of fluid flow through the fluid treatment

zone; and

e the at least one radiation source assembly may be elongate and be disposed

substantially vertically in the fluid treatment zone.

[0025] Thus, with reference to Figures 1-6, there is illustrated a radiation source module 100.

15 [0026] Radiation source module 100 is generally similar to the radiation source module
described in co-pending United States provisional patent application S.N. 61/193,686, filed
December 16, 2008 [Penhale et al.]. Thus, radiation source module 100 comprises a series of
radiation source cartridges 110 which are preferably constructed as described in the above-
mentioned Penhale et al. provisional patent application. Radiation source module 100 comprises

20 a mounting plate 112 having a pair of opposed rails 115,120. Preferably radiation source
cartridges 110 are secured to mounting plate 112 as generally described in Paragraphs [0035] to

[0036] of the above-mentioned Penhale et al. provisional patent application.

[0027} Also secured to mounting plate 112 is a cleaning apparatus 10. Cleaning apparatus 10
comprises an actuation tube 12. A handle 14 is secured to the proximal end of actuation tube 12.

25 Disposed at the distal end of actuation tube 12 is a cleaning carriage 16 comprising a series of

11



of fluid; WD 2011/014944PCT/ CA2010/001147 the fluid treatnent zone nmay be
conprised in a closed channel for receiving the flow of fluid, t he at

| east onewoadilztism source assenbly may be el ongat e andPhax@2aioloongit udi nal
axi s disposed transverse to the direction of fluid flow through the fluid
treatment 5zone; the at |east one radiation source assenbly may be

el ongat e _and have, a.l gngi t udi n sdls ntllly ar al | to
The. GepEnE s VEY By PEndl etttk RIS B BT §p T BHRR P Fighlor Fubiah,

| eas Eo&@@ais@ﬂbgﬁdoﬂfhlﬁe@ih(i&h&mfdé daRvidge1 B ?h@ﬁﬁ&tl@ﬂ@oﬁl@&ﬁss@ﬂbﬁé@bkum nal
10axi s di sposed orthogonal to the directron of fluid flow through the fluid

t r eaPHElRd FoRdiguind fOItcH@rltatbut @gshowmdor exampld, ohFigbterde assenbly may be
el ongate and be di sposed substantially vertically in the fluid treatnent

zone re l.QUre8s | | I d a
o A TR B BTSSR A, b RSt e 3 A
genee&lahfng Fluid ketiirntoutleh?2.r Bipatddod thoBiseE pomidH lof ackastsn fee 121s eeid@ﬁim@ ng
Unlted States rovi si onal patent ap lication S.N. 61/193,686, filed

Dec e #iyid g4 Pehp sleaning %ﬂn |returm gglet 26.di A cdh b§‘§h§%‘=‘é‘ wﬁbmaétlc}m;
CONpPLige cé‘ té% &% R of io?lt ‘1‘5&% §ALLAARGEe 1A A Ee o‘%r abl y
pé EhRal &

constructed as escrl ove ment1 oned ISI onal

pat e@bntaimitd aeetm@ﬂuﬂa@leinmgnﬂlﬁa lﬂédde)uﬂed;ui 8 cofficednd elcmmg(%leevém& BYiang
plate 112 having a pair of opposed rails 115,120. Preferably radiatlon

sour GBitable eonduies tubop(net éh@@a: fnrédlarttb) bhattclesging] shexe 13 cormecigd e p Aimijar
gﬁ_scrféé?l?o% t!o”anp e?@ e%‘pﬁapp? iltfh 33 Uealting ' NEvAPHY SilEiy ORGEEE AR © et

provi si ona | ca 1 on.
the last cleaning sleeve being connected to cleaning fluid return inlet 26. In this fashion,

cleaning sleeves 18 may be considered to be connected serially with respect to one another to
cleaning fluid feed outlet 24 and cleaning return inlet 26. Of course, other arrangements of
connecting cleaning sleeves 118 to cleaning fluid feed outlet 24 and cleaning fluid return inlet 26

|5 are within the purview of those skilled in the art (e.g., parallel connections, etc.).

[0029] When it is desired to replace or replenish the cleaning fluid in cleaning apparatus 10, a
pump and supply of cleaning fluid (not shown for clarity) are connected to cleaning fluid feed
inlet 20 located in the proximal portion of actuation tube 12. An outlet tube (not shown for
clarity) is connected to cleaning fluid return outlet 22. The pump is actuated and cleaning fluid
20 then flows through cleaning fluid feed inlet 20 to the interior of actuation tube 12. Thereafter,

the cleaning fluid flows from cleaning fluid feed outlet 24 to each of cleaning sleeves 18.

