
; !"e3e=667d9:^=6=T=wW'O 01/9.17-40 PCT/LISO1/18-493    FIELD OF THE
INVENT-ON 5 The present invention relates generally to the field of
offshore oil and gas drilling, and more particularly to a method of and
system for drilling offshore oil and gas wells in which buoyant
substantially incompressible articles are injected into the drilling fluid
column at one or more injection points to 10 reduce the density of drilling
fluid column above the injection point or points, thereby to adjust or
alter the drilling fluid pressure gradient over selected portions of the
drilling fluid column. 15 BACKGROUND OF THE INVENTION With conventional
offshore drilling, a riser extends from the sea floor to a drill ship. As
is well known in the art, drilling .fluid is circulated down the drill stem
and up the borehole annulus, the casing set in the borehole, and the riser,
20 back to the drill ship. The drilling fluid performs several functions,
including well control. The weight or density of the drilling fluid is
selected so as to maintain well bore annulus pressure above formation pore
pressure, so that the well does not "kick", and 25 below fracture pressure,
so that the fluid does not hydraulically fracture the formation and cause
lost circulation. In deep water, the pore pressure and fracture pressure
gradients are typically close together. In order to avoid lost circulation
or a kick, it is necessary to maintain the drilling   W'O (I1/').17~(I
PCT/US111/18-193 fluid pressure between the pore pressure gradient and the
fracture pressure gradient. With conventional riser drilling, the drilling
fluid 5 hydrostatic pressure gradient is a straight line extending from the
surface. This hydrostatic pressure gradient line traverses across the pore
pressure gradient and fracture pressure gradient over a short vertical
d=stance, which results in having to set numerous casing strings. The
setting of casing strings is ~0 expensive in terms of time and equipment.
Recently, there have been proposed systems for decoupling the hydrostatic
head of the drilling fluid in the riser from the effective and useful
hydrostatic head in the well bore. Such systems are referred to as dual
gradient drilling systems. In 15 dual gradient systems, the hydrostatic
pressure in the annulus at the mud line is equal to the pressure due to the
depth of the seawater and the pressure on the borehole is equal to the
drilling fluid hydrostatic pressure. The combination of the seawater
gradient at the mud line and drilling fluid gradient in 20 the well bore
results in greater depth for each casing string and a reduction of the
total number of casing strings required to achieve any particular bore hole
depth. There have been suggested three mechanisms to achieve dual gradient
system. One suggested mechanism is continuous dumping 25 of drilling -luid
returns at the sea floor. This suggested mechanism is neither
environmentally practical nor economically 



viable. The second suggested mechanism is gas lift, which involves
injecting a gas such as nitrogen into the riser. Gas lift 30 offers some
advantages in that it requires no major subsea   VI'O O1/9.47-41i 3
PCT/USlll/18-493 mechanical equipment. However, there are some limitations
associated with. gas lift. Since gas is compressible, there are limitations
on the depth at which it may be utilized and 5 extensive surface equipment
may be required. Additionally, because the gas expand as the drilling fluid
reaches the surface, surface flow rates can be excessive. The third
suggested mechanism to create a dual gradient system is pumping the
drilling fluid from the underwater 10 wellhead back to the surface. Several
pumping systems have been suggested, including jet style pumps, positive
displacement pumps, and centrifugal pumps. Sea floor pump systems provide
the flexibility needed to handle drilling situations, but they have the
disadvantage of high cost and reliability problems 15 associated with
keeping complex pumping systems operating reliably on the sea floor.
SUMMARY OF THE INVENTION The present invention provides a multi-gradient
method of 20 and system for drilling a well bore. Briefly stated, the
system of the present invention injects buoyant substantially
incompressible articles at one or more injection points into the column of
drilling fluid associated with the well bore. An injection point may be
positioned in a marine riser connected 25 between a subsea wellhead and a
surface drilling location, a cased section of the well bore, or an open
hole section of the well bore. Preferably, the substantially incompressible
articles comprises hollow substantially spherical bodies. In one
embodiment, a conduit is connected between the 30 surface location and an
injection point in the -riser. A slurry   Vl'O (1I/9-47-1(I 4 5
PCT/L:~S111/18~93 containing the substantially incompressible articles is
injected into the conduit at the surface location. In one embodiment, the
slurry comprises a mixture of the substantially incompressible articles and
drilling fluid. The drilling fluid may be of the same weight and
composition as the primary drilling fluid being circulated in the well
bore, or it may be 10 of a lesser weight. The drilling fluid and
incompressible article slurry may be injected directly into the riser.
Alternatively, the incompressible articles may be separated from 



the drilling fluid prior to injection, thereby to increase the
concentration of incompressible articles injected to into the 15 riser. The
separated drilling fluid is returned to the surface. The slurry may
alternatively comprise a mixture of the substantially incompressible
articles arid water. In the water slurry embodiment, the means for
injecting the substantially incompressible articles includes means for
separating the 20 substantially incompressible articles from the water
prior to injecting the substantially incompressible articles into the
riser. In one embodiment, the means for separating the substantially
incompressible articles includes a vessel positioned adjacent the injection
point.. The vessel is gas 25 pressurized to form a Water-gas interface. A
slurry inlet is positioned in the vessel below the water-gas interface and
coupled to the conduit. A water outlet is positioned in the vessel below
the water-gas interface. An article outlet positioned in the vessel above
the water-gas interface and 30 coupled to the injection point.   VI'O
l11/9-47.11) 5 PCT/US(I1/18-493 The system of the present invention may
include means for recovering the incompressible articles from the drilling
fluid returned to the surface location from the riser. In one embodiment,
the means for separating the incompressible articles 5 from the drilling
fluid includes a screen device for separating the incompressible articles
and drill cuttings from the drilling fluid. The screen device has a mesh
size and the incompressible 10 articles are larger than the mesh size. The
system of the present invention further includes means for separating the
incompressible articles from the drill cuttings. The means for separating
the incompressible articles from the drill cuttings 15 may include a
water-filled vessel positioned to receive the incompressible articles and
the drill cuttings from the screen device. The drill cuttings sink and the
substantially incompressible articles float, thereby allowing the
substantially incompressible articles to be recovered from the 20 surface
of the water in the vessel. In an alternative embodiment, the
incompressible articles are mixed with the primary drilling fluid. The mud
pumps pump the mixture of incompressible articles and primary drilling
fluid down the drill string to an internal injection point 25 defined by a
drill string separation and injection device positioned in the drill string
near the depth of the seabed. The drill string separation and injection
device separates the 



incompressible articles from the drilling fluid and injects the separated
articles into the riser. The separated drilling fluid 30 continues down the
drill string to the bit and back up the   VI'O 01f)-47-4l1 6 PCTIL;
SIIl/18-193 annulus to the riser, Tnhere it mixes with the incompressible
articles for return to the surface. The drill string injection method does
not requ ire that the incompressible articles be separated from the
drilling fluid returned to the surface. 5 Preferably, the substantially
incompressible articles are injected into the drilling fluid column at a
rate sufficient to reduce the density of drilling fluid above the injection
point '~0 to a predetermined density. The density p of the drilling fluid
in ~.he column is determined according to the equaticn (100-i')p f +vp.,. p
100 where pf is drilling- fluid density without the substantially 15
incompressible articles; p,s is the density of the substantially
incompressible articles; and is the concentration of the substantia115~
incompressible articles. In the drilling fluid slurry embodiment of the 20
present intrention, the densi;~y p of drilling fluid in the riser is
determinea according to the equation p = p~~Qm +psQ,, . :m r ~.s Where p",
is the drilling fluid density without the substantially ' 25 incompressible
articles; pS is the density of the slurry; Om is the drilling fluid flow
rate; and,   W'O Ol/9~7~0 7 Qs is the slurry flow rate. BRIEF DESCRIPTION
OF TI-tE DRAL~7IhTGS PCT/US01/18-l93 



