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ABSTRACT

A slurry composgsition for cementing oil, gas, water,
geothermal and analogous wells comprises plaster, cement and
microsilica. The slurry has applications to gas migration
control at low temperatures and under conditions necessitating

fast setting of the cement slurry.
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COMPOSITION FOR CEMENTING OIL WELLS
AT LOW TEMPERATURE

The present invention applies to the field of oil and
associated industry services, and, 1in particular, that of
cementing the annulus of an oil, gas, water, geothermal or
analogous well. _

Such cementing operations, as well as their importance
for the life and production of the well, have been known €O
the man of the art for several decades and there is no need to
reiterate the principle and details thereof.

It will simply be mentioned, toO permit correct
understanding of the text and of the invention, that it
involves injecting a cement slurry into the casing of the
well. This cement slurry goes downhole through the casing and
then, under the pumping pressure, returns upwards through the
annulus between the borehole and the casing, up €O the surface
of the well. There exist perfectly conventional methods for
ensuring that, upon completion of punping, the inslide of the
casing contains an inert fluid, and not the slurry. The cement
gslurry 1s then allowed to set.

The general object of the operation is to maintaln the
casing in the well, to isolate the underground areas traversed
and to consolidate the well itself.

The cement slurry is pumped under pressure, and passes
from the on-surface preparation conditions (ambient pressure
and temperature) to the downhole conditions (higher pressure
and temperature), part of the slurry then returning through
rhe annulus to conditions close to those of the surface. Under

certain conditions, in arctic areas or 1n submarine wells 1in
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the North Sea, for example, the surface conditions can pe very

cold and ensuring that the slurry sets correctly poses qulite

special problems.
Despite such pressure and cemperature cycles, the slurry

must, of course, remain pumpable; 1t must perfectly displace
the drilling mud (a critical factor in ensuring that tne
cementing operation 1S carried out correctly), 1t must noc
sustain any fluid loss 1in the areas it passes through, and 1t
must set as swiftly as possible, but precisely at the polint
intended, i.e. up the height of the annulus, and uncer no
~ircumstances, of course, 1inside the casing. Finally, the
hardened cement must possess excellent mechanical properties
and, in particular, good compressive strength, which musctc
develop as quickly as possible after setting.

When the well passes through a gas-containing area, i€
is extremely important for the hydrostatic pressure exerted 3%
the column of fluid in the annulus to remain greater than the
gas pressure in the formation throughout the cementing
operation. The density of the drilling fluids, as well as that
of the cement, are thus adjusted accordingly.

Once the slurry is in place, it will begin to set. This
setting is firstly reflected Dby the gelation of the slurry.
Ronds are created between the cement particles, as well as
retween the cement and the walls of the well. Owing to these
bonds, the column of cement supports itself, which 18
accompanied by a reduction in the‘hydrostatic pressure exerted
opposite the gas-containing areé. During this period, the
viscosity of the cement 1s not yet sufficient to resist tne
migration of gas bubbles. The end of this period corresponds
to hydration, which 1s an exothermal reaction between the
cement and the water reflected by a temperature rise, the
development of compressive strength and the chemical snhrinkage
of the system. During this phase, the pressure opposite the
gas-containing area decreases evel further and space 1S

created in the form of porosity 1in the cement macrix, througn

which the gas can then migrate.
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Throughout the setting time, the cement must be capable of
withstanding invasion by the gas, which would have serious
consequences, ranging from poor cementing to a disastrous gas
blowout on the surface.

The mere enumeration of the requisite properties, which are
often mutually conflicting or contradictory, the temperature and
pressure conditions, and the serious or disastrous consequences
arising from failure to observe the propertieé, gives an
indication of the difficulties 1nvolved in developing a slurry
having the properties 1n question.

The i1invention provides a cement slurry that possesses all
of the properties enumerated above, and which is thus
particularly suitable for the most difficult wells, notably
those that pass through gas-containing areas, and having low
surface temperature, 1.e. the wells that accumulate the greatest
difficulties.

According to one aspect of the present invention there is
provided a cement slurry composition for oil, gas, water,
geothermal and analogous wells, comprising cement, 66 to 150%
alpha plaster by weight of cement, 15 to 25% microsilica by
welght of cement and plaster, and 30 to 50% water by weight of
the cement and plaster. The invention also provides for the use
of such a cement composition 1n cementing oil, gas, water,
geothermal and analogous wells. The cement slurry compositions

preferably contain, apart from the mixing water:
- alpha plaster,
- ordinary Portland cement (API class A or C),
- microsilica, and, 1nsofar as necessary,

- a retarder and a dispersing agent.

