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METHODS FOR ANALYZING AND DESIGNING
BOTTOM HOLE ASSEMBLIES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit of U.S. Provisional Application No.
61/811,507, filed on April 12, 2013, which is herein incorporated by reference in its

entirety.

Background Art

Figure 1 shows one example of a conventional drilling system for drilling an
earth formation. The drilling system includes a drilling rig 10 used to turn a drilling
tool assembly 12 that extends downward into a well bore 14. The drilling tool
assembly 12 includes a drill string 16, and a bottomhole assembly (BHA) 18, which
1s attached to the distal end of the drill string 16. The “distal end” of the drill string
is the end furthest from the drilling rig.

The drill string 16 includes several joints of drill pipe 16a connected end to
end through tool joints 16b. The drill string 16 is used to transmit drilling fluid
(through its hollow core) and to transmit rotational power from the drill rig 10 to the
BHA 18. In some cases the drill string 16 further includes additional components

such as subs, pup joints, efc.

The BHA 18 includes at least a drill bit 20. BHA's may also include
additional components attached between the drill string 16 and the drill bit 20.
Examples of additional BHA components include drill collars, stabilizers,
measurement-while-drilling (MWD) tools, logging-while-drilling (LWD) tools,
subs, hole enlargement devices (e.g., hole openers and reamers), jars, accelerators,

thrusters, downhole motors, and rotary steerable systems.

In general, drilling tool assemblies 12 may include other drilling components
and accessories, such as special valves, such as kelly cocks, blowout preventers, and

safety valves. The drill bit 20 in the BHA 18 may be any type of drill bit suitable for

~ drilling earth formation. Two common types of drill bits used for drilling earth
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formations are fixed-cutter (or fixed-head) bits and roller cone bits. Figure 2 shows

one example of a fixed-cutter bit. Figure 3 shows one example of a roller cone bit.

Referring to Figure 2, fixed-cutter bits (also called drag bits) 21 have a bit
body 22 having a threaded connection at one end 24 and a cutting head 26 formed at
the other end. The head 26 of the fixed-cutter bit 21 includes a plurality of ribs or
blades 28 arranged about the rotational axis of the drill bit and extending radially
outward from the bit body 22. Cutting elements 29 are embedded in the raised ribs
28 to cut formation as the drill bit is rotated on a bottom surface of a well bore.
Cutting elements 29 of fixed-cutter bits include polycrystalline diamond compacts
(PDC) or specially manufactured diamond cutters. These drill bits are also referred

to as PDC bits.

Referring to Figure 3, roller cone bits 30 includes a bit body 32 having a
threaded connection at one end 34 and one or more legs extending from the other
end. A roller cone 36 is mounted on each leg and is able to rotate with respect to the
bit body 32. On each cone 36 of the drill bit 30 are a plurality of cutting elements
38, arranged in rows about the surface of the cone 36 to contact and cut through
formation encountered by the drill bit. Roller cone bits 30 are designed such that as
a drill bit rotates, the cones 36 of the roller cone bit 30 roll on the bottom surface of
the well bore (called the “bottomhole™) and the cutting elements 38 scrape and crush
the formation beneath them. In some cases, the cutting elements 38 on the roller
cone bit 30 include milled steel teeth formed on the surface of the cones 36. In other
cases, the cutting elements 38 include inserts embedded in the cones. These inserts
are tungsten carbide inserts or polycrystalline diamond compacts. In some cases
hardfacing is applied to the surface of the cutting elements and/or cones to improve

wear resistance of the cutting structure.

For a drill bit 20 to drill through formation, sufficient rotational moment and
axial force must be applied to the drill bit 20 to cause the cutting elements of the
drill bit 20 to cut into and/or crush formation as the drill bit is rotated. The axial
force applied on the drill bit 20 is referred to as the “weight on bit” (WOB). The
rotational moment applied to the drilling tool assembly 12 at the drill rig 10 (usually
by a rotary table or a top drive mechanism) to turn the drilling tool assembly 12 is
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referred to as the “rotary torque”. The speed at which the rotary table rotates the
drilling tool assembly 12, measured in revolutions per minute (RPM), is referred to
as the “rotary speed”. Additionally, the portion of the weight of the drilling tool
assembly supported at the rig 10 by the suspending mechanism (or hook) is typically
referred to as the hook load.

During drilling, the actual WOB is not constant. Some of the fluctuation in
the force applied to the drill bit may be the result of the drill bit contacting with
formation having harder and softer portions that break unevenly. However, in most
cases, the majority of the fluctuation in the WOB can be attributed to drilling tool
assembly vibrations. Drilling tool assemblies can extend more than a mile in length
while being less than a foot in diameter. As a result, these assemblies are relatively
flexible along their length and may vibrate when driven rotationally by the rotary
table. Drilling tool assembly vibrations may also result from vibration of the drill
bit during drilling. Several modes of vibration are possible for drilling tool
assemblies. In general, drilling tool assemblies may experience torsional, axial, and
lateral vibrations. Although partial damping of vibration may result due to viscosity
of drilling fluid, friction of the drill pipe rubbing against the wall of the well bore,
energy absorbed in drilling the formation, and drilling tool assembly impacting with
well bore wall, these sources of damping are typically not enough to suppress

vibrations completely.

These problems may be increasingly significant when dealing with directional
wells. Directional drilling involves certain terms of art, which are presented for
background information. The “build rate” is the positive change in inclination over
a normalized length (e.g., 3°/100 ft.). A negative change in inclination would be the

“drop rate.”

A long-radius horizontal well is characterized by build rates of 2 to 6°/100 fi,
which result in a radius of 3,000 to 1,000 ft, respectively. This profile is typically
drilled with conventional directional-drilling tools, and lateral sections of up to

8,000 ft have been drilled.

Medium-radius horizontal wells have build rates of 6 to 35°/100 ft, radii of

1,000 to 160 ft, respectively, and lateral sections of up to 8,000 ft. These wells are
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drilled with specialized downhole mud motors and conventional drillstring
components. Double-bend assemblies are designed to build angles at rates up to
35°/100 ft. The lateral section is often drilled with conventional steerable motor

assemblies.

In practical terms, a well is classified as medium radius if the bottomhole
assembly (BHA) cannot be rotated through the build section at all times. At the
upper end of the medium radius, drilling the maximum build rate is limited by the
bending and torsional limits of API tubulars. Smaller holes with more-flexible
tubulars have a higher allowable maximum dogleg severity (DLS). Dogleg severity
is a measure of the amount of change in the inclination, and/or azimuth of a
borehole, usually expressed in degrees per 100 feet of course length. In the metric
system, it 1s usually expressed in degrees per 30 meters or degrees per 10 meters of

course length.

Short-radius horizontal wells have build rates of 5 to 10°/3 ft (1.5 to 3°/1t),
which equates to radii of 40 to 20 ft, respectively. The length of the lateral section
varies between 200 and 900 ft. Short-radius wells are drilled with specialized
drilling tools and techniques. This profile is most commonly drilled as a re-entry

from any existing well.

The method used to obtain the measurements needed to calculate and plot a
3D well path is called a directional survey. Three parameters are measured at
multiple locations along the well path—MD, inclination, and hole direction. MD is
the actual depth of the hole drilled to any point along the wellbore or to total depth,
as measured from the surface location. Inclination is the angle, measured in degrees,
by which the wellbore or survey-instrument axis varies from a true vertical line. An
inclination of 0° would be true vertical, and an inclination of 90° would be

horizontal.

Hole direction is the angle, measured in degrees, of the horizontal component
of the borehole or survey-instrument axis from a known north reference. This
reference is true north, magnetic north, or grid north, and is measured clockwise by
convention. Hole direction is measured in degrees and is expressed in either azimuth

(0 to 360°) or quadrant (NE, SE, SW, NW) form.
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SUMMARY OF DISCLOSURE

In one aspect, a method for selecting a bottomhole assembly, including
selecting a drilling criteria; performing a dynamic simulation of a first bottomhole
assembly that includes at least one drill bit, a measurement sensor, and a stabilizer;
outputting results predicting a performance of the first bottomhole assembly that are

indicative of a measurement quality for the measurement sensor is disclosed.

In another aspect, a method for selecting a bottomhole assembly, including
performing a first dynamic simulation of a first bottomhole assembly; performing at
least a second dynamic simulation of the first bottomhole assembly, wherein the at
least a second dynamic simulation comprises a different constraint than the first
dynamic simulation; and outputting results for both the first dynamic simulation and
the second dynamic simulation, wherein the results comprise at least one output
showing performance as a function of position along the bottomhole assembly is

disclosed.

In another aspect, a system for selecting a bottomhole assembly (BHA),
including: a computing device having a computing processor executing instructions
to perform: executing a first simulation of a first BHA that includes at least one drill
bit, a measurement sensor, and a stabilizer, the first simulation generating a first set
of performance data, and the computing device comprising a graphical user interface
executing on the computer processor with functionality to perform: inputting a
selected drilling critera, presenting, on the graphical user interface, the first set of
performance data from the first simulation, and seclecting a BHA based on a
comparison of the first set of performance data and the selected drilling criteria is

disclosed.

In another aspect, a non-transitory computer readable medium including
executable instructions selecting a BHA, the executable instructions having
functionality to: input, using a graphical user interface, a selected drilling criteria,
perform a dynamic simulation of a first bottomhole assembly that includes at least
one drill bit, a measurement sensor, and a stabilizer, and output, on the graphical
user interface, results predicting a performance of the first bottomhole assembly that

are indicative of a measurement quality for the measurement sensor.
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In another aspect, a non-transitory computer readable medium including
executable instructions selecting a BHA, the executable instructions having
functionality to: input, using a graphical user interface, a selected drilling criteria,
perform a dynamic simulation of a first bottomhole assembly that includes at least
one drill bit, wherein the dynamic simulation comprises a dynamic input, and
output, on the graphical user interface, results predicting a performance of the first

bottomhole assembly.

In yet another aspect, a non-transitory computer readable medium including
executable instructions selecting a BHA, the executable instructions having
functionality to: perform a dynamic simulation of a first bottomhole assembly,
perform at least a second dynamic simulation of the first bottomhole assembly,
wherein the at least a second dynamic simulation comprises a different constraint
than the first dynamic simulation, and output, on the graphical user interface, results
for both the first dynamic simulation and the second dynamic simulation, wherein
the results comprise at least one output showing performance as a function of

position along the bottomhole assembly.

This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to
identify key or essential features of the claimed subject matter, nor is it intended to
be used as an aid in limiting the scope of the claimed subject matter.

Other aspects and advantages of the disclosure will be apparent from the

following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a conventional drilling system for drilling an earth formation.
FIG. 2 shows a conventional fixed-cutter bit.
FIG. 3 shows a conventional roller cone bit.

FIG. 4 shows an overview of one embodiment of an analysis process used in

the disclosure.
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FIG. 5 shows an overview of simulation capabilities in selected embodiments

of the disclosure.

FIG. 6A shows an exemplary group of bottomhole assembly packages that are

analyzed in accordance with an embodiment of the disclosure.

FIGS. 6B-6E show information about the group of bottomhole assembly
packages of FIG. 6A.

FIG. 6F shows an embodiment of a drill bit used in the simulation in

accordance with an embodiment of the disclosure.

FIG. 7 shows a listing of the simulation scenarios used in accordance with an

embodiment of the disclosure.

FIG. 8 shows the simulation conditions of simulation scenario 1 used in an

embodiment of the disclosure.

FIGS. 8A-8M show exemplary outputs for simulation scenario 1 in

accordance with embodiments of the disclosure.

FIG. 9 shows the simulation conditions of simulation scenario 2 used in an

embodiment of the disclosure.

FIGS. 9A-9F show exemplary outputs for simulation scenario 2 in accordance

with embodiments of the disclosure.

FIG. 10 shows the simulation conditions of simulation scenario 3 used in an

embodiment of the disclosure.

FIGS. 10A-10B show exemplary outputs for simulation scenario 3 in

accordance with embodiments of the disclosure.

FIG. 11 shows the simulation conditions of simulation scenario 4 used in an

embodiment of the disclosure.

FIGS. 11A-11M show exemplary outputs for simulation scenario 4 in

accordance with embodiments of the disclosure.

FIG. 12 shows the simulation conditions of simulation scenario 5 used in an

embodiment of the disclosure.
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FIGS. 12A-12M show exemplary outputs for simulation scenario 5 in

accordance with embodiments of the disclosure.

FIG. 13 shows the simulation conditions of simulation scenario 6 used in an

embodiment of the disclosure.

FIGS. 13A-13M show exemplary outputs for simulation scenario 6 in

accordance with embodiments of the disclosure.

FIG. 14 shows the simulation conditions of simulation scenario 7 used in an

embodiment of the disclosure.

FIGS. 14A-14M show exemplary outputs for simulation scenario 7 in

accordance with embodiments of the disclosure.

FIG. 15 shows the simulation conditions of simulation scenario 8 used in an

embodiment of the disclosure.

FIGS. 15A-15G show exemplary outputs for simulation scenario 8 in

accordance with an embodiment of the disclosure.

FIG. 16 shows an automated process for use with an embodiment of the

present disclosure.

FIG. 17 shows how FEA nodes may be assigned in accordance with an

embodiment of the present disclosure.

FIG. 18 shows how a tool face angle may be calculated in accordance with an

embodiment of the present disclosure.

FIG. 19 depicts a system with which one or more embodiments of the present

disclosure may be implemented.
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DETAILED DESCRIPTION

In one aspect, the present disclosure provide a system and method for
analyzing the performance of different BHA’s against pre-selected criteria. For sake

of clarity, a number of definitions are provided below.

While most of the terms used herein will be recognizable to those of skill in
the art, the following definitions are nevertheless put forth to aid in the
understanding of the present disclosure. It should be understood, however, that
when not explicitly defined, terms should be interpreted as adopting a meaning

presently accepted by those of skill in the art.

Embodiments disclosed herein provide systems, methods and systems, and
techniques to model the behavior of various BHA packages under multiple
conditions to achieve an optimal BHA package for a given well. More particularly,
one or more embodiments disclosed herein provide for methods and systems of
directly comparing various BHA packages against selected criteria, to determine
which package may be the preferred one. In other embodiments, a BHA designer
can make recommendations on structures to use in a BHA package, in order to

satisfy one or more criteria.

In one or more embodiments, a performance criteria is selected (by a BHA
designer, or by a drilling operator, for example). The performance criteria may be
one or more selected from stability, robustness, measurement quality, and
steerability of the BHA package for example. A BHA package may be designed to
satisfy one or more of the performance criteria, or comparisons can be made
between existing BHA packages, or a combination of existing, new, and modified

BHA packages.



WO 2014/169291 PCT/US2014/034053

[0058]

[0059]

[0060]

Adfter a number of BHA packages are selected, the drilling performance of the
BHA packages is simulated. As a product of the simulation, a number of predicted
performance outputs are created. In one or more embodiments, some number of
predicted performance outputs are reviewed by a BHA designer, against one or more
of the selected performance criteria. In other embodiments, results from the
simulation are automatically assembled into a drilling performance report, which
may subsequently be reviewed by the BHA designer. If none of the BHA packages
satisfy the performance criteria to an acceptable degree, the BHA package may be
modified, or other BHA packages may be similarly analyzed. This process may be
repeated until an optimal BHA package for a given drilling application has been

selected.

“Drilling performance” may be measured by one or more drilling performance
parameters.  Examples of drilling performance parameters include rate of
penetration (ROP), rotary torque required to turn the drilling tool assembly, rotary
speed at which the drilling tool assembly is turned, drilling tool assembly lateral,
axial, or torsional vibrations induced during drilling, weight on bit (WOB), forces
acting on components of the drilling tool assembly, and forces acting on the drill bit
and components of the drill bit (e.g., on blades, cones, and/or cutting elements).
Drilling performance parameters may also include the inclination angle and azimuth
direction of the borehole being drilled. One skilled in the art will appreciate that
other drilling performance parameters exist and may be considered without

departing from the scope of the disclosure.

“Drilling tool assembly design parameters, or “BHA parameters” may include
one or more of the following: the type, location, and number of components
included in the drilling tool assembly; the length, internal diameter of components,
outer diameter of components, weight, and material properties of each component;
the type, size, weight, configuration, and material properties of the drilling tool; and
the type, size, number, location, orientation, and material properties of the cutting
elements on the drilling tool. Material properties in designing a drilling tool
assembly may include, for example, the strength, elasticity, and density of the

material. It should be understood that drilling tool assembly design parameters may

10
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include any other configuration or material parameter of the drilling tool assembly

without departing from the scope of the disclosure.

“Bit design parameters,” which are a subset of drilling tool assembly design
parameters, may include one or more of the following: bit type (i.e., fixed or roller
cone), size of bit, shape of bit, the cutting structures on the drill bit, such as cutting
element geometry, quantity, and locations. As with other component in the drilling

tool assembly, the material properties of the drill bit may be defined.

“Drilling operating parameters” may include one or more of the following:
the rotary table (or top drive mechanism), speed at which the drilling tool assembly
is rotated (RPM), the downhole motor speed (if a downhole motor is included) and
the hook load. Drilling operating parameters may further include drilling fluid
parameters, such as the viscosity and density of the drilling fluid, for example. It
should be understood that drilling operating parameters are not limited to these
variables. In other embodiments, drilling operating parameters may include other
variables, e.g. rotary torque and drilling fluid flow rate. Additionally, drilling
operating parameters for the purpose of drilling simulation may further include the
total number of drill bit revolutions to be simulated or the total drilling time desired
for drilling simulation. Once the parameters of the system (drilling tool assembly
under drilling conditions) are defined, they can be used along with various
interaction models to simulate the dynamic response of the drilling tool assembly

drilling earth formation as described below.

As used herein, the phrase “drilling profile” means a set of drilling

characteristics selected or used for a given formation.

“Well bore parameters” may include one or more of the following: the
geometry of a well bore and formation material properties (ie. geologic
characteristics). The trajectory of a well bore in which the drilling tool assembly is
to be confined also is defined along with an initial well bore bottom surface
geometry. Because the well bore trajectory may be straight, curved, or a
combination of straight and curved sections, well bore trajectories, in general, may
be defined by defining parameters for each segment of the trajectory. For example,

a well bore may be defined as comprising N segments characterized by the length,

11
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diameter, inclination angle, and azimuth direction of each segment and an indication
of the order of the segments (i.e., first, second, etc.). Well bore parameters defined
in this manner can then be used to mathematically produce a model of the entire
well bore trajectory. Formation material properties at various depths along the well
bore may also be defined and used. One of ordinary skill in the art will appreciate
that well bore parameters may include additional properties, such as friction of the
walls of the well bore and well bore fluid properties, without departing from the

scope of the disclosure.

As used herein, a “drilling simulation” is a dynamic simulation of a BHA used
in a drilling operation. The drilling simulation is referred to as being “dynamic”
because the drilling is a “transient time simulation,” meaning that it is based on time
or the incremental rotation of the drilling tool assembly. Methods for such dynamic
drilling simulations are known to the assignee of the current application, such as
those disclosed in 6,516,293, 7,844,426, 7,139,689, and 7,464,013 all of which are

incorporated by reference in their entirety.

One example of a method that may be used to simulate a drilling tool
assembly in accordance with one or more embodiments of the disclosure is disclosed
in U.S. Patent No. 6,785,641 entitled “Simulating the Dynamic Response of a
Drilling Tool Assembly and its Application to Drilling Tool Assembly Design
Optimizing and Drilling Performance Optimization”, which has been incorporated
by reference in its entirety. In accordance with this method, properties of the BHA
to be simulated are provided as input. The input may include BHA parameters, well

bore parameters, and drilling operating parameters.

In a BHA, the drill string includes several joints of drill pipe connected end to
end, and the BHA includes one or more drill collars and a drill bit attached to an end
of the BHA. The BHA may further include additional components, such as
stabilizers, a downhole motor, MWD tools, and LWD tools, subs, hole enlargement
devices, jars, accelerators, thrusters, and/or a rotary steerable system, for example.
Therefore, in accordance with embodiments of the disclosure, a BHA may be a
single segment of drill pipe attached to a drill bit, or as complex as a multi-

component drill string that includes a kelly, a lower kelly cock, a kelly saver sub,

12
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several joints of drill pipe with tool joints, etc., and a multi-component BHA that
includes drill collars, stabilizers, and other additional specialty items (e.g., reamers,

valves, MWD tools, mud motors, rotary steerable systems, etc.) and a drill bit.

While the BHA is generally considered to include a drill bit, in the example
method discussed below, the detailed interaction of the drill bit with the bottomhole
surface during drilling is generally considered separately.  This separate
consideration of the drill bit in detail allows for the interchangeable use of any drill
bit model in the drilling tool assembly simulation as determined by the system
designer. Drill bits used and modeled in one or more embodiments of the disclosure
may include, for example, fixed cutter bits, roller cone bits, hybrid bits (bits having a
combination of fixed cutters and rolling cutting structure), bi-centered bits, reaming
bits, or any other cutting tool used during the drilling of earth formation. One of
ordinary skill in the art will appreciate that the drilling simulation method may
consider the drill bit jointly with the drilling tool assembly without departing from

the scope of the disclosure.

In one embodiment, the drilling simulation is based on a particular formation.
In other words, the drilling simulation is tailored to the geologic characteristics of
the formation of interest. The geologic characteristics of the formation may be
obtained through offset well data, field tests, predictions, or through any other
method known in the art.

Drilling simulation of a drilling tool assembly may assist in predicting the
direction of drilling. As mentioned above, the driller may require that directional
motors be used to “build” an angle in the well. A build angle is the rate that the
direction of the longitudinal axis of the well bore changes, which is commonly
measured in degrees per 100 feet. The extent of the build angle may also be referred
to as the “dogleg severity.” Another important directional aspect is the “walk” rate.
The walk rate refers to the change in azimuthal (compass) direction of the wellbore.
Control and prediction of the drilling direction is important for reaching target zones

containing hydrocarbons.

The dip angle is the magnitude of the inclination of the formation from

horizontal. The strike angle is the azimuth of the intersection of a plane with a

13



WO 2014/169291 PCT/US2014/034053

[0072]

[0073]

[0074]

[0075]

[0076]

horizontal surface. Other drilling operating parameters and well bore parameters are
also obtained. For the purposes of calibrating the model and having a baseline for

potential solutions, a drilling simulation using the drilling information and the

“previously used drilling tool assembly is performed.

Embodiments disclosed herein relate to comparing and/or analyzing BHA
performance against various criteria. Evaluation of BHA performance prior to
actually drilling a well by simulating the performance can save drilling operators
hundreds of thousands of dollars. By predicting failure and/or identifying likely
problems with a proposed drilling plan, operators can modify the equipment or the

drilling conditions to avoid a problem.

Figure 4 shows one embodiment of a method that involves the evaluation of a
BHA. As noted above, the drilling simulation may be performed using one or more
of the methods set forth in U.S. Patent Application Nos. 09/524,088 (now U.S.
Patent No. 6,516,293), 09/635,116 (now U.S. Patent No. 6,873,947), 10/749,019,
09/689,299 (now U.S. Patent No. 6,785,641), 10/852,574, 10/851,677, 10/888,358,
and 10/888,446, U.S. Patent No. 8,401,831, all of which are expressly incorporated

by reference in their entirety.

Figure 4 shows one embodiment of an analysis process in accordance with
disclosed embodiments. In the data input stage 400, the BHA design parameters,
well bore parameters, drilling operating parameters, and drilling constraints are

entered into a simulation program.

Examples of BHA design parameters include the type, location, and number of
components included in the drilling tool assembly; the length, ID, OD, weight, and
material properties of each component; the type, size, weight, configuration, and
material properties of the drill bit; and the type, size, number, location, orientation,
and material properties of the cutting elements on the drill bit. Material properties in
designing a drilling tool assembly may include, for example, the strength, elasticity,

and density of the material.

The present disclosure also allows for the use of dynamic inputs. Dynamic
inputs are an input whose value changes during the course of the simulation. For |

example, in certain embodiments provided below, the effect of “ramping up” the
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[0077]

[0078]

RPM may be analyzed. In such an embodiment, the RPM starts at zero and then
increases to a final rate set by the designer over the course of the simulation.
Similarly, the weight on bit and or the rate of penetration can be used as dynamic

inputs as well.

Well bore parameters may include the geometry of a well bore and formation
material properties. The trajectory of a well bore in which the drilling tool assembly
is to be confined also is defined along with an initial well bore bottom surface
geometry. Because the well bore trajectory may include either straight, curved, or a
combination of straight and curved sections, well bore trajectories, in general, may
be defined by parameters for each segment of the trajectory. For example, a well
bore may be defined as comprising N segments characterized by the length,
diameter, inclination angle, and azimuth direction of each segment and an indication
of the order of the segments (i.e., first, second, efc.). Well bore parameters defined
in this manner may then be used to mathematically produce a model of the entire
well bore trajectory. Formation material properties at various depths along the well
bore may also be defined and used. One of ordinary skill in the art will appreciate
that well bore parameters may include additional properties, such as friction of the

walls of the well bore and well bore fluid properties.

Drilling operating parameters typically include the rotary table (or top drive
mechanism), speed at which the drilling tool assembly is rotated (RPM), the
downhole motor speed (if a downhole motor is included) and the hook load.
Furthermore, drilling operating parameters may include drilling fluid parameters,
such as the viscosity and density of the drilling fluid, for example. It should be
understood that drilling operating parameters are not limited to these variables. In
other embodiments, drilling operating parameters may include other variables (e.g.
rotary torque and drilling fluid flow rate). Additionally, for the purpose of drilling
simulation, drilling operating parameters may further include the total number of
drill bit revolutions to be simulated or the total drilling time desired for drilling
simulation. Once the parameters of the system (i.e., drilling tool assembly under
drilling conditions) are defined, they may be used with various interaction models to

simulate the dynamic response of the BHA for a given drilling constraint.
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[0080]

[0081]

[0082]

In this embodiment, drilling constraints refer to the type of simulation being
performed. In this embodiment, they are normal drilling (i.e., no modifications);
RPM ramping up, while drilling; RPM ramping up, when off bottom; drilling
interbedded formations; drilling inhomogeneous formations; high well wall friction;
effect of eccentricity; and directional tendency.  Specifically, a set of drilling
constraints are applied, each having different operating conditions, excitations,
and/or environments, and BHA packages are directly compared against one another
under these constraints. While a number of drilling constraints are described with
respect to the below embodiments, those having ordinary skill in the art will

appreciate that other drilling constraints could be used.

After the data input stage 400, analysis stage 402 begins. In the analysis stage
402 a drilling simulation is performed, using simulation techniques described above.

Following the analysis stage 402, the method proceeds to the results stage 404.

In the results stage 404, various output are considered for determining which
BHA assembly may be preferred for a given criteria. Examples of information
produced in the result stage 404 includes rate of penetration (ROP), rotary torque
required to turn the drilling tool assembly, rotary speed at which the drilling tool
assembly is turned, drilling tool assembly lateral, axial, or torsional vibrations
induced during drilling, weight on bit (WOB), forces acting on components of the
drilling tool assembly, and forces acting on the drill bit and components of the drill
bit (e.g, on blades, cones, and/or cutting elements). Drilling performance
parameters may also include the inclination angle and azimuth direction of the

borehole being drilled.

In some embodiments, the simulation provides visual outputs. In one
embodiment, the visual outputs may include performance parameters. Performance
parameters, as used herein may include rate of penetration (ROP), forces
encountered, force imbalance, degree of imbalance, maximum, minimum, and/or
average forces (including but not limited to vibrational, torsional, lateral, and axial).
The outputs may further include stress information, bending moments, directional
data, RPM fluctuation, and other outputs that are shown in any of the incorporated

references, or are additionally shown herein.
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[0084]

[0085]

The outputs may include tabular data of one or more performance parameters.
Additionally, the outputs may be in the form of graphs of a performance parameter,
with respect to time, or with respect to location along the BHA, for example. When
the outputs are given based on location along the BHA the outputs may be presented
as an average value for each location as well as other percentages, such as 5%, 10%,
25%, 75%, 90%, and 95%. Other plots may include presentation of the results at a
minimum or maximum value, or any combination of those results. A graphical
visualization of the drill bit, drill string, and/or the drilling tools (e.g., a hole opener)
may also be output. The graphical visualization (e.g., 2-D, 3-D, or 4-D) may include
a color scheme for the drill string and BHA to indicate performance parameters at

locations along the length of the drill string and bottom hole assembly.

In this embodiment, four drilling criteria are analyzed. They are steerability;
stability; robustness; and measurement quality. Within steerability, the buildup rate,
dogleg severity, and other factors known in directional drilling, and explained in
more detail below may be analyzed. Factors that influence the steerability analysis
include, but are not limited to, the desired bore hole trajectory, various BHA
components such as bits, stabs, and flex joints, the formation type, and operating
parameters such as weight on bit, revolutions per minute, and the flow rate of

drilling mud.

Within stability, the vibration of the bit and BHA, including axial, lateral, and
rotational vibrations may be analyzed. Various drilling operations which may affect
BHA stability, such as drilling, forward or backward reaming, rotating off bottom,
reaming with a reamer, and the rotation of the BHA in a reamed section may be
analyzed. In addition, the behavior of the bit, reamer, stabs, drilling string wellbore
contact, mud motor, and rotary steerable system may be analyzed. The effects of the
well bore (as providing friction), imbalance or eccentricity of the system, and
WOB/RPM/Flow rate oscillation may be considered as well. In addition, the effects
of the formation (via interbedded formations or inhomogeneity) may be studied.
Damping factors, contact with the well bore, and surface control measures (such as

reducing torque) can be analyzed as well.
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

With respect to the overall robustness of the BHA, the various components
can be analyzed for excessive bending moments, torques, axial force, stress,
vibrations, contact forces, and buckling. Material aspects of each of the components
(such as the stiffness and modulus of elasticity) may be modified and analyzed for

their effects on the robustness of the BHA.

With respect to the measurement quality, LWD tool or other measurement tool
sensor positions may be analyzed. In particular, deformation and bending of the
drill string may cause the sensors to be off center. Further, the motion of sensors
(i.e., the dynamic movement of the sensor location) may be analyzed to predict
effects on sensor performance. The potential contact with the formation and that
effect on sonic tools, for example, may be analyzed. Sag of the BHA and its impact
on other drilling and instrumentation packages may be analyzed. Particularly,
deformation and bending of the drill string (or portions thereof) may cause the collar
angle to change, impacting sensor performance. Also, spacing from magnetic

components can be analyzed.

In this embodiment, the BHA is modeled with beam elements (using finite
element analysis (FEA) techniques as known in the art). Briefly, FEA involves
dividing a body under study into a finite number of pieces (subdomains) called

elements. Such a division is shown in Figure 17.

Particular assumptions are then made on the variation of the unknown
dependent variable(s) across each element using so-called interpolation or
approximation functions. This approximated variation is quantified in terms of

solution values at special element locations called nodes.

Through this discretization process, the method sets up an algebraic system of
equations for unknown nodal values which approximate the continuous solution.
Because element size, shape and approximating scheme can be varied to suit the
problem, the method can accurately simulate solutions to problems of complex

geometry and loading.

Each beam element has two nodes. For a MWD/LWD tool, for example, the

tool 1s divided into beam elements, based on the geometry of the tool and sensor
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[0093]

[0094]

[0095]

locations. The nodes are located at the division points of the elements. During the
simulation, the wellbore is drilled by the bit and propagates as the bit progresses. A
wellbore is formed from drilling. The BHA is confined in the wellbore. The BHA
moves dynamically during the simulation, depending on the loading and contacting

conditions as well as initial conditions.

When the BHA moves in the well bore, the nodes will have history of
accelerations, velocity, and displacement, etc. The location of the nodes referencing
to the well center or wellbore can be determined. The sensors have fixed location on
the tool. The sensors relative location can then be calculated. Some sensor

measurements can be affected by the movement of the BHA.

For example, the directional sensors in MWD measures inclination and
azimuth angle of the well. The directional sensor does not measure the angle of the
well directly. Instead, the directional sensor measures the angle of the MWD collar.
When the collar sags due to gravity, or bends due to dynamics, the angle of the
collar can vary. The measurement of the well by measuring the collar will introduce
more errors if sag/bend is more severe. As another example, LWD tools measuring
formation density can be affected by the gap between the sensor and the wellbore. If
the gaps keep changing, it can effect the density measurements. Thus, in one or
more embodiments, one or more BHA’s may be simulated according to one or more
drilling scenarios to analyze sag of the MWD or other measurement tools and/or to
consider changes in the distance between the MWED or other measurement tool and

the wellbore wall.

Representative results that are produced by the simulation include
accelerations at the bit, reamer, stabs and other locations; velocities at the bit,
reamer, stabs and other locations; displacements at the bit, reamer, stabs, and other
locations; the trajectory of the bit, reamer, stabs, and other locations; torque of the
bit, reamer, stabs, and other locations; and contact force of the bit, reamer, stabs, and
other locations. Any or all of these results may be produced in the form of a time

history, box and whisker plots, 2D or 3D animations and pictures.

Specifically, with respect to steerability, the well path trajectory, the well bore

diameter, the inclination angle, the azimuthal angle, the tool face angle, the build up
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~rate, and the drill string length / bend may be analyzed. With respect to the

robustness, the stress along the BHA, the internal force along the BHA (such as
bending moment, torque, and axial force) may be reviewed. With respect to
measurement quality, as noted above, the sensor location acceleration, velocity,

displacement, and center trajectory may be analyzed.

