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(57) Abrege/Abstract:
The Invention relates to light water reactor designs in which thorium Is used as fuel and In particular to designs of jacketless fuel
assemblies, which make up the cores of pressurized water reactors (PVWRs) such as the VVER-1000. Nuclear reactor cores

SRR f f f [ ]
AN e N
: .'c':'? n\'{\‘ e L~'
A%
et f [/

C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPTC B e o
OPIC - CIPO 191 ot




CA 2710432 C 2016/04/26

anen 2 110 432
(13) C

(57) Abrege(suite)/Abstract(continued):

containing seed and blanket subassemblies that make up the fuel assemblies are used to burn thorium fuel together with
conventional reactor fuel that includes nonproliferative enriched uranium, as well as weapons-grade and reactor-grade plutonium.
In the first alternative, the reactor core Is fully "nonproliferative,” since neither the reactor fuel nor the wastes generated can be used
to produce nuclear weapons. |n the second version of the invention, the reactor core Is used to burn large amounts of weapons-
grade plutonium together with thorium and provides a suitable means to destroy stockpiles of weapons-grade plutonium and
convert the energy released to electric power. The cores In both embodiments of the invention are made up of a set of seed-
blanket assemblies, which have central seed areas surrounded by annular blanket areas. The seed areas contain uranium or
plutonium fuel rods, while the blanket areas contain thorium fuel rods. The volume ratio of moderator to fuel and the relative sizes of
the seed area and the blanket area have been optimized so that neither embodiment of the invention generates wastes that can be
used to produced nuclear weapons. A new refueling system Is also used for the first embodiment of the Iinvention to maximize
recycling of the seed fuel; the system also ensures that the spent nuclear fuel cannot be used to produce nuclear weapons. 5
pages and 21 claims, 9 Illlustrations.
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ABSTRACT

(57) The invention relates to light water reactor designs in which thorium is used as
fuel and in particular to designs of jacketless fuel assemblies, which make up the cores of
pressurized water reactors (PWRs) such as the VVER-1000. Nuclear reactor cores containing
seed and blanket subassemblies that make up the fuel assemblies are used to burn thorium
fuel together with conventional reactor fuel that includes nonproliferative enriched uranium,
as well as weapons-grade and reactor-grade plutonium. In the first alternative, the reactor
core is fully “nonproliferative,” since neither the reactor fuel nor the wastes generated can be
used to produce nuclear weapons. In the second version of the invention, the reactor core is
used to burn large amounts of weapons-grade plutonium together with thorium and provides
a suitable means to destroy stockpiles of weapons-grade plutonium and convert the energy
released to electric power. The cores in both embodiments of the invention are made up of a
set of seed-blanket assemblies, which have central seed areas surrounded by annular blanket
areas. The seed areas contain uranium or plutonium fuel rods, while the blanket areas contain
thorium fuel rods. The volume ratio of moderator to fuel and the relative sizes of the seed
area and the blanket area have been optimized so that neither embodiment of the invention
generates wastes that can be used to produced nuclear weapons. A new refueling system 1s
also used for the first embodiment of the invention to maximize recycling of the seed fuel; the

system also ensures that the spent nuclear fuel cannot be used to produce nuclear weapons. 5

pages and 21 claims, 9 illustrations.
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NUCLEAR REACTOR, FUEL ASSEMBLY CONSISTING OF DRIVER-
BREEDING MODULES FOR A NUCLEAR REACTOR AND A FUEL CELL
FOR A FUEL ASSEMBLY

Technical Field

The invention relates i general to light water reactor designs in which thorium 1s used
as fuel and in particular to designs of jacketless fucl assemblies, which make up the cores of

pressurized watcer reactors (PWRs) such as the VVER-1000.
Background Art

Nuclear power remains an important energy resource throughout the world. Many
countries that lack adequate indigenous {ossil fucl resources rely primarily on nuclear power
to produce electricity. In many other countries, nuclear power is used as a competitive source
of electricity which also increases the diversity of the types of energy used. In addition,
nuclear power also makes a very important contribution to the achievement of such goals as
controlling fossil {uel pollution (such as acid rain and global warming) and conserving fossil
tuel tor future gencrations.

Although safety i1s certainly a major issue in the design and operation of nuclear
reactors, another key 1ssue 1s the danger of the proliferation of materials that could be used in
nuclear weapons. This danger is especially relevant to countrics with unstable governments,
whose possession of nuclear arms could pose a significant threat to world security. Nuclear
power therefore should be generated and used in a way that does not lead to the proliferation
of nuclear weapons and the resulting risk of their use.

All current nuclear reactors create large amounts of material customarily referred to as
reactor-grade plutonium. A typical 1000 MW reactor, {for example. creates about 200 — 300
kg per year of reactor-grade plutonium, which can be suitable for producing nuclear weapons.
Hence the fuel discharged from the cores of conventional reactors is highly proliferative
material, and security measures are required to prevent the discharged fuel from falling into
the hands of unauthorized individuals. There is a similar security problem with the enormous
stockpiles of weapons-grade plutonium created in the U.S. and the countrics of the former

Soviet Unton in the process of dismantling of nuclear weapons.
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There are other problems in the operation of conventional nuclear reactors associated
with the constant need to dispose of long-life radioactive waste and the rapid depletion of
worldwide supply of natural uranium raw material.

To solve these problems, there have been recent attempts to develop nuclear reactors
that use relatively small amounts of nonproliferative enriched uranium (enriched uranium has
a U-235 content of 20% or less) and do not generate significant amounts of proliferative
materials such as plutonium. Examples of such reactors have been disclosed in international
applications WO 85/01826 and WO 93/16477, which disclose seed-blanket reactors that
obtain a substantial percentage of their power from blanket zones with thorium fuel. The
blanket zones surround a seed zone containing fuel rods of nonproliferative enriched
uranium. The uranium in the seed fuel rods releases neutrons which are captured by the
thorium in the blanket zones, thus creating fissionable U-233, which burns in place and
releases heat for the reactor power plant.

The use of thorium as nuclear reactor fuel is attractive because worldwide thorium
reserves are considerably larger than uranium reserves. In addition, both of the
aforementioned reactors are “nonproliferative” in the sense that neither the initial fuel loaded
nor the fuel discharged at the end of each fuel cycle is suitable for producing nuclear
weapons. This result is achieved by using only nonproliferative enriched uranium as seed
fuel, selecting moderator/fuel volume ratios to minimize plutonium production, and adding a
small amount of nonproliferative enriched uranium to the blanket zone, where the U-238
component is evenly mixed with the residual U-233 at the end of the blanket cycle and
“denatures” (changes the natural properties of) the U-233, as a result of which it becomes
unsuitable for making nuclear weapons.

Unfortunately, neither of the aforementioned reactor designs 1s truly
“nonproliferative.” In particular, it has been discovered that both of the designs result 1n a
level of production of proliferative plutonium in the seed zone which is higher than the

minimum possible level. The use of a circular seed zone with both an inner or central blanket
zone and an outer, surrounding blanket zone cannot provide reactor operation as a
“nonproliferative” reactor, since the thin, annular seed zone has a correspondingly small
“optical thickness,” which results in a seed (neutron) spectrum which dominates the
considerably harder spectrum of the inner and blanket zones. This results in a higher
proportion of epithermal neutrons in the seed zone and production of a higher than minimum

quantity of proliferative plutonium.
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In addition, neither of the previous reactor designs has been optimized from the
standpoint of operational parameters. For example, moderator/fuel volume ratios in the seed
zone and blanket zones are particularly critical for minimizing the amount of plutonium in the
seed zone, so that adequate heat is released by the seed fuel rods, and optimum conversion of
thorium to U-233 in the blanket zone is ensured. Research shows that the preferred
moderator/fuel ratios indicated in the international applications are too high in the seed zones
and too low in the blanket zones.

The previous reactor core designs also are not especially effective in consuming
nonproliferative enriched uranium in the seed fuel elements. As a result, the fuel rods
discharged at the end of each seed fuel cycle contained so much residual uranium that they
had to be reprocessed for reuse 1n another reactor core.

The reactor disclosed in application WO 93/16477 also requires a complex
mechanical reactor control system which makes it unsuitable for refitting a conventional
reactor core. Similarly, the reactor core disclosed in application WO 85/01826 cannot easily
be transferred into a conventional core, because its design parameters are not compatible with
the conventional core parameters.

Finally, both of the previous reactor designs were designed specifically to burn
nonproliferative enriched uranium with thorium and are not suitable for consuming large
amounts of plutonium. Hence neither design provides a solution to the problem of stockpiled
plutonium.

A reactor with a core which includes a set of seed-blanket assemblies, each of which
contains a central seed region which includes seed fuel elements made of a material capable
of nuclear fission containing uranium-235 and uranium-238, an annular blanket that
surrounds the seed region and includes blanket fuel elements containing primarily thorium
and 10% by volume or less enriched uranium, a moderator in the seed region, with a volume
ratio of moderator to fuel in the range of 2.5 to 5.0, and a moderator in the blanket region,
with a ratio of moderator to fuel in the range of 1.5 to 2.0, 1s known according to patent RU
2176826. Each of the seed fuel elements 1s made of uranium-zirconium alloy, and the seed
zone makes up 25-40% of the total volume of each seed-blanket module.

The known reactor provides optimum operation from the standpoint of economy and
is not “proliferative.” This reactor can be used to consume large amounts of plutonium with
the thortum without generating proliferative wastes. The reactor produces substantially

smaller amounts of hot waste, which significantly reduces the need for long-term waste

storage sites.
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However, the seed-blanket assemblies used in the reactor are not suitable for use in
existing light water reactors such as the VVER-1000.

A tfuel assembly for a light water reactor similar to the reactor described above, which,
specifically, has a hexagonal cross-sectional form, which makes it possible to install the fuel
assembly from the seed-blanket modules in a conventional light water reactor, is known from
the description for patent RU 2222837.

Other than the presentation of the cross-sectional form of the assembly, however, the
description for the aforementioned patent contains no information on the configuration of the
assembly which would allow installing it in an existing light water reactor such as the VVER-
1000 without modifying the reactor design.

A fuel assembly for a light water reactor including a bundle of fuel elements and
guide channels in spacer grids, a tailpiece and a head, wherein the spacer grids are connected
to each other and to the tailpiece by elements arranged along the length of the fuel assembly,
and the head 1s made up of upper and lower tieplates, cladding situated between the plates,
and a spring unit, and wherein outer ribs on the head shell are connected to each other along
projections of the rim and along the lower parts by perforated plates, is known according to
patent RU 2294570.

The known fuel assembly is classified as a design for jacketless fuel assemblies,
which make up the cores of pressurized water reactors (PWRs) such as the VVER-1000, and
has enhanced operating properties due to increased rigidity, reduced head length and
increased free space between the fuel rod bundle and the head, with a simultaneous increase
in the length of the fuel rods. This design makes it possible to increase the fuel load in the
fuel assembly with greater depletion depth and thereby to increase the reactor core power and
the Iife cycle of the fuel assembly.