[0030] The serial connection between each of cleaning sleeves 18 results in cleaning fluid being
fed to all of the cleaning sleeves and thereafter to cleaning fluid return inlet 26 located at the
distal portion of actuation tube 12. This cleaning fluid then flows up through actuation tube 12
25  and out of cleaning apparatus 10 via cleaning fluid return outlet 22 located at the proximal
portion of actuation tube 12. Fluid emanating from cleaning fluid return outlet 22 may be
collected in a suitable overflow or similar reservoir. Once the fluid emanates in this fashion,

cleaning sleeves 18 will be regarded as being sufficiently replenished with fresh cleaning fluid.
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100271 Al so secured to nounting plate 112 is a cl eaning apparatus 10.
Cl eani ng apparatus 10 conprises an actuation tube 12. A handle 14 is
secur ed twotha/quepti mal end of actuation tube 12. 25D sposadh2ato/ie7di st al
end of actuation tube 12 is a cleaning carriage 16 conprising a series of
WO 2011/ 014944PCT/ CA2010/ 001147 cl eani ng sl eeves 18. Each cl eani ng sl eeve

18 i s.engaged, w t h,t he .out er portd f .a r,adj at,ion_source senbl

cont dLTRAPTGRh Al AP 1hF el ol oenifa B P POt iErmBRE Aer bt
asserBhldde iR kR 1814l @€ed 0@ fhisBed ut2 for clarity but are shown, for
exanple, in Figure 4). 100281 D sposed at the proximal end of actuation
tube 12 is a cleaning fluid feed inlet 20 and a 5 cleaning fluid return
out | 400313 The) paplissdar agvanthge of e gmbndimend rillugtraged: indfigenss tlufges that pefuation

cl eani,n luid feed outlet 24 and a.cleani fluid retydrn. inlet 26.. can
beon WBaI it Ro B8 SPectlbe B & o PERp it ls® At Hrming Sl At S doer D3iods e
I §Selbéfiden (tepRiceméit &N RdplebishiRBE oY Alléahirg0 FlufdoNt@kdhin}d fleide 2ohtaiged |iHi @is
Cleaning fluid feed outlet 24 is connected to a cleaning sleeve 18 by a
sui t aefleevaiiomaybe mainteinpd in ;Bressmiaamh of en-plessurized stateh Vit pardigplagreferensge i s

cr ot hapoups Gl T e fplcPled & AR AP L0 kA b Pt By Byl *"

bei ngeslacvdesit @plchidhéd @abn BRahihbiagpdr@fubro ik h ee Gacted pbéitisn (Pighieos), the

cl eaning sleeves 18 may be consjdered to be connected serially with respect

t o or&teaded pesitiar(Fegusafl orany Ipgbition gesebstivaeat 24 and cl eaning return inl et

26. O course, other arrangenents of connecting cleaning sleeves 118 to
eanj o out 4 d Is ] i : ' t e

UDE TREE Vi Teraies ) Ful 7 T A sl § Gt bl e 280, 1

et ¢. )Radid#dd Hourdeermodile i200de it ihoma®phage toFadifiohedusde hbdulel1@ani Tig: f | ui d

in cleaning apparatus 10, a @urr_p and sup(l)l y of cleaning fluid (not shown

for clifierende is aematiemivbe 8 @f clsaping appasetus || Qinyradisgign spyree mpduleq@Rihag been t he

pr oxi i f t] n b

cl ar irfq@%‘c‘:‘l{e{g&%%ﬁgc O(taegﬁtﬁgl c"\s%gl}\tlhi lggfépﬂe élt a@r 5% u%rolrtleeghlﬂléeﬁsé‘gﬁg 'PE@Q%%%&? go

act uafleaipvirtdgedsi ofgldahingdppithtaenof | ows through cleaning fluid feed inlet

20 to the interior of actuation tube 12. Thereafter, the cleaning fluid

flows fromcleaning fluid feed outlet 24 to each of _cleaning sl eeves, 18.

1803d903H Reguote d1lling asrembirn plegente@ soriabr the sane sanbigiraienegkbeleamng duid t s j n

| i i i . . of. | . t
ol cancpeld ihin EO9ulAC bRk n¥ighf & RRL G| IRNES GGk R &, 0
t ube skeén thddiremoteciling @sdeibilyg elehent 50 @vmptigestahtubulph pastionad0 oonthined within

which are cleaning fluid fill line 42 and cleaning fluid return line 44. Cleaning fluid fill line 42

is connected to cleaning fluid feed inlet 20 and cleaning fluid feed outlet 24. Cleaning fluid
20  return line 44 is connected to cleaning fluid return outlet 22 and cleaning fluid return inlet 26. A
cap element 46 is secured to a distal portion of remote filling assembly element 50. Cleaning
fluid feed outlet 24 and cleaning fluid return inlet 26 are connected to the series of cleaning

sleeves 18 as described above with reference to Figures 1-6.