Cementing a well at low temperature (in particular <300C)
presents very special difficulties. In particular, it is
difficult, 1n the case of such wells, to obtailin reasonable
setting for the cement slurry after several hours and
compressive strength in the order of 3500 kPa after eight hours.

It should be noted that the setting time is the time required
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for the consistency of the slurry measured using a consistometer
in accordance with API Standard No.10 to reach 100 Bc (Bc:
Bearden consistency) .
Known accelerating agents, such as calcium chloride, can
provide a solution, but with a slow increase in consistency up

to 100 Bc and, when setting commences, 1t takes several hours



10

15

20

25

30

35

CA 02062183 2002-12-02

- 4 -
for the cement to harden. During this lapse of time,

unacceptable shrinkage occurs and there 1s a possibility of gas
migration. In addition, below 150C, it 1s very difficult to
obtain acceleration.

It is already known (USP 3,891,454) to use plaster
(semi-hydrate calcium sulphate, CaS041/2H,0) in a cement slurry
to reduce the setting time. This involves replacing the cement
by a plaster-cement mixture in a mass ratio ranging from
approximately 50:50 to 75:25. However, the addition of plaster
to a cement slhrry can entaill serious drawbacks.

In the first place, the setting time depends very much
on the type of plaster. 1In particular, most plasters are far
too reactive 1in the presence of cement, and we often observe an
acceleration of setting at low temperature, which 1s, 1n the o1l
industry, a serious drawback (see above). The over-fast setting
can be compensated for, in certailn cases, by a large quantity of
setting retarder, but then setting can take days.

In the second place, plaster/cement systems have
practically zero filtrate control. Finally, plaster 1s known to
be a thixotropic agent in the case of cement, whereas, according
to the invention, a fluid slurry i1s sought after.

Microsilica has already been used 1n a cement slurry
(GB 2,179,933; GB 2,212,150; GB 2,212,489). This 1s a by-
product derived from the manufacture of ferrosilicons. The
microsilica particles have a mean size of approximately 0.15
microns and a specific surface in the order of 20 mg®/g. Owing
to the difficulty involved in manipulating fine particles in a
raw condition, it is preferred to use microsilica 1n suspension
in water.

However, at low temperature and in the range of
concentration in which it has to be used, the microsilica
prolongs the cement setting time and delays the development of
compressive strength, thereby further impairing one of the

essential properties of gas migration control.
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Unsurmountable drawbacks were thus encountered in prior
art.

The invention provides a system that solves for the
first time the cumulative problems posed by cementing at low
temperature (approximately 0-30°C) and the need for a system

capable of ensuring good gas migration control.

There are known to be two main categories of plaster:
alpha and beta type semi~hydrate calcium sulphate, hereinafter
referred to as alpha plaster and beta plaster. Their
difference originates essentially from the preparation
process. Alpha plasters are prepared under controlled steam
pressure, whereas beta plasters are produced using a
continuous fluidized bed process. Alpha plasters have an
apparent density of approximately 1000 kg/m3, with spherical
particles, whereas beta plasters have an apparent density of
approximately 600 kg/m® and take the foxm of platelets.

Figure 1 below shows the development of consistency as a
function of time for different types of plaster. The operating
conditions are as follows: 60 % plaster, 40 % cement, APL
class A, density 1.89 kg/l, with testing at 20°C.

curves A, B and C correspond to alpha plasters and offer
the highly desirable characteristic of right~angle set. TwoO
beta type plasters, D and E, led to uncontrolled flash setting
immediately upon mixing. Curve F corresponds to a beta plaster
for which it proved possible to obtain a reasonable settiling
time through the use of retarder without, however, obtaining
either a right-angle set or good compressive strength in the
short termn.

A right-angle set correspond to a very fast increase 1in
consistency at the time of setting, only a few minutes being
taken to increase from 30 Bc to 100 Bc.

