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(57) Abstract: A cleaning apparatus (10) for a radiation source assembly (35) in a fluid treatment system is described. The cleaning
apparatus comprises cleaning chamber (20) and a second chamber (25, 30) independent of the cleaning chamber which defines a
O fluid (typically water) buffer layer to obviate or mitigate cleaning fluid from the cleaning chamber leaking into the fluid being treated.

The fluid treatment system is particularly useful for us in clean water applications in which ultraviolet radiation is used to treat the
water while having the advantages of in situ cleaning of the radiation source when it becomes fouled.
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FLUID TREATMENT SYSTEM AND CLEANING
APPARATUS THEREFOR
TECHNICAL FIELD

In one of its aspects, the present invention relates to a cleaning apparatus
for use in a fluid treatment system. In another of its aspects, the present invention

relates to a fluid treatment system comprising the cleaning apparatus.

BACKGROUND ART

Fluid treatment systems are known generally in the art.

For example, United States patents 4,482,809, 4,872,980 and 5,006,244
(all 1n the name of Maarschalkerweerd and all assigned to the assignee of the
present mvention and heremnafter referred to as the Maarschalkerweerd #1
Patents), all
describe gravity fed fluid treatment systems which employ ultraviolet (UV)
radiation.

Such systems include an array of UV lamp frames which include several
UV lamps each of which are mounted within s]eei'es 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 1s then irradiated as required. The amount of radiation to which the
fluid 1s exposed 1s determined by the proximity of the fluid to the lamps, the
output wattage of the lamps and the fluid's flow rate past the lamps. Typically,
one or more UV sensors may be employed to monitor the UV output of the lamps
and the fluid level is typically controlled, to some extent, downstream of the
treatment device by means of level gates or the like.

However, disadvantages exist with the above-described systems.
Depending upon the quahity 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
nstallation, the occurrence of such fouling may be determined from historical

operating data or by measurements from the UV sensors. Once fouling has



10

15

20

25

30

CA 02338879 2003-11-26

WO 00/73213 PCT/CA00/00617

-

reached a certain point, the sleeves must be cleaned to remove the fouling
materials and optimize system performance.

If the UV lamp modules are employed in an open, channel-like system
(€. g.; such as the one described and 1llustrated in Maarschalkerweerd #1 Patents),

- one or more of the modules may be removed while the system continues to
operate, and the removed frames may be immersed in a bath of suitable cleaning
solution (e.g., amild acid) which may be air-agitated to remove fouling matenals.
Of course, this necessitates the provision of surplus or redundant sources of UV
radiation (usually by including extra UV lamp modules)'to ensure adequate
irradiation of the fluid being treated while one or more of the frames has been
removed for cleaning. This required surplus UV capacity adds to the capital
expense of installing the treatment system. Further, a cleaning vessel for
receiving the UV lamp modules must also be provided and maintained.
Depending on the number of modules which must be serviced for cleaning at one
time and the frequency at which they require cleaning, this can also significantly
add to the expense of operafing and maintaining the treatment system.
Furthermore, this cleaning regimen necessitates relatively high labor costs to
attend to the required removal/re-installation of modules and removal/re-filling
of cleaning solution in the cleaning vessel. Still further, such handling of the
modules results 1n an increased risk of damage to or breakage of the lamps in the
module.

If the frames are 1n a closed systerh (e.g., such as the treatment chamber
described in United States patent 5,504,335 (in the name of Maarschalkerweerd
and assigned to the assignee of the present invention), the contents of which are

“removal of the frames from the fluid for
cleaning 1s usually impractical. In this case, the sleeves must be cleaned by
suspending treatment of the fluid, shutting inlet and outlet valves to the treatment
enclosure and filling the entire treatment enclosure with the cleaning solution and

air-agitating the fluid to remove the fouling matenials. Cleaning such closed

systems sufiers from the disadvantages that the treatment system must be stopped

while cleaning proceeds and that a large quantity of cleaning solution must be

employed to fill the treatment enclosure. An additional problem exists in that
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handling large quantities of cleaning fluid 1s hazardous and disposing of large
quantities of used cleaming fluid 1s difficult and/or expensive. Of course open

flow systems suffer from these two problems, albeit to a lesser degree.