[0034] Figure 10 illustrates a modified version of remote filling assembly 50 in which one of
25  feed line 42 and return line 44 is omitted. Preferably, feed line 42 is omitted thereby rendering
tubular element 40 as a reservoir for cleaning fluid (similar to the arrangment described above

with reference to Figures 1-6).
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25 and out of cleaning apparatus 10 via cleaning fluid return outlet 22

| ocated at the proximal portion of actuation tube 12. Fluid emanating from
cl eani ng Wwbund/med4ur n outl et 22 nmay be collected in a secraaelomeerst| ow or
simlar reservoir. Once the fluid emanates in this fashion, cleaning

sl eeves 18 will be regarded as being sufficiently replenished with fresh

cl ean fluid WO 2011/ 14944PCT/ 010 001147 appr 0ag h o_al |l ows
for ﬂ‘;‘@%l SeeHrd & mougting 8 ﬁ EEN 6‘?“?&98? fﬁ 5%“‘558/%1? Vﬁ&i’% “Phat
coul q3@a1sb8sehfa?tﬂe'd?ﬁalgaa%aﬁﬁérebp be fl ushed out. [0031] The particul ar
advantage of th ment illustrated in Figures 1-6 is that actuation

tube 12, due to its size, also acts as a reservoir for the cleaning system
al | oi003$] IQnegat ISp@SIr@ﬂso Eﬁpllﬁ@teweeﬁplemm sl@eqmng)ﬂundelplremg@mwce)m pkgani ng

fl d d d
or o5 2P I ety LEB TG0 ety PROGRY © ok fTlireRd AL NG ures
55anq30.is 'rém&‘«édl er\% ﬁeﬁl@ﬁlgcthﬁé askeRBlyt m?§ﬁn(9t:a1§ 4b1ik réotdaeframt rehfb@é fill

cleaning flu may be replaced or repl eni shed when cl eaning apparatus 10 is
in tlesemddy é@ ttlmdehy(mcpomgn clemipg fleidseed inbes 26and cleaning dkid tenm OFilefiaZe &Y or

an Si tion,therehet 0032], Wt h reference.t 7- t here
"0, RS it bk PecEagE AEvaivel bt iy lpencsois Tistes L ts o Btse it &S00
| S SirghikMkh ithe RGin lﬁdtlﬁ QiR hephraasnoe oRelempRE:d, The cohdetasmnee i s
actuation tube 12 cl eani ng apparatus 10 in radiation source nodule 100

has mmngeqhhdé@ miet?.D and deatieg fluid iretom ewlsePbhnyg tendnated agDeapRafa 86 arei | ling
senbl secured t.o ¢l eani ri age 16 of ¢ ni n aratu
T87 Gosalfeaomsieimrig rrmgats J0mERy et Heritstd o e Ao PRAGBRE B e at i on
Of Clr@ﬁﬂilﬂgscfulré@ﬂsérﬁlﬂf&s%%d‘ia%bﬁ%@uk@h%ﬁﬁl’e%b| ets described in Fi gur es 1-6.
Thus, with reference to Figure 9, it can be seen that renote filling

assenbly el enent 50 conprises a tubular portion 40 contained within which
are dPe3i Withfreferance itd Figurmé2 Aberariel ilbustrated raqaﬂllatlblu soweamediler®04uhicltisani ng

fluid fil 2 |s onnected to cleaning i d nl et

el cartoRErely i arda AN serorode v dn Sh Mg Rber s
connegyed Urﬁte@'S%éH ;swexfté 6392188, W.616060l 8l 6239a139. ¢h @RMiloGrakdddrhbddembnit)

inlet 26. A cap elenent 46 is secured to a di stal portion of renote f||||ng

dss erdremast Eflrg assenblgl 388simiarftouemiofeddling assembly2%) desgribedwithreferange o

I 26 d h f ~Gl
desorTBES Zodve T EH Bt GeiguPedends AfsEHART AT a8 I ¢ ot s
a modidd Beh\arcadhgUarfi 00 ab ithd lafet 18 S&Re® bickoihd fortiaionl thdextefior of the

radiation source assemblies in radiation source module 300.