Returning to Figure 4, after the results stage 404, a recommendation stage 406
begins. In the recommendation stage 406, a proposed BHA design is selected based
on one at least one of the four criteria discussed above. In select embodiments, the
analysis stage 402 and the results stage 404 may be automated. If they are
automated, a designer enters in the inputs 400, and then the computer automates the
simulation and produces a pre-selected results package. In such an embodiment, the
reporting of the results may be standardized to produce a standard results package
for any series of inputs. In this manner, a number of BHA designs can be compared
against a standard series of reports. In the embodiment explained below, there are 8
types of analysis, and the user can select one of them or a combination of them. The
report will compare all the proposed BHA designs for the different analyzed

conditions.

Tuming to Figure 5, an overview of the simulation capabilities is shown.
Specifically, in Figure 5, a number of uses of the simulation is shown at 502.
Various objectives, including stability, steerability, durability, and measurement
quality are shown at 504. A number of modeling factors are shown at 506. In one
embodiment, the simulation may be used 502, to select or design one or more
cutting tools, such as reamers, or drill bits. The simulation may also be used to
optimize a BHA design. The simulation can be used to provide a “map” of drilling
parameters (i.e., to produce predicted drilling behavior for a given BHA under a
range of parameters). The simulation may also be used to troubleshoot problems
that have developed in the field (i.e., to perform an “autopsy” of drilling
performance, to predict what caused a drill bit, or a component of the BHA to fail).
The simulation may also be used to plan a well (i.e., to suggest to a drilling operator
how to drill a well, what components to include in the BHA, to suggest one or more

suitable drill bits, and how to target a production zone).
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[0099]

Still referring to Figure 5, the simulation may be used to satisfy a performance
criteria (or objective 504), as noted above. These performance criteria can include
one or more selected from stability (i.e., location at the vibrations at the drill bit, at
components of the BHA, or the overall vibration profile), steerability (i.e., predict
the build up rate, the dogleg severity, and walk rate), the efficiency (i.e., predict the
rate of penetration for a given BHA package in a given formation), the durability
(i.e., the resistance to material fatigue and/or failure), the well trajectory (including
inclination and azimuthal directions), and/or the measurement quality (i.e.,
predicting the quality of measurement as a function of reproduceability, nearness to

the borehole wall, and other considerations, discussed below).

Still referring to Figure 5, there are a number of factors 506, that the
simulation can include or a designer can modify. For example, within the subset of
cutting structures, a variety of tools can be modified or analyzed, such as PDC bits,
roller cone bits, bi-center bits, and reamers. Power tools, such as straight hole
motors, or straight hole turbines, can be modeled or modified as part of the analysis.
Steering tools, such as steerable motors, steerable turbines, rotary steerable systems
(push the bit, point the bit, and hybrid push/point systems) may all be modeled
and/or modified. Tubular components of a BHA such as drill pipe, heavy weight
drill pipe, drilling collars, and flex joints, may be added, modeled, or modified in the
simulation (including the location and number, as well as the material properties).
Various stabilizing tools such as stabilizers, roller reamers, and other stabilizers can
similarly be included in the modeling. Specialty BHA components, such as jars,
thrusts, and shock subs may also be included in the simulation. In addition, various
operating parameters may be used to predict performance of a BHA package, such
as the WOB and RPM. A number of drilling conditions, such as sliding, rotating,
steering, neutral, backwards or forwards reaming, or rotating off bottom, may also
be analyzed. Various wellbore properties, such as trajectory, tortuosity, hole size,
and friction, may also be analyzed. In addition, formation properties such as
interbedded formations, compressive strength of the formation, anisotropy, dip,

strike, and inhomogeneity of the formation may be analyzed as well.
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[00100] Turning to Figures 6A-6F an embodiment of the present disclosure is shown.
In Figure 6A, four competing BHA designs are shown (BHA1, BHA2, BHA3, and
BHA4). As shown in Figure 6A, BHA3 and BHA4 contain a secondary stabilizer
(602), or “stab,” located approximately 142 feet from the bit, that BHA1 and BHA2
do not possess. Turning to Figure 6B, the components of BHA1 are shown, and the
dimensions of each component are shown in the corresponding table. A PDC bit, in
this embodiment, 610 is located at the bottom of the BHA assembly. The PDC bit
610 has a number of cutting elements (shown in Figure 6F) that engage and cut the
formation. Moving up the BHA (towards the surface), Figure 6B contains a rotary
steerable system 611, and a receiver sub 612. BHAI also contains an MWD and
LWD apparatuses at 613 and 614, respectively. A pin / box crossover is also
modeled at 615. A 16.75” stabilizer is modeled at 616. Heavy weight drill pipe is
then modeled at 617 and 618. A filter sub is modeled at 619. A crossover is
modeled at 620, and another section of heavy weight drill pipe is modeled at 621. A
jar is modeled at 622, and another section of heavy weight drill pipe is modeled at
623. A long section of drill pipe (roughly 5,500 feet) is then modeled at 624. Those
having ordinary skill in the art will appreciate that these are merely representative of
BHA components and that more or less components may be included in the FEA

model.

[00101] Turning to Figure 6C, a layout for BHA2 is shown. The difference between
BHA1 and BHA2 is shown at 626, where BHA?2 has a larger stabilizer (17.25”) than
BHAIL. The other components remain identical to that shown in BHAl. Again,
those having ordinary skill in the art will appreciate that there is no restriction on the

differences between two (or more) BHA packages to be compared.

[00102] Turning to Figure 6D, a layout for BHA3 is shown. BHA1 and BHA3 have
similar components, except that BHA3 has an additional 16.75” stabilizer located
just below the filter sub 619. Similarly, turning to Figure 6E, a layout for BHA4 is
shown. BHA2 and BHA4 have similar components, except that BHA4 has an
additional 16.75” stabilizer 650 located just below the filter sub 619.

[00103] Each of the BHA designs has a number of components shown, such as drill

pipe, stabilizers, drill bits, stiffeners, reamers, collars, subs, and other components
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known in the art. Specifically, the designer inputs a series of information about the
drill string, as noted above in the input phase 400, and can produce a picture
showing the various selected components. The BHA’s shown in Figure 6A are
merely representative of the types of components that may be modeled, and no
restriction on the scope of the disclosure is intended by reference to components that
are or are not present. Those having ordinary skill in the art will appreciate that a
BHA package may contain some, all, or additional components than those shown in

Figure 6A. Figure 6B is a chart comparing the four competing BHA designs.

[00104] To analyze the performance of the competing BHA designs, Figure 7 shows
eight different simulation scenarios that are used as the drilling operating

parameters. More information about each of the scenarios is provided below.
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[00105] In the tables above, therefore, eight different drilling constraints are analyzed
for each of the four BHA packages to be analyzed. These constraints are not
intended to be all of the conditions possible, but rather are representative of the
types of drilling employed by various drillers. In particular, simulation 1 is a
baseline case, where “normal” drilling is performed (i.e., no additional constraints
are added). Simulation 2 is performed with the RPM increasing, while the bit is
drilling, as the WOB increases. Simulation 3 is performed with the RPM increasing,
while the bit is off-bottom, which is shown in the table where the WOB is listed as
NA.

[00106] Scenarios 2 and 3 are used to simulate the increasing of RPM from 0 to a
certain number, for example, from 0 to 300RPM. When the drill string is rotating at
different RPM, it may have different response. When the RPM is at or close to the
natural frequency of the drill string, the vibration will be more severe. By ramping
up the RPM, some critical rotating speed can be identified for different BHA’s. It is
desirable to have critical speed far away from the drilling operational range. By
optimizing a BHA package to avoid the critical speed, the BHA is more likely to
drill smoothly. By identifying a critical rotating speed, suggestions to the drilling
operator may be made to avoid those RPM when drilling or rotating off bottom to

reduce the chance of exciting severe vibration.

[00107] In simulation 4, the drilling between two formations types of interest is shown,
where the first formation is a soft shale formation having a compressive strength of
0-2 ksi, while the second formation is a hard carbonate formation having a

compressive strength of 15-20 ksi.

[00108] In simulation 5, nodules of inhomogeneous formation (i.e., mixed hard regions
and soft regions, within the same formation) are shown. Embodiments of the
present disclosure provide the ability to model inhomogeneous regions and
transitions between layers. With respect to inhomogeneous regions, sections of
formation may be modeled as pie-shaped regions, nodules, or as a series of layers. A
difference in radial direction between the regions may also be modeled. That is, a
user may define a section of a formation as including various non-uniform regions,

whereby several different types of rock are included as discrete regions within a
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single section. In particular, the user may define the number, size, and material

properties of discrete regions (within a selected base region.

[00109] With respect to multilayer formations, embodiments of the present invention
advantageously simulate transitions between different formation layers. As those
having ordinary skill will appreciate, in real world applications, it is often the case
that a single bit will drill various strata of rock. Further, the transition between the
various strata is not discrete, and can take up to several thousands of feet before a
complete delineation of layers is seen. This transitional period between at least two

different types of formation is called a “transitional layer,” in this application.

[00110] Significantly, embodiments disclosed herein provide an ability to analyze
BHA performance when drilling through a transitional layer, the bit will “bounce”
up and down as cutters start to hit the new layer, until all of the cutters are
completely engaged with the new layer. As a result, drilling through the transitional
layer mimics the behavior of a dynamic simulation. As a result, forces on the cutter,

blade, and bit dynamically change.

[00111] Simulation 6 is performed with a high well friction (increasing forces
associated with drilling and formation contact. In all of the simulations, the drill
string contacts the wellbore. The normal contact force is calculated based on the
motion of the nodes. The wellbore acts like a spring at the contact point. The node
pushes the spring, and the contact force depends on how far the node pushes the

spring.

[00112] There is a frictional force generated due to the contact. The magnitude of the
force is the normal force multiplied by the friction coefficient. The direction of the
frictional force is opposite to the speed of the node relative to wellbore. By
increasing friction, more drag force from the wellbore will result on the drill string.
This may cause more vibrations, increased torque to the surface, etc. Sometimes in
the field, the wellbore may have local doglegs, or ledges. Those imperfections will
generate more drag to the drillstring. The higher friction coefficient can be used to

simulate those conditions.

[00113] Simulation 7 is performed with an eccentric BHA, when a mass is rotating off

its center, it generates eccentric force. The force is proportional to the distance of the
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mass center to the rotating axis, and to the square of rotational speed. In the
simulation, a user can specify the eccentricity of a component, i.e. how far is the
center of mass is from the rotation axis. An eccentric force will be calculated and
applied to corresponding nodes. This is to simulate drill string components that have

non uniform mass distribution regarding to its nodes.

[00114] Simulation 8 is performed to predict directional drilling performance of the
four BHA packages.
[00115] Each of these various simulations provide different challenges for a BHA

designer. For example, in simulation 4, when transitioning from a soft formation to
a hard formation, the drilling action causes a moment at the bit that tends to buckle
the collar and deflect the collar from center line of the hole. Thus embodiments of
the present disclosure allow a BHA designer to compare various designs (as shown
below) under various criteria to determine the optimal BHA package for a given
well. Because of the number of different types of wells that are being drilled, it is
important to select an optimized BHA design for a given well. As shown below, by
analyzing various outputs, and selecting a BHA design that meets the criteria

explained above, an optimized BHA package can be developed.

[00116] Figure 8 and associated figures illustrate exemplary outputs associated with
simulation condition 1. The location of sensors and stabs are noted along the bottom
of the graphs in this simulation condition and subsequent simulations. They are
denoted as triangles (stab) and circles (sensor). BHA packages 3 and 4 contain an
additional stabilizer as compared to BHA 1 and 2, located approximately 140 feet
from the bit.

[00117] Figure 8A illustrates lateral drop in a range 0 — 200 feet from the bit for each
of the four BHA packages. All of the packages have an MWD / LWD system
located approximately 50 feet from the bit. In Figure 8A the average lateral
displacement for the simulation is shown. As can be seen from the figure, BHA
package 2 has the least amount of drop, which is shown on the Y-axis as a function
of bit distance (along the X-axis). For the relevant range, the largest sag
(approximately 2.25 inches) is shown in BHA 3, while BHA 2 has the smallest sag

at approximately 1.8 inches.
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[00118] Figure 8B illustrates the variation between lateral displacement at its highest
and lowest values (i.e., measures the range of lateral displacement). As shown in
Figure 8B, BHA1 has the lowest variation at the sensor (approximately 0.31 inches),
while BHA4 shows high variation at the sensor (approximately 0.5 inches). Figure
8B also shows that for the entire 200 foot range from the bit, BHA1 has the least
variation, while BHA3 and BHA4 have relatively high variation throughout the

entire analyzed length.

[00119] Figure 8C illustrates the collar deflection angle (caused by the lateral
displacement). As mentioned above, MWD measures the inclination and azimuth of
the hole. The collar bending angle can introduce a measuring error for each of the
BHA packages. In this simulation, all of the BHA’s have similar deflection angles

(as shown on the Y-axis).

[00120] Figures 8A-8C, therefore, can provide useful comparison for BHA packages
on the measurement quality. By decreasing the sag, or reducing the dynamic
bending angle variation, more precise measurements can be made when either
performing a static survey (i.e., when no movement of the BHA is occurring), or a

real-time survey (i.e., when the drill string is moving).

[00121] Figure 8D illustrates the average axial acceleration. Axial acceleration of a
node is in the direction tangent to the well path at the location of the node. Lateral
acceleration is the acceleration in the direction normal to the tangent. Axial
acceleration is measured in g-forces, as shown on the Y-axis, as a function of the
distance from the bit, shown on the X-axis for each of the BHA packages. Here,
BHA3 and BHA4 have higher average accelerations, over a longer period than
BHA1 and BHAZ2.

[00122] Figure 8E illustrates the average lateral acceleration (as measured in g-forces,
as shown on the Y-axis, as a function of the distance from the bit (X-axis)). Here,

BHA3 and BHA4 once again show higher lateral accelerations as compared to

BHA1 and BHA2.
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[00123] Figures 8D and 8E, therefore, can be used to provide a comparison of the
stability of the BHA package, as the lower the average acceleration in the lateral and

axial planes, the more stable the package will be.

[00124] Figure 8F illustrates the torque in a range 0-200 feet from the bit, measured in
pounds-feet (along the Y-axis). All of the BHA packages show similar torque
performance in this simulation. P5%, P95%, P50%, etc. are statistical representation
of a variable. For example, if we have a history of axial acceleration, we try to find
the statistic distribution of all the points. P5% number means that 5% of the points

are below this value, P95% number means 95% of the points are below this value.

[00125] Figure 8G illustrates the bending moment in a range 0-200 feet from the bit,
measured in pounds-feet (along the Y-axis). As shown in the figure, BHA3 and
BHA4 have a relatively high bending moment near the secondary stab (located
roughly 142 feet from the bit).

[00126] Figure 8H illustrates the Von Mises stress (i.e., plastic deformation) at a range
0-200 feet from the bit (measured in kilopounds per square inch). As can be seen
from the figure, BHA3 and BHA4 have very high max stresses at adjacent to the

secondary stab.

[00127] Figures 8F-8H, therefore, can be used as a comparison of durability of the
BHA package, as higher bending moments, torque, and stresses can result in

equipment failure, due to deformation.

[00128] Figure 8I illustrates the contact force (frictional force) associated with bore
hole contact with the BHA, as measured in kilopounds (along the Y-axis). In this
simulation, all of the BHA packages have similar profiles. The contact force is used

as a measure of both stability and durability of the BHA package.

[00129] Figure 8] illustrates the bit lateral acceleration for each of the BHA packages.
As shown in the figure, for this simulation, all of the BHA’s have similar bit lateral
acceleration. Lateral acceleration is an indicator of bit whirl. Cutters on a whirling
bit can move sideways, backward, and much faster than those on a true rotating bit.
The impact loads associated with this motion cause PDC cutters to chip, which, in

turn, accelerates wear. During backwards whirl, the instantaneous center of rotation
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moves around the face of the bit, in the opposite direction to the rotation of the bit.
This can cause cutters to be accelerated sideways and backwards, causing chipping
that can accelerate bit wear, reduce PDC bit life and reduce rate of penetration
(ROP). In addition, bit whirl results in very high downhole lateral acceleration,

which causes damage not only to the bit but also other components in the BHA.

[00130] Figure 8K illustrates the bit RPM’s as a function of the number of revolutions
of the bit. Here, all BHA’s show a wide variation in RPM’s, which is indicative of
high stick-slip. Stick slip occurs when a bit gets stuck in the formation it is drilling.
Because the drill string is relatively long compared to its stiffness, the drill string
can wind up and build torque in the string until the bit breaks free. When the drill
bit is stuck (RPM is approximately zero), the torque on the bit gradually increases.
At some point, the bit breaks loose leading to a sudden, rapid increase in the rotation
of the drill bit and a sudden decrease in torque. This process can occur in cycles for

long periods of time.

[00131] Stick slip is undesirable because it may be very damaging to drill string
components and can reduce ROP (rate of penetration). Connections can get over-
torqued and twist off. The bit can get severely damaged from the excessive RPM
and vibration that result from stick slip. It is often not apparent at the surface when
stick slip is occurring downhole. The drill string at the surface can appear to be

drilling smoothly even though the RPM at the bit is erratic.

[00132] Figure 8L illustrates the bit RPM as a box and whisker plot. Box and whisker
plots depict data in the box as the 25th and 75th percentile, and the band near the
middle of the box is always the 50th percentile (the median). In Figure 8L, the box
and whisker plots are used to generate a slip-stick index for each of the BHA

packages. The stick slip index is measured according to the following formula:
[00133] (95%-5%)/(2*median)

[00134] As shown in the table on Figure 8L, BHA1 and BHA2 have a lower stick-slip

rate, which is advantageous.
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[00135] Figure 8M illustrates the surface torque for each of the BHA packages.
Surface torque is also used as an indicator of stick-slip behavior for a BHA package.

In this simulation, all of the BHA packages have similar surface torque behavior.

[00136] Figure 9 and associated figures illustrate the results of simulation 2.
Simulation 2 details the case with surface RPM increasing from 10 RPM to 300
RPM, while the bit is on bottom, with an increase on WOB from 20 klbf to 40 klbf.
Simulation 2 is shown in the figures as three separate groups of figures, simulation
2-1 (RPM’s ramping at 20 klbf), simulation 2-2 (RPM’s ramping at 30 klbf), and
simulation 2-3 (RPM ramping at 40 klbf). Within this simulation, the RPM’s are
varied between 10 to 300RPM. First, the drill string is static. Then topdrive/kelly
can rotate the drillstring from the top. The RPM is gradually increased up. In this
case, initially the string is rotated at 10 RPM, then the RPM is increased to 300
within 3minutes. The time to reach final RPM can be adjusted by the user.

[00137] Figure 9A illustrates the lateral displacement variation for each of the BHA
packages. BHA1 and BHA2 have smaller variations at both the LWD/MWD sensor
and at the first stab, as compared to BHA3 and BHA4.

[00138] Figure 9B illustrates the effect of RPM ramping on the system. Particularly,
Figure 9B shows that BHA1 and BHA?2 are more stable during the ramping process,
as the magnitude of the lateral displacement variation is lower than compared with
BHA3 and BHA4. In this figure, the x-axis is the RPM’s at the LWD/MWD
location. Moreover, as can be seen from Figure 9B, BHA3 and BHA4 show an
extremely high variation at a critical speed of 110 RPM. This information can be

used by the designer to either warn the driller about this speed.

[00139] Figure 9C illustrates the effect of RPM ramping on the system at 30 klbf. In
particular, Figure 9C illustrates the change in performance between BHA1 and
BHA2. Whereas at 201bf (Figure 9B) WOB, BHA1 and BHA2 had very similar
performance, at the higher WOB, BHA2 is superior to BHAIL.

[00140] Figure 9D illustrates the effect of RPM ramping on the system, at the
MWD/LWD sensor location. Similar to Figure 9B, both BHA1 and BHA2 have

lower magnitudes of lateral displacement variation as compared with BHA3 and
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BHA4. BHA3 and BHA4 show high variations at approximately 100 RPM’s and
again at approximately 160 RPM’s.

[00141] Figure 9E illustrates the effect of RPM ramping on the system at 40 klbf
Here, the performance of BHA1 and BHA?2 is similar, while BHA3 and BHA4 have

significantly higher lateral displacement variations.

[00142] Figure 9F illustrates the effect of RPM ramping on the system at the
LWD/MWD sensor position. The RPM’s are shown on the x-axis. In Figure 9F,
BHAZ2 has the lowest magnitude of lateral displacement variation, whereas BHA3
and BHA4 have significantly higher lateral displacement variations. There is a
noticeable increase in lateral displacement variation in BHA3 and BHA4 at 90

RPM’s.

[00143] Figure 10 and associated figures illustrates the results of simulation 3, which
shows RPM’s increasing, with the drill bit off bottom.

[00144] Figure 10A illustrates the lateral displacement variation over the length of the
drill string, and shows that BHA1 has the lowest magnitude of displacement, while
BHA3 and BHA4 have significantly higher variations at the MWD/LWD sensor

location.

[00145] Figure 10B illustrates the lateral displacement variation as a function of
RPM’s at the MWD/LWD sensor location. In particular, BHA1 has the lowest
magnitude of lateral displacement variation, whereas BHA3 and BHA4 have
significantly higher magnitudes. In addition, all four BHA packages show large

variations around 160 RPM’s.

[00146] Figure 11 and associated figures illustrates the results of simulation 4, which is

a transition from soft formation drilling to hard formation drilling.

[00147] Figure 11A illustrates the lateral displacement occurring along the length of
the drill string. At the MWD / LWD sensor location, BHA2 has the lowest
displacement, while showing a high secondary peak near the first stab. BHA3

shows the highest displacement at the sensor, but has lower secondary peaks.

[00148] Figure 11B illustrates the lateral displacement variation occurring along the

length of the drill string. At the sensor location, BHA1 and BHA2 show
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significantly less lateral displacement variation at the sensor as compared to BHA3

and BHA4.

[00149] Figure 11C illustrates the bending deformation angle along the length of the
drill string. The sensors are located as pointed out by “control unit” and
MWD/LWD. At those locations, the deformation angle is smaller for BHA2, so

BHAZ2 is viewed as having the best measurement quality.

[00150] Figure 11D illustrates the axial acceleration along the length of the drill string
(from 0-200 feet from the bit). Figure 11D shows that the axial acceleration profiles
of all of the BHA packages is similar.

[00151] Figure 11E illustrates the lateral acceleration along the length of the drill string
(0-200 feet from the bit). Figure 11E shows that the lateral acceleration profiles of
the BHA packages is similar, but also shows that all of the packages show relatively

high lateral accelerations at the bit.

[00152] Figure 11F illustrates the torque along the length of the drill string (0-200 feet
from the bit). Figure 11F shows that the torque variation of all of the BHA packages

is substantially the same.

[00153] Figure 11G illustrates the bending moment along the length of the drill string
(0-200 feet from the bit). Figure 11G shows that while the BHA’s have similar
bending moments for the first 130 feet, BHA3 and BHA4 show higher bending

moments near the second stab (located about 140 feet from the bit).

[00154] Figure 11H illustrates the Von Mises stress along the length of the drill string
(0-200 feet from the bit). Figure 11H shows that the stress near the first stab
(located approximately 80 feet from the bit) is significantly higher in BHA1 and
BHA2, while stress near the second stab (located approximately 140 feet from the
bit) is significantly higher for BHA3 and BHAA4.

[00155] Figure 111 illustrates the contact force along the length of the drill string (0-
200 feet from the bit). Figure 111 shows that while the contact forces are roughly
similar, BHA1 and BHA2 show slightly higher contact forces at the second stab
(located at approximately 140 feet from the bit).
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[00156] = Figure 11J illustrates the bit lateral acceleration force as a function of
revolutions of the drill bit. Figure 11J shows that all of the BHA packages show

similar lateral acceleration patterns.

[00157] Figure 11K illustrates the bit RPM’s as a function of revolutions of the drill
bit. Figure 11K shows that the BHA packages have similar bit RPM’s. Both
Figures 11J and 11K illustrate the formation changeover, as the profiles dramatically

change as the formation transitions from soft to hard (around 240 revolutions of the

bit).

[00158] Figure 11L illustrates the bit RPM as a Box and Whisker plot. Using these
plots, the stick-slip index is calculated, as discussed above, and shows that BHA1

and BHA?2 have slightly lower stick-slip than BHA3 and BHAA4.

[00159] Figure 11M illustrates the surface torque as a function of bit revolutions.
Figure 11M shows that the all of the BHA packages show similar torque variation
patterns as the bit transitions from soft to hard formation (at around 240

revolutions).

[00160] Figure 12 and the associated figures illustrates the effect of simulation 5,
which pertains to the drilling of an inhomogeneous formation (i.e., mixed pockets of

hard and soft formation).

[00161] Figure 12A illustrates the lateral displacement along the length of the drill
string (0-200 feet from the bit). BHA1 and BHA2 show similar, relatively low sag
at the sensor location, while having a higher secondary peak. BHA3 and BHA4

have higher sag at the sensor location, while having lower secondary peaks.

[00162] Figure 12B illustrates the lateral displacement variation along the length of the
drill string (0-200 feet from the bit). In Figure 12B BHA1 shows the lowest lateral
displacement variation at the sensor, while BHA3 and BHA4 show significantly

higher lateral displacement variation.

[00163] Figure 12C illustrates the bending deformation angle along the length of the
drill string (0-200 feet from the bit). Near the drill collar, this angle is referred to as
the collar deflection angle. Ash shown in Figure 12C, BHA2 has the lowest
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deflection angle (best for measurement quality), while BHA3 has a higher deflection

angle.

[00164] Figure 12D illustrates the axial acceleration along the length of the drill string
(0-200 feet from the bit). All of the BHA packages have similar profiles, and show

a relatively low axial acceleration at the bit.

[00165] Figure 12E illustrates the lateral acceleration along the length of the drill string
(0-200 feet from the bit). As in Figure 12D, all of the BHA packages have similar

profiles, but show a relatively high lateral acceleration at the bit.

[00166] Figure 12F illustrates the torque along the length of the drill string (0-200 feet
from the bit). All of the BHA packages have similar profiles.

[00167] Figure 12G illustrates the bending moment along the length of the drill string
(0-200 feet from the bit). Cross checking these results against the BHA component
locations can determine which components have stress peaks, and, therefore, which

components are more likely to fail.

[00168] Figure 12H illustrates the Von Mises stress along the length of the drill string
(0-200 feet from the bit). In Figure 12H, BHA3 and BHA4 show substantially
higher stress profiles, particularly near the second stab (around 140 feet from the
bit).

[00169] Figure 121 illustrates the contact force along the length of the drill string (0-
200 feet from the bit). BHA1 and BHA2 show a slightly higher contact force at the
second stab (around 140 feet from the bit) than either BHA3 or BHA4.

[00170] Figure 127 illustrates the bit lateral acceleration as a function of revolutions.

All of the BHA packages show a similar bit lateral acceleration profile.

[00171] Figure 12K illustrates the bit RPM’s as a function of the number of
revolutions. While all of the BHA packages show a similar profile, the profile is

indicative of high stick-slip (as shown by the large variations in magnitude).

[00172] Figure 12L is a Box and Whisker plot of the data from Figure 12K, and is used
to calculate a stick-slip index, as discussed above. All of the BHA packages have
similar (high) stick-slip.

38



WO 2014/169291 PCT/US2014/034053

[00173] Figure 12M illustrates the surface torque occurring as a function of the number

of revolutions. All of the BHA packages show similar surface torque variations.

[00174] Figure 13 and the associated figures illustrate the effects of simulation 6,
which pertains to a high well friction case. As noted above, a number of factors can
affect the friction of the well, such as formation type, (i.e., sandstone usually has
higher friction than shale), lost of circulation, poor hole cleaning, micro doglegs,

ledges, hole diameter changes (non smooth hole).

[00175] Figure 13A illustrates the lateral displacement along the length of the drill
string (0-200 feet from the bit). In Figure 13A, all of the BHA packages show a

similar lateral displacement profile.

[00176] Figure 13B illustrates the lateral displacement variation along the length of the
drill string (0-200 feet from the bit). Figure 13B shows that BHA2 has a lower
lateral displacement variation at the sensor location, while the remaining packages

have similar lateral displacement variation.

[00177] Figure 13C illustrates the bending deformation angle along the length of the
drill string (0-200 feet from the bit). Figure 13C shows that, for this simulation, all
of the BHA packages have similar bending deformation angles at the sensor, but

have different profiles along the rest of the string.

[00178] Figure 13D illustrates the axial acceleration along the length of the drill string
(0-200 feet from the bit). Figure 13D illustrates that all of the BHA packages see
high axial acceleration at the bit stabilizer (approximately 14 feet from the bit).
BHA3 and BHA4 show additional high axial acceleration at the second stab (located
140 feet from the bit).

[00179] Figure 13E illustrates the lateral acceleration along the length of the drill string
(0-200 feet from the bit). In Figure 13E, all of the BHA packages show high lateral
acceleration until the first stab (at approximately 70 feet). BHAI1 and BHA2 then
show a decrease in lateral acceleration along the rest of the length, while BHA3 and
BHA4 show a relatively high, flat, lateral acceleration pattern, in the presence of the

second stab (located at approximately 140 feet from the bit).
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[00180] Figure 13F illustrates the torque along the length of the drill string (0-200 feet
from the bit). In Figure 13F, all of the BHA packages have extremely high torque

along the entire analyzed length, but the average torque is lowest in BHA1.

[00181] Figure 13G illustrates the bending moment along the length of the drill string
(0-200 feet from the bit). In Figure 13G, all of the BHA packages have extremely
high bending moments, which, as mentioned above, is a function of bit whirl. Bit
whirl causes bending along the components of the drill string away from the bit, and

can result in significant damage to various components.

[00182] Figure 13H illustrates the Von Mises stress along the length of the drill string
(0-200 feet from the bit). Figure 13H shows that very high stresses are found along
the entire analyzed length for all of the BHA packages. This, in combination with
the bending moment data, is indicative that fatigue failure may result along the drill
string, during bit whirl. The presence of a secondary stab (found in BHA3 and
BHA4 at approximately 140 feet) results in significantly increased stresses in the

upper portions of the BHA (located beyond the secondary stab).

[00183] Figure 13[ illustrates the contact force along the length of the drill string (0-
200 feet from the bit). As shown in Figure 131 a significant contact force exists for
all BHA packages at the stabilizer as well on the MWD/LWD collar. Overall BHA1
exhibits a lower contact force than BHA2, BH3, or BHA4.

[00184] Figure 13] illustrates the bit lateral acceleration as a function of the number of
revolutions. As shown in Figure 13J, all of the BHA packages show relatively high

bit lateral accelerations over all of the revolutions.

[00185] Figure 13K illustrates the bit RPM’s as function of the number of revolutions.
As shown in Figure 13K, the RPM variation is lower than in simulation 1 (normal

drilling) for all of the BHA packages.

[00186] Figure 13L shows a Box and Whisker plot of the data from Figure 13K. The
Box and Whisker plot is used to calculate a stick-slip index. As can be seen from
the table in Figure 131, BHA1 and BHA?2 have lower stick-slip indexes than BHA3
and BHA4.
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[00187] Figure 13M illustrates the surface torque as a function of the number of bit
revolutions for each of the four BHA packages. As can be seen from Figure 13M,
BHA1 and BHA2 have comparatively lower surface torques as compared to BHA3
and BHAA4.

[00188] Figure 14 and the associated figures illustrate the effect of eccentricity for
each Due to application needs, some components will have eccentricity. For
example, some LWD tool will have sensors located on one side of the tool on the

BHA packages.

[00189] Figure 14A illustrates the lateral displacement over the length of the drill
string (0-200 feet from the bit). As can be seen from Figure 14A, BHAI has
significantly less sag than BHA2, BHA3, or BHA4. As noted above, by reducing

sag in the MWD/LWD sensor section, better measurement quality may be achieved.

[00190] Figure 14B illustrates the lateral displacement variation over the length of the
drill string (0-200 feet from the bit). As shown in Figure 14B, BHA1 has the lowest
lateral displacement variation at the MWD/LWD sensor. Additionally, BHA3 and
BHA4 show significant lateral displacement variation above the first stab (after

approximately 70 feet from the bit).

[00191] Figure 14C illustrates the bending deformation angle over the length of the
drill string (0-200 feet from the bit). As shown in Figure 14C, BHA2 has the lowest
deflection angle, and is, therefore, predicted to have the best measurement quality in

terms of deformation angle.

[00192] Figure 14D illustrates the axial acceleration over the length of the drill string
(0-200 feet from the bit). As shown in Figure 14D, BHA2 is predicted to have the
lowest axial acceleration, which is particularly noticeable at the bit. This is a

comparison between the sizes of stabilizers used in different BHAs (Figure 6A).

[00193] Figure 14E illustrates the lateral acceleration over the length of the drill string
(0-200 feet from the bit). As can be seen in Figure 14E, BHA2 is predicted to have

the lowest lateral acceleration at the bit. ’

[00194] Figure 14F illustrates the torque over the length of the drill string (0-200 feet
from the bit). As shown in Figure 14F, BHA1 has the highest average torque, while
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having the smallest torque variation. Average torque and torque variation amplitude
both affect fatigue life of components and connections between the components.
Lower average torque and lower variation are viewed as preferred (i.c., associated

with lower failure rates).