Indeed, 1t 1s the belief of the present inventors that, once installed, one of

the largest maintenance costs associated with prior art fluid treatment systems is
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often the cost of cleaning the sleeves about the radiation sources.

Umnited States patents 5,418,370, 5,539,210 and 5,590,390 (all in the name
of Maarschalkerweerd and all assigned to the assignee of the present invention
and hereinafter referred to as the Maarschalkerweerd #2 Patents),

all describe an 1improved
cleaning system, particularly advantageous for use in gravity fed fluid treatment
systems which employ UV radiation. Generally, the cleaning system comprises
a cleanming sleeve engaging a portion of the exterior of a radiation source
assembly including a radiation source (e.g., a UV lamp). The cleaning sieeve is
movable between: (1) a retracted position wherein a first portion of radiation
source assembly 1s exposed to a flow of fluid to be treated, and (ii) an extended
position wherein the first portion of the radiation source assembly is completely
or partially covered by the cleaning sleeve. The cleaning sleeve includes a
chamber in contact with the first portion of the radiation source assembly. The
chamber 1s supplied with a cleaning solution suitable for removing undesired
materials from the first portion of the radiation source assembly.

The cleaning system described in the Maarschalkerweerd #2 Patents
represents a significant advance in the art, especially when implemented in the
radiation source module and fluid treatment system illustrated in these patents.
More specifically, the cleaning system described in the Maarschalkerweerd #2
Patents 1s particularly useful in municipal wastewater treatment facilities in which
the cleaning system is employed in combination with an ultraviolet radiation
treatment system disposed an open channel comprising a gravity fed flow of
fluid. After treatment, the fluid is then discharged into a stream, creek. nver, lake
or other body of water.

Clean water treatment systems present a unique set of challenges since the

flmd being treated in the system is a source of potable/drinking water. If the
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cleaning system described in the Maarschalkerweerd #2 Patents were

implemented in a clean water treatment system, there would be a significant

- likelihood of leakage of the cleaning solution from the chamber into the fluid

being treated. It 1s desirable to avoid such leakage of cleaning solution from the
cleaning system.

Thus, notwithstanding the advances in the art provided by the cleaning
system taught 1n the Maarschalkerweerd #2 Patents, there remains a need in the
art for a cleaning apparatus which may be implemented advantageously, inter

alia, 1n a clean water treatment system.

DISCLOSURE OF THE INVENTION

It 1s an object of the invention to provide a cleaning apparatus which
obviates or mitigates at least one of the above-mentioned disadvantages of the
prior art.

Accordingly, in one of its aspects, the present invention provides a
cleaning apparatus for use in a fluid treatment system comprising a radiation
source assembly, the cleaning apparatus comprising:

at least one cleaning sleeve in sliding engagement with the exterior of the
radiation source assembly;

a first chamber disposed in the at least one cleaning sleeve in contact with
a portion of the exterior of the radiation source assembly and for being supplied
with a cleaning solution;

a second chamber disposed in the at least one cleaning sleeve adjacent the
first chamber;

seal means to restrict movement of fluid between the first chamber and
the second chamber; and

drive means to translate the at least one cleaning sleeve along the exterior
of the radiation source assembly.

In another of its aspects, the present invention provides a fluid treatment
device comprising a housing for receiving a flow of fluid, the housing
comprising:

a fluid inlet;
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a fluid outlet;

a fluid treatment zone disposed between the fluid inlet and the fluid outlet;

a radiation source assembly disposed in the fluid treatment zone for
treatment of the flow of fluid; and

a cleaning apparatus comprising: at least one cleaning sleeve in sliding
engagement with the extenor of the radiation source assembly; a first chamber
disposed in the at least one cleaning sleeve in contact with a portion of the
exterior of the radiation source assembly and for being supplied with a cleaning
solution; a second chamber disposed in the at least one cleaning sleeve adjacent
the first chamber; seal means to prevent substantially unrestricted movement of
fluid between the first chamber and the second chamber; first drain means to
withdraw fluid from the second chamber; and drive means to translate the at least
one cleaning sleeve along the exterior of the radiation source assembly.