[0038] In the illustrated embodiment, the serial connection between remote filling assembly 350
20  and cleaning carriage 310 is done such that the bottom most cleaning sleeve 312 is connected to
the supply of cleaning fluid and serially connected to the remaining cleaning sleeves in an
upward direction. In this arrangement, the final cleaning sleeve connected in the series is at the
top and it would be connected to the clean fluid return line on remote filling assembly 350. This
approach of filling from the bottom to the top allows for purging of any air in cleaning sleeves to
25  ensure they are substantially completely filled with cleaning fluid. The remaining connection
and operation details for replacing or replenishing cleaning fluid in radiation source module 30

are as described above with reference to Figures 1-11.
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25 feed line 42 and return line 44 is omtted. Preferably, feed line 42 is
omtted thereby rendering tubular elenment 40 as a reservoir for cleaning
fluid (siwbDl2ari/tiewqethe arrangnent descri bed above w th reCerrem/pol4Fi gur es
1-6). WO 2011/014944PCT/ CA2010/ 001147 [0035] Secured to nounting plate 112
is a parking tube elenent 125 having a replaceable cap 130 di sposed at the

di st i, th f. 10Q361 Once it .i i d. | | i sh
the. SRS 1 e degaeL iintirence o, Ml AEBadmeiiag 10 | s
mve@xﬁrﬁ?lteﬂethé %Eﬁﬁtﬁ%g ig%{ §htOled SR Fndii&Sin’a ddtidd sedeXt This@RaRok30 'S

renmoved from parking tube assenbly 125 and cap 46 is renoved fromrenote
fill inglifassiond by theOillukteatbloyenebadosemsy) asleadhangthet ainbodiewdtsi ofl the i@@&ning,

cl eani, fluid return oytlet. 22. At thi oi nt,. .the procedure described
cbovevilhepparal § peisons SiGhindGe aft oo rPRisachis BEBBRSE o el Min « he
ckean leHibddd iri8d ARHAE LS - 120 Ec gl  18opel1E i ANAGAEAIONS T O
cFeaE ﬂgﬁéfgﬁﬁd?gg ?ﬁ?é? 20 gﬁ% é#eani%g§?%dfd gg%urn gﬁtlef 22 are

t er mantnedican demapstod@tid B@naere 0isrtberkfoce dont@hplated nbpt dinpappendesl deimsayilk hen
be used to renove . fouling materjials fromthe radi ati on source assenblies in
r adi &PVERNY S BOAGRINSPHEMPOBIEIE- Wt h reference to Figure 12, there is
illustrated a radiation source nodule 300 which is generally simlar to the
radi gha4u) APPubEcBAY fatdnld MR pR hpbhcdidfs MiaksE hrh&iV &g iflediporBRlest s and
BTN B e S o e Al P R A S GHportiRUSH

i || ustiesned ir theadentizety to 1he sameextert dsiif kadhginds/sdiab pyblRBGoms,i patdnaior ppatenenot e
filling.assenbly 50, described with reference to.Figures,7-11.is nounted to
d0c| @RRlicAlioRaY? %@@lf@ﬂﬁy o ﬂ»@caa@s@é? jnogHprgled by eGSR kg
fort@ngﬂﬂfleaning carriage 310 as the latter is noved back and forth al ong
the exterior of the radiation source assenblies in radiation source nodul e

300. 100381 In the illustrated enbodi nent, the serial connection between
renote filling assenbly 350
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20 and cleaning carriage 310 is done such that the bottom nost cleaning

sl eeve 312 is connected to the supply of cleaning fluid and serially
connect edwoaotima4g4emai ni ng cl eani ng sl eeves in an upwar ectiqaeetooon47in this
arrangenent, the final cleaning sleeve connected in the series is at the
top and it would be connected to the clean fluid return Iine on renote
fillinWhassehddngd 350. Thi s approach of filling fromthe bottomto the top
al lows for purging of any air in cleaning sl eeves to 25 ensure they are

substaptial Ly | et el th cleanin I.enm.

connectii on ‘én‘é] %“g& 3?1?36%“%& ?Irg(ym? L PR B?Sgﬁ‘gb' T %;ﬂuéﬁltrfﬁ nheél?é?’%%rﬁi s
fluid &learﬁﬁgéﬁiéni’@o Mige nodule 30 are as described above with reference
to Figures 1-11. 20171/ 014944PCT/ CA2010/ 001147 %0039] Wiile this

i nventi on haslebring sttese midyeablwite hemevNeefouting materiald {remrant exteriempstiomehths and

exanpl the description is,not intended to be ru

Sonsb. FeRipion Suce GuSTRLt thr clerieTesre Rt g Atk e apbhr fnrpEviaE hoer
as ot hgeaf ﬁf%ﬁqidf@ﬂtascleimﬁgeleéw&mt i Auid M drhm B cARRANER thel 2 1QBF 5RNshaskdet; ed
in the art on reference’to this description. For exanple, the 5 speC|f|c

enbodi aeht s |Ilustrated in Figures 1-12 may be configured to operate in a
manual , autonmtic .. Sem -automatic nnr..It is there or.ecnte aed
Chat t he- apbertieangyisFlient for LoveineRy Srrbing bR Pl FbRuRe Seaipaur