Figure 1 is a schematic view of a system according to the 5 present
invention. Figure 2 il_ustrates a drilling fluid slurry ir_jection system
according tc the present invention. Figure 3 illustrates a sea water fluid
slurry injection system according to the present invention. 10 Figure 4
illustrates details of one sea water fluid slurry injection system
according to the present invention. Figure 5 illustrates details of an
alternative sea water fluid slurry injection system according to the
present 15 invention. Figure 6 illustrates details of an alternative
drilling fluid slurry injection system according to the present invention .
20 Figure ? illustrates a sphere recovery system according to the present
invention. Figure 8 illustrates an alternative system, in which the
incompressible articles are injected in a primary drilling fluid slurry
carried to the injection pcint by the drill string. 25 Figure 9 illustrates
an alternative system, in which the incompressible articles are carried to
the injection point by a concentric drill string. Figure 10 illustrates an
alternative system, in which the incompressible articles are carried to an
injection point in a 30 casing by a parasitic string.   V10 O1/9.17-1(I 8
PCTIUS~I1/18-193 DETAILED DESCRIPTIOTI Referring nova to the drawings, and
first to Figure 1, a drill ship, or other suitable offshore drilling
platform, is 5 designated generally by the numeral 11. As will be apparent
to those skilled in the art, the figures of the present invention are
diagramatic in nature and not drawn to scale. Drill ship 11 is adapted to
perform offshore drilling in the manner known to those skilled in the art.
A marine riser 13 is shown connected 10 



between drill ship 11 and underwater wellhead and blow out preventer
stacl~: indicated generally at 15. Drill ship 11 accomplishes drilling by
means of a string of 15 drill pipe 17 connected frcm the surface to a
bottom hole assemble 19, which in turn is connected to a drill bit 21.
Suitable lift_ng gear (not shown) is provided cn drill ship 11 for lifting
arid lowering drill pipe 11 so as to apply weight to 20 bit 21.
Additionally, rotary equipment (not shown), such as a rotary table or `.op
drive, is provided in drill ship 11 to rotate bit 21. In the manner known
to those skilled in the art, drilling fluid is circulated down drill pipe
17 and bottom hole assembly 25 19 through bit 21 and up bore hole 23 and
riser 13 back to drill ship 11. The drilling fluid circulation system
includes a mud pump 25. The outlet of mud pump 25 is connected to a conduit
27, which in turn is connected to drill pipe 17 through a swivel 29.   V4'O
01J9.17.10 PCT/USlll/18~93 9 According to the present invention, the
drilling fluid in riser 13 is lighter than the drilling fluid irl the
annulus or in drill string 17. Pressure at the bottom of drill string 17 is
greater than the annulus pressure at the bottom of bore hole 23. 5 The
bottom hole pressure differential can result in fluid flow due to u-tubing
when mud -QUmp 25 is turned off, for example when adding joints of drill
pipe to drill string 17. Accordingly, a drill string valve 30 may be
included in drill string 17 to prevent fluid flow j~~rhen mud pumb 25 is
turned off. Drill string 0 valve 30 must allo~rr flow with minimal pressure
loss ~~ahen drilling fluid is being pumped down drill string 17 while
preventing flow when mud pump 25 is turned off. Drilling fluid returned to
drill ship 11 through riser 13 is 15 cleaned ~-pith a solid separation
system that includes a conventional shale shaper 31. Clean drilling fluid
is collected in a tank 33, v~~hich is connected to the inlet of mud pump 25
by a corldui t 35 . According to '~he present ,'_nver~tion, a system is
provided 20 fox injecting buoyant incompressible articles into riser 13
near we7.lhead 15. In the drawings, the incompressible articles are
depicted as small circles. In the preferred embodiment the buoyant
substantially incompressible articles comprise substantially spherical
articles having a diameter greater than 25 about 100 microns so as to be
separable from drilling fluid with a conventional 100-mesh shale shaker
screen. Preferably the articles have a density less than about 0.50
gm/cm'(4.17 pounds per gallon (ppg)). Also, the articles should have
sufficient strength so as to withstand the pressures encountered at the 30
maximum water depth in which the system of the present invention   ~'1~0
O1/9~7~(I 



10 PCT/L;~S(I1/1 H93 is used. Examples of suitable articles are
ScotchliteT~s glass bubbles manufactured by tre 3M Company and
MinispheresTh~ such as those available from Balmoral Group International,
Inc. Houston, Texas. The ScotchliteTM glass bubbles have densities of about
5 0.38 gm/cmJ (3.17 ppg) and service depths up to about 9000 feet. The
MinispheresT"z are hollow generally spherical bodies, typically 10 mm (0.39
inches) ir_ diameter, that are manufactured from fiber reinforced epoxy
resin. Carbon fiber Mirlispheres'~' range in densit~J from about 0.43
gm/cm' (3.59 ppg)to about 0.66 i0 gm/cm3 (5.50 ppg) and have service depths
of up to 15,000 feet. According to the present invention, the
incompressible articles are injected into riser 13 in a drilling fluid or
seac~rater slurry. The slurry is bumped from drill ship 11 to ar~ 15
injectior_~ point 41 in riser 13 through a conduit 43 connected to the
outlet of a pump 45, which may be a conventional mud pump. An appropriate
valve er injection system 47 is positioned in conduit 43 adjacent injection
point 41. The slurry is preferably mixed in a mixing tank 5i 20 connected
to the inlet of pump 45 by a conduit 53. As will be discussed in detail
hereinafter, the composition of the slurry and the injection =rate of the
articles into riser 13 are cor~trollect so as to achieve a desired drilling
fluid density in 25 riser 13. As the articles are injected into riser 13
the incompressible articles rnix with the drilling fluid in riser 13,
thereby reducing the density of the fluid in riser 13 above injection point
41. The mixture of drilling fluid and articles flows upwardly 30 in riser
13 toward drill ship 11 to a diverter. The drilling   w-o nm.~~.~o 11
PCT/USlll/18-t93 fluid, L~Tlth articles and drill cuttings, is carried from
the diverter through a conduit 55 ,.o shale shaker 31. Shale shaker 31
separates the articles and drilled solids from the drilling fluid. The
clean drilling fluid flows through shale shaker 31 5 into drilling fluid
tank 33 and the articles and drill solids travel off shale shaker 31 into a
separation tank 57. The incompressible articles are collected from
separation tank 57 and conveyed to mixing tank 51 through a conduit 5. In
the drilling fluid slurry embodiment of the present invention, 1G drilling
fluid may be supplied to mixing tank 51 through a conduit G1 connected to
drilling fluid tank 33 or to a separate 



source o'` drilling fluid, such as "base mud." In the seawater slurry
embodiment of the present invention, conduit 61 is connected to a source of
seawater. 15 Referring now to Figure 2, there is shown details of a
drilling fluid slurry ir~jectior~ system according to the present
invention. As shoc~n in Figure 2, conduit 43 is connected to riser 13 at
injection point 41. The slurry of incompressible 20 articles and drilling
fluid is simply injected into riser 13 at injection point 41. The pressure
provided by pump 45 (Figure 1) is selected so as to be greater than the
hydrostatic pressure in riser 13 at injection point 41. A suitable check
valve (not shown ~.n Figure 2) is brovided in conduit 43 so that drilling
25 fluid does not back Tlow in conduit 43. According to the present
invention, the drilling fluid used to make the slurry may be lighter than
the drilling fluid in the primary drilling fluid system. Due to dilution,
the lighter the 3G drillincr fluid of the slurry, the more the density of
the   'O (I1/97.11! 12 PCT/LIS(I1/18.193 drilling fluid ire riser 13 can be
reduced. The weight of the slurry fluia. can be reduced by removing
weighting material from the primary drill'_ng fluid prior to forming the
slurry. Alternatively, a separate lightweight base mud slurry fluid may 5
be form~:lated. 1n either event, the primary drilling fluid must be
properly weighted prior to being pumped back do~in the drill string.
Referring no~;a to Figure 3, there is shown a seawater slurry injection
system according to the present invention. Conduit 43 10 provides a mixture
of seawater and articles via a separation and injection system, indicated
generally at 71. System 71 will be described in detail with respect to
Figures 4 and 5. The output of system 71 is connected to injection point 41
by a suitable conduit 73. Dr,'_lling fluid may be diverted from riser 13 to
15 conduit 43 or system 71 through a suitable conduit shown in phantom a ~
75 . Referring now to Figure 4, there is shown one embodiment of 20 a
seawater slurry injection system according to the present invention. In
Figure 4, the separation and injection system, indicated at 71a, includes a
diverter conduit 77 connected to slurry conduit 43. A screen 79 havir_g a
mesh size smaller than the diameter of the incompressible articles is
disposed between 25 slurry conduit 43 and diverter conduit 77. Screen 79
separates the articles from the seawater. The seawater is discharged
through the diverter conduit 77.  