However, all the fuel elements in this assembly are made of the fissionable material
traditionally used in reactors such as the VVER-1000; consequently, the creation of large
amounts of reactor-grade plutonium is a characteristic drawback of reactors with such
assemblies.

T'he object of the invention is the creation of a fuel assembly which, on the one hand,
generates a substantial percentage of its power in a thorium-fueled blanket region and does
not create proliferative wastes and, on the other hand, can be installed in an existing light

water reactor such as the VVER-1000 without requiring substantial modifications.

Disclosure of Invention
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This object, according to one of the embodiments of the invention, is achieved by a
fuel assembly for a light water reactor having in plan the form of a regular hexagon contains
a seed subassembly, a blanket subassembly surrounding it, a head, a tailpiece and a frame
structure, wherein the seed subassembly contains a bundle of fuel elements, each of which
has a kernel comprised of enriched uranium or reactor-grade plutonium, with the said kernel
being enclosed by a cladding made of zirconium alloy and having a three-lobed profile
forming spiral spacer ribs; the tailpiece of the seed subassembly with a support grid attached
to it to hold the fuel elements of the seed subassembly; a channel connected to the tailpiece of
the seed subassembly having in plan the form of a regular hexagon, with channel placed
around the tuel rod bundle; a guide grid attached to the upper part of the channel for placing
fuel elements so as to allow their free axial movement; a central tube forming a guide channel
to accommodate controls, and peripheral tubes attached to the support grid, which form guide
channels for inserting absorber rods and control rods, and placed in the head with the
capability of elastic axial displacement; the blanket subassembly includes a frame structure
comprised of six lengthwise angle units with spacer grids attached to them, with an opening
in the central area to accommodate the channel of the seed subassembly; a bundle of fuel
elements comprised of thorium with an addition of enriched uranium situated in the frame
structure; and the tailpiece of the blanket subassembly, to which fuel elements of the blanket
subassembly are attached, and which can be coupled with the support tube of the light water
reactor, with the said tailpiece of the blanket subassembly and the tailpiece of the seed
subassembly being attached by a locking mechanism and forming the tailpiece of the fuel
assembly.

The head can be equipped with a pressure element that is in contact with the channel
of the seed subassembly.

In another embodiment of the invention, a fuel assembly having in plan the form of a
regular hexagon contains a seed subassembly, a blanket subassembly surrounding it, a head, a

tailpiece that can be coupled with the support tube of the light water reactor and a frame

structure, wherein the seed subassembly contains a bundle of fuel elements, each of which
has a kernel comprised of enriched uranium or reactor-grade plutonium, with the said kernel
being enclosed by a cladding made of zirconium alloy and having a three-lobed profile
forming spiral spacer ribs; the tailpiece of the seed subassembly with a support grid attached
to 1t to hold the fuel elements of the seed subassembly; a channel connected to the tailpiece of
the seed subassembly having in plan the form of a regular hexagon, with the channel placed

around the fuel rod bundle; a guide grid attached to the upper part of the channel for placing
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fuel elements so as to allow their free axial movement; a central tube forming a guide channel
to accommodate controls, and peripheral tubes, which form guide channels for inserting
absorber rods and control rods, and placed in the head with the capability of elastic axial
displacement; the blanket subassembly includes a frame structure comprised of six
lengthwise angle units with spacer grids attached to them, with an opening in the central area
to accommodate the channel of the seed subassembly; a bundle of fuel elements comprised of
thortum with an addition of enriched uranium situated in the frame structure and attached to
the bottom tie plate (the tailpiece); and several support tubes attached to the tailpiece, with

the head equipped to allow elastic axial displacement of the support tubes.

Displacer of zirconium or zirconium alloy having the cross-sectional form of a regular
triangle 1s situated primarily along the longitudinal axis of the kernel in at least one of the
embodiments of the invention to promote more uniform temperature distribution in the kernel

volume.

T'he axial coiling pitch of the spiral spacer ribs also ranges from 5% to 20% of the fuel
rod length 1n at least one of the embodiments of the invention.

In addition, the fuel rods of the seed subassembly in at least one embodiment of the
invention have a circumferential orientation such that the three-lobed profiles of any two
adjacent fuel rods have a common plane of symmetry which passes through the axes of the
two adjacent fuel elements in at least one cross section of the fuel rod bundle.

Also 1n at least one of the embodiments of the invention, the kernel preterably is
comprised of U-Zr alloy with up to 30% by volume uranium, with up to 20% enrichment
with the U-235 isotope, and the kernel is comprised of Pu-Zr alloy with up to 30% by volume
reactor-grade plutonium.

In addition, the object of the invention is a light water reactor containing a set of fuel
assemblies, at least one of which is construction according to one of the alternative

configurations described above. Either some or all of the fuel assemblies placed in the reactor

may conform to the alternatives described above.
Briet Description of the Drawings

The features and advantages of this invention will be apparent from the following

detailed description of the preferred embodiments thereof together with the attached

drawings, in which:
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Fig. 1 1s a schematic cross-sectional illustration of a nuclear reactor core containing
fuel assembles constructed according to this invention;

Fig. 2 is a general side view of a fuel assembly according to the first embodiment of
the invention, including cutaway views;

Fig. 3 1s the head of the fuel assembly as per Fig. 2 in enlarged longitudinal section
View;

Fig. 4 is the tailpiece of the fuel assembly as per Fig. 2 in enlarged longitudinal
section view;

Fig. 5 1s a cross-sectional view of a seed fuel rod:

Fig. 6 1s the A-A cross-sectional view of the fuel assembly as per Fig. 2;

Fig. 7 is a general side view of a fuel assembly according to the second embodiment
of the invention, including cutaway views;

Fig. 8 1s the head of the fuel assembly as per Fig. 7 in enlarged longitudinal section
vView;

Fig. 9 is the tailpiece of the fuel assembly as per Fig. 7 in enlarged longitudinal

section view.
Alternative Embodiments of the Invention

Figure 1 shows the a nuclear reactor core 1 containing a set of fuel assemblies 2
which include a seed region and a blanket region, which form a hexagonal configuration,
wherein the fuel assemblies themselves have in plan the form of a regular hexagon. The core
1 has the same geometric configuration and dimensions as the core in a conventional VVER-
1000 light water reactor, so that the reactor can be refitted with such assemblies to form a
core of 163 fuel assemblies 2. The difference between the core 1 and the core of the VVER-
1000 reactor lies in the composition and structure of the fuel assemblies 2, as will be
disclosed in greater detail below. The core 1 and fuel assemblies 2 presented here have been
developed for use in a conventional VVER-1000 light water reactor; however, a similar core
and fuel assemblies can be created for use in other standard or specially designed reactors
without going beyond the scope of this invention.

The core 1 is surrounded by a reflector 3, which preferably is comprised of a set of
reflector assemblies 4. Each reflector assembly 4 preferably contains a mixture of water and
metal of the core basket/high-pressure vessel. In addition, easy retlector assembly 4 may be

comprised primarily of thorium oxide.
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Figure 2 shows a general view of the first alternative configuration for each of the fuel
assemblies 2.

A fuel assembly 2 contains a seed subassembly 5, a blanket subassembly 6
surrounding it, a head 7, and a tailpiece 8 with its supporting part 9 in contact with the
support tube of the reactor (not shown). The fuel assembly has in plan the form of a regular
hexagon. The seed subassembly 5 contains a fuel rod bundle 10 which includes a number of
rods, such as 108, placed on a support grid 11, which is attached to the tailpiece of the seed
subassembly 5. A channel 12 with a hexagonal cross section is connected to the tailpiece of
the seed subassembly 5 and encloses the fuel rod bundle 10. A guide grid 13 for placing fuel
elements 10 so as to allow their free axial movement is attached to the upper part of the
channel 12. Each of the seed fuel elements has a kernel 14, which includes enriched uranium
or reactor-grade plutonium. The kernel is comprised primarily of U-Zr alloy, with a uranium
concentration of 25% or less by volume in the fuel composition and 19.7% uranium-235
enrichment. The kernel 14 is enclosed by cladding 15 of zirconium alloy and has a three-
lobed profile forming spiral spacer ribs 16 (Fig. 5). A displacer 17 of zirconium or zirconium
alloy with the cross-sectional form of a regular triangle is placed along the longitudinal axis
of the kernel. The seed fuel rods 10 may be fabricated as a single assembly unit by joint
pressing (extrusion through a die). The axial coiling pitch of the spiral spacer ribs 16 is
selected according to the condition of placing the axes of adjacent fuel rods 10 with a spacing
equal to the width across corners in the cross section of a fuel rod and is 5% to 20% of the
fuel rod length. Stability of the vertical arrangement of the fuel rods 10 1s provided: at the
bottom — by the support grid 11; at the top — by the guide grid 13; relative to the height of the
core — by a system of bands (not shown) spaced evenly in the channel relative to the height of
the bundle. The seed fuel elements 10 have a circumferential orientation such that the three-
lobed profiles of any two adjacent fuel rods have a common plane of symmetry which passes
through the axes of the two adjacent fuel elements (Fig. 5) in at least one cross section of the
fuel rod bundle.

In addition, the seed subassembly contains a central tube 18 that forms a guide
channel to accommodate controls, and peripheral tubes 19 attached to the support grid 13
which form guide channels for inserting control absorber elements based on boron carbide
(B4C) and dysprosium titanate (Dy»,O3'TiO,) (not shown) and burnable absorber rods based
on boron carbide and gadolinium oxide (Gd,O3) (not shown) and are placed in the head 7
with the capability of elastic axial displacement. The peripheral tubes 19 that form the guide

channels are made of zirconium alloy.
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The head 7 (Fig. 3) is comprised of a spring unit, which includes precompressed
springs 20, an upper plate 21, cladding 22 and a lower plate 23. The cladding 22 1s comprised
of two telescoped parts: the upper part 24 rigidly connected to the upper plate 21, and the
lower part 25 rigidly connected to the lower plate 23. The spring unit including the springs 20
is placed inside the cladding 22. The peripheral tubes 19 fit into sleeves 26 and are capable of
acting on the bottom ends of the sleeves (due to the presence of a step on the outer surface of
the tube 19, for example). The sleeves 26 have flanges against which the compression springs
of the spring unit 20 rest. The other ends of the springs 20 rest against the upper plate 21. The
upper ends of the tubes 19 pass freely through openings in the upper plate 21, and the sleeves
26 pass through openings in the lower plate 23. The tubes 19 have stops 27 at the top ends.
The central tube 18 is installed in a manner similar to the peripheral tubes 19, except that it
passes freely through the lower plate without the use of a sleeve. The spring 20 through
which the central tube 18 passes rests directly against the lower plate 23 of the head 7. A stay
28 with a stop 29 at the upper end is attached to the lower plate 23 to limit the distance
between the plates 21 and 23; the stay 28 passes freely through an opening in the upper plate
21. A pressure element 30 in contact with the channel 12 of the seed subassembly 5 is
attached to the lower plate 23. Hence a load applied to the upper plate 21 with the channel 12
fixed against axial movement is transmitted to the support grid 11 both by way of the
peripheral tubes 19 and directly through the channel 12.