[ 0040] A% L:orRHllﬂl ﬂt% d%ﬁh Ned saaﬁthaﬁa aidtal BBRIch FhORSt LRI RdndR DR i n

are |ncorporate enc intheir entirety to the same extent as if
each i ﬂdidvdoulmmhmpaxhjm wﬂh it clepaing steews indett andta pOxppali patiom of Weesfirst conduit

speci fical | nd indiv ndi cat e ncorporated by reference in
P e enterisnis Wpgsedos i oIt b koEd e 14 BRITCRLOSER madt | 5

2. The cleaning apparatus defined in Claim 1, further comprising a second conduit element

for conveying cleaning fluid from a cleaning sleeve outlet in fluid comminication with the at

least one chamber.

3. The cleaning apparatus defined in Claim 2, where the second conduit element is
configured such that a distal portion of the second conduit element is in fluid communication
with the cleaning sleeve outlet and a proximal portion of the second conduit element is disposed

outside of fluid being treated in the fluid treatment system.

4. The cleaning apparatus defined in any one of Claims 2-3, wherein a portion of the second

conduit is disposed with the first conduit.

5. The cleaning apparatus defined in Claim 4, wherein the combination of the first conduit

and the second conduit define a reservoir for the cleaning fluid.

6. The cleaning apparatus defined in Claim 4, wherein the combination of the first conduit

and the second conduit define a substantially annular reservoir for the cleaning fluid.
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1. A cleaning apparatus for a radiation source assenbly in a fluid
treatnent system the cl eaning system conpri sing: a cl eaning sl eeve
noveabl e wo 20emmawe4f oul i ng materials froman exterior pecriaomioolae

radi ati on source assenbly, the cleaning sleeve conpising at | east one
chanber for receiving a cleaning fluid and a cl eaning sl eeve inlet in fluid
comuniZcat i dhe wileaninghapparatpe slefineshin ennraverof ghéms 2-6, whemin e Hesh danduit

I t f [ t he cl ' fluid to th [ inlet, th
e b FOBNERERR R PEARP b OB PR o P o
first conduit elenent is in fluid communication with the cleaning sl eeve
inlet gnd i mal ti the first i, t t is. di d, .
ont =1 o o “TRE Al SR B S, b e b Pl BRR S50
cl eani ?grit%ﬁ%ﬁ%é’&c@ﬁfi loBRdlit ﬁor@bﬁ“c&‘élﬂa%neftli rd%ﬂf?cl? aff QRS Péttitn $84 GO fhoF e t

el ement for conveying cleaning flui roma cleaning sleeve outlet in fluid
conmi nwdtitrespectiiotthe tad@tiah sbeme bssomblychanber. 3. The cl eani ng appar at us
defined in Caim2, where the second conduit elenment is configured such
that a distal portion of the second conduit elenment is in fluid

comunicat i The widahirighgppatatandetihed|iaediaing @ mhereim theaa@rugionnBirtiP compfisdfa t he
second conduit el enment is disposed outside of fluid being treated in the
f1ui d bpede pemiondgrcmanyal mevemprt of theatyaliondwke: at us defined in any one of
Clains 2-3, wherein a portion of the second conduit is disposed with the
first conduit. 5. The cleaning apparatus defined in Claim4, wherein the
combi ndfi on The cleapingjapparatisriglined smahyt ¢ne ofloims t-Onwheteinitheicheaning deeioi r

for the cleaning fluid. . The cleanin par at us defined in daim4,
wher ei Hlotvﬁgbal‘éh?‘?%ieﬁ%?irgwc Roﬁ’élofliapgfmg%ﬁﬁﬂﬁ?ﬁ%tpoéﬁ"&nt he second conduit define
a substantially annular reservoir for the cleaning fluid. WO

2011/ 014944 / 010/ 001147 . .The_c] eani ng apparatus, defined in _any one
of aiJI f fr&l (‘«%H@i pPRFASUS ﬂ?é{eddarﬁaim I§omheisi HisdPronisnal qostien ebHguliist

portio Bt ' r : ' tus
ot i nod it ASRLAES byt RERGEY hilaBRIRAIT e fhid IRGufcr SR AR 12
second cleamdpisystgoiig intthe estrabiedosidonlef i ne an actuation portion that is
noveabl e with respect to the radiation source assenbly. 9. The cl eaning

apparatus defined in Caim8, wherein the actuation portion conprises a
handl e 1port iThe dehingedppatatddeimRatin Clainh @ 026heRin & preRinal portion of the first

conduit element is submersed in the fluid being treated in the fluid treatment system when the

cleaning system is in the extended position.