VVO Ill/9~7~0 13 PCT/USO1/l8-193 The separatea articles are forced to the.
inlet of a pump, which in the illustrated embodiment is a Moineau pump,
indicated generally at 81. Pfoineau pumps are well known to those skilled
in the art and they include a progressive cavity pump with a 5 helical gear
pair wherein one of the gears is a rotor and the other is a stator. The
outlet of Moineau pump 81 is connected to injection point 43. Conduit 75 is
connected to the inlet of Moineau pump 81 ~o supp=y drilling fluid from
riser 13 to the inlet of Moineau pump 81. Moineau pump 81 may be powered by
the 1G fluid pumped down conduit 43 with the articles, thereby eliminating
the need for separate electric or hydraulic lines from the surface. Moineau
pump 81 forms a slurry of drilling fluid and incompressible articles and
injects that slurry into riser 13 at injection point 41. While pump of the
illustrated 15 embodiment is Moineau pump, those skilled in the art will
recognize that any suitable pump, such as vane, piston, diaphragm,
centrifugal, etc. pumps, may be used according to the 20 present invention.
Acccrding to Figure 5 there is shown an alternative injection system 71b.
Injection system 71b includes a vessel 85 positioned near the seafloor
adjacent injection point 41. Vessel 85 includes a slurry inlet 87 connected
to receive the 25 sea water slurry from conduit 43. Vessel 85 includes a
seawater outlet 89 positioned vertically above inlet 87. Vessel 85 also
includes an article outlet 91 positioned vertically above seawater outlet
89. Vessel 89 is partially gas pressurized so as to form a gas;water
interface above seawater outlet 89. As 30 illustrated in Figure 5, the
seawater slurry flows into vessel   fl'O U1/9-t7-1(I 14 PCT/US(I1/18~93 85
at inlet 87. The incompressible articles, being buoyant, flow upwardly in
vessel 85 toward the gas/water interface thereby separating themselves from
the seawater. The separated 5 seawater flows out of vessel 85 through
seawater outlet 89. The 



incompressible articles are collected and injected into riser 13 by a
suitable injector indicated generally at 93. Tnjector 93 may be a I~oineau
pump or the like. Referring now to Figure G, there is illustrated an 10
alternative separation and injection system according to the present
invention in which the articles are pumped from the surface in drilling
fluid slurry, wherein the drilling fluid may be of the same composition and
weight as the primary drilling fluid or it may be base mud. Base mud is a
mixture of water or 15 synthetic oil containing no weighting material. The
separation and injection system of Figure 6 is similar to the seawater
slurry injection system illustrated in Figure 4, except that the separated
drilling fluid is returned to the surface. The 20 separation and injection
system, indicated at 77c, .includes a diverter conduit 77c connected to
slurry conduit 43. A screen 79c having a mesh size smaller than the
diameter of the inCOIClpressibla articles is disposed between slurry
conduit 43 and diverter conduit 77c. Screen 79c separates the articles 25
from the drilling fluid. The separated drilling fluid is returned to the
surface through a return line 80 coupled to diverter conduit 77c. A
suitable subsurface pump 82 may be provided in return line 80 to assist in
lifting the separated drilling fluid to the 3C surface. Alternatively, gas
lift or other suitable means may be   W'O (!1/9-t7(1 15 PCT/L1S111/1R-Q93
provided in order to assist in lifting the drilling fluid to the surface.
In the further alternat_ve, a choke 84 may be provided adjacent the inlet
of pump 81 to create a pressure drop in the flow line to riser 13, thereby
enabling the separated drilling 5 fluid to be returned to the surface by
the action of the surface slurry pump 45 (Figure 1) and without pump 82.
Choke 84 is necessary in this situation; otherwise, mere will not be enough
pressure at the sea floor to pump the drilling fluid back to the 10 surface
due to the "u-tu'r~e" efect since the drilling fluid in return line 80 is
heavier than the slurry in conduit 43. The separated articles are
concentrated at the inlet of a pump, which again in the illustrated
embodiment is a Moineau pump, indicated generally at 81c. Preferably, the
concentration 15 of articles is maximized by balancing the flow rate of
subsurface pump 82 nT-th the liquid component flora rate of slurry pump 45.
For example, if a slurry with 50~ by volume of articles is pumped down
conduit 43 at 800 gpm, the article floS,a rate is 400 gpm and the fluid
flow rate is 400 gpm. If 20 subsurface pump 82 pumps separated drilling
fluid at 400 gpm, the concentration of spheres at the inlet of Moineau pump
81c will be substan`~.ially 1000. The space bet~~,~een the articles 



injected into riser 13 may be filled vTith drilling fluid 25 diverted from
riser 13 through a conduit indicated in phantom at 86 connect to the inlet
of Moineau pump 81c. The outlet of Moineau pump 81c is connected to
injection point 43. Again, Moineau pump 81c may be powered by the fluid
pumped down conduit 43 with the articles, thereby eliminatir_g 30 the need
for separate electric or hydraulic lines from the   V10 I11 /9-l7~(I 16
PCT/USIl1/1R-193 surface. Again, while the pump of the illustrated
embodiment is Nioineau pump, those skilled in the art will recognize that
any suitable pump, such as vane, piston, diaphragm, centrifugal, etc.
pumps, may be used according to the present invention. 5 The weight of base
mud is substantially less than that of weighted drilling fluid (e.g.  ppg
versus 1~ ppg). Base mud has the same them-stry as the weighted mud.
Therefore, a small amount of base mud injected into the riser with the
spheres will 10 not contaminate the drilling fluid in riser 13. A separated
fluid return system of the type illustrated in Figure G may be used with a
seawater slurry system in order to satisfy any environmer_tal concerns. In
such as system, the separated seawater U,Tould be returned to the surface
rather than 15 being discharged into the ocean near the wellhead. The
returned seawTater could be reused to make the slurry or it could be
processed prior to dumping into the ocean. Referring now to Figure 7 there
is shown details of the system for separating the drilled solids and
incompressible 20 articles from the drilling fluid. The drilling fluid
returned from the riser 13 is deposited on the surface of a shale shaker
31. As is well kno<<.rn in the art, shale shaker 31 separates solids
greater than a certain size from the drilling fluid. The 25 separated
drilling fluid flows through shale shaker 31 into drilling fluid tank 33.
Separated solids, including incompressible articles anal drill cuttings,
travel over shale shaker 31 into tank 57. Tank 57 is partially filled
Tsrith water. Accordingly, the cuttings sink and the incompressible
articles 30 float, thereby separating the incompressible articles from the



VI~O 01/97-40 17 PCTIL`S01/18-493 drilled solids. The drilled solids are
collected from the bottom of tank 57 for disposal. The incompressible
articles are collected from the surface of tank 57 for re-injection into
the riser. 5 Referring nova to Figure 8, there is illustrated an
alternatizre system in tahich the incompressible articles are carried to an
injection point inside riser 13 in a slurry formed by the primary drilling
fluid. In the system of Figure 8, the 10 incompressible articles are mixed
with the primary drilling fluid and conveyed to an internal injection point
41a through drill string 17. The primary mud pump 25 (Figure 1) pumps the
slurry o. incompressible articles arid primary drilling fluid down the
drill string to a drill string separation and injection 15 device 101
positioned in the drill string near the depth of the seabed. Drill string
separation and injection device 101 includes a tubular sub ha~Ting a screen
103 and a plurality of orifices 105. Drill s'~ring separation and injection
device 101 separates the incompressible articles from the drilling fluid 20
and injects the separated articles into the riser. The separated drilling
fluid continues down the drill string to the bit and back up the annulus to
the riser, where it mixes t~rith the with the incompressible articles for
return to the surface. 25 The drill string injection method does not
require that the incompressible articles be separated from the drilling
fluid returned to the surface. As will be apparent from Figure 8, the
injection point may be positioned in a cased hole section, designated
generally by 30 the numeral 107, or an open hole section, designated
generally   WO U1/9.47.10 18 PCTIUSI~1/18-193 by the r_umeral 109, of the
well bore. As is well known to those skilled in the art, cased hole section
107 is defined by a casing 111 cemen~ed into the well bore, as indicated at
113. Open hole section 109 is an uncased section of the bore hole. 5 By
moving the injection point do~~Tnwardly in the well bore, the pressure
gradients in the well bore above and below the ir_j ecti on point Can be
further modified. By i nj ecting the articles into a cased hole section,
the pressure gradient in the 



open hole portion of the well bore can be lowered with a lower 10
concentration of articles. By injecting the articles at multiple injection
points, the pressure gradients between injection points may be adjusted to
lie between the open hole fracture gradients and pore pressure gradients,
thereby further 15 reducing the number of cas_ng sections that need to be
set. Referring n04r1 to Figure 9, there is shoum a further alternative
system, in which a slurry of drilling fluid and incompressible articles is
carried to an injection point 41b by a concentric drill pipe arrangement,
designated generally by the 20 nume~-a1 115. Concentric drill pipe 115
includes an inner drill pipe 1:L7, which serves the normal drill pipe
functions, and an outer pipe 119, rrrhich acts as a cor_duit for the
slurry. As shown in Figure 9, _njection point 41b is defined by the end 121
25 of outer pipe 119. As described ~a~th respect to Figure 8, injection
point 41b may be positioned in riser 13, cased hole section 107, or open
hole section 109. Referring now to Figure 10, there is illustrated yet a
further alternative system according to the present invention. 30 In the
system of Figure 10, a slurry of drilling fluid and   V1'O 111/'l-t7~(I 19
PCT/FJSIII/18-493 incompressible articles is carried to an injection point
41c in a cased hole section 107 of the well bore by a parasitic string 131.
Parasi~ic string- 131 cemented into the annulus between casing 111 and the
borehole wall, a~ indicated at 133. 5 In operation, incompressible buoyant
articles are injected into the riser near the seafloor, preferably at a
rate sufficier_t to reduce the density of the fluid in the riser
substant=ally to that of seawater. The density p of the fluid in the riser
is given by the equation: (100-v)p~. +i'ps i0 p= l00 where pJ is drilling
fluid density ~,Tithout the substantially incompressible articles.: 15 ps
is the density of the substantially incompressible articles; and v is the
ccncentration of the substantially incompressible articles. F!~om the
equation, it may be shown that a 20o concentration 20 by volume of 3.17 mpg
spheres reduces the density of 10 ppg drilling fluid tc that of seav~ater
(3.6 ppg) whereas a 500 concentration is required to reduce the density of
14 ppg drilling fluid to that of seawater. Thus, the method and system 25
of the present invention are clearly effective over a wide range of mud
weights. In the drilling fluid slurry (without fluid return) embodiment of
the invention, the incompressible articles are pumped from drill ship 11 to
the sea floor it the form of a mud   'O O1/9.17-40 