Thus, the present inventors have developed a novel cleaning device for
use 1n a fluid treatment system. The cleaning device contains two "independent"
chambers. Specifically, there is provided a cleaming chamber for containing a
cleaning solution in contact with an extenor of a radiation source assembly. A
second chamber is provided in the cleaning sleeve substantially adjacent the first
chamber. The second chamber, 1n essence, functions as a fluid (typically water)
buffer layer between the cleaning chamber and the fluid being treated. Thus, the
fluid buffer layer acts to receive small amounts of cleaning solution which may
leak from the cleaning chamber thereby obviating or mitigating passage of the
cleaning fluid to the fluid being treated.

The cleaning chamber and the chamber defining the fluid buffer layer are
relatively "independent” of one another. This may be achieved by using a seal
between the two chambers. Since even the highest quality seals are likely to
allow some leakage of cleaning fluid, the fluid buffer layer in the second chamber
adjacent the cleaning chamber acts to obviate or mitigate alternate leakage of the
cleaning fluid into the fluid being treated. This renders the present cleaning
system advantageous for use 1n a clean water application where the fluid being
treated is, for example, potable water.

When implemented 1n a fluid treatment system for clean water

PCT/CA00/00617
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applications, 1t 1s conventional to dispose the treatment system in a closed pipe
containing a pressurized (e.g., 150 psig) flow of water. If the cleaning solution
in the cleaning chamber and the fluid in the second chamber acting as the fluid
buffer layer are maintained at a pressure lower than the pressure of the fluid flow
through the fluid treatment system, there is, in essence, a pressure drop across the
region of the fluid flow and the two chambers of the cleaning device. This
pressure drop assists in obviating or mitigating leakage of fluid from the cleaning
chamber through the second chamber to the fluid being treated.

In a preferred embodiment, the second chamber defining the fluid buffer
layer further includes a drain to remove fluid from the second chamber. This
further obviates or mitigates leakage of cleaning solution from the cleaning
chamber through the second chamber to the fluid being treated.

~ In a further preferred embodiment, the cleaning chamber is provided with
a supplyv and drain to add and remove cleaning solution to and from the cleaning
chamber. In a further preferred embodiment, this supply and drain in the cleaning
chamber 1s compnsed 1n a recirculation system which allows for addition of

cleaning solution, as required.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described with reference to
the accompanying drawings, in which:

Figure 1 1llustrates a schematic, in cross-section, of a preferred
embodiment of the present cleaning device;

Figure 2 and 3 illustrate side elevations, in cross-section, of a preferred
embodiment of a fluid treatment device comprising a preferred embodiment of
the present cleaning apparatus;

Figures 4 and 5 illustrate enlarged side elevations, cross-section of the
cleaning apparatus illustrated in Figures 2 and 3, respectively; and

Figure 6-8 1llustrate photographs of a particularly preferred embodiment

of the presernt invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

With reference to Figure 1, there is illustrated a cleaning apparatus 10.
Cleaming apparatus 10 comprises a cleaning sleeve 15. Cleaning sleeve 15
comprises a cleaning chamber 20 and a pair of second chambers 25,30. Cleaning

5  sleeve 15 1s disposed over a radiation source assembly 35 comprising a radiation
source 40 enclosed within a protective sleeve 45.

Cleaning chamber 20 is separated from second chambers 25,30 by a pair
of seals 50,55.

Second chambers 25,30 are sealed from the exterior of the cleaning sleeve

10 15 by a pair of annular seals 60,65. Cleaning sleeve 15 is reversibly movable
along the exterior of protective sleeve 45 in the direction of arrow A. The
actuation of cleaning sleeve 15 along the exterior of protective sleeve 45 will be
described 1in more detail hereinbelow.

Cleaning sleeve 15 further comprises a drain 70 from each of second

15  chambers 25,30. Drain 70 may be utilized at atmospheric pressure. Of course, the
1llustrated embodiment could be modified to have a single drain from one of
second chambers 25,30, and by providing communication between second
chambers 25,30. Further, a cleaning solution supply inlet 75 is provided in
cleaning sleeve 15 and serves to allow for supply of cleaning solution to cleaning

20  chamber 20. Also, a cleaning supply outlet 80 is provided to allow for
withdrawal of cleaning solution from cleaning chamber 20.