13, The cleaning apparatus defined in Claim 10, wherein the proximal portion of the first
conduit element is: (i) disposed outside of fluid being treated in the fluid treatment system when
the cleaning system is in the retracted position; and (ii) submersed in the fluid being treated in

the fluid treatment system when the cleaning system is in the extended position.

14. The cleaning apparatus defined in Claim 13, further comprising a tube portion for

receiving the proximal portion of the first conduit element when the cleaning system is in the

retracted position.
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10. The cl eaning apparatus defined in any one of Clains 1-9, wherein the
cl eaning sleeve is noveabl e between a retracted position and an extended
posi ti on woDoi1lthes4al eani ng appar atus defined in d ai m 1ecTwhenswionltsne
proxi mal portion of the first conduit elenent is disposed outside of fluid
being treated in the fluid treatnent system when the cleaning systemis in
t he retlfact dtie sleningapparati@ defihed ol €himrld, abpzimthesubieportien compiesi acover

wherein the proximal portion of .the first conduit el ement. i s .submersed in
the 11 GlEEeBLIHVEPE o Biniascon o the dropimaboqrignor s F SoURMRPOTHEN.| eani ng
systemis in the extended position. 13. The cleaning apparatus defined in
Claim10, wherein the proxinal, portion of gdirst conduit elenment js: (i)
di sposglg- outls F&ieaamgmp@ﬁ@uﬁgffqﬁgeg iR 4% gng ﬁ% Eﬁ?émmlul% whegeip e eleagiag é]&%en

the cl egRbRgSH Snd BoriiBg retracted position; and (ii) subnersed in the
fluid bg@’g freate #nné %]PﬁUid treatment system when the cleaning system

is in the extended position. 14. The cleaning apparatus defined in Caim
13, further rising a tuhe rtion for cel yi.ng the.proxiyml. partion of
the 1110y oIRGBk aRafte ARG b'aB ahepr REGs YRl 4 Fpd Bkl
posi ti eampridifl 4 Phika}4F41RAhE 600/ 001147  15. The cl eani ng appar at us
defined in Caim14, wherein the tube portion conprises a cover el enent
renovabl e to gain access to the proxinmal portion of the first conduit
portiong, 1€fheEﬁn&gea??h@%s%ﬁﬁé@iﬂ‘éla@ﬁfPﬁ%e*e‘ih Bith &éﬁiﬁg s 9% igited
wherein the cleanin eeve conprises an annular ring portion. 7 e

cl eani tgbapEaged wsandxttérive df the radigtionsounde 4Sbamnbly. 1- 16, conpri si ng a cl eani ng
carriage conprising a plurality of cleaning sleeves. 18. The cleaning
apparatus defined in Caim1l7, wherein each cleaning sleeve is configured
to be eAgagdlietodeaningeappardtey definddnia 4r3domd b ITISias" LB 18 SHREBINYthe PlBralifinef

cl eani ng apparatus defined in any one of Clainms 17-18, wherein the

pl ur al F?eymae sleerefre dn Bridapaynypieation withieash othante fefing oeleoning fluidchill sinpénr t o
definegqa:. £l eani | ui ild Jine.din fluid conmunication with the first
conduiPﬁggf?@ggggmgﬁﬂwg%gkéhgéﬁpﬁgkggﬁgﬁatus defined in any one of O ains
17-18, wherein pairs of cleaning sleeves are in fluid comuni cation with

? ﬁghf ??Q? ' Chﬁad&ﬁalmggr%pgﬁ I?SnAer}ﬂlezilirlflagy folnlelof lélgief‘nsI ﬁ-flg,u&ger%%%psl g (El!:a(l)nri]ngw th

sleeves are in fluid communication with each other to define a cleaning fluid fill line in fluid

communication with the first conduit portion.

21. The cleaning apparatus defined in any one of Claims 17-20, wherein the plurality of
cleaning sleeves are in fluid communication with each other to define a cleaning fluid return line

in fluid communication with the second conduit portion.