20 PCT/US01/18.193 slurry. The slurry pumped to the seafloor mixes with
drilling fluid in the riser thereby increasing the fluid flow rate in the
riser and diluting the sphere concentration. The density p of the fluid in
the riser in the drilling fluid slurry embodiment 5 is given by the
equation: p - pmOm +psO.r Qm + O.s Plhere pn~ is the drilling fluid density
without the substantially incompressible articles; 10 p,r is the density of
the slurry; Q~n is the drilling fluid flow rate; and, D, is the slurry flow
rate. l~~hen pumping 800 gpm cf slurry (for example, 60~ by volume 15 of
3.17 ppg spheres in drilling fluid of the same weight as the primary
drilling fluid being circulated in the borehole) into a well with drilling
fluid flowing at 800 gpm, the flow rate in the riser increases to 1600 gpm
and the sphere concentration decreases to about 30. Therefore, the maximum
sphere 20 concentration that can be achieved ~~~ith the drilling fluid
slurry system is about 30o compared tc about 50o in the seawater transfer
system or the drilling fluid transfer ~h~ith separated fluid return system.
Accordingly, the maximum drilling fluid 25 density with which the primary
drilling fluid slurry without fluid return embodiment of the present
invention can be used to reduce the density in the riser to that of
seawater is about 10.3 ppg. Thus, with higher drillir_g fluid weights, the
primary   V4'O l11/9-47.1U 21 PCT/USO1/18.193 drilling fluid slurry system
alone cannot reduce the density of fluid in the riser to that of sea~aater.
Accordingly, in such instances the seawater slurry system, the lightweight
drilling fluid system, or the article concentration with fluid return 5
system should be used. Alternatively, in higher drilling fluid weicJht
situations, the system of the present invention may be combined with other
dual gradient drilling technologies, such as gas lift or subsurface pumps.
from the foregoir~er, it may be seen that the present i0 invention provides
a mufti-gradient drilling system that overcomes the shortcomings of the
prior art. Injecting incompressible buoyant articles into the riser reduces
or eliminates the need for complex subsurface pumps, which can be expensive
and difficu_t to operate. The articles can be pumped 



15 to the injection point using conventional mud pumps, thus eliminating
the need for expensive compressors and nitrogen required nor gas lift
systems. The articles can be removed, if necessary, from the drilling fluid
returned from the well with 20 conventional shale shakers. The articles can
be injected at multiple points in the drilling fluid colunuz to yield
multiple pressure gradients, thereby further reducing the number of casing
instal_ations.   VI'O 01/97.4(1 22 flTiiPT IS CLAIN1ED IS PCTIfS01/18-493
I. ~1 system for drilling a ~.aeli bore harTing a bottom into a seabed from
a drilling location, cahich comprises: a drilling fluid system nor creating
a colu_rnn cf drilling 5 fluid above said bottom; and, a system for
injectir_g substantially incompressible articles ir~to said columr_~ at an
injection point between said bottom and said d-rilling~ --ovation, said
incompressible articles having a density less than the density of said
drilling fluid. 10 2. The system as claimed in claim 1, wherein said system
for injecting said substantially incompressible articles includes: a
conduit connected between a surface location and said injection point. 15
3. The system as claimed in claim 2, wherein said system for injecting said
substantially incompressible articles includes: means for injecting a
slurry comprising a fluid and said substantially incompressible articles
into said conduit at said 20 surface locatior:. 4. The system as claimed in
claim 3, wherein said fluid of said slurry comprises a drilling fluid. 25
5. The system as claimed in claim 4, wherein said fluid of said slurry
comprises substantially unweighted drilling fluid. G. The system as claimed
in claim 3, wherein said fluid of said slurry comprises water.   



V1'O 111/'J-17-l0 PCT/USfl1/18-4>3 23 7. The system as claimed in claim 3,
wherein said means for injecting said substantially incompressible articles
includes: means for separating said substantially incompressible 5 articles
from saia fluid of said slurry prior to injecting said substantially
incompressible articles into said column; and, means for injecting
separated substantially incombressible articles into said column. 10 8. The
system as claimed in claim 7, including means for returning separated fluid
to a surface lccation. 9. The system as claimed in claim 8, wherein said
means for returning separated fluid to said surface location includes a 15
return line. 10. The system as claimed in claim 9, wherein said means for
returning separate fluid to said surface location includes means for
lifting separated fluid in said return line. 20 11. The system as claimed
in claim 7, wherein means for injecting said separated substantially
incompressible articles into said column includes a pump.   V4'O (11/9~7~(I
24 PCTIUS(11 /18-493 12. The system as claimed in claim 7, wherein said
means for separating said substantially incompressible articles includes a
screen having a mesh size smaller thar_, said substantially incompressible
articles. 5 13. The system as claimed in claim 7, wherein said means for
separating said substantially incompressible articles includes: a vessel,
said vessel being' gas-pressurized to form a water-gas interface; 10 a
slurry inlet positioned in said vessel below said ~,~ater gas interface and
coupled to said conduit; a water outlet positioned in said vessel_ below
said water gas interface; and, an article outlet positioned in said vessel
above said 



15 water-gas --nterface and coupled to said injection point. 14. The system
as claimed ir~ claim 1, including means for separating said incompressible
articles from drilling fluid returned from said column. 2C 15. The system
as claimed in claim 14, ,Therein said means for separating said
incompressible articles from said drilling fluid includes: a screen device
for separating said incompressible articles 25 and drill cuttings from said
drilling fluid. 16. The system as claimed in claim 15, wherein said screen
device has a mesh size and said incompressible articles are lager than said
mesh size. 30   V'O Ill/9-17-11_1 PCT/US(Il/18~93 25 17. The system as
claimed in claim 15, wherein said means for separating said incompressible
articles from said drill cuttings includes: an at least partially
water-filled vessel positioned to 5 receive said incompressible articles
and said drill cuttings from said screen device. 18. The system as claimed
in claim 15, wherein said screen device includes a shale shaker. 10 1. The
system as claimed in claim 1, wherein a portion of said column is defined
by a riser connecting a subsea wellhead and a surface location and said
injection point is positioned in said riser adjacent said wellhead. 15 20.
The system as clamed in claim 1, t~~herein said substantially
inco_npressible articles are injected into said riser at a rat a
su-~ficient to reduce the density of drilling fluid in said column to a
predetermined density.   W'O 01/9-1p11 26 PCT/CJS01/18~93 



21. The system as claimed ire claim 20, wherein the density p of drilling
fluid in said column ?s determined according to the equation (l00 - v) p f
+ >>p,s p ~ 100 5 where pf is drilling fluid density c~ithout the
substantially incompressible articles; p.s is the density of the
substantially incompressible articles; and 10 v is the concentration of the
substantially incompressible articles. 22. The system as claimed in claim
20, wherein said substantially incompressible articles are injected into
said 15 column in a slurry comprising a mixture of substantially
incompressible articles and drilling fluid the density p of drilling fluid
in said riser is determined according to the equation p - ~m~m +p.~Q.~ ~nt
+ Os :' 0 ~nThere pn, is the drilling fluid density tnithout the
substantially incompressible articles; p,r is the density of the slurry;
Q", is the drilling fluid flow rate; and, 25 Qs is the slurry flow rate.
V1' O 111 /9.17-lU 27 PCT/CIS111/18.193 23, The system as claimed in claim
20, wherein said predetermined density is substantially eaual to the
density of seataater. 5 24. The system as claimed in claim 1, wherein said
substantially incompressible articles comprise substantially spherical
articles. 25. The system as claimed in claim 29, wherein said 10
substantially spherical articles have an outside diameter greater than
about 100 microns. 26. The system as claimed in claim 1, wherein said
substantially incompressible articles comprise hollow glass 15 beads. 27.
The system as claimed in claim ~6, wherein hollota glass beads have an
outside diameter greater than about 100 microns. 