[00195] Figure 14G illustrates the bending moment along the length of the drill string
(0-200 feet from the bit). As shown in Figure 14G, BHA?2 is predicted to have the
lowest bending moment, although all of the BHA’s show relatively high bending
moment between the bit and the first stab, which is an indicator that bit whirl may

occur.

[00196] Figure 14H illustrates the Von Mises stress along the length of the drill string
(0-200 feet from the bit). As shown in Figure 14H, BHA?2 is predicted to have the
lowest stress amongst the BHA packages, while BHAI is predicted to have the

highest stresses.

[00197] Figure 14l illustrates the contact force along the length of the drill string (0-
200 feet from the bit). As shown in Figure 141, BHAI is predicted to have the
highest contact force amongst the BHA packages.

[00198] Figure 14J illustrates the bit lateral acceleration as a function of bit
revolutions. As shown in Figure 147, all of the BHA packages are predicted to enter
into a whirling state, which leads to a dramatic rise in bit lateral acceleration,
although BHA2 goes the most number of rotations prior to entering into a whirl
state. Whirl is a dynamic motion caused by excitation, wellbore contact and friction,
and needs a gap between the component and the wellbore. For this setup, eccentric

force is one of the major excitation.

[00199] Figure 14K illustrates the bit RPM’s as a function of bit revolutions. This is
the response of the system with the analyzed conditions. Initially, the BHA and bit
has torsional oscillation. The RPM varies up and down. Then the system changes its

motion. RPM variation is reduced, but the BHA and bit have more lateral vibration.

[00200] Figure 14L is a Box and Whisker plot of the data of Figure 14K. As with
similar other figures, the Box and Whisker plot is used to create a stick-slip index.

BHA3 i1s predicted to have the lowest stick-slip.
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[00201] Figure 14M is a plot of the surface torque as a function of bit revolutions. In
Figure 14M, the surface torque increases dramatically as the drilling becomes

laterally unstable (i.e., once bit whirl begins).

[00202] Figure 15 and the associated figures show the result of simulating the four
BHA packages in simulation scenario 8, which predicts the performance of the

packages in directional drilling applications.

[00203] Figure 15A shows the bit walk / drop path behavior for each of the four BHA
packages. Outputs include the inclination angle and the azimuthal angle. All of the

BHA'’s are shown has having similar bit walk tendencies.

[00204] Figure 15B shows the well inclination measured as a function of degrees

versus the measured depth (MD). All of the BHA’s show similar well inclinations.

[00205] Figure 15C shows the well azimuth measured as a function of degrees versus

the measured depth. Again, all of the BHA’s show similar well azimuth.

[00206] Figure 15D shows the dogleg severity of the well, measured as a function of
the rate (degrees per 100 ft) versus measured depth. All of the BHA’s show
approximately the same (roughly 7.5 degrees / 100 ft) dogleg severity.

[00207] Figure 15E shows the tool face angle, measured as a function of degrees
versus measured depth. BHA1l and BHA2 show a higher tool face angle as
compared to BHA3 and BHA4. A figure, depicting the well tool face angle is
provided as Figure 18.

[00208] Figure 15F shows the build up rate, measured as a function of rate (degrees
per 1001t) versus measured depth. BHA1 and BHA3 show a slightly higher build up
rate, which is due to the presence of a smaller stab (16.75” in BHA1 and BHAS3 as
compared to 17.25” in BHA2 and BHA4).

[00209] Figure 15G shows the walk rate, measured as a function of rate (degrees per
100 feet) versus measured depth. BHA3 and BHA4, which possess a second stab
tend to walk slightly less than BHA1 and BHA2.

[00210] By reviewing these plots, the BHA designer can select the appropriate BHA

system depending on the desired application. For example, if BHA eccentricity or
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high well friction is expected, BHA2 would likely be selected. If for example, high
sensor measurement quality is desired, BHA2 is also preferred. For directional
drilling applications, BHA3 and BHA4, which have a higher build up rate and a
slightly lower walk tendency, without increasing the dogleg severity, would be
preferred. BHA1 and BHA2 tend to show the best stability and durability across all

simulation scenarios.

[00211] Visual outputs that may be used in the present disclosure, in addition to those
shown an described above, include any output shown or described in any of U.S.
Patent Application Nos. 09/524,088 (now U.S. Patent No. 6,516,293), 09/635,116
(now U.S. Patent No. 6,873,947), 10/749,019, 09/689,299 (now U.S. Patent No.
6,785,641), 10/852,574, 10/851,677, 10/888,358, 10/888,446, all of which are

expressly incorporated by reference in their entirety.

[00212] Embodiments of the present disclosure, therefore, allow a BHA designer to
compare and contrast performance characteristics of the BHA under various drilling
scenarios. A different drilling scenario, as used herein, means that for a given BHA,
a simulation is run under one of the seven drilling simulation scenarios discussed
above (i.e., not a “normal” drilling condition). The performance of a given BHA
may be run through all eight scenarios in certain embodiments, but in other
embodiments, only a subset of the eight scenarios will be simulated. The above
identified scenarios provide a suitable selection of drilling processes to allow a BHA
designer to make an informed judgment as to the likely performance of a given BHA

design.

[00213] In selected embodiments, the present disclosure allows a BHA designer to
investigate the performance of multiple BHA’s having a dynamic input. A dynamic
input is an input that varies during the course of a simulation. For example, the
RPM may be varied with the bit either drilling or not drilling, to determine a critical
speed to be avoided during drilling. Similarly, the weight on bit may be varied over
the course of the simulation from O to a selected value, or between two higher
values. Similarly, the rate of penetration of the BHA may be entered as a dynamic
input, and allowed to change over the course of the sfmulation. By having a

dynamic input, selected embodiments of the present disclosure may allow a BHA
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designer to suggest operating parameters to be avoided, or to be used by a driller

when actually drilling a well.

[00214] In selected embodiments, the present disclosure allows a BHA designer to
review the performance of the BHA as a function of location along the BHA. By
providing outputs that show performance as a function of length, the BHA designer
can get information indicative of locations with high stress, high vibration, high
accelerations, or other deleterious effects. The BHA designer can then add, remove,
or move components on the BHA to improve, modify, or remove these deleterious
effects. In addition, information about sensor performance can be predicted based
on the outputs at at the sensor location. By allowing a designer to review locational

information, the overall performance of the BHA may be improved.

[00215] Thus, by employing various drilling scenarios, a BHA designer can select the
appropriate BHA package for a selected optimizing criteria, such as stability,
durability, robustness, or measurement quality. If none of the packages have
suitable performance, a designer may modify the location of certain pieces of the
BHA package (as listed above), or add or remove pieces of the BHA package.
Advantageously, therefore, selected embodiments provide for a method by which
various BHA packages can be simulated and their performance predicted, prior to
drilling a well. Given an optimizing criteria, multiple BHA packages can be quickly

assessed to determine an optimal BHA package for a drilling application.

[00216] Because there are eight different scenarios in this embodiment, which are
important to the BHA designer, in the interest of reducing time, the process may be
automated.  Figure 16 illustrates a method for automating the analysis /
recommendation process described above. Specifically, at step 1600 data is input
into the system, along with setting a report format, and identifying a simulation
scenario. At step 1602, a simulation scenario is run, generating data for each of the
BHA designs input at step 1600. At step 1604, the data is output in a report that

includes graphical displays along with a recommendation of BHA package.

[00217] FIG. 19 depicts a system with which one or more embodiments of the present
disclosure may be implemented. In one or more embodiments, one or more of the

modules and elements shown in FIG. 19 may be omitted, repeated, and/or
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substituted. Accordingly, embodiments of selecting a BHA, designing a BHA, or
optimizing a BHA should not be considered limited to the specific arrangements of

modules shown in FIG. 19.

[00218] In one or more embodiments, a BHA may be selected, designed, or optimized.
Referring to FIG. 19, a system 1900 includes a computing device 1902 having one
or more computing processors 1906, one or more storage devices 1908 (e.g., a hard
disk, an optical drive such as a compact disk (CD) drive or digital versatile disk
(DVD) drive, a flash memory stick, etc.), memory 1910 (e.g., random access
memory (RAM), cache memory, flash memory, etc.), and a graphical user interface
(GUI) 1912. The computing processor(s) 1906 may be an integrated circuit for
processing instructions. For example, the computing processor(s) may be one or
more cores, or micro-cores of a processor. The storage device(s) 1908 (and/or any
information stored therein) may be a data store such as a database, a file system, one
or more data structures (e.g., arrays, link lists, tables, hierarchical data structures,
etc.) configured in a memory, an extensible markup language (XML) file, any other
suitable medium for storing data, or any suitable combination thereof. The storage
device(s) 1908 may be a device internal to the computing device 1902.
Alternatively, the storage device(s) 1908 may be an external storage device
operatively connected to the computing device 1902. Additionally, the computing

device 1902 may include numerous other elements and functionalities.

[00219] The computing device 1902 may be communicatively coupled to a network
1904 (e.g., a local area network (LAN), a wide area network (WAN) such as the
Internet, mobile network, or any other type of network) through wires, cables, fibers,
optical connectors, a wireless connection, or a network interface connection (not

shown).

[00220] The system 1900 may also include one or more input device(s) 1914, such as a
touchscreen, keyboard, mouse, microphone, touchpad, electronic pen, or any other
type of input device. Further, the system 1900 may include one or more output
device(s) 1916, such as a screen (e.g., a liquid crystal display (LCD), a plasma
display, touchscreen, cathode ray tube (CRT) monitor, projector, 2D display, 3D

display, or other display device), a printer, external storage, or any other output
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device. One or more of the output device(s) 1916 may be the same or different from
the input device(s). The input and output device(s) may be locally or remotely (e.g.,
via the network 1904) connected to the computer processor(s) 1906, memory 1910,
storage device(s) 1908, and GUI 1912. Many different types of systems exist, and

the aforementioned input and output device(s) may take other forms.

[00221] Further, one or more elements of the aforementioned system 1900 may be
located at a remote location and connected to the other elements over a network 504.
Further, embodiments of the disclosure may be implemented on a distributed system
having a plurality of nodes, where each portion of the disclosure may be located on a
different node within the distributed system. In one embodiment of the disclosure,
the node corresponds to a distinct computing device. Alternatively, the node may
correspond to a computer processor with associated physical memory. The node
may alternatively correspond to a computer processor or micro-core of a computer

processor with shared memory and/or resources.

[00222] The GUI 1912 may operated by a user (e.g., an engineer, a designer, an
operator, an employee, or any other party) using one or more input devices 1914 and
the GUI 1912 may be visualized one or more output devices 1916 coupled to the
computing device 1902. The GUI 1912 may include one or more buttons (e.g., radio
buttons), data fields (e.g., input fields), banners, menus (e.g., user input menus),
boxes (e.g., input or output text boxes), tables (e.g., data summary tables), sections
(e.g., informational sections or sections capable of minimizing/maximizing), screens
(e.g., welcome screen or home screen), and/or user selection menus (e.g., drop down
menus). In addition, the GUI 1912 may include one or more separate interfaces and

may be usable in a web browser or as a standalone application.

[00223] Although the output device(s) 1916 is shown as being communicatively
coupled to the computing device 1902, the output device(s) 1916 may also be a

component of the computing device 1902.

[00224] In FIG. 19, the computing device 1902 is capable of simulating a BHA. The
BHA to be simulated may be selected, by a user, from a pre-existing library of
BHAs (not shown) or a BHA may be customized and/or modified, by the user, using

the GUI 1912 of the computing device 1902. The user may customize the BHA by
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inputting or selecting a variety of drilling components (e.g., type of drill, number of
cutters, material properties of the drill, or any other BHA or bit parameter known in

the art or disclosed herein).

[00225] Additionally, the simulation may be customized by inputting or selecting a
variety of well bore parameters and drilling operating parameters. To modify the
BHA and/or customize the BHA or simulation, the user may access storage
devices(s) 1908 using any input means known in the art (e.g., input device(s) 1914).
The storage device(s) 1908 is capable of having data stored thereon and may
include, for example, rock profiles, BHA parameters and components, and/or
drilling operating parameter, among many others. Once the user customizes the
BHA and other simulation parameters, the computing device 1902 may execute
instructions on the computing processor(s) 1906 to perform a simulation based on

the customized BHA and the parameters selected or input by the user.

[00226] In addition, the BHA may be selected for simulation or modified based on data
input or selected by the user. The user may also modify a BHA based on particular
drilling operating parameters, wellbore parameters, or any other conditions known in
the art or disclosed herein. For example, a user may determine a preferred WOB or
ROP and may modify the BHA accordingly taking into account the preferred WOB
and/or ROP, among others using the GUI 1912.

[00227] Once the user customizes the BHA and other simulation parameters, the
computing device 1902 may execute instructions on the computing processor(s)
1906 to perform a simulation based on the customized BHA and the parameters
selected or input by the user. The drilling simulation may be performed using one or
more of the methods set forth above. Executing the simulation generates a set of
performance data. In some cases, the set of performance data generated may depend
on the data selected or input by the user and may include instructions to generate
specific performance data, as mentioned above. In other embodiments, performance
criteria may be selected and/or generated by the executed simulation. Performance
criteria may include one or more of stability, robustness, measurement quality, and
steerability of the BHA package for example. Those of ordinary skill would

appreciate that other performance criteria may be selected and/or generated.
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[00228] After simulation, stability, robustness, measurement quality, and steerability or
other performance factors may then be visualized by the GUI 1912 on the output
device(s) 1916. In one embodiment, the visual outputs may include tabular data of
one or more performance parameters. Additionally, the outputs may be in the form
of graphs and may be represented as percentages or ratios. A graphical visualization
of the borehole, drill bit, blades, and/or cutters may be output. The graphical

visualization (e.g., 2-D, 3-D, or 4-D) may include a color scheme.

[00229] Once presented with the performance factors, the user may modify at least one
BHA parameter, wellbore parameter, and/or drilling operating parameter.
Modification may involve selecting a parameter from pre-existing values or
inputting the parameter to obtain a modified BHA, wellbore, and/or drilling
operation. The pre-existing values may depend on manufacturing capabilities or
geometries of the components of the BHA and may depend on a given performance
criteria. For example, a user may select one or more parameters to optimize or fall

within a threshold of a selected criteria or desired performance.

[00230] After modification, a second simulation may be executed by the computing
device 1902. The second simulation may include the modified parameter to be
simulated. The simulation may be executed by the computing device 1902 using the
processor(s) 1906 to generate a second set of performance data. The drilling
simulation may be performed using one or more of the methods set forth above.
Once generated, the initial set of data along with the second set of data may be
presented using GUI 1912 and output device(s) 1916. The sets of data may be
presented to the user for comparison and may be presented separately or combined.
The sets of data may be presénted or visualized using any tools known in the art,

such as, for example, plots, graphs, charts, and logs.

[00231] Additionally, a second simulation may occur simultaneously with the first
simulation. For example, an engineer may select a number of BHAs to operate in
particular wellbore and drilling operating conditions. The engineer may then run a

simulation of the number of BHAs in order to compare one BHA to another.

[00232] During implementation, data may be acquired and/or measured in the field.

The obtained data may then be used to compare to one or more field
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acquired/measured parameters to one or more parameters generated by simulation.
Additionally, obtained data may be used as input to a simulation, such that one or
more performance parameters may be generated by simulations based on the
obtained data. Thereafter, modifications to input parameters such as, for example,
BHA or drilling operating parameters, may be made in order to optimize a BHA

package.

[00233] Although only a few example embodiments have been described in detail
above, those skilled in the art will readily appreciate that many modifications are
possible in the example embodiments without materially departing from this
disclosure. Accordingly, all such modifications are intended to be included within
the scope of this disclosure as defined in the following claims. In the claims, means-
plus-function clauses are intended to cover the structures described herein as
performing the recited function and not only structural equivalents, but also
equivalent structures. Thus, although a nail and a screw may not be structural
equivalents in that a nail employs a cylindrical surface to secure wooden parts
together, whereas a screw employs a helical surface, in the environment of fastening
wooden parts, a nail and a screw may be equivalent structures. It is the express
intention of the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for any
limitations of any of the claims herein, except for those in which the claim expressly

uses the words ‘means for’ together with an associated function.
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CLAIMS
What is claimed:

1. A method for selecting a bottomhole assembly, comprising:
selecting a drilling criteria;
performing a dynamic simulation of a first bottomhole assembly that includes at least
one drill bit, a measurement sensor, and a stabilizer;
outputting results predicting a performance of the first bottomhole assembly that are

indicative of a measurement quality for the measurement sensor.

2. The method of claim 1, further comprising:
comparing the measurement quality of the first bottomhole assembly against a second

bottomhole assembly.

3. The method of claim 2, wherein the comparing includes reviewing outputs relating to
at least one of a collar deflection angle and a lateral displacement at the measurement

sensor location.

4. A method for selecting a bottomhole assembly, comprising:
selecting a drilling criteria;
performing a dynamic simulation of a first bottomhole assembly that includes at least
one drill bit, wherein the dynamic simulation comprises a dynamic input; and

outputting results predicting a performance of the first bottomhole assembly.

5. The method of claim 4, wherein the dynamic input comprises revolutions per minute

of the bottomhole assembly.
6. The method of claim 4, wherein the dynamic input comprises weight on bit.
7. The method of claim 4, wherein the dynamic input comprises rate of penetration.

8. A method for selecting a bottomhole assembly, comprising:

performing a first dynamic simulation of a first bottomhole assembly;
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10.

11

12.

13

14.

performing at Jeast a second dynamic simulation of the first bottomhole assembly,
wherein the at least a second dynamic simulation comprises a different
constraint than the first dynamic simuiation; and

outputting results for both the first dynamic simulation and the second dynamic
simulation, wherein the results comprise at least one output showing

performance as a function of position along the bottomhole assembly.

The method of claim 8, further comprising calculating a stick-slip index for the first

bottomhole assembly.

The method of claim 8, further comprising:

performing the first dynamic simulation with at least a second bottomhole assembly;

performing the at least a second dynamic simulation with the at least a second
bottomhole assembly;

outputting results for the at least a second bottomhole assembly; and

comparing the results of the first dynamic simulation and the at least a second
dynamic simulation for the first bottomhole assembly and the at least a second
bottomhole assembly; and

selecting a bottomhole assembly based on the comparing.

. The method of claim 10, wherein the comparing the results comprises automatically

generating a preselected series of reports indicating performance of the first

bottomhole assembly and the at least a second bottomhole assembly.

The method of claim 10, wherein the comparing the results includes reviewing a
stick-slip index of the first bottomhole assembly and the at least a second bottomhole

assembly.

. The method of claim 10, wherein the comparing comprises reviewing at least one of a

steerability, robustness, measurement quality, and stability of the first bottomhole

assembly and the at least a second bottomhole assembly.

The method of claim 10, wherein the second dynamic simulation comprises a scenario

selected from the group of high frictional force, RPM ramping while drilling, RPM
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ramping with bit not drilling, interbedded formation, inhomogeneous formation,

eccentric bottomhole assembly, and directional drilling.

15. A system for selecting a bottomhole assembly (BHA), comprising:
a computing device comprising a computing processor executing instructions to
perform:
executing a first simulation of a first BHA that includes at least one drill bit, a
measurement sensor, and a stabilizer, the first simulation generating a
first set of performance data, and
the computing device comprising a graphical user interface executing on the computer
processor with functionality to perform:
inputting a selected drilling critera,
presenting, on the graphical user interface, the first set of performance data
from the first simulation, and
selecting a BHA based on a comparison of the first set of performance data

and the selected drilling criteria.

16. The system of claim 15, wherein the computing device further comprises the
computing processor executing instructions to perform:
executing a second simulation of a second BHA that includes at least one drill
bit, a measurement sensor, and a stabilizer, the second simulation
generating a second set of performance data, and
wherein the computing device further comprises the graphical user interface executing
on the computer processor with functionality to perform:
modifying, based on the first set of performance data, at least one parameter
selected from the group consisting of BHA parameters, wellbore
parameters, and the drilling operating parameters, wherein modifying
involves changing a value of the at least one parameter to obtain a
modified parameter,
presenting, on the graphical user interface, the second set of performance data
from the second simulation, the second simulation based on the

modified parameter, and
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17.

18.

19.

20.

21.

22.

23.

selecting a BHA based on the first set of performance data, the second set of

performance data, and the selected drilling criteria.

The system of claim 16, wherein presenting further comprises:
visualizing, on the graphical user interface, at least one selected from the group
consisting of the first set of performance data and the second set of

performance data.

The system of claim 16, wherein the first and second sets of performance data
comprise performance results of the first BHA indicative of at least one selected from
the group consisting of a measurement quality for the measurement sensor,

steerability of the BHA, stability of the BHA, and robustness of the BHA.

The system of claim 18, wherein steerability of the BHA comprises at least one

selected from the group consisting of buildup rate and dogleg severity.

The system of claim 18, wherein stability of the BHA comprises at least one selected

from the group consisting of axial, lateral, and rotational vibrations.

The system of claim 18, wherein robustness of the BHA comprises at least one
selected from the group consisting of bending moments, torques, axial force, stress,

vibrations, contact forces, and buckling.

A non-transitory computer readable medium comprising executable instructions

selecting a BHA, the executable instructions comprising functionality to:

input, using a graphical user interface, a selected drilling criteria;

perform a dynamic simulation of a first bottomhole assembly that includes at least one
drill bit, a measurement sensor, and a stabilizer; and

output, on the graphical user interface, results predicting a performance of the first
bottomhole assembly that are indicative of a measurement quality for the

measurement sensor.

A non-transitory computer readable medium comprising executable instructions
selecting a BHA, the executable instructions comprising functionality to:

input, using a graphical user interface, a selected drilling criteria;
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perform a dynamic simulation of a first bottomhole assembly that includes at least one
drill bit, wherein the dynamic simulation comprises a dynamic input; and
output, on the graphical user interface, results predicting a performance of the first

bottomhole assembly.

24. A non-transitory computer readable medium comprising executable instructions

selecting a BHA, the executable instructions comprising functionality to:

perform a dynamic simulation of a first bottomhole assembly;

perform at least a second dynamic simulation of the first bottomhole assembly,
wherein the at least a second dynamic simulation comprises a different
constraint than the first dynamic simulation; and

output, on the graphical user interface, results for both the first dynamic simulation
and the second dynamic simulation, wherein the results comprise at least one
output showing performance as a function of position along the bottomhole

assembly.
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Component 0D (in) | D (in) | MaxOD (in) | Length (ft) | Cum Len (fi)
6-5/8" 27.70 DPS, 10% Wear | 6.5530 | 5.9010 | 8.5000 5478.576 | 6000.000
8 x 6 5/8" HWDP 6.6250 | 45000 | 8.5000 246.391 521424
Hydra Jar 8.5000 | 3.0000 | 8.5000 32.901 275.033
3x65/8" HWDP 6.6250 | 4.5000 | 8.5000 92.356 242,126
X0 8.5000 | 3.0000 | 8.5001 3.543 148.770
Filter Sub 9.5001 | 4.0000 | 9.5001 7.940 146.227
NM HWDP 75000 | 3.5000 | 9.0625 30.643 138.287
NM HWDP 7.5000 | 3.5000 | 9.0625 29.823 107.644
16 3/4" NM Stabilizer 9.5000 | 3.0000 | 16.7500 7.579 77.821
Crossover 0.3751 | 42500 | 9.3751 1.379 70.242
LWD 9.1250 | 4.2500 | 9.1250 19.390 68.864
MWD 9.0000 | 4.2500 | 9.0000 28.051 49.474
Receiver Sub 9.5000 | 4.2500 | 9.5000 5.938 21.423
Push-The-Bit (RSS) 8.9764 | 3.2238 | 17.3750 14.068 15.485
Bit 17.5000 [ 0.0000 | 17.5000 1.417 1.417
FIG. 6B
(Cont'd.)

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

9/110
BHA 2
(15)6-5/8" 27.70 (0.362wt) DPS, 10% Wear(8.5") ) .
63535 9015478 58361e N bidakohiveitiol
625'v4.5'1246.391133%
13)Smith Hydra Jar(8.5" i ]

(9t e ) {23658 FWDP(ES)

‘ ' 6.625'x4.5'192.356'11 3¢
11\Cross-over XT-69 x 7 5/8 Req(8.5001" . \
(852]01“)(3"/3 543|/29 g( ) (1 U)FllterSLib(95001 ]

' ' 9.5001'd4"7 94132
9)CSNMDC (NM HWDP)9.0625" e
(7%..)(3 B 6(43/5e A ) (8)CSNMDC (NM HWDP)(9.0625")
T 7.5%3.5'129.823/5
626 g)gﬁ 5N7hél /§Lab1||zer(17.25 ) (6)7 5/8"HO0 Pin x 7 5/8" Reg Box Crossover
T 9.3751"4.25"1.378 e

5ARC-9 including LSS(6.125')
0,125 2519.3918e

(4)Telescope 900 incl USS and LSS(Y")
9'v4.25'128.001'6e

(3)SRX Receiver with Blank Sleeve
and Ported(9.5") 9.5"4.2519.3812¢

(2)PD 1100 X5 DA 17 112" Stabilized 00{17.375")
17.375'%3.2238"114.068'1 e

N T
T\_&

(13475
0D-175"H7

FIG. 6C

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053
10/110
Component OD (in) | ID{in) | MaxOD (in) | Length (ft) | Cum Len (ft)
6-5/8" 27.70 DPS, 10% Wear | 6.5530 | 5.9010 { 8.5000 5478.576 | 6000.000
8 x 6 5/8" HWDP 6.6250 | 4.5000 | 8.5000 246.391 521.424
Hydra Jar 8.5000 | 3.0000 | 8.5000 32.901 275.033
3 x 6 5/8" HWDP 6.6250 | 4.5000 | 8.5000 92,356 242126
X0 8.5000 | 3.0000 | 8.5001 3.543 148,770
Filter Sub 9.5001 | 4.0000 | 9.5001 7.940 146.227
NM HWDP 7.5000 | 3.5000 | 9.0625 30.643 138.287
NM HWDP 7.5000 | 3.5000 | 9.0625 28.823 107.644
17 1/4" NM Stabilizer 9.5000 | 3.0000 | 17.2500 7.579 77.821
Crossover 9.3751 | 4.2500 9.3751 1.379 70.242
LWD 9.1250 | 4.2500 | 9.1250 19.390 68.864
MWD 9.0000 | 4.2500 | 9.0000 28.051 49474
Receiver Sub 95000 | 4.2500 | 9.5000 5,938 21.423
Push-The-Bit (RSS) 8.9764 | 32238 | 17.3750 14.068 15.485
Bit 17.5000 | 0.0000 | 17.5000 1417 1.417
FIG. 6C
(Cont'd.)
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BHA3

(16)6-5/8" 27.70 (0.3624t) DPS,
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(5)ARC-9 including LSS(9.125")
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and Ported(9.5") 9.5'x4.25'19.38'2¢

(2)PD 1100 X5 DA 17 1/2" Stabilized
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Component OD (in) | ID (in) | MaxOD (in) | Length (ft} | Cum Len (ft)
6-5/8" 27.70 DPS, 10% Wear | 6.5530 | 5.9010 | 8.5000 | 5478576 | 6000.000
8 x 6 5/8" HWDP 6.6250 | 4.5000 | 8.5000 246.391 529.003
Hydra Jar 8.5000 | 3.0000 | 8.5000 32.901 282.612
3 x 6 5/8" HWDP 6.6250 | 45000 | 8.5000 92.356 249.705
X0 8.5000 | 3.0000 { 8.5001 3.543 157.349
Filter Sub 95001 | 4.0000 | 9.5001 7.940 153.806
16 3/4" NM Stabilizer 9.5000 | 3.0000 | 16.7500 7.579 145.866
NM HWDP 7.5000 | 3.5000 | 9.0625 30.643 138.287
NM HWDP 7.5000 | 3.5000 | 9.0625 29.823 107.644
16 3/4" NM Stabilizer 9.5000 | 3.0000 | 16.7500 7.579 77.821
Crossover 9.3751 | 42500 | 9.3751 1.378 70.242
LWD 9.1250 | 4.2500 | 9.1250 19.390 68.864
MWD 9.0000 | 4.2500 | 9.0000 28.051 49.474
Receiver Sub 9.5000 | 4.2500 | 9.5000 5,938 21.423
Push-The-Bit (RSS) 8.9764 | 3.2238 | 17.3750 14.068 15.485
Bit 17.5000 { 0.0000 | 17.5000 1417 1.417
FIG. 6D
(Contd.)
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13/110

BHA 4

(16)6-5/8" 27.70 (0.362w8) DPS,
| 10% Wear(8.5") 6.553'x5.901'/5478.58136 16
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619~ (11)Filter Sub(3.5001")

9 5001%A"7.94'3e (10)16 3/4' NM Stabilizer(16.75") |_— 550
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(6)7 5/8" HI0 Pin x 7 5/8" Reg Box Crossover
9.3751'4.25"1.378'1e
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(5)ARC-G including LSS(9.125'
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9'x4.25'128.051'/6e
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FIG. 6E
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Component OD (in) | ID (in) | MaxOD (in) | Length (ft} | Cum Len (ft)
6-5/8" 27.70 DPS, 10% Wear | 6.5530 | 59010 | 8.5000 | 5478.576 | 6000.000
8 x 6 5/8" HWDP 6.6250 | :4.5000 | 8.5000 246.381 529.003
Hydra Jar 8.5000 | 3.0000 | 8.5000 32.901 282.612
3 x 6 5/8" HWDP 6.6250 | 4.5000 | 8.5000 92.356 249.705
X0 8.5000 | 3.0000 | 8.5001 3.543 1567.349
Filter Sub 9.5001 | 4.0000 | 9.5001 7.940 1563.806
16 3/4" NM Stabilizer 9.5000 | 3.0000 | 16.7500 7.579 145.866
NM HWDP 7.5000 | 3.5000 | 9.0625 30.643 138.287
NM HWDP 7.5000 | 3.5000 | 9.0625 29.823 107.644
17 1/4" NM Stabilizer 9.5000 | 3.0000 | 17.2500 7.579 77.821
Crossover 9.3751 | 42500 | 9.3751 1.378 70.242
LWD 9.1250 | 42500 [ 9.1250 18.390 68.864
MWD 9.0000 | 4.2500 [ 9.0000 28.051 40474
Receiver Sub 9.5000 | 4.2500 [ 9.5000 5.938 21.423
Push-The-Bit (RSS) 8.9764 | 3.2238 | 17.3730 14.068 15483
Bit 17.5000 | 0.0000 | 17.5000 1417 1.417
FIG. 6t
(Contd.)