With reference to Figures 2 and 3, there is illustrated a fluid treatment
device 100 comprising an inlet 105, an outlet 110 and a housing 115. A pair of
opposed flanges 120,125 are disposed at opposite ends of housing 115. A pair

25  ofopposed cover plates 130,135 are attached to flanges 120,125, respectively, to
provide, 1n the case of treating liquids, a fluid-tight seal.

Disposed 1n housing 115 is a radiation source assembly 140 comprising
a pair of radiation, preferably ultraviolet radiation, lamps 145 disposed within a
protective sleeve 150 - e.g., a quartz sleeve.

30 Disposed adjacent cover plate 135 is a cleaning apparatus 200. Cleaning
apparatus 200 comprises a pair of rods 205,210 which are slidably moveable
through cover plate 135. Attached to the ends of rods 205,210 is a cleaning

T St e M A A o) RO RN R SRR IR AT M T e : Tt s il e A A R g
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sleeve 300, the details of which will be described below. Attached to the other

ends of rods 205,210 1s a plate 215 which is connected to a slide 219 movable

along a rail 220. Rail 220 1s a conventional electric screw drive which is

connected to an electric motor (not shown) or other electric motive means. The

5 electric motor serves to rotate the screw (not shown) which translates slide 219
along rail 220 thereby moving plate 215.

With reference to Figures 4 and 5, a more detailed explanation of the

design of cleaning sleeve 300 will be provided. Thus, cleaning sleeve 300

comprises a sleeve element 305 which surrounds and is movable over protective

10  sleeve 150 of radiation source assembly 140 (see Figures 2 and 3). Sleeve
element 305 includes a chamber 310 for receiving a cleaning fluid - in Figure 5,
the cleaning fluid 1s shown in solid black. Cleaning chamber 310 is coupled to
an elbow connector 315 which in turn is coupled to rod 205 and, ultimately, plate
215. A line 320 is connected to plate 215 and in turn to rod 205 via an elbow

15  connector 325. The other end of line 320 is connected to a supply of cleaning
fluid (not shown). The cleaning fluid may be acetic acid or any other suitable
fluid which will facilitate removal of fouling materials (e.g., minerals, algae and '
the like) from the surface of protective sleeve 150. In essence, cleaning chamber
310 1s defined by a pair of seals 330,335 which, when sleeve 300 is mounted on

20  quartz sleeve 150, form a substantially fluid-tight type seal. Seals 330,335 are
annular seals which surround quartz sleeve 150. Substantially adjacent seals
330,335 are a pair of Teflon™ bearings 340,345, respectively.

Adjacent Teflon™ bearing 340,345 are a pair of second seals 350,355,
respectively.

25 With reference to Figure 4, in essence, Teflon™ bearings 340,345 are
disposed in a chamber 360 defined between seals 330,335 and 350,355,
respectively. This can be seen clearly in Figure 4 which illustrates a flow of fluid
in black from second chamber 360.

Opposite elbow connection 315 attached to sleeve element 305 is another

30  elbow element 365 which is connected to rod 210 and in turn to plate 215.

As will be apparent, rod 210 includes a coaxial line which serves two

purposes. First, with reference to Figure 5, cleaning fluid (shown in black) may
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be removed from cleaning chamber 310 via an internal line 370 1n rod 210. The
disposition of line 370 in this manner creates a second line 375 coaxially disposed
around line 370. The function of line 375 1s 1llustrated 1n Figure 4 and served to
remove fluid from second chamber 360. Thus, rod 210 serves to both remove
cleaning solution from chamber 310 and independently remove fluid from second
chamber 360.

Preferably lines 320 and 370 are connected to a recirculation pump which
allows for cleaning solution to be recirculated through cleaning sleeve 300 as
illustrated in Figure 5 (the cleaning solution is shown in black. Recirculation can
be continuous or on a periodic basis. It should by apparent that the cleaning
solution may be circulated in the reverse direction to that described above.