22.  The cleaning apparatus defined in any one of Claims 17-20, wherein pairs of cleaning
sleeves are in fluid communication with each other to define a cleaning fluid return line in fluid

communication with the second conduit portion.
23.  The cleaning apparatus defined in any one of Claims 17-22, wherein the cleaning carriage

comprises a plurality of cleaning sleeves disposed in a substantially annular relationship with

respect to the first conduit portion.
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21. The cl eani ng apparatus defined in any one of Clains 17-20, wherein the
plurality of cleaning sleeves are in fluid communi cation with each other to
define a wbheanimgo4fil uid return line in fluid conmuni cat ipom/caizbtv/obie7second
conduit portion. 22. The cleaning apparatus defined in any one of C ains
17-20, wherein pairs of cleaning sleeves are in fluid conmunication with
each otMer tlhedddaning appatabesndefiged inuany ot of Glaimy &-28 nwhengindeach whaaningaidena

with the second conduit..portion. 23. The c|.eanj appar at.us defi.ned i n any
one. of (BTRTNG & 3 5r S Presgaens Gith RGBT DU SUPE L L SR 4P of
cl eani %seﬂtﬂ%"tﬁé_s@él%ﬁ@@i’hg! 4t 18ast WOSIrAG bR luhdesABA YhAEridlS idhl ARSQi@ioM dffthe

respect to the first conduit portion. WD 2011/014944PCT/ CA2010/001147 24.

The c| @adintion soupeerassambly avhen ét sleevanymomed.of O ai ms 1- 23, wherein each

cl eaning sl eeve conprises a seal for sealing engagenent with the portion of
the exterior of the radiation source assenbly, the seal renoving at |east a
porti oR25of Udeddanang appuetisadesinéd dnmaizheneexdt €lainy 1-08, whereinaelichicicaningGldeoe
assenbly when the s%ee}/e is noved. 25. The cl eaning apparatus defined in
any on&OBPIIEesA RAT ef seals fppasabing eagagsmentwith dbe Rortian of thsraxtgrios of sheyadiation
seal s f ' ' orti. 10or of .the. .
o at el Selry, SARHE O oD o N bdri G0 PlndeBfc FHAEILR i) pedfcgir
undesi roédhereddiationl Hutdecasséhblyewh@r therslédvetibendvad] aid @f) sbstasealBRSRaadihy ophen
t he sl eeve i.s noved, and (ii) substantially reducing or preventing |eaking
of cl edRiVsyting lsaking of sleapiag dpidsem the dgmbeke ¢l eani ng apparat us defined in
any one of Clains 1-25, wherein further conprising notive neans (automatic
or sem -automatic) to nove the cleaning sleeve between a first position and
a secorf. poslheideanimgapparategddefinedrin soprone ofddaims 1-36, whereimfiathiet womdprising

memor oo e aaRedi el Bnal e EERung st ki iothpprion

first sHPRREdondPBHGOn. t he at | east one radiation source assenbly conprising
a radiation source; and t he cl eani ng apparatus defined in any one of
Clainms 1-25, the cleaning sleeve being in contact with at |east a portion

of an ext eriQfdpkiohR6udt t L ady Ak e 28 . .The
radi ation sourace lr?ogﬁ?e gle()? ?%efgp?% lé]%g}u?na Egﬁﬂéﬁfﬁﬁpﬁzﬁe@ J|1'351|e ﬁ%m%%{ﬂ% to
posi tion the fram evirgna Sostisupponadethleri n the fluid treatment system
at least one radiation source assembly extending from the first support member, the at
least one radiation source assembly comprising a radiation source; and

the cleaning apparatus defined in any one of Claims 1-25, the cleaning sleeve being in

contact with at least a portion of an exterior of the at least one radiation source assembly.

28.  The radiation source module defined in Claim 27, further comprising means to position

the radiation source module in the fluid treatment system.

29. The radiation source module defined in any one of Claims 27-28, wherein the at least one

radiation source assembly is in sealing engagement with the first support member.

30.  The radiation source module defined in any one of Claims 27-29, wherein the frame

further comprises a second support member opposed to and laterally spaced from the first
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29. The radiation source nodule defined in any one of Cains 27-28, wherein
the at | east one radiation source assenbly is in sealing engagenent with

t he firstweuppantsssmenber. 30. The radi ati on source nodece/@ebiovedi4rn any
one of Clainms 27-29, wherein the frane further conprises a second support
menber opposed to and laterally spaced fromthe first WO