The head may be constructed without the sleeves 26. In that case, all the springs 20 of
the spring unit rest against the lower plate 23, and the peripheral tubes 19 pass freely through
matching openings in the lower plate 23 (similar to the central tube 18). The entire load
applied to the upper plate 21 with the channel 12 fixed against movement is transmitted to the
support grid 11 directly through the channel 12.

The tailpiece of the seed subassembly 5 has a locking device 31 attached to the casing
which includes a cylindrical wall 32 with openings 33, balls 34 placed in the openings, and a
locking element 35 with an annular slot 36 capable of axial movement. The locking device
31, which provides connection of the seed subassembly 5 with the tailpiece 37 of the blanket
subassembly, can be also be constructed in any other form; it is important only that it provide
a detachable connection of the tailpieces of the seed and blanket subassemblies.

The blank subassembly 6 includes a frame structure 38, a bundle of fuel rods 39
situated 1n the frame, and a tailpiece 40.

The frame structure 38 i1s comprised of six lengthwise angle units 41 with spacer grids

42 attached to them by resistance spot welding. Each spacer grid 42 is a honeycomb grid
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forming a set of cells (specifically 228) attached to the rim in outer and inner hexagons. The
spacer grid 42 provides the required spacing of the fuel rods 39 and the required length of
contact with them to allow the fuel rods 39 to slide in the spacer grid cells when they expand
in length due to radiation and heat, the minimum possible sliding forces for the fuel rods to
reduce internal stresses in the bundle, and the required initial tightness to avoid fretting
corrosion of the fuel elements during operation. The spacer grids 42 have an opening in the
central area to accommodate the channel 12 of the seed subassembly 5.

The angle units are rigidly connected in the lower part to the tailpiece 40 of the
blanket subassembly 6, to which the support grid 43 of the blanket subassembly to hold the
fuel rods 39 is attached. The support grid 43 of the blanket subassembly 6 provides
mechanical strength under loads in modes with normal operating conditions, modes with
violations of normal operating conditions, and design accidents and also provides the
hydraulic resistances required according to calculations.

The fuel rod bundle 39 of the blanket subassembly includes a set of fuel elements
(specifically 228 elements) made of a composition including 12% by volume UO; and 88%
by volume ThO; with 19.7% U-235 enrichment.

The ratio of the volume of all fuel elements of the seed subassembly V.4 to the
volume of all fuel elements of the blanket subassembly Vyank is approximately 0.72.

The tailpiece 40 of the blanket subassembly 6 includes a support grid 43, a casing 44
and a ring 46 rigidly connected to it by braces 45; the ring interacts with the locking device
31. The ends of the blanket fuel elements 39 are attached to the support grid 43. The support
grid 43 provides mechanical strength under loads modes with normal operating conditions,
modes with violations of normal operating conditions, and design accidents and also provides
the required hydraulic resistance to the flow of coolant (water). The casing 44 can be coupled
with the support tube (not shown) of the light water reactor and acts as a guide device for
delivering coolant to the areas of the seed and blanket subassemblies.

Figures 7 — 9 show the second alternative for construction of each of the fuel

assemblies 2.

This alternative design differs from the design shown in Figs. 2 — 4 in that the seed
and blanket subassemblies are not rigidly connected to each other. As shown in Fig. 9, the
tatlpiece of the seed subassembly has a cylindrical bottom tie plate 47 instead of the locking
device 31, and the casing 44 in the tailpiece of 40 of the blanket subassembly 6 lacks braces
45 and ring 46 shown in Fig. 4. The cladding 22 of the head 7 (Fig. 8), in contrast to the

version shown in Fig. 3, is constructed in one piece, and an additional spring unit 48 is ri gidly

10
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attached (e.g., welded) to it. The additional spring unit 48 chiefly includes several (e.g., six)
additional upper plates 49 evenly distributed around the circumference and rigidly connected
to the cladding 22, an additional lower plate 50 rigidly linked to the lower plate 23, cladding
51 attached to the additional plates 49 and 50, compression springs 52 and support tubes 53.
The support tubes 53 are attached by the bottom ends to the support grid 43 of the blanket
module 6. The upper parts of the support tubes 53 are constructed and positioned in the
additional upper and lower plates 49 and 50 similar to the peripheral tubes 19; i.e., the tubes
53 fit into sleeves 26 and are capable of acting on the sleeves in an upward direction. The
compression springs 52 of the additional spring unit 48 rest at one end against flanges of the
sleeves 26 and at the other end against the additional upper plates 21. The upper parts of the
support tubes 53 pass freely through openings in the additional upper plates 49, and the
sleeves 26 pass through openings in the additional lower plate 50. The support tubes 53 have
stops 54 at the top ends.

Before a fuel assembly is placed in the reactor, the seed subassembly 5 and the
blanket subassembly 6 are first assembled separately.

In assembly of the seed subassembly according to the first embodiment, the fuel
elements 10 are connected to the guide grid 13 attached to the channel 12, and the central
tube 18 and peripheral tubes 19 are connected to the head, in addition to being attached to the
guide grid 13. The tubes 18 and 19 pass through sleeves 17 situated in openings in the lower
plate, through the springs 20 and through openings in the upper plate 21. Then the stops 27
are attached to the top ends of the tubes (by a threaded or bayonet joint, for example).

The fuel elements 39 of the blanket subassembly are placed in a frame structure 9 by
passing them through spacer grids 42 and attaching them to the support grid 43.

Then the assembled seed and blanket subassemblies are connected to form a single
fuel assembly by passing the channel 12 of the seed subassembly 5 through openings in the
central part of the spacer grids 42. The configuration of these openings in the central part of
the spacer grids 42 matches the cross-sectional shape of the channel 12, so that the channel
12 passes freely through the openings. The locking element 35 in the tailpiece of the seed
subassembly 1s shifted upward, so that the balls 34 situated in openings 33 of the cylindrical
wall 32 are capable of movement in an annular groove 36, thus allowing the cylindrical wall
32 to pass through the ring 46. After the tailpiece of the seed subassembly is stopped against
the upper end face of the ring 46, the locking element 36 is shifted downward. The balls 34
are forced out of the groove 36, shift outward in the openings 33 and jut out of the wall 32.

As a result, due to interaction of the displaced balls and the bottom end face of the ring 46,
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the tailpiece of the seed subassembly cannot move upward in relation to the tailpiece of the
blanket subassembly. Thus the seed and blanket subassemblies form a single fuel assembly 2.

After a fuel assembly 2 is placed in the reactor 1, and the tailpiece 8 is resting in the
support tube (not shown) of the light water reactor, the fuel assembly 2 is held down by the
upper plate of the reactor (not shown) by resting against the face of the cladding of the upper
plate 21 of the head 7. Then the force is transmitted to the spring unit with springs 20, which
is compressed by an amount designed to keep the fuel assembly 2 from floating up in the
flow of coolant from below; the upper plate 21 of the head 7 moves downward in relation to
the lower plate 23 by the amount of compression of the spring unit. The possibility of
downward movement of the upper plate 21 relative to the lower plate 23 of the head 7 1s
provided by telescoping of the upper part 24 of the cladding 22, which 1s rigidly connected to
the upper plate 21, and the lower part 25 of the cladding 22, which is rigidly connected to the
lower plate 23.

Then the force from the bottom ends of the springs 20 of the spring unit is transmitted
through the sleeves 26, acting on the peripheral tubes 19 by their bottom ends, to the
peripheral tubes 19 and then to the support grid 11 and through the tailpiece of the seed
subassembly, the locking device 31, the ring 46 and the braces 45 to the tailpiece 44 of the
blanket subassembly 6, which comes into contact with the support tube (not shown) of the
light water reactor.

In addition, part of the compression force from the upper plate of the reactor 1is
transmitted to the channel 12 of the seed subassembly by the action on the pressure element
30 of the force of a spring 20 enclosing the central tube 18 and resting directly against the
lower plate 23, which is rigidly connected to the pressure element. If the head 7 does not have
sleeves 26, the entire compression force is transmitted by way of the channel 12.

Coolant passes into the fuel assembly 2 through the casing 44 of the tailpiece of the
blanket subassembly 6; the coolant flow is divided into two parts, one of which runs inside

the casing 12 of the seed subassembly and bathes the seed fuel elements 10, while the other

runs outside the case 12 and bathes the fuel elements 39 of the blanket subassembly.

The compression force of the head 7 acting from the upper plate of the reactor (not

shown) keeps the fuel elements from floating up in the specified coolant flow.

The passage of the required (for extracting nominal power from the fuel assembly)
coolant flow through the seed and blanket subassemblies at the nominal pressure gradient
(used in existing VVER-1000 reactors) relative to the height of the fuel assemblies with

preservation of the serviceability of the assemblies is provided:
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— by the use of a channel 12 between the seed and blanket subassemblies;

— by the shape of the seed fuel elements 10 (three-lobed profile), their mutual
circumferential orientation and the axial coiling pitch of the spiral spacer ribs 16, which
promotes a well-developed heat-transfer surface and a significantly more even coolant
temperature distribution in the cross section of the seed subassembly due to forced convective
mixing of the coolant.

The complete hydraulic characteristics of the fuel assembly 2 practically coincide
with the characteristics of a standard fuel assembly, which ensures maintaining the resistance
of the core of a VVER-1000 reactor with fuel assemblies according to the invention at the
nominal level. Hence installing fuel assemblies according to this invention in a VVER-1000
will not cause a change in the coolant flow rate in the primary loop of the reactor.

The fuel elements 10 of the seed subassembly, as they heat up during operation, begin
to lengthen upward due to thermal and radiation expansion; the bundle of fuel elements
expands independently of peripheral tubes 19, since the latter pass through the cells of the
guide grid 13 with a guaranteed clearance. Hence the bundle of fuel elements 10 has no effect
on the load-bearing peripheral tubes 19 and does not deform them; consequently, geometric
stability of the form of the fuel assembly 2 is preserved during operation.

The fuel elements 39 of the blanket subassembly expand in length during operation
and begin to take up the free space between their ends and the head 7 due to radiation
expansion.

The operation of a fuel assembly 2 according to the second embodiment ot the
invention is similar, except that the casing 44 of the blanket subassembly 1s pressed against
the support tube of the reactor by transmission of the compression force from the upper plate
of the reactor through the support tubes 53, and the seed subassembly, which 1s not attached
to the blanket subassembly, is prevented from floating up by the action of the springs 20

against the flanges of the sleeves 26, which transmit the force to the support grid 11 of the

seed subassembly.