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

16/110

£ "DI4d

(406 ‘0YGOM ‘081 INdY) uonaipaid Aouspus) [euoosiiq
(A3101)u009 G0 '0OYIOM '081INdY) Ao1US299 WHY Yiim Bulli
(G°0 4200 UKL ‘OFGOM ‘08LINdY) uonoLy [lam ybly yim Buniug

Awm_:_uoc pdey n2~m0>> nom_\S_n_N_v @c____._b uoneuwlio) w:omcwmoEozc_
(e18U0QIED PiRY O} B]BYS YOS ‘OFFOM ‘08 INdY) Bulliup [euoiisuel |
(00€~01 = Wd¥) Wonog-4o ug se dn Buidwel gy

(SAMOY ‘08 ‘0Z = GOM '00£~0) = NdY) dn Buidwes NdY

(0OrEOM ‘081 INdY) Buljjup [euLioN

SOLIRUSIS Uone|nWIS

— &N O < 10 © N ©

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

17/110

& "DiId

%0 :BulI89)S - 081 :INdYS - 0 :9OM
Buljju@ jew.onN
| OLIeUD9S uolje|nwig JO S}NSay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

18/110

Ve DId
1055 e CBISw (1) ug woy mocﬁm_o ° © o
961 281 89 ¥SL C¥i 9¢L ¢LL 86 ¥ 0L 99 ¢er 8¢ ¥l 0
\Il- ~ v ol QO
N PN A
}\ //l.\\\\ 7 rz:nl\\“CD| 0¢
3 I,l\\ B ' =
Y OMT/AMIN oauen | oe wn_,lu
7 oy
0g
afieiany — {(SABIQOD 00 ~SABI000")) 9SI9AR) 'SABY 0%
480 --- ¥ YHE

oBSe GBS (ugwoyeouma

961 291 891 ¥4} O} G2h Zh 86 ¥8 0L 95 2y B2 ¥ 0

0l

07
<

0e =

= 09

09

obiesany —
%66 - - -

(SAB.000'00 1 ~8ABIQ00"0) BSIaNBI ‘SASY
¢ VHY

JSI0M - € YHG 1888 — Z YHYG

:U0NB0] JosuSs e Bes Je([oo jo swis) Ut Ajenb Juswiainsesiy

0SBGe GEISY (1))@ wol soumsi i i
961 Z81 89L ¥GL OV 9ZL ZLL 96 ¥8 Of 9S Z¥ 82 ¥l O
<~ 00
LT 1A,
. 0’}
A1 N A
i N g T pen | Y o
\.\ = jouog 0 N
7 0'f
0’
abelany — {(SABIQ00 00 L ~SABIGND' () BS4en8l ‘SASY 08
%96--- £ YH4
0sBSe EISY  (hygwoseoEsd
96) 781 89) 4L OF) 921 ZLL 86 ¥8 0L 95 Z¥ 8T +ti co_o
™~ \\ -
../VV/\ \\ 0'l
\;a: l\\.
AT AN " <
/ jouod - 0'¢ N
— \\ oY
] 0
abelony — {{SAB1000 00 L ~SABI00Y'C) 95i0A8) ‘sAaY 09
%56 --- | YHE

(11g wou $00Z~0 -8buey)

?\ommn_ pue wmm._m><v n_w_n_ |edale ] JUR}NS3Y

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

19/110

g8 ‘Did
oSkSe GBGY (pgwoysoumad
961 291 991 ¥6} OF} 9ZL 21l 86 8 OL 95 TF 8T fl
h e
AN \./ \/’ /\/
\ \ / |\ amvamw
/\ NI \
/ \
/ \ HuN
J0IUGD) ]
L
%G-%56 — :(8A81000'00L~$AB1000"0) 8SI8ABI ‘SABY
yvYHE
10sUeS e (BISw 1) ug Eocoocsm_o ° ° i
951 281 991 ¥GL OFL 9ZL TVl 96 8 0L 9§ 2¥ 8T ¥l O
N L
™, \./ \Jr /\A/
N £\ amuami
o \\ - \\ r/
N Awn |
¥ |osuoD

(SABIQCO"00L~SARIC00 () OSIDARY ‘SAY

¢ VHY

%5-%56 —

00

qes Buls Jsiy 8A0qe ISIOp, — EYHE ‘1598 — | YHE {2
Josuss ® 1SI0p — ¥ YHE ® £YHE 1588 — | YHE (1
:UONBIEA JUsWaoridsIp [Biele| J0 SuWs] Ul AJljigels

108U8S o Qﬁmqa (1) 1g wouy soUBSI o
96) 281 89) ¥S) Ob) 92V ZU 86 ¥8 0L 95 v 82 ¥ 0
h 4
hY \;/ \J /\A/. 10
\ \ 7\ amTamin i
> //.\\\ / /e
,/ AN 170
QJuo
__ H_ 3 ¢p
90

(SABIQDD 001 ~SABIO0'0) BS19A3L ‘SABY

€ vHd

oSIBg o GEISY (4) 1 oy B0ue
961 78l 891 pSL OVl 924 2Ll 86 ¥8 0L 95 ¥ 87 ¥l 0

%5-%56 —

> £ y—

N AN e
N N /J T\ OMT/OMI | 20
// \\ //.li\\ﬁzu €0

louod - 70

g0

90

:(SABX000°00| ~SM8I000 Q) Bsianal 'Sy

| YHd
(319 woly YoozZ~0 :ebuey)

%G-%96 —

(%5d-%S6d) @ueld YbBiH-moT ul uoneLiep dsiq |elaje]

Lo
——

M~
_—

=
——

[
—z

™~
—

=3
——

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

20/110

I8 "OId

JEIWIS SyHY (IV

:(11q 0] 9802 Om}) Si0sUaS pe oM} Je sa|Bue uonoayep Je(jod Jo swus) Ul Ayjenb Juswainses|y

O a "

0SS o GBISY  (§)Hg WOy e0UERIg
96} 28} 89} ¥S1 OFL 974 Z) 86 ¥8 0L 9S T 6T YL 0

\\.. iy > \l./ K./, \w(

N A NS N ARV

\ ¥ ¥ N amuamn (RS

¥ RGN [

felilileg}

abelony — (SABIN00"00 L ~$ASH000°0) 95J9A8) 'SABY
hG6--- ¥ VHE

o o o

0SIBgo GEISY {4 4 Wol 30Ueg
961 781 89l ¥SI 0¥l 924 ¢l) 86 ¥8 0L 95 ¢ 8¢ ¥l O
nllln.lhl”y ™~

=Tn_|A A 4\\\ \

4 N 4 R s
SANRIINARY/E
/ AMTUOMA [/
N N
) [ONUGD
afiBiony = :(8ARIQ00 00 L ~$ABI000'0) 9SIaAal ‘shay
%f -~ ¢ VHd

G0
¢0
70
90
80
0l

G0
g0
70
90
g0
0}

(Bap) zAy|

(Bap) z&y)

l0sUsSo QBISw {4) ug woy m_u_._mm_o -
06l 281 89} ¥4l OFl 921 ¢11 86 ¥8 0L 99 Z¥ 8¢ ¥l oo.o

AL AR AL
g .f \../ \ ../hu /,.,\

O o—

A , . V0 S
\ A1 | Y| M oawamn RN TS
¥ Hup™~+— 90 &

_mo:coo 20

afielony — :(SABJ000 00 ~SABIQ00°0) 9SI8ASI ‘SAaY ol

%36 -~ ¢ VHE
I o —
10sUsSo GEISw (1) ng wous soueisIq

o6l 781 891 ¥4l Ovl 971 ¢l 86 ¥8 0L 9 < 8¢ L oo.o

T (A, ATAL L A

4 S TN ;
MO TINAL NP
/ / amIamin a1 79 2
lhun =L J o0 &
/ 02U <
Rt 80
afelany — (SA81000’ 00L~S1BI000"0) BSIoAS: ‘SATY o
%G8 =~ - L YHY

(g wolj Yo0ozZ~0 :9buey)

(9%56d pue abeiaay) s|buy uonewuojaq buipuag

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

21/110

aeg ‘Oid

o—

0SIBSe (BISY () yg Wog souessIq

@

r

@m_‘mmvmﬁ vGl 0Pl 921 NK mm wm E @m N«. wm v 0

am1/amin

|oJjues) |

afelony —
%86 = -~

(5A31000" 001 ~SARI000°0) 9SJ8A8I 'SAay

¥ vYHd

losUeSe CEBISw

(1) g wouy Scmm_m

Q

o
L

961 28l 89} ¥§1 OFl 9C) Tl wm qw E. @m Nw mm Pl 0

= — - =

aMTIaMmiA

wn_J4 .“
[01U0D |

afbelony —
%56 ---

i

SA31000°00}
¢ VHE

~8ABI000°0) 8SI8ARI ‘SASY

00

o.o

uonels|aocoe |eixe sbeiane mo| Ajgaijels) aAey syH4 IV (2

1SI0M - ¥ YHE %9 € YHE 1s9d — | vH4 (1
:uofjeueA Juswaoedsip [eJ%e] JO SuLLS} Ul Aigers

O e

103U8G e QEIS ¥ () yg wou souZisIq
961 281 88l wmr oi 9cl N: 85 18 om @m, Nv wm L0

[T e — QO
[0QuU0D | 70
1 0}
ahelany — {(SABJO00 005 ~SABIN00' 0} BSIONRI “SADY T
%486 --- ¢ vHe

10SU8ge QEIS @ (1) ng wouy mocﬁmo N ° o
@2 NM: mE qﬁ oi 9zl 2Ll 86 18 E mm N# mm b0
e AT a0
aA/aMIN 60

JoNUGD

0}
sbesony —— :(SABI000 00 L ~SA8I000"0) BSI0ARI ‘SA8Y &)

756 - - | VHY
(g woJ} Jo0zZ~0 :obuey)

(2,G6d pue abelaAy) uoljela|dddy |eIxXy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

22/110

48 "DI4 1SIOM - YYHE 1Sed — Z2vHE ¥ LYHY
:UOI)BJO]220E [JIR)B] JO SWiua} Ul AIjIgels

Josusg e equ.. () g wouy Scﬁmo ° ° i 10sUsS o n_ﬂmd_.. (4} ng wos mocﬁm._o ° ° i
961 28l 891 ¥S) OFL 91 CLL 86 ¥8 QL 95 ¢y 8¢ ¥l oo 961 28| 891 ¥5. Ovl 8¢l 211 86 ¥8 07 9% ¢¢ 8C vl oo
] Nl N Sa ) 17 R ik lllll\\.ﬂ.ﬂ
GVTaRIN N Y © GG N Y 8
oju0D y = [03U0Y
100 2 Ok
[ Rep)
gl G}
afeleny —— (SABIQCO00 L ~SABICON () 9S19n81 'SAaY U abBlaANyY — {(SABI000"00L~SABI000"0) 9SIaAal SADY 0
G == ALl %G5 -~ - ¢ VHg
088G o (ejSv (U ug Eo._%mocsm_m_ ° ° i 108UsSo (EIS @ (1) ng Eocmocﬂm_m_ ° ° u|
961 281 991 ¥S1 0%l 9¢L ¢kl 86 ¥8 0L 99 ZF 82 ¥, O 961 281 891 ¥SL 0yl 921 T4l 86 ¥8 0L 9% ¢F 8¢ vL O
o = S L T O e i e B Bl b 2 ek T A — ll..lll- Q
. —un— ¢ I “_E\Ji..m §
QMM I ami/amne- 1=
{e7i8elg) = [0AUOD
0f = 0}
L
gl ql
_ . . _ 0c _ . , " 0¢
abrlany — :(SABIN00 00| ~SABINC0"0) BSFRABY 'SADY ahelany — :(sA81000° 001 ~$A84000°0) BSI8ASI ‘SASY
%36 -~ Z VHE %6 - -~ | YHE

(Mg wod 3ooz~0 :ebuey)
(2,564 pue abeloaAy) uoijela|addy |elaje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

23/110

48 "Old

ICst9S o ngq... (1) ug Eeuﬂmocem._o ° ° o
96} z8} 89l ¥GL 0¥l 9cl 2L} 86 ¥8 0L 9G ¢ 82 i oS
T T Vo
OM/AMIN 4 —| ¢}
B N A1 :
B e 1 H— ¥l
/ ek
1 nun— 9
¥ et |04U05
— e gl
. . . _ 02
; %G —-—  (ShI0Q000)L~SARIC00 () BSIBABL 'SABY
abelany
%36 == - -~ v VHe o . -
losusge QEISW {11} ng wouy souElsi
96l 281 891 &) Ovl 92l 211 86 ¥8 0L 9G ¢v 8¢ ¥l OE
T DS r
aMV/AMIN 4 —fl T}
SN R I S S ..I.\.-.I.I.I- _.
/ A= Vi
/ B R A
wn— 9
NS B B SR ‘ [s1i¥]e}g]
.......... < 8l
; %G —-—  (SABIDOY'0)L~S8I000 () BSIaAR) ‘SAay Oc
afelany
O ¢ VHY

(g} XL

(-ap) x|

Jeywis SYHE (I
‘uoleleA anblio) Jo suust Ul Aljigeing
osEge GESe  Whgwoyeomsg
91 281 891 ¥5) 071 921 20 86 %8 0L 95 & & 4l O
Y n
QMT/AMIN 4 —H 71
) O T N s e i el
I e \~....|_...|.|..||.\.|_.1 )
nn— 9l
R S 1= [0NU0D
[ R llJl\\ m_‘
0 ( . NESEEIRIE %
mmm._m%___wl - —_ ASARI000°00 1 ~SA1000°0 19A2] SATY
o evig
i08Uego GBS w (1} 1 woy sauBlsIq
961 781 89L ¥51 OF) 92L 2Ll 96 ¥8 0L 9S v 92 i 04,
T DA \ f
QAMTAMIN 2 )
I-..l..llnll.‘l..Inulnl.n,.l‘\u.ll.lluln .-
\\ |.||.|1||.\.|___. - ¥l
pn— 9l
ISR EEE i 3 |0} U0D)
o=t ‘ 9
] %G —-—  (SASIQ00 00} ~SABI000'0) SSHen8I sAdY G
afieiany
o — | YHE

(119 wol Yoz~ :ebuey)
(9,66d pue ‘@betany ‘9,G4) anbio]

(u-gp) %L

(g X1

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

24/110

08 "DId

2 o o 0

josUaSe (BISw Onyg Eo‘_u,mocﬁw,._o -
961 281 891 ¥Gl 0¥L 9CL 1L 86 ¥8 0L 95 ¢F 8C ¥l 0

i , N | /
ViRNRVIL®,

e

\ (__ AMVAMA |
i LY Lun
[oN1]elg)

|
B0BIONY wmenm :(SAS4000°00 L ~SABI000 () BSIaAaI 'SAY

76 - - ¥ YHg
P < o—
i0susSe QEISe (i) g wol souelsig

961 81 891 ¥GL 0pL 9¢) ¢t 86 ¥8 OL 99 <F 82 ¥ O
. B i , r !

/: 3/ \) 3 /. -._. ../.

AN SRR

, ot
/ f~ AMIAMA
v

| un |
j0u0))

{SABIN00 00 L ~SABI000 () 9SIBARI 'SASY

¢ VHE

abeIany —
%86 ---

*qe)s Bulls puodss ey} Jeau Juswouw Buipuaq tebie| eAey pyHY ® £YHY (2

-8doogaja] 1e swouws bulpuaq sebie| ARybls aAeY pYHY B £YHE (1

02

0y

(rjam) ZAL

09

03

0

02

0y

(riam) ZA1

09

‘Juswow Bulpuaq Jo swisey ul Aljigelng
> %t o

108U8Se QeiSv  (y) g woy souelsig
961 284 89) ¥5) 0¥ 02l 2l 96 18 0 9 T 62 b 0

Pz N N
ENEY /(\ N Al

ViRNRVIL "N
e’ o =
\J A\f amvami =
V| A MH—WC_)_] 09 ==
[0U0Y
|
abeiany — {sA91000°00 L ~SAI000°0) 9SI8A3I ‘$AY ce
%56 - - - € YHa

'y Pt O e
108050 GEISY () 5 LiOY BOUBSIq

A
961 281 89l ¥GL Qv 921 CLL 86 8 OL 95 &y 8¢ vl 0

i rd ¢
./ \ \/ A 4
ARARRIIR

-

/ =!

/ jawyamn T E
‘ =
Vi

L n
[CUOD) | 09
|
abeleny — {SA81000 00 L ~SARINQD () 8SI0ASI ‘SADY 68
"h6 - | VHe

(1g wou 100Z~0 :ebuey)

(%564 pue abelany) Juswoly buipuag

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

‘gess Bulls puodas ay) Jeau ssans xew Jeybly yonw aAey $YHE ¥ £YHE (2

‘adoogelel Je ssads Joybiy Apybis saey FyHE % SvHAG (1
'$59.)S JO SWIs) Ul AYpgeIng

H8 "DIH

XBW Sas LOA

{isy)

25/110

WO 2014/169291

o = O e xa 2 O A e
10sU8S o (ElSv () Jig Wou} souelsIg l0sUsSe (EISw (1} 1g woy souBlsIy
961 81 891 ¥GL Ol 9C) T)L 86 ¥8 0L 96 Z¥ 8C ¥l oc 961 28l 891 ¥SL ObL 6ZL ZLL 88 ¥8 0L 9§ Z¥ 8¢ vl .Qo
~—T~ 7
” A 2 > \-/ _.ql c.... _m w A 43 P > \.y
[y B 4 G = S \.; A m
Y ¥ T amuami = i ¥ Y amvamin
v un % = ’ raun %
[0JU0D Z [shilitelg}
Ll ||
abelony — :(SAGING0 001 ~SARIN00"0) SSIBABI 'SASY aleloay — {(SABIQ00 00 L ~SABIN00"0) BSIaA8L ‘SADY 5t
g6 ==~ ¥ VHE %46 - - € YHE
2'a <> O L2 O O D——
10SUioSe QeISw (1) g wok souBsIy o I08U8S e (EISw (1) 1g wol souLsiq
961 28l 89l %G| 07l 921 Til 86 ¥8 0L 9SG < 8¢ i oo 961 281 89l ¥GI 0¥l 9CL 1L 86 ¥8 CGL 9% ¢v 8¢ ¥l oo
T 7
Al LA A, 2 AL NP
YW AT E v N A
; -\\\\ ..u \ - iz ._.~ .\\\\__._H A -
i ¥ : NF w\ n_>>.xm_>>ﬁ_c:| ol m, Y . 48 n_>>._5>>ﬂ2x::! ol
' [oqu0D g [0U0D
RS, L_L_lg,

abeleny — :(8ABI000' 0L ~SARIOCO'C) 9Sienal 'shay abesany — :(8A8I000" 00} ~SARI000'0) 9SIBARI SAaY

e Z VHE L | VHE
(g wou Yooz~0 :9buey)
(9,66d pue abeiany) ssa.}S SasI|\ UOA

LL™SOSI oA

SUBSTITUTE SHEET (RULE 26)

(1s) xe



PCT/US2014/034053

26/110

WO 2014/169291

18 "DId Je|lwis SYHY IV

190.0) HomEoo 1O SWia] Ul b___amaw _ucm Aligeing

R RE

10sUsS o pﬁmq... (1) g oy mocﬂw_o ° ° T 108UsSo GEISw {4)) ug woy mocﬂm_m >
98! 78l 891 ¥Sl O} 921 CLL 86 8 0L 95 ¢ 8 ¥l O 981 ¢8| 89% vSl OF) 921 ¢IL 86 8 0L 96 ¢v 8 ¥ 0
P Q r 4 ~ @
TTTY N | Vi
i L aMT/AMIN L B g _ 4 QMVaMIL e
* MED = ' Hn =
[oauoD = oquo =N
0001 290 Y oo™
obaion . . ; _ goost , , . : {00gl
Y — :(SARIO00 001 ~8ARI000"0) 9SIaABI ‘SABY afelany — (SABIN0000L~SASIQ00 0} BSIEASI ‘SASY
hG6--- ¥ YHE %G6 - - € YHd
0sUeSo (IS e (1) ng woy mocsm_o ° ° i 108U8g o CEISw {u) ug woy mocgm_o ° ° i
96) 281 891 ¥Sl Ol 92L 211 86 ¥8 0. 9S8 v 82 ¥l oo 961 <91 89} ¥GL 0¥l 9CL 1) 86 v8 0L 9SG ¢ 82 ¥l oc
TV NG, TV LT,
u 1A Q>>|_\D>>§ / w4 0006 ) Yl AMT/MA 4 N 0008
' win | = ' wn |
o170 DQ%W i 0000
. : : : (009} . ; , ; 00051
abelany — (SABJ00D 00 ~SABIN00' ) 3SIaA3I ‘Shay abeiony — :(SA21000°00 ~SARI000'0) 9SI0nal ‘shay
6 ==~ Z VHE g ==~ | VHE

(g wou ooz~0 :ebuey)
(9%56d pPUY abelaAy)a2.104 JoeIUu0)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

27/110

18 'O

suonnjoAsy
Qv GEF Q0¥ G9€ 0£C G6¢ 09¢ G2¢ 06l SS% 021 S8

o
0}

T

0¢

0t

o

08
09

¥ VHY

SUCN|0ASY
0iF S9€% 00y 99¢ 0B€ G6¢ 09¢ G¢¢ 061 GSL O0ch &8 {9

ik

M

=T

i

0
EE

¢
0g

ity

08
09

¢ VHE

g 1e utened AlojsIy swin uoneIa|saoe |BI)e| Je|IWsS 8ABY SYHG |1V

Il

TI™]

SUONN|0ASY
0Ly GE¥ 00v G9€ QEL 96¢ Q9¢ Gdd O6) S8 OCl 98 09

T

dl

T

€ YHd

SUOIN[OARY
0/t Ge¥ Q0¥ S9¢ 0¢C S6¢ 09T 922 061 98} 0TL 48 0%

Aty

M

| YHY

0

0}
0
0g
oy
0%
09

0

Ol
0¢
0e
v
05
02

UOIJRIB|922Y [eJd)e] )Y

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

28/110

A8 "DId (dys-yans yBiy moys) 31q e watjed LONBLIBA N JEJIWS SABY SYHE Y

0LF ¢6¥ 00F GO 0OCE mwcmo_ymwo%mww.m 06l <Gl 021 S8 Q6 001
TR -
T oo E
T e

LR EREE KR VX N o
¥ VHE

0y ¢CF 00F G9E 0¢¢ mwcmo_““%%mwmm 06l 951 02, 98 omoS-

O (R

AR APAELY AR BN CAARIOACLATATRAM RN A e

T T T T e =

KRR R AL AL N AL T o

¢ VHY

Gif SEF 00F GOF 0EE mm@cmo_ﬁ%%mwﬁ 06l SGL 02l 98 omoow.
A O Y R
T O LT o E
0 ARV RA AN AR e UDEABRMALARARALA o
R R VR Y ?Dg
¢ vYHY
: : SUON[oASY
0y G5F 00v 99t 0B S6¢ (92 G¢¢ 06l %) 02 68 0§ w0l
T T T o =
00 AR R RS A0 ARN AR IRNN DR LDRNADRT iyt
RUTELIRY RS RS AR LTRI ] o
1 ERIRR 'R IR LEERY oo

NdY }1g

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

18 "DHH

"dijs-ya1s Jemo| Aubls aaey ZyHg pue | vHe

29/110

WO 2014/169291

%166 %9'66 %696 %6798 xepul dijs-4ong
YVYHY E£YHY ZvHg LYHE
(snal 008t - 0°08) (sA9:0'08Y - 0°08) (3A3J 0081 - 0'05) (sAe) 0708y - 0'08)
(Utgaal) Wd g {Unwnea) WdH g (Uiwmsa) dd 1g (uwynal) WdY 3
001 004 001 004
e et et S
B O Ten BT 0 v BT R 7 0
.......... SRR N1 AN OSSRV [ SRS o1/ CEESEEEERE I REEEEERES ¥1'o| N EOPECSEREE I SRSERRRRRS N1!1]!
- @m”ﬂ.@mw-l ........... L 007 --mw.m@mm B I L 002 --@mu\.-mm._‘ I [ SR L 002 R @m@-mm_‘ | I P 007
I e I 1 e | U1 EEREEERE I R -008
Gd 6G50KE ey LbE 8E16EE 516°95¢
674 ¢i200s L €079 L P51 298 T pere9s 1
L2968 - 2L5068 o o0 068695 © 00 05,7185 © 00
05d
o/ PVYHG evHg ZvHg L VHE
GBd
(Joid J9MSIUM 8 x0d) INdY }id

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

30/110

W8 'OI4

SUOIN[OASY
0Ly G¢F 00V GOE 0£€ S6C 09¢ Sc¢ 06l GGl 021 S8 09

Gl
R R R A A o
| T ) 2
; ,_ f T L f ,; ot
ARG LUED I LR
v vHY
SUORN|CASY
0y 9SF 00F G9E (QEL ©6¢ (92 422 06l G9i 021 98 ommﬁ
e
T
, AR FEYE E1 DR MR
_ ap

HHAM

HHAA

‘ulajjed AojsIY aully anbioy 8oeuNns Jejiulis aAey SyYH4 Iy

suonNjoASYy
0/f GE¥ 00v 99¢ O£t 962 09¢ S¢¢ 06l GSi 021 &8 omm_‘

T
T T &
N T

|
i
U

NI

%. g _. f U T
¢ VHY
SUOBN[0ADY

0Ly GC¥ 00F G9¢ GEE 96¢ 09¢ Se¢ 06l GG) 02} S8 08

Gl
Al 4 frit _ i
3% L T
ALK SRR ARG MAVALETATE [
M U :
Gy
| YHE

anbio] aoeung

H-aM

H4Y

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

31/110

6 DI{

%0 :BuL18a}s - 00€ 03 01 :INdYS - 07-0Z :9OM
dn buidwey NdY
¢-1-Z OLIeUd9g uoljejnwisg Jo S)Nsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

32/110

V6 "Did
0SS GBSy [ugwoweouasg
961 78l 99l ¥&l O¥L 9ClL ¢hl 86 ¥8 0L 95 ¢¥ 8¢ ¥l 0
\/ N 4 2
// ..\,/ / / Nl\ \\
/\\ / / \ n
/ [e1il¥]elg
aMT7/aMmin
/]
9,G-%%F — {(8A1000" 00F~SA:000"0) 95J9ABI 'SAaY
¥ VHE
P—0 O Ao
0sUsSe QeISw (1) 119 wouy 3ouBlsIqg
961 ¢§l 991 ¥S OFL 921 211 86 ¥8 0L 99 ¢y 8¢ ¥ 0
2N
N—oA" 7 N wn-
GMT/AMIN (X} ¥le]g)
%G-94Gp —— :(sAB1000"D9F~SABION0 () BSIBABI ‘SASY

¢ VHE

0

g0

0

0

§C

0l

(upzn

(u)zny

qeys Buis 1sJy @Aoqge ISIopM — SYHE 1sed — LvHd (2
losuas ®) ISIOp — PYHE 1599 — LvHg (1
:uoleLeA Juawaoe|dsIp [eJale| Jo SWIa] Ul Alpgels

< A e

108U8Se GBIV (g Eocmocﬂm_o -
961 281 891 ¥GL OVl 9L 2Ll 86 ¥8 0L 95 ¢y 8¢ vl 0

LN AN A

0

\ / &0

/ N\ mn

//,\\ am/amm 2994 o

T p— TSBI000 097~S/SI000 0} as/ono: Shag
¢ vH4

O ot ol

050ESe QST [y) g Wol s0uENg
951 781 891 Gl OFL 9ZL 2V 86 8 0L 9S Z¥ 82 ¥L 0

< 0
/) i
" N |/ e,
Nt 7 Hun
aMT/aMIN joucH
0l
gl

:{SABIQ00" (97~SARI00Q"C) BSIaA3I ‘SADY
| YHY

(g wouy Jo0Z~0 -ebuey)

%G-%G6 —

(%Sd-%S6d) aueld ybiH-mo ui uoljeliep dsiq |eisje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

33/110

g6 Oid

‘NJY0LL PunoJe st pyHg pue gyHg Jo paads [eaud SNOIAGO "PYHEBEYHE UBY; 8|gels Bie ZvHaR1YHE

WddS

062 0.2 0G¢ 0£Z 0LZ 061 0} 09} ¢ O

H

¥ VYHE

WdyS

062 042 052 0€¢ 01 08} 04} 06} 0€) OLL 06 0L 0S 0% Q)

Wil Tl

¢ VHE

Ly 06 04 09 0% QL .

00
50
it
¢l
0
¢

00
g0
0l
gl
0¢
Ge

=3

=-

WdyS

06¢ 0/¢ 0S¢ 0€Z 0LZ 06} 041 01 0€L 0V 06 04 05 GE 0)

i

_:_1

€ YHd

NdAS

0’0
§e
0l
g
07
4

062 047 0S¢ 0€Z OLZ 06L 0/} 0§} 0€1 0L 06 04 0G 0¢ 01 .

My

| VHE

00
¢e
ol
g
0¢
5

(QMIN 3s414 @) aue|d YbiH-moT ul uonjewioya( [esaje]

=1

=

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

34/110

26 DI
wslege qESv  (nugwoyeouEsa
961 791 991 ¥S1 OV 921 1L 86 ¥8 0L 95 Zb 82 #b O
NA | ]
/ / \\/ / ANV ] v

/ /1 /

(\
NEARREWA
/| /( _Q_Eoo.
L
%G%56 — :(SARI0Q0"09P~SABIC0N D) 8SI8A8I ‘SASY
¥ VYHA
0SS0 (RIS v (1) 1g woy oo:&m_n_ ° ° T
961 281 891 ¥GL OvL 921 Zil 86 ¥8 0. 95 ¢v 82 ¥l 0
= /N N T A
//a%a;g \ =
A
N/
N
Hun
|00
|
%G-%%6 — :{$ABJ000 09 F~SARIN00D) 8SIanal ‘saey

¢ VYHd

¢-¢ uoligjnuis

0
[4Y
Y

o)
90 =

=3

—_—

— 80

0l
A

00
20
0

—
90 =
g0
0}
A

qejs Suls 181} SA0QE 1SI0M — pYHE 159G — ZVHE (2
10suss @) 1SI0M\ — YvHE ‘1s8d — ZvHE (1
co;m:? Juswiaoe|dsip _EQQ h_o mE._E u AJigels

O—

0sudge QelSw () 11g wou souessiq
961 781 891 ¥GL 0¥l 9ZL TLL B8 ¥8 0L 99 ¢v 8¢ ¥l 0

NEEV2 A\ St i
\ . \ A N\ /
M NI Z4EA /

o X
\ _
/ Hin
|oluoD
||
%G%G6 ~— :(8A31000°097~SA810000) BSIBA8I ‘SASY
€ YHY
i0sUsSo (QEISw U ng Ee%oocmm_o ° ° i
96l 284 89L ¥CL OVl 9ZL ZL) 86 ¥8 0L 99 ¢r 82 vl O
= A M_ﬂ\maz A
< % L
N~ // \
=~ pun |
10JU07) |
L

'(SABJ000 09p~SASI000"0) BSIaABI 'SASY
| YHY

%G-%56 —

00
20
0

[
g0 =
80

101

¢l

00
¢0
0
—
90 =

-

80
o)
Al

(1g wolj Yooz~0 :abuey)

(%Sd-%S6d) due|d ybiH-moT ul uoneLiep dsiq |eiaje

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

35/110

ae6 ‘Did

WdHS

06¢ 04¢ 09¢ 0¢Z Olc 06} 0L 0%) Ol ObL 06 04 0% 0 OF .