20 28. The system. as claimed in claim 1, wherein said substantially
incompressible articles comprises hollow reinforced plastic articles.
VI'O O1/9-~7-10 28 PCT/fSIl1/18-493 29. A method of drilling a well bore
having a bottom into a seabed from a drilling location, which comprises the
steps of: injecting substantially incompressible articles into a column of
drilling fluid at an injection point positioned 5 between said bottom of
said well bore and said drilling location, said articles having a densit'_v
less than the density of said dril-ing fluid. 30. The method as claimed in
claim 29, wherein said step of 1C injecting said substantially
incompressible articles includes: conTTeying a slurry comprising said
substantially incompressible articles and a slurry fluid to said injection
point. 15 31. The method as claimed in claim 30, wherein said step of
injecting said substantially incompressible articles includes: separating
said substantially incompressible articles from said slurry =laid pr-or to
injecting said substant~.ally incompressible articles into said column of
drill-ng fluid. 2O 32. The method as claimed in claim 29, including
separating said incompressible articles from drilling fluid returned from
said well. 25 33. The method as claimed in claim 32, including separating
said incompressible articles and drill cuttings from said drilling fluid.
34. The method as claimed in claim 33, including separating said
incompressible articles ~=rom said drill cuttings. 30   W~O 01/9-17-lU
PCTIL1S01/18.113 29 35, The method as claimed in claim 34, wherein said
means step separating said incompressible articles from said drill cuttings
includes: discharging said incompressible articles and said drill 5
cuttings into ar~ at least partially water-filled vessel. 



36. The method as cla-~med ir_~ claim 35, including recovering said
incompressib_e articles from said at least partially waterfilled vessel. 10
37, The method as claimed in claim 29, wherein said injection point is
pos_tionea in a marine riser connected between a surface drilling location
and a subsea wellhead. .5 38, The method as claimed in claim 37, wherein
said articles are conveyed to said injection point by a conduit positioned
outside said r,'_ser. 3, The method as claimed in claim 37, wherein said
articles 20 are conveyed to said injection point by a conduit positioned
inside said riser. 40. The method as claimed in claim 39, wherein said
conduit includes a drill pipe. 25 41. The method as claimed in claim 29,
wherein said injection point is positioned in a cased section of said well
bore. 42. The method as claimed in claim 41, wherein said articles are
conveyed to said injectior_ point by a conduit positioned 30 outside the
casing oz said cased section.   V4'O O1/~.~?.lll 3U PCT/US(I1/18-t93 43.
The method as claimed in claim 41, wherein said articles are conveyed to
said injection point by a conduit positioned inside the casing of said
cased section. 5 49. The method as clamed in claim 93, wherein said conduit
includes a drill pipe. 45. The method as claimed in claim 29, , t,aherein
said injection point is positioned in an open hole section of said well
bore. 10 46. The method as claimed in claim 95, wherein said articles are
conveyed to said injection point by a conduit positioned in said open hole
section. 15 97. The method as claimed in claim 4u, wherein said conduit
includes a drill pipe.   VVO ll l/9.17-11I PCT/USI)1/18-l93 31 48. The
method as claimed in claim 29, wherein said incompressible articles are
injected at a rate sufficient to achieve predetermined drilling fluid
pressure gradient over a portion of said column of drilling fluid. 5 49.
The method as claimed in claim 29, wherein said incompressible articles are
injected at a rate sufficient to achieve a predetermined density of said
drilling fluid in said column abo~Te said injection point. 10 50. The
method as claimed in claim 49, wherein the density p of drilling fluid in
said column is determined according to the equation (l00-n)pf +1'ps p 100
15 where 



pr is drilling fluid density without the substantially incompressible
articles; p,~ is the densit~~ of the substantially incompressible articles;
and 20 v is the concentration of the substantially incompressible articles.
V4'O Ii1/9~7~U .~ G PCT/i!S(II/18.193 51. 'Ihe method as claimed in claim
29, wherein said substantially incompressible articles are injected into
said column in a slurry comprising a mixture of substantially
incompressible articles and a slurry fluid, and wherein the 5 drilling
fluid the density p of drilling fluid in said column is determined
according to the equation pm~m +h,s~s Om + ~s ~~lhere pm is the drilling
fluid density without the substantially 10 incompressible articles; ps is
the density of the slurry; On, is the drilling fluid flow rate; and, 0, is
the slurry flow rate. 15 52. The method as claimed ir~ claim 29, vaherein
the density of said incompressible articles is less than the density cf
water. 53. A system for adjusting the pressure gradient in a column of
drilling -lwid, v~hi~h comprises: 20 a conduit connected between a drilling
location and an injection point in said column; a system for injecting into
said conduit a slurry comprising a mixture of substantially incompressible
articles and a slurry fluid, said incompressible articles having a 25
density less tran the density of said drilling fluid. 54, The system as
claimed in claim 53, wherein said slurry fluid comprises a drilling f1_uid.
f4'O 01/9-47.(I 



33 PCT/US111/18-493 55) The system as claimed in claim 54, iaherein said
slurry fluid comprises substantially unweighted drilling fluid. 56. The
system as claimed in claim 53, wherein said slurry 5 fluid comprises water.
57. The system as claimed in claim 53, including: means for separating said
substantially incompressible articles from said slurry fluid prior to
injecting said 10 substantially incompressible articles into said column;
and, means for injecting separated substantially incompressible articles
i_rito said column. 58. The system as claimed in claim 57, including means
for 15 returning separated fluid to a surface location. 5. The system as
claimed in claim 58, wherein said means for returning separated fluid to
said surface location includes a return line. 20 60. The system as claimed
in claim 5, wherein said means for returziing separate fluid to said
surface location includes means for lifting separated Ylui~. in said return
line. 25 G1. The system as claimed in claim 57, wherein said means for
injecting said separated substantially incompressible articles into said
column ir_cludes a pump. 62. The system as clamed in claim 57, wherein said
means for 30 separating said substantially incompressible articles includes
a   V40 (l1/9-1?-111 34 PCT/l.'S(I1/18~93 screen havirlg a mesh size
smaller than said substantially incompressible articles. 63. The system as
claimed in claim 57, wherein said means for 5 separating said substantially
incompressible articles includes: a vessel, said vessel being
gas-pressurized to form a water-gas interface; a slurry inlet positioned in
said vessel below said watergas interface and coupled to said conduit; 10 a
water outlet positioned in said vessel below said watergas interface; and,
an article outlet positioned in said vessel above said water-gas interface
and coupled to said injection point. 64. The system as claimed in claim 53,
including means for separating said incompressible articles from drilling
fluid returned from said column.   V10 f11/9.17-tll PCT/USUI/18~13 35 65.
The system as claimed in claim 64, wherein said means for separating said
incompressible articles from said drilling fluid includes: 



a screen dev-_ce for se~oarating said incompressible articles 5 and drill
cuttings from said drilling fluid. 66. The system as claimed in claim 65,
wherein said screen device has a mesh size and said incompressible articles
are larder than said mesh size. 10 67, The system as claimed in claim 66,
wherein said means for separating said incompressible articles from said
drill cuttings includes: an at least partially .,rater-filled vessel
positioned to 15 receive said incompressible articles and said drill
cuttings from said screen device. 68. The system as claimed in claim 65,
wherein said screen device includes a shale shaper. 20 69. The system as
claimed in claim 53, wherein a portion of said column is defined by a riser
connecting a subsea wellhead and a surface location and said injection
point is positioned in said -riser adjacent said wellhead. 25 70, The
system as claimed in claim 53, wherein said substantially incompressible
articles are injected into said riser at a rate sufficient to reduce the
density of drill~.ng fluid in said column above said injection point to a
30 predetermined density.   W''O (111J.17.111 PCT/USlll/18~93 36 71. The
system as claimed in claim 70, wherein the density p of drilling fluid irl
said column above said lll~ection point is determined according to the
equation (100 - o) pf + >>p,s p - 100 5 where pf is drilling fluid density
without the substantially incompressible articles; ps is the density of the
substantially incompressible articles; and 10 >> is the concer_tration of
the substantially incompressible articles. 72. The sys~em as claimed in
claim 70, wherein said slurry is injected into said column and the density
p of drilling fluid in 