The use of this invention makes it possible to achieve a saving of natural uranium due
to the presence of a thorium part (blanket subassembly) in the fuel assembly design, since the
thorium during the depletion process accumulates secondary nuclear fuel in the form of
uranium-233, burning of which makes a substantial contribution to the power output of a
reactor core with such tuel assemblies. This leads to an improvement in nonproliferation

characteristics and simplifies the problems in handling spent fuel assemblies, since the
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accumulation of the traditional secondary nuclear fuel (reactor-grade plutonium, which can
be used to produce nuclear weapons) for VVER-1000 reactors is reduced significantly (by
80%), and the new secondary nuclear fuel, uranium-233 (or more accurately, what is left after
it burns “in place” in a thorium blanket module), is not usable for producing nuclear weapons
due to contamination with the uranium-232 isotope and even isotopes of plutonium. Problems
in handling spent fuel assemblies can be simplified by reducing the volume of waste by
increasing the specified life cycle of the fuel and reducing the content of isotopes with long-
term radiation toxicity in discharged fuel.

The fuel assembly design according to this invention makes it possible to use the fuel
assembly in VVER-1000 reactors due to both mechanical and hydraulic and neutronic
compatibility with the design of standard fuel assembilies.

Mechanical compatibility with the standard fuel assembly for the VVER-1000 reactor
1s ensured by:

— the presence of a frame structure that provides resistance to deformation during

long-term operation and high fuel depletion levels;
— 1dentical connection dimensions;

— the use of tailpiece, head and frame structure designs compatible with the

corresponding parts of corner standard fuel assemblies;

— compatibility of the seed subassembly design with standard control mechanisms
and load-handling devices.

The complete hydraulic characteristics of a fuel assembly according to this invention
practically coincide with the characteristics of a standard fuel assembly due to the presence of
a system of two parallel channels formed by the seed and blanket subassemblies and joined
by common distribution (delivery) and collection headers. The seed and blanket
subassemblies are hydraulically connected in the inlet and outlet segments. This fuel
assembly structure ensures maintaining the resistance of the core of a VVER-1000 reactor
with fuel assemblies according to the invention at the nominal level. Hence installing fuel
assemblies according to this invention in a VVER-1000 reactor will not cause a change in the
coolant flow rate in the primary loop of the reactor. The ratio of hydraulic resistances
between the inlet to the assembly, the active part of the blanket subassembly and the outlet
from the assembly in fuel assemblies according to this invention and the standard fuel
assembly are similar, which ensures hydraulic compatibility of fuel assemblies according to

the invention with standard assemblies and the absence of coolant overflows between them.
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This makes it possible to use some fuel assemblies according to this invention in a reactor at
the same time with standard fuel assemblies for the reactor.

Neutronic compatibility with the standard fuel assembly is provided by the following:

— the specified burn-up level is achieved by utilizing specific fuel compositions and
compositions with burnable absorbers;

— standard power output of the fuel assembly is achieved by utilizing specific

fractions of fuel loading in seed and blanket fuel compositions;

— satisfaction of requirements for an uneven profile of power output 1s achieved by
utilizing specific fractions of fuel loading in various rows of seed rods and the composition of

fuel loading 1n the blanket;

— preservation of reactivity effects within the range typical for standard fuel

assemblies is achieved by utilizing special characteristics of fuel compositions;

— the ability to regulate the level of output and reduce the output using standard
control systems is achieved by utilizing standard technological channels for guiding control
rods in the peripheral tubes in the seed subassembly which are compatible with the
subassembly.

Another advantage of the invention is that the seed-blanket fuel assembly according to
this invention is sectional, which makes it possible to change the seed subassembly
independently. Changing the seed subassembly more frequently produces more favorable
conditions (with respect to neutron balance and irradiation time) for the thorium placed in the

blanket subassembly of the fuel assembly.
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We ¢claim:

. A fuel assembly for a light water reactor having in plan the form of a regular
hexagon, including a seed subassembly, a blanket subassembly surrounding it, a top tie plate,
a bottom tie plate and a frame structure, wherein the seed subassembly contains a bundle of
fuel clements, cach of which has a kernel compriscd of enriched uranium or reactor-grade
plutonium, with the said kernel being enclosed by a cladding made of zirconium alloy and
having a three-lobed profile forming spiral spacer ribs; the bottom tic plate of the sced
subassembly with a support grid attached to it to hold the fuel clements of the seed
subassembly: a channel connected to the bottom tie plate of the sced subassembly having n
plan the form of a regular hexagon. with the channel placed around the bundle of fuel
clements: a guide grid attached to an upper part of the channel for placing the fuel clements
so as to allow their free axial movement; a central tube forming a guide channel to
accommodate controls, and peripheral tubes attached to the support grid, which form guide
channels for mserting absorber rods and control rods, and placed in the top tie plate with the
capability of elastic axial displacement; the blanket subassembly includes a frame structure
comprised of six lengthwise angle units with spacer grids attached to them, with an opening
in the central arca to accommodate the channel of the seed subassembly; wherein the bundie
ol tuel elements 1s comprised of thorium with an addition of enriched uranium situated in the
frame structure; and the bottom tie plate of the blanket subassembly, to which tuel elements
of the blanket subassembly are attached. and which can be coupled with a support tube of the
light water reactor, with the said bottom tie plate of the blanket subassembly and bottom tic
plate of the seed subassembly being attached by a locking mechanism and forming the

bottom tic plate of the fuel assembly.

2. A fuel assembly for use in a nuclear reactor, the fuel assembly comprising:

a sced subassembly comprising a sced frame and a plurality of sced fucel elements
supported by the seed frame;

a blanket subassembly compnising a blanket trame and a plurality of blanket fuel

elements supported by the blanket frame; and
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a locking mechanism that releasably locks the seed and blanket frames together. the
secd assembly being detachable from the blanket subassembly when the locking mechanism
1s released.

3. The fuel assembly of claim 2, wherein the blanket subassembly laterally
surrounds the sced subassembly.

4 The fuel assembly of c¢laim 3, wherein the blanket subassembly comprises a
central opening into which the seed subassembly fits.

5. The fuel assembly of claim 2. wherein the plurality of sced tuel elements
comprise fissionable material, and wherein the plurality of blanket fuel elements comprise
thorium.

0. A light water reactor containing a number of fuel assemblies, distinguished by

the fact that it contains at least one fuel assembly as per ¢laim 2.

7. The fuel assembly of claim 2, whercin at least one of the sced fuel elements
comprises: a kernel comprising enriched uranium or reactor-grade plutonium; and a cladding
enclosing the kernel, wherein the fuel clement has a multi-lobed protile that forms spiral

spacer ribs, wherein the spiral ribs comprise fissionable material.

8. The fuel assembly of ¢laim 7, wherein the profile includes three lobes,
9. The fuel assembly of claim 8, wherein the spiral spacer ribs have a pitch of

axial twist of between 5 % and 20% of a length of the fucl element.

10, The fuel assembly of claim 7. wherein the cladding comprises a zirconium
alloy.
P, The fuel assembly of claim 8, wherein the at least one of the sced fucl

clements further comprises a displacer with a cross sectional shape in the form of a regular

triangle 1s placed along the longitudinal axis of the kernel.
2. The fuel assembly of claim 11, wherein the displacer comprises zirconium or a
zircontum alloy.

13, The fuel assembly of claim 7, wherein the kernel comprises a U-Zr alloy, with
uranium fraction of 30% or less by volume, with the said uranium being enriched to 20% or
less by uranium isotope U-235.

14, The fuel assembly of claim 7, wherein the kernel comprises a Pu-Zr alloy.

with reactor-grade plutonium fraction of 30% or less by volume.
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comprising projections that extend laterally outward, the kernel extending laterally outwardly
from the displacer,
wherein the projections are aligned with respective ones of the spiral ribs.

23, A fuel element according to claim 22, wherein the projections and their
respective ribs have matching twists along their longitudinal axes.

24. A fuel element according to claim 22 or 23, wherein in a cross-section of the
fuel element that is perpendicular to the longitudinal axis. the kernel surrounds the displacer.

25, A tuel element according to any of claims 22 to 24, wherein the plurality of
ribs comprise circumferentially equally-spaced ribs, and wherein a cross sectional shape of
the displacer has the form of a regular polygon having a corner for cach of said ribs.

20. A tuel element according to any of claims 22 to 25, wheremn the plurality of
ribs comprise three circumferentially equally-spaced ribs, and wherein a cross sectional shape
of the displacer has the form of a regular triangle, wherein the apexes of the regular triangle
are aligned with the lobes of the kernel.

27. A fuel element according to any of claims 22 to 26, wherein the displacer

comprises zirconium or a zirconium alloy.

19



CA 02710432 2010-06-21

1/8




CA 02710432 2010-06-21
/

2

Illll'l'll.'l

5

4 - N
- - -
- . ~,
K - - .
o < - ", -
0 ' . .
K 2 ..
o . .
' '
- - .
E . "
-~ - . s
M . 5,
-, s
_m . [
o’