7 VHE

WddS

062 0.¢ 05¢ 0€¢ Oi¢ 061 0L CS) 04 04} 06 0L 05 0E Ol

AECECES

¢ VHd

00
g0
0l

¢} =

0¢
gc
0¢

WdHS

06¢ 04¢ 0S¢ 0€¢ 0i< 061 0L QG 0¢l Cl) 06 0L 0% 0F 01

¢ YHg

WddS

06¢ 042 062 0¢¢ 0i€ 061 0/} 0G) 0€) 01 06 0L OS OF O

R

| YHE

"INd¥00| punole si pYHE pue gYHg Jo paads [0 SNOIAGQ "PYHEPEYHE UBY] 8fqe)s ale ZYHG9 L VHE

00
g0
0l

5l

0¢
G'¢
0¢

00
g0
0l
0¢
8¢
0¢

a>>s_ }sii4 @) aue|d yBiH-moT uj uojjewioja( |esajeT

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

36/110

46 DI

&> 3
O o O—

105080 GEISY. () 1g WOy SUEISIq
961 781 891 v&lL OFL 9¢) 21} B6 ¥8 0L 9% 27 8¢ ¥l oo.o
L1 ] !
~ \ \ ga:az,s_-ubﬂ\ V/\F__M:\\s( -
/(\\ / / jo5uo) \ PO
VI L=
~NS 1/ \ 90 =
A 11
%G-%56 — (SABI000 09F~SABIQ00"0) BSI8A3I ‘SADY o
¥ VHY
a2 & O A
0sUsGo GEIS Y () yig wouy souBlsiq
961 ¢8l 891 ¥5) OFL 9¢L 1L 86 8 0L 95 ¢¥ 8¢ ¥l oo.o
- \\/,/ \ \yﬁgx\ N 70
N \»A |0JU0%} \ \/ o —
AMTAMN / \ ~
/ \ 90 =
< g0
0l

%5556 —
¢ vHd

(SABIQ00097~SABIN00 )) BSIenal ‘ShaY

¢-Z Uohe|nwis

qe)s Buus 1s1if 8Acqe JSIOM — §YHE 1898 — ZvHA (2
10sU3s ) 1SI0M — £YHG 189 — ZvHE (1
'UOHIELIBA JUSWao.|dSIp [eke)ey] JO sWs) Ul AJljigels

< o

10sUsSe GEISY () g woy souelsiq
96, 284 694 151 0 921 Th 86 V8 0 05 Tr 92 71 O

8 \ amann AT R,

T1 N |

90 =
N
//r\\ "
%/,C-9/,CR — (571000 097~SABIN0C () SSIoN8l ‘SASY 0l
¢ vHd
e o

0SWSe GEISY (1) Vg Woi SuEsi]
961 78 991 ¥SL OFL 921 ZLL 96 ¥8 0L 9G Zv 82 YL 0

— 00
N /\v(“ﬁz\\; 20
/\ \VA [04U07) M 70 -
AMVAMIA \ \ ~
,/ / 50 =
N A g0
0l

{SABIQO0 097~SABIQ0Q'C) SIaAaI ‘SASY
| YHY

(1g wod) 300Z~0 :abuey)

%5-%56 —

(%Sd-%56d) dueld YbBiH-moT ul uoljeliep dsiq |eisje]

INPSNSEFANEYLY

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

37/110

46 "DId "NdH06 PUNOIE S| #iYHG PUB §7HE JO paads [2o1jl1a SNOIAGQ "8UO S|Ge)s JSoW 8u) SI Z¥HE

WddS

] : }

067 0.g 092 0EZ 01Z 06} 0.} 08} QEL 04} 06 0L 0% QE OV

2l

tlah'y

¥ YHE

WddS

g0
0l

¢l =

o¢
9¢

067 0/ 097 0£Z ClL¢ 064 0L} 0§} OEL 0L4 06 04 09 0E OJ

et

U

¢ YHY

g0
0l

¢l =

0¢
¢c

WdS
062 0/¢ 0S¢ 0¢Z 0l 06l 0L 0} OEL QL) 06 04 0G 0€ 0)

NS

£ vHd

WS
06¢ 04¢ 0SC 0€Z 0L¢ 06) 0L} 0G4 0€) 0L 06 0L 0G 0¢ O

| YHA

0l
&l
0¢
i/

0

0?¢
§'¢

(GMIN 18414 @) aueld YBiH-mo ui uoiewioja( |elsle]

u

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

38/110

0L "DId

%0 :Buliaadls - 00 03 01 :INdYUS

(wopog }0o ug) dn buidwey Ny
¢ 0LleUd9S UoljejnwWIS JO S}NSaYy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

39/110

VoL "D

2 o < O e
losuaSe QEISY (i) yig Woy souejsi]

061 291 89l ¥GL Ol 921 2Ll 86 ¥8 0L 9S8 &¥ 82 FL O

/ \\.// \n\/ o?%\iﬁ \
S AN/ LN /
NV /
\ N

0JJUOD |
/ \ __ 1 H 3
1(SASI000 DOP~SARINR0 D) BSIaA8] 'SASY
¥ VHE

10sUsSo C(EISw {11) g woy 8oueslq
96} 281 891 ¥C1L OpL 921 211 86 ¥8 0. 99 ¢¥ 8 vL O

™ JANZEV
\| [/ I}

N/ / ,/ win

A |04U0D)

cém-m\amm i

(SARINQO 09p~SASIN00 D) 9SIonal 'SABY
¢ VH4

%S-%56 —

00
z0
V0 o
g0
80
0l

00
z0
V0 o
g0 =
90
o

losuss @ 1SIop — vyHg '1sed — LYHYG
‘UoljelIA JUSWade|dsIp |eJale| JO SuwLIsl Ut AHIgeIS
iosUsgo QEIS . (1) 1g wouy souBsIQ i

96l 281 89f ¥GI Oyl 9¢L ¢LL 85 V8 QL 9% 2v 82 ¥l O

00
\ ,.\ // \'\/ , oggz / ¢o
\ A \ / \ .T.D
N7 [TV £
\ /0 0=
[043U0D | g1
\J/ |
%G-%G6 — :(Sh2I000"09P~SA3I000 () 35I8A8) 'SAOY o
¢ YH4
0 © o
105Usgo GEISY {y)y)g woy eouEiSiq
96, 281 89} 41 OVl 621 21} 96 18 0L 85 2 B 1) O
3 v "
/ A NUNJ pg
T amvamiv \J/ 108100 @_o\mn;.
20
0l

(SABJ000"00R~SARI00 0} BSIeA8) 'SASY
| YHY

(1g wouy Yooz~ :ebuey)

%5-%56 —

(%Sd-%56d) dueld YbBiH-mo ul uoneLiep dsiq |elaje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

40/110

q01L "Old

IEEN
08¢ 042 05T 0€¢ Ol 08) 0Z) 05 0€L Ql) 06 0L 0G 0F 01

i

¥ YHd

WdYS
06¢ 04 0§¢ 0¢Z OL¢ 064 0/} 0S1 OEL 011 06 0L 0G 0F Gl

¢ VH4

00
g0
0l
gl
0¢
¢¢

=-

WddS

05¢ 0/¢ 052 0¢Z 0L 06 021 0SL 0E)L QLl 06 0L 0G OF 0L

! .

e T e

€ VHY

NddS

06¢ 042 09¢ 0€¢ 042 061 0} 0S) 0EL QL) 06 04 06 0% 04

pe iMoo

} YHE

'SYHG || 10} Wd¥H09| punaole dn moys 0} s)e)s paads [eoRlD ‘Buo 8|gels 1soW ay) S LYHY

0'0
g0
o'l
gl
0¢
4

00
50
o'l
g
0¢
g¢

(QMIN 3s41d @) aue|d ybiH-moT ul uofjew.ola( |elsjeT

I

u

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

41/110

LI "OId

%0 :BuLiaslg - 081 :INJYS - 0% :GOM
bul|juqg jeuonisuel}
{ OLIeU99g uolje|nwis Jo s}nsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

42/110

VLI "OId

- o>
A r C—

108UsSo QEISY
961 ¢8 89) ¥ OFl 921 ZLL 86 ¥8 0L 9S8 ¥ 82 ¥ O

(4] 18 wos soueisig

il
3
\
d
sbesany — (SASI000 062~SABI0C0'CR)) 9S19A8) ‘SAaY
786 - == A
josuage GEISY (i) 1ig wou suesI T
96) 781 891 ¥Sl OpL 921 ZLL 86 ¥8 0L 9G ¢y 8 ¥l O
If/li\w
N —
ami/amin 000 |
abeiony — (SABI0CD 0BZ~SARI000 06 ) 8sianal ‘shay
56 -~ AL

00
0l
0e
[

log =

0y
0
09

00
ol
GC

=
0 =

)
—

oy
0’6
09

1SIOM - € YHE 1589 ~ 2 YHE

:UOI}220| Josuas Je bes Je||0d Jjo swus) ul A)jenb juswainsealy

josUsgo (EISw () ng Eoﬁmocﬂm_o
961 281 89) ¥SL Ovl 9CL 24l 86 ¥8 0L 99 ¢v 8C ¥l O

o o5 o

00
7 =
/ (d ll I&\ M_C: .
N : =L UN— 07
\ N~ am1/Iami jonuog | e S
\\ 0y
'S
afieleny —— (SABICO0 0BZ~SABION0 06 ) 9SI9A8I ‘Shay 09
thge --- € YHg
10sUaGe QEISY ) 1g wel m.u_._sm_a ° ° i
061 281 89L ¥GL OF) 921 ¢lL 86 ¥8 0L 99 Z¥ 8C ¥l oo.o
N~
\ //;uﬂ\atc%
N 0¢
\. AMTAMAN loauog | =
] 10€ N
/ 0y~
.lll‘lll.!.l.\ \
sbesny — (SABI000 06Z~SABIQ00 06]) 5188l ‘sAgy 09
b6 == | YH

(g woy Yo0z~0 :8buey)

(2,664 pue abelaAy) dsiq |esale] Juejnsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

43/110

Ll

I

108U8S e QRIS

96} 281 891 ¥6l 0¥l 921 1 86 ¥8 OL 9G ¢¥ 8¢ ¥ 0

—0 ey
E:_meocmocﬂm_o

%\

/N

M

/ I\ /\ awamn /1

¥

\

\ R

\| / Lo -

~N / (elilile%'

%G-%%6 —

{(8A81000' 06Z~3A2.000°06 ) 95.9A81 'SABY
¥ YHY .

a5 & O P o—

10SUsSe QBISw
06f 781 891 ¥GL Ol 92V L) 86 ¥8@ 0L 98 ¢y 82 ¢l O

(1) ng woy soueysIg

b 7
S VAN ' M
N
N // \ /o%aa,_\v Vi ,.u
N Hun
1 \ [eTil}lele)
%5-%56 — (8h8I000"062~SARI000"06 ) Bsidnal ‘shay

¢vH4

00
¥
¢0
o
€0 =

=

70
g0
9’0

00
10
AL

—
€0 =

=
—_—

7o
G0
90

qels BuLis 1sil} AOGE 1SIOM — FYHEPEVHE ‘159d — LWHE (2
10SU9s @) 1SI0M — £YHE 158d — ZYHERIVHA (1
:UoljeLIeA JusWadR|dsIp [BI)e] JO suis) W AJIlaes

2o

SIBge QIS () g Woy 0ueg
961 Z8) 89 ¥SL OVL 9ZL ZLL 96 ¥8 0L 98 ¥ 82 ¥ 0
/ I\ / N\ OwWIamiN /T

A AN A

\ / / =
// 4 // wn-—1 70
[OUCD ¥ ¢
N/ || -
%5-%G6 — :(SABIN00 06Z~SABI000 06 L} SS19ARK ‘SASY
& VHY
> O O O—
1050880 QRIS Y (1) 1g woy 39uekIg
95l Z8) 89} ¥51 OV 9zb 21b 86 ¥8 0L 9G 2¥ 8 ¥L O
- \ DO
..// \// Al /\/ 10
\
7 // / /D%BEV )
4/ frun oo £
/.\ [0U0D | g
50
hTUGE —  {SRRI000 06751000 Col) SSIehal Sheg
| YHY

(g woly Jo0Z~0 -ebuey)

(%G d-%G6d) aueld YybiH-moT ul uofjeriep dsiq jessje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

44/110

DLL "D }SI0M - YYHE 3 EYHE 1599 — T VHE
{119 0] 9S0[0 OM}) SIOSUSS |9 OM} Je S8|Bue uoljos)ap Jej|02 JO SIS} Ul Ajijenb Jusluainses|y

10sUsS o Qﬂwq: (W) ng wouy mocﬂ.m‘._m © © i 10sUsS e Dsmqa {1} g woly mucﬂm..._a ° ° i
061 28| 99} ¥SL O 92l 2Ll 86 P8 0L 95 &b 8¢ ¥l oo.o 961 281 89l ¥SI Ovi 921 ¢l 96 ¥8 0L 9% v 82 bl ooo
\\n:’ Y 3./ \\./../ \ 70 \\\lﬂ } \\JW \.\ »/./ \ 20
-~ \\\ / ——- A 3 .\\ -.f \___>_.b .T.O m b\ \h\ f \ /. \ ' |\\ -—. % .V.O m
N\ | £ N NA AVMVAMW TR 7Y / \‘ |/ A OMTVAMIAL T 0 Y S
\J/ ] N 08 N\ T - wnl Yigp &
W 90 & 3 90 8
|onuon = |03U0D =
g0 80
abelany — (SARINND 067~8M81000 06 )) 98Janal ‘shay & abeIBAy — (SABIQ00 0BZ~SARI000 06 ) 2SI18A01 ‘SADY 0
- ¥ YHE G- € VHE
B> © e P O3 O o
10SUdG o CEISw (1) 19 wouy 9ouEsIc osUeGo IS w (14 1 wouy souBs!
961 ¢8| 891 ¥5L 0¥l 921 ZLL 86 ¥8 0L 9% ¢V 8¢ ¥l oo_m 95 781 89l ¥CL OFL 9L 2l 86 ¥8 0L 96 ¥ 82 ¥l @o_o
.”ﬂlllyf A 4. ....ll..lIM.., ) ) [
== Al | AR 1 = A T TATA T
AN AR SANEIAARY
AMVAMN Ty 70 2 aMUaMN T 70 2
\ wl gz A wn| X
/ J joguop 80 & \ jouoy— 90 &
A ge Ref 8'0
abelany — {SARIQ00 0BZ~SASI000 0L BSJanal ‘sAsy 0 abelaay — {($A81000"06Z~SABI000°06 ) BSIaA8! ‘sASY 0l
g6 --- Z YHg 48 - - | YHE

(1g wol Yooz~0 :ebuey)
(9,664 pue abelany) ojbuy uoljewsojaq buipusg

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

45/110

atlL "Did

uolessjaooe jeixe abelane mo| Ajaanejel aaey syHg IV (2

lejuns syHg v (|
"UONBID|302E [BIXE JO SULIB) Ul AJlIgels

= - Qe Ot M e, aa 2 O T e
0sUsSe (RISw (1) 11g wioy souBlsiq iosusgo GEISw (1) g woy soueysI

961 <8l 991 ¥SiL O¥L 92h 211 86 v8 0L 95 ¢F 8¢ ¥l 0 961 28l 891 ¥S). OFl 921 Zi1 96 ¥8 0L 9% Zv 82 vl 0

<7 00 <7 7 00

A . A ..

MTAMIN pun—{ §°¢ AMT/AMIN pun— §0

bk 2ol R R |01U0D . JPP S ik CN | joueY
—Egmns ===t U} W === = <t 0} \M

1g) ¥ gl o
[
07 07 -
abelany — {SAI000" 067 ~SA3000 06 ) 9519A8) ‘SA8Y 9DBIBAY ~ame (A21000°0BZ~SABI000 06 |) PSIBAB ‘SADY m
%46 -~ ¥ vYHd %G8 == € YHd <3
B o o— R o o— =
088G e QeI w (1) ug woy s2uBsIq 1osUsGe QEIS @ (1) 1g wol} souLsIg M
961 ¢8) 89l ¥Gl 071 921 Til 86 ¥8 OL 99 ¢¥ 82 v QO 961 28) 89l ¥GL 0%l 921 ¢ll 85 ¥8 0L 9% ¥ 82 ¥ 0 %
<7 00 7 00 N
o Z] [ma|
.\_\ . \\ . [
aMTaMN nun— 50 QMT/GMIN T 3un— §0 =
- R R Sy [ouUoY - Y S [0JU0D =
Y gl y o Z

T ETE T — :(SABIO00 0BZ~SABIN00 0B |) BSi8Aa1 'SASY Ue abelany — (SABIN00 0BZ~SABI000'06 L) B5JaA8] ‘shay 0¢

- Z YHE %6 - -~ | VHE

(g wouy Yooz~0 :ebuey)
(%G6d pue abelsny) uoljela|aaoy |eIxy



PCT/US2014/034053

46/110

WO 2014/169291

. 19 Je uonelsjsade [etsie| ybiy Ajennelay (¢
IL1 "Dl FYHE % SyHg ueyl Jemo| Apybis zyHa 8 LvHE (1
:UOIRIS[DOZR [RI9)E| JO SULISE Ul ANNIgeIS

10508G 0 GBS v wg Eoﬁocgm_o © ° v 05U30 EIgY {y) 1g woy soue)Slq T
961 281 991 $S} Okl OZL 211 86 ¥8 QL 9% ¢¥ 8¢ ¥l oo.o 081 ¢8) 894 vGL OFL 971 211 86 ¥8 0L 9G ¢¥ 8¢ ¥l oo.o
S R S T N N R & 4 T T T e T oA z
1 \\ i .:\\c 0} . I \\ e .l\\ 0l
am/amin pun = aOMTaMN wn |
[oJuo) —1 07 N [QUOD — 07
3 @ )
e g
abelany — (SA21000 06Z~SADI000 R L) 9819n31 ‘SASY 07 sbeleny — {(SARI000 0B Z~SARI000 (6 L) 9SI9A3I ‘Shay Gy
ke6--- -y VYHY %6 -~ - ¢ vHe
e O o — e O O D—
108UsGo (eIgw (1) g wou soueysiq . 0SUdG o (EISw (31) Ng Woy dsuelsig
961 281 99l ¥Gl Oyl 9¢l CLL 86 ¥8 0L 99 ¢F 82 ¥, O 961 £81 89} ¥GlL 0¥l 9¢L CLL 85 ¥8 CGL 95 ¢¥ 8 vl 0O
.Illfllllll\I..l\lllllllul e s Fy Oﬁ_ ....-I...tl-II..\llllllllnltn lHJjul..lul r. 7 DO
\,\ 0l \-\ 0l
QMM T ,:_.. = aM/amin Hu ,...,.
|GJU0D —f 07 = [0UO] —3f 0
) o .
0¢ . 0
abelony — {SABI000 062~5ABI000 05 1) 95I19M8I ‘SAY oy abelony — {(SABIND0D6Z~SAI000 06} BSIaAal ‘sheYy 0
6 --- Z vYHd %6 ==~ | YHE

(Hg woy 1o0z~0 :9buey)
(2%,56d pue abeiaAy) uoljels|addy |eiaje

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

47/110

411 "D

e o o
v

josueSo (EISw (1) 1ig woy sauelsiq
961 ¢Gl 891 ¥S1 OFL 921 TIL 86 ¥8 0L 96 ¥ 82 v 0

o—

Q

_
L v e e el E@Q% \L
Vd
Jun
_O.;COOih
; o0 — - —  .(SABJQ00 0BZ~SABIQ00'06 L) 9SI9AB] 'SASY
afelany
056 ~~ =~ ¥ vHd —
10SUsSe (EISw (1) ug woy) sauB)sI(]

961 281 891 ¥Sl OVl 921 CLL 86 ¥8 0L 9% &¥ 82 ¥l O

LB

=== =1 avamin /L
rd
Jun
_O.ﬂcool-...
mm@mﬁ — - — (SABIQO06Z~SAI0C0 06 ) BSioA8! "SA8Y
0456 - - -~ ¢ vhe

FEJIUIS SYHY IV
:uoleleA m:EQ jo mc.:m; ul Aljgeing

Xz —

10sU8Ge QEISw (4} ng woyy mogsmo
95L 281 89l ¥GlL 0¥l 92) ¢lL 86 ¥8 0L 9G ¢v 82 ¥ O

o_ o
I S D B P .tl.l:\
ol B il e amramin_ /LIl ¢,
= S 7 =
= BN =
0 = 1000 Aoz =
5 5 uG—-— :(SABINDO06Z~SABI000 06 ) B5I8ARN ‘SAaY it
abeleny
%56 ---- - v VHg - e
losusge GEISe  {ij) ug woy souelsiq
0 91 28) 89} ¥4l OV} 9T 21 86 ¥8 OL 95 T 8z ¥l O
S P r
. MYAMIN _ /111 ¢,
= - =
= ﬁ___s =
7 = loquo) _| .o =
5 5 %G — - —  :(SABINND 0BT~SNBIN00 06 )) BSI8A8I ‘ShaY 5
afelony
%56 - - - -~ ALE

(y1g wou} 3o0z~0 :ebuey)
(%G6d pue ‘abelany ‘o Gd) anblioj

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

48/110

"qes Buins puooas sy Jeau Juswow Buipusq Jafle| arey $yHE 9 £vHE (2

OLL "OId "OYY pue adoags)a] e uswow Buipuaqg Jejiwts aaey syHg IV (1
;Jusllowl Buipuag Jo swusy Ul Ajljigeing
I3 A O O—0—— aa - O O o
JosusSo (EISw (1} yig woyy sauelsIg 10sUeSo (EISw (4w} ng woy souElSI]
961 ¢8| 991 ¥SL 0¥l GZ) Z1) 86 ¥8 0L 99 ¢v 8¢ ¥l O 96L 281 89l ¥4 0¥l 9L 211 86 ¥8 0L 9S8 2y 8¢ ¥ O
\II - \ o \\\/ N \ O
Tt a- A e ) ‘../ /i
/ \ ./ “t ) \.ﬂ\ \\/ \\_ 0z / \ LA .\ﬂ\ w>,\|“ 0z
./ \ Y. ) Xw ﬁ;/(l\ . ! = / \ N, ) ) N../ll\ - !
) N .t: \\\ .__~ b \W _____ -__- Y - \..\ .:M O
LY AR DR = N R
A A\l amvamin 3 Y] i amiamin
qe1s =~ Fun— 09 qers = y -1un— 09
[ehill{elg' m [c1U0D
l ] l l
afieiony — {(SAB1000'062~SABIN000B ) 9SI9AsI 'SAaY 08 afelony — (SABINNN"05Z~SABI000 0B L) BS1aAaL ‘SAaY 08
%6 == ¥ YHE 46 - ¢ YHg
losUsgo CQEISW (1) 1g woy Scﬁm_o ° ° i 0sUsGo QEISw {1) 1g wiou; mocﬁm_o ° ° i

951 <81 89} ¥Sl 0¥l 921 ZLL 86 v8 0L 9SG ¢ 82 ¥l 0 96l 281 891 ¥5L Ovl 9ZL Cl) 86 8 0L 99 2y 8C ¢l O
F=FH - - o ~ L 3=

> 0 =T 7 0
LA a . A aNa \ﬂ\ Va2

Y =7y

W Sy L A4, N f 1
K R —_7 \u\ Nacao ~ \\\, __._ rm_ y _.. Nf—-o/(\ P
) \.._ =t 0 = i " OF
y | i AMT/aMmiN 2 N/ \.h_ AMT/aMN
Y Fyun— 09 Fiun— 09
v [0JJU0D : [aX)iilelg)
l i | |
afzlany — (SASI000 DBZ~SASIOCO 06 ) SIanal 'shey O abelony — :(SABIG00 0BZ~SNBI000 06 L) BSIBARI ‘SABY 08
Hd - ¢ VYHE 36 == L YHE

(g woy 1J00z~0 :ebuey)
(%,G56d pue abelaay) Juswoy Buipuag

(i) ZAL

{u-jam) zAL

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

49/110

-

o—

108U8g & ®S v
961 291 891 ¥l 0%l 9¢l ¢il 86 ¥8 0L 99 ¢y 8¢ vl 0O

o +r

{u) ng wox mocmm_o

AL A

o A
Ut T AN N
i T AMTOMN
| yun
[0u00

abelony —
%56 -~ -

:(SABIO00 0BZ~SA2I000°C6 ) 9SJ9Aal ‘SAeY
¥ YHd

o—

10SUsSo QEISw
961 281 89} ¥GL Ovl 92L CLL 86 ¥8 0L 9G ¢ 8 ¥l 0

(W) 1g woy souzisi

AL

>

-
~

-
=

-

-

=
- 7
5 1
/-\\ .—— s.__
LY ’ [ i

-
——

-~ h

Nr s N [ !
“

STV T aMiaming
| un

jo1u0D)

|

sbelany —
%56 ---

(SABIN0N 052~SARI000°06 L) BSIaASI 'SAaY
¢ VHY

0

0l

Gl

o
Gl

0¢

XBUISasI UoA

(1sy)

YelW SasipyUoA

(1sy)

'SYHE {le 10} DY pue adeogael Je Jejwis S| ssalg (z

HLL "OI4 JoyBly S1 PYHEBPEYHE 10 qBls Bullis puoass sy} Jesu ssels a|ium ‘ZyHa'e | YHE 10} 1oUBly st Gels Bulys Jsuy ey} Jesu ssaRg

{1

'888J]S JO SULIS} Ul AJljiqeing

P G W

IGsU9S e (EISw

961 284 89l ¥CL 0¥l 9CL 21l 86 ¥8 0L 95 ¢y 8C ¥l 0

() 1g woy sovBlsy

e

AL

A Y

-

A
\wal

”

v q ) aMY/amM ]|
| nun
' |0uoD |
||
afessny — :($ABIO00 06Z~SABL000°06 ) 9SJ9A8l ‘sAsY
g6 --- ¢ YHg
108U8Se QEIS™ {11} 11g woly souessIqg

961 281 89L ¥SL Ol 921 1L 86 vB 0L 9% 2y 8¢ vl

A

.

& .
4 4
: ‘
L
i vy
;

L.l Ve

g
ot A [y
N ’ W

"

4
/

I

’ m_muw P rT : AMVOMIN
wn
puz qeis =2 _mo nuog
o L
abeiony — (SABIOND CBZ~SABIN00 06 L) 8SI9A8] ‘SABY
%g6 === | YHE

¢

0t

Gl

0¢

(g wou 4ooz~0 -8buey)
(%S6d pue abelany) ssaljg SasI UOA

SaSI|A UoA

(1sy) ew

el SasMy UoA

(1sy)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

50/110

I1LL "Oid

'TYHERLYHE 10} gels Bus sy je saybly Apybis s) 82105 J0EIUOD
:80.10} JOBIUOD JO Swiel Ul Ajljigeis pue Ajjiqesng

osUsSe GBIV () yguoyewesg 10sUsSe QEISY ()} g Woy soLElsq o
061 281 891 ¥5l Ol 921 211 86 8 0L 9¢ ¥ 8¢ ¥l oo 96, 28l 891 ¥SL OvL 92l 211 86 ¥8 0L 9% b 8¢ i oo
rd ”
, ‘ il \ _ M
Al GATPAMIN aMTamin
} L + 0009 v o —f—4—4 0009
’ \ wun/ = . wun/ B -
y jonuog b = b [0AU0D =
T ¥ CO00) ' ; 0000}
m :
shelony — :(SABIN0N'0BZ~SABINN0'NBL) 9SI8A2I 'SASY cocg! 90BIBAY {SAB1000° 06Z~SA2I000 06| ) 2549431 “8A3Y 0005}
%6~~~ ¥ VYHE | i ¢ YHY
losusSo (RIS w (1)) 18 oy .mocm“m..._o ° ° > J0sUsGo (BISw (1) ug wouw mocﬂw_o ° ° i
961 ¢8) 891 ¥4l 0¥l 92/ L} 86 ¥ 0L 9% &% 82 ¥l oo 961 28l 891 #S1 OFL 9ZL ZI1 86 ¥8 0L 9% ¢¥ 8¢ ¥l oo
, : M| , ¥ M
1 GMTIOMIN v OMT/AMIN
. + } : 000G (1] 1 ; 0009
.h. ! n/ fF § : i wn/ R
3 J041U07) ¥ = v [oAuoy =
4 0000} I
| |
abelany — (SABIN00 0RZ~SABIC00 06) BSI8ASI ‘ShaY 000%} abejony —— (SASI000 0BZ~SABIN0G 06| ) BSIBARI ‘SABY 0005}

%56 --- Z YHY

%56 - -~ | YHE
{11g woy} Yooz~0 :abuey)

(9%56d puy abeiaAy) 82104 JoejUO)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

51/110

11 D4

SUONNj0AZY

9¢€ 016 8¢ mmm mmm 90Z 08) ¥51 8ZL 201

gL 0

[T
¥ YHY
SLON[oASY
mmm orm wmm mmm e wom 081 51 871 NE: G, 0%
T

¢VHg

0

08

00k

051

0g

00}

Sl

SUOIN[CADY

9¢¢ 0IE v8C 8GC ctd mow 081 ¥Sl g2l ¢0b SL QS

TIT

[

T

€ VHY

stiopn|oAsy

mmm Em %m wmm ¢e¢ 90¢ 08l ¥5L 8¢l <0l GL 08

—....._—

il

T

I YHd

‘1q 18 uialed AI0)SIy SwWi UCHEI8|9008 [2J81E| JEjILUIS MOYS SYH |[B ‘uchisue.) uojeulo) sy Buissed sy

0

0G

00l

0cl

0

0G

00}

61

UoIjeIa|9292Y |eJddle g

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

52/110

NLL "OI4

"1 1e waned uoieleA gy Jejikis moys syHg e ‘uonisuel) uopeulio) sy Buissed sy

9¢€ 0l€ ¥8¢ 89¢C waoﬁum>wmr ¥§l §¢k 0} 9L Q¢
MO AAD LAt At fn
AR A1 NRIANI NN N N AR AN
(Y AVETRIATAVRIRE R NNRA FREATRUR
Y FIV YWV YWY YUY
¢<Im_
suonnjoAsy
9g¢ 0l ¥8¢ 8S9C <¢tT 90¢ 08l ¥SL 8¢) 20 9L 0§
T T A A P
IEVANLAVAW (R ARINARERANINR
iw_ﬂw E: RYNRIRTENRIN
ﬁ KRR ENREE
¢ YHY

00}~

0

00} o
00 £
00¢ =
00y
008

c0b-
G

SUDNIOASY

9ee 0lE ¥8¢ 89¢ <8¢ 90¢ 081 ¥4l 82l <0I

9L 08

e
S R

|

T ——]
=
T
] -~
-
e |

/W

€ VHaG

SUo|NjoASY

9¢¢ Ol 8T 8%¢ ¢t¢ 90C 08l 74l 82l <01

9. 0%

A A

i

i

N

——
__,_—m:::'
.-—\*_

LA AT T
I

L
i

B

:q;f_ig

Wl

W

00}~

L

00}~

0

00 5
00z £
00¢ =
00y
005

Wdd 3HE

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

53/110

1L "Ol4

"diis-yons Jamop Apybls saey 2yHg pue LyHg

%216 %086 %196 %196 xapui dijs-ong
YvHE ¢YH4g ZVH4 lVHE
(sA84 0"09¢5 - 0°0%) (sA84 0°09€ - 0°08) (shed 009 - 0'08) {sA01 0°09€ - 0°08)
(UwAs)) Widy g {Uw/ras) mdy vg (UIwAsd) idH 1 (uwnsl) WY 18
001~ 00} 06}- 00}-
P80 w0 BV oLy L
TR T 0 T T K T T 0 TTRET YT 0
05262 16508 ATA 1S€°6E
..................... 1o RN SRR [ SR 1A SECTERERES N ERRRESE N ([AN FESSERETEN I SESRRRS ¥y}
e Looz |08 ) Loz 10948 ] Loz |--085 48 ] 00z
CEEE LT vt gL o0 TR rOcE oL 008
- £4£°09€ 906'69¢ L1S'E9E 998798
Q ) - . v e e e e ] L NNE Fewe i mme e emmmea Tt . - ' oy mmm e e e ] |
o 097 F0p o 00% T o0 T TS 00v A AN IR 00y
GZd
o 008 008 00¢ 008
YvHd gvHd cVHS L VHY
>
(o]
(Jold 49MSIym B xogd) Nd¥ ¥g

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

54/110

WO 2014/169291

WLL “DId *90BLNS J8 Waned uoneuea anblo) Je|lWis MOYS SyHg [Ie ‘Uuolisuel] uoleuiso) sy Buissed sy

9ge 0L V8¢ 8%C NMMOMM_M\,MMF pel 8¢l c¢0l 94 omor 9te 0lE +8¢ 859¢ NMMO%_M}MW yel 821 201 8L omS
NS 1% A
AYRY (DAY NNNAY YA AN ATINAVRVILPE Dook=SN FRAVIIVA AR IANAPAY] VANANIDRI AN ITA ol
f «.._ {. 4 q ¥ T i om | ,c.\ i\. d_ Iy T I T om
09 09

¥ YHY ¢ VvH4
9¢¢ 0lE ¥8¢ 89¢ NMMD%MJMF ¥GL 821 20l 94 Q¢ ol mmm 0l ¥8C 892 NMMOMM_M_,_MMF vel 821 20l 8L 0§ ol
N AN RAVAT WY L T P
LA AT R NAVIVA VAVAR (VA LV PSSR (W A AVA VAT YA VAVARENBU AN RNV Do
{y\___z\.i____ i _gom {_V.Vx_.‘,\___w i7 7 cm
09 09

¢ VYHE | VHY

anb.io] aoseung

HAaM

HHIM

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

55/110

AL

%0 :BuL183)g - 081 :INdYS - 0% :dOM
uoljew.o4 snoauabowoyu| buijug
G OLIeU3DQ uole|NWIS JO S} NSay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

56/110

vcl ‘DI

108U9S 0 QEISw ¥

(31) 19 woy mocﬁ..a,.._n_

96} 281 891 ¥S1 071 9¢b ¢l 86 ¥8 0L 9G &y 8% 7l O

00
\
T LINM LA,
. 3 rG 0l
q\.\ N \. NL_F

N o 197
A = am/amne 1 &
\. [QAU0D 4 0°¢ \m;
— 0y

0¢

abelony — (SABIN0N" 00 L~SASINNQ'C) 959431 'SASY 09

%46 -~ - ¥ vHg
o o

0sUsSe CEJS @

{) ng weyy mocsm.a ©

961 28} 891 v&lL OFl 92L 211 86 ¥8 0L 9% ¢¥ € ¥l O

- 00

/

\%W&A 7

amM/amiN —Tuun | e —

, jojuegH 0 &
o~ or
l\ 4
,.!\\ 0g
abelany — (SABJQQ0 B0 L~SABIQ00 0} B5JeN8Y 'SATY 03
"6 ==~ ZVHg

}SIOM - £ YHE Is8d — Z YHY

:U0NEo0| JosUSS Je Bes Jejj0d Jo suwus) Ul Ajjenb juswainsesiy

icsuag e pﬁmq: () g Eocmocﬂm_a ° ° i
961 281 89l ¥Cl 0¥l 9ZL 2Ll 86 ¥8 0L 99 v 8T ¥l ooo
b e
£ N |/
A N | amamw U0 1T o
\. [0Qu0D 4 0% =
~ 0y
0's
abesany —— (SABI000 00| ~SA2I000°0) BSIBARI ‘SAGY 03
%GB -~~~ € YHE
0 - o

oSS e GEISY  (3)yg Wol soueg
951 78} 89} ¥l OvL 921 2)) 96 ¥8 0L 9S 2Z¥ 82 ¥l 0

00
/ﬁ\ “.\“n.- o
N .