15 said riser is determined according to the equation p = P,nQn~ + pSQ.s ~m
+ Qs ~~Iiie r a pn~ is the drilling zluid density without the substantially
ir_compressible articles; 20 ps is the density of the slurry; Qm is the
drilling fluid flow rate: and, Os is the slurry flow rate. 7~. The system
as claimed in claim 53, wherein the density of 25 said incompressible
articles is less than the density of water.   1'4' O (I 1 /9-! 7-l0 37
PCT/US01/18a93 74. The system as claimed in claim 53, wherein said
substantially incompressible articles comprise su'pstantially spherical
hollo~,~ articles . 5 75. The system as claimed in claim 74, wherein said
substantially spherical hollow articles haue an outside diameter great er
than about 100 microns. 76. The system as claimed in claim 75, wherein said
10 substantially incompressible articles comprise hollow glass beads. 77.
The system as claimed in claim 53, wherein said substantially
incompressible articles comprises hollow 15 reinforced plastic articles.
78. The system as claimed in claim 53, wherein said injection point is
positioned in a marine riser connected between a surface drilling location
and a subsea wellhead. ~0 79. The system as claimed in claim 78, wherein
said conduit is positioned outside said riser. 80, The system as claimed in
claim 78, wherein said conduit is 25 positioned inside said riser. 81. The
system as claimed in claim 80, wherein said conduit includes a drill pipe.
82. The system as claimed in claim 53, wherein said injection 30 point is
positioned in a cased section of said well bore.   VI'O (11/9.1p(1 38 PCT/U
S(i 1 /l S-193 



83. The system as claimed in claim 82, wherein said conduit is positioned
outside the casing of said cased section. 84. The system as claimed in
claim 82, t~~herein said conduit is 5 positioned inside the casing of said
cased section. 85. The system. as claimed in claim 84, wherein said conduit
includes a drill pipe. 10 86. The system as claimed in claim 53, wherein
said injection point is positioned in an open hole section of said well
bore. 87. The system as claimed in claim 86, ~~aherein said conduit is
positioned in said open hole section. 15 88) The s~%stem as claimed in
claim 87, ~,rherein said conduit includes a drill pipe. .ALR.A L.A L.A `.A
L.A L.A3L.AFL.A3L.A@`.AFL.AYL.AS`.A@`.Af9.Ay9.A@L.AL.Af`.AS9
.A@L.A@Lr.Af`.ASL .AS`_.AfL.AfL.Afn` .ASL .AS`R .ASL.ASL .A@L .AFnL.AFL
.AFL.AS9Y .ASL
"#:hi:=Y]78$(abzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c:a]ca]caU]ca!h o     <>P _ i {
s{'-1BDU`j}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!j%U["$9:@FGOF|wqlgb]X]]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]ca]ca]ca]ca!FQZz1&Z
%*I9:v!#4n}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!&&b . r v
!!!V"c"g"""""l$$$$$$$$%%ztmg`[Vnid_Z]ca]ca V]c^aV]ca V]c^aV]ca 



V]c^aV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca
%%>%Z%&&&&&&&&&&&&'H'L'S'U'W's'''''1(((((2)zupkfa\Wnid_Z]]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caV]ca]ca]ca]caU]ca]caU]ca]ca
V]c^aV]ca]ca]ca]ca]caV]ca 2)k)))*+*i***q+++C,g,w,y,,,W...s//2
2"2^335D5566P6|wrmhc^Y]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!P667788999+9+:n:::;
b<<<===9>{>????&@g@^AABBB}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!B
C-C0CpCgD$E*E,EcEEFFFFFII3JDJ:KKK7L[LiLlL|LLLMM2NIN{vqlgb]X]]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca
]ca]ca]ca]ca!INJNN)OXPPP#Q]QQRWRRS)S,S<SS;
WWWoXXXvYYYYYYY!ZZZ|vqlgb]X]]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a!ZZ"[!\Z\\\]K]?^B^^|
__````Eaaa7bvbbb%cadddAeeeerf|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!rfwgygggg
ZhhiMiikkk:lzlll6mOmmnnn0nqnn'ofoo"pappTq|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca!TqrrGssttt uuwww w$w*w.w4wNz]z`zpz-{l{{{{{{{{{~xqjc\U|wrmhc^Y V]c^a
V]c^a V]c^a V]c^a V]c^aV]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca{{{{{{{{{||"|&|L|h|~W7G6~ytoje`[Vmhc^Y
V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]c
a]ca]caV]ca]caV]caV]caV]ca UV]ca -)9=}?F8{6r{vpkfa\W
V]]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c^a]ca]ca]ca]ca]ca]ca]c^a]ca!*fcf'd9y0l}xsnid_Z
V]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca!<z<UsEy{!#&/7?GJ~xqlga\Wnid_Z
V]]ca]caV]ca]ca]ca
V]c^aV]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]caU]ca %YSW\dhjkmz>QTfjt~{vqlgb\Wnid_Z
V]]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]ca]c aU]c
a V]c^aUV]c ^aV]ca]ca]ca]ca]ca]ca]ca !CFU~*M}xsnid^Y
V]]]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca!dgUx{TV*-"h~ytoje`[V
V]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(4<DGE!$rX~ytoje`[V
V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]caV]ca V]c^a]ca!!++.l1J:oTYiqy||wqlga\W
V]]ca]caV]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]ca!
MW'26nu|-?sv4-}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
]ca]ca]ca]ca]ca]caV]ca]ca]ca
V]c^aV]ca]ca]ca]ca]ca]ca!-lSV6nu|-?sv4-}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca
V]]ca]ca]ca]ca]ca]ca]ca "#:q`>!fZ(10%uu&'()- !F 



10%KuKu&'()-F@&10%-u&'()-9!s
ym10%-u-u&'()-F"L10%-u&'()-L10%-u&'()-q:YhYz[<>0+$10%-u&'()-SF
(10%-&'()-!SF (10%&'()-!SF (10%-u-u&'()-SF (10%-I&'()-!2fZ(10%&'()- uV7LT
10%(&'()-3"L10%(&'()-ss10%(&'()-s10%(&'()- 10uu 10uu 10uu!tS2)10%uu&'()- 8s
}[<uV7S F(10%V&'()-!S F(10%((&'()-S F(10%x&'()-!S F(10%((&'()-!S
F(10%00&'()-L '10%(&'()-P {   s}^<uV7!#S@/'10%{{&'()-yL-#10%(&'()-&,
10%(&'()-Ls*10%(&'()-!S Y(10%&'()-!S
Y(10%((&'()-s{./01BDrS4`10%(&'()-`10%(&'()- 10!! 10!! 10!!!A 3(10%!!&'()-!;
0 3(10%((&'()-Ly210%(&'()-DUTzX6rS4! ff)10%00&'()-)!( ff)10%((&'()-)!
ff)10%&'()-)! ff)10%NN&'()-)!3(10%((&'()- "L10%(&'()-3$ZyWI;4! 10 10!
ff)10%&'()-)! ff)10%&'()-)! ff)10%``&'()-)! ff)10%((&'()-) @
ff)10%&'()-)FzuV74!L10%(&'()-Lt$10%(&'()-z3"`10%(&'()-Lt10%(&'()-s10%(&'()-
s10%(&'()-
10z1&aB74!LL@#10%(&'()-9f$10%(&'()-!f@$10%((&'()-yL@#10%(&'()-9s10%(&'()-L#
10%(&'()-&ZI}^<74!!f+&10%&'()- L( "10%(&'()-zf&'&10%(&'()-`%S 10%(&'()-!L
@#10%((&'()- !f (10%&'()-y9:v aB74! 10(f 7`10%(&'()-!, 3,&10%dd&'()-zLS2
"10%(&'()-3`3910%(&'()-LL0!10%(&'()-f+&10%(&'()-  !#4nmN/`10%(&'()-`l
,#10%(&'()-9S 10%(&'()-F"L10%(&'()-ys10%(&'()-`10%(&'()- 



10(
10(&&b}^<mN/`!S'10%&'()-i#10%(&'()-Lt!10%(&'()-f@$10%(&'()-!x9'10%X(X(&'()-
!13 f)10%((&'()- . !!V"""zX9./ 10(f7$10%(&'()-!I0
s3)10%))&'()-!S'10%&'()-!S'10%&'()-S'10%C&'()-!S'10%&'()-""""""#l$jH/
10(f7$1!F(10%((&'()- !F(10%((&'()- F"L10%(&'()-ys10%(&'()-`10%(&'()- 10(
10(l$$%%>%Z%%}^<H/ 10(!S"'10%&'()- S&!f10%(&'()-9F10%(&'()-
L10%(&'()-!9yS10%((&'()--!f,F(10%((&'()-z%&&&&&&yX9H/ 10(91!10%(&'()-
S"'10%\&'()-  S"'10%;&'()-  S"'10%8&'()- !S"'10%((&'()- !S"'10%((&'()-
&&'E'F'G'H'U'W'bC 10(s10%&'()-L10%&'()- 10( 10( 10(& 710%(&'()-&,510%(&'()-
`310%(&'()-W's'''''1(dEbC 10(&,10%&'()-m 10%&'()-& f
10%&'()-3"L10%&'()-L`10%&'()-9'10%&'()-1(\(((((2)aBbC 10(9g10%&'()-&
!10%&'()-f10%&'()-L10%&'()-!L "10%&'()-L "10%&'()-2)k)))*+*i*aBbC
10(S''10%&'()-9%z10%&'()-!L"
"10%&'()-zfM10%&'()-L10%&'()-&Y10%&'()-i***5+q+++a?bC
10(!3210%&'()-91#10%&'()-S@,F(10%&'()- !S@,F(10%&'()-
*10%&'()-9)`10%&'()-+C,d,e,f,g,w,y,,~_@ 10(!3"L10%&'()-y`10%&'()-`10%&'()- 