T+ will be remembered that right-angle setting is one of
the parameters that plays a part in gas migration control.
These results show that the use of alpha plaster in the

present invention is of absolutely prime importance.
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Figure 2 shows the influence of temperature on setting

time, 1in the case of a system with 60 % alpha plaster, 40 % API
class A cement and a density of 1.89 kg/1. Unlike cement, the

setting time of which is reduced as the temperature increases,

the opposite is observed in the case of a plaster/cement system.
The aforegoing shows the complex nature of the physico-chemical
mechanisms involved in the invention.

Table 1 hereinafter groups together the results obtained
concerning the thickening time (TT) and compressive strength
(CS) after 8 or 48 hours. Use was made of an alpha plaster
available from Lambert Corporation, an ordinary Portland cement
(CPA-HP), slurry density 1.89 kg/l, temperature 200C, 0.3 % by
weight of dispersing agent (sodium/formaldehyde polynaphtalene

sulphonate or "“PNS”) and the retarder is sodium or calcium

lignosulphonate.
TABLE 1
Plaster Cement | Retarder TT CS at 8 h [ CS at 48 h
Weight % | Weight % | Weight % h:min kPa kPa

3:50 8015 13405

40

50 3:35 7700

50 15750

7 3:17 6160 13335

40
30

70 3:52 1575 12320

The larger the quantity of cement, the shorter the plaster
thickening time. However, a retarder such as lignosulphonate
makes it easy to adjust the thickening time, under the test
conditions according to Table 1 above.

Furthermore, 1t 1s very clearly observable that compressive
strength after 8 hours 1s ensured by the setting of the plaster
and that the useful range for the alpha plaster in order to
obtain compressive strength in the order of 3500 kPa at 8 hours

is beyond 30 % by weight of the mixture.
According to the i1nvention, 1t 1s essential to incorporate

into the plaster/cement system a considerable




10

15

20

25

30

35

2062183

quantity of microsilica, in particular for applications in
which gas migration control 1is required. The proportion of
microsilica will be preferably Dbetween 15 and 25 % by weight
approximately of the plaster/cement mixture. This quantity 1is
required owing to the need tO ensure that the system has a
filtrate control value of less than 100 cnm3/30min (see Table 2
hereinafter). The use of microsilica in such proportions has,
surprisingly, only a minor effect on the increase 1in the
rheology of the system, which can easily be reduced through
t+he use of a conventional dispersing agent of the "PNS" type.
I+ is further observed that the presence of microsilica makes
the slurry particularly stable, which is reflected by the
complete absence of free water and sedimentation.

During development of the invention, serious
difficulties were experienced 1in connection with gelation
problems when using certain oil well cements of class G 1in
particular. This drawback is removed 1f use 1s made
exclusively of Portland cement (API Class A or Q).
Furthermore, preference should be given to ordinary Portland
cements.

To obtain sufficient compressive strength within a short
space of time (8 hours), and in the presence of high
microsilica concentrations, it 1s eagential to use 1in the
system a sufficlent quantity of plasterx. On the other hand, Lt
can be observed that an excessive quantity s prejudicial CO
the long-term mechanical properties of the system.
Consequently, we shall confine ourselves 1n the present
invention to plaster/cement mixtures having mass ratios
ranging from 40:60 to 60:40, a proportion of 60:40 belng
generally the most suitable (see Table 3 hereinafter).

It is observed that the nature of the alpha plaster, as
well as the variety of ordinary Portland cement, only have a
slight effect upon the properties of the system (Tables 3 and
4 hereinafter). Similarly, the right-angle setting property
sought after 1s not affected either by the plaster/cement
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ratio or by the presence of microsilica in the proportions
recommended in the invention.

Most of the systems studied during development of the
invention have a density of 1.89 kg/l. They contain a 60:40
plaster:cement mixture, TO which is added 20 % of microsilica
by weight of the mixture. Under these conditions, the quantity
of mixing water is 40 % Dby weight of the plaster/cement
mixture. It 1is possible to lowerxr the density of the slurry
without affecting either the stability or the rheology; on the
other hand, filtrate control and compressive strength will be
considerably reduced. To remain within the framework of the
invention, in which the object 1s to obtain a slurry having
good anti-gas migration properties, the lower limit for
density is 1.80 kg/l, which corresponds to a qguantity of
mixing water representing 50 % Dy weight of the plastexr/cement
mixture.