o

4
" ‘ i,
™ ... uﬂ .
.l' -;- a

o~

R
T4

- H
.. ",
“,
) ~ "\
o] o, i,
. B - .
[ 3. “
o b . LN
o -..-!...\.\o-.?f-.n........ff.................ll.\.?\ntnllf\ollft-f.nf.vl.f..............s..........o..\n-o-lff..‘f........‘-.\.....OJJlllnt-.l.........................n-.....-o-.n-o. LR L B I IR R A | v\...int.lllnt-.lf.-...................-l.-ontln.o‘l y -.L.leffffff.......ulu...!...\tffff..fff..........v(-)-fffffff..................).)-ffff....f..........’fo..ff..............m L I T Y T L L LR L L LY /.f
K N d - . . . . . . . v
- N D N0 N NI W N L O e e re) ! pitta S NSNS Rt S B RRRR Shb R s SN . GV SIS : . "
[ N i S . . %\(\ﬂ-l..f{.....A.(.l..l.l.'...-.. DO ...'..'l.\vM . ‘e
. SRS MAUITAPNTD |.-
P e SR SO e, w. o
'O(II(IIGYIII AR B R Ea s N SRR § J\ " 7 . - .
. N - oa..llllll# . DO Y n B R R TR s et N un LN . . R
Aty S AN > LANNRNR YRS WV AR Y iy PN e et e bt e ety ; L R
. g . . B I AR
. . . ) P e Y Y Y Y Y e W AN e e W A e ".ﬁ.\-:.t e P et it by O . . .
A . B . . - .
2 . - . u. . et mgat Wy fetm e s e gy ety e ey O e L s e A  aaan) BN ¢ . J..% . . .
R R SRR Vet s e LU < - o A e NN vy e m o AR . - : . :
- e - e - ﬁ N - s et . sy Ly es malyeyy e . e . . .
] . -..J . ...(.’ o . -J(\\..\tﬁ h O ST ) .- - ey N T L T TN ety Fmaty g e o al .JK\E!.&L\..E.L%&\% “ . .
w . : : e e W . - e .&.JM WN.\ . . - . . :
K . = TPl L e e e L L e L L L L S e s L L e L e e e L L L L L L 0 m o hemd A e e b e e ettt ey et o, w..:,.::.....................::....:.............. R AR R R AR AR KRR AR KRR COas ..................t-(...(.i.\.‘(.ihs”nn. o . . .
: : : : 7 : ' : :
: . » 3 Fooy 6 P “
i : h aryay o n ot : : :
K . - . OO 4 4 A XL X - .o i S OO AAARMOOOOUE U R M OA REALRERAIOOI R I A e . M - . .
s : ‘ H e TR 1stenre o al cLL UL EARRARAR?, -o.“. .V?/)E:Y)At.....\.y. e .v.....«....?)).).?foff..f. NURRAMAM M AR LN e LaaNaaN A, . * L - N - : : :
- . e N . . . ) -
. . . - . 4. ) > N M
: - s - e PERERET) N-. R e s X Tte e ety B .-\' ™ - . . '
- . M N - . . T L N et e me o0 ol o o e e Y e e Yy Yy N . = .
. . .y R v . . .
o : M e 4 ey - ; H
H . H n. - .. B ) ". - H
- . .. ~ s v - .
- . ” - . ) DR ) - .
“n : H " ’” ma .ttt - v u” - :
s . N N . - - - .
: ) . o e - . s - -
e NV, e e R gt Wb, N bt S, et s e e St e, o) aw Sea. S T L, RN
- . -
B ~ .~ . - - - .
- . -2 Ve ‘h - . .
: : u... : : - : :
‘ : 3a =3 . » : : :
. o A O - - - =
' x = NIRRT LN . . > = - -
- . . -
' = - - - - . =
' - FETSERTTT IS DR PLTN e ~ -~ Y - . -
. - P o o e e e e " ettty L4 b R . ‘ . . N . w n “ u
. = lN. . A " - \ W o.l. ...Vt ; Whh g e e slnAn L ey o . . -
. - .- L K T . e et e e e e ® ) R - - . . -
N - i ad . ettt e e ety Do e n QLA R o et T A e DO raray A R I N N QOO ey L SRt W SR TR S - N ) N . :
. “- o8 /. R R RN A S S Y V/- ta et B L o al. S Q n f . r\. B N e S L R S n " . .
: z : : : :
: i3 - : ) . :
: - - .
N o4 - B L e L e e e e e R N N NN T N A N e ¥ . .' " .
. iz - : i : :
- -ffm)-.l.f . ...... - vz - et v o ety &.. CEY YN Y 1Ny B R R e L R LA SN " . . .
f.-.....V. - -........................vm. N nM.......-....--.JJ-./-........................JA-/..;.-l..(.st.................v.r.-l.tlfl...........\. ..( R R L O il ) ”u. el wddrrandlLuLLLLL LU dte e -ff.h - . \\k.).ffv.u .&.u - -((a. " .o H :
: o . ~ ”.&unrff..f......rrf dovirse abulUlLLLLLLLLLY St A tosite et e e D R 3 N ] R TR T S $ . . .
- . - . - 8 - .
:.. PR PREREN RN ..,W...r.fu..rv.r.r.!rr oy i Ty ool SEH AL R LT LS 1S e ool . el g - eV : ' S et
- Ll Wl ddan e EICP R vt A .\.).ff..;l.-/u ——tllly . . R S, " e N Y . N
- - - . . . N .
-w'f.of.nf‘lfff. . SIS ATATA f.£ 9 ,..r.t!.\l(.o.fa .I u B s X X dee M . - -
N . - Nt e 3 N .- . et I - -~ -
..u.V'. (NRNENRANN EAE et 21 SOl 2 ' * Sl S ) e s ' ..frt:rt:rc.(.r(.rr..rrfr(..cfrﬂ
5 REREAA AR Nnnssovrs s s s ara o0 1000090 Aol wﬁ e R e
NN III . -rfff.. - . - PN N AN e ..ff... DENANENERS ”.. ....... L \.\-- P
B DR e Sl ddda dcdlie e MM s A Lo b e el aal ape ok (LS e SRR b BRR L LRR L) vVo\./_.f/W. W DT WAOOCZHA s 8 LoDt (el e bl el el elel e wobboob.ohﬁhﬁlrz.ﬁk}
KRR TR TR R U DR DT G DO TR TR EEEE RO DO CET D SO RN TR TR E RN OO DTSRI 2 A i e L e e A L L L L AL AL A

X
T Joddant &

AL b g G LA 8y 1 by ey ey 4 ) Y Y N RUTIIAN AN AN PR VAN L......‘.o\..‘.