2011/ 0 supppsP@EMbAR Ghe A0 Badt4ohesnagiation sowmd essembhie dmpoded dstwesnecach oif dlg Grst

source assenbl y.di sposed between each, of the first support nmenber and the
secondSgﬂ%ﬁgg?xwgﬁﬂﬁﬁﬁeS%?P&?HPOFéB?EP?bn source modul e defined in O aim
30, the frame further conprises a third support nenber interconnecting the
first support nenber and the cqond support nenber. 32, The radjation,

sour ce SrodulTdedadiatey spyrcg r‘i%odg‘(rfl?egﬁﬁneél 15 g g0z he {rpme distherfomprisas arthied her
conpri . i r.adiqat i The
o at o RSB SRR e (O SRt or B Bl 6T menitr. 12
radi ati on source assenbly conprises a protective sleeve surrounding the

radi ati,gn soeyrce.. ..34. The radi,ati en source nodul & defi in CajmZ33

wher ei r%ﬁt he pr oﬁag@flf’r\lleSOEIiCSJ{}%éjué% r%ﬁ’i‘%dzgl g qay tof @?Ig&%gg?ﬂgﬂer?ﬂle{hreaéﬁ?i on
sour ce fimibilcempeibdsesbwer sapply dorecodfrolingitheradiatidd sober ei n the protective

sl eeve has an open end in seal ed engagenent with an opening in the first

support nenber and a cl osed end supported by the second support nenber.

36. Thesr adiﬁfeira&saﬁavg&ﬁcérﬂfwgﬁ &L%w?ﬂgﬁw% gfgf;\ 5 29T 'h@retimeolaﬁﬁﬁgﬂd

is sealed to prevent contact between the radiation source.
source assembly comprises a protective sleeve surrounding the radiation source.

34.  The radiation source module defined in Claim 33, wherein the protective sleeve

comprises a quartz sleeve.

35.  The radiation source module defined in any one of Claims 33-34, wherein the protective
sleeve has an open end in sealed engagement with an opening in the first support member and a

closed end supported by the second support member.

36.  The radiation source module defined in Claim 35, wherein the open end is sealed to

prevent contact between the fluid and the radiation source.

37. A fluid treatment system comprising a fluid treatment zone for receiving a flow of fluid
and at least one radiation source module defined in any one of Claims 27-36, wherein the at least
one radiation source module is configured such that the one radiation source assembly is

disposed in the fluid treatment zone.

38.  The fluid treatment system defined in Claim 33, wherein the fluid treatment zone is

comprised in an open channel for receiving the flow of fluid.
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37. Afluid treatnent systemconprising a fluid treatnment zone for
receiving a flow of fluid and at | east one radi ati on source nodul e defi ned
in any ornwoabii@iasss 27-36, wherein the at | east one ra@CatGAanQoOUN4Ce
nmodul e i s configured such that the one radiation source assenbly is

di sposed in the fluid treatnent zone. 38. The fluid treatnent system

defi ned9. n Alei fluE3treatmentesystannalefined ¢h laiat BBnwhemwine thesflaidnpedtment zoneais

open channel for recejiyin he fl.ow af fI ui . VWO

2011/ 0TAFPIBETINAIBY /%‘GT%A%M r§@‘?“’“i*ﬁgheftlfl?ﬁ’89ﬂl"élat nment system defined in
Claim 37, wherein the fluid treatnment zone is conprised in a closed channel
for recegjvin ttﬂgi flowof fluid, _ 40, The fluid treatnent systemdefined in

any onétlof d 4reatyaent wyterp;defipebinany enesel Glaany 363 % wherciaghe ebleaggwan| y

. | . tudinal . axi s di . b
i oot naqegeR ApRE S RolAPHL CHAERE i, 8O FECHEIoRE bttt g
t r eat netitectyisdfinid dfownthgough tBafluidneathertizahd’s 37- 39, wherein the at | east

one radi ation source assenbly is elongate and has a | ongitudinal axis
di sposed substantially parallel to the direction of fluid flow through the

fluid tgieat MRy HARRatmde systiiR defitédlin A8 deEstt Cramsd s oelhdes W a?fstl:){st%@ of

Cainms 37-39, wherein the at |east one radiati on source assenb
el ongatradiatieh beusceaadsembiyt ia ¢langhtesandshadiadpusitdimnl tikis glispabed subktaatially parallcdn

of fluid flow t.hrough. the fl ui reatment zone. 43. The fluid treatnent
syst em Q&9 ﬁée&%f”ﬁogﬁk}ldéﬂ)é” g\“"@q’éﬁ’ﬁﬁuﬁ%“g?e%}l%i n the at |east one
radi ati on source assenbly is elongate and is di sposed substantially
verti caJZI y ifhtttl]e fluid treatment. zone.

. €

uid treatment system defined in any one of Claims 37-39, wherein the at least one
radiation source assembly is elongate and has a longitudinal axis disposed orthogonal to the

direction of fluid flow through the fluid treatment zone.
43.  The fluid treatment system defined in any one of Claims 37-39, wherein the at least one

radiation source assembly is elongate and is disposed substantially vertically in the fluid

treatment zone.

21