From reading the present description, together with
Tables 1 to 4 and Figures 1, 2, 3, 4, 35, 6 and 7, a man of the
art will appreciate that a representative composition Of the
invention is characterized in that it contains essentially
- cement,

- 66 to 150 % of alpha plaster in relation to the welght of
the cement,

-~ 15 to 25 % by welght of microsilica in relation to the
welght of the cement + plaster mixture,

- 130 to 50 % of water in relation to the welght of the cement
+ plaster mixture,

- and possibly a retarder and a dispersing agent.

On the other hand, higher densities can easlily Dbe
contemplated, but these are often of no practical value 1n
respect of the operations toO which the invention especially
relates.

The plaster/cement/microsilica systems described above
thus possess certailn characteristics essential tCoO gas

migration control: stability, low rheology, good filtrate
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control, right-angle set and swift development of compressive
strength.

There 1is no existing API standard test designed to
measure the capability of a cement slurry tO retain gas. The
method used for this invention is briefly described below.

A 33 cm high cell (Figure 3), closed at the upper end,
is filled with cement slurry and placed in a thermostatically
controlled container. The particular shape of the cell has
been developed to avoid experimental artefacts and to force

the gas to migrate inside +he cement, and not at the

cement /wall interface. The bottom of the cell is connected TO
a nitrogen line at a pressure of 17.5 bar. During the
experiment, measurements are made of the pressure at the top
of the cell, the temperature of the slurry and the flow rate
for nitrogen entefing the cell.

Throughout the gelation period, see above, the slurry
behaves 1like a liquid that integrally transmits the gas
pressure. During this period, the pressure measured at the top
of the cell remains constant, as do the gas flow rate and the
temperature. Then comes the exothermal part of hydration. This
is reflected by a temperature rise, chemical shrinkage of the
cement and development of compressive strength. The pore
pressure in the cement matrix drops owing to the space created
by chemical shrinkage. According to the system studled, the
gas will penetrate the interior of the cement to a varylng
extent. A system will be termed resistant to gas invasion 1f
the pressure at the top of the cell decreases and 1f the gas
entry rate remains low, or better still, nil.

The physical behaviour of a plaster/cement system 1s
illustrated in Figure 4. It relates to a system containing
60 % by weight of alpha plaster and 40 % of API class A cement
(CPA-HP) . The first temperature peak, at approximately 3
hours, corresponds to the setting of the plaster and we can
observe, at the same time, a gas entry peak CO £11l the pores
created by the chemical shrinkage of the system. At between
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8 and 20 hours, approximately, we observe 2a second gas entry
which corresponds to the setting of the cement. Throughout the
experiment, the gas pressure is transmitted to the top of the
cell, there has Dbeen gJgas migration through the system and
permanent communication between the bottom and the top of the
cell.

If, in the course of a gas migration experiment, there
is permanent communication between the bottom and the top of
the cell, the total guantity of gas entering the cell is equal
to the quantity of chemical shrinkage. In the course of the
experiment illustrated in Figure 4, the total quantity of gas
corresponds to 7 % of the volume of the cell, whereas, for a
cement alone, we observe only 4 % of shrinkage during this
stage. The inner shrinkage‘of a plaster/cement system 1s thus
very markedly greater than the shrinkage of cement alone which
favours gas invasion, which was naturally considered to be a
serious drawback by a man of the art.

The effect of the microsilica is indicated in Figure 5,
wherein 20 % of microsilica per weight of plaster plus cement
have been added to the previous system. At the start of the
test, the pressure drops quickly at the top of the cell, down
to approximately 6 bar. Because of this differential pressure
(11.5 bar over 33 cm), a very slight amount of gas enters
during the setting of the plaster. The pressure at the top of
the cell rises again to 11.5 bar, and then drops down once
more at approximately 28 hours. Throughout the duration of the
experiment, the pressure measured at the top of the cell
remained below the applied gas pressure. There has thus never
been any gas communication between the bottom and the top of
the cell, despite the differential pressures brought 1into
play.

We can observe (Figure 6) the same type of behaviour at
5°C with another type of cement (LAFARGE, class A).

The right-angle set in a plaster/cement System is not,

therefore, sufficient to oppose gas migration. The presence of
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microsilica is thus essential, in synergy with the cement and
the plaster, for the particular applications contemplated.

The results given above bear witness to the remarkable
properties of alpha plaster/ordinary Portland cement/
microsilica systems for gas migration control during a
cement ing operation.