\ AMIaMN —Taun 1 9% —

jojuod 4 0'f X
\.\ 0y =
abesany — [(SASI000'00 L ~SABIN0C 0) BSIBABI ‘SASY 0%
%56 - -~ | YHE

(1g wol; Yooz~0 -8buey)

(9,66d pue abelaAy) dsi(g jelale] juelnsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

57/110

qacl ‘Ol

&5

<O O T

l0susSo QEISw ’ {4 ng woyy mo:sm_o
961 781 891 ¥SI 0¥l 92V ¢lb 86 ¥8 0L 958 ¢¥ 8¢ ¥l O

. /N N 4
\ / \ AMT/amMIn \:F
N A VT
V2 -
N // 7 0.3L07 -
UG08 — TS781000 00 )~SAeI000 0) mem\_é ﬁm_am
¥ VYHd

J08UsSe C(EISw (1) 119 W03 20UEISI(]
861 281 99| PGl 0¥l 921 ZiL 86 ¥8 0L 9% ¢F 82 #L C

WA ,\/ ™ A
CZARNEYE\VARYIN
_ /,11\\ \/ LY \\

AMVAMN N/ wan
|oluo)

:(SABION0 00 ~8A8J000°0) 9878A84 ‘SADY

¢vYHd

%G-%56 —

G0
10
<0
€0 =

=
—

70
G
90

00
1’0
20

[
0 X
¥o
0
90

qejs Buis 151y 8r0ge 1SIOM — £YHE ‘1598 - | VHE (2
losuss @) IsIop — ¥ YHE 1589 — L vHE ()
:uofeleA Juswaedsip [2491| JO sws) Ul AlIge)s

o ’ SN,

108U8So CEISw () 1g wol mocmm_n_ -
96l 781 89} ¥S1L O¥L 921 TI1 86 ¥8 0L 99 C¥ 8 7l C

00
\ \/ \\.,/owwﬂ_o\;_r \m 0
[
NWER \ \_fmﬁ
N \ | 1/ \_| fwn | =
/ 7 N [0u0D’ A
\ v
N 2l
24G-%,C6 — Am>m._o©0.oo_\1w>m._ooo.ov 08JoA3l ,m>mm 90
¢ YHd
7 O C O—
dosusge QEISw (1) yig woy scuelsIg
961 29) 89} 8l 07} 921 T4 86 V8 0L 95 Zr &2 ¥l O

/N A D LA

SEARNEY S\ ERY/Nk

//...\\ \// \\ 0 =

amvamin s 60 S
jonuon 70
50
g0

($A91000° 00} ~SABI000 Q) BSI8ARI ‘SASY

| YHY
(Mg woJ} Yooz~0 -ebuey)

%G-%56 ——

(%S d-%S56d) dueld YBiH-moT ul uofjeliep dsiq |essjeT]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

58/110

ICL "OId

JSIOM - € YHE 1988 — T YHE

-(11q 01 2S00 OM}) SIOSUSS |9 oM} Je SeBUB LUoNO3YSP JB||02 JO SIS} Ul Ajjenb Juswainses|y

aa > < O R
l0sUdgo QBISv () yg wouj saug)sIg

961 281 894 ¥4I 0¥ 921 TLL 86 ¥6 0L 99 ZF 8C v 0

< 00
y.u 3.//4\ NIV
> \\ /. ! w\.' /u*. _./N\u_ +0
H \ N N_A OMVAMIN T 7~ 4
/\\ i - wnp % 90
v [0AU0D “_
190
abelany — (SABIQ0D 001 ~SABI000 D) OSHEABI ‘SA9Y Ul
g6 - - A
108UsS e QBiSe o 1g Egmocﬁma ° ° i
06, 281 89) ¥G) OF) 9ZL ZLL 86 ¥8 0L 95 ¥ 8¢ ¥l oo.o
=y N
TR A A\ Km/ / Z0
ML o A
AMTAMIN =5 V0
\ wn | i
lonuon —1 90
N 80
afeiany — (SABINNN 001 ~8ABINN0 D) BSIBARI ‘SABY 0
%G8 - - Z VHS

=
="
—
™~
—_
[
oD
jiw]

(Bap) zAuy

10sUsS e Qmumq... (1) ng woyy Scﬁm_o ° ° u|
961 281 891 ¥Si Ov) 921 7Ll 86 ¥8 0. 9% ¢F 8¢ tl oo.o
\.\J .)/ \:...,/.w\xf, / Al
&\ \\ /r o AMT/aMI J,\.x._._ﬁ 703
N\ A R wnt o =
W jo1u0Q ] 90 &
g0
afelony — (SABI000 001 ~SABIQ00 D) 9S18ASI ‘SADY ol
06 ==~ ¢ vHg
10sUsS e CEISw g Eo,_?a%m_m ° ° i
961 Z81 891 ¥SI Ovl 9Z) ¢il 86 ¥8 0. 9 Zv¥ 8¢ ¥l oo.o

..I..dnyvu.n.n..nlauv,(\\/ \.\ /fl.w\&}/ ;_\ 70
A \ aNT/aMA N

/ I ] .vO m
wn| W =
/ lonuopn —# 90 &
» g0
abeiony — (SABIQ00 00 L~SAR1000°0) 9519A8) ‘SA8Y o
6 -~ | VHE

(g wod YoozZ~0 -ebuey)

(2%,66d pue abelaay) a|buy uonew.iosaq Buipusg

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

59/110

WO 2014/169291

uonela|eooe |eixe abelaae mo| Ajaanelal arey syHg IV (2

Jejwis syHg v {1
-:uofBISBIoe [BIXE JO S8l Ul AjlIgels

acl "Did

10sUsSo GBIV {(ung Eo;mocﬁma ° © v 10sUsS o Qﬁmqq g Woy aouBySIq o
961 781 891 ¥51 ObL 921 TLL 86 ¥8 0L 99 v 8¢ ¥l oo.o 961 281 89L vSL OFL 921 CL4 86 ¥8 0L 96 Z¥ 82 ¥l oo.o
.l, “ll f .l’ f
aMIVaMm 17+ aMIaMn oA
wn-— o1 = N ()
joJuoy Y £ oo
i g} IRk
abelony — Am>m58.ooF_zm%soo.ov 9%J9A8) ‘SASY 0e abzlony —— (8A91000° 00| ~SABI0000) 8SIeASE ‘SABY 0¢
== ¥ ¥YH %56 -~ - ¢ YHE
10sUsSe QEISw () vg wed mocgm_o ° ° v 10SUsSe QEIS® {y) ug wouy mucsm_m ° ° i
061 ¢81 89l ¥4l OFL 92| ¢IL 86 8 0L 95 ¢¥ 8¢ ¥l oo‘o 961 281 89} ¥Gl OvL 92 L} 86 v¥8 0L 9G ¢v 8 ¥l oo.o
N \ N f
.|||..||-|a....|.|||..|1|..-..||.|:|||.|a.. J.J/, G0 ..ua....u......-.iunnu‘nu.nu...u-uunnru,“..::,. .J \ g0
amvamn 1AL amiiamin T~
N oy = N+ 07
opuoy € onue
i ¢y il &
abeiony — {(SABIN00 00 ~5AB2000°0) BSIBARI 'SABY 0¢ abelany —— (SABINOD 001 ~SABIN00 () OSIOARI ‘SABY 0e
%96 --- ¢ VHY %%6--- | VHE

(ng wouy Y00z~0 :8buey)
(2,56d pue abeisAy) uoljeis|aaay Jeixy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

60/110

dcl Ol

105U8S 0 QRIS v

(1) ng woy mgs.m.._a °
961 7L 89 ¥ OFL 9ZL 2L, 86 ¥8 0L 95 T 87 ¥ O

[+

D

z 0

ey

-

-

- -

AVTIMA \ Lt g

— 0l

abelony — T RI000 Q0L SABI000 0] esienal sy 7
U6---  pyHg
osRge ®SY  [hguwoteowsg

96} 281 891 ¥G1 0¥l 9L )1 86 ¥B OL 99 7 8¢ ¥. O

il ==%- bl ol 2 K O
AMT/aMIN \ hed g
wn |
jojuoD 0l
abelany — (SABIOQC 00 L ~SARIQ00 D) B548A8 'SADY g
%6 - -~ ¢ YHY

(o) 2hy

(9) 2y

19 Je uoljerejeooe |essye| yby Ajpane|ey (Z

lejwis syHg v (1

‘uoNelsje00e [R18le] Jo swual ul Aliges

10sU8Se QBISw

7 O L oS
(1) g wory soueisiq

96; <81 891 ¥51 OFL 921 1L 86 ¥8 0L 9G Z¥ 82 ¥i O

ik 1 e v 0
QMM \ =

win | W

QLUo Y
[Qju0D ol
abeleny — {(8AB1000°00L~SA8I0000) 9SlaAal ‘Shey Sl

%G5 ==~ ¢ WYHg

0sleSo (elSw (Wug Eocmocﬂm_o ° ° i

961 221 891 ¥CL Oyl 9Z) 1L 86 ¥8 0L 99 ¢F 6¢ vl oo
||||||| e e g e S T < 7

el T

~

QMM \ R
Hun
j0JuQD

—1 0l

abelany —
%S6 - - -

:(8431000°001, ~SA81000" 0} 8SIeA8! ‘ShaY §

| YHY
(ng wolj Yooz~0 :8buey)

(9,664 pue abeiany) uoijeia|addy |essle]

(9)zfy

(0) 2fy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

61/110

4Cl 'O

IBJRUIS SYHE IV
:uoneueA anbioy Jo swua) Ul Aljigeing
' - < O o— xx v £ <r 0—
l0sUsSe QeISw (i) 1g Wal) sauelsi 10sUsSo CEISW {}) g oy souBSI
06! 791 891 ¥SL Okl 92l 2LL 86 ¥8 0L 99 Tv 8 ¥l O 961 781 9L ¥SL 0¥l 921 211 86 $@ 0L 99 ¢v 8C vl O
e 8 7 8
Y | | v
QM VM [ ol e = 0
\-.!..:-u-.!\...l.l-i-\. i — \--!.!-!.!.\-l.l.!.\. fi Cl
T 7 \ ||.“.. tl \W% B s el 7 N |l... Fl
TT T N H O = . wn| 1
oauon—] 8 joyuog | &
{ |
5 %G — - — :(8A1000" 00 L ~SABI000°0) 8549481 'SABY 0 ] (A (8A91000° 0L ~SABI0000) meg_é ,m_>m.m_ 0
afelany afielany
ot S AL oy evie
0sUsSe (BISw {1}) Hg woy ssueysiq 0sUsGo (EISw (1) 1g wouy 90uBISI(]
96} 281 891 ¥S OVl 9ZL Tl 86 ¥8 0L 9% T 8¢ vl ow 961 781 891 ¥SIL OVl 923 TIL 86 ¥8 0L 9% Ty 8¢ 7L om
q \ - \
..v,\ 0} V,\ 0l
aMT/AOMIN l\.l. AMT/AMIN \ _
L L 1 T 117 E.I.\ 1o = R N I N M il ¢l
7 \ i A 7 _\ — ¥l
1 --------M_M_.:‘ 9 = T ; --------M_.ci 9l
S joquon 1 8 T losuon | 8
l | i |
%G — - — :(SABIQDD 00 ~8ABIQ00 () BSIBABI ‘SASY 0 040G — - — (SAI000"00 L ~SABI0N0 ) @SIanal ‘sAsy O
afesany 2 \vHg afbeiany _ L YHE
%56 -=---- %G8 -----

(g woy 300zZ~0 -8buey)
(9,656d pue ‘@belsAy ‘9,G6d) anbio]

(ap) XL

() %L

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

62/110

WO 2014/169291

‘gels Buuys puodas auy Jesu juswot Butpusq Jable| saey yyHE % SYHE (2

OcZl O -adooga|al 1e Juswow Buipuaqg Jeblel Ajubls aaey yyHE ¥ £VHE (1
;JusLiow Bulpuag jo swusy ul Aljigeln]
osUeSe GBSv. (i@ uwoyeovmsg 0SS GBS (ugwoyeoumsg
961 291 89} ¥SI OFL 921 ¢lL 86 ¥8 0L 99 ¢¥ 8¢ ¥l oo 961 ¢8) 89l ¥GiL Opl 921 TLL 86 ¥8 0L 9% &b 82 vl oo
[ . U e N
“aer| kY ~ - et
/ \ '; \._\ A -. W/ s\'- l. ON / b \14 -\ K \..- GN
¥ ) et r a-/ \\ .s b S gt p—/ ..\ .\
/ \ M NP I P it / \ Nogwa?,_ ‘
(__. K AMTVAMN T &= (__. K I Or
¢ N | 1un = < w illly
losuon | 09 jonuon 1 02
| | i L Iy
SBRIANY —— (SABI00D 003 ~SABINN0" 0} BSIAaI “SADY abesony — ($A21000°00} ~SABIQN0 0) 9SIAal ‘SATY
%6 -=- AN 498 ==~ € VHe
J0sUeSo QEISw (1) 119 wou moqﬂmm_ ° losuego (elgw (1) ng woy mocﬂ.m.._n_ ° ° °
961 791 891 ¥Gl 0¥l 91 ¢LL 86 ¥8 0L 9% ¢v 8 7l oo 961 Z8L 89L ¥SL OFL 9ZL ZLL 96 ¥8 0L 9S Z¥ 82 tl Do
3 = S 7 T =] S 7
/ \/4 \) KMA \ac \..._ ON / \/r \) .___sd) s\-'. \...- DN
‘vnﬁ Dl / \ N s.... [ . J,\ i j \ 'MX\\\ 7
My~ s My -
\ f anyami o = \ - amvam \ o
f Hun = / ) Hun
v, josuon 1 09 ¥ josuon ©°
| | ||
sbelony — ($AB1000"00 L ~SABI000'D) 8Sinal 'sAsy 08 sbelony — {(SARIQDO 00 L~SABIDQQ Q) 9SI8AS] ‘SA8Y o8
== AL %6 - -~ | VHE

(g woJj 3o0zZ~0 -8buey)
(%56d pue abeiany) Juswoly Buipuag

() ZAL

{(-Japr) ZAL

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

63/110

WO 2014/169291

. ‘qels BuLS puosdas ay) Iesu ssans xew Jaybiy yonw eAey $yHY ® SYHE (Z
Hcl "OH ‘adoogayel 1e ssaus saybly Apubiis eaey yyHe 2 evHE (I

.883J1S 10 sukia] Ui >~___Qm._3ﬁ_
e O O

losusSo QEISYy (i) ug woy mocmm_m - 108U3Ge QEISw (i1} g Woy souBIsI]
96} 78l 89} ¥ OFL 92V CLL 86 ¥8 0L 99 ¢ 8¢ L 0 96} 26l 891 & OFL 9cb 211 86 ¥8 0L 9% ¢v 82 bl @o

— T

J/A\ _D //‘A\\
\ > h, o > \n/ WA s g 2 \ > _, - > \u/ NV | 430
/ 4 T \..j e\. Y i >_. m 7 /L AR \7/\#\\. N A Le
A \ 4 IR WRY B >\\ \ ‘\~ ~X .
\*\ N \ f GMT/OMIA 5 Y, N/ ¥ % amramin
i it L Lpun— o) B 4 e . 1un— ot
< |ONUOD 5. |oAUOD
afiesany — 1(8A21000°00 1 ~$A21000"0) 9S.9A31 *SASY & afeony — . {(SARI000 00 ~SABINN0 () 9SI8AR) 'SASY 5
g6 --- ¥ YHE b0 -~ ¢ vHd
> O— O D—— aa O O )nnnm
osUsgo (EIg VY (4) 1g wol soue)sIg osUsgo (EISW (1) 1g wody souasIg
06} 781 891 #SL OvL 9¢L T4l 86 ¥8 0L 99 Z¥ 8¢ i oo 98] 781 89l %Gl 0¥l 921 ZLL 86 +8 0. 9% ¥ 8C Yl on_
,/A\ /A\
\ / > A .“w > \ ...a/’ ~.._, k .\.- g #W \ ‘ N A \.b > \\//:, ._... X \.- g
“_.___.— —\\\ --‘- awaf .-ss- ?\D__SI_\D;_\/_ \ _w wr_—-\ v\\\ _-._\ -.... \\ #\\Ogl_\mgﬁ \‘
, S o fwn— o . ! N —1 o1
joJju0D \%Mf s joaueD
abesony — :(SASI000'00 L ~8ABI000'0) BSIaABl ‘SASY Sl afeleny — 1($A8J000° 00| ~SARI000"0) 35:9A8l 'Say 5
%6 -=- ¢ VHe g6 -~ - | YHE

(1g wou Yooz~0 :9buey)
(2,66d pue abelaAy) ssal}g SISy UOA

Yell SasIjy UoA

(1sy)

YeUWSasIy LioA
SUBSTITUTE SHEET (RULE 26)

(1sy)



It O ‘ZWHERLYHE Jof qels BuLs ay) 1e Joubly ApyBys st 8010} 1ogu0g

18010} 10BIUCD JO swus} Ul AJjgels pue Aupgeing

PCT/US2014/034053

WO 2014/169291

64/110

050550 QBISv (4] 1ig Wl souesl] 0sUsSo GEISY () 1g Woly S0uBlSIq v
961 781 891 ¥SI O¥L 921 2L 86 v8 0L 99 ¢ 8¢ ¥l oo 061 28l 891 ¥SIL OvL 92l 241 86 ¥8 0L 96 v 8¢ ¥l oo
7 7
T Dl
i M| QMT/AMIA AL OAN/OMIA
w ) . 000% M . {005
Y pns . = 1 wns s sy
fOJuU0Y | = |oqucd [} =
00G0L _ 0000}
abRIONY —am (8A21000"00 L ~SAR1000°(0) 85i8A84 'SABY 0aas) abelony — [(SARIO0C Q0L ~SABIQND ) B8ISASL ‘SAaY 0005}
%6 --- ¥ YHE w6 - - € YHg
l0sUsSo QeISv {5 1g Eocmoc&m_o ° ° v 10sU8S e CEISw g Eo:mocmm_m ° ° i
061 291 891 ¥Sl O¥L 92l CLL 86 8 0L 95 T¥ 8C ¥l oo 961 Z8L 89 ¥SI 0¥l 92! ¢1) 86 V8 0L 9SG ¢v 8¢ ¥l og
STV T LA T ]
aMIamin AMT/aMIN
' . 0006 ¥ i a00s
. nin’ g =) ; wn/ s o
[oJluon | = |ogque) | =
00004 _ 0000}
abelony — :(SABIQOO 00 ~SARIN00T0) BSIan8 'Shey 0aos) abelany — (SAB1000 001 ~SABINO0 0} ESISABE ‘SASY 0005}
%6 - -- ¢ vHg %G6 - | YHE

(g wouj BooZ~0 :abuey)
(2,66d PUY @beIaAy)a2.104 JorJu0)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053
65/110

WO 2014/169291

cl 'O 710 18 wayed AI0jSIy SLWI) UCHEIS[aoo. [BiS)e] JB|ILIS SARY SYHE IV

SUCHNI0ASY SUORNIOASY
0Ly GEY OCk S9¢ Q€ G96¢ 09¢ ¢¢ 061 S5 O¢l 48 omo 0LF GEv 00v S9¢ 0t€ G96¢ 09C ¢2¢ 06l S6L 021 98 omo
| 0 0l
| : HA 1 LIL AN ] 02 - 1 . : e 02
T W T _ | w " _ H _ _ : i i |
i Al | - | n i
0% | b 0f
09 08
09 09
¥ YHY ¢ VYHY
SUORN|0AGY SUCHN[0ABY
0Ly Gey Q0v G9¢ Q€€ S6¢ Q9¢ Goc 06 991 021 98 omo 0i¢ SC¥ 00F G9¢€ 0E€ G6¢ 09¢ S¢¢ 061 SS1 O¢) 98 omc
m 0 _ | 0
L R W TP R i
oy _ m 0r
08 _ 06
09 09
¢ VHY | YHY

UOoI3eI3|999Y jeJale Jig

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

66/110

WO 2014/169291

AL "Oid (diis-yons ybIy moys) 11q 1e uiaed uonBLEBA NdY JBIIWIS SABY SYHY IV

0lF GEv Q0% G9¢ 0¢e mewm@owﬁ 06, 55} 02} S8 omoE- 0/ Gty 00% G9¢ 0E€ mm%mo:m%mawmm 061 99y 0zZ) 68 omoe-
A A R ] R A A T A
A AL o R s s S
R A R LR P AN R TR LR e
006 005
¥ VHY ¢ vHY
suonnjoAsy sucln|oAsy
0Lt GEV OO0 48¢ 0%C SGC %N GZe 06l G591 0¢l 48 omoS- 0/t Stk OOF mMrm 0t¢ G6¢ 09¢ G¢¢ 061 S5 02) 98 om%r-
AT A A ] R N T
8 e e R
E..t?ii A L e A A P L K L o
009 00%
¢ VHd | YHY

Ndy 38

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

67/110

1cl 'O

Ui
Gd
G¢d

(Gd

Gld
G6d

Xe

"dijs-o0s Jejuis aaey syHg Iy

%066 %666 %996 %S 66 xopul dijs-yong
yvHg ¢YHY ZVHe LVYHY
(sx810°08% - 005} (S04 0"08Y - 0°08) (sn0) 008 - 0°08) (snal 08y - 0°0C)
(Uitwjasl) Wdd Nig {uiwnal) dy ng {uiael) Wdy 1g (Ustaol) oY 1
00}- 00l 00}~ 00)-
106°C- PeEL i ey i e | I
BT A R 5y 0 57 T 0 51 T 0
2268 p0G'€e 916'6¢ £h6'82
..................... I O e Ny B s [ tahnttt o (/() A EESELSTEES B EEREEAEESs X1}
--mmm“@&-ll ........... L 007 --_.‘mw..@m._‘-l ........... L 007 -mm@.mm._ﬁl ........... L 002 mw.r-_nm_‘-l ........... L0027
TIEEE T r00¢ IR 008 gl B 551 T r00¢
£76'65¢ 920°79¢ 0LE'29¢E I 950698 L
=981 00 0= - <= -mm - 00y [--PBOCHE. R2eeee F007  [--BLL'B6E:0n-nmmmend 00 [--GZ6 L0p o= e e 0%
008 008 _ 008 005
PvHd eVHE cvHd LvYHd

(Joid 19)SIYM 8 xog) NdY 3d

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

68/110

WciL "D

suonnjoAsy
0. GEF OCF G9%¢ 0¢% G6¢ 092 Gzz 061 S 0ZL S8 omm_‘
y r..__q,_.my_b,m,_om
L O N IV
T T T T T e
R VAT AR AN 1A SURYSIRY VAT URIRYA IR0 S
R o

b VHE

SUONNI0ADY
O/t GEP 00F SO¢ 088 G627 092 GcZ 061 951 021 48 ommw
i e <
T T T T e
o e
SR AUE VR R N PR T P S P
G

ZVHg

WA

HHapt

‘uisped Alojsiy swiy anbioy aselINS JBpWIS 8ARY SYHY IIY

suonnjoAsy
0/F SE¥ 00F S9¢ QE¢ S62 09¢ S¢¢ 06l SSI 0ZL S8 omm_‘
| _(. ? A F. _? F 1B i | P DN
e e &
T O e T T T T o
T T e o e
U T T o
Ty T E ffF e r (mw

€ VvHY

SUOQN|CASY
O0LF GEF O0F G9¢ QC€E G962 098¢ ¢2Z 0GL S8l 0l S8 omm_‘
b ) L __, ) _ ON
R o <«
LT T T T T o
T T o e
T o
| i

| YHY

anbio] aosejng

HHQP

301

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

69/110

&L "D

%0 :Bul1s9)s - 081 :INdYS - 0¥ :9OM
uonoLI4 [I9M YBIH
g OLIeUadg uone|nwis Jo S)Nsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

70/110

VvEL "DId
losueS e Qqu: (1) vg Ee%mocﬁm._o ° ° o
961 ¢81 991 #SL 0%l 921 T4l 86 ¥8 0L 9S8 ZF 8¢ ¥L O
ly\\
7 = e
\\\ I ,._ M \\ h ,/ \ s\\
_— ! ... /-II\ 5 /\ \\ —]
; [ Awn
- - . f——=2="|0UOD -
A Yoot AMT7AMIN : 0
afizlony — :(SABIQ00 00| ~5ABI000 C) Bsional ‘saay
%56 --- ¥ YHY
j0sUsSe GEISw (1) 1g wouy sauRsIg ° i
96l 281 89} ¥GIL 0¥l 9ZL ZIL 86 ¥8 0L 95 ¢F 8T ¥l 0
\
DM

ZEK ey

A . . _
1 Vaw SRR
AT A \ == 100D
PR . AMTAMIN
afieiany — (SABIQOD 001 ~$AB4000"0) 951981 'SABY

%8 -~ Z YHg

00

1 04

07
=

0t =

0y

06

09

00
0l
0¢

o

fejlwls syHa IV

:U0NE30] Josuss Je Bes Jefjos Jo swis) Ul Aljenb juswainses|y

108U3G o nmqu: () g wouy mo_._ﬁm_m_ ° © o
961 281 891 ¥GL 0¥l 9¢L ¢4l 86 ¥8 G 9G ¢ 82 ¥l om.o
~ 7
ra \..!/4,\ \\s 0}
\\ .\ ,q\// \\l Y \ ...s\ 07
\\\ _._._. _/ / > ...._ v 4\ /! \ _ rm
IR NN b
S s s ===t j00uod - 0%
S - AMTAMIN .
> 0g
abesony — :(SAR1000°00 | ~SA9I000"Q) O5I8A% ‘SAaY 0%
hs6 --- € VHE
a2 O O O
losusSo CGEIS¥  {)j) g woy souejsIq
061 281 89L ¥GL OFL 921 CLL 86 ¥8 0L 9G ¥ 82 ¥l oc.o
N~ 7
7~ 4,\ Aot Ul
\__u 3 I....\\‘\‘\\ 07
\I \\.___ a:r\r ..\H._le D.m \rm'ln
DL sa —t \ e _oh.Eoo, 0% =
L [ - AMTVAMIN “
I e e B R bt 0§
abeiony ~—— {(SABIN0D G0 L~SABICOQ D) 8SI8AB) 'SABY 09

g6 -~ | VHE

(g wol YoozZ~0 -ebuey)

(9,66d pue abelaay) dsiq |etale] Juejnsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

71/110

WO 2014/169291

gL "D losuss @ 1899 — ZvHY

‘UONELIBA JUSWaae|dSIp [248]E| JO SULS] Ul Aljigels

J0sUag o gﬂmq... (i} yg EQEQQEME ” © v J0SUsSe (QElSw (g Eo@mucﬁm_o N - o
96} 281 891 ¥G) 0¥l 9CL TIL 86 ¥8 0L 9G ¢ 8C ¥l oo 961 ¢8l 891 ¥5L 0¥l 821 211 86 ¥8 0L 9S ¢F 8¢ vl oo
ML M
ANEEN/AVYEDZE) AN
Jl Y A N en 1V \ N i \(\\a: s
< A\ - AMVAMA —+—jonuon 19 = — ~—— AMTAMW ——1jonuon4 8 =
g g
TS — {(SA2I000°00 L ~SARIOND"0) BSIBAS) ‘SADY Ob 0469 GF — (SASI000 001 ~SABIQQC () BSIanal ‘SASY ol
¥ VYHE ¢ YHd
osBge IS Ghiguwoysmed osege GESy  (hpgwoyeouesa
961 Z81 891 ¥&L OFL 9¢L 2L 86 ¥8 0L 95 ¥ 8C ¥l O 961 781 89} ¥SL Ovl 92) ZLL 86 v8 0L 9S Z¢ 8¢ v 0O
. D - O
M| ] M ]
\\/z\ \ A 2 \’//\\ ] N
\\ T |7 £ i | =
\ 4 onuond9 = 1 onuonds =
\l.rl..\\ AMTIaMN [oluon 1 9 o~ AMT/aMIN jonuon- 9
\....../....\\ 9 /] Q
= ] e
%5-%596 — :(SABI00D 0L ~SABIND0 () BSI8ARI ‘SARY ob T — {(SABIQQ0 0L ~SABIN00")) BSIan8l ‘SAsY ol
¢ VHd | YHE

(ug woJ Yooz~ -ebuey)
(%Sd-%S6d) aue|d YBIH-moT ul uojjeriep dsiq |elaje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

72/110

WO 2014/169291

DEL "D Ieiwis syHd (I

:(11q 0} 8S0|0 OM}) SIOSUSS |'9Q OM] I8 Sajbue UoIIS[IeP JBJ|0D JO SWIs} Ul AYjenb Juswainsealy

losusGe Qﬂmq: - (wng Ee%oocﬁm_o ° ° o 1ostsge n_ﬂmq.u () ng woy mocﬂm_.m_ °
961 28] 89l ¥GL 0%l 921 <1l 85 ¥8 0L 95 2% 8¢ ¥ oo_o 961 281 8%l ¥CL Oyl 921 <11 86 v8 0L 9% ¢v 8C Pl oo_o
~T7 <
T - i
\Ilﬁ\lll\ / /N \, / : j _. A O_\ ﬂ o ./ > — ] : .._ ow.
\\\4/ NSV /\ _...- fpl \lt‘\_.. __.\x b m \\\ A /\\ Vv sn\ v J.I|\‘ ._
TN AL 7 avamt un | T A A awam 0]
W LV ) 10203 | 7 syt et A S [0AU0] | 7
abelony — {(SABIO00"00L~SABIN00 () BSIanal ‘SASY 5 abelary — :(8A21000'00 1 ~8A31000°0) 9519131 ‘SA9Y §¢
%56 --- 7 YHg i € YHg
108UsSo QEIS W () ng woy mocsmmo ° ° i i0sUgSe (QEISw g Eoﬁucﬁm_a ° ° i
961 291 891 ¥&L Ol 92 <L 86 ¥8 0. 99 Z¥ 82 ¥l O | 961 28 B9L ¥SL 0¥l 921 211 86 ¥8 CL 99 2¢ 8C v 0O
1#\\ DO ldl\\ OD
e RS AS AR T NP = S £
] -.s.. - SN - \N.._ N ol rﬂw D ey . \\..- l\ ___._. -... OF
:.,,..QE,B;S_ < & uo%,aa,z “un— 8
10400 | o7 ] j03u0) | 7
_ . . _ §¢ . . . , §¢
abelony — :(SAS1000700 L ~848J0 00 0) BSL8n8L ‘ShaY adelany — (SABI000 00 ~SMSI000 D) BSIenal ‘SAsy
%46 - -- ZVHg %6 - | YHY

| (g woly Yooz~0 :ebuey)
(2,66d pue abelaay) ajbuy uonew.olaq buipuag

(Bap) zAyy

(Bap) zAyy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

73/110

asl ‘Did

"YYHEREVYHE UBL) UoieIgIA [BIXE Jajlews Ayblls sAeYy ZyHERILYHE (2
'SYHE |[e U0 S48z1Igels 1iq 1e punoj s ucjjelss|eooe |eixe ybly A|qelapisuo) (|

:Uo[jEIBIe0. |BIXe JO SWUs] ul Aljigers
50 o xo—

10sUaSe qBISw ?