FIG. 2



29 28

CA 02710432 2010-06-21
3/8

P X
= 4
e

a.uﬂ : lu". . ﬁf fv
} * ¥, R . »v 7.,'. ‘v.r
(N ) BN\ N ~ 3
% LS 2 5. 5 5 %

- “a . - . L >
H ., - .
i 5 3 ", % », ; % T S T
. . - %« { Y R VA Fassusseueew.
3 - .M f..r ¢ -~ ~ . B “ v
s % ~ % ™ B N :
. H ﬂ "~ ..-.p S S R s R [KREEEN TN - CORNRNY e, e (X7 RRKP A AR
. .mm "y ot . ¢
. J ), . . - S
-ﬂ ..- ../ § N “ R A R LR R S R R N N N R R N R R N R L R s.-..b.
. . Ch >
v . <
Ah” W Y M r(u;/ s -........R..r.-.'g.r(.(.\(.%\.\u.((.-.\t.-.....Aﬂ.v.-n-.-.-.u.....-.-...-lo-fr.LL.fff(.-lffrffr.LLrf.u..ff(ff(.L(..L;.(..L((\\...(..\.111......1(.....3'..\}:(...\\...-:.'Bf.s.\\s.\\s.-h\
- . -
- “~ -~
. - N % - . . .
rﬂ sut ..j W fn n(. veveuw G ewswns . .-l.-.l*. . s . ... . .. . P - Yy vy - . wiwsws [ .:I-QWV - -
2] >
v . . ; :
N, - ‘. i ., VoA At o o - -
. AN .r-.. vw ..pf J..J .........\...{.Wogec.....'..JJ.....-.........................:....(....ff..{r..r...-..rf........r..rr.-(-.-.c-...-{.......rr.}...}:...}gggg\.%
JVr W f “Vﬂ u.r . .:.:..'...-..7.'-:.::-::.\:.....:..a-.;.:.....'...........au..t-f.(..r.u...fffu.f.,.-\..f.?.‘..f..ff/...::::-:-:-:-:-:-:-::v.n-
s :
* 4 5, P L .\
Z, -
r... b .f) va . WNWAYY 7 A 1 SERSIN . .ﬁ.—...f:t.'.. LOAMLLAL L LAMLAAL L aases R T RS WY .*.)r.-.. [
N : " N - SR
% % N 3 : : &
< N ./ W ..-' N L e L PO S S L L P R L PP L PP LN .............4.-...-...4.‘..:..-.....-:-..-..-..-..-..-.:.....‘v
e N 3 b DT
4 \ q 6 b
u‘; X ﬂ .p" . f.. : LAY A O Ry N '...\I.W.. o B Y T CPPICTeRY 3
Y ' . 1 -
W ‘s [ ~
u SAA, Y BatAAr R N R & * sEESSES L R R AR R AR R B Y T P T S P v Medpes
N ) -
’ $
. : AR e e LA S AR LR LR P EL TR LR ER .f...(rrrr?ff(ffrf(trl.(r(t!.fffrffrf,.r..,./..tt.....x))e.--:.--e.....v.-
: KRR RN g gt SN 2 . ~ ) b LA R e -y
i i 87" YRS e BT EGRRRTR, S et nea S etatetetetetamm s Cn atetata’atats o'utatn o 8 Sutn s'n 8 08 etn 8 o ts Catreret PO DD NN
rﬂ A (ﬂ A & . 3 el ey s : LA " A A e S T S S e S e e e e e . ......M
- M”- ..“ﬂ.-- R T . 4;“m.. N . e e e 1 - v sANt e - e
e R . . ; H .(-...\\'..u.".s.v. u......"."... - S s sm === B e ARREL LNV LT L7 S .Z(.‘(u.u.
i : : 5 : b LELLEEYE Ty
A A : : . sssrsrsssssinn b SR R E X L
Ny 7 : . 28 N i . B A AL L e T CU R <
N * LT TR S earar: TR ' . : . . ’ .u..J.
.-.-....n. m . R .)J..)l)).r(f........v”v.)\..n... -~y e e e A N N e e rmm e vmm nmmmme \.n\\u\.c)‘q-t&..
. ... B N R R R R R RN OO i v handhas tlie as A A s s R sling A i A b as A ae sl o s O AN AAS A S RASAS A LT SRR R S A OO ORI OO OO DRIt 4
ey <
o, N
L [
-
T 3
m. Y et RrarRrs. m CWSARTR o FSRes 0 S80FRm SINESS e WHSBEE S ESSS C WWSSN t eovmve. R R R R R e o e R A A arars *neeevy FEIAEE  C cerrars - ssEEsmA 4 SrEasss 4 wresss,  C rrecas e L S L L ¥ = esrmrac ot wweleews = reeees - ﬂ aaale e cEasawe TR IAREREL . laaNmE. . ddecdds s mmeeees © eeaws m © s
¢ k k
- ~ 'y
nm N AN u:.”‘u‘../l“-rfﬁ-..“rn-n/.//VA.,-/urn”n'ur' v .'nrnﬂ.//.ua.”/..l.u..nﬁrn...r. n.nrurn-n..//.//..‘u..//.”///vy//. R T Rt s D s .u..c.‘ s e e T T T R R R R e e ““V"‘. "-wf.. .ﬂ.- R arusssss AN A R -
: . Y Vs - Wt = - X, o AP .r-....\..:::..:..l‘ .-.-v- R N s WA\ g -
= AR ENE. RXE. KR > X . ARARET LT T EEER VS st L LT PN, A Kl
- L CBbAeeBddd: commecsses . g meeeee- PP CABLEabdata ssbabssamss  essessss - = .V : - Y |
: X : - - £ oo oo o p T I B
SO : ¥ - X i SR W T T N O AL AALLAA | essse e At e e e R
QL W - ALY -~ . X ¥ s AR -,
e N eme, < - : X < <
e, = o ] ) ) ‘ I T N AN IS S P A S AT AN AT P AT E R s sl L L SRR Bty I».v.».».M
Teean 5 . - - .
. - - - p
L T ‘ - : < 2
W . .. = : RN CEC LTy % Y AL R AN L L4 B b s e e e e e e »
¥ 9 e AL L A L A A Lt e T e e N e N . - VH.. - ..-r
- x . . AT
" , M” - = e S e a e N
Z ‘ : : i T A w gty wnes s “,
. = e
M AAA TREANNE Y smmENa Y LA es . o AaNEas oseeLLe (w...-.- e e e amasm, LEE N D TN ' LR KN 0 Lees e LA L L L P VAAAL A VAP NN "y - u. r" ..A\.Jaﬂ\ AL e e e e n s UL uu\.\.nR-.. unn.u.o-..o.o.ooﬁ.
- h W o “
B ﬂ. ~ - %1% ce e meg e st 8.8, s p— .,
: - K} e e T AR Sl DRI AN .
] R ottt S
w x 3 4 FRLITTIIERRY AL L LR S
S R R AR AR LT EEE L EY) c{.rf....(r-)égff..r..é\r{,\r‘...-.péffgff?f......(..q.C.pé\r?..z........f}.?....zz%....)\é%.i.:::gg.lxllxl > “ ; H AL ZL L X SR e .9'
2 - -t
2 : : S e e
» - X KRR o a - . .
H /n X : - W.I A e AN e e e e e RO KR ENERRE ROURY KR Ry ;Cs.p’pz’..-..y
- & - o] .
3 : . = ! I A
W ﬂ... - n“ ”" P s A A e Y e e S v vy e e mr e e e e e e e e e :V
- * . !
N . g < oo .
3 m. s < - .-.--.-‘:....;.a.,. B L
- R e R R mmAana s AT T e e AnAr ant = M .
. e L R LT R R
- . SN e,
{ z : 3.- TONNAAT R, e
w A A A S A S T T T T T T e e e e R SANNERY T N SLLAL AR TRV T T AT PN
w - ¥
o . »
2% "% RN A A P ".c R ) Y WS - ii..&?.. b WSS N DO N SN SN A T ANA TN WY W e W Y WYL e WY - e, R P Y . R . SN A ATSS AN R RARE AR . ) M. e ' . .“".".&w.h § e e R LLTTY . Arrecas ERERETY EXRRETN EY NN ST T AT, e et
. o > by .
3 ’ rrveeee " © avhenARTa A cp..)./.?)???.«;?-.\..?).,:J.,:I):JJ:J)..JJI.....\g....JJJw.JJ....J.).-.
..... - v
W.. R A AN . asssssvrEvw = ”M M
..a =T ..n : .u < I-
1 y : 1 Neevessscsceseoss R L R N ROy ST ................M
.S e oy A R G ENWVSSNERNINGRROOECIED” O EEEEE . SEEREEE- SR . EEECER. SRR .. ... L. .ie. R TR TR R RRTEY EERRRERERES . X = . :
m (v & = = X HERY] J...(.,..JJ..J..,.;)/:«SJ)/J)/.?/.ﬁ?...\r/...s...r....))..\.)\.......4...9...}(/..F....éi\.é.f&..\M
. - - - *
4 NRRTTOUPREETL, bl : . : :
> ARt rany - . - N . "
: s - : . :
R I = T : s ;
Oy ) - X v A A b By o, b, A, e anALLARRRRS
woN - :
. 9 . -* H N
. T " m R - . ..\- A R A L L o e o W T T T Y O WYL UL LA AT S A e e e
= + ' Z ¢ 3
1 $ nog oy 8 z : ¥
. 4 . ' - - . -
. b D I - - . ~
= i e B % o ;
- 4 . ' . -* 9 Al Sl & S & & Ay A A A AAAAAAASAARAA 5
- . . . . - . s el
w .a\ - : . . " : 4 : w
- cﬂ\ -%. n "” "” "“ . .. .-\7 I.r/rrrr..r.r..r-.rrr2'551;:1#11)))1:)1%1«511‘1;;;‘?‘:"’/‘“
4 . . . - y .
M = Au- . % s anansnnm }..n\‘\cf(i‘El 0 ". V AAAAAL] 0\ § &> >
> o v V. .r../flfv N oo " 5 » -ﬁ.
> & s o PRATOERNF A 3 = s
- » 5 TN EHEVEPTPTTIE N * e ™
> R 7 . -, o0 - ." N . T ArARA L radrah \
3 o [4 ™, - N S . o b BTGP P it AARAAAAAANARAAAA -
3 < e ~ " .. . 3 ) ANNVAN 4
3 s R N N omon R RN R V. CN, N ~ ¢ ¢
: . -~ . . .
- ECTVETPTTNT -w R -~ LU - " ¢ X v
v . . oo . b . S ¥ K
& e TR w B : §
nn— 3 s Iﬂ./ - SRR AR IR A NAARAAASASAA AN m 3 v
. SRR % - oW " '
1 BN F : . T ETn o ARG R Ly
. ' N ., . - ~ " . O
: 3 : Tl e b T E:n . N ¥ vw
: : ; : ; s iy R I ;
W sasees s shceed s osaanie o paessss 0 Aeseas RSO nneasn RV RRR S avsaad o qwweed W Vaaaas L ldeeda 0 ddadie L aeeseas M H Rt v e - k3 y ¥ '
- o ' " o
. . ™ e Y p
.n W . -.aV-“ - " P N ) 3
3 . T - b < Bussasa st R >
3 LN A AN N N A TR T SR IS "k !
4.. NN TYITTRNVINY, BAAANARAAAAA Y. 4 L = by . hlelr N R S
W R o L
A aaaa s,y . - T " - > v
..... ek usURERREERR-EUE S B .,
M VWAL X - H - P - Raats M VA WA WA WAV, SV AAS, A, L,
L 3 ¢ % = - v
. . P I R b B e e e n
: y < X o - s . ), N
AN W AN A WA AP AP AP B FEEEE: T IO "
. A a “ ) - - 1!!!\; » f" ="y DR S X : .nl.\»»»» AP A AAAAA - AAFAAAAAF A M.
. . o = o K .
: : S HEWN i K P :
0 2 b oL . S S i - : .
..m\e %.nn " m m)).) hat I 3 SERRRRRERLY 3 S R L T A T N Y YTy TN g
. - * g = Y .
y e DI S & . o
!-f y NN A4 .M” b M \ X )-\‘- . - )uo
v £ i ) by ARV Ky > 5
, - : - £ VA PV AA - ARA
4 : mx ®5 % €8 Do 1
. : ¢ . elete = = . ANV b PR r
...«. wV g = - = T3 M PAALASASARASY I PR VAL A ARV RARE YR L AALAAL LA MAAALAN /
H 7 < < < * o 9,
* ‘.-. » & i - - M = ﬁ-.v“. : Y w
K] > 2 : s R S DA -
Va .u... l..- ”" ._ ”” u“ u‘ P .vé Y WL Y YRR YRR R R R R AR A AL LV L LA A A SRR N Y
K o ! v o - o S . W H
rd s > s " - v 43 b . CRA)
; ; I i N e d
- A. A.. ." o n > & ) v. ..-.. wﬁr:flr!!:!!)tl4.})445}5?”..J.-..:.J{Ia...}ll(f‘lll/?(fgrr!rr!ir!irlrr..tfrrllv
- R " C e ; o s "
K - - 3 . ' . = . . . o) =% .
& é ..., & P N " S RE 8 @ Al . W. : 3
& E S E $ EN AN N ¥y \ § z e N et
. ; é ; . EEE & 1313 : £ :
g - ' " " " $ N Y O Y v
“.. LN . - ' ~ :
- » N > " 4% 3 m
. F —\. & B} - " & ~ AAALIAL A A VY 4
X 3 W ¢ on s ¥ ’ : ac POVRO PRI LU A4 0000000 2
! e W p
Y

o A.H,“...n.u...._._.‘..L
'

O S e

LA ad Al o VWV AWV Ay

g ; mm

A . K < -

N ¥ 2 » ! % :

.hﬁ ! s - ’
N 2 - ,.\... ; BB RRE 3

k‘
.
'h"‘-f
%,
M'&»
A,

~
N
V..,«' )

FIG. 3



CA 02710432 2010-06-21
4/8

Bt At A A At

“ruvwwa

SASSASIEAT IR

CRTTFT TNERERESTN

i f

..h.afir (:H.’\‘ﬂn((((.ﬂuo..(((”r.m\..\(ﬂ?.q}ax t-t:.u...sla/
8 . \..m. .\\\. b.:..l/.-«f .u“um.).; .--.... | \\v\\.\#ﬂ.ﬂ .W«J

3 o
3 ..
N .
" ..
2 . .
A Iy m n” g
AN i : n 3
v ” " :
z w 3 :
3 -.-
b, -
: :
3 :
3 -
2 :
b, -
: :
~ 3 z
e, y 3
AN . R
Y . .
S, 1 B
e, 3 IS
\ ).../. X -
a N N "
. ) "~ 3 =
W. \(.:(. _m =
- L
£ _ :
™, 3
;ﬂ -vivie )) -
A, u
h ~ w}.}
: E
% k 3 })}5. :
———— Y ad AT - \l‘Wl e oA B L) . v ' . -111-(..1}?1\.—(10“”(-”1’ . . -
3 -
. ‘/.lx(
. W . p N
s v m - 4 .,
5 ” B B - F oy
< ? X 5 E N
- ” - K . s 1 v,
2 ' ] : 4 .
N N M . - 1 N,
3 3 ) : ; : m s
m.. b - W~ M : : "
4 ' e i 5 : 1 e
.% ,\-ua W : : b A,
L B
o & L - m .I...lu/
W % L - L .
n.. m 73 z
] m i : ¢
p ¥ L - ]
£ 3 F : 3
.. L P : ,
%6 LR R AR sl ad AL AL DL RLE LA RLR AR AL AL S ARL Rt BN aAs XAk A hAih M q 46 SO0 T R AR & Ahih bEAFay JRA AL hh bbb Kl b sl s s N A A A S A A A %-.. " ”.- ﬁ
3 ; :
M H b s
M)x(gg.xruﬂléid o S S T S = " - 4
3 - =
M b : _
b :
. k :
£ ] :
.m ‘ :
- .n '
8 i : : ”
- n ‘ ﬁ“
e, .w m 3
v, - ! 3
,}.)(/.(( M : ' m
.:.e..e(:. —~ _ 3 :
= -t L .
~F - S 4 3 i
<= e, ?" 3 3
- - . o
- )
= 3 L
m W - <
pIES \ ) [
s o= . s s
- .t ' WA WA P VN o o N Y S SRR S ) v P -
= - R e b < ﬁ
o 3 : .
= - 4 )
oox \ z 3
Low - u 4 »
i3 TN, “ W.
w w m : ”” | w.
z : . : :
' - .“ %. " ;
oy S £ R
- 'y “ 3
> ] p AAARA P
mm O\S;fv ." I a A VARSIV VAR VI
.M. e nan? : &
o Y
- N Y s
W d ) ..”\.%
. > 0
4 f... ...\ - «.\..
Vs ot " RE
m« B o
o e ORI - i
Kd
PP A L LL Y PV EE P RAR TV ETLY PACAOAS NIRRT WA T RS A 4 A8 AT ALARS SIS, T R h.\. »
e
f —
“ v
: R, T > .
M o AT . a a ’
g
..hrd-v.q.... RAATATTETEEETETF PANIATEILTS LT T T ERER N AART TS R A AR A A AR PP AR L L LA R i b 0 s Sl ol ol ol ol e S G A LA PP P /At P S S AR " .-5.\..




CA 02710432 2010-06-21

5/8

16

10
17

Q
‘ 00000“."0‘0

N S0 ™
‘t‘t’o’t’t‘a‘t’c‘t’n’ OO
P

QQQQQQQQGOCQQQQ‘&GQOQQ

Sotatetele? o’e N2 eset0te 0 0 e e
25 0%&&&ﬁp
2 _» n.e & ‘. .‘

N

16

- A

i
,6.0.0,0,0,0.0,0,6.0.0,0
0.0.0.,0,0.6.0,0,0.0.0.0.0.