Once the system has set, it 1s also important for the
integrity of the cement column to be maintained throughout the
life of the well (several years). Now, plaster/cement systems
are notorious for presenting longevity problems. Indeed, the
sulphate ions contained in the plaster react chemically with
the aluminate phases (C3A) contained in the cement. The
reaction product (ettringite) has a volume larger than the sum
of the volumes of the initial components, which causes the
system to expand. Excessive expansion is liable to lead to the
formation of microcracks inside the material.

Figure 7 represents an expansion curve for a
plaster/cement system in which a 2.5 % expansion of the sample
is effectively observed after approximately five months. From
the slope of the curve, it can Dbe anticipated that there is a
risk of this expansion continuing. On the contrary, the
expansion of the system containing microsllica is limited to
0.4 %, which appears no longexr to progress bevond 8 days. This
particular phenomenon wasg not foreseeable.
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The embodiments of the invention in which an exclusive property
or privilege is claimed are defined as follows.

1. A cement slurry composition for oil, gas, water, geothermal
and analogous wells, comprising:
- cement ;
~ 66 to 150% alpha plaster by weight of cement;
15 to 25% microsilica by weight of cement and plaster;

- 30 to 50% water by weight of cement and plaster.

2. A cement composition as claimed in claim 1, whereiln the

cement comprises ordinary API class A or C Portland cement.

3. A cement composition as claimed in claim 1 or 2, further

comprising a setting retarder.

4 . A cement composition as claimed in claim 3, wherein the

setting retarder comprises calcium or sodium lignosulphonate.

5. A cement composition as claimed i1n any preceding claim,

further comprising a dispersing agent.

6 . A cement composition as claimed in claim 5, wherein the
dispersing agent comprises a sodium/formaldehyde polynapthalene

sulphonate retarder.

7 . The use of a cement composition as claimed 1in any preceding
claim for cementing an oil, gas, water, geothermal or analogous

well having a temperature of 0 - 30 degrees C.

8. The use of a cement composition as claimed in claim 7, for

preventing gas invasion into the well.

9. The use of a cement composition as c¢laimed 1in claim 7 or 8

when applied to the cementing of surface casings.
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FIGURE 6

5 Gas flow (S CM3/Min)

25 Pressure (bar)
40 Temperature (°C)

il . S " T f. - s * Te ot e L cay
& ® 9 L] » ® ®
. ® - * » & L P
o & » ® L * .
L » 4 [ » - * -
® o * - @ » -
o - ® a & o » .
- 2 L L * a &
Y ] » * ¥ » » *
& . L e v » * >
L L e ® ® P - ®
o - ® » @ . e 5
) @ - L 4 L & ®
» . . L * . "

......... Ootooi.0.0ﬂ..ooao-..m...-...o.h.v.e«oootoioto.ooooooauoqoa...,ﬁ.‘.......M..‘....‘.
4 L * » » 8 ’ "
-« ® - L] » e " .
- - * 9 ™ a . i
- - * - o - ™ .
® - e > - - - -
¢ & L L ® - . o~
- ® L v ® ® * -
’ * " ” (] 4 - -
™ » ' 4, it _ i L s Ve o '@ . . ' .
. ® » v -

. : Pressurg0 ~ 25 bar) | - : : :
o4 ® n - . P B . - & i o g * -
ot - . ¢ ‘ 1 - . v
» * y 9 " o« ¢ p .

E 0@ 2 0S5 0aD QleOTROOURIEIOSIIIOBE 0 ""'""f""ﬂCOG!O'OOUO ooooo LR R R N N R
® e - v v [ » *
» » 4 0 " . ] ¢
[ ] . o o o - ¢
a ol L * [ L 4 ¢
* L] & E ] ) " . "
- * -} » ’ * 3
| *® * » ¢ - o p
o £ ® @ L | ¥ 4
L L » ) » - »
. » v ® » -~ .