961 281 991 7SI 0%l 921 ¢il 86 ¥8 0L 0% <F 8 ¥l 0

108350 GBS v (1) g woy soueRl]
961 <81 891 ¥GL 0¥, 92L ZLL 86 ¥8 0L 98 ¢F 82 ¥l 0

(W) g wou gcgm_m °

0 0
e - lI..I.&/ lll.lll...l.lao ~\\l - f!a \u{ el lliadly Sty ‘\ll = lla\
T : o%a\sw,_ i , o%é% Py 0
: = wn? _m 0 » TE? ,m, 0 =
jouog | = (elilllelo g} S
“u m—‘ — | | U« MP -—
N 19z)jiqe)s —
0z 0z
abelany — {($AI0CO 00 1L~SABIN00"0) 95J9MAI ‘ShY §¢ abelaay — {SABJ000'00 | ~SA8000°0) 9518A81 ‘SASY 5
Hd - ¥ VHE == € vHe
- O O P e O O n® o]
JsusSe QEISw (e} 11g woi sauRlsiy j0sUsSo Qe w (1) g woy acugjsi(
96} 78l 891 ¥GL OpL 921 TLL 96 ¥8 0L 9G It 8T Yl oo 961 78} 991 ¥GL OFL 92) 2L} 86 ¥8 0L 95 v 8T i co
o>35>>__>_ vl S0 > oaaaja G0
\ iy 3
: w0 = TE: T [
Pt g 2 i Ak
) 182llqe1s ——| 0z
L1
abelony — (SA8I000' 003 ~SABINN0' 0} 9SI8ABI ‘SAa)Y 5t LIS — :(SABIN00 0 L~SABICOQ 0) 8SI8A8) ‘ShBY %
%G8 --- ¢ YHY %G8 -~ | YHY

(Ng woul 3j00z~0 ebuey)
(9,664 pue abelaAy) uoijelIa|929y |eIXy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

74/110

CINANDIE |

X5

10sUsSo GEISY () )g wo souBisly
96 28} 99} ¥G1 O%L 920 24L 86 ¥8 O 95 Z¥ 82 ¥l O

\
] - MK,(
N By % B NN A ~\
)

/
b T Wi \”/\

O A e

"1 [ S P PN \J-N\l 4
1) i
N pl s
|ouon —
abeiay — {(SABIN0N D0 L~SABINNN'0) DSIDADI ‘SATY
g6 --- ¥ vHe
" O O D
10SU8S o QeISw (1) 1g wou sauR)SIq
961 281 89} ¥l Oyl 921 ¢4l 86 ¥8 0. 9SG Zv 82 ¥ O
] /v\\ \
R i == SNV Sy AV
QMM \u/\
A
wn A
|0u0Y
ghelany — :(SASU000"00 L ~SARIC00 0) BSI8A8I SABY
%566 ---

¢ VHd

0
0
00, &
05

00¢

0

09

z
00} &
G

—

05}

00¢

"qe]s puo9es Jo sausssld sy Ul $95YHY o)

I08UsSo eISw (g woy souelsig

961 281 8¢l ¥SI Ol 9¢L ¢l 86 ¥8 0L 9SG ¢ 8¢ vi 0

7

)

q”ﬂnﬂ./ \I/\//\.vl\./ \b \\,..\Ifu\/\

/

4_4L\ Ay —:. N Ls \ il i
v -/ amvamn \,<

gels = LER
puz Qﬁmr wn J, o
[0IJUOD)
abelaAy —— (SABJ000"00 L ~8A21000°0) 9S10n3l ‘$A9Y
%56 - € YH4
> o o—
iosuege GEISe () )g woy sdugelq
961 281 8% ¥Sl 0%l 9¢L 2} 86 ¥8 CL 9% ¥ §2 vl O
3 L~
BEsamss=NnTaN
i / N 17 T~
amvamn N\
I'r rr
wn ...,
|0J3U0D) —]
abeleny — :(SAB1000°001 ~SM84000")) BSIBAB. ‘SABYN

%456 --- | YHE

[eas| by 1e sdosy 11 ‘Jenemoy 'ZvHES L YHE UO SABOSP UoReIS|aaR ‘qr)s Bulls 1sdl su) sA0qQy (2
SYHE |1e 40} yBiy 8]inb si uoneIs|e00E BleeT {| :U0RISSIJE |Blale| Jo swia) Ul Aljigels
- o -

0
0¢
=
00} =L
&
0%l

002

0
0§
=z
00} X
£
09}

00¢

(1g wol} Yo0z~0 :ebuey)
(9%,66d pue abelaAy) uoljela|a99Yy [elaje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

75/110

WO 2014/169291

"PYHE Ul 188yBiy ey ajiym ‘L yHE Ul 1semo| auy si anbicy abesaay (g

4EL "Dl *syHg [|e 1o} punoy s anbro} ybiy Alpwanxg (|
‘uoljeLeA anbio) Jo suud) ul Aligeing
= —— o o = AT -
losusSe QBISw {1} 1g woi souelsiq iosusgo QElGw (L) ug wox sauglsI o
961 291 89} ¥GL OF) 971 ZL1 86 ¥8 0L 9§ Z¥ 8¢ ¥l O 96). 281 89l ¥S1 OVl 92l 2L 86 8 0L 99 2v 8¢ vl O
7 0G- e 0§
T T >
DEJ\DEE ———pH S0 aMT/aMIN h—1 501
] ) = b R e B P
_‘_ i ] o | Ap— .\ ‘ -
I g e 08 & A 05
A7 \.. ....... .-...Hw..mw = Y - N -
/ ! . Y e g < bt bl S SR S ol i AR
- ; —1 001 g nun— 004
{5 PR O iy I —
A P 04100 [e7)1¥{e]g]
L1y L1 g}
5 %G - - — {(SAB000° 00 ~SABI000'0) 9SI9A3I ‘SASY ; 4G — - — :(8ABIQ0000 | ~SARI000 Q) BSIBAB ‘SASY
obesany abIBAY wmm—
o ¥ VHE o S € VHE
D> o L S 2 o O O——
losusSe CBISw (1) ug woyy soUBISI losusge QEISW 1) 1g woJy souessig
06l 281 891 ¥Si Cvi 9L TLL 86 ¥8 OL 9G ¥ 8 ¥l 0 961 281 89l ¥Si Ovi 921 <Ll 86 ¥8 0L 9% ¢ 82 ¢ 0
va 08- e 0¢-
T ] T
am1/amin AN ) AMTaM SRV
T 7° T°T —i 1700
! P 08 = e B =
By s o e A £ g R e T
T T N jonuosy | 0o [ojuoyy | 00}
|1 g LI gg
UG e = o :(SA8I000 00 ~SABIQN0 () 9S49A2) ‘SASY b {(SAI000'00 L ~SABIQ00"0) SI8ARI 'SABY
afelany ZYHg 214) HeY | p— | VHE
%86 ----- %GB ==~~~

(119 wo4) 1100Z~0 :8buey)
(2%S6d pue ‘@belany ‘9,Gd) anbioj

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

76/110

WO 2014/169291

D€L "Dl '81n000 Ajqeqold Buipiym S9323IpUl UoIYM ‘SyYH] (18 uo juswow Buipuag yBiy Alpwenxd (|
Juswow Buipuag Jo swua) Ul Aigeing

losueS o Qﬁwq... () vg wouy mocgm.__o © ° - 08U8G o Qﬂmq: (1) ng wou souBsIg o
061 8% 89} ¥S 0¥l 921 TlL 96 #8 0L 9S ¢v 82 vl C 961 28} 89} ¥SlL 0¥l 92l Zil 86 ¥8 0L 99 ZF 8 ¥lL O
atawi =T | ] D
ﬂ\“w.\\ A . AN |, \f 001 .ﬂ\ﬂ\\v.“ -y Al ALA Al A \./V/\/ . 1
= (/\ ~Y /\a/\/ \/\/\.V%( - \ /\7\ VAVAVA'AY ﬂ\ i
M= Vim~en L ’ ey L\ g .: e P ST \_-.:_.-_-:— / c o - __s.. \_.U_f
T 4 t T = i 000 = e T T i (0l =
LT T AT E . y L
"_ ' ._. 4 ~r ..toh__.\ a. -- -u:_. = .-. -a__ \ \ "..
v ) pun =T 008 D, QMM —tyun —7 008
N [041Ue) Q_Ew_ [o4u0D
sbelony — TSABI000 00 ~SASI000 ) BSIakal 'Shey 00v sbeiony — :(8A21000°00 | ~SABI000"0) 9SIAal ‘saay
%56 -~ b VHG 56 == € YHg
O o o— G o o—
losusgo QeIgw (1) 1g wol s2uBisIg 10SU8So (QEISw (1) ng woy soumsIy
961 281 89L #G} COFL 921 ZLL 86 ¥8 0L 99 ¥ §C ¥l oo 961 Z8| 89l ¥SL 0¥l 921 ¢LL 86 ¥8 0L 99 ¢¥ 8 vl O
. w7 1 Y7
) kel VR DO N B \.V/\ \\ i Y- ,\le.u”/ - Vr\
e o s N4 00} AN
AM/AMIN L5 o~ AN — N RV
1 o et LA
L I A I IRV IR I iR
jun ——— 00¢ AMTAMIA —fup | 00€
|0JILU0D [0Au0D
abeiony — {(SABIQ00 00 ~8AB4000'0) BSIaN81 'SABY 0oy abBIaAY —— (SARINN0T0DL~SABICOO () 8SIanal ‘sAsy
%56 --- Z VHg 56 --- | VHE

(ng wou Y00z~0 :sbuey)
(%56d pue abeiany) Juawoly Buipuag

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

77/110

"YHg Jo uoiod Jaddn ayy up JayBiy usae ssans sy sayeW (PYHG pUeE SYHE) YHE Ul ges e Bulppy (2

HEL "Dld
o P o O
i0sU9Ge GEISY () g woy souelsy
981 281 891 ¥&L OFL 9cL TL1 86 ¥8 0L 96 ¥ 8 ¥l O
A i
J.ns Y P’ A
’ __.._.o__..a. __; \r A _. v \our\..l - ‘_.._.__
M AR NAERISS N v
Q Al T TS r.. Py .-... amami T
vl Y illfy
- — |00
P
abelony — (8Ma1000" 00| ~SABIH00 () 9SI9ABI 'SASY
%86 === ¥ VHE
5—0 o o
10SU3S e CEIS v (1) Mg Wouy souelsiq

961 281 891 ¥4l CFi 921 T1L 86 ¥8 0L 95 2¥ 8 vl 0

<7
RS
VA D AL L
-.. ...—,.\\\..._ﬂ i R Y .‘\ ~.? .—ﬂ_
: AM17IaMIN i

Hun
|0}U0

L
obesany — {(SASI000 001 ~5A21000°0) 85/8Aal ‘shay

%G8 - == 2 YHE

004

0
0C
Oy
09
08
001

SASI|A O

(189) xeuw

YeUISa3I| UoA

)

*s1noo0 Buljsym 11 uaddey o) Ay} 81 aJniey enbied 'syHg I8 Uo punoy si ssans ybiH (1

'8$3.)$ Jo sLa) W Aligeing
T O O—

I0sUSe (RISw (4} 1g woJj soUB)SIy

96, 28l 991 ¥Si 0¥l 92l 211 86 ¥8 0L 99 2¥ 8¢ v) 0

: jouon - 08
L G0l
abeisty — :(sA21000°00 L ~SA2I000'C) BSIBA8) ‘SABY
"6 --- € vHE
10sUdSe (EISw (1) ng wol mucﬂm_a ° ° i
961 281 89L ¥SL O¥i 921 2LL 86 ¥8 0L 9% ¥ 8¢ ¥l co
~ 7
A &r /—,\ 02
A ..____ - ._. L e o ! ._
u_\. \-P. i Ak TR 4 uhes . : A o
’ ....s\ ...\. - &r.....\s (\\ ,....
amvamin ++—— 09
N
|ouon 1 08
L_L_I g,
abesony — (SARI000"00 L ~SARI000" 0) 9519491 ‘SASY
%086 - -~ | YHE

(ug wou} 400z~ :8buey)

(%S6d pue abelany) ssai}g SasSI|\ UOA

5931 UOA

{1s¥) vew

YBLSasI UoA

(1s3)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

78/110

WO 2014/169291

"LYHG Ul Jamof Ajaanersl st 8240} 10800 (2

1€L "DId 18(j02 DQNNSD PUB QAAN U 0sfe INq I8Z)[iqe)s uo Ajuo Jou punoy S| 29J0) Joju0a ybiy Ajpwanxg (|
1800} 12BIUCS 10 Swud) ul AJl[Igels pue Aljigelng
an na < < — aa 2 O <> n " ol
0sUsSe (EIS v (1) ug woly saueisIg 0sUsSo (BISw {11) 19 woJj aoue)siy
06) 28| 891 ¥SIL C¥l 9zl ¢bL 86 ¥8 QL 95 v GC ¥l oo 961 231 99. $S) OF) 921 211 86 ¥8 0L 9§ ZF 8¢ ¥l oo
NA 1 J [; ' .\ \ b A \ [ [ Iy
el i nnziibngd Nowd gl kv
L - - —"c -r\l M~ ._-_.\ C T A'ﬁ\\ " DOOD@I—J ) T Z -—— e --w\ ‘ i ﬂl__- — OOODWI—I_
i | Fi GMCVAMIA [ [ = ' BRI amvamn / =
: ¥ yup | 00000} : .\ i ] 000007
[0AU0D |oJu0D
|| |
abeiany — {(SASJ000 00, ~S101000'0) 9519ASI “SASYN 00005 gbeiony — :(SAI000 00 L ~SARIDON () 95881 ‘SASY C000%}
756 == ¥ YHE %86 - -~ € YHY
S o — 0 ol Ay
i0sUsSe QEISw (W} yg wowy sauelsig l0sUgSe QelSw (1} 11g wou a2uBlsI(]
861 ¢8l 891 ¥Si 0¥l 92l 2Ll 86 ¥8 0L 95 ¢¥ 8C ¥l oo 961 28l 891 ¥SL OF) 92l 211 86 ¥8 0L 9§ ¥ 8¢ vl D@
- __.;.%.. 5 00005 _ g T > ._/.. \ 00005
L QMM \ 7" B Yawvaw [ | =
. nn __L. 60000k . Hn ﬁ_.“ 060001
[0JUOD JOJuCD
| . [
abelony — {SA81000 001 ~8A8I000°0) SIanal ‘SASY 000s:k abelany — 1SAB1000°00 L ~SARI000"D) BSI8A8I 'ShDY Q000sk
g6 - -- ¢ YH 7496 == | VHE

(1@ wol Yooe~0 :ebuey)
(94,66d puy abelany)aaio }oeju0)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

79/110

€1 "DI4

suonnjoAsy
g1¢ v0c 06l 044 291 S¥) ¥ElL 02l 90l 26 8L +t9 omo
e ool
_ __ w_ _w__ A ooN
T 1 _ o0
0%
00g
¥ VHE
SUOINoASY
a1¢ v02 06l 044 291 Svl ¥El 024 90L 26 8L 9 omo
001
002
" 1 _ T Gom
00y
00¢

¢ VHE

@

w

'SYH Ie 10} Uoljesa|a00e [eiete] )i YBIH

SUON|OASY
9127 ¥0C 061 01 29} orl ¥EL 02) 9CL T6 8L ¥9 omo
004
i it — 002
I H-H f _ 00¢
e 00y
00¢
¢ VHY
SUON|CASY
9i7 ¥0Z 06l 0Zb T9b 9Fl ¥EL 0C) 90l ¢6 8. ¥9 omo
1 001
i 00¢
B T e 00g
00y
008

L YHY

U0I}eIa[929Y [eJd)e Jig

w

w

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

80/110

NEL "D

suonjoAey
8.¢ ¥0Z 08L 9L ¢9L 8FL ¥EL Ozl 90l ¢6 8L +§ (G

i

¥ VHY

SUOIN|OATY
8L¢ v0¢ 06l 9Li ¢9) 8FL ¥EL 02 90F ¢6 8. +9 0§

¢ VHY

0
001

00e
00¥

0
001

@
002 =

00€
00

“Bulpp [eWOU 0} paieduio) SB Jamof A[SAIEIO] SI UORBLIBA NJY

suonn|cAsy
8lg ¥0¢ 064 941 <9b 8%k ¥EL OC) 90V ¢6 8L ¥9 0§

0

004
002
00
00y

pinsy

ul

€ YHY

SUONN|OASY
8¢ ¥0¢ 06l 9.1 <91 8FL ¥EL 02) Q0L €6 8L +¢8 06

0

_,“_a-:_ i ,. . Dcw

. ]l 007 mn.nuulw
| =

00¢
00

| YHd

NdY g

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

81/110

1€L "OId

Ui
Sd
4d

0&d

Gld
G6d

xeuwl

dijs-yons Jamoj Ajaanelsl aney ZyHg pue | yHg

%808 %6 6V %8°CE %0°6% xepul dijs-yois
PYHE eVHY ZVHE LYHE
(snal 002z - 0°CS) (snad 0022 - 0°08) (sn210°022 - 0°0C) (sA91 0027 - 0°08)
{uiusaas) Y 1g (ui/aad) Wy 1g (uiwynal) Ndy 1g {uinsl) dy g
—0£6°¢ o——10 620°€ 0 0 0 0
GlllE o BOV'EY o
il N o s o cosoon ] o s ™
146l €87 L
122 3%1" CLavrl £C7'avl E16'pY)
009'p.LL 6,218l GyG 7Ll 928 0L}
. B MSetesl IS B B e Lo |- 2R 00z
166912 7)1 062 160 LLZ 761612
915792 o "
179687 o
TP R 0 v R R 008
00k 00r 00F 007
vHd tVvH4 cVvH4 lvHd

(Jo1d 19%SIUM ® Xog) INdY }ig

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

WeL "D ")s3UBIY 8L} SBY yYHE SlIuMm ‘enbio} 50BNS Jamo| AjoAeIol 9ARY ZYHERLYHE

SUONN|0ASY
8LZ ¥0Z 061 9.1 29l ¥l #EL 02l 90L 26 8L ¥9 0§
]
=~ ¥ VHY
b
=
m SUOINjOAGY

8Lg 0T 061 9.1 791 8¥l €l OCl 901 €6 8. ¥9 08
]
g i g

¢ YHd

0e
0y
09
08
00}
0zl
42
09}

HHAN

0z
0y
09
08
00L ==
0zl
Orl
091

an

suonnjoAsy
812 v0Z 08l 9L1 291 8¥L ¥EL 02h 9CL ¢6 8L ¥#O 0G

0¢
O
08

T
k,;i 00}

T A AT Pt | ™ 14
vl
091

H-{aM

€ VHS

SUOINI0ASY
gle v0Z 06} 941 291 ol ¥EL 0Z) 90L <6 8L 9 QG

07

0}
] 09

|| 08 =

4 ST T R I TR it 00} =

0zl

orl
091

| YHY

anhlo] aoeling

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

83/110

vl "DId

%0 :BuL183}S - 081 :NdYS - OF :dOM
'WYHE u1 f1013us993
J OLIBU3DG uolje|nwig JO S} NSay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

84/110

WO 2014/169291

YL ‘DId JSI0M — PYHE 1599 — | YHE
:U01}e20| Josuss je Bes Je||00 Jo swia) Ul Ajfend juswainses |y

osege GBSy (juguoseoesia osRge GeSY  G)gwoseoumed
961 783 89} ¥G OFL 921 2Lh 86 ¥8 0L 98 ¥ 8Z ¥l O 961 281 89} ¥GL 07l 02} Tl 86 V8 0L 95 T¥ 82 ¥l O
7 00 <7 0o
\-\s:¢ : -—/ y\ -. s O._\ \\Uy n\r./ JI\ k—*\q D.w\
\\ .__~ ... 7 ...ﬁ .../ /,\\\.._. ] 0z \\ n. ..,/ 7 ~. x./ ~—] .\\ .n ‘ 0¢
/ ! /! kY ! = 1 Y h . S =
\\ 7 .. Jl\\ i \. 7 \ 0e \M: ..\\ 3 * \ 7 * ! \ 0'¢ \_.,.]M,
AL \ E\:If 0y AL S 2 \ b u_c\alr 07
o N amvamiw 7R LA .| QARTVAMIA _
s 1= [oJu0D - 0'g = s / |0UOD H 0'G
L1 lgg I
abelany — :(SABLDN0 00 | ~SABIQ00" () BSIanal ‘sasy abelany — 1{SABJD00 00| ~SABI0CD"0) 9SIA3) 'SA9Y
uS6--- pyHE o EVHE
losisge QEISe  (y))g worswvesa oseSe GBlse  ()iguwoysmsg
961 28 891 8L 07l 920 21 86 8 0L 95 zv 8¢ b O 961 781 89) ¥6L 0} 921 TWL 86 v8 0L 9 Tp 8¢ ¥ O
LY b v ) d
-.\ .n//dl\ \“NI\\\ O—\ _.s..a_//y\ \\\t O_\
ﬁ- ... /.l\\ .._- ON .~ /— F \_._.- ; ON
\~. -. o \ rn.ﬂ“ \ m. s‘ \ m
’ - 0e = A~ A A 0e &
\.. \/i s \ o = e k\\ . \ T \ =
= o T un ] 0 Sl e P 7 AMYAMA T—un —| 97
NI RN S louod 4 0's =2 ] talle e |OQUOY H 0§
| | : |l .
abelony — :(SABIGOD 00} ~SARI000'C) BSianal 'sAsy 0% shelony — :(SA81000 00 ~SA82000'0) SI8ASI ‘SARY 09
9,56 - -- ¢ YHe - | YHE

(g wous Joog~0 :abuey)
(9%,66d pue abeiany) dsiq |elaje] Jueynsay

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

85/110

arl ‘Ol
oseSe GeISY  ()igwoyeumad
06} 78} 895 ¥SL CPL 92V 7L 86 8 0L 95 ¥ 92 bb O
™ 4
\Jf V\ \Kf\\.
/ I\ / \amvamw /]
\ / \ /]
< ,/\\ \ Lo —
/(\ \ \_obcoo-
\V ]
94,G-04GF — (SABI000 00 ~SARI000 D) 95i9aL 'SAay
¥ YHE
oseSe (BSY  (pguonsouesg
961 281 801 ¥SL OPL OZL 74, 96 8 0L 95 2¥ 82 FL O
~ 7
AN DM
A
g>35>>§/( Hun

JOUOT) _

%5-%56 —

:(SABIQOD 00L~SABIQ00"0) 9SI0ASI "ShaY

¢ YHd

qejs Buujs 181} 8A0QE SIOM — PYHEREYHE Yoleg — ZyHER | YHE (T

00
ol
0¢

| —
e =

=
—~——

0y
0¢
09

00
0l
0¢
s
0¢ =

s |
——

g
0'G
09

10suas @ 1SIOM — pYHE 9seg — | YHE (1
‘UOTBLIEA JUSWadR|dSID (eJale| JO Swisl Ul Alljgels

. S ol

108U8So QOIS Y (1) 1@ WOl S0ueisig
961 28l 89l ¥SlL OF) 921 CLL 86 ¥8 0L 9G ¢v 8¢ ¥l 0

00
fa LV g
/N \ GAWT/QMIA /] f<\ o
/1N U <
N ANLETSENE

X wn— 0
// \ /\ / [QIUOD ] 0
> ~ ]
%G-%%G6 — :(SARI000"00} ~SAB000 D) 3SI8Aal ‘Shay o9
¢ VYHE

0SUESe GEISY  (3) g Wol soueg
96 781 89% tGL 0Pl 9ZL 2L 96 ¥8 DL 9S 27 82 ¥l O

O O A y—
< O

< 00
I’

N /v —
//./.l 7 \,/l \\ / 0¢ W

AMTAMIA nun—] 07

|03U0D J g

L :
0G94 G — {(SABI00D 00} ~SABIQON 0) BSI0ARI 'SABY 08
L YHY

(1g woy 300Z~0 -ebuey)

(%S d-%56d) aueld YBIH-moT ul uopjelieA dsiq |elaje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

86/110

WO 2014/169291

IPL "DId }SI0M — LYHE 1s8g — ZVHE
(119 0} 8500 OM3) S108USS 1’90 OM} Je s8|Bue UoNIS|ep Lejj0d JO SWis) Ut A)jenb Juswainsesiy
Wsege Sy (yygwoyeovesa oskse ST (JigwoyoonEd
961 281 89} ¥GL Obh 921 2L 86 V8 0L 95 ¢y 82 ¥ C 96} 281 991 ¥SI OVl 921 Zil 88 8 0L 99 ¢v 8C I O
T RTTT 1 pawal
awvamin 7T /Al 2O amTamin A 20
Zi\ /AN \ =70 s A /IN/ FAVL
P i =" b= lan T =
RN VAN Y SR ~ NN AL 2
~1 KE 4 \ [ @O = d - T ’ \ Tt @D =
L ] s.. S .x., .., S wun .,.. ! g0 = il ] ) .._ S N I 11 0] .. i “ 30 =
S s st |0U0D) = (') R e e e e e Jojuog =-4— 0’}
| : - .
abeioay — (8AGI000 00| ~SABIQ00"0) 8SIaASI ‘$ADY ¢ abelany — (SARIN00 00 L ~SABIR00 0) 8SI9N8I ‘SASY ¢l
g6 --- ¥ YHE %56 --- ¢ VHg
0 o Ry > © O—
10sUsSe CEIS@ (4} yig woy sauelsIqg l0sueSe (eISw (1) 11g woy aouelsIg
961 78 89} ¥SL QbL 921 TLL 86 ¥8 0L 9G ¥ 82 ¥l O | 96 281 89L ¥SL OVl 921 241 96 ¥8 0/ 99 2V 82 v O
T X T 1, T 1714
amamin A e QMT/aMI f o0
./I\l/ ) /\\r..//ﬁ\\\\_..“r .W.D _ Tt - < .//\ .T.O .
/ .... ; /] _,_., 90 rm - / ‘\\ Pl Y \/\ u.__ 90 xm.
- \||/a / ) \.\ q._.__ . \m ..|.....|||.v.....|\\.\ J.a: ™~/ ] \\ﬁ \.\, .___.f . nnwm
KRR - T Twn 180 T ST TN TR §0=
b1 [OJUOD) 0l [0UQ7) = 0l
| . s || .
abRioAy — (SABJ000' 001 ~SABL000°0) 9SI8A8! 'SABY ch abeiony — {(SABI0N0 00} ~SABIQ00'0) ©5I0AB] 'SABY ¢
%6 --- ¢ VH4 %96 ==~ | YHE

(ng woup Yyooz~0 :ebuey)
(%664 pue abelany) ajbuy uoljewiojaq bulpuag

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

87/110

arlL "DId
17 w © <O O
josusge QEISY () yig wolj eouelsIq
961 281 891 ¥S) OF) 921 CLL 86 ¥8 QL 99 TF 8¢ ¥l O
™NZ /
amuami 1A
win—-x
[eXililelg] k
abelany — |(SASI000700 L ~SA2I000"() 9818A8) ‘SABY
g6 - - v VHd
0 o O-—
0SUsSe (BISw (1) 1 wok souBlsIq

961 281 89L &l C¥L 9L T 86 ¥8 OL 99 2% 8C ¥l 0

My f
e
ff -

b el i St RN R P Ll

aNaMI
R
FHUN
10U
abelaay — (SABIO0 00 L ~SARIQ00 ) SSIan8 ‘SABY
hS6--- ¢ VHd

"(2)s Jsj|ews e 1o} Jaybly s uoneisjedde |exe ‘ND ad @ geis sy (Z

00

00

1SICMA - L YHE 1seg - Z vHE ()
‘UOIIRI[8208 |BIXE JO Ste] ul AYjIgels

0susg o Qﬁmqa (1) 1ig oy} souelsI T
08l Z8l 891 ¥SI OVl 9ZL T 86 ¥8 0. 99 ¢¥ 8C Yl oo.o
A
D el sk st i R Ml R O ’ - 0l
MM A,
pun—t=o] 0
[oquod [t Y
0¢
; . » ; 0y
abelany — (SARX000°00 | ~5ARI000"0) 9SIanal ‘sAeY
%56 -~~~ € YHg
P o o—
10SU3Se QEIS Y (1) Ng woy souessiq

961 28l 891 ¥Si Ovi 92 ¢LL 86 ¥8 0L 95 ¢¥ 8¢ ¥l 0

- 00
i Bt bt el Rl Al e L PSR ..-.\..... Jﬁ\\/ o'l

awvamn A ]

nn——-0%¢
jojuod | 5
1 0¢
adelany — :(SABID00T00 L ~SASI000°0) BSIBral 'SAsY v
%56 == | YHE

(119 woy YooZ~0 -abuey)

(2%.56d pue abeiaay) uoljels|addy jeixy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

88/110

vl "OId

—Y

089S0 (eISw

() 119 woy sovBlSly

20—

961 281 991 G 0¥l 921 Cil 86 ¥8 GL 99 ZF 82 v, O
= LB R s e P,
e /\J
AMT/AMIN \
jwn’ i
ojuag Ty
abelony — :($AB1000"00 L ~8ABI000 ) BSI8nal ‘shey
%o -~ ¥ YHd
0 0 nD—
losusgo QEISw () 19 wou souBlsIq

961 281 891 ¥Gl 0%l 921 1) 86 #8 0L 99 Zv 82 vl O

e S

U

abelony —
%G6 - - -

(SABI000" 00| ~SABI000"0) BSIBna) ‘SAZY

¢ VHY

0

0G

00}

053

0

0§

00}

054

(9) 2ky

(9) 2y

JSIOM - L YHE 189d — 2V

"gels N0 ad mojag ybiy Ajaanesedwo st uoljess|ao2e |elsie (g

Ha (1

108UaSe QeISw ¥

UOIjeIaje00e [elale] Jo Swia) Ul ARl

(4) g Woy souElSly

961 28l 89l #C1 0¥ 921 7L 86 v8 0. 9% ¢F 8C L O
ul.h.,--.-..--,,--.:----.--.-n,,-:. f\ 7 0
IR AN
wn/ 1% =
jonuon b =
— 00L
. . . * 0G1
aheleny — (848400000} ~SAJ0000) 9SIoAB] 'SADY
%856 -~ - ¢ vHY
I0SUsSo QIS w (1) g Eo‘_“_mucﬂm_o ° ° i
961 28t 89) ¥C1 07l 921 ZLL 86 ¥8 0L 95 ¢ 8¢ ¥l oo
0
I0JU0D) \-/ \rw
v [3)
t 00}
. T re— _ oS}
abelany — 1{SA2J000° 00 L~SARINQY"C) BSIBARI 'SAY
6 -~ | VHe
(g woy y00z~0 :0buey)

(9%G66d pue abelaAy) uoljelajadsay |eidje]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

89/110

d¥1 "OId

108G e (EISw (1) g wouy mocmm_o ° ° v
961 ¢8) 891 vSl ObL 921 211 86 ¥8 0L 9% cF 8¢ vl oo
| D> wn g
AMVAMIA _ 108403 _ 1 0}
e T T T
RS 4
-7 0¢
S N DO N O U DN RN S S e )
X : . : _ 0§
abe Lm».m. —-—  (SABI000'00}~SABINC0"D) BSivNB) 'SASY
%56 ----- AL _
losusSe CBISv ()} )ig wol soueisiq

96| 281 89} vS) 0¥l 921 ¢ll 66 ¥8 0L 95 ¢¥ 8¢ Pl oo

,ii q\\... 0

CAMTVAMIN — ;
/

_ ] 4
wun’ r - 0e
[ouoD) —r
. S R A ‘v--.....-. iy
9 :(SARIN0 00} ~SABI000 () BSIBAa) 'SAS 0s
m@m‘_o“% —_——— : > %_momogz 0000 e
96 -~~~

(u-apy) XL

(-ap) XL

uoneeA anbiol 1sa|fews oy ajium enbuoy sbelsaae 1seybiy ayy sey LyHg (1

:uoneleA anbioy Jo SWUS) Ul AJligeing

losUeSe QeISw (y) yg woy souglsiq T
96| 781 89} tSL ObL 9T Ll 86 ¥8 0L 96 ¢F 87 Pl oo
| [ P wn g
aMT/aMIN - 103USD o Ol
“TTTT T - 0 =
- e &
SR EEEL D] S ks s n S T 777 )4
5 %G — - — (SABIQ00 00 L~SABI000'0) 9SIaARN ‘SABY 0
abelony ——
o S € VHE
s < O LH—
osus§e QEISw (i) g wol souelsi(
961 28l 89l ¥Sl 0L 921 ZLL 86 ¥8 0L 98 ¢¥ 8¢ ¥ 0
0
T T/
QMVaMn —un 7 %
[OJUOD _§_fl 07 =
R S N DU P by oty i B [ E
| s el e e = .__\\. Q¢ =
R B N R e oF
. , - _ 0
5 L7 P :{SABI000 00 ) ~SABIQ000) BSIBAB) 'SABY
abelany
s f— | YHE

(1g wou} Y0oZ~0 -abuey)

(9,66d pue ‘@beiany ‘9,cd) anbio]

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

90/110

WO 2014/169291

‘gels N0 mojeq uaddey Aew BUIlIUpA “1Ig PUB QElS D USeamaq punoy S| juswow Buipuag YBiH (Z

OrtL "OH }SIOM - LYHE 159d — ZvHE ()
‘Juswiow Bulpuaq jo swua) ul Aljiqedn(g
% B0 o O 2 S o O
105U8Se QEISv (1) ng woy sauglsIq 10slieSe QeISw () 1g wouy aguelsig
961 281 891 ¥5I Ol 921 ¢lL 86 ¥8 OL 99 ¥ 8C ¥l 0 961 281 991 Gl 0¥l 92L ClL 86 ¥8 0L 9% ZF 8C L 0
e e e —] N A / ¢ I N ¥ 7 0
it N P ”l.\.ua ™ \/V\ ] 0S R --I.Ill\lll./ \./4/\ I 05
a/ .\ :.//\ \\/ T y\.l/\" :/ ‘\ N .'/\\.\., " \_.
= oy .\11.\ \l-. ' DO_‘..M._ > /f\_.. y "< s,......&-ﬁ y “_ OO_‘rm_
TR o |7 1| “E
N ——H coz 2= win —+H ooz =
joJuaD 0z w_o.zcoo i oz
. : . _ 00g _ , . . 00€
afesany — :(SABIQ00 00|, ~SABI000°0) 9Si0A8) ‘SASY obelany — :(SAB1000 001 ~SM8I000°0) 9SIBAal 'SAaY
g6 --- y YHE %g6 -~ € YHE
> o — ey o e
l0sueSe qEISw {11} 1g wod} ouelsiq 10sUsge QEISw {i) ug wod; souBysIq
961 281 89} ¥SIL OF) 921 2l 86 ¥8 0L 9§ ¥ ST vl oo 961 781 89L ¥S| Ovl 9ZL Tl 86 ¥8 0. 8¢ ¥ 82 ¥l oc
N P iy e h - S Dy ] h e
B Bt P2 S N \\/Wn\ 0g ..u....fA/rJ.qn- R — . 4/\ s
..t:./\\:. ~ \ _" ||..||;,/\\/ >
e;d \n_ ) \wpa . .\\\ L} GOr.rMﬁ ’uf \. ¢4 -\ . \\- ﬁ DO_‘ ...M_
amamn | 7 e o | 7 i B
nn —-H o0z = wn 34 ooz =
04JU0 oluoD | Y
“ #_u 05z m ;o i 02
. _ _ _ 00¢g _ : , , 00¢
ofeiany — :(SABIND0 001 ~SABIQ00"D) BSIanal ‘sAay afeiany — (SABI00D0 00 ~SABICOQ"0) 8SI8n8) ‘sAsY
%96 -~ Z VHS %36 - | YHE

(g wouy 1300z~0 ebuey)
(%S6d pue abeisny) Juswoly Buipuag

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

91/110

HY L “DId

aa - o oH—
_owcmmoggmq E:_mgoﬁocsm_o

96} 781 89} ¥Sl Ol 92V 2l) 86 ¥8 0L 95 ¢¥ 82 ¥l O

7

” \l\: M b \\/UI\ Pt ¥
ATV T T Y AT LA
,s T
AMT/AMIN BN
wn |y
ooy
abRiany —— (SABI000 001 ~SABINN00) 9519ASI ‘SASY

%86 - AL

O - X

W0SWSe TSy () )G Lok 0umg
961 781 89} ¥S1 07 621 ZLL 86 ¥8 0L 99 Z¥ 8Z ¥l O

e
/] \wlhlud’!i. br\\/ - L, %
Vi, ARAINENL
QMM \
pun |y
|oquony
abeleny — (SABIO00T00 L ~SABIN0G D) mm‘_mye ‘ShaY

[ ZvHe

Y

Gl
0¢
0%
g
0%

0

0i
0¢
0g
g
09

XU SasI|y UoA

{1sy)

SOSIyUoA

(18y) xew

‘qe)s N9 Od MOJeq punoy si ssals Xepy (z

1SI0M - LYHE 1598 — gvHg (1

1$89.]S JO SULS] Ul AjljIgeIng

105U8S o GRISY (i) g WOl S0UBISIQ i
981 291 894 ¥SL Ovl 921 ¢1L 86 ¥8 0L 99 &7 8 ¥l O