/€.0.0.0.0.0.0.0,0.0.0.0.0.0
(’G*? fg\ {eﬁ (a’} fe‘t #’e‘z fe?ﬁ f@% F‘e‘& {o"s fex {fa’k (9?1 fe“! fi‘
Y " g— NN Y
S PECC PN ,3‘,5;’,35‘
) f .) \s h I \. ‘\?oﬁ f“\ {Q% f’t
ol ’i ) “ Vi ’ X f@\ XX
o ®.
- ;0 () (el ‘&A KO
r%f' ¢ . ‘{ﬁ\ W\l fa‘ ‘@’ "?Q‘ (3&
,Ju}tt N 0,
a oLty ::: ) -
:::' ‘ . ‘ \u" ‘ieft fe’; w fo't
» ol Yol (ot :': .?s" e. ’?; 'g‘
(el CYARII
?os;s L9.9.0.0
: " ‘Y g@ ’G‘ ’W ’0‘
" \V ‘w @} (0‘ r@
2/,0/0.0.9)
£ 0.0,0,0,0
¢ f“‘i f‘@’i !’G‘t ﬁ,}
5.0.0.0
*@@‘

nwmv-.a.m.-.

FIG. 6



/

R AN

CA 02710432 2010-06-21

2 .
E ER - ; . .f
. -, - . . ‘.
- . - v . . b Ru 0 r
T - : " " ¢
.V i, s “ . " “ "
= [ “~ f A
. ‘ " "
b ‘e L K . . - " .
‘ ', ) : - = . 8
. % . = H - . h A
" . . I . . p
. b b - "~
. . 2
S

d -
. .
. . a o - - . 4 .;.
. - . .
: s < : :
. - . - N "
. ., = v. : L
- ' W - - . .
. . < . : = ‘e
v - - - : )
PoE : & : ; . -
Y e - . .
: = . .
.H “n u R "
. 09 . - . . -
. P n o AL ARG VAR A RN e A o o o o o oA e Cn e, : : RN : N . ;.Jrzz)rz/f:,é;}z(! L. . . R e SR e R A L SR P L R S ~. c
- Yo $ < ., Necen AP 11111l IPIPImaecgeccccageaqegy anavittttsonand) Jos, R mm ey memmm e : . VV-.... .- . A N T s e e .
z P ¥ ) > R 1 SRRPPTTTREY. S S CPPERREPP T P : : .- . . g e ~ o N
, : = ¥ : : M ' < et mmma e e uf rlf camm e mm e s 00000 mmans e .. X : “ e ) . . : . H 5 ‘n
S S z o : . N z : SasE. : o DRSS : T : ’ : ] 5 AP TP PP
E . T M : P . ¢ . B s F Y
b4 = < o : . . "¢ N . - :
.. ot T T - K - e \0 s cecchcccnes o )
.4. .W- .” N AR RN L s X R . . uw..zm. - .. o . o . ot e nnanan Yo' %% ~ P m "m m m
- e e e AT e e s e - - . . it
k . M ) v . . [N M - N
o = N . . . L N L LI S HRARERIE R b bl dr bl il il " " - -
g : s B . . " v R
¢ : ¥ : e . o mu : 4
‘ : y - - CUTLIN L RE Y AR N L A ARS8 Y 0w VYN N o r NS AA IS SEINS oo e N SR e o R B : 3
£ : - i M . > > : : B . :
¢ : 3 - . s &“. T R e resrsaiiaat . v "]
¢ . -~ . M L - X I IO SURPRL KN m. . v -
' L “ L N L I e "w . “m I 4 P
: i : : L N - v .“ : R
R s e . . c. * . “
¢ 3 ol Z831 ¥ » e - .“ t 2
. 3 T - X Y e R TR R > : b N :
: . T = - [y = . : . :
- N . b N S R TR e TR XN SA - v . s .
s veaae . e = ST ST rre e m s —— - Ve : CSEEE ¢ X Bty ok .w.. “ ey . sere e e o e
b . 7 X “.v. .\,m . e iRy -r i i e e P cnccnanantinanasinsqena s 3 m - . -
0 : 33 : Y ; O Ry B S R0, e s e e o i s 3 : S . “
. M N %) y - -3 . e H . N . o
. " W . - “l\-s\. 4 -n R T e B U. A\N\\a B A a..W-. - -fu B e ] B I \%\au\“ S e we et S \%cfl“ - 0 m ." w " -
B : ' Lo m..\. e e etteedecsccedecsccsasccsnsaasantitsads yesessssssiesssssanas f“. u...n«:.:........................:...............ﬁ cessssssssee i eennnaa A,y S R E L e LR LR - . o ¢ ' -
b : S LRV T P " P b A ettt raraaan ; = T eeccesecccccccccennt.ssocacacccncaessnnnn e - I . . -
H . W . um .\.n. R . ety e ettt ettt e e e 4 B, S R RN NN . et -V..- 0% % % e e e e ol 0% e e e e e ol e %% e HE AR R R RN ﬁ - V. H ““
. . T e - ‘. - . ] N .
: : 3 w . u.-. R AL R o oA e el .ubn.ﬂbo.o.&..f.érf" Ry u.-..o.ﬁ).(f.f.fxx-......w...ﬁ..(. KA oe s e e s e s e | eeusaass e B m M m "
: . o 3 K v S M n
. : 3 i .
: : L E R H M [
. . - R * < ' ¥ N X
: : ‘ \ o ' 3 3 5
: . W ] (“M...\..&-...&S\.:.... e . : b4 3 "
; H ‘ g e e W N "
. - N . w Fomte ate mate ST L v, \. LR I - Se et ale fim:  wSIIE 6 . s . B S T A SO S S R oy’ -o." - : W : "
R o. i, . M : b) 3“ A" Fmioleii . R ;J.-ths....hkkkt;ffffél”“ [N “ M ” .”
RS S T .. hanauranmnnnnennn s b e e ) ..A% T S x 0 N
. - ' Y s N ) K
. " " . . l.& PP e YN AT A (fe P PP de e e e et ot “ > u --“
- ' . % ' .
. t . - b .....:.-s..\ﬁnn -M > -
. t : . R Neareririteaanaar K3 A REREERNRERT YRR LINNY . L
-‘\\lf{)-f(-.-.:-\-”\-\-.-‘f-\l emmmtete e L L W e ST . ‘g R .. -P FaSSessass s

FIG. 7



CA 02710432 2010-06-21

7/8

N
g e
Tete L
.
-
N
“ N,
- Y
o "
v
K
’
.
.
.
i A TP
e,
L
LR S
.
-
-
.
-
S
)
5
-
~
..M
4
+
..M
i
)
..m
(U O

e
" .‘...'.'ﬁ'dw' '

A A A

;

ot sl M

RN

'

-te - ettt
I((? N N )

BN L

et PRV

ko i)

Lo

ad

2 5 . % : .
2 % 2 .".w ,.n . ol /
g . : N ;
% X 3 . B % E "
. g %

% ]
- 3

AR LR L -

-
. ~
V- !.l..\lft.\uulf..lo.\l\l..\n\lb-‘t‘uf‘tal....-’\.-l.l.-\l.lt-\l«n-)-a....%\...u\.i%lln’é.ff...%tk...\lc\kl\\.-l‘\k\%d.(l‘n..(l..\-)u.-El't‘-c-)-fdn‘..-Inll...-)\..\lo.\kl..\-)_...\l.\%l‘\%l\lln)“&

3

cEEaAN L -@ ..... R AANR AL XA

L4

ol - O == .P
My W -
H ’., e e A f. ol N A s e RS, ; A AOGEC DONNGGE] [0 Tt e S et et e A A A e e a e e e e SN - k
s : A AN A T I P A R R e 2 o N TN R OBISO0 e e kL At ;

% : L : <
% BT e L We . aNNRRRE L swwbEWE L e Armbar . v L amwmay . swevRW L awAdes N T . T S L T owmams - wwmebe L peaas e B e T T R B I I e FIERIEL
-~ N . o o
> ' .. > o
< : ' Y ¢
..... o . S s
L 3o RORONNY A
wA . . P e PSR A N L R AW AN O A AN Y AT AR AN AT S S S S T L
L) "t N - “ H
¥ : m 4
P R S o o e - ORI RPN XN w AN, S WSS S S . W R U O X X CURH RELTEY N KEEFER S
~ ‘u, :
: LaNany . +
. »‘faf’.nvn.fafa: SREssssmsEI R LELIL LY . l....a..-o-‘-.lMa"fa. N LT LTI A LTI I TEELEETLRATI FALNLIL VLTIV AL ALY
: (A GO RN 7
LN -
o3 B e T L T
: . SRR AR el N L L Y
: 3 3 . R LI,
. 3 IO R A e b ) “ R b S TN
. - 2, >
. = .
. 3 " e e T VS e e X
. Yeetanae "
. : : A NN AN A AT SATAT L
O " S 3 3 . b o - S N . J . .. J . . 3 .. g
Iy e S R . . . NN NN WL S AT YN S e WYY W W NS Y Y e e Y e e Y Y A S e
RN AR AN AN SR 3 V) A
- '-
- -
'
p 3
POANERWA 1 WV 1 ANIYY e WWARET % SRRRRE ST maae L e [T cenhEah T NRAANA L RNRTGLAY L AAERRRL b RaNAEEL 4 dlEER. 6 NWERRTE. s BERRRYT L WWREWET L WAAAVRY C TeREhEET 0 NSRRIV O sRShRYN O ety S R T R S .11.& A e h N T a2 o2 Lol ST VN INERRTT s YRRV Wi A g WEAENGT T NN N
v
'
ey A A OO ACAIILELD
e N N A A et b e e e e : . e e N Y= v TN N i - i
; . ; . . A Tt e ¥ M e WA A AN o nm P by e VAR 2 Y \
. AAI e ey A a g NASN
. J A L e AN
+ . . ~ AR KU RNV .
o . ¢ M Rt L L TN
r(rrﬁ.ir?( AU AR SRR SRR Y SRR A H e - . 3
. e . s
: H L T, : ..tr..,....r:t:.f??f?r..(f..:!r(-r?:..C...r....). ............ <
- . #c e DO C OO TR
o+ = h
M. - * R R R R SRR e e e apaaUUOE T EDE EOEE POORODOEROEEDONE VOO §
. v
. r
; g by
J H N .
M : sdmmddaa bt SRS e e e A AN = 1 e ,.uo
(R CETETEERNNANNIAATEEEERANNITALEEPEEERNRAY XY EELEEL R ERAAA S AL LELL X S A L R R R R AR AR AR A » ey ./
. - H ARV AR RNICCN TNV LA .
: Ny - )
T : R Rt SR T
W + LT U T Rt AR s e ..un‘du)..-.-.u..\r.hf-nﬁo. o y
P+ .S - Maseaas e Semmebs + oBedAEE o+ ebdded® o ostdAEY . GEESENE . BIPEPES 3 IVNENI ¢ qheesgy § esesss . teeidans o shessms R T —— K P : e R A A X b N
. . S T e e Y . . .
K » W.'.J- e Ui e L A L LN, e ~
M r - AT RS Sy N L ey )
v ey . . - T TAN AR ey P
" * \M-.l.-../.-..(.-../;..lcﬂ R NN e S8 e%e's l-.of.f.y.
K ) SO &
By Ly R L O R R T e WO RRERRIF I EFIETIRERS AL LR Y s . . - RS L PRy
d § H o a .
- DD T D | s ’
.w. - ~ SEAAEAL A Nt A e Ss e Tt s A s R s s m i
; : 3 ‘
-
1 - L] IEA AR L LN E L L AR LN L LI R L L
.W. . .“40.-.:(.,.:\. . % SRR LA AS e, 8 l.v-:-‘:-:a‘a.o-‘-r.l)....ﬂ.....(\}.({:..v..
v s Fnn gy . 7
- - ._..b..rffa)(rl(lttt& Ny Y e A N Y 3N 3T e Sty s...
~ - e s .
o%atete - ) - B L LR TR
= - - i L AN EmSRSEY emessssess c By AR - B
R : [, WA S RS, e "
4 - ettt b e R TN TP,
- L sy B S T CTT ,
AIOCY) g & - 4 AR . AR ey, .
N N T AT R ORI A il Tt R L C R na.
....... e AN A L o R N A A A AN N N NN N AR AR AR AN AN SRS SN AN S ) A e e e
3 m
R Ay ¢ e AMvrm - SSRARAL. . WARALAL L AMARRA L. W SRAANAL ALYV R WENENY T TWNRNY - oY e O RAAAAALL . ALARAMSL L ARLALLY AN ALALAAS [TTOINN ARVAAL L ARRLAA SLLABEE 4 JRRARAR L ANRLAE L ARALAR L shRRLAR T WRRRIARL L AT ATeWAL L aWAWRR” [CCELEN ) RNV AEN WRRWAR L ALALLNM T LLRARIA o LLLLALL L LLALALL L bbbt albellL L L
h ERCCCURD .
- f....c...w LN R TGS S IR AR AN DR OON R CRRL ENE RN R CRETERTEERE DR T T AR DAY P AR RN
- -~ -ew . - ya
. - - " b
mes RN W. I s ¢ -
. anan g L b -