In operation, when it 1s desired to clean the exterior of protective sleeve
150, the electrically driven screw (not shown) 1n rail 220 is actuated thereby
moving plate 215 with respect to rail 220. This results in movement of cleaning
sleeve 300 over protective sleeve 150. Such cleaning can be done while fluid
treatment device 100 i1s in operation or while it has been shut down for
maintenance or another reason. Further, it is possible to design the dimensions
of housing 115 such that cleaning sleeve 300 may be parked in a position in
housing 115 such that it does not interfere with the hydraulic flow of fluid
through the device. As will be apparent to those of skill in the art. Figure 2
shows cleaning sleeve 1n the fully extended (i.e., into housing 115) position
whereas Figure 3 illustrates cleaning sleeve in a retracted position.

While the present invention has been described with reference to preferred
and specifically illustrated embodiments, 1t will of course be understood by those
of skill in the arts that various modifications to these preferred and illustrated
embodiments may be made without the parting from the spirit and scope of the
invention.

All publications, patents and patent applications referred to herein are
incorporated by reference in their entirety to the same extent as if each individual
publication, patent or patent application was specifically and individuélly

indicated to be incorporated by reference in its entirety.

PCT/CA00/00617
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What 1s claamed 1s:

1. A cleaning apparatus for use in a fluid treatment system comprising a
radiation source assembly, the cleaning apparatus comprising:

at least one cleaning sleeve 1n sliding engagement with the exterior of the
radiation source assembly;

a first chamber disposed in the at least one cleaning sleeve in contact with
a portion of the exterior of the radiation source assembly and for being supplied
with a cleaning solution;

a second chamber disposed in the at least one cleaning sleeve adjacent the
first chamber;

seal means to restrict movement of fluid between the first chamber and
the second chamber; and

drive means to translate the at least one cleaning sleeve along the exterior

of the radiation source assembly.

2. The cleaning apparatus defined in claim 1, wherein the first chamber

comprises a clean fluid supply inlet.

3. The cleaning apparatus defined in claim 2, wherein the cleaning apparatus

comprises first drain means to withdraw fluid from the second chamber.

4. The cleaning apparatus defined in any one of claims 2-3, wherein the
cleaning apparatus comprises second drain means to withdraw cleaning fluid

from the first chamber.

5. The cleaning apparatus defined in any one of claims 1-4, wherein the first
chamber comprises a first annular chamber substantially surrounding the exterior

of the radiation source assembly.

6. The cleaning apparatus defined in any one of claims 1-5, wherein the
second chamber comprises a pair of second annular chambers on opposed sides
of the first chamber and substantially surrounding the exterior of the radiation

source assembly.
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7. The cleaning apparatus defined in claim 6, wherein the pair of second

annular chambers are in communication with one another.

8. The cleaning apparatus defined in any one of claims 1-7, wherein the seal

means defines a barrier between the first chamber and the second chamber.

0. The cleaning apparatus defined in any one of claims 1-8, further
comprising second seal means disposed between the at least one cleaning sleeve

and the exterior of the radiation source assembly.

10.  The cleaning apparatus defined in any one of claims 1-9, wherein the
radiation source assembly comprises at least one radiation source disposed in a

protective sleeve.

11.  The cleaning apparatus defined in claim 10, wherein the protective sleeve

comprises a quartz sleeve.

12. A fluid treatment device comprising a housing for receiving a flow of
fluid, the housing comprising:

a fluid 1nlet;

a fluid outlet;

a fluid treatment zone disposed between the fluid inlet and the fluid outlet;

a radiation source assembly disposed in the fluid treatment zone for
treatment of the flow of fluid; and

a cleaning apparatus comprising: at least one cleaning sleeve in sliding
engagement with the exterior of the radiation source assembly; a first chamber
disposed in the at least one cleaning sleeve in contact with a portion of the
exterior of the radiation source assembly and for being supplied with a cleaning
solution; a second chamber disposed in the at least one cleaning sleeve adjacent
the first chamber; seal means to prevent substantially unrestricted movement of
fluid between the first chamber and the second chamber; first drain means to
withdraw fluid from the second chamber; and drive means to translate the at least

one cleaning sleeve along the exterior of the radiation source assembly.
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13. The fluid treatment device defined in claim 12, wherein the first chamber

of the cleaning apparatus comprises a clean fluid supply inlet.