- D
g
\ \\...L,.. 7 ¥ __b.r.\\//ﬁ\ 0l
...V\\\./\“‘ ~ .’\Ilu/lll\} .-___._ n\t-g/-\l.l
.—\\\ ..s .._- z f.lls llt -- .-s §l:.r..sl.. ON
aMTAMIA | %
wn_fi oy
[slii¥e7g} ...“
abeony — (SA21000 00 L~SARI000 () @SI8A81 'SABY 0g
6 == € VHE
O OH—

103UsSo (EISw (W) ng woyy oocgmmo °

96 281 891 ¥4i Ovl 9¢L ZL) 86 v8 0L 9S ¢y 82 vl co

VO VAR A

-
+— -- = Ll P BFEE ) = 4 DN
’ r LY
' » \n o v |2
PR &

-
a3

AMTAMA T < oe
pun Lo o
jou00 ¥
abelony — 1{3A81000' 001 ~5A81000°C) mma\_é _m_>mm_ 05
%66 - - - | YHY

(1g wouy J00zZ~Q -ebury)

?\ommn_ pue abelaAy) $S94}S SOSI|N UOA

SaSI|y UoA

{isy) vew

5881 UoA

(13%) xew

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

92/110

IrL "OId

0SBSe GBSy (iguojeouEsd
91 281 89} 81 O} 921 21 86 ¥8 0L 95 o 8¢ vl O,
d h . o — i
“leaot” W W P : \ + !
- . \uﬂx Ao
QTN {0

yun s 2
0100 1&g

000001
alesony — {(SA21000°00 1 ~SABI000"0) 8518A3) ‘S cooces
L 4 (1T
oseSe GESY  (iguoyeoumsa

961 281 891 ¥G. OFL 9L CLL 86 ¥8 0L 95 ¢y 8C ¥l oo

”.Il]\l\...r.. N \.._.s___—o ¢ hY, f\-
- - === .‘ -;.__ \.o s__- \.EOOO@N
QMM 7
nmwn _h goomw
[0AU0T) ++—100008
000004
adelany — (SABIN00T00L~SABIC00"0) SSIBAB. 'SABY octe

36 == AT

"geIS N (d e 8040} B0 Jsaybly 8y} sey LyHE (I
:9910 19BJUOD J0 SWISY Ul Ajjae1s pue Ajgeing

0sUsge QRIS (1) 1ig wox SouBslgy T
961 281 894 ¥SL 0V 9TL TLL 96 ¥8 0L 9S Z¥ 82 ¥ 0
T Y Y 2 ST
it I sy »,llsa ....__ \ S H.. = ODOON
AMVAMN /%450
wn— 00009-=
L =h
[0UOD) 1 — 00008
000001
afelany — :(SASI000 00 L ~SABINN0 () BSI8ABI ‘SASY 0a00icl
56 --- ¢ vHd
— o o
losuago QEISw (i) ng woy sauejsig
961 281 89} ¥S) OVl 924 ZlL 86 ¥8 0L 95 T 82 ¥ O
T —— N7
AN (N TRET S
o \ o \
S e i A
N 009
[0AUOD H—00008
00000}
abelany — (3ABJQ00" Q0L ~SABIQ00 Q) BSIanal 'sAay 000z}
%G6 -~ - L VHY

(g woJl J00Z~0 -ebuey)

(%564 puy @2belany)a210 joejuo)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

93/110

frL "Did -g1238 BUljilyMm SJ8jus BUljLp Jele Alfeonewlelp S8seaiou] Uoliela|aooe [els]e| )ig

suonnjonsy

0/f SE¥ 00% §9¢ 0SS S67 097 G¢Z 06L SS) 0ZL S8 09 0
_ - 08
00}
A 05} @

Il 002

1 ,: j 0se

00¢

¥ VHY

suonnoAsy
0y GEv Q0F G9¢ 0Ce 967 09¢ S¢¢ 06l S9l 0ZF 98 09 0

H— H—r 05

001
05} @
002
062
00¢

¢ VHY

suoRnjoAsy
0/F SEF (0F G9€ OEE §6¢ 09¢ S¢¢ 068 GG 0Z) 98 omo

L 08
00l
F i i g 0% &
dls A 002
L 052
008

€ VHd

SUOIN|0ASY

0Lv 5ty 007 99 0t S8¢ 09¢ 5¢d 06} 651 02l S8 06 0

06

00}
05l @
002
092
00g

| YHY

UOI}eIa|999Y |edd)e] Mg

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

94/110

AvL "DOId

SUCHN|OASY
0iF SE7 00V S9E 08 S67 067 S22 06) SV 021 98 09
0
' 1 {m,?.:j__ Wroo_‘
VL LI ST g a1
i i
007
00
yVHE
suonNjoAsYy
01y Sty 00y 998 068 967 0SZ S22 0B G3L 0C 8 05
\ 00}
il 007 &
00¢ =
00
00

‘sjgeIsun Aj[eis)e; sewooag Buljjup sy 8ouo Ajuesyiubls ssonpal ucieueA WdY

SUON|0ASY
0Ly G8% 00v 99¢ 0€E 962 042 927 08l &Gl 02l S8 06
0
gl ; _____,_, g.__:r?oow
AV T B
'l LT o 2
' ___ T 5
0oy
009
€ vH4
suoln|oASY
0/v SEF 00F S9¢ 0EC 962 09¢ G¢7 06l 451 02l 48 omo
} } 00}
i
i 00¢ =
00f
009

Ndd 18

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

95/110

7L "DId

Ui
&d
GZd

0%d

§id
God

xeu

%81/ %699 %1 1L %.L'€8 xapul dIjs-4o1I1S
yvHE £VYHY ZYHE LYHE
(sned 008y - 0°08) (sA3d 0"08F - 0°0G) (sA81 0"08F - 0°0G) ($A31 0"08Y - 0°0G)
(ULAal) pidy 11g {unujaa) Wdy ug {UI/Aal) dy g {unwpnal) W ng
— g0, o0 — §1£"0 ~0———0 — 757 -o—————0 — 119"} —o———— 0
90809 61709 86812 96T
...................... I8 To O o T e O s St RS 101}
206601 :
eand! 096'07} L90°8¢)
: : £95'69) .
201°8.) 12L8L) 02781
TRIEHE T T 00 rereT T 0 e 002 gy o0
LoV
Tlareie LT F00€  §--82G'608 k- -mmmmmoooy T T 7 — -00€ -wmmmmm ............. -00¢
: Z67°99¢ o .
[26°€LE O 17818 ©
....................... I 2 . N Pt = ||| A SRMOCOSERERERPERS 114
L9y o
005 00S 008 005
rvHd £vHd ¢vH4d lvHd

(1o1d 18)SIUM '@ Xog) NdY }d

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

96/110

WrL "Did

"aqeIsuUn A)|ete)e| sewoaaq Buljup sy souo Apueoyiubls sasealol; anhio} soeung

suoRnjoAsy
0.t GEF Q0% 69 (€t G6¢ 09¢ 92¢ 06l S8l GZb 98 GS
] PR I
NI,
MV
"
et
¥ VHEY
sucnjoAsy
0lF S8F 00F G9¢ 0EE G6¢ 09¢ Sc¢ Q6L G4l 02V 6B Q6
| TRy A
WAL AR
i ,h
¢ VH4

0l
0¢
0g
0y
0§
09
0L

0l
0¢
0¢
0y
09
09
0L

H-4ap

HHAM

SUORN|CASY

04y Sev 00F S9C 0¢E S6¢ 09¢ GZT 061 SGL 0CL S8 0§

—

1} A
| WAy YN YUYy
|

¢ vYHY

sUCNIOASY
0.f G&F O0F S9E QEE G662 097 Go¢ 06) 951 0zl 6§ 0%
F A A
LIS

4_. i
| YHY

0l
0¢
0g
07
0%
09
0.

o)
0¢
0€
or
09
09
0L

anb.io] aoseung

1A

FrI0P

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

97/110

SO

%001 :BuLiesls - 081 :INdYS - 0F :9OM
uoijaipaid Aduspua] |euonyoaalig
Q OlJeUuddg uolle|nwig JO S}Nsay

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

98/110

Bit Walk/Drop Path

MD change(ft} : 90.0001 Revs . 2492805
Coords({t,ft) : 0.8506.035 Times : 830.869
L(-}R(+) (deg) : 0.5409 CurrentMP : 70 0 O

L(-YR(+) (deg) : 3.8450
Incline Angle  : 66.16

Azimuth Angle : 101.27 Build{(ft)

8.000 View at initial btm

BHA1 {000 '.“

8.000 4.90 qoo 8.000

Walk-L Walk-R
(ft) '( \' (ft)
4.000 '
8.000
Drop(it)
FIG. 15A

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

99/110

Bit Walk/Drop Path
MD change(ft} : 90.0001 Revs 2491317
Coords(ft,ft} : 0.873 5.925 Times 830.439
L(-)/R(¥) (deg) : 0.5560 CurrentMP : 70 0 O
LE-VR(+) (deg) : 3.7748
Inc_lineAngie . 6547 Build(ft)
Azimuth Angle : 101.22 £.000 View at initial bm
4.000 .
BHA2 ' K "“
8.000 | 4.000 Y\ 4000 | 8000
-L Walk-R
" '( \’ ®
4.000 "
8.000
Drop(ft)
FIG. 15A
(Cont'd.)

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291

100/110

PCT/US2014/034053

Bit Walk/Drop Path
MD change(ft) : 90.0001 Revs 2493.994
Coords(ft,ft) - 0.7716.103 Times 831.331
L(-)/R(+) (deg) : 0.4906 CurrentMP : 70 0 O
L(-)/R(+) (deg) : 3.8882
Incline Angle  : 65.63 ,
. Build(it
Azimuth Angle : 101.21 (\)/iew at initial btm
8.000
ghas '.“
8.000 | 4.000 AP 4.000 | 8.000
Walk-L Walk-R

(ft)

'(
4_000

8.000

(ft)

£

Drop(ft)

FIG. 15A
(Cont'd.)

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

101/110
Bit Walk/Drop Path
MD change(ft) : 90.0001 Revs . 2493.158
Coords(ft,ft) : 0.796 6.015 Times : 831.153
L(-)R(+) (deg) : 0.5068 CurrentMP : 70 0 O

L(-YR(+) (deg) : 3.8320
Incline Angle : 65.60

Azimuth Angle : 101.15 Build(ft)

8.000 View at initial btm

BHA4 ’,&

8.000 | 4.000 4.000 | 8.000

Walk-L Walk-R

(ft) (‘ (ft)
i

8.000

Drop(ft)

FIG. 15A
(Contd.)

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

102/110

a5t "Old

() aw
gééégigﬁﬁiiiiiiiiiif
L g

| o1
L~
Wy
- 29
L]
T
..\\

— %9
99

0008 eld Qi
0G0 enialdl QA
81Buy aulou| (B —

009 iyl ofh 82 BTG o WNN ‘)i ASAINS
01'0 :lenssiU] [y | “LOUSTIG j0 NN ‘ensald] AsAing

¥ YHY
() aw

24 L0V T0V 80 Z50F 2507 780 LLOY 740 1901 T30y S0P 290 L10h Thik 605 760F L2060 20

89

+1 1og

29

-t

\\\

L1

~ 19

99

0O0C 4oy QI 009 ey fom g7 Bueg jo wnN Jey Asang

0G0 "leaa)l] QMW 010 Tensell o | wiBusTIg Jo "nN Jeals)i] Asaing

alBuy sugou] fam —

¢ VHY

(Bap) sibuy

(Bep) ejbuy

wan
ﬁégéiigiiigigigigiif
I\\\\ 09

.\.\.\\l
..\.\..\\
- 29
\
L
P
— $9
L~
\\

99

0008 Sl O
0G0 fenisil] Qi
8)Buy aujou| [I8ph —

0009 o4 eM 87 BueTHg jo Wi Usyg Aaning
010 (o] [ispy | wabusn-ug 0wy Tensaill Asaing

¢ vHd

() an
i L0 00 50 01 50 101 20 5900 0 501 40 4 00 250 0P
T

el o
- 29
||
] 59
|~

99

000C YA QMI 009 Sl IoM 87 WABLET-Ig jo W sy Asning
0C'0 “enald] QM C1°0 clents fap | BUsT1g Jo w ‘el Aeng

8(Buy sufjou] |lepy —

| YHE

uoneuljou| (|9 MaN

{Bop) aibuy

(Bap) ajbuy

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

103/110

2447 L0V 201 2600 260t 180% 780K LAY 240K £00% 790% 80K C90F 2¥0b Th0b LE0K CEOY 200K T00)

000
\.I\
GO0} =
\\..\:1\\:\1.)\ nm
.\.\.\.\I\.\ =
o vl
]
—— —— _ o ]!
000 oy QM 00'9 ol oph 82 yiBusTIg o iy “eil4 Asaing
c%.o eas)0 M 010 (BB [lafA | WBUET-Ig O "y ‘easly Aaang
8|Buy yINLUIZy JlopA ——
| ¥ YHE
W an
%%%%%%%%%%%%%%%%%%ﬁ%
\I\
Wt :
- §00% nW
ul oy
AT =
- 01012
]
L~
...J\I\.-\-
6’10l

0008 Y4 QM 009 B IBM 67 ;LBUeTIg Jo Wiy eyl fsang
05°0 (enalll Qpa 010 ienisill flop 1 -busTIg Io "W leassil] Asang

8|y yinwizy [ap — 2 YHG

(2 anw

ZI47 10V 20V 2605 280 L90% 780F 2407 240 L90 290y £90% 2509 Lh0P b0 LEQK ZEOY 2207 Ngm_ o0l

T
" .
- 500}

Bep) a)Buy

— it
I.\\.

g0l

000C BY4 QM QU9 OdYe  § wIBuaTHg jo wn ey fomng
0G0 Jens iUl QM 010 Jensalli g | “ibUa'-ug Jo wnn ‘e Aoming

a|fuy InwIzy [[9p — ¢ WwHY

(w)an

T L0V 7047 [607 2607 1807 78Cr LL0k 210 1907 2907 LS0% ¢SOV L0 Th0b 60Y 250V 1207 Ngw.oe

At

5001

\
bap) sibuy

d

-l.ll\

5101

0005 O QNI 009 o am 67 wiBuaTig 0 wn “ey4 Aeng
0G0 “ersajUl QWK 010 JPAIsID] ot | ‘wbusT-Ug 0 wnN “eniai] Aening

aifuy YINLZy (I8ph, — L VHE

YInwizy ||3p MeN

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

104/110

asl ‘O

(M) aw
)3 L0060 8 90 0 L0920 S0 0 S0 51 L0 0 SOP T EON R
~0¢
L~ -
- 0 &
7 05 g
4 09 8
A =
W]
]
_ : 09
000 Ol QM 00'0F CRUAIBM 87 UiBueTyg Jo N el forng
0G0 J2nRl QAN 010 clenaill fory | wiBUSTAI 10w ‘Jeniald] ABAing
AN —
S0 IIBM b VHE
(W an
1310200 00l L0l L0 40 00 90 50 s 4 i 50 80 200 20
= Y
Ao g
- 05 B
e =t
/] 09 2
L1 =B
— 0
08

000¢ NeMd QM 000y J8ild
050 JeASiUf GMN 010 -RARI]

S1Q B ——

B 97 iBuog jo Wiy ‘afld Asking
Oy | ApBusT-Ig jo wnp ‘eassiil AsAing

¢ YHd

“(1001/Bopg 2 punoue) $d Jejiwis au piaIA syHg IV

() aw

T 204 T04b L60F T60Y 80k T30k LAY ZL0F 290k 200 150 7SO LbOP 260V LE0 260V L20p Nmovo_m

et

e

e

o]

0000 VB QAL 000K JAlldJeM 87 uiBUSTg o wn Ueylq Aaning
050 A0 QiAW 010 IEnal] flath | ujBUa T JO Wi ‘erssily Aaning

$74 1B — e VHg
{5 aw

0¢
0
05 8
09 8
0’1
08

) aey

27 L0V T0NY L60Y T60 180+ 280 LL0h 220k L30 290 L300 2507 Lb0 ZKOP LE0 260y L20F 200F

]

v

i\\.\

]

0008 B QM COCY e liBM 87 :UBuaTIg Jo winN ‘a4 Aening

06°C tienalll VI 010 tenisll sy | “pBusTIg J0 winN
S1G M —
| YHE

S1a [IBM M3N

[ersa)l| fenng

0C
¢
0y
0S8
09 B
0L

o

fiap) aiey

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

105/110

1%L "DId W) an
TP L0009 50 4 0l L0920 90y 250 S0 5 L Ut L0 08 200 0
M T .
\\L =] 09
ol 0l

Rt

T TN \\ .
= 08
06

00°CE Sl G 000Y

0G0 <AL QM 010 “[eAISU 3

30Bj|0C] ||BMy —

Ja [8A, 97 ;IBLeT-Ug Jo "WN ‘a4 fning

| pBua-ug Jo wnp ‘jeasil Asung

¥ VHE
() aw
Thbb 2017 704 1607 2607 1807 7808 LL0% 720k 100 Z00% 150+ 250 £50 770k 160 Z60F 1207 720
L
L \\\\\.
I e e NIV N N I

000 -S4 QM Q007 SSILIIBM 8¢
0G0 Jeassiul QM 0V'0 -leassiuf B L )

¢VH4

20BJ|C0] fI9p —

b

BuBT-Yg Jo wny sylq deing

Ug-ig 40 "y ‘easaitl) Aaaing

7
06

) an
g%%%%%%%%%%%%%%%éé%f
\l\ n .
» ] 09
\\\ 01
S -
S 09
—— s - —— 0'6
0Q'0E HoUH QMW 000 el IBm 8 wiusTg jo waN Lald Aeang
06°0 oAl QA 010 enall iop | uiBUSTHIE JO "W ‘fente)l] Asaing
ad.j|00] __m>> —_—
¢ vH4
() aw

2 10Mp 200 260k 260y 007 700k LL0% 220k 190 1007 £507 280 L Zi0v (€07 2E07 L20p 120Y

wa

.\,\

l.\i-\r\/)

a2y

000 AU QMIN 007 el 1B 87 BuaTg o W
0G'0 Jensail] QA 010 ensaiii o | 'ydleT g
298J00L igj ~—

9|buy aoe4 |00] [P MeN

| VHY

16 WnN ‘Teasall

Je)i4 Asnng

| Aamng

oG

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

106/110

"Hng ‘eybly Apybls e senb gyHg pue | yHE ‘qels Buls Js|jews e Ui

R M. h .ONH\ :..c an
2 42204 o o 0 Lt 4y 9l S 4 0 o 50 250 0 0
1 g
- 0y &
\\ 05 &
14 0y 2
et =
- — 0l
—L — : —_ 08
0008 O QI 00QF Y8 97 wBusTig jo W ‘)4 fens
0G0 PARII QM 010 BASl ot | WBUITAIZ 10 WnN Tealald] Asaing
sjey ping |18 ——
Wl ¥ vHg
W) an
2 2 22 o e 00 8 L Uty (0l St s o o 60 260 0 0
—
e
\\\ ov £
e =
v 09 2
\\..\ =
— 0L
—— —— , — 06
000C R QM 000r Rl [3M 87 WiBUSTIg j0 WRN ey AsAing
0G0 Tenialll M 010 (ensl| [op | wiblaTig o N ‘leassiil] Asaing

818y pling llom — ¢ YH4

(u) aw
4 03y 0 50 26 L6020 05 2t o 0 5 50 L4 T VY 209 0
P
| g
v s &
4 09
A =
—1= 0
— —— ; — 08
000 O OMA Q0O lIdleM 87 BUSTIE jo W Uayd Aaning
0G0 lenal] WA 000 lendll lap | uiBUSTG 10 WA “Baiall Aaning
912y piing o —
¢ VHd
() an
T 020 16020 0 iy L0 200 100 o L3 50 AR TROD 00 00 P 01
s Y
- oy &
- s 8
e @
\\\ 109 ,W
- = 0L
| ]
0’8

0008 SIS QM 00'0F ST AN 87 4BUBT-Ug Jo WAN ‘syl4 Aening
050 Tensell] QAN 010 lemall oM | wbUaT-1g J0 wnN ‘lenssl] Aening

aiey ping llem — | YH

ajey dn pjing |ISM MaN

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

107/110

WP 10V Z04 2300 750 J60b 280k LE0 Z40% 190 700 2509 Z50b Lb0h Zh0F Z€0F ZE0F L0 ngm.o
L=""1
\ .
—r v
L~ R =
e 80 =
. g0 5
- =8
[ ot 0 2
A
¥l
000€ R QAN 00'0F B IBM 87 LdUSTIg 0 W sl ASAING
0G°0 fensalt] QAN 010 feassil] [ | 5@__3 ig 10 "W "Ieass)l] Asang
a1y J_A (1B —
[BAA LB b \VHg
() an
TUeP L0V 204 1500 2507 1500 780k L0 2400 190 790 L30 750% LbCh 7H0h L507 Z80F L20 Ng_m_o
\\\\. 0
P ¢ &
P et
\\ g0 nnmf
- — 0l
A
)

0, I 00 BMIE BUST-g J0 LNy ‘el A3AING
05°C Tenaill QM 010 Tensall] fayt | wBUs g Jo “wn el Asng

91EY ABM 1P — z <_|_ q

"$$3| Y|EM O} SPUS} PYHE PUB £YHE ‘qelS PSppE Ue UYIAA
() Qi
204 201 2004 1800 760 1500 280 £40b 240k L20% 700k 1905 780% 50k 2o 80+ 2607 1207 %S
0

=T"

L~

\
N
R o)
S o

(001,/0ap) sjey

=
—

o~

=X
—

0008 B4 QM 0007 oM 3% 87 ;BuaT-ig Jo W el Aening
0G0 TeAaIT QAN 010 Jeniall] oM | “Bla-g 0 "wa ‘lenaii fewng

a1ey Iem oM — ¢ VHg
(1) aw

1 00 00 L0 50 L0 60 At 404 0 00 50000 SO O T 08 07

B 7

G0

] g D

-~ 0 F

e

fuooy/ ﬁep ) aley

¢l
7l

000E ENA QM 000b RSN 87 WiBuaTg jo NN 8|4 Aeing
(G0 Jemialll I 010 JenisiGiaM | pbUsT-ug Jo ‘way ‘lenail] faning

Sje M I8 — L VHE

9)ey M[eM [ISM MON

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/034053

WO 2014/169291

108/110

¥09L

SMOPUIAA

9L 'O
] 0091

Xnui-y

OLIeUSOS 109]8G @

OlBUSDS }08|9S
pue ajeos ‘abuel

1ELLIO} ‘B|qeleA }oes
suodol 9jelaust) e Jodal josoy e Jewlo) Jodey e
1o1d sydeab moys pue uoneINoeD
AlANISUSS 9ABS 10/d AUAISUDS @ ‘udaa/lismn
JOLIBUSDS-0INY e (jreuondo) YHE ‘U9 ‘[eJeus) e
uodey ajenjeay indul Myl
Elep uolig|ndjed diz pue Asopauap
ydsoxe Au0joalip 21d 0] SA0W “Blep
SOUM DY} 19D e anes ‘sainjoid
)SE] JO alnydes :Didl e
yred xnurindu| e spofoid uny e
XiunTj Wok SMOPUIAA 59|14 1ds pue sased 7091

Ul ¥Se} M3N

218810 9SED 01NV e
uny omny

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

109/110

Finite
Element

SUBSTITUTE SHEET (RULE 26)



WO 2014/169291 PCT/US2014/034053

110/110

Well TF

Survey Station 1

ty

Survey Station 2

to

Make a normal plane to well tangent t1 at survey station 1
Project g to normal plane and obtain high side N

Translate well tangent t5 at survey station 2 to survey station 1
Project t» o normal plane to obtain Nt1g

Well TF angle is the angle between N, and NTf

b=

FIG. 18

SUBSTITUTE SHEET (RULE 26)



International application No.
PCT/US2014/034053

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
E21B 44/00(2006.01)i, GOSB 19/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 44/00; E21B 7/00; GO6G 7/62;, GO6G 7/48;, GO6F 19/00;, E21B 43/00;, GO6F 7/60;, GOSB 19/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KTIPO internal) & keywords: bottomhole assembly, drilling, criteria, processor, instructions and simulation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 7953586 B2 (CHEN et al.) 31 May 2011 1-24
See abstract, column 4,lines 25-51, claims 1-3,12 and figure 5.

Y US 2007-0067147 A1l (HUANG, SUJIAN) 22 March 2007 1-24
See abstract, paragraphs [0040]-[0050], [0064]-[0067],[0085]-[0088], claims 29
-33 and figure 8.

A US 2011-0214878 A1 (BAILEY et al.) 08 September 2011 1-24
See abstract, claims 1-3,20-22 and figure 1.

A US 6785641 Bl (HUANG, SUJIAN) 31 August 2004 1-24
See abstract and claims 1-5.

A US 2005-0197777 A1 (RODNEY et al.) 08 September 2005 1-24
See abstract and claims 1-4.

See patent family annex.

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

|:| Further documents are listed in the continuation of Box C.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

wpn

e

eatlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

18 August 2014 (18.08.2014)

18 August 2014 (18.08.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

JEONG, A Ram

Telephone No. +82-42-481-3388

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/034053
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7953586 B2 31/05/2011 US 2008-0230272 Al 25/09/2008
US 2007-0067147 Al 22/03/2007 AU 2001-26462 Al 27/09/2001

CA 2340547 Al 13/09/2001
CA 2340547 C 13/12/2005
CA 2358618 Al 11/04/2002
CA 2358618 C 06/12/2005
CA 2522162 Al 13/09/2001
CA 2522162 C 22/05/2007
CA 2531397 Al 27/01/2005
CA 2531397 C 13/04/2010
CA 2531717 A1 27/01/2005
CA 2536684 Al 27/01/2005
CA 2536684 C 11/10/2011
CA 2536695 Al 27/01/2005
CA 2536695 C 10/05/2011
CA 2541478 Al 06/10/2006
CA 2541478 C 23/06/2009
CA 2567656 Al 01/12/2005
CA 2598801 Al 01/03/2008
CA 2598801 C 20/09/2011
CA 2734730 Al 27/01/2005
CA 2748423 Al 27/01/2005
CA 2748424 Al 27/01/2005
CA 2748559 Al 27/01/2005
CA 2748690 Al 27/01/2005
GB 0124445 DO 05/12/2001
GB 2360304 A 19/09/2001
GB 2367843 A 17/04/2002
GB 2367843 B 06/11/2002
GB 2370059 A 19/06/2002
GB 2370060 A 19/06/2002
GB 2414315 A 23/11/2005
GB 2419014 A 12/04/2006
GB 2419015 A 12/04/2006
GB 2420203 A 17/05/2006
GB 2420862 A 07/06/2006
GB 2424975 A 11/10/2006
GB 2435706 A 05/09/2007
GB 2436451 A 26/09/2007
US 2005-0195733 Al 16/10/2003
US 2004-0143427 Al 22/07/2004
US 2004-0211596 Al 28/10/2004
US 2005-0010382 Al 13/01/2005
US 2005-0015229 Al 20/01/2005
US 2005-0080595 Al 14/04/2005
US 2005-0096847 Al 05/05/2005
US 2005-0133272 Al 23/06/2005
US 2005-0154568 Al 14/07/2005

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/034053
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005-0159937 Al 21/07/2005
US 2005-0165589 Al 28/07/2005
US 2005-0165592 Al 28/07/2005
US 2005-0273301 Al 08/12/2005
US 2005-0273302 Al 08/12/2005
US 2005-0273304 Al 08/12/2005
US 2006-0149518 Al 06/07/2006
US 2006-0195307 Al 31/08/2006
US 2007-0005316 Al 04/01/2007
US 2007-0021857 Al 25/01/2007
US 2007-0192071 Al 16/08/2007
US 2010-0211362 Al 19/08/2010
US 2011-0035200 Al 10/02/2011
US 6516293 Bl 04/02/2003
US 6785641 Bl 31/08/2004
US 6873947 Bl 29/03/2005
US 7020597 B2 28/03/2006
US 7139689 B2 21/11/2006
US 7251590 B2 31/07/2007
US 7260514 B2 21/08/2007
US 7356450 B2 08/04/2008
US 7426459 B2 16/09/2008
US 7464013 B2 09/12/2008
US 7693695 B2 06/04/2010
US 7844426 B2 30/11/2010
US 7899658 B2 01/03/2011
US 7954559 B2 07/06/2011
US 8082134 B2 20/12/2011
US 8185366 B2 22/05/2012
US 8589124 B2 19/11/2013
WO 2005-008019 Al 27/01/2005
WO 2005-008020 Al 27/01/2005
WO 2005-008021 Al 27/01/2005
WO 2005-008022 Al 27/01/2005
WO 2005-114542 A2 01/12/2005
WO 2005-114542 A3 06/04/2006
US 2011-0214878 Al 08/09/2011 AU 2009-318062 Al 27/05/2010
CA 2744419 Al 27/05/2010
CA 2744419 C 13/08/2013
EA 201170598 Al 30/12/2011
EA 201300951 Al 30/01/2014
EA 201391698 Al 31/03/2014
EP 2359306 Al 24/08/2011
US 8214188 B2 03/07/2012
WO 2010-059295 Al 27/05/2010
US 6785641 Bl 31/08/2004 AU 2001-26462 Al 27/09/2001
CA 2340547 Al 13/09/2001
CA 2340547 C 13/12/2005

Form PCT/ISA/210 (patent family annex) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/034053
Patent document Publication Patent family Publication
cited in search report date member(s) date

CA 2358618 Al 11/04/2002
CA 2358618 C 06/12/2005
CA 2522162 Al 13/09/2001
CA 2522162 C 22/05/2007
CA 2531397 Al 27/01/2005
CA 2531397 C 13/04/2010
CA 2531717 A1 27/01/2005
CA 2536684 Al 27/01/2005
CA 2536684 C 11/10/2011
CA 2536695 Al 27/01/2005
CA 2536695 C 10/05/2011
CA 2541478 Al 06/10/2006
CA 2541478 C 23/06/2009
CA 2567656 Al 01/12/2005
CA 2598801 Al 01/03/2008
CA 2598801 C 20/09/2011
CA 2734730 A1 27/01/2005
CA 2748423 Al 27/01/2005
CA 2748424 Al 27/01/2005
CA 2748559 Al 27/01/2005
CA 2748690 Al 27/01/2005
GB 0124445 DO 05/12/2001
GB 2360304 A 19/09/2001
GB 2367843 A 17/04/2002
GB 2367843 B 06/11/2002
GB 2370059 A 19/06/2002
GB 2370060 A 19/06/2002
GB 2414315 A 23/11/2005
GB 2419014 A 12/04/2006
GB 2419015 A 12/04/2006
GB 2420203 A 17/05/2006
GB 2420862 A 07/06/2006
GB 2424975 A 11/10/2006
GB 2435706 A 05/09/2007
GB 2436451 A 26/09/2007
US 2003-0195733 Al 16/10/2003
US 2004-0143427 Al 22/07/2004
US 2004-0211596 Al 28/10/2004
US 2005-0010382 Al 13/01/2005
US 2005-0015229 Al 20/01/2005
US 2005-0080595 Al 14/04/2005
US 2005-0096847 Al 05/05/2005
US 2005-0133272 Al 23/06/2005
US 2005-0154568 Al 14/07/2005
US 2005-0159937 Al 21/07/2005
US 2005-0165589 Al 28/07/2005
US 2005-0165592 Al 28/07/2005
US 2005-0273301 Al 08/12/2005
US 2005-0273302 Al 08/12/2005
US 2005-0273304 Al 08/12/2005

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/034053
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2006-0149518 Al 06/07/2006
US 2006-0195307 Al 31/08/2006
US 2007-0005316 Al 04/01/2007
US 2007-0021857 Al 25/01/2007
US 2007-0067147 Al 22/03/2007
US 2007-0192071 Al 16/08/2007
US 2010-0211362 Al 19/08/2010
US 2011-0035200 Al 10/02/2011
US 6516293 Bl 04/02/2003
US 6873947 Bl 29/03/2005
US 7020597 B2 28/03/2006
US 7139689 B2 21/11/2006
US 7251590 B2 31/07/2007
US 7260514 B2 21/08/2007
US 7356450 B2 08/04/2008
US 7426459 B2 16/09/2008
US 7464013 B2 09/12/2008
US 7693695 B2 06/04/2010
US 7844426 B2 30/11/2010
US 7899658 B2 01/03/2011
US 7954559 B2 07/06/2011
US 8082134 B2 20/12/2011
US 8185366 B2 22/05/2012
US 8589124 B2 19/11/2013
WO 2005-008019 Al 27/01/2005
WO 2005-008020 Al 27/01/2005
WO 2005-008021 Al 27/01/2005
WO 2005-008022 Al 27/01/2005
WO 2005-114542 A2 01/12/2005
WO 2005-114542 A3 06/04/2006
US 2005-0197777 Al 08/09/2005 BR PI0O508381 A 31/07/2007
CA 2558430 Al 06/10/2005
CN 100485697 C 06/05/2009
CN 1910589 A 07/02/2007
GB 0619421 DO 15/11/2006
GB 2429223 A 21/02/2007
GB 2429223 B 22/10/2008
NO 20064516 A 04/12/2006
US 7054750 B2 30/05/2006
WO 2005-091888 A2 06/10/2005
WO 2005-091888 A3 22/12/2005

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - wo-search-report
	Page 169 - wo-search-report
	Page 170 - wo-search-report
	Page 171 - wo-search-report
	Page 172 - wo-search-report