<
.
-
.
.
.
" 4
<o
a
S aaSUSTURLELLE LANEY

-
P T T sewwwwwss O LA L ewwe ey D -

e rrveed “u m
o . . “
: : s -
*e"s"e . ATV LW 4 -
e W IWF ¥ M : : P
S AN R A e N M SN - et . W

W teviudet

R

)

<
3
i

arran W L MM n. - - AV E A AN . - LA, . wLLLLAS, . EEE N . LA . T

¥
b

O B A AR A A G :,E.S.wf.:

wrre

CEEEL TR TNy

L -‘\
assringy

v

P

$

AN NN

P Ao

se VRN e RN N O N T T T T T N A T
R 3
tﬂ..vc m
....,v .................. . ELLXRLELTRELL SRR AXLTLY : R rirriivi

%\l& ", .. R, %. . . {REN : .....
) : W. ..)In-:.... ﬁl.u\.(l.-..l.‘:
¢

AISRENANR RN SRS ..v%w NI BT NCR 5N T N W T G N Y O SRR
: §

0
OO A R RO OO

R R R

.(l((((ll).. '-. .-)f.-f..::..( J.r;).aff)(( 2oty )).J{rla}rl

e ad el dd ddd od ol s ol e s e S e T o T et e e DR 2 g

T LI T ALTLEI I LIS ATTILA TR LA TTLLTLLACLLLLAALLAARALLVE AV S ARG s s anl

A =

R

‘.

o

" i

\ 2

PUALLLL A k“}I{t.((z:l.}x\(.z..{}..)..(}.}.5.\5.-....(5:1..:..(.(..:..1..(..5.:.5.1:(.54:.5...&
=

H L . (fvr M

H N - .

i it R e s R L R A R s R L o o R R R R R L LR R BN alffw

v‘.- %.W. - RRRCY VL Ly et s .I.\ -1a...
) apanatt -.....-.m.”.-........lf ’ m Y I..- .

R AR IR o LU R R L ST A A

reeerevd.r
»
sranvarprpderer

; ; -

s

£ e .

;
R
»

£

< . ™ T f..f.ﬁo
i i 3z
Wv . .Eioaa‘i

..-....:.r.-...g....-...:.:.l...:...M

e et R e W

~

A

..ffz.:(f..-“.?. - W

oY,

&
¢

g

Ww
s
§ i
é
s
#

KRR NN R PR

£ :
; ;

Mﬁ
$
H

sl oy w

FeeE ERRRN
s
 I5S '

.
W(f(l(l(f) lf(”.
. o
.

.unun.nunun...nofl-...\.ﬁ..a.no/?f‘.\...Cnu.n...\.P)..)-)-u...s.a.......4...f........ff....ff..sff?‘g‘-tm
v

)

ST L e e

L T S A e e e e e e e e e A e N AI\M

y o
i

o,

RN TR R RERRR

o
EEYEEY

’\"-v
o
3

x“f Lt R R AR b A A I N T
)

Vaadvaa dda dd A P Ve e e da i A a S
T
)

o
N e s T
T,

rrvrvrvrvrrassdandenssnnnsrranhétvives

P s Sa
“r,

“a
L

"
. : - ...z?,w....s.....s.................4....};.......{.....-._..:..:{...{.. Y L R P R T EY SR
..f‘tfa...\kllnEn)t-.f‘.-l...Ll%-uld.l\lt.%l.\l-l..\lulo-'lll Al ICPL LU SCCPCRU -ultl..|l.\||\\\ltl|\ﬁ\\It\\t.....-....-....JO\?.}'......\......\...J(}’}I}.\({ 4-..I-....-t%.l(l\.-....\}g...-...-%5-.....-.....-....s*...-.....-L.\-)LE-\LE;ff-.-l..-.-...-.-...\l-l..\l-;‘nfltln....-.....-l..\LL.\-\Lll.sl\.\;clllffffflt-...-.-l..-.-...-L\-c?clc. :
. :

: P> Y
> - z

m» m. \\\ J .\.h

n« %. w..
S 7 ' (s

x.,., 5 ¥ f

s

H
H , \. LT ERT AT AT RS Y AT § W e VA WA e
ot e
ceved s -
T.(.\t.%...:.f.. R O Y
. AN L PR L R LR UL LR LR LA SR SRR R,

aam

R

vy

J.leaalh---'-vvvv'-vvvvvvv'-

s
¢

s

.

e
ﬁa-.. Yo vesuew 2
sreuEasEY I YRty .......p;.2....55...\\./.5JJ.....'.\\\.........-.....(-.../........-.-......C.....-.‘.rff(..f/c.rf..f/ff?/)..s.a?‘...;-..\

$-"c'.'-'n'-'-'n'-'-‘-'-'-'-'-'-‘-"'-'-‘-'-'-"-’-’ T T A A A e

",

7
{

A,
BN L MR

)
g AW
.
e

b
e

. . . -l . "
3 5 = : : -
: - M \ . e p ww.
e A — sevlinn g e s g ava i sevpane e msg rendear g s ety g - o Vig v g T A Ko e Qe A - Y S ey, R RN Al L AL L et S Oy e rranee AXRE]
2 PR nﬂ& .. . . A s A
. . y ., ... N - . SawA Yy -
NP — R A..a - D N N, V -~ I, T s'u.ﬁf . “ - . - P N S S N R R R R T A L L AT AT TS
. . v . - 3

oy 4 SR NSNS .
-~ iy 4 ..N
- “ Lo b RS NS . -t . VLR - s WV - - - -t - -t ettt - ] - -ttt . -etetebete . . -t -t . -t .
- . > -
-3 ; 3
-

N AT N A ATETATALATEIARLLATALTLIATIIALASLASLE LTI AT ATATTLILARLRRLRRLRRLRRLRR LN WA

¥
-
e }
A -
p . -
X\V N :
CEVE L ) - b
B N B Y R e 50 " ~~ - o :
1-{' = = . e B D v e e e e T e AT A SR YA
-~y - o K] > o .
O ] -t " 4 . '
KRRTLL 4o SO N " - “ -
3 S : s s
. h .
T - ¢ & % &
* SR R e A L0 AL A B8 L 000 8 (A A 0 A0 0,00, B B 0,00, 0,8,,0, 08,85, 8,
m x et LR AR R . » m ] &.
. - > B
: b S > Sl et h..w.n..r - - B B e a e vveus
- " r
> - " - 4 ~
. " . H = 4 ﬁ
. s “*
trfM . - 2 ..(.r..rm 3 m wv ¢
. - o ..
B G PERPRRRVPRER. .‘.a.(.c-.-C-a-a.r-a((rc-(f.c??..r:f.....?..f??(:?%..)t..tu-.-(....-({..-.-.....-..\....-(r&
H 4 o ]
" = : P 3 ¥
H - v.s.n.l.-.-.nuc .. \u!‘rl((ss{!fr(((lf( B e -((f-(fl((((.(.l.t({((-w
- = SRR - LI
- s
v : : L &
. - M “e .
: i : : i £
W(!J)Ias.n??t!!_(!,t.ﬂ. - SRR & R L R LA LR E AL AT TR f..ff(-.r.“.r.u. )
- q.ff«.‘.::.-..n.n%. - N NN NN NN FXREN CURN RN
. L L AP P AR L AT RS U RS AR AL AR AL L L L
< Femmmans

FIG. 8



8/8

S\
\ / % .,. w,

S AN AP N Sl Al g N NN N Nl Nl il AN SN NN G L AL SISV OSRAAAY A Y

M_;z;@

aw i

Iz,

*

.J.S.l\. - - ’ Jn{u\-\ nf . 1111%!!(|1\| . w—rerery e * ~ - - - w . \Vc‘-.h..-u(! M. . . rewe—— N ———— -

o™

CA 02710432 2010-06-21

',u—-ﬁ\
7
»

R I

ol

-
{

AN~

"" s

/

A .y a -

P P P A e e S 4



16

"4 « &"”’n"“ *‘?‘

J'" nv rﬁ
0 0 ¢ NN #..a‘
| ::{: ‘;”r...} fv{! _‘ﬂ.\-" fa r‘wg
’ ;; Z‘:’"’;’{I “""S ‘?ar#\’ 3
o VLN S & i
( n,,‘i.‘;:u ?'@w;?w
P Sl S Pl A X XX
x\.’\d l" /0:’@\ o\r.a\

[ g,‘;' *} \‘ gw@(@ww
r.' PIATIC K K )
‘0"" Ao r“"ﬁ'(#"
A.,f,‘ w@w@

.0'

e



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