10 10 10Sl7-10%&'()-!9F4@#10%&'()-z,,-W....|];~_@
10(!s$10%&'()-zs$10%&'()-zf 10%&'()-!lF )10%&&&'()- !NF )10%KK&'()-  NF
)10%&'()- .s//0=1111zXJ<@ 10(! 10 10!IF&')10%&'()-!cF&')10%&'()-!SF&')10% +
+&'()-l"#10%&'()-z!3$10%&'()-12
2"23^33^4oP.@!f`F(10%&'()-LW$10%&'()-!Ff)10%}C}C&'()-Y!Ff)10%&'()-Yys10%&'(
)-LL!10%&'()- 10^45D5566P6aB.@!f`F(10%%10%&'()-L#410%&'()-9 `$10%&'()-yf
"10%&'()-9y "10%&'()-!f`F(10%99&'()-P66778899^?4@!
10S6F(10%&'()-!3f5'10%&'()-&0$10%&'()- S/F(10%&'()-&L*#10%&'()-
!#S'F(10%&'()-y99999+9+:n::mN/!&yZ10%&'()-''10%&'()-
&:$10%&'()-'3"`10%&'()-&y 10%&'()-`10%&'()- 10 10::k;
;b<<<}^?mN/!&yZ10&!#10%&'()-@ F(10%&'()-!&#10%ii&'()- @`'10%&'()-
!@`'10%&'()-
93`$10%&'()-<L====9>{>aBmN/!&yZ10&,#10%&'()-&3+10%&'()-&)@#10%&'()-@''10%&'
()-!,# "10%&'()- ,# "10%&'()- {>I????????rS4!F"L10%&'()-L10%&'()-`10%&'()-
10 10 10!@/(10%&'()-!@/(10%&'()-?&@g@@^AAB}^?rS4!F"L
"10%&'()-``"10%&'()-!F(10%>>&'()-!F(10%&'()-VY #10%&'()-`"10%&'()-BBB
C-C0CpCaBrS4!F"H #10%&'()-fF10%&'()-L 10%&'()-`@
10%&'()-LS@#10%&'()-!f,'10%&'()-zpC$DgD$EcEEKFa?rS4!F"!f@2Z(10%&'()-S/10%&'
()-`-"10%&'()-L(`$10%&'()- 



Sl"'10%&'()-!Sl"'10%&'()-KFFFFFFFFGb@!F"!!Yg)10%&'()-F"L10%&'()-`y10%&'()-L
10%&'()- 10" 10" 10"f@2Z(10%"&'()-G4HHII3JDJxY:b@!L#10%&'()-`Y"s!10%&'()-
Yg)10%S&&'()-!Yg)10%&'()-!Yg)10%&'()-!Yg)10%&'()-DJJ:KKK7LXLYL}^?4@!
10`@210%&'()-L0!10%&'()-S/'10%&'()-L+#10%&'()-f!f%F(10%&'()-!f%F(10%&'()-YL
ZL[LiLlL|LLLmN@! 10`@219Y `$10%&'()-& 10%&'()-3"`10%&'()-&
10%&'()-s10%&'()- 10 10LuMMM2NNN^?N@! 10f3(10%!&'()- !f3(10%&'()-
L`#10%&'()-9@#10%&'()-:'10%6&'()-!s:'10%  &'()-N)OOXPPP#Q}^<N@!
10!9(M$10%&'()-zS&'
10%&'()-9%M$10%&'()-!SS&'10%&'()-Y!SS&'10%&'()-YL"10%&'()-#Q]QQRWRRSSaB7@!
1 10S7'10%&'()-L3#10%&'()-zLS2@ 10%&'()-!S/3(10%&'()-z9-"10%&'()-9+-
10%&'()-SSS)S,S<SS3TmK@! 1 10!`S
F(10%PP&'()-SL!10%&'()-z3"`10%&'()-910%&'()-`10%&'()- 10 103TTUCV;WWWwU6K@!
&L* 10%&'()-!@&''10%&'()-z!S F(10%&'()-S!1S F(10%&'()-S!S F(10%{C{C&'()-S!S
F(10%&'()-SWoXXXvYYYYYaVK@!  10 10 10@
73(10%&'()-&3M$10%&'()-z&S210%&'()-!@/Y%10%@@&'()-z&+"10%&'()-fYYYY!ZZZdEVK
@!  10`l 