- L v ¥ | . ¢ ®
@ *® L ¢ * e L 4

. . - L v L ¢ - x »

L I ..0.0dl"..i!l’d”...l“.l"‘ld..CQ0.0.Q.O‘.OO.G'O.QI‘#.O.QUOC.QU.Q*. MR DN NN S WY O Y S aae 8 W
El 9 L [ [} | [ w
» & ¢ o L | ¢ .
L @ L o a » P .
. * ¢ . 9 . ’ ¢
& - [ 4 L - L L
» a 4 L L -
[ ] | " & » » »

- | TemperaturdQ -~ 25°C) | - - : :
o » o v . 3 v
. . > - [ »
M ’ i a * . ] " .
& 4 L 4 e L [ v ¥
ol . . . L L | - ,
O...QQ..QOCQQI..Q.OOQOQQO0.0.000.0..0.0:...‘0.0.0’.."09'00‘.00OQOOODO’OOOOOOQOCQ.OO.C ooooo g
. » * & » . » *
ol & © » L - & £
[ 9 B L & ® .
* ’ ® 9 » . o »
® [ 9 e » » - ™
o ® [ ] L] -
[ 4 & - o »
3 £l - Ed "
" » - . *
. . . . .
" * » a -
¢ » » ¥ -
a * + . .
£, b A ere s

1
o
(0
93
3
o~
(A~
B
I
-
O
(n
o)
N
N
~J
N

INVENTORS
Belkacem BOUSSOUIRA; Michel
MICHAUX; Jean DE ROZIERES
> N |
Patent Agents




Linear expansion (%)

f
h P . e
g bt g N v e ¢, ran v Cde e i Al - % .
. » . e . .
. . a = . L g | ‘ - > e ™ .

Loae A B P U i I T NP -~

L

1

...........

.................

TR
[
L L 2
9
L
-
*
T
L J
- »

?2 — With microsilicsa (20%)~:
1 .

— Without microsilica

L ]
-
-
[ . ]
P T N R R R R

.......... MC.'..‘...Q‘..‘.".Q'.
L

-
&® -

'“”étfwmw'w'dfgo
Time (days)

2064183

R P
» L
v
e
& L
® a
* »
- -
4
L
¢
»
§u e P e dsPeoeq T I A B B B R B R A B

»
» .
» L
» L
& -»
® v
. -
L »
» -
L] L
~ »
& @
- ®
- *®
- -
a L
-*
-
L
L
-

INVENTORS

Belkacem BOUSSOUIRA; Michel
MICHAUX; Jean DE ROZIERES

Smat 4 Bi 7

Patent Agents

— {SC}



R4 O R PV SE e R AL L st e "ee g ° of S R e T N P O P P I L Y LY O s L e e vl onceteraian P

P

MM AR A EEE R E R

o

[ ) L -
] ?® -
[ ] L *
- L ]
* » L
- a ®
- v &
® a .
P . @
™ o &
L & L
. e L -
- - |
L ] LS ’
80 ...'Q........Q""..ﬁ.ﬂ... OIHUOQQIQOOOOOC'OJIJQO-*#. t.'n.‘_.locnwa--ln.accb

» -
- -
-4 »
< . -
- L &
i - ® »
' - > -
' ) <& L
- & -
a - L
ad . ®
» » »
- - »

FE EERE XXX N E N B -..O..QQO...C-I“-*.-'...00...“."-ﬂIOCQQUOOIﬂ..C.-

S B 5 W 4 m MY PPaee

a [ )
- [

- ®

N » El
| £

L -

‘ ] -
a

. L

4 o

»

[

g W 2

T R X emmeivonevnwadi Foa s ueoveRrednsdavedERIRRPARSWYRRD

® e O CaBPOSGSTINDSE

40

Consistency (Bc)

'Y EEERTEEERELAEEEEEETEE R D B B

. ';.Q.dbgaltltlli‘ntln.hbbtllllll.lcl‘DOOIOOQOCOOIS

A 3 #4401 ¢ O 6 Y ¥ N

»

t..‘t'll.-....‘...‘..l.ti.t.

> » & 0 a

L L B

. e
-} -
] |
= -
- -
- -
-» L
o -
L ]
) g ]
. a »
- o
.' | L
o 9
20 s P o @9 4 >evwaEAmae q'otoviou-toaodtn_daohlooal.uooud.itiOlOle'!vaO.dii
] ] L | |
o . * .
3 " ] E e
[ ] » < -
» - -
o Q u y
* . [ —— .
. p3 WY . ‘
e [ - 4
o ] . »
n = n 9
” L3 n <
£ w =z »

O
G
O
o
-
lg "‘.l.l..
O}
3%
O
n
O

Time (minutes)

3 P& 0 80" WY

> o w W @ P

Y oW od s AR NS Sy

J

-y -



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