14. The fluid treatment device defined in claim 13, wherein the cleaning

apparatus comprises first drain means to withdraw fluid from the second

chamber.

15. The fluid treatment device defined in any one of claims 13-14, wherein
the cleaning apparatus comprises second drain means to withdraw cleaning fluid

from the first chamber.

16.  The fluid treatment device defined in any one of claims 12-15, wherein
the first chamber comprises a first annular chamber substantially surrounding the

exterior of the radiation source assembly.

1'7. The fluid treatment device defined in any one of claims 12-16, wherein
the second chamber comprises a pair of second annular chambers on opposed
sides of the first chamber and substantially surround the exterior of the radiation

source assembly.

18.  The flwd treatment device defined in claim 17, wherein the pair of second

annular chambers are in communication with one another.

19.  The fluid treatment device defined in any one of claims 12-18, wherein
the seal means defines a barrier between the first chamber and the second

chamber.

20.  The fluid treatment device defined in any one of claims 12-19, wherein
the cleaning apparatus further comprises second seal means disposed between the

at least one cleaning sleeve and the exterior of the radiation source assembly.

21. The fluid treatment device defined in any one of claims 12-20, wherein
the radiation source assembly comprises at least one radiation source disposed in

a protective sleeve.
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22.  The fluid treatment device defined in claim 21, wherein the protective
sleeve comprises a quartz sleeve.
23.  The fluid treatment device defined in any one of claims 21-22, wherein

the at least one radiation source 1s substantially elongate.

24.  The fluid treatment device defined in any one of claims 12-23, wherein
the fluid treatment zone comprises a substantially elongate irradiation zone for

receiving the flow of fluid.

25.  The fluid treatment device defined in any one of claims 12-24, wherein
the at least one radiation source is disposed substantially parallel to the flow of

fluid through the 1rradiation zone.

26.  The fluid treatment device defined in any one of claims 12-25, wherein
the at least one radiation source 1s disposed substantially transverse to a flow ot

fluid through the 1rradiation zone.

27.  The fluid treatment device defined in any one¢ of claims 12-26, wherein
the fluid 1nlet, the fluid outlet and the fluid treatment zone are arranged in a

substantially collinear manner.

28. The fluid treatment device defined 1n any one of claims 12-27, wherein
the fluid inlet, the fluid outlet and the fluid treatment zone have substantially the

same Cross-section.

29.  The fluid treatment device defined in any one of claims 12-28, wherein
the fluid 1nlet, the fluid outlet and the fluid treatment zone are arranged in a

substantially non-collinear manner.



CA 02338879 2001-01-29

WO 00/73213 PCT/CA00/00617

1/8

SUBSTITUTE SHEET (RULE 26)



CA 02338879 2001-01-29

wO 00/73213 PCT/CA00/00617
2/8
-

- )
-

- 4P

T -

~—

T80 |\ B
SN N

\ I

100

. -

105

\2
200

SUBSTITUTE SHEET (RULE 26)



CA 02338879 2001-01-29

WO 00/73213 PCT/CA00/00617

3/8

-
™
-

L G\ S
T //// J &

110

FIG.3

105

’N//// ‘5’ // \ \\\\\\l‘~

Ililltl f*f

135

SUBSTITUTE SHEET (RULE 26)



CA 02338879 2001-01-29

PCT/CA00/00617

WO 00/73213

4/8

$lunal

A

N
N\
o N

/I

-r _--\y/..r;.r/.r

0Gt

0ct

GCE

0Lt

SUBSTITUTE SHEET (RULE 26)



CA 02338879 2001-01-29

PCT/CA00/00617

WO 00/73213

5/8

GGe

GEE

Gt

GO¢ 0LE

ANNNEEINNN

\ o IS,

NN\~

GOt

P.lig:

g\ mwu
7 1‘.‘.,‘\\ AP \\_ m\w ‘\\\ﬁ‘.\\ n‘."
77w\ L TR B By e TR

—

Ste " oge  Ogce

N

TTIWS
a- -t 7
4K N\

AN S T

R T2

7

i
0EE

‘r”""""r‘

N N\ wa.._nﬂ AN v gy SISy
% (/A

0ct

GCE

- ™ A A A T s D o oL ™ < oSO A L. i <

N\

0Lt

SUBSTITUTE SHEET (RULE 26)



CA 02338879 2001-01-29

WO 00/73213 PCT/CA00/00617

-
:

i
‘

r ez
RPUFPIRECL S
- w

4 ..