@#10%&'()-`F `$10%&'()-L`$10%&'()-3"910%&'()-Ly
10%&'()-L10%&'()-ZZ"[[!\Z\\aBVK@!  &Sf
10%&'()-`10%&'()-fLZ(10%&'()-!fLZ(10%&'()-``$10%&'()-9s10%&'()-\\]K]?^B^^dE
VK@!  L("10%&'()- f&' 10%&'()-L t$10%&'()-y
"10%&'()-Lt$10%&'()-L#10%&'()-^8_|___`````}^SH=!  10C 10C
10Cy@2''10%C&'()-!y@2''10%{{&'()-s010%&'()-fs-Z(10%&'()-y!fs-Z(10%zz&'()-y`
```Eaa7ba?SH=!  !d&10%&'()-!i&10%;
;&'()-L`$10%&'()-F"910%&'()-`y10%&'()-L10%&'()-7bvbbb%ccadaBSH=!
!ySG(10%&'()-3!ySG(10%ww&'()-3&!10%&'()-y`10%&'()-`sL$10%&'()-`#10%&'()-add
deAeeeaBSH=!
!s+`!10%&'()-s9*#10%&'()-yl%'10%&'()-z!yl%'10%{{&'()-z&#F10%&'()-LF"10%&'()
-eerf2gtgugvgwgguj_@!  !L10%&'()- 10 10 10y,2 (10%&'()-!y,2
(10%cc&'()-y/Z%10%&'()-zs`-9$10%&'()-gggZhhiMiaBj_@!
!&@#10%&'()-9``$10%&'()-!`&$10% ` `&'()-z&s$10%&'()-z3"L10%&'()-&
10%&'()-Miijkkk:laBj_@!  !9(#10%&'()-@'#10%&'()-&Y"#10%&'()-
S3(10%&'()-!S3(10%&'()-S,Y%10%&'()-:lzlll6mOmmdBj_@!  



!!3#10%&'()-z&S2m 10%&'()-90 "10%&'()-@/Y%10%&'()-&-#10%&'()-&+"10%&'()-mnn
nnnn0nqnbC!  !!s$10%t&'()-3"L10%t&'()- 10%t&'()-`10%t&'()- 10 10 10@
7&'10%&'()-qnn'ofoo"papdEbC!
!!S#10%t&'()-`s$10%tB&'()-y!10%t&'()-9&'10%t&'()-"10%tP&'()-zY
10%t&'()-appTqqrrr}[<bC! #F(10%td&'()- !#F(10%dLdL&'()- !3%10%dd&'()-
!J3%10%88&'()- sf#10%t&'()- ,#10%t&'()-rGss,tttttt}oaS4!s10%&'()- 10tt 10tt
10tt!#/Z(10%tt&'()-!#/Z(10%ww&'()--D$10%t&'()-s(S#10%t&'()-ztt uuuw*w^=aS4!
f'10%&'()- !f'10%&'()- !f'10%&'()- V#10%&'()-p3"`10%&'()-L
10%&'()-*w.w4wwwxFy|Z8aS4!!fZ(10%&'()-!fZ(10%&'()-!fZ(10%cc&'()-!fZ(10%}}&'
()-910%&'()- 6f'10%*&'()-
FyyKzLzMzNz]z`zpzrS4!F"L10%&'()-Ly10%&'()-910%&'()- 10HH 10HH
10HH!fZ(10%HH&'()-!fZ(10%&'()-pz-{l{{{{{aBrS4!F"LL!10%&'()-L10%&'()-!`0L10%
[[&'()-T&S10%&'()-` 



,#10%&'()-`L$10%&'()- {{"|L|h||}a?rS4!F"!Sy F(10%&'()-M!Sy
F(10%&'()-ML,10%&'()-L910%&'()-fF10%&'()-`yl 10%&'()-}~WaVK@!F"! 10 10
10L6M$10%&'()-L@5!10%&'()-L3#10%&'()-S2%10%&'()-!Sy F(10%&'()-M7dEVK@!F"!
109M$10%&'()-z&''10%&'()-L#10%&'()-3"L10%&'()-&y
10%&'()-`10%&'()-G6-^?VK@!F"9$#10%&'()-f!S3Y%10%DD&'()-y9#10%&'()-z9S 10%;
&'()-y!S#10%&'()-zL410%&'()--~_@!F"& 10%&'()-`10%&'()- 10 10
109+10%&'()-&`*
10%&'()-!@&'&'10%DD&'()-z)9=}aB~_@!F"93"10%&'()-S10%&'()-!C&10%&'()-z9
"10%&'()-3"L10%&'()-&s 10%&'()-}?aB~_@!F"S
10%&'()-L910%&'()-!+9#10%&'()-g9Y"10%&'()-S10%&'()-&#10%&'()-F8{aB~_@!F"9Y1
s$10%\&'()-g@/l(10%&'()-9*s$10%&'()-!@$'10%&'()-9"#10%&'()-9L!"10%&'()-
6r~_@!F"sl "10%&'()-@``"10%&'()-`!i``"10%&'()-` 10 10
109410%&'()-9Y1s$10%&'()-g*f}^<~_@!!yz&10%&'()-@`"10%&'()-L10%&'()-yS:$10%&
'()-!d 9'10%&'()-3!+ 9'10%VV&'()-3cfdYNC!! 10 10
10Ls*-#10%&'()-y`(10%&'()-fL'10%&'()-L$M$10%&'()-f`l""10%&'()-'ddEYNC!!
9s10%&'()-`Y L$10%&'()- `"10%&'()-F"L10%&'()-Ly 10%&'()-`10%&'()-9y0dEYNC!!
L10%&'()-y,'10%&'()-L@10%&'()-910%&'()-``#10%&'()-`"10%&'()-0ldEYNC!! S&'
10%&'()-LY"!10%&'()-f z#10%&'()-&10%&'()-L 



10%&'()-&S
10%&'()-aBYNC!!Ly5'10%&'()-L@2t!10%&'()-y!S-F(10%&'()-zL+10%&'()-LL*`$10%&'
()-L(-#10%&'()-<z~_@!!L10%&'()-LY M$10%&'()-@L`-#10%&'()-9!jL`-#10%&'()-9
10 10 10S7 10%&'()-<UsaB~_@!!9G10%&'()-9`$10%&'()-S,10%&'()-9!10%&'()-SLZ
10%&'()-!C m%10%&'()-EvwxyxmbC!!L10%&'()- 10 10 109%10%&'()-9# "10%&'()-9
"10%&&'()-S310%&'()-!?GaBmbC!!'10%&'()-!L
10%&'()-@`10%&'()-Lt$10%&'()-F"L10%&'()-Ly
10%&'()-G%YaBmbC!!d`z10%&'()-`910%&'()-f'10%&'()-!`!10%&'()-`Sl
10%&'()-L`10%&'()-3YSmz}^?mbC!!`.l
10%&'()-L,!10%&'()-f3+10%&'()-!W0L'10%CC&'()-S!f!&10%&'()-i"10%&'()-;
<=>QTbC!!`S10%&'()-`10%&'()- 10 10 10fF4
10%&'()-LS210%&'()-L`010%&'()-Tfj^<bC!!y`:$10%&'()-!y`:$10%&'()-!i%10%&'()-
`10%&'()-LT#10%&'()-zF"L10%&'()-t{|}~rS4!9f10%&'()-s10%&'()- 10 10
10!f&"10%&'()- L3"#10%&'()-y!yZ%10%&'()-aBrS4!9fL-#10%&'()-$10%>&'()-
!i$10%&'()- LF #10%&'()-L!10%&'()-3"`10%&'()-!C}[9rS4!!LF"#10%&'()- !f
&10%&'()-y9:10%&'()-!L!10%&'()-!f&10%&'()-zLL10%&'()-CFUdErS4!!LFL0T
10%&'()-zf/%10%&'()-L+z10%&'()-LL*-#10%&'()-L(!10%&'()-f&'10%&'()-U|b@!!!`'
10%  &'()-Z9S 10%&'()-LM!10%&'()- 



10 10 10f710%&'()-L3!10%&'()-|~*M}[9b@!!Sl%y&10%&'()-!(S&10%&'()-!l
%10%pp&'()-FS10%&'()-9&M$10%&'()-!+'10%QQ&'()-ZMzodY:!!`10%&'()- 10 10
10S3y&10%&'()- !S3y&10%&'()-
!(S+'10%&'()-!S+'10%&'()-dgaBdY:!!f10%&'()-&$10%&'()-!i%10%&'()-L"10%&'()-
F"`10%&'()-LS10%&'()-gRSTUx{TuV7!9"10%&'()-9f10%&'()-LM!10%&'()- 10 10
10!S&10%&'()-z9#10%&'()- TV*-aBuV7!9S 10%&'()-!Ly10%&'()-@LM$10%&'()-
f10%&'()-L@#10%&'()-t10%&'()-"haVK@! 10 10 10L*10%&'()-SS)'10%&'()-!L%
10%&'()-L9$m 10%&'()-9Y"10%&'()- (a?VK@!!sY '10%  &'()-G!xY
'10%%0%0&'()-G`f10%&'()-3"L10%&'()-9y
10%&'()-`10%&'()-(<DaBVK@!!910%&'()-910%&'()-f
S10%&'()-LS!10%&'()-L10%&'()-!U`L`10%XX&'()-SE!AaBVK@!!`+l"10%&'()-S&F(10%&
'()- !S&F(10%&'()- `#y#10%&'()-f "'10%&'()-910%&'()-A$~_@!!9@
10%&'()-L10%&'()- 10 10
10`,5`!10%&'()-f2!10%&'()-!`+l"10%&'()-r}[9~_@!!S'10%&'()-!S'10%``&'()-!S'1
0%&'()-!`3 $10%&'()-yLf!10%&'()-3"L10%&'()-X|}^<.@
10,,!S,53(10%,,&'()-z!@.9'10%&'()- 9l(M$10%&'()-
S&10%&'()-9"@#10%&'()-!S@m%10%&'()-y}~ygE@ 10,,!!eF3 



(10%ee&'()-`Lfg 10%&'()-z "L10%&'()-9@10%&'()-`10%&'()- 10,,
10,,y)z|}~wUG9@ 10,, 10 10!S%10%&'()-!F3 (10%KK&'()-`!F3 (10%&'()-`!F3
(10%&'()-`!F3 (10%&'()-`~!+rP1@ 1``!10%&'()-!:F3 S)10%nn&'()-`10%&'()-L
`$10%&'()-@`L,#10%&'()-!s`L,#10%&'()- 10+.ldE1@
1``!10%L10%&'()-L:$10%&'()-`s#10%&'()-y10%&'()-`L10%&'()-Lt!10%&'()-1JaB1@
1``!10f.10%&'()-LY(`$10%&'()-f&10%&'()-L#t!10%&'()-SLy m
10%&'()-!f@%10%&'()-y:obC 1``!109, 10%&'()-LM!10%&'()- 10 10
10f6310%&'()-`,5S10%&'()-L`0 "10%&'()- TqyaBbC 1``!10L10%&'()-`Y
10%&'()-L10%&'()- l&10%&'()-!LF 10%&'()-@`SL$10%&'()-3 MW'^=bC 1`
fF(10%SS&'()- )!fF(10%&'()- !fF(10%>>&'()-
`10%&'()-y3s'10%&'()-`Y10%&'()-'2ndEbC 1`
9,/10%&'()-L9-10%&'()-SF+10%&'()-`)Y 10%&'()-L'!10%&'()-L&10%&'()-rstu-uV7
1&, "10%&'()-4l"L10%&'()-10%&'()-910%&'()- 



10 10 10!F2(10%&'()-z-?swX9uV7 19!@#10%&'()- Ss"10%&'()- !Ss"10%##&'()-
!SY%10%&'()-!SY%10%&'()-!'10%..&'()-3sv4}[M?1 1 10 10
10!S1&'10%&'()-!S1&'10%((&'()-!S-'10%&'()-y93(#10%&'()-S&10%&'()--laBM?1 1
10 19 "10%&'()-!n
'10%&'()-y&S#10%&'()-y3"L10%&'()-&10%&'()-`10%&'()-lSVaBM?1 1 10 19
"10%&'()-!n  '10%&'()9S !10%&'()-yS10%&'()-&#10%&'()-!#S'10%&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font0G$f).6<CZIPV]vd kqMw|x=}T~~t jF%2)P6BINZrfTq{-qsDz&
"l$%&W'1(2)i*+,.1^4P69:<{>?BpCKFGDJYLLN#QS3TWYZ\^`7badegMi:lmqnaprt*wFypz{}
-}0GYTCU|MgT(A}y~'-sl  6Times New RomanArialCourier New"h Root
EntryWordDocument=   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   