.. Fy f;f; 20

‘I’,

2 F,
-

>
.

: 1A - . -
argam -G TN TRWY

.
- -
. T
“W
o = v
s o L, .
2 .
.
v -
"

' .
h-;.- [ N S
o i e ;.?‘

"
. .-
F

»
-

i by

PN L o O

- - -

- £ .
Se s N T ':‘.
e WG W VYR R e
4
Foiisa

< .
«. - $
-
F
A

V.

LB S S 3

R | . ™ F"h ““*‘) ";\

' e Y ¥

; R\#E-?’-"” - "
¢

.4 1 10‘:\%0 -

,5»"'“3

L .

£
- &
—Fa o :.z.,w"h_‘

in |

FIG. 6

SUBSTITUTE SHEET (RULE 26)

160" Qa8 s Pttty s . ' L . (23T IE FEE-IUIP Y TN S L a5 oo TR ©obass B 1aanl BEPRN ' wdid e S TR R A S VORI W d P TR A B CARE 18 g 1 e e e et e .o coewlogtE el pge gz Wt .



CA 02338879 2001-01-29

WO 00/73213 PCT/CA00/00617

e or-uﬂ:’ »ﬂ"’

i . -+ .

. e . M”M’

“ﬁuﬂ.‘. v et e A
w

L . N A A tem
‘f,-‘;‘xms.-\W«

I

Wi

FIG. 7

SUBSTITUTE SHEET (RULE 26)

P o e e = 'm ‘e ° . . 3 = ms o= = =n . 8 A T ¥ O S « = 1. DA JRTC ST T R . RSP S SN S S, . . . TR T L T I



- CA 02338879 2001-01-29

WO 00/73213 PCT/CA00/00617

|

ol
CUHhE Py
X

- PR T v* -

.51'{‘.:.*'? -8 ~..“'." W .
R I T T
e b Al RUA L LR
.#. “.‘-ﬂ'%,.ﬁ?‘» l-"'l’,
R TR S
- Ai

g -~

. )
-~ -
"

Pl LR e S '

iy e

Ay JC.

- ’ ~';‘ .L. o
= o ey :’-. . .# -, - o
| I‘1¥“‘?al.-’~ { ' fg }'t‘.
+a .~ S gy » s
%'&5"”}?" 4t ?ﬁﬁbﬁt’ >
. o s . 'l 7 '\’. .
:n’ - ,}‘ 4“1 v $€#*\:A} a{.
L] % S . S , -~
TS A R

T AR L AT IR Y W e g S e R A e e s ey W
© . M ] .

. -
. [ . S »

. Y "‘- »2,
TR L’ \“.I m‘

e mvp
“»

'W—MQMMW“*- B T e e e i

“, *+ e
- RN P XM
‘

-

. me m\o»wawo‘ L AP W NPy b T VAR LT NG O T Ly Ty '
. l ] z! " ! ” N . \ R 1’ ’ - . :
S k. ew L VR o i ! * LR L ’ . . i
. . ., - ' .

i S

rw - PR . '-.
- . . |
g 7’ . - . X
’.. . b '
e ,

{ "ﬁ’.-'!

LI

v
"

.

B il

kbt - e, + vl A - A b & | ek b § e = i bbbl b A S
. - bl

e s v i e e A e - A - TR A S B4 AL AL 4
.

b et e b e s w o e s 7 B et At b T i v bbbt 4§ S arwbbbd s bt i

T T I T re T P VR

-

— s By e -

LA ey g A — e N
-
—

.

b}

I

- .
ch-Sa Wl s

T_— TP e

L

v

v

FIG. 8

SUBSTITUTE SHEET (RULE 26)

................ a andle o0 ® sepclle -l 25200021 0='s ' 2l Wit iad)ienLacmm . a28's

P N L T T 11 i T L

>



..“—.".._.I“li_bd_.d“.l-ﬁi—.Dmh._tl_.

45



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

